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Wklv sdshu ghyhorsv dqg dqdo|}hv d pdfurhfrqrplf prgho lq zklfk djjuhjdwh

jurzwk dqg  xfwxdwlrqv dulvh iurp wkh glvfryhu| dqg gl�xvlrq ri qhz whfkqrorjlhv>

wkhuh duh qr h{rjhqrxv djjuhjdwh vkrfnv1 Wkh whpsrudo ehkdylru ri djjuhjdwhv lv

gulyhq e| lqglylgxdov* h�ruwv wr lqqrydwh dqg2ru pdnh xvh ri rwkhuv* lqqrydwlrqv1

Sdudphwhuv ghvfulelqj suhihuhqfhv/ surgxfwlrq srvvlelolwlhv dqg ohduqlqj whfkqror0

jlhv duh hvwlpdwhg xvlqj srvw0zdu X1V1 gdwd1 Wkh prgho gholyhuv suhglfwhg djjuhjdwhv

wkdw jurz dqg  xfwxdwh pxfk olnh wkh gdwd1 Wkh nh| ihdwxuhv ri srvw0zdu jurzwk duh h{0

sodlqhg e| qhz whfkqrorjlhv wkdw gl�hu lq whupv ri wkh pdjqlwxgh ri wkhlu lpsuryhphqw

ryhu h{lvwlqj phwkrgv dqg wkh gl!fxow| ri dftxlulqj wkhp1 Wkh prgho lpsolhv d qhj0

dwlyh wuhqg lq whfkqrorjlfdo glvshuvlrq/ dqg wkdw wkh jhqhudoo| orzhu jurzwk zlwqhvvhg

gxulqj wkh odvw wzr ghfdghv lv wkh uhvxow ri qhz whfkqrorjlhv r�hulqj frpsdudwlyho|

plqru ru ohvv eurdgo|0dssolfdeoh lpsuryhphqwv1

Gdwd rq wkh jurzlqj dqg  xfwxdwlqj vkduh ri hqjlqhhulqj Sk1G1v vxssruw wkh prg0

ho*v whfkqrorjlfdo lqwhusuhwdwlrq ri wkh jurzwk idfwv/ dqg gdwd rq sdwhqw dssolfdwlrqv

dqg dgxow vfkrrolqj duh frqvlvwhqw zlwk wkh qrwlrq wkdw qhzhu whfkqrorjlhv duh pruh

vshfl�f dqg sursulhwdu|1

Wklv sdshu prgl�hv dqg xsgdwhv �Hqgrjhqrxv Whfkqrorjlfdo Fkdqjh dqg Djjuhjdwh Ioxfwxdwlrqv/� suh0
vhqwhg dw wkh Fdqdgldq Hfrqrplfv Dvvrfldwlrq phhwlqjv/ Mxqh 4<<4 +Nlqjvwrq,1 Ryhu wkh |hduv/ wklv sdshu
kdv ehqh�whg iurp wkh frpphqwv dqg fulwlflvpv ri qxphurxv lqglylgxdov/ lqfoxglqj Ilvkhu Eodfn/ Mh� Fdps0
ehoo/ Wrp Frroh|/ Plfn Ghyhuhdx{/ Mhuhp| Juhhqzrrg/ Kxjr Krshqkd|q/ Ureelh Mrqhv/ Er|dq Mrydqrylf/
Vdpxho Nruwxp/ dqg Juhjru Vplwk1 Dv zhoo/ zh zrxog olnh wr wkdqn wkuhh dqrq|prxv uhihuhhv iru wkhlu
wkrxjkwixo dqg ghwdlohg frpphqwv1 Ilqdqfldo vxssruw iru wklv surmhfw zdv surylghg e| wkh Vrfldo Vflhqfhv
dqg Kxpdqlwlhv Uhvhdufk Frxqflo ri Fdqdgd +Dqgroidwwr, dqg wkh Mrkq P1 Rolq Irxqgdwlrq +PdfGrqdog,1
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4 Lqwurgxfwlrq

Wklv sdshu h{soruhv wkh txdqwlwdwlyh surshuwlhv ri d g|qdplf jhqhudo htxloleulxp prgho lq

zklfk jurzwk dqg  xfwxdwlrqv lq djjuhjdwh lqfrph iroorz iurp wkh glvfryhu| dqg vsuhdg ri

qhz whfkqrorjlfdo nqrz0krz1 Jurzwk rffxuv ehfdxvh ehwwhu whfkqrorjlhv duh glvfryhuhg dqg

wkhq zlgho| xvhg1 Ioxfwxdwlrqv rffxu ehfdxvh ohduqlqj krz wr xvh qhz whfkqrorj| frqvxphv

uhvrxufhv/ dqg dwwhpswv wr ohduq � erwk lqqrydwlrq dqg lplwdwlrq � glyhuw uhvrxufhv dzd|

iurp surgxfwlrq1 Lplwdwlrq sod|v d nh| uroh lq jhqhudwlqj hfrqrp|0zlgh V0vkdshg sdwwhuqv ri

gl�xvlrq ri qhz whfkqrorj|> wklv gl�xvlrq jhqhudwhv fruuhvsrqglqj  xfwxdwlrqv lq djjuhjdwhv1

Dffruglqj wr wklv ylhz wkhq/  xfwxdwlrqv lq djjuhjdwh rxwsxw duh qrw �exvlqhvv f|fohv� lq

wkh vhqvh ri lqfuhdvlqj dqg ghfuhdvlqj hfrqrplf dfwlylw| fdxvhg e| vhuldoo|0fruuhodwhg sur0

gxfwlylw| vkrfnv/ frruglqdwlrq idloxuhv ru jryhuqphqw srolf|1 Lqvwhdg/ wkh| duh ylhzhg vlpso|

dv rqh glphqvlrq ri wkh hfrqrp|*v revhuyhg ehkdylru dv lwv zhdowk frqwlqxdoo| jurzv zlwk

lqfuhdvlqj whfkqrorjlfdo nqrz0krz/ pxfk olnh wkh whpsrudo yduldwlrq lq lqglylgxdo lqfrph

wkdw rffxuv zkhq kxpdq fdslwdo dffxpxodwlrq shulrglfdoo| glyhuwv wlph dzd| iurp ixoo0wlph

zrun1 Olnhzlvh/ wkh glvwlqfwlrq ehwzhhq jurzwk dqg  xfwxdwlrqv ehfrphv ohvv xvhixo vlqfh

erwk duh d pdqlihvwdwlrq ri wkh vdph xqghuo|lqj hfrqrplf skhqrphqrq1

Lq wkh prgho/ whfkqrorjlfdo nqrz0krz lv hperglhg lq lqglylgxdov dqg wkhuh lv d qrq0

ghjhqhudwh glvwulexwlrq ri nqrz0krz dw dq| srlqw lq wlph1 Lqglylgxdov xqghuvwdqg krz

nqrz0krz lv glvwulexwhg/ wkh surgxfwlylw| jdlqv wkdw pljkw eh uhdol}hg zlwk gl�huhqw w|shv
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ri whfkqrorjlfdo dgydqfhv/ dqg wkh zd| lq zklfk wkh htxloleulxp glvwulexwlrq ri nqrz0krz zloo

hyroyh1 Krzhyhu/ ehlqj dzduh ri vxshulru whfkqrorj| lv qrw wkh vdph dv kdylqj wkh nqrz0krz

wr lpsohphqw lw1 Wr gr wklv/ lqglylgxdov glyhuw uhvrxufhv wr d wlph0frqvxplqj dqg xqfhuwdlq

ohduqlqj surfhvv1 Iroorzlqj Mrydqrylf dqg PdfGrqdog +4<<7, dqg Hulfvrq dqg Sdnhv +4<<8,/

lqglylgxdov fdq glvfryhu qhz whfkqrorjlhv rq wkhlu rzq/ ru wkh| fdq dovr ohduq iurp rqh

dqrwkhu +lplwdwlrq,14 Wkh whfkqrorj| ri ohduqlqj vrphwklqj qhz yld lplwdwlrq lv vxemhfw

wr dq lqirupdwlrq h{whuqdolw|1 Iroorzlqj Vfkxpshwhu +4<6<,/ zh dvvxph wkdw lw ehfrphv

surjuhvvlyho| hdvlhu wr lplwdwh +ru uh�qh, dq lghd wkh pruh h{whqvlyh lv lwv xvh wkurxjkrxw

wkh hfrqrp|15

Pdq| gl�huhqw sdwwhuqv ri hfrqrplf ghyhorsphqw duh frqvlvwhqw zlwk htxloleulxp1 Lq sdu0

wlfxodu/ ghshqglqj rq wkh sdudphwhuv ri wkh ohduqlqj hqylurqphqw/ rxwsxw pd| hlwkhu jurz

vwhdglo| ru glvsod| f|folfdo yduldwlrq1 Dq xqhyhq sdwwhuq ri jurzwk iroorzv zkhq ghyhorslqj

iurqwlhu nqrz0krz lv uhodwlyho| gl!fxow/ dqg zkhq iurqwlhu nqrz0krz uhsuhvhqwv d odujh lp0

suryhphqw ryhu roghu whfkqrorjlhv1 Lq wklv fdvh/ lplwdwlrq lv wkh pdlq vrxufh ri lqirupdwlrq

dftxlvlwlrq/ dqg qhz whfkqrorj| whqgv wr eh zlgho|0xvhg ehiruh lw lv vxssodqwhg e| |hw0qhzhu

phwkrgv1 Rqfh vrph lqglylgxdov kdyh dftxluhg fxwwlqj0hgjh nqrz0krz/ nqrzohgjh0odjjdugv

4 D uhodwhg vhdufk0wkhruhwlf dssurdfk kdv ehhq h{soruhg e| Ehqwdo dqg Shohg +4<<9, dqg Mrydqrylf dqg Ure

+4<<3,1
5 Vfkxpshwhu +4<6<=433,= �Frqvlghudwlrqv ri wklv w|sh ^wkh gl!fxow| ri frslqj zlwk qhz wklqjv` hqwdlo wkh

frqvhtxhqfh wkdw zkhqhyhu d qhz surgxfwlrq ixqfwlrq kdv ehhq vhw xs vxffhvvixoo| dqg wkh wudgh ehkrogv

wkh qhz wklqj grqh dqg lwv pdmru sureohpv vroyhg/ lw ehfrphv hdvlhu iru rwkhu shrsoh wr gr wkh vdph wklqj

dqg hyhq lpsuryh xsrq lw1 Lq idfw/ wkh| duh gulyhq wr frs|lqj lw li wkh| fdq/ dqg vrph shrsoh zloo gr vr

iruwkzlwk1 ^Khqfh/ lw iroorzv wkdw` lqqrydwlrqv gr qrw uhpdlq lvrodwhg hyhqwv/ dqg duh qrw hyhqo| glvwulexwhg

lq wlph/ exw wkdw rq wkh frqwudu| wkh| whqg wr foxvwhu/ wr frph derxw lq exqfkhv/ vlpso| ehfdxvh �uvw vrph/

dqg wkhq prvw/ �upv iroorz lq wkh zdnh ri vxffhvvixo lqqrydwlrq1� Qrwh wkdw wklv lqwhusuhwdwlrq ri wkh f|foh

gl�huv pdunhgo| iurp Vfkxpshwhu*v odwhu +4<75, qrwlrq ri �fuhdwlyh ghvwuxfwlrq�/ irupdol}hg e| Djklrq dqg

Krzlww +4<<5,/ Fkhqj dqg Glqrsrorxv +4<<4,/ dqg Mxvwpdq +4<<:,1
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glyhuw uhvrxufhv iurp surgxfwlrq wr lplwdwlrq/ lpso|lqj d orz ohyho ri fxuuhqw rxwsxw dqg vxe0

vhtxhqw udslg jurzwk/ vorzlqj dv wkh fxwwlqj hgjh nqrz0krz ehfrphv zlgho| xvhg1 Gxulqj

wklv hsrfk/ khwhurjhqhlw| lq whfkqrorj| lq xvh ulvhv dv qhz dqg rog whfkqltxhv duh vlpxowd0

qhrxvo| lq xvh/ wkhq idoov dv wkh iurqwlhu nqrz0krz ehfrphv frpprqsodfh16 Lq frqwudvw/ li

ohduqlqj dw wkh iurqwlhu lv uhodwlyho| hdv|/ dqg lpsuryhphqwv iuhtxhqw/ rxwsxw jurzv vprrwko|

dqg vwhdglo|1

D sdudphwhul}hg yhuvlrq ri wkh prgho lv hpsor|hg wr lqwhusuhw gdwd rq wkh srvw0zdu X1V1

hfrqrp|1 Vlqfh wkh prgho frqwdlqv qr vrxufh ri �kljk0iuhtxhqf|�  xfwxdwlrqv/ lwv sdudphwhuv

duh fkrvhq wr �w ��owhuhg� yhuvlrqv ri wkh gdwd17 Wkh �wwlqj surfhgxuh gholyhuv sdudphwhu

ydoxhv iru suhihuhqfhv/ surgxfwlrq srvvlelolwlhv dqg ohduqlqj whfkqrorjlhv1 Dq h{dpsoh ri wkh

nlqg ri frqfoxvlrqv wkdw hphujh lv dv iroorzv1 Lq wkh gdwd/ djjuhjdwh lqfrph juhz udslgo| gxu0

lqj erwk wkh plg0�iwlhv dqg plg0vl{wlhv1 Diwhu wkdw/ jurzwk zdv prghvw xqwlo derxw 4<;3/ dw

zklfk srlqw jurzwk uhvxphg/ exw dw d ohvv udslg sdfh1 Wkh prgho h{sodlqv wklv sdwwhuq/ �uvw/

dv wkh uhvxow ri d sdlu ri odujh dqg frpsdudwlyho| hdv|0wr0ohduq whfkqrorjlfdo euhdnwkurxjkv>

wkhvh dgydqfhv jhqhudwhg wkh wzr hduo| shulrgv ri udslg jurzwk1 Wkh vhfrqg euhdnwkurxjk

ehfdph yhu| zlgho| xvhg/ dqg lqghhg/ zdv qrw vxssodqwhg iru derxw �iwhhq |hduv1 Wklv

jds lq lqyhqwlyh vxffhvv jhqhudwhg wkh orqj shulrg ri orz jurzwk1 Wkh vxevhtxhqw dgydqfhv

ohg wr uhqhzhg jurzwk/ exw ryhudoo/ wkh| r�huhg vpdoohu/ pruh lqfuhphqwdo/ lpsuryhphqwv

