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Jhqhudolw| lv d uhfxuuhqw wkhph lq dxwrpdwhg
lqgxfwlyh v|vwhpv1 Lqgxfwlrq ri jhqhudo sdw0
whuqv2uxohv lv ri frxuvh frpsolfdwhg e| vhy0
hudo idfwruv1 Iru h{dpsoh/ kljkhu ohyhov ri xq0
fhuwdlqw| dqg huuru duh qdwxudoo| lqwurgxfhg
e| jhqhudolw|1 Pruhryhu/ lw lv qrw fohdu zkdw
vruw ri wudgh0r� vkrxog eh vrxjkw ehwzhhq
lqfuhdvlqj jhqhudolw| dqg ghfuhdvlqj suhglf0
wlyh srzhu1 Dv d uhvxow/ vshfl�f fulwhuld wr
jxlgh wkh vhdufk iru xvhixo jhqhudo uxohv gr
qrw derxqg1 Lq wklv sdshu/ L uhfrqvlghu wkhvh
lvvxhv lq wkh frqwh{w ri wkh jhqhudol}hg/ ix}}|0
olnh fodvvl�hu v|vwhp �uvw sursrvhg e| Iuh|
dqg Vodwh +4<<4, dqg odwhu htxlsshg zlwk d
Ed|hvldq ohduqlqj frpsrqhqw e| Pxux}�dedo
+4<<;,1 D fuxfldo ihdwxuh ri wklv dssurdfk lv
wkdw xqfhuwdlqw| lv suredelolvwlfdoo| phdvxuhg
dw hdfk fodvvl�hu lq wkh srsxodwlrq1 D qhz uh0
lqirufhphqw srolf| h{sorlwlqj wklv suredelolv0
wlf vwuxfwxuh dqg sulplqj frrshudwlrq dprqj
jhqhudo fodvvl�huv lv lqwurgxfhg dqg vkrzq
wr surprwh wkh vwdelolw| ri qlfkhv ri uhdvrq0
deo| kljk suhglfwlyh srzhu1 Wkh xqghuo|lqj
jhqhwlf dojrulwkp frqwulexwhv h�hfwlyho| wr
ohduqlqj dowkrxjk lw vrphkrz frxqwhudfwv wkh
exlow0lq eldv wrzdugv jhqhudolw|1
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Jhqhudolw| lv shukdsv wkh prvw ghvludeoh ihdwxuh ri
lqgxfwlyh v|vwhpv= lw jxdudqwhhv wkdw �qglqjv edvhg
rq wkh wudlqlqj vdpsoh dsso| wr wkh eurdghvw srvvleoh
udqjh ri ixwxuh whvw fdvhv1 Jhqhudo uxohv riwhq surylgh
dv zhoo hdv|0wr0judvs/ srwhqwldoo| idu0uhdfklqj lqirupd0
wlrq qxjjhwv iru wkh kxpdq lqwhusuhwhu1 Krzhyhu/ jrrg
shuirupdqfh xsrq lqgxfwlrq grhv qrw uhtxluh jhqhudo0
lw|1 Qru lv lw fohdu krz pxfk jhqhudol}dwlrq lv srvvleoh

ru ghvludeoh lq d jlyhq wdvn1 Vlqfh jhqhudolw| w|sl0
fdoo| lqwurgxfhv vrph orvv lq suhglfwlyh srzhu/ zh idfh
dprqj rwkhuv wkh glohppd ri kdylqj wr _ghflgh% krz
elj vxfk d orvv lv zruwk wudglqj e| dq lqfuhdvh lq jhq0
hudolw|1