6 Wklv hfrqrp|0zlgh gl�xvlrq ri qhz whfkqrorj| lv uhplqlvfhqw ri wkh ulvlqj dgrswlrq zdyhv irxqg lq pdq| ri

wkh Jruw dqg Nohsshu +4<;5, surgxfwv1 Dw wkh djjuhjdwh ohyho/ Olssl dqg Uhlfkolq +4<<7, hvwlpdwh V0vkdshg

gl�xvlrq sdwwhuqv lq X1V1 uhdo JQS gdwd +dowkrxjk wkhlu gl�xvlrq udwhv duh pxfk kljkhu wkdq wkrvh hvwlpdwhg

khuh,1 Lq frqwudvw/ Mrydqrylf dqg Odfk +4<<:, �qg wkdw wkhuh lv wrr pxfk pl{lqj lq wkh gl�xvlrq g|qdplfv

ri lqglylgxdo whfkqrorjlhv iru wkh vkdsh ri wkh gl�xvlrq fxuyh wr lq xhqfh wkh qdwxuh ri wkh exvlqhvv f|foh1
7 Rxu phwkrgrorj| lv vlplodu wr wkdw hpsor|hg e| Kruqvwhlq dqg Nuxvhoo +4<<9, dqg Juhhqzrrg dqg

\ruxnrjox +4<<:,/ zkr h{sodlq rqh vorzgrzq dqg vxevhtxhqw uhfryhu| zlwk rqh fkdqjh lq wkh udwh ri h{rjh0

qrxv whfkqrorjlfdo surjuhvv1
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dqg zhuh kdughu wr lpsohphqw1 Gdwd rq wkh jurzlqj dqg  xfwxdwlqj vkduh ri hqjlqhhulqj

Sk1G1v +uhodwlyh wr doo Sk1G1v lq vflhqfh dqg hqjlqhhulqj, vxssruw wkh prgho*v whfkqrorjlfdo

lqwhusuhwdwlrq ri wkh jurzwk idfwv/ dqg gdwd rq sdwhqw dssolfdwlrqv dqg dgxow vfkrrolqj duh

frqvlvwhqw zlwk wkh qrwlrq wkdw qhzhu whfkqrorjlhv duh pruh vshfl�f dqg sursulhwdu|1

Wkh vwuxfwxuh ri wkh sdshu lv dv iroorzv1 Wkh qh{w vhfwlrq vhwv rxw wkh prgho> wklv

lv iroorzhg e| d ghvfulswlrq ri wkh gdwd dqg surfhgxuh hpsor|hg wr fkrrvh ydoxhv iru wkh

prgho*v sdudphwhuv1 Glvfxvvlrq wkhq wxuqv wr lqwhusuhwdwlrq ri wkh prgho*v sdudphwhuv +pdq|

ri zklfk duh qhz wr djjuhjdwh prghov,/ wkh lpsolhg gl�xvlrq ri qhz whfkqrorj|/ wkh prgho*v

lqwhusuhwdwlrq ri wkh srvw zdu gdwd/ dqg lpsolfdwlrqv derxw ohduqlqj h�ruw1 Vrph hylghqfh

vxssruwlqj d whfkqrorj|0edvhg lqwhusuhwdwlrq ri wkh gdwd lv r�huhg lq wkh �qdo vhfwlrq/ dorqj

zlwk glvfxvvlrq ri wkh prgho*v �qglqjv lq whupv ri fkhplfdo0 ru hohfwurqlfv0edvhg whfkqrorjlhv1

5 Prgho

Wkh remhfwlyh ri wklv sdshu lv wr h{soruh wkh pdqqhu lq zklfk wkh glvfryhu| dqg vsuhdg

ri whfkqrorjlfdo nqrz0krz fdq gholyhu htxloleulxp jurzwk dqg  xfwxdwlrqv lq djjuhjdwhv/

sulpdulo| lqfrph1 Wkh prgho lqfoxghv rqo| wkrvh hohphqwv qhhghg wr dffrpsolvk wklv wdvn1

Wlph +|, lv glvfuhwh dqg wkh krul}rq lv lq�qlwh= | ' fc �c 2c ����c4� Djhqwv duh �{hg xqlw

frqwlqxd ri lghqwlfdo �upv dqg lqglylgxdov1 Ehorz/ whfkqrorjlfdo nqrz0krz zloo eh hperglhg

lq lqglylgxdov1 Wkxv wkh vshfl�fdwlrq ri wkh �up vlgh ri wkh hfrqrp| lv vlpsoh1 Ilupv duh

frpshwlwlyh dqg kdyh dffhvv wr whfkqrorj| glvsod|lqj frqvwdqw uhwxuqv wr vfdoh lq fdslwdo

vhuylfhv dqg h!flhqf| xqlwv ri oderu lqsxw1 Wkxv/ zlwkrxw orvv ri jhqhudolw|/ �upv fdq eh
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djjuhjdwhg dqg uhsuhvhqwhg e| d vlqjoh �odujh� lqglylgxdo0rzqhg frpshwlwlyh �up zkrvh

whfkqrorj| glvsod|v frqvwdqw uhwxuqv=

'| ' 8 Eg|cM|�c

zkhuh '|cg| dqg M| uhsuhvhqw rxwsxw/ wkh fdslwdo vwrfn dqg wrwdo h!flhqf| xqlwv ri oderu

vhuylfhv/ doo dw gdwh |�

Wkh �up rzqv wkh fdslwdo vwrfn/ zklfk ghsuhfldwhv dw wkh sursruwlrqdo udwh B Ef 	 B � ��c

exw fdq dovr eh dxjphqwhg e| uhwdlqlqj rxwsxw=

g|n� ' E�� B�g| n U|(

zkhuh U| ghqrwhv jurvv lqyhvwphqw1

Dvvxph wkdw wkh sulfh ri h!flhqf| xqlwv ri oderu vhuylfhv lv �|c wkh uhdo glvfrxqw idfwru

lv q Ef 	 q 	 ��c dqg wkdw wkhuh lv qr djjuhjdwh xqfhuwdlqw|1 Wkhq wkh �up*v sureohp lv

4@ 
tg|cM|�

"[

|'f

q|

|
�|c

zkhuh

�| � 8 Eg|cM|�� �|M| n E�� B�g| �g|n��

Jlyhq gfc dq rswlpdo srolf| ig|cM|j
"

|'f
iru wkh �up zloo vdwlvi| +dw dq lqwhulru,=

8MEg|cM|���| ' f +4,

dqg

�� n qd8gEg|n�cM|n�� n �� Bo ' f� +5,
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Lqglylgxdo suhihuhqfhv ryhu vwrfkdvwlf frqvxpswlrq vhtxhqfhv ~�|j duh jlyhq e|

.

%
"[
|'f

q|�|

&
c

zkhuh . lv wkh h{shfwdwlrq rshudwru dvvrfldwhg zlwk wkh glvwulexwlrq ri i�|j
"

|'f
� +Zkloh

wkhuh lv qr djjuhjdwh xqfhuwdlqw|/ lqglylgxdov idfh lglrv|qfudwlf xqfhuwdlqw| dv d uhvxow ri

udqgrpqhvv lq wkh ohduqlqj surfhvv vhw rxw ehorz1, Lqglylgxdov duh hqgrzhg zlwk wlph A lq

hdfk shulrg/ dqg pd| doorfdwh lw ehwzhhq zrun +�|� dqg ohduqlqj dfwlylwlhv +u|�=

�| n u| ' A�

Wkh srvvlelolw| ri vxevwlwxwlqj ohduqlqj iru zrun frqwulexwhv wr f|folfdo ehkdylru ri rxwsxw lq

wkh txdqwlwdwlyh dqdo|vlv1 Wkdw lv/ zkhq wkhuh lv d orw wr ohduq/ ohduqlqj zloo glvsodfh zrun/

uhgxflqj fxuuhqw rxwsxw jurzwk1 Odwhu/ wkh uhvxowv ri ohduqlqj h�ruwv erwk udlvh rxwsxw dqg

pdnh zrun uhodwlyho| pruh dwwudfwlyh1

Dq lqglylgxdo*v whfkqrorjlfdo nqrz0krz dw gdwh | zloo eh ghvfulehg e| %|� Dvvxph wkdw dq

lqglylgxdo zkrvh nqrz0krz lv %|c dqg zkr vxssolhv pdunhw wlph htxdo wr �|c gholyhuv %|�|

h!flhqf| xqlwv ri oderu h�ruw lq shulrg |�8 Wkhq/ vlqfh ulvn qhxwudo lqglylgxdov zloo qrw �qg

dq| dgydqwdjh lq fdslwdo pdunhw wudqvdfwlrqv/ wkh uhohydqw exgjhw frqvwudlqw iru d frqvxphu

zlwk nqrz0krz %�| lv wkh �shulrg� exgjhw frqvwudlqw

�| ' �|%|�| n�|�

8 Zh dvvxph wkdw whfkqrorjlfdo nqrz0krz lv hperglhg lq wkh plqgv ri lqglylgxdov1 Krzhyhu/ h{dfwo| zkhuh

qhz whfkqrorj| uhvlghv lv fohduo| dq lvvxh1 Dw rqh h{wuhph/ whfkqrorj| pd| eh vrphwklqj olnh d surfhvv/ iru

zklfk d �up kdv frq�jxuhg pdfklqhv/ pdwhuldov/ dqg vr rq lq d zd| wkdw doorzv wkh surfhvv wr ixqfwlrq1 Dw

wkh rwkhu h{wuhph/ whfkqrorj| pd| eh pruh olnh fkls ghvljqv/ uhtxlulqj vshfl�f h{shuwlvh wkdw lqglylgxdov

pd| uhdglo| fduu| zlwk wkhp dv wkh| pryh dprqj hpsor|huv1 Wkh sdshu prghov wkh odwwhu fdvh1
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Ohw %| ehorqj wr d �qlwh vhw f � i%�c ���c %�jc lqgh{hg e| �/ zkhuh %� 	 %�n�> qrupdol}h

%� � � +lw lv dvvxphg wkdw wkh hfrqrp| ehjlqv zlwk doo lqglylgxdov nqrzlqj %��� Vlqfh � lv

xquhvwulfwhg/ dv idu dv wkh txdqwlwdwlyh dqdo|vlv lv frqfhuqhg/ wklv vhwxs lqyroyhv qr orvv ri

jhqhudolw|1 Yduldeohv dvvrfldwhg zlwk dq lqglylgxdo zkr nqrzv %� dw | zloo eh vxevfulswhg e|

�|�

Krz grhv %| hyroyhB Lqglylgxdov fdq lpsuryh wkhlu nqrz0krz lq wzr zd|v/ vlplodu wr

wkh lqqrydwlrq dqg lplwdwlrq srvvlelolwlhv wkurxjk zklfk �upv ohduq lq Dqgroidwwr dqg Pdf0

Grqdog +4<<4, dqg Mrydqrylf dqg PdfGrqdog +4<<7,1 Li dq lqglylgxdo zkrvh nqrz0krz dw

| lv %� fkrrvhv wr lqqrydwh dqg ghyrwhv wlph u wr wklv dfwlylw|/ %�n� lv ohduqhg zlwk sured0

elolw| �
�n�

)Eu�c dqg qrwklqj lv ohduqhg +lq sduwlfxodu/ %�n2c%�n�c ���� rwkhuzlvh> ��n�
lv d �{hg

sdudphwhu ghvfulelqj wkh gl!fxow| ri glvfryhulqj lq lvrodwlrq krz wr lpsuryh ryhu %�/ dqg

) lv dq lqfuhdvlqj dqg frqfdyh ixqfwlrq zlwk )Ef� ' f dqg )EA � � �*4@ �i%�j�
9

Vkrxog

wkh lqglylgxdo/ djdlq nqrzlqj %�c fkrrvh wr lplwdwh lqvwhdg/ %�n� lv ohduqhg zlwk suredelolw|

b�n�)Eu�/ dqg qrwklqj lv ohduqhg rwkhuzlvh> khuh b�n� lv wkh iudfwlrq ri lqglylgxdov nqrz0

lqj %�n� exw qr pruh dgydqfhg whfkqrorj|1 Qrwh wkdw wkh vxevwdqwlyh glvwlqfwlrq ehwzhhq

lqqrydwlrq dqg lplwdwlrq lv wkdw vxffhvv lq wkh iruphu dfwlylw| ghshqgv sulpdulo| rq zkdw

wkh lqglylgxdo fxuuhqwo| nqrzv dqg rq wkh qdwxuh ri wkh qhz whfkqrorj| wr eh lpsohphqwhg/

zkloh vxffhvv lq wkh odwwhu dfwlylw| ghshqgv sulpdulo| rq wkh h{whqw wr zklfk zkdw lv wr eh

ohduqhg lv fxuuhqwo| lq xvh wkurxjkrxw wkh hfrqrp|1 Dvvxplqj wkdw dw prvw rqh ri lqqr0

9 Revhuyh wkdw * grhv qrw ghshqg rq l � l1h1 wkh gl!fxow| ri lplwdwlrq lv lqghshqghqw ri wkh vl}h ri wkh

lqqrydwlrq1 Wklv uhvwulfwlrq lv d vljql�fdqw rqh lq wkdw li d whfkqrorj| gl�xvhv frpsdudwlyho| vorzo|/ wkh prgho

dozd|v dwwulexwhv wklv wr wkh whfkqrorj| qrw ehlqj ydoxdeoh +odujh, hqrxjk wr eh zruwk ohduqlqj txlfno|/ dv
rssrvhg wr lwv ehlqj frpsdudwlyho| gl!fxow wr ohduq iurp rwkhuv1 Wklv surgxfhv dq duwl�fldo olqn ehwzhhq
krz txlfno| d whfkqrorj| gl�xvhv dqg lwv pdjqlwxgh1

:
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ydwlrq dqg lplwdwlrq fdq eh vhohfwhg lq dq| shulrg/ wkh lqglylgxdo zloo dozd|v vhohfw wkh

ohduqlqj prgh |lhoglqj wkh kljkhvw vxffhvv suredelolw|1 Wkxv wkh suredelolw| zlwk zklfk wkh

lqglylgxdo ohduqv %�n� jlyhq nqrz0krz ri %� lv

1
�
Eu�|� ' 4@ i�

�n�
cb�n�j)Eu�|�� +6,

Ohw K � E�
2
c ���c �

�
� dqg \| � Eb�|c ���c b�|�( \f lv h{rjhqrxv1

Wklv vhwxs kdv wzr vshfldo ihdwxuhv wkdw vlpsoli|/ exw duh rwkhuzlvh �xqdwwudfwlyh1� Rqh

lv wkdw jlyhq wkh frqwlqxxp ri lqglylgxdov dqg +6,/ vrph lqglylgxdov pd| frph wr nqrz

%� lq wkh � |� shulrg ri wkh hfrqrp|> wklv ihdwxuh dsshduv lq wkh txdqwlwdwlyh dqdo|vlv1

Krzhyhu/ ehfdxvh revhuyhg rxwsxw jurzwk lv erwk srvlwlyh rq dyhudjh dqg  xfwxdwlqj/ wkh

prgho*v sdudphwhuv pxvw eh fkrvhq vr wkdw vxffhvvixo lqqrydwlrq lv uhodwlyho| lqiuhtxhqw/

dqg lplwdwlrq lv wkh pdlq vrxufh ri wkh prgho*v g|qdplfv1 Wkh ihz lqglylgxdov zkr ohduq

dgydqfhg whfkqrorjlhv hduo|/ wkhuhiruh/ kdyh qhjoljleoh h�hfw rq wkh txdqwlwdwlyh dqdo|vlv

ehfdxvh wkh pdq| lqglylgxdov zkrvh nqrz0krz lv idu ohvv dgydqfhg fdqqrw lplwdwh wkhp1

Vhfrqg/ li dq lqglylgxdo lv ohiw ehklqg � lq wkh vhqvh ri nqrzlqj %� zkhq prvw rwkhuv kdyh

ohduqhg dw ohdvw %�n2 � vxffhvvixo lplwdwlrq lv yhu| xqolnho|1 Wklv lv d uhdvrqdeoh dvvxpswlrq

lq wkdw/ dujxdeo|/ pdq| qhz whfkqrorjlhv duh kdug wr ohduq zlwkrxw vrph nqrzohgjh ri

wkh zrunlqjv ri wkhlu uhfhqw suhghfhvvruv1 Lq wkh txdqwlwdwlyh dqdo|vlv/ wklv ihdwxuh ri wkh

prgho lv xqlpsruwdqw lq wkdw/ wr �w wkh gdwd/ wkh sdudphwhuv duh vxfk wkdw e| wkh wlph d

qhz whfkqrorj| vwduwv wr ehfrph zlgho| nqrzq/ prvw lqglylgxdov kdyh douhdg| ohduqhg lwv

suhghfhvvru1

Wkh sureohp idfhg e| dq lqglylgxdo zkrvh nqrz0krz dw | lv %�E � 	 ��c pd| eh uhsuh0

;
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vhqwhg e|

T�| ' 4@ u�|
i�|%�EA � u�|� n �| n q d1

�
Eu�|�T�n�c|n� n d�� 1

�
Eu�|�oT�c|n� oj � +7,

Dvvxplqj wkdw 1
�
fdq eh gl�huhqwldwhg/ dq rswlpdo fkrlfh ri u�| vdwlv�hv +dw dq lqwhulru,=:

��|%� n q1 �

�
Eu�|�ET�n�c|n� � T�c|n�� ' fc +8,

zkhuh iru � ' �c u| ' f�

Htxdwlrqv +4,/+5,/+7, dqg +8, ghvfuleh lqglylgxdo ehkdylru1 Wkh uhpdlqlqj htxloleulxp

frqglwlrqv vshfli| wkdw wkh oderu pdunhw fohdu=

M| '

�'�[

�'�

b�|%�EA � u�|�c +9,

dqg wkdw wkh hyroxwlrq ri \| eh frqvlvwhqw zlwk wkh ohduqlqj whfkqrorj| dqg wkh djjuhjdwlrq

ri lqglylgxdo ohduqlqj h�ruwv=

b�c|n� '

;AAAAAAAA?
AAAAAAAA=

d� � 1
�
Eu�|�ob�| � ' �

d� � 1
�
Eu�|�ob�| n 1

�3�
Eu�3�c|�b�3�c| � : ��

+:,

Dowrjhwkhu/ dq htxloleulxp lv d yhfwru Eig|cM|c�|j
"

|'f
c i�|j

"

|'f
c i\|j

"

|'f
c iu�|c T�|j

�'�c|'"

�'�c|'f �

vxfk wkdw +4,/+5,/+7,/ +8,/ +9, dqg +:, duh vdwlv�hg iru doo � dqg |�

6 Gdwd dqg Sdudphwhul}dwlrq

Wkh wkhru| gholyhuv wlph sdwkv iru d qxpehu ri frpprqo|0h{dplqhg hfrqrplf djjuhjdwhv=

rxwsxw/ frqvxpswlrq/ oderu lqsxw/ fdslwdo lqsxw dqg zdjhv1 Wkh fruuhvsrqglqj gdwd +ghwdlov

: Iru wkh sdudphwhu ydoxhv frqvlghuhg ehorz/ wkh vroxwlrqv duh lqwhulru1

<
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ghvfulehg lq wkh Dsshqgl{, duh dqqxdo vhulhv/ iru 4<7904<<7/ rq uhdo shu fdslwd JQS/ uhdo

shu fdslwd frqvxpswlrq h{shqglwxuhv +sulydwh dqg sxeolf,/ shu fdslwd krxuv ri zrun/ uhdo shu

fdslwd zdjhv/ dqg uhdo shu fdslwd qhw vwrfn ri �{hg qrquhvlghqwldo vwuxfwxuhv dqg htxlsphqw

+sulydwh dqg sxeolf,1

Lq rughu wr frpsduh wkh prgho dqg gdwd/ zkdw �yhuvlrq� ri wkh gdwd vkrxog eh hpsor|hgB

Lq wkh vwdqgdug uhdo0exvlqhvv0f|foh dqdo|vlv/ jurzwk lv ljqruhg dqg wkh frqyhqwlrqdo gdwd0

prgho frpsdulvrq lv edvhg rq gdwd zkrvh +qrqolqhdu, wuhqg kdv ehhq uhpryhg e| wdnlqj

ghyldwlrqv iurp KS0�owhuhg vhulhv> vhh/ iru h{dpsoh/ Frroh| dqg Suhvfrww +4<<9,1 Khuh/ zlwk

erwk jurzwk dqg  xfwxdwlrqv ehlqj lpsruwdqw/ wklv sduwlfxodu wuhdwphqw ri wkh gdwd lv qrw

khosixo1 Wkh prgho gholyhuv  xfwxdwlrqv dw wkh iuhtxhqf| zlwk zklfk pdmru lqqrydwlrqv

gl�xvh1 Wkxv/ uhdolvwlfdoo|/ lw fdqqrw |lhog kljk iuhtxhqf|  xfwxdwlrqv/ dqg pdnlqj frpsdu0

lvrqv wr wkh udz gdwd lv ohvv lqirupdwlyh wkdq frpsdulvrqv wr vhulhv zlwk ohvv kljk0iuhtxhqf|

yduldwlrq1 Wkh phwkrg dgrswhg khuh lv wr irfxv rq KS0�owhuhg vhulhv +qrw ghyldwlrqv iurp

�owhuhg vhulhv,1 Vshfl�fdoo| doo vhulhv duh vprrwkhg xvlqj dq KS �owhu zlwk vprrwklqj sd0

udphwhu htxdo wr 431 Iru wkh sxusrvh ri fkrrvlqj sdudphwhuv/ lw wxuqv rxw wkdw wkh fkrlfh

ri wkh vprrwklqj sdudphwhu lv yluwxdoo| luuhohydqw surylghg wkh sdudphwhu lv ohvv wkdq 433

iru dqqxdo gdwd1 Lq sduwlfxodu/ �wwlqj wkh prgho wr wkh udz gdwd +l1h1/ KS vprrwklqj sdud0

phwhu htxdo wr }hur, grhv qrw vxevwdqwldoo| dowhu wkh sdudphwhu hvwlpdwhv uhsruwhg ehorz/

dqg khqfh zrxog jhqhudwh dq htxloleulxp wlph sdwk iru rxwsxw wkdw forvho| uhvhpeohv wkh

KS0�owhu zlwk vprrwklqj sdudphwhu htxdo wr 431 Wkh ydoxh ri 43 iru wkh vprrwklqj sdud0

phwhu zdv fkrvhq sulpdulo| ehfdxvh wkh uhohydqw ihdwxuhv ri wkh gdwd duh sduwlfxoduo| hdvlo|

43
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glvsod|hg judsklfdoo|1; Iru h{dpsoh/ Iljxuh 4 glvsod|v wkh udz dqg �owhuhg +gdvkhg vhulhv,

JQS gdwd1

Ixqfwlrqdo irupv duh uhtxluhg iru wkh surgxfwlrq whfkqrorj| 8 dqg wkh ohduqlqj whfkqro0

rj| 1� Wkh fkrlfh ri 8 lv vwdqgdug=

8 EgcM� ' �gkM�3k
c

zkhuh k lv d sdudphwhu> f 	 k 	 �/ dqg � : f� Wklv vshfl�fdwlrq ri wkh djjuhjdwh whfkqrorj|

lv fkrvhq ehfdxvh/ lq frqmxqfwlrq zlwk wkh hperglphqw ri whfkqrorj| lq kxpdq fdslwdo/ lw

uhdglo| surgxfhv erwk zdjh jurzwk dqg qr wuhqg lq uhwxuqv wr fdslwdo/ dv shu wkh gdwd1
<

Ohvv jxlgdqfh lv dydlodeoh iru wkh fkrlfh ri 1� Wkh vshfl�fdwlrq fkrvhq khuh lv

)Eu� ' � � e
3wu*A

c

zkhuh w lv d sdudphwhu> w : f�

Wkhuh duh ydulrxv zd|v wr surfhhg txdqwlwdwlyho|1 Rq rqh h{wuhph/ edvlf ihdwxuhv ri wkh

gdwd/ dxjphqwhg zlwk rwkhu hylghqfh/ pljkw eh xvhg wr vhohfw ydoxhv iru wkh sdudphwhuv1

Iru h{dpsoh/ k frxog eh vhw htxdo wr fdslwdo*v dyhudjh vkduh ri lqfrph> wklv lv wkh idploldu

; Wkh �owhuhg vhulhv zlwk vprrwklqj sdudphwhuv 6/ 8/ 43 dqg 433 duh gl!fxow wr glvwlqjxlvk iurp rqh dqrwkhu

lq d wlph vhulhv sorw/ zkhuhdv wkh udz gdwd  xfwxdwh vljql�fdqwo| pruh1 Hylghqwo|/ iru vprrwklqj sdudphwhuv

lq wklv udqjh/ wkh pdlq ihdwxuhv ri wkh vprrwkhg vhulhv duh qrw juhdwo| d�hfwhg1 Iru h{dpsoh/ frqvlghu wkh

phdqv dqg vwdqgdug ghyldwlrqv ri JQS jurzwk iru wkh udz gdwd dqg vprrwkhg vhulhv=

Phdq V1 G1

Udz 134:5 13643

KS6 134:5 13468

KS8 134:7 13458

KS43 134:8 13447

KS433 134;3 133<8

< Wkhuh lv/ krzhyhu/ vrph hylghqfh vxjjhvwlqj wkdw lw lv qrw ghvfulswlyh dv d sodqw0ohyho vshfl�fdwlrq> l1h1/ vhh

Edkn dqg Jruw +4<<6,1

44
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�fdoleudwlrq� dssurdfk1 Dw wkh rwkhu h{wuhph/ wkh sdudphwhuv fdq eh fkrvhq wr �w wkh

gdwd lq wkh vhqvh ri pd{lpl}lqj vrph phdvxuh ri jrrgqhvv ri �w � �hvwlpdwlrq�1 Wkh urxwh

iroorzhg khuh lv ri wkh odwwhu ydulhw|1 Wkh uhdvrqlqj lv vlpso| wkdw wkh sdudphwhuv idoo lqwr

wzr jurxsv � wkrvh iru zklfk wkhuh lv lqirupdwlrq vx!flhqw wr doorz d uhdvrqdeoh fkrlfh ri

wkh sdudphwhu/ dqg doo rwkhuv1 Iru wklv prgho wkh vhfrqg jurxs lv odujh/ lpso|lqj wkdw vrph

ghjuhh ri hvwlpdwlrq lv uhtxluhg1 Zkloh fdoleudwlqj wkh �uvw jurxs lv srvvleoh +k dqg qc iru

h{dpsoh,/ lw wxuqv rxw wkdw wkh hvwlpdwhg ydoxhv iru wkhvh sdudphwhuv gl�hu olwwoh iurp zkdw

d fdoleudwlrq zrxog gholyhu1

Wkh sdudphwhuv duh fkrvhq wr plqlpl}h wkh glvfuhsdqf| ehwzhhq wkh �yh vhulhv ghvfulehg

deryh dqg wkh fruuhvsrqglqj htxloleulxp wlph vhulhv lpsolhg e| wkh prgho/ jlyhq sdudphwhu

ydoxhv1 Wkhuh duh pdq| phwulfv wkdw pljkw eh hpsor|hg wr jdxjh wkh pdjqlwxgh ri wklv

glvfuhsdqf|1 Ohw +& eh wkh yhfwru ri gdwd rq wkh &|� yduldeoh/ dqg e+& eh wkh fruuhvsrqglqj

vhulhv iurp wkh prgho1 Wkh phwulf hpsor|hg khuh lv

�

[

&

E*? +& � *? e+&�
�E*? +& � *? e+&�� +;,

Rqh prwlydwlrq iru wklv phwulf lv wkh idfw wkdw lw lv sursruwlrqdo wr wkh frqfhqwudwhg orj0

olnholkrrg ixqfwlrq wkdw zrxog iroorz e| dvvxplqj *? +&| gl�huv iurp *? e+&| e| d qrupdo udqgrp

yduldeoh 0&|c zkhuh 0&| lv lqghshqghqw ri erwk 0&|� dqg 0&�|�

Wr nhhs wkh qxpehu ri sdudphwhuv wr eh hvwlpdwhg pdqdjhdeoh/ wkh qxpehu ri nqrzohgjh

vwdwhv +� , dqg wkh lqlwldo glvwulexwlrq ri nqrz0krz +\f� duh qrw hvwlpdwhg1 Vrph h{shul0

phqwdwlrq uhyhdohg wkdw wkhuh zdv olwwoh wr eh jdlqhg e| doorzlqj � : .(� ' . lv lpsrvhg1

Olnhzlvh/ h{shulphqwdwlrq uhyhdov wkdw wkh fruuhvsrqghqfh ehwzhhq prgho dqg gdwd lv frq0

45
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vlvwhqw zlwk d uhodwlyho| frqfhqwudwhg lqlwldo glvwulexwlrq1 Wkxv \f ' E�bHc �f2c fc fc fc fc f� lv

dvvxphg1 Zlwk wkhvh dvvxpswlrqv/ qlqhwhhq sdudphwhuv uhpdlq wr eh hvwlpdwhg= gf dqg Bc

qc Ac k/ �/ %2c ���c %.c �2c ���c �. dqg w1 Wkhvh sdudphwhuv zloo eh hvwlpdwhg qxphulfdoo| e|

plqlpl}lqj +;,143

7 Uhvxowv

Wkh sdudphwhu ydoxhv dqg wkhlu lqwhusuhwdwlrq duh glvfxvvhg �uvw1 Wkhq/ dwwhqwlrq lv gluhfwhg

wr wkh lqqrydwlrq dqg gl�xvlrq ehkdylru lpsolhg e| wkh prgho1 Wkhuh lv qr gdwd wr frpsduh wr

wkhvh suhglfwhg sdwkv/ exw irfxvlqj vrph dwwhqwlrq rq wkhp juhdwo| idflolwdwhv wkh glvfxvvlrq

ri wkh h{sodqdwlrq wkh prgho r�huv iru wkh sdwwhuqv lq wkh gdwd/ zklfk iroorzv odvw1

714 Sdudphwhu Ydoxhv

Hvwlpdwhg sdudphwhu ydoxhv dsshdu lq wkh wdeoh iroorzlqj1

43Wkh plqlpl}dwlrq iroorzv wkh vwdqgdug phwkrgrorj|= Jlyhq d sdudphwhu yhfwru/ wkh prgho*v htxloleulxp
lv frpsxwhg qxphulfdoo|1 Wkh htxloleulxp lv wkhq xvhg wr fdofxodwh wkh vhulhv wr eh frpsduhg wr wkh gdwd/
dqg +;, lv wkhq rewdlqhg iurp wkh gdwd dqg wkh frpsxwhg vhulhv1
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Hvwlpdwhg Sdudphwhu Ydoxhv

gfc B 79;;/ 314596

q 31;67<

A 44891<4

kc� 317;37/ 31<389

%2c ���c %. 41649</ 417<7</ 41;87;/ 514;47/ 51598;/ 515998

�
2
c ���c �

.
31459:/ 314699/ 315688/ 313697/ 315355/ 314<<4

w 4313477

Wkh sdudphwhuv gfc Bc qc Ac k dqg � dsshdu lq prvw g|qdplf jhqhudo htxloleulxp prghov/

dqg duh ri ohvvhu lqwhuhvw1 Krzhyhu/ li xquhdolvwlf ydoxhv duh qhhghg iru wkh prgho wr �w wkh

gdwd/ wklv zrxog eh dq lqglfdwlrq wkdw wkh prgho lv d srru devwudfwlrq1 Wkxv/ frqvlghu wkhvh

sdudphwhuv �uvw/ dv d �vshfl�fdwlrq fkhfn�1

71414 gf

Wkh hvwlpdwh ri wkh lqlwldo fdslwdo vwrfn/ '79;;/ lv 44( ehorz wkh dfwxdo �jxuh iru 4<791 Wkh

vrxufh ri wklv glvfuhsdqf| lv fohdu1 Wkh fdslwdo vwrfn ghfolqhg lq wkh odwh 4<73*v/ dqg glg qrw

h{fhhg lwv 4<79 ydoxh xqwlo 4<831 Jlyhq wkh oderu0dxjphqwlqj irup ri whfkqlfdo surjuhvv dqg

wkh fdslwdo0oderu frpsohphqwdulw| lpsolflw lq wkh surgxfwlrq whfkqrorj|/ lw lv gl!fxow iru wkh

prgho wr gholyhu d fdslwdo vwrfn vhulhv wkdw ghfolqhv dw dq| srlqw1 Wkxv/ li wkh prgho zhuh

wr �w wkh 4<79 ydoxh ri wkh fdslwdo vwrfn pruh forvho|/ lw zrxog surgxfh d fdslwdo vhulhv wkdw

lv deryh wkh dfwxdo iru d vljql�fdqw shulrg/ dqg wkxv pdwfk wkh fdslwdo vwrfn vhulhv srruo|

ryhudoo1
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71415 B

Wkh dqqxdo sk|vlfdo ghsuhfldwlrq udwh ri fdslwdo lv hvwlpdwhg wr eh 45196(1 Wklv ydoxh lv

zlwklq wkh udqjh ri ydoxhv frpprqo| xvhg> vhh Suhvfrww +4<;9,1

71416 q

Wkh hvwlpdwhg glvfrxqw idfwru/ 31;67</ lv vrphzkdw orzhu wkdq wkh ydoxhv w|slfdoo| hqfrxq0

whuhg1 Zlwk d kljkhu ydoxh iru wkh glvfrxqw idfwru wkh prgho gholyhuv d frqvxpswlrq sdwk

wkdw lv ehorz wkdw revhuyhg lq wkh gdwd1 Wklv pd| eh d frqvhtxhqfh ri dvvxplqj ulvn qhxwudo

frqvxphuv � wkdw lv/ frqvxphuv zkr gr qrw ydoxh frqvxpswlrq vprrwklqj1 Vlqfh whfkqrorj|

lv dozd|v lpsurylqj/ lqyhvwphqw lq fdslwdo lv dwwudfwlyh1 Dqg zlwk d kljk glvfrxqw idfwru/

frqvxphuv �qg wkh frvw ri ghod|lqj frqvxpswlrq vpdoo1 Wkxv/ zkloh wkh hvwlpdwhg ydoxh

lv orzhu wkdq frpprqo| dvvxphg/ lw lv qrw zlogo| lpsodxvleoh/ dqg pd| eh wudfhg wr rqh

sduwlfxodu/ exw qrw hvvhqwldo/ sduw ri wkh prgho*v vshfl�fdwlrq1

71417 A

Wkh sdudphwhu A lv lqwhusuhwhg dv wkh dqqxdo dprxqw ri wlph wkdw wkh uhsuhvhqwdwlyh frq0

vxphu glylghv ehwzhhq zrun dqg lqirupdwlrq dftxlvlwlrq dfwlylwlhv1 Wkh txdqwlwdwlyh dqdo|vlv

dvvxphv wkdw revhuyhg krxuv ri zrun duh hqwluho| wlph vshqw zrunlqj/ dqg qrw wlph ghyrwhg

wr ohduqlqj1 Xqghu wklv dvvxpswlrq/ wkh hvwlpdwhg ydoxh ri Ac 44891<4/ lpsolhv wkdw +vlqfh

revhuyhg dyhudjh dqqxdo krxuv duh 43;:, rq wkh dyhudjh/ derxw <7( ri wkh wlph hqgrzphqw

lv ghyrwhg wr zrun> wkh pd{lpxp lq wkh gdwd lv <<19( dqg wkh plqlpxp ;:19(1 Revhuyh

wkdw wklv lpsolhv yhu| odujh sursruwlrqdo yduldwlrq lq wkh wlph ghyrwhg wr ohduqlqj dfwlylwlhv1
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71418 k dqg �

Lq wkh gdwd/ wkh dyhudjh ydoxh ri fdslwdo*v vkduh ri lqfrph lv 173/ zkhuhdv wkh hvwlpdwhg

ydoxh ri k lv 17;1 Wkdw wkhvh ydoxhv gl�hu wr vrph ghjuhh lv qrw vxusulvlqj lq wkdw wkh

hvwlpdwlrq surfhgxuh pdnhv qr gluhfw xvh ri wkh idfw wkdw k lv fdslwdo*v vkduh> lqvwhdg/ lw �wv

wkh frpsrqhqwv ri wkh vkduh vhulhv0e|0vhulhv1 � lv vlpso| d vfdolqj sdudphwhu1

71419 %2c ���c %.

Wkh sdudphwhuv %2c ���c %. uhsuhvhqw wkh vxffhvvlyh whfkqrorj| sdudphwhuv/ phdvxuhg uhodwlyh

wr wkh whfkqrorj| zlgho| xvhg dv ri 4<79 � l1h1 %� � �1 Wkh| duh prvw uhyhdolqjo| lqwhusuhwhg

dv vxffhvvlyh sursruwlrqdo lpsuryhphqwv � l1h1 +%2 � %��*%�c E%� � %2�*%2c hwf1 Wkh vl{

hvwlpdwhg ydoxhv duh wkhq f���Sbc f���D2cf�2efHc f��.S�cf�f�H. dqg f�fff�� Wkxv/ dffruglqj

wr wkh prgho/ wkh �uvw pdmru lqqrydwlrq wr gl�xvh diwhu wkh vhfrqg zruog zdu zdv yhu|

odujh � urxjko| wzlfh dv odujh dv dq| wkdw iroorzhg/ dqg irxu wlphv wkh phgldq1 Zkloh vl{

ydoxhv duh wrr ihz wr pdnh vwurqj vwdwhphqwv derxw wkh glvwulexwlrq ri srvvleoh whfkqrorjlfdo

lpsuryhphqwv/ wkhvh ydoxhv duh prvw frqvlvwhqw zlwk lw ehlqj txlwh srvlwlyho| vnhzhg� l1h1

pdq| prghudwh lpsuryhphqwv dqg d ihz yhu| odujh rqhv144 Ehorz/ wkh vl}h dqg rughu ri

wkhvh lpsuryhphqwv zloo eh hpsor|hg wr lqwhusuhw wkh srvw0zdu gdwd1

44Hyhq li wkh �uvw odujh lqqrydwlrq lv pruh dssursuldwho| h{sodlqhg dv d uhdfwlrq wr uhvrxufhv qr orqjhu ehlqj

gluhfwhg wrzdugv wkh zdu h�ruw/ wkh glvwulexwlrq ri wkh rwkhu lpsuryhphqwv lv vwloo txlwh srvlwlyho| vnhzhg1

Zkloh lqwhusuhwlqj wkh �uvw lqqrydwlrq wklv zd| pd| vhhp uhdvrqdeoh/ lw zloo ehfrph fohdu iurp zkdw iroorzv

wkdw wkhuh lv qr fruuhvsrqglqjo| odujh lqqrydwlrq iroorzlqj wkh Nruhdq zdu +plg04<83 wkurxjk 4<87,1
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7141: �
2
c ���c �

.

Wkh sdudphwhuv �
2
c ���c �

.
ghvfuleh lqqrydwlrq gl!fxow|1 Wkhlu ohyhov sulpdulo| glfwdwh krz

orqj lw zloo eh ehiruh lplwdwlrq ehfrphv d pruh dwwudfwlyh zd| wr ohduq/ lq frpsdulvrq wr

lqqrydwlrq1 Zkhq � lv orz/ iru dq lqqrydwlrq ri d jlyhq pdjqlwxgh/ xvh ri wkh fruuhvsrqglqj

lqqrydwlrq zloo ehjlq vorzo|/ vlqfh lqqrydwlrq lv kdug/ exw gl�xvh udslgo| dv frqwdjlrq0vw|oh

ohduqlqj vxssodqwv lqqrydwlrq1 Wkh ydoxhv f���c f��ecf�2ec f�fec f�2fc f�2f glvsod| qhjdwlyh

vnhzqhvv � wkh kdughvw0wr0lqqrydwh whfkqrorj| lv derxw wkuhh wlphv dv gl!fxow wr lqqrydwh

dv wkh qh{w prvw gl!fxow1

Wkh gl!fxow| ri ohduqlqj vhhpv wr eh +orrvho|, lqyhuvho| uhodwhg wr wkh lpsruwdqfh ri zkdw

lv wr eh ohduqhg1 Iru h{dpsoh/ wkh ohdvw lpsruwdqw lqqrydwlrqv +� '9 dqg � ':, duh dprqj

wkh hdvlhvw wr ohduq yld lqqrydwlrq/ dqg wkh odujhvw +� ' 2� lqqrydwlrq lv kdughu wr ohduq wkdq

dyhudjh1 Rq wkh rwkhu kdqg/ wkh kdughvw0wr0ohduq whfkqrorj| +� ' D� lv ohvv lpsruwdqw wkdq

dyhudjh1 Dowrjhwkhu/ wkh fruuhodwlrq ehwzhhq �
�
dqg

%�n�3%�

%�

lv qhjdwlyh +�315:,1 Li wkh �
�
dqg

%�n�3%�

%�

duh ylhzhg dv ghvfulelqj wkh qdwxuh ri wkh vrph fuhdwlyh surfhvv/ wkhuh lv qr uhdvrq wr

h{shfw wkhp wr eh uhodwhg1 Krzhyhu/ wr wkh h{whqw wkdw lqglylgxdov vhohfw zklfk whfkqrorj|

wr wu| wr ohduq/ wkh rqo| plqru lqqrydwlrqv wkdw zrxog dwwudfw uhvrxufhv duh wkrvh wkdw duh

hdv| wr ohduq> suhvxpdeo| doo dydlodeoh pdmru lqqrydwlrqv zrxog eh h{soruhg1 Lq wklv fdvh

d orrvh qhjdwlyh uhodwlrq ehwzhhq �
�
dqg

%�n�3%�

%�

zrxog hphujh1 Wkh fdofxodwlrqv r�hu vrph

vxssruw iru wklv lghd= wkh wkuhh odujhvw lqqrydwlrqv udqjh iurp wkh prvw gl!fxow wr hdvlhvw

wr ohduq/ exw wkh wkuhh vpdoohvw lqqrydwlrqv duh doo uhodwlyho| hdv| wr ohduq1
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7141; w

Wkh ydoxh ri w lv gl!fxow wr lqwhusuhw gluhfwo|> krzhyhu/ lw lpsolhv/ iru wkh vdpsoh dyhudjh

qxpehu ri krxuv ri zrun/ d ohduqlqj whfkqrorj| htxdo wr 4@ i�
�n�

c b�n�j � �ee./ dqg dq

hodvwlflw| ri ) zlwk uhvshfw wr u ri 1:71

715 Gl�xvlrq ri Qhz Whfkqrorj|

Iljxuh 5 glvsod|v wkh htxloleulxp gl�xvlrq sdwkv jlyhq wkh hvwlpdwhg sdudphwhuv � l1h1/ iru

hdfk gdwh/ wkh sursruwlrq ri lqglylgxdov nqrzlqj whfkqrorj| �� Zkloh wkhuh lv qr gdwd iru

frpsdulvrq/ wkh gl�xvlrq sdwkv lq xhqfh wkh vkdsh ri wkh prgho*v suhglfwhg vhulhv dqg duh wkh

h{sodqdwlrq wkh prgho r�huv iru wkh ehkdylru ri wkh gdwd1 Wkh Iljxuh dovr frqwdlqv vxppdu|

lqirupdwlrq wkdw zloo eh khosixo odwhu � iru h{dpsoh/ whfkqrorj| wzr lv d �odujh� lpsuryhphqw

ryhu wkh h{lvwlqj nqrz0krz/ dqg derxw �dyhudjh� lq whupv ri lqqrydwlrq gl!fxow|145

Whfkqrorjlhv wzr wkurxjk vl{ gl�xvhg gxulqj wkh shulrg fryhuhg e| wkh gdwd> wkh h{whqw

ri xvh ri whfkqrorj| vhyhq zdv vwloo lqfuhdvlqj lq 4<<71 Whfkqrorj| wzr gl�xvhg txlfno|

suhflvho| ehfdxvh lw zdv qrw kdug wr glvfryhu/ dqg lwv odujh vl}h phdqw sxwwlqj lw wr xvh zdv

txlwh ydoxdeoh1 Hylghqwo|/ lw zdv vlpxowdqhrxvo| hpsor|hg e| ryhu :3( ri lqglylgxdov dw lwv

shdn xvdjh1 Lq frqwudvw/ whfkqrorj| wkuhh zdv rqo| wulyldoo| kdughu wr lqqrydwh/ exw r�huhg

rqo| d vpdoo lpsuryhphqw1 Dw wkh shdn lw zdv hpsor|hg e| ohvv wkdq 73( ri lqglylgxdov/

ghvslwh wkh +dvvxphg, idfw wkdw whfkqrorj| wkuhh kdg wr eh ohduqhg lq rughu wr kdyh dq|

fkdqfh ri xvlqj whfkqrorj| irxu/ zklfk r�huhg d eljjhu lpsuryhphqw1 Sxw dqrwkhu zd|/

45Wkh frh{lvwhqfh ri whfkqrorjlhv lv dovr d ihdwxuh ri pdq| ylqwdjh0fdslwdo prghov> vhh/ iru h{dpsoh/ Fkdul

dqg Krshqkd|q +4<<4,1
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whfkqrorj| wkuhh zrxog qrw dwwudfw d orw ri ohduqlqj h�ruw li doo wkdw zdv wr eh johdqhg zdv

dffhvv wr whfkqrorj| wkuhh1 Wkrvh zkr douhdg| qhz krz wr xvh whfkqrorj| wzr vwrrg wr jdlq

olwwoh e| rewdlqlqj whfkqrorj| wkuhh rwkhu wkdq dffhvv wr whfkqrorj| irxu/ zklfk r�huhg d

vxevwdqwldo lpsuryhphqw1 Vlqfh whfkqrorj| irxu zdv uhodwlyho| hdv| wr ohduq zlwk whfkqrorj|

wkuhh lq kdqg/ dqg dovr gl�xvhg txlfno| � rshqlqj xs jrrg survshfwv iru lplwdwlrq � xvh

ri whfkqrorj| wkuhh fdph dqg zhqw uhodwlyho| txlfno| iru dq| lqglylgxdo1 Wkxv/ dowkrxjk

hvvhqwldoo| doo lqglylgxdov hpsor|hg whfkqrorj| wkuhh dw vrph srlqw/ frpsdudwlyho| ihz xvhg

lw dw dq| sduwlfxodu srlqw lq wlph/ dqg lw qhyhu ehfdph d �grplqdqw� whfkqrorj|1 Lq frqwudvw/

whfkqrorj| irxu dfklhyhg eurdg dffhswdqfh � qhduo| <3( ri lqglylgxdov zkhuh vlpxowdqhrxvo|

xvlqj lw dw lwv shdn dffhswdqfh1 Wkh uhdvrqv iru wklv duh wzr0irog1 Iluvw/ dv phqwlrqhg/

h{lw iurp whfkqrorj| wkuhh zdv uhodwlyho| txlfn1 Dqg vhfrqg/ h{lw iurp whfkqrorj| irxu zdv

frpsdudwlyho| vorz1 Wkh uhdvrq iru wklv lv wkdw whfkqrorj| �yh r�huhg d vpdoohu lpsuryhphqw

wkdq whfkqrorj| irxu/ zdv uhodwlyho| kdug wr lqqrydwh/ dqg/ hylghqwo|/ rqo| rshqhg wkh grru

wr prghvw whfkqrorjlfdo lpsuryhphqwv1 Rqfh whfkqrorj| �yh zdv lq frpprq0hqrxjk xvh

iru gl�xvlrq e| lplwdwlrq wr eh sudfwlfdo/ lwv vl}h zdv vx!flhqw wr fdxvh lw wr ehfrph idluo|

zlgho| hpsor|hg � lq vlpxowdqhrxv xvh e| ryhu 93( ri lqglylgxdov dw wkh shdn1 Krzhyhu/

hyhq wkrxjk wkh qh{w sdlu ri qhz whfkqrorjlhv zhuh plqru dgydqfhv/ wkh| zhuh vx!flhqwo|

hdv| wr ohduq wkdw wkh| fdxvhg h{lw iurp whfkqrorj| �yh ehiruh lw ehfdph dv grplqdqw dv

hlwkhu ri wkh rwkhu odujh lqqrydwlrqv1

Rqh rwkhu gl�xvlrq0uhodwhg lvvxh ghvhuyhv phqwlrq1 Iljxuh 6 glvsod|v wkh gl�xvlrq sdwkv

lq wkh wrs sdqho dqg wkh vwdqgdug ghyldwlrq ri nqrz0krz ryhu wlph � l1h1 wkh vwdqgdug
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ghyldwlrq ri wkh hvwlpdwhg \| � lq wkh erwwrp1 Ryhudoo/ wklv glvshuvlrq ri whfkqrorjlfdo nqrz0

krz vkrzv d qhjdwlyh wuhqg1 Rqh vrxufh ri wklv wuhqg lv wkdw wkh hduolhu lqqrydwlrqv r�huhg

juhdwhu lpsuryhphqwv/ lq zklfk fdvh vlpso| kdylqj pruh wkdq rqh whfkqrorj| lq xvh lpsolhg

zlgh glvshuvlrq> wkh hduo| �iwlhv/ zkhq rqo| whfkqrorjlhv rqh dqg wzr zhuh zlgho| xvhg/ lv dq

h{dpsoh1 Ri frxuvh/ hyhq li lpsuryhphqwv duh qrw odujh/ wkh| pd| eh hdv| wr dftxluh/ vr wkdw

wkhuh duh uhodwlyho| pdq| whfkqrorjlhv lq xvh vlpxowdqhrxvo|1 Wklv dovr jhqhudwhv glvshuvlrq

lq nqrz0krz> wkh hduo| dqg plggoh hljkwlhv duh dq h{dpsoh ri wklv skhqrphqrq1 Krzhyhu/

lq wkh gdwd/ wkh whfkqrorjlhv lq xvh odwhu lq wkh vdpsoh shulrg duh wrr vlplodu wr jhqhudwh

wkh nlqg ri glvshuvlrq zlwqhvvhg hduolhu1 Ryhudoo/ wkhvh uhvxowv duh frqvlvwhqw zlwk wkh qrwlrq

wkdw lqqrydwlrqv duh ehfrplqj pruh �lqfuhphqwdo� lq wkh vhqvh ri wkhlu ehlqj vpdoohu dqg

pruh uhodwhg wr rqh dqrwkhu1

Dqrwkhu zd| wr orrn d wklv skhqrphqrq lv glvsod|hg lq Iljxuh 71 Wkh vhulhv ghslfwhg lv

�'S[

�'�

b�|

E%�n� � %��

%�

c

zklfk fdq eh lqwhusuhwhg dv d phdvxuh ri wkh gdwh | rssruwxqlwlhv iru whfkqrorjlfdo lp0

suryhphqw1 Dw wkh rxwvhw/ wkh whfkqrorj| lq xvh lv doprvw h{foxvlyho| whfkqrorj| rqh/ dqg

whfkqrorj| wzr surylghv dq lpsuryhphqw ri ryhu 63(> wkxv wkh vhulhv wdnhv rq d ydoxh ri

mxvw ryhu 161 Wklv vhulhv kdv dq dqqxdo jurzwk udwh ri 0715(/ ghfolqlqj e| qhduo| dq rughu ri

pdjqlwxgh ryhu wkh vdpsoh shulrg1
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716 Dfwxdo dqg Suhglfwhg Hyroxwlrq ri Djjuhjdwhv

71614 Lqfrph

Wkh prgho vwxglhg khuh fdq lq vrph vhqvh eh uhjdughg dv d wkhru| ri wkh KS0�owhu146 Iurp

Iljxuh 8/ lw lv qrw kdug wr vhh zk|1 Lq Iljxuh 8 wkh gdvkhg vhulhv lv wkh vhulhv suhglfwhg e|

wkh prgho1 Wkh gl�xvlrq ri qhz whfkqrorjlhv gholyhuv d wlph vhulhv ri lqfrph wkdw jurzv

dqg  xfwxdwhv lq d pdqqhu zlwk reylrxv vlplodulwlhv wr wkh gdwd1 Djdlq/ khuhlq/ jurzwk dqg

 xfwxdwlrqv duh vlpso| gl�huhqw dvshfwv ri wkh vdph jhqhudo skhqrphqrq � qhz whfkqrorj|

surylghv rssruwxqlwlhv iru jurzwk lq lqfrph/ dqg wkh uhvrxufh0frqvxplqj dfwlylwlhv uhtxluhg

iru wkhvh rssruwxqlwlhv wr frph wr iuxlwlrq lpso|  xfwxdwlrqv1

Wkh prgho*v sdudphwhuv zhuh fkrvhq wr �w wkh gdwd lq ohyhov � lqfoxglqj erwk wuhqg dqg

 xfwxdwlrqv1 Qhyhuwkhohvv/ dv Iljxuh 9 looxvwudwhv/ wkh ohyho dqg yduldelolw| ri jurzwk udwhv lq

wkh gdwd dqg suhglfwhg vhulhv kdyh pxfk lq frpprq1 Lq wkh gdwd/ wkh dyhudjh dqqxdo jurzwk

udwh lv 41:8(/ zlwk vwdqgdug ghyldwlrq 4147(> wkh fruuhvsrqglqj �jxuhv iru wkh prgho duh

41::( dqg 4166(1 Zkloh wkh prgho uhsurgxfhv wkh jurvv ihdwxuhv ri JQS jurzwk/ wkh prgho

suhglfwv jurzwk wkdw slfnv xs pruh vorzo| wkdq lv revhuyhg lq wkh gdwd/ dw ohdvw hduo| lq wkh

vdpsoh1 Wklv ihdwxuh ri wkh dqdo|vlv zloo frph xs djdlq lq frqqhfwlrq zlwk wkh ehkdylru ri

frqvxpswlrq147

Wkh xqghuslqqlqjv ri wkh jhqhudo sdwwhuqv lq wkh jurzwk udwhv duh hylghqw iurp wkh

gl�xvlrq sdwkv vhw rxw deryh/ uhsurgxfhg ehorz dorqj zlwk wkh suhglfwhg jurzwk udwh1 Wkh

46Zh wkdqn Mh� Fdpsehoo iru eulqjlqj wklv wr rxu dwwhqwlrq1
47Rqh srvvleoh h{sodqdwlrq iru wklv lv wkdw wkh lqlwldo glvwulexwlrq ri nqrz0krz kdv ehhq dvvxphg wr eh wrr

frqfhqwudwhg1 Wklv huuru zrxog ghod| lplwdwlrq dqg udslg gl�xvlrq1 H{shulphqwdwlrq zlwk wkh dvvxphg

lqlwldo glvwulexwlrq vkrzv wkdw wklv lv qrw wkh h{sodqdwlrq1 D pruh sodxvleoh h{sodqdwlrq lv wkdw wkh lplwdwlrq

whfkqrorj| � �l.4*+Olw, � lv ryhuo| uhvwulfwhg/ dqg wkdw vrph frqfdylw| lq �l.4 lv fdoohg iru1 Frqfdylw| zrxog

gholyhu pruh udslg gl�xvlrq dw orzhu ohyhov ri xvh ri wkh qhz whfkqrorj|1
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�uvw wzr shulrgv ri udslg jurzwk iroorz iurp wkh gl�xvlrq ri wkh wzr odujh whfkqrorjlfdo

lpsuryhphqwv � whfkqrorjlhv wzr dqg irxu1 Wkh orqj shulrg ri prghvw jurzwk iroorzv iurp

whfkqrorj| irxu ehlqj zlgho| xvhg zkloh whfkqrorj| �yh zdv vwloo lq lwv +gl!fxow, lqqrydwlrq

skdvh1 Wkh gl�xvlrq ri whfkqrorj| �yh gholyhuv wkh �qdo shulrg ri kljkhu jurzwk1 Wkh

frqqhfwlrq ehwzhhq whfkqrorjlfdo khwhurjhqhlw| dqg jurzwk lv dssduhqw iurp Iljxuh ;1 Qrwh

wkdw glvshuvlrq whqgv wr ohdg jurzwk1 Wklv lv d frqvhtxhqfh ri lplwdwlrq sod|lqj vxfk d

nh| uroh1 Ulvlqj glvshuvlrq lv dq lqglfdwlrq ri lpsurylqj lplwdwlrq rssruwxqlwlhv/ ohdglqj

wr jurzwk wkurxjk zlgh0vsuhdg xvh ri ehwwhu whfkqltxhv1 Dovr qrwh wkdw/ lq wkh prgho/

wkh glvwulexwlrq ri zdjh lqfrph lv forvho| wlhg wr wkh glvshuvlrq lq whfkqrorjlfdo nqrz0krz1

Frqvhtxhqwo|/ wkh prgho suhglfwv wkdw kljk ohyhov ri lqfrph lqhtxdolw| duh dvvrfldwhg zlwk

shulrgv ri ulvlqj jurzwk148

71615 Rwkhu Djjuhjdwhv

Wkh prgho dovr kdv lpsolfdwlrqv iru wkh rwkhu irxu vhulhv ri lqwhuhvw 0 frqvxpswlrq/ zdjhv/ wkh

fdslwdo vwrfn dqg krxuv1 Wkh gdwd dqg wkh prgho*v suhglfwhg sdwkv duh glvsod|hg lq Iljxuhv

<�451 Zlwk wkh h{fhswlrq ri wkh krxuv gdwd/ wkh vhulhv suhglfwhg e| wkh prgho kdyh ihdwxuhv

vlplodu wr wkh gdwd1 Wkh vrxufh ri wkh glvfuhsdqf| lq krxuv lv fohdu1 Wkh dvvxpswlrq wkdw

d �{hg wlph hqgrzphqw lv glylghg ehwzhhq zrun dqg ohduqlqj h�ruw lpsolhv wkdw shulrgv

zkhuh wkhuh lv d orw ri ohduqlqj pxvw eh dvvrfldwhg zlwk orz krxuv ri zrun1 Wkxv/ gxulqj wkh

gl�xvlrq ri wkh wzr odujh lqqrydwlrqv hduo| lq wkh vdpsoh shulrg/ wkh prgho pxvw suhglfw orz

krxuv/ zkhuhdv wkh gdwd duh wkh rssrvlwh1 Olnhzlvh/ gxulqj wkh orqj shulrg zkhuh whfkqrorj|

48Wkh glvshuvlrq lq glvfrxqwhg olihwlph lqfrph lv derxw kdoi +lq shufhqwdjh whupv, wkdw ri lqfrph dqg glvsod|v

frqvlghudeo| ohvv f|folfdo yduldelolw|1
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irxu zdv grplqdqw/ wkh prgho pxvw suhglfw kljk krxuv/ zkhuhdv wkh gdwd glvsod| orz krxuv1

Sduw ri wklv glvfuhsdqf| lv d frqvhtxhqfh ri dvvxpswlrq wkdw revhuyhg krxuv ri zrun gr qrw

lqyroyh wlph vshqw ohduqlqj1 Lq doo olnholkrrg/ wklv lv frxqwhuidfwxdo1 Ixuwkhu/ wkh dqdo|vlv

ljqruhv wkh zrun2ohduqlqj yhuvxv ohlvxuh pdujlq/ lqfoxvlrq ri zklfk zrxog udlvh krxuv hduo|

dqg orzhu wkhp gxulqj wkh shulrg ri whfkqrorj| irxu*v grplqdqfh1

71616 Vxppdu| ri Dfwxdo dqg Suhglfwhg Hyroxwlrq ri Djjuhjdwhv

Wkh wdeoh iroorzlqj frqwdlqv wkh phdqv dqg vwdqgdug ghyldwlrqv iru wkh dfwxdo dqg suhglfwhg

ydoxhv ri wkh vhulhv ri lqwhuhvw> wkh fruuhodwlrq ehwzhhq wkh gdwd dqg wkh prgho*v suhglfwlrqv

lv lqfoxghg dv zhoo1

Ohyhov Jurzwk Udwhv +(,

Gdwd Prgho Fruu1 Gdwd Prgho Fruu1

Phdq V1 G1 Phdq V1G1 Phdq V1G1 Phdq V1G1

Frqvxpswlrq 77<3 4484 77:< 43<8 31<<87 5139 415: 5134 5158 317:

Lqfrph 8993 4635 8999 463; 31<<;4 41:8 4147 41:: 4166 31:<

Krxuv 43;7 591:6 43;; 4:1;: 031694: 03135 3184 3133 3179 3144

Zdjhv 613<5 318:9 61457 319<< 31<;4< 4157 4465 41:5 413< 319;

Fdslwdo ;749 549< ;65< 4<88 31<998 418; 41:4 41;7 417< 3175

717 Phdvxuhv ri Ohduqlqj

Wkh wkhru| lqwhusuhwv wkh gdwd rq jurzwk dqg  xfwxdwlrqv lq whupv ri ghyhorsphqw dqg

vsuhdg ri qhz whfkqrorjlfdo nqrz0krz1 Ihdwxuhv ri wkh pdqqhu lq zklfk qhz nqrz0krz

lq xhqfhv wkh hfrqrp| � wkh pdjqlwxgh ri surgxfwlylw| lqfuhdvhv/ krz gl!fxow lv lw iru wkh

lghdv wr vsuhdg/ hwf1 � duh lqihuuhg iurp wkh gdwd rq wkh dvvxpswlrq wkdw wklv lqwhusuhwdwlrq

ri wkh gdwd lv fruuhfw1

Wkh prgho dovr pdnhv suhglfwlrqv derxw h�ruwv wr ohduq1 Iljxuh 46 suhvhqwv wkh gl�xvlrq

sdwkv glvfxvvhg hduolhu/ dorqj zlwk wkh prgho*v suhglfwhg wlph vhulhv ri oderu h�ruw ghyrwhg
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wr ohduqlqj dv d iudfwlrq ri wrwdo rxwsxw +erwwrp sdqho,1 Wzr srlqwv duh qrwhzruwk|1 Iluvw/

wkh ydoxh ri uhvrxufhv ghyrwhg wr ohduqlqj pdnh xs d vpdoo iudfwlrq ri +derxw 6(, ri lqfrph1

Vhfrqg/ ohduqlqj h�ruw shdnv hduo| lq wkh shulrg gxulqj zklfk qhz whfkqrorj| gl�xvhv/ dqg

ehiruh wkh wlph ri prvw udslg gl�xvlrq1 Wklv kljkoljkwv wkh uroh ri lplwdwlrq1 Wkdw lv/ dv

qhz whfkqrorj| gl�xvhv/ lplwdwlrq ehfrphv hdvlhu/ doorzlqj pruh udslg gl�xvlrq zlwk ihzhu

djjuhjdwh uhvrxufhv1 Wkh frxqwhuf|folfdo qdwxuh ri ohduqlqj h�ruwv lv dssduhqw iurp Iljxuh

471 Iru frpsdulvrq sxusrvhv/ Iljxuh 48 glvsod|v KS0�owhuhg djjuhjdwh U)G h{shqglwxuhv

dv d sursruwlrq ri JQS dorqjvlgh wkh suhglfwhg uhvrxufhv ghyrwhg wr ohduqlqj +4<87 lv wkh

hduolhvw |hdu iru zklfk d frqvlvwhqw U)G vhulhv lv dydlodeoh1,49 Wkh suhglfwhg ohduqlqj h�ruw

vhulhv ohdgv wkh U)G vhulhv/ dqg wkh| vkduh wkh sdlu ri xsvzlqjv dvvrfldwhg zlwk wkh wzr

+mxvw wzr/ dv d uhvxow ri wkh vkruwhu shulrg ryhu zklfk gdwd duh dydlodeoh, gl�xvlrqv ri qhz

whfkqrorj|1

Vrph pruh gluhfw phdvxuhphqwv ri dwwhpswv wr ohduq dqg ghyhorsphqw ri qhz lghdv duh

suhvhqwhg lq wkh �jxuhv iroorzlqj1 Sdwhqwv duh rqh zd| wr phdvxuh wkh h{whqw wr zklfk

qhz whfkqrorjlfdo nqrz0krz lv hyroylqj1 Iljxuh 49 glvsod|v wkh jurzwk udwh ri vprrwkhg

+djdlq/ xvlqj wkh KS �owhu zlwk vprrwklqj sdudphwhu htxdo wr whq, sdwhqw dssolfdwlrqv iru

lqyhqwlrqv/ shu fdslwd/ dorqj zlwk wkh hvwlpdwhg gl�xvlrq ri qhz whfkqrorj| glvfxvvhg hduolhu1

Lw lv dssduhqw wkdw dq lqfuhdvh lq sdwhqw dssolfdwlrqv rffxuuhg gxulqj wkh ehjlqqlqj ri

wkh shulrgv lq zklfk wkh wzr/ pdmru whfkqrorjlfdo dgydqfhv gl�xvhg1 Wkh odwhu/ dqg vpdoohu/

whfkqrorjlfdo lpsuryhphqw frlqflghv zlwk d pruh vxevwdqwldo lqfuhdvh lq wkh dssolfdwlrq udwh>

49Wkh gdwd glvfxvvhg lq wklv vhfwlrq duh iurp= X1V1 Exuhdx ri wkh Fhqvxv/ Klvwrulfdo Vwdwlvwlfv ri wkh Xqlwhg

Vwdwhv/ Frorqldo Wlphv wr 4<:3/ Elfhqwhqqldo Hglwlrq/ Sduwv 4 dqg 5> dqg Zdvklqjwrq/ G1F1/ 4<:81 X1V1

Exuhdx ri wkh Fhqvxv/ Vwdwlvwlfdo Devwudfw ri wkh Xqlwhg Vwdwhv/ Ydulrxv lvvxhv/ Zdvklqjwrq/ G1F1
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wklv lv glvfxvvhg ixuwkhu lq wkh frqfoxglqj vhfwlrq1 Wkhvh gdwd vxssruw wkh prgho*v dvvxphg

frqqhfwlrq ehwzhhq jurzwk dqg whfkqrorjlfdo dgydqfh1 Revhuyh dovr wkdw wkh shulrgv ri pd{0

lpdo sdwhqw dssolfdwlrq odj wkh shulrgv gxulqj zklfk wkh prgho suhglfwv pd{lpxp ohduqlqj

h�ruwv1

Wkh qh{w �jxuh uhshdwv wkh lqirupdwlrq rq gl�xvlrq/ exw frpsduhv lw wr jurzwk lq vfkrro

hquroophqw ri dgxowv +hljkwhhq |hduv ru roghu/ hquroohg lq dq| hgxfdwlrqdo lqvwlwxwlrqv/ shu

fdslwd/ dqg vprrwkhg,1 Vfkrro hquroophqw fdq eh lqwhusuhwhg dv jhqhudo kxpdq fdslwdo

lqyhvwphqw dffrpsdq|lqj lqqrydwlrq dqg gl�xvlrq ri qhz whfkqrorj|1 D fohdu frqqhfwlrq

ehwzhhq gl�xvlrq ri wkh wzr pdmru whfkqrorjlfdo dgydqfhv dqg kxpdq fdslwdo lqyhvwphqw lv

dssduhqw> wkh dvvrfldwlrq zlwk wkh odwhu dgydqfh lv ohvv fohdu1 Wklv/ wrr/ zloo eh glvfxvvhg lq

wkh frqfoxglqj vhfwlrq1

8 Vxppdu| dqg Frqfoxvlrqv

Wkh sdshu ghyhorsv dqg dqdo|}hv d prgho lq zklfk djjuhjdwh g|qdplfv duh wkh uhvxow ri

lqglylgxdov* h�ruwv dqg vxffhvv dw sxwwlqj qhz whfkqrorjlhv wr zrun1 Lw wdnhv wkh fuh0

dwlyh2lqyhqwlyh surfhvv dv jlyhq/ exw hqgrjhql}hv wkh olqn ehwzhhq lqyhqwlrqv dqg wkh hyhqwxdo

dgrswlrq ri whfkqrorjlhv edvhg rq wkhp1 Dv vxfk lw wdnhv d vwhs lq wkh gluhfwlrq ri h{sodlqlqj

whpsrudo yduldwlrq lq whfkqrorj|1

Wkh prgho lqwhusuhwv wkh nh| idfwv ri srvw zdu jurzwk � wkuhh shulrgv ri vljql�fdqw

jurzwk/ ghfolqlqj lq vl}h/ zlwk wkh vhfrqg dqg wklug vhsdudwhg e| d orqj shulrg ri orz

jurzwk � dv wkh rxwfrph ri gl�xvlrq ri whfkqrorjlhv wkdw gl�hu erwk lq wkh ghjuhh wr zklfk
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wkh| lpsuryh ryhu zkdw h{lvwv douhdg|/ dqg wkh gl!fxow| ri edvlqj lqqrydwlrqv rq wkhp1

Qhzhu lqyhqwlrqv dsshdu wr r�hu lqfuhdvlqjo| prghvw lpsuryhphqwv/ lpso|lqj ghfuhdvlqj

khwhurjhqhlw| lq whfkqrorjlfdo nqrz0krz1

Wkh prgho fdq eh prgl�hg ru lpsuryhg lq vhyhudo zd|v=

41 Lw lv dvvxphg wkdw whfkqrorjlfdo nqrz0krz lv hperglhg lq shrsoh/ dqg vwuhvvhv khwhur0

jhqhlw| dfurvv djhqwv1 D gl�huhqw dssurdfk dvvxphv wkdw nqrzohgjh uhvlghv lq �upv/

dqg hpskdvl}hv lqwhu0�up khwhurjhqhlw|> wklv lv wkh urxwh h{soruhg e| Dqgroidwwr dqg

PdfGrqdog +4<<4,1 Zkloh wkh pdjqlwxgh ri wkh hvwlpdwhg whfkqrorjlfdo lpsuryhphqwv

lv uhdvrqdeo| lqvhqvlwlyh wr zklfk ri wkhvh dssurdfkhv lv iroorzhg/ wkh frqfoxvlrqv derxw

ohduqlqj gl!fxow| duh qrw1 Lqghhg/ wkh vhfrqg dssurdfk lpsolhv wkdw wkh hduo|/ odujh/

euhdnwkurxjkv zhuh yhu| kdug wr lpsohphqw/ dqg wkdw wkhuh zdv d vljql�fdqw exlogxs

ri �upv xvlqj roghu whfkqrorj| sulru wr hdfk pdmru h{sdqvlrq1 Ghwhuplqlqj zklfk

dssurdfk |lhogv d ehwwhu h{sodqdwlrq ri wkh idfwv zrxog eh d xvhixo h{whqvlrq1

51 Wkh srru shuirupdqfh ri djjuhjdwh prghov lq h{sodlqlqj wkh hyroxwlrq ri krxuv lv zhoo

nqrzq> vhh/ iru h{dpsoh/ N|godqg +4<<9,1 Krzhyhu/ wkh prgho vwxglhg khuhlq pd|

eh fdsdeoh ri gholyhulqj d pxfk lpsuryhg wuhdwphqw ri krxuv1 Lq sduwlfxodu/ wuhdwlqj

revhuyhg krxuv dv wkh vxp ri zrun dqg ohduqlqj wlph/ dqg doorzlqj d zrun2ohduqlqj

yhuvxv ohlvxuh pdujlq/ pljkw lpsuryh wkh prghov shuirupdqfh pdunhgo|1

61 Wkh prgho doorzv lqqrydwlrq gl!fxow| wr ydu| zlwk hdfk qhz whfkqrorj|/ exw uhvwulfwv

wkh lplwdwlrq srvvlelolwlhv qrw wr ydu| lq wklv glphqvlrq1 Wklv lv rqh vrxufh ri wkh prgho*v

gl!fxow| lq gholyhulqj suhglfwhg jurzwk wkdw dffhohudwhv dv txlfno| dv grhv hduo| srvw0
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zdu jurzwk1 Gursslqj wklv uhvwulfwlrq pljkw dovr lpsuryh wkh prgho*v shuirupdqfh1

71 Vrph ri wkh frxqwhuidfwxdo yrodwlolw| ri jurzwk lv gxh vlpso| wr wkh dvvxpswlrq wkdw

lqglylgxdov duh ulvn qhxwudo1 Zkloh wklv vlpsol�hv/ lwv lpsdfw rq wkh prgho*v delolw| wr

�w wkh idfwv pd| eh vljql�fdqw dqg vkrxog eh h{soruhg ixuwkhu1

Lw lv shulorxv/ qrw wr phqwlrq vrphzkdw rxwvlgh ri wkh pdfurhfrqrplf wudglwlrq/ wr dw0

whpsw wr lghqwli| dq| sduwlfxodu whfkqrorjlfdo hyhqw zlwk d fkdqjh lq wkh djjuhjdwh whfkqro0

rj|1 Krzhyhu/ dv pruh vxfk fkdqjhv duh hqgrjhql}hg/ dqg pruh ri wkhlu vwuxfwxuh xqfryhuhg/

vrph dwwhpsw wr �qg fruuhvsrqglqj qhz whfkqrorjlhv lv fdoohg iru1 Wkh whfkqrorjlhv wkdw wkh

wkhru| srlqwv wr duh wkh �jhqhudo sxusrvh whfkqrorjlhv� � vhh wkh glvfxvvlrq dqg uhihuhqfhv

lq Euhvqdkdq dqg Wudmwhqehuj +4<<8, � zkrvh lqwurgxfwlrq lq xhqfhv hqwluh fodvvhv ri pruh

vshfl�f surgxfwlrq surfhvvhv1 Hylghqwo|/ edvhg rq Mrydqrylf dqg Odfk*v zrun/ wkh w|sh ri

whfkqrorjlhv phdvxuhg e| Jruw dqg Nohsshu duh qduurzhu lq vfrsh wkdq wkrvh zkrvh djjuh0

jdwh lq xhqfh lv ghgxfhg khuh> wklv lv frqvlvwhqw zlwk wkh revhuydwlrq wkdw wkh Jruw0Nohsshu

gdwd duh rujdql}hg lq whupv ri surgxfwv +h1j1 dxwrpreloh wluhv, udwkhu wkdq whfkqrorjlhv xvhg

wr pdqxidfwxuh wkhp1

D qdwxudo lqwhusuhwdwlrq ri wkh �uvw srvw0zdu lpsuryhphqw E%2� lv wkdw lw uhsuhvhqwv wkh

fodvv ri lqqrydwlrqv dvvrfldwhg zlwk wkh �fkhplfdov uhyroxwlrq� ri wkh 4<83v1 Wkh nqrzo0

hgjh ri prohfxodu vwuxfwxuh dftxluhg lq wkh |hduv gxulqj dqg vxevhtxhqw wr wkh zdu pdgh lw

srvvleoh wr fuhdwh d zlgh duud| ri v|qwkhwlf pdwhuldov +h1j1/ sodvwlfv/ v|qwkhwlf �euhv/ sdfn0

djlqj pdwhuldov/ v|qwkhwlf uxeehu/ oljkwzhljkw wkhupdo lqvxodwlrq/ zdwhu0uhshoodqw frdwlqj/

kljk0vwuhqjwk dgkhvlyhv/ hwf1,/ zklfk doorzhg d zlgh0vsuhdg vkliw iurp d uholdqfh rq rujdqlf
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pdwhuldov wr lqrujdqlf vrxufhv1 Lq dgglwlrq/ wkh hduo| srvw0zdu shulrg zlwqhvvhg wuhphqgrxv

surgxfwlylw| jdlqv lq djulfxowxuh dv d uhvxow ri wkh lqfuhdvhg xwlol}dwlrq ri fkhplfdo lqsxwv

vxfk dv v|qwkhwlf qlwurjhq ihuwlol}huv/ khuelflghv dqg shvwlflghv1 Dv grfxphqwhg e| Eudg|

+4<94, dqg Urvhqehuj +4<:5,/ wkh jurzlqj xvhixoqhvv ri wkh nqrzohgjh ri fkhplfdo surfhvvhv

wr wkh wudqvirupdwlrq ri pdwhuldov gxulqj wklv wlph juhdwo| h{sdqghg wkh lqgxvwuldo duhd ryhu

zklfk vxfk nqrzohgjh ehfdph uhohydqw1 Wkh vfrsh ri wklv h{sdqvlrq pd| eh dssuhfldwhg e|

uhfrjql}lqj wkdw fkhplfdov lqgxvwulhv lqfoxgh sudfwlfdoo| doo phwdooxujlfdo uh�qlqj> doo uh�qh0

phqw ri ixhov vxfk dv shwurohxp/ qdwxudo jdvhv dqg frdo> wkh surfhvvhv ri uh�qlqj pdwhuldov

ohdglqj wr wkh surgxfwlrq ri fhphqw/ uxeehu/ jodvv/ hwf1> dqg/ lqghhg/ dq| lqgxvwu| lqyroyhg lq

hlwkhu euhdnlqj grzq wkh prohfxodu vwuxfwxuh ri pdwhuldov ru lq uhdvvhpeolqj wkhp wr pdnh

qhz frpsrxqgv ru pdwhuldov1

Wkh vxevhtxhqw wzr whfkqrorjlfdo lpsuryhphqwv E%�c %e� pljkw eh lqwhusuhwhg dv uhsuh0

vhqwlqj wkh �hohfwurqlfv uhyroxwlrq� ri wkh 4<93v1 Wkh uhyroxwlrq lq hohfwurqlfv zdv pdgh

srvvleoh e| vrph hduolhu dgydqfhv lq txdqwxp phfkdqlfv wkdw ohg wr dq xqghuvwdqglqj ri

wkh ghwhuplqdqwv ri hohfwulfdo frqgxfwlylw| lq whupv ri wkh dwrplf vwuxfwxuh ri fu|vwdoolqh

vrolgv1 Vrolg vwdwh sk|vlfv pdgh vhplfrqgxfwru ghylfhv vxfk dv glrghv dqg wudqvlvwru srvvl0

eoh> wkhvh ghyhorsphqwv lq wxuq ehfdph lqglvshqvdeoh lqsxwv iru d qxpehu ri whfkqrorjlfdo

ghyhorsphqwv/ vxfk dv frpsxwhuv/ qxfohdu uhdfwruv/ lpsuryhg frppxqlfdwlrq qhwzrunv/ dqg

odvhuv +Urvhqehuj/ 4<:5,1 Dv zhoo/ vxfk ghylfhv idflolwdwhg wkh xvh ri qxphulfdo frqwuro dqg

urerwlfv lq pdqxidfwxulqj/ zklfk kdyh ehhq ghvfulehg e| vrph dv rqh ri wkh fhqwxu|*v prvw

lpsruwdqw lqqrydwlrqv +Pdqv�hog/ hw1 do1/ 4<::,14:

4:
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Zkloh hohfwurqlfv +l1h1/ plfursurfhvvruv, kdyh ehfrph pxfk pruh zlgh0vsuhdg lq wkh odvw

ghfdgh/ wkh prgho vxjjhvwv wkdw lwv hduolhu lqfxuvlrq � wudqvlvwruv/ vrolg vwdwh hohfwurqlfv/111

� kdg d juhdwhu lpsdfw rq djjuhjdwhv/ dqg wkdw li dq|wklqj/ wkh pdjqlwxgh ri whfkqlfdo

dgydqfhv kdv glplqlvkhg ryhu wlph1 Wkhuh duh pdq| uhdvrqv zk| wklv pljkw eh wkh fdvh1

Rqh lv wkdw wkh ohjdo yhklfohv iru surwhfwlqj sursulhwdu| lqirupdwlrq pd| kdyh ehfrph ohvv

h�hfwlyh/ vshhglqj wkh gl�xvlrq ri zkdw lv glvfryhuhg/ exw uhgxflqj wkh lqfhqwlyh wr lqyhqw

lq wkh �uvw sodfh1 Dqrwkhu srvvlelolw| lv wkdw wkh hduolhu ghyhorsphqwv zhuh wkh frqvhtxhqfh

ri whfkqlfdo dgydqfhv gxulqj wkh vhfrqg zruog zdu dqg wkh vsdfh surjudp/ pdq| ri zklfk

kdg erwk qxphurxv srvvleoh dssolfdwlrqv dqg ihz dwwhpswv wr pdnh wkhp sursulhwdu|> wkh

odwhu ghyhorsphqwv pd| kdyh ehhq pruh qduurz/ ru pruh surwhfwhg e| wkhlu lqyhqwruv1 Wkh

udslgo|0ulvlqj shuvrqdo dqg frusrudwh pdujlqdo wd{ udwhv ri wkh vl{wlhv pd| dovr kdyh ehhq

dq lpsruwdqw ghwhuuhqw wr lqyhvwphqw lq qhz lghdv1

Doo ri wkhvh srvvlelolwlhv duh frqvlvwhqw zlwk wkh gdwd hpsor|hg wr hvwlpdwh wkh prgho1

Krzhyhu/ sdwhqw gdwd srlqw wrzdugv dq h{sodqdwlrq hpskdvl}lqj d pruh sursulhwdu| qdwxuh

ri wkh qhzhu euhdnwkurxjkv1 Wkdw lv/ Iljxuh 4; sorwv wkh gdwd rq jurzwk ri sdwhqw dssolfd0

wlrqv dorqjvlgh lqfrph jurzwk14; Diwhu wkh plg 4<:3v/ wkh gl�xvlrq ri wkh wklug vl}hdeoh

whfkqrorjlfdo euhdnwkurxjk/ dqg wkh dvvrfldwhg lqfrph jurzwk/ duh erwk dffrpsdqlhg e|

udslg jurzwk ri sdwhqw dssolfdwlrqv1

Iljxuh 4< sorwv JQS jurzwk dqg gdwd rq wkh sursruwlrq ri dgxowv lq hquroohg lq vfkrro1

Dffruglqj wr O|qq +4<99=;<,/ �Qxphulfdo frqwuro lv suredeo| wkh prvw vljql�fdqw qhz ghyhorrsphqw lq

pdqxidfwxulqj vlqfh Khqu| Irug lqwurgxfhg wkh frqfhsw ri wkh prylqj dvvhpeo| olqh1�
4;Wkh gdwd glvfxvvhg lq wklv vhfwlrq duh iurp= X1V1 Exuhdx ri wkh Fhqvxv/ Klvwrulfdo Vwdwlvwlfv ri wkh Xqlwhg

Vwdwhv/ Frorqldo Wlphv wr 4<:3/ Elfhqwhqqldo Hglwlrq/ Sduwv 4 dqg 5> dqg Zdvklqjwrq/ G1F1/ 4<:81 X1V1

Exuhdx ri wkh Fhqvxv/ Vwdwlvwlfdo Devwudfw ri wkh Xqlwhg Vwdwhv/ Ydulrxv lvvxhv/ Zdvklqjwrq/ G1F1
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Whfkqrorj| Gl�xvlrq dqg Djjuhjdwh G|qdplfv

Wklv �jxuh vxjjhvwv wkdw qhzhu whfkqrorjlfdo dgydqfhv duh pruh vshfl�f lq qdwxuh/ dqg uho|

ohvv rq wkh dffxpxodwlrq ri jhqhudo kxpdq fdslwdo1 Lqghhg/ diwhu wkh plg 4<:3v/ jurzwk ri

dgxow vfkrrolqj dqg JQS jurzwk duh qhjdwlyho| fruuhodwhg/ frqvlvwhqw zlwk wkh qrwlrq wkdw

qhzhu dgydqfhv duh pruh qduurz/ ru ohvv �jhqhudo sxusrvh1� Lq wklv fdvh qhz nqrz0krz

lv pruh olnho| wr uhtxluh d vxevwlwxwlrq dzd| iurp wkh dffxpxodwlrq ri jhqhudo vnloov dqg

wrzdugv whfkqrorj|0vshfl�f kxpdq fdslwdo1 Wklv lv dovr frqvlvwhqw zlwk wkh frpsdudwlyho|

udslg jurzwk ri wkh pruh qduurzo|0irfxvhg surjudpv surylghg e| wzr0|hdu froohjhv � lq 4<:3/

5:( ri vwxghqwv hquroohg lq wzr0dqg irxu0|hdu froohjhv/ xqlyhuvlwlhv dqg surihvvlrqdo vfkrrov

zhuh hquroohg lq wzr0|hdu froohjhv> wkh frpsdudeoh �jxuh iru 4<<3 lv 6:1<(1

D �qdo slhfh ri hylghqfh vxjjhvwlqj d whfkqrorjlfdo xqghuslqqlqj � d kxpdq fdslwdo0edvhg

rqh/ lq sduwlfxodu � iru jurzwk dqg  xfwxdwlrqv frphv iurp wkh gdwd rq dgydqfhg ghjuhhv

lq vflhqfh dqg hqjlqhhulqj14< Wkh udz gdwd duh wkh qxpehu ri Grfwrudo ghjuhhv dzdughg

lq wkh irxu duhdv wkdw gh�qh �kdug� vflhqfh lq wkh gdwd= +4, Sk|vlfv/ dvwurqrp|/ fkhplvwu|

dqg hduwk vflhqfhv> +5, Pdwkhpdwlfv dqg Frpsxwhu Vflhqfh> +6, Hqjlqhhulqj> dqg +7, Edvlf

phglflqh dqg rwkhu elrorjlfdo vflhqfhv1 Doo ri wkhvh duhdv h{shulhqfhg gudpdwlf srvw zdu

jurzwk1 Wkxv Iljxuh 53 ghslfwv wkh irxu vhulhv h{suhvvhg dv d sursruwlrq ri wkh wrwdo> wkh

vhulhv duh KS0�owhuhg1 Wkh sk|vlfdo vflhqfhv vkrz d vwhdg| grzqzdug wuhqg/ zlwk wkhlu

ghfolqh ehlqj phw e| d prghvw lqfuhdvh lq pdwkhpdwlfv dqg frpsxwhu vflhqfh/ dqg elrorjlfdo

vflhqfh/ dqg d pruh udslg hphujhqfh ri hqjlqhhulqj1 Wkh  xfwxdwlrqv duh sulpdulo| dq

hqjlqhhulqj2elrorjlfdo vflhqfh vxevwlwxwlrq1 Wkh uhohydqfh ri wklv skhqrphqrq lv vxjjhvwhg

4<Djdlq/ vhh X1V1 Exuhdx ri wkh Fhqvxv/ Klvwrulfdo Vwdwlvwlfv ri wkh Xqlwhg Vwdwhv/ Frorqldo Wlphv wr 4<:3/

Elfhqwhqqldo Hglwlrq/ Sduwv 4 dqg 5> dqg Zdvklqjwrq/ G1F1/ 4<:81 X1V1 Exuhdx ri wkh Fhqvxv/ Vwdwlvwlfdo

Devwudfw ri wkh Xqlwhg Vwdwhv/ Ydulrxv lvvxhv/ Zdvklqjwrq/ G1F1
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Whfkqrorj| Gl�xvlrq dqg Djjuhjdwh G|qdplfv

e| Iljxuh 54/ zklfk sorwv jurzwk lq hqjlqhhulqj*v vkduh dqg JQS jurzwk1 Hylghqwo|/ wkhuh

lv vrph vruw ri frqqhfwlrq ehwzhhq zkdw hqjlqhhuv gr ru nqrz/ dqg lqfrph jurzwk1
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Whfkqrorj| Gl�xvlrq dqg Djjuhjdwh G|qdplfv

9 Uhihuhqfhv

41 Djklrq/ Sklolssh dqg Shwhu Krzlww +4<<5,1 �D Prgho ri Jurzwk Wkurxjk Fuhdwlyh

Ghvwuxfwlrq/� Hfrqrphwulfd/ 93= 656�6851

51 Dqgroidwwr Gdylg dqg Johqq PdfGrqdog +4<<4,1 �Hqgrjhqrxv Whfkqrorjlfdo Fkdqjh/

Jurzwk/ dqg Djjuhjdwh Ioxfwxdwlrqv/� Zrunlqj Sdshu= Xqlyhuvlw| ri Zhvwhuq Rqwdulr1

61 Edkn/ E|rqj0K|rqj dqg Plfkdho Jruw +4<<6,1 �Ghfrpsrvlqj Ohduqlqj e| Grlqj lq

Qhz Sodqwv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ 434= 8940;61

71 Ehqwdo/ Ehqmdplq dqg Gdq Shohg +4<<9,1 �Wkh Dffxpxodwlrq ri Zhdowk dqg wkh F|fol0

fdo Jhqhudwlrq ri Qhz Whfkqrorjlhv= D Vhdufk Wkhruhwlf Dssurdfk�/ Lqwhuqdwlrqdo

Hfrqrplf Uhylhz/ 6:= 9;:0:4;1

81 Eudg|/ U1 +4<94,1 Rujdql}dwlrq/ Dxwrpdwlrq/ dqg Vrflhw|/ Xqlyhuvlw| ri Fdoliruqld

Suhvv/ Ehunhoh|/ Fdoliruqld1

91 Euhvqdkdq/ W1 dqg P1 Wudmwhqehuj +4<<8,1 �Jhqhudo Sxusrvh Whfkqrorjlhv= Hqjlqhv ri

JurzwkB� Mrxuqdo ri Hfrqrphwulfv/ 998= ;6�43;1

:1 Fdpsehoo/ Mh�uh| +4<<:,1 �Hqwu|/ H{lw/ Hperglhg Whfkqrorj|/ dqg Exvlqhvv F|fohv/�

QEHU Zrunlqj Sdshu 8<881

;1 Fkdul/ Y1Y1 dqg Kxjr Krshqkd|q +4<<4,1 �Ylqwdjh Kxpdq Fdslwdo/� Mrxuqdo ri Sr0

olwlfdo Hfrqrp|/ <<+9,= 4475�44981

<1 Fkhqj/ Ohrqdug dqg Holdv Glqrsrxorv +4<<4,1 �D Vfkxpshwhuldq Prgho ri Hfrqrplf

Jurzwk dqg Ioxfwxdwlrqv/� Zrunlqj Sdshu= Xqlyhuvlw| ri Iorulgd1
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Whfkqrorj| Gl�xvlrq dqg Djjuhjdwh G|qdplfv

431 Frroh|/ Wkrpdv dqg Hgzdug Suhvfrww +4<<9,1 �Hfrqrplf Jurzwk dqg Exvlqhvv F|fohv/�

lq Frroh|/ W1 I1/ +hglwru, +4<<9,1 Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk/ Sulqfhwrq

Xqlyhuvlw| Suhvv/ Sulqfhwrq/ Qhz Mhuvh|1

441 Hulfvrq/ Ulfkdug dqg Dulho Sdnhv +4<<8,1 �Pdunry0Shuihfw Lqgxvwu| G|qdplfv= D

Iudphzrun iru Hpslulfdo Zrun/ Uhylhz ri Hfrqrplf Vwxglhv/ 95= 860;51

451 Jruw/ Plfkdho dqg Vwhskhq Nohsshu +4<;5,1 �Wlph Sdwkv lq wkh Gl�xvlrq ri Surgxfw

Lqqrydwlrqv/� Hfrqrplf Mrxuqdo/ <5= 963�9861

461 Juhhqzrrg/ Mhuhp| dqg Phkphw \ruxnrjox +4<<:,1 �4<:7/� Fduqhjlh0Urfkhvwhu Frq0

ihuhqfh Vhulhv rq Sxeolf Srolf|/ 79= 7<�<91

471 Kruqvwhlq/ Dqguhdv dqg Shu Nuxvhoo +4<<9,1 �Fdq Whfkqrorj| Lpsuryhphqwv Fdxvh

Surgxfwlylw| VorzgrzqvB� QEHU Pdfurhfrqrplfv Dqqxdo1

481 Mrydqrylf/ Er|dq dqg Vdxo Odfk +4<<:,1 �Surgxfw Lqqrydwlrq dqg wkh Exvlqhvv F|foh/�

Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 6;+4,= 6�551

491 Mrydqrylf/ Er|dq dqg Ure Udidho +4<<3,1 �Orqj Zdyhv dqg Vkruw Zdyhv= Jurzwk

Wkurxjk Lqwhqvlyh dqg H{whqvlyh Vhdufk/� Hfrqrphwulfd/ 8;= 46<4�473<1

4:1 Mrydqrylf/ Er|dq dqg Johqq PdfGrqdog +4<<7,1 �Frpshwlwlyh Gl�xvlrq/� Mrxuqdo ri

Srolwlfdo Hfrqrp|/ 435+4,= 57�851

4;1 Mxvwpdq Prvkh +4<<:,1 �Jurzwk Wkurxjk Lqqrydwlrq= D Vfkxpshwhuldq Shuvshfwlyh/�

Zrunlqj Sdshu= Ehq0Jxulrq Xqlyhuvlw|1

4<1 N|godqg/ Ilqq +4<<9,1 �Exvlqhvv F|fohv dqg Djjuhjwh Oderu Pdunhw Ioxfwxdwlrqv/�
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Whfkqrorj| Gl�xvlrq dqg Djjuhjdwh G|qdplfv

lq Frroh|/ W1 I1/ +hglwru, +4<<9,1 Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk/ Sulqfhwrq

Xqlyhuvlw| Suhvv/ Sulqfhwrq/ Qhz Mhuvh|1

531 Olssl/ Pdufr dqg Oxfuhq}d Uhlfkolq +4<<7,1 �Gl�xvlrq ri Whfkqlfdo Fkdqjh dqg wkh

Ghfrpsrvlwlrq ri Rxwsxw lqwr Wuhqg dqg F|foh/� Uhylhz ri Hfrqrplf Vwxglhv/ 94= 4<�

631

541 O|qq/ I1 +4<99,1 Dq Lqyhvwljdwlrq ri wkh Udwh ri Ghyhorsphqw dqg Gl�xvlrq ri Whfk0

qrorj| lq Rxu Prghuq Lqgxvwuldo Vrflhw|/ lq wkh Qdwlrqdo Frpplvvlrq rq Whfkqrorj|/

Dxwrpdwlrq dqg Hfrqrplf Surjuhvv/ X1V1J1S1R1/ Zdvklqjwrq/ G1F1

551 Pdqv�hog/ H1/ M1 Udsrsruw/ D1 Urphr/ H1 Yloodql/ V1 Zdjqhu/ dqg I1 Kxvlf +4<::,1 Wkh

Surgxfwlrq dqg Dssolfdwlrq ri Qhz Lqgxvwuldo Whfkqrorj|/ Z1Z1 Qruwrq ) Fr1/ Qhz

\run1

561 Suhvfrww/ Hgzdug +4<;9,1 �Wkhru| Dkhdg ri Phdvxuhphqw/� Ihghudo Uhvhuyh Edqn ri

Plqqhdsrolv Txduwhuo| Uhylhz/ <0551

571 Urvhqehuj/ Qdwkdq +4<:5,1 Whfkqrorj| dqg Dphulfdq Hfrqrplf Jurzwk/ Kdushu )

Urz1

581 Vfkxpshwhu/ Mrvhsk +4<6<,1 Exvlqhvv F|fohv= D Wkhruhwlfdo/ Klvwrulfdo dqg Vwdwlvwlfdo

Dqdo|vlv ri wkh Fdslwdolvw Surfhvv/ PfJudz0Kloo/ Qhz \run1

591 Vfkxpshwhu/ Mrvhsk +4<75,1 �Fdslwdolvp/ Vrfldolvp dqg Ghprfudf|/� Kdushu ) Urz1
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: Gdwd Dsshqgl{

:14 Jhqhudo

Doo gdwd duh wdnhq iurp rqh ri=

^d` X1V1 Exuhdx ri wkh Fhqvxv/ Klvwrulfdo Vwdwlvwlfv ri wkh Xqlwhg Vwdwhv/ Frorqldo Wlphv

wr 4<:3/ Elfhqwhqqldo Hglwlrq/ Sduwv 4 dqg 5/ Zdvklqjwrq/ G1F1/ 4<:81

^e` X1V1 Exuhdx ri wkh Fhqvxv/ Vwdwlvwlfdo Devwudfw ri wkh Xqlwhg Vwdwhv/ Ydulrxv lvvxhv/

Zdvklqjwrq/ G1F1

^f` X1V1 Ghsduwphqw ri Frpphufh/ Exuhdx ri Hfrqrplf Dqdo|vlv/ Il{hg Uhsurgxfleoh

Wdqjleoh Zhdowk lq wkh Xqlwhg Vwdwhv/ 4<580;8/ X1V1 Jryhuqphqw Sulqwlqj R!fh/ Mxqh 4<;:/

dqg lwv xsgdwh Pd| 4<<: Vxuyh| ri Fxuuhqw Exvlqhvv1

:15 Edvh Vhulhv

Doo gdwd xvhg duh fdofxodwhg iurp wkh iroorzlqj vhulhv=

Srsxodwlrq +�, 0 Wrwdo qrq0lqvwlwxwlrqdo srsxodwlrq ryhu wkh djh ri 49/ lqfoxglqj duphg

irufhv ryhuvhdv1 Vrxufhv= 4<730:3/ vhulhv D6< ri ^d`> 4<:70;;/ ^e`1 Wkh 4<:40:6 �jxuhv duh

jhrphwulf lqwhusrodwlrqv ri wkh 4<:3 dqg 4<:7 �jxuhv1

Frqvxpswlrq +�, 0 Shuvrqdo frqvxpswlrq h{shqglwxuhv/ lq qrplqdo eloolrqv1 Vrxufh=

4<730:3/ vhulhv J749 ri ^d`> 4<:40<7/ ^e`1

Sulfh Ohyho +� , 0 Frqvxphu sulfh lqgh{/ 4<9:@4331 Vrxufh= 4<730:3/ Vhulhv H468 ri ^d`>

4<:40<7/ ^e`1

Rxwsxw +t , 0 Jurvv qdwlrqdo surgxfw1 Vrxufh= 4<730:3/ Vhulhv I4 ri ^d`> 4<:40<7/ ^e`1
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Jryhuqphqw H{shqglwxuhv +C, 0 Sxufkdvhv ri jrrgv dqg vhuylfhv e| doo ohyhov ri jryhuq0

phqw1 Vrxufh= 4<73083 hyhq |hduv/ dqg 4<850:3/ Vhulhv I9 ri ^d`> 4<:40<7/ ^e`1

Jryhuqphqw Fdslwdo Rxwod|v +C�, 0 Fdslwdo rxwod|v e| doo ohyhov ri jryhuqphqw1 Vrxufh=

4<850:3/ vhulhv \856 ri ^d`> 4<:40<7/ ^e`1 Gdwd iru 4<73084 zhuh frqvwuxfwhg dv iroorzv= Ohw

8| ' wrwdo ihghudo jryhuqphqw rxwod|v lq |hdu | dqg -| ' qrplqdo lqwhuhvw udwh lq |hdu | +vhh

^;` ehorz,1 Xvlqj wkh gdwd dydlodeoh iru 4<850;9/ wkh ROV uhjuhvvlrq=

*?EC�|*C|� ' �f�DHH n f�.SS *?E8|*C|� n f�ffbE-| � �ffd
�|n� � �|

�|

o�� f�f2H|

zdv frpsxwhg +-2
' f�b2b, dqg xvhg wr iruhfdvw *?EC�|*C|� iru 4<730841

Fdslwdo Vwrfn +g, 0 Qhw vwrfn ri �{hg qrq0uhvlghqwldo vwuxfwxuhv dqg htxlsphqw/ sxeolf

dqg sulydwh/ fxuuhqw frvw ydoxdwlrq phwkrg1 Vrxufh= 4<730<7/ ^f`1

Zhhno| Krxuv +M, 0 Dq hpsor|phqw zhljkwhg dyhudjh ri dyhudjh zhhno| krxuv lq doo

pdqxidfwxulqj/ frqwudfw frqvwuxfwlrq/ zkrohvdoh wudgh/ uhwdlo wudgh/ �qdqfh/ lqvxudqfh dqg

uhdo hvwdwh1 Vrxufh= +l, Krxuv1 4<730:3/ vhulhv G;36/ G;:;/ G;;4 dqg G;<3 ri ^d`> 4<:40<7

^e`1 Ilqdqfh/ lqvxudqfh dqg uhdo hvwdwh lv lqfoxghg rqo| iurp 4<7: rqzdugv1 +ll, Hpsor|phqw1

4<730:3/ Vhulhv G45</ G463/ G468/ G469/ dqg G46:> 4<:40<7 ^e`1

Oderu Irufh +u, 0 Wrwdo hpsor|hg oderu irufh/ djh 49 dqg ryhu/ lqfoxglqj duphg irufhv1

Vrxufhv= 4<730:3/ vhulhv G4/ G;/ G45 dqg G4; ri ^d`> 4<:40<7/ ^e`1 Iru 4<7:0:3/ wkh hpsor|hg

oderu irufh lv wkh gl�huhqfh ehwzhhq wkh wrwdo oderu irufh +G45, dqg wkh xqhpsor|hg +G4;,1

Iru 4<73079/ wkh �jxuh lv wkh hpsor|hg oderu irufh 47 dqg ryhu +G40G;,/ pxowlsolhg e| wkh

srsxodwlrq 49 dqg ryhu wr wkh srsxodwlrq 47 dqg ryhu1

Dqqxdo Hduqlqjv +., 0 Wrwdo Hduqlqjv/ zdjhv dqg vdodulhv> lqfoxghv vhoi0hpsor|phqw dqg

8:



Whfkqrorj| Gl�xvlrq dqg Djjuhjdwh G|qdplfv

plolwdu| hduqlqjv1 Vrxufh= 4<730:3/ vhulhv K8: ri ^d`> 4<:40<7/ ^e`1

:16 Frqvwuxfwhg Vhulhv

Uhdo shu fdslwd frqvxpswlrqG E� nC�C��*E�� �

Uhdo shu fdslwd rxwsxwG t*E���

Dqqxdo krxuv shu fdslwdG DfMu*�

Fdslwdo vwrfn shu fdslwdG g*E�� �

Uhdo krxuo| zdjhG .*EDfMu� �

8;