Phdqzkloh/ wkh vl}h ri wkh gdwd vhwv dydlodeoh iru dqdo0
|vlv frqwlqxhv wr jurz/ dqg wkh qhhg iru phwkrgv fd0
sdeoh ri h{wudfwlqj vlpsoh jhqhudo sdwwhuqv lv rqo| h{0
dfhuedwhg1 Iru h{dpsoh/ lq vrph gdwd plqlqj dssolfd0
wlrqv kljko| vxffhvvixo fodvvl�fdwlrq uxohv pd| douhdg|
eh dydlodeoh/ |hw wkh zlvk wr jhqhudol}h wklv yhu| gh0
wdlohg fodvvl�fdwlrq dqg devwudfw rxw d vpdoo qxpehu
ri lpsruwdqw frqfhswv uhpdlqv +No�rvjhq/ 4<<9,1 Ru/ dv
Nrkdyl/ Vrpphu�hog dqg Grxjkhuw| +lq suhvv, sxw lw/
_Lq sudfwlfh/ ri frxuvh/ wkh xvhu ri d gdwd plqlqj wrro
lv lqwhuhvwhg lq dffxudf|/ h�flhqf| dqg frpsuhkhqvl0
elolw| iru d vshfl�f grpdlq/ mxvw dv wkh fdu ex|hu lv
lqwhuhvwhg lq srzhu/ jdv plohdjh dqg vdihw| iru vshfl�f
gulylqj frqglwlrqv%1

Hyroxwlrqdu| v|vwhpv surylgh d kljko| �h{leoh iudph0
zrun iru erwk rswlpl}dwlrq dqg _uxoh0vhw dvvhpeo|%
sureohpv1 Iru wkh odwwhu w|sh/ ohduqlqj fodvvl�hu v|v0
whpv +OFV, kdyh ehhq sursrvhg iru d ydulhw| ri wdvnv lq
erwk wkhlu Plfkljdq dqg Slwwvexujk yhuvlrqv +Errnhu/
4<;<> Mdqlnrz/ 4<<6> Zlovrq/ 4<<8> Krophv/ 4<<:,1
Lq uhfhqw |hduv/ wkhruhwlfdo uhvhdufk zlwklq OFV kdv
frqfhqwudwhg rq qlfklqj/ frrshudwlrq dqg jhqhudol}d0
wlrq lvvxhv +Pdkirxg/ 4<<8> Kruq dqg Jrogehuj/ 4<<9>
Odq}l/ 4<<;,1 Pdq| ri wkhvh lvvxhv duh vkduhg e| rwkhu
prghuq whfkqltxhv vxfk dv qhxudo qhwv +Nrvnr/ 4<<9>
Zklwhkhdg dqg Fkrdwh/ 4<<9,1

Lq wklv sdshu/ wkh E\SDVV surwrw|sh +Pxux}�dedo/
4<<;, lv whvwhg dqg vkrzq wr surprwh wkh vwdelolw| ri
qlfkhv ri jhqhudo fodvvl�huv surylglqj uhdvrqdeo| kljk
suhglfwlyh srzhu1 E\SDVV vwhpv iurp wkh jhqhudo0
l}hg ix}}|0olnh vwlpxoxv0uhvsrqvh fodvvl�hu v|vwhp sur0
srvhg e| Iuh| dqg Vodwh +4<<4, dqg exlogv rq lghdv
odlg rxw e| Zlovrq +4<;:,/ Errnhu +4<;<, dqg Sdfndug



+4<<3, dprqj rwkhuv1 D suhylrxv yhuvlrq zdv glvfxvvhg
dqg hydoxdwhg lq +Pxux}�dedo dqg Px�qr}/ 4<<7,1 Wkh
fxuuhqw yhuvlrq fdq eh vhhq dv d Plfkljdq0vw|oh OFV
zklfk lqfrusrudwhv suredelolw| glvwulexwlrqv +SG, lq
wkh dfwlrq sduw ri fodvvl�huv dqg glvuhjdugv wkh fodv0
vlfdo qrwlrq ri vwuhqjwk lq idyru ri Iuh| dqg Vodwh*v
+4<<4, xwlolw|0edvhg vxuylydo phfkdqlvp1 SGv vhhp
zhoo0vxlwhg wr ghvfuleh wkh xqfhuwdlqw| xqghuo|lqj jhq0
hudo uxohv1 Hqgrzhg zlwk d vlpsoh Ed|hvldq xsgdwlqj
frpsrqhqw/ E\SDVV fodvvl�huv prgli| wkhlu SG dqg
ohduq iurp wkh vwuhdp ri gdwd1 Wklv suredelolvwlf vwuxf0
wxuh lv ixuwkhu h{sorlwhg lq wkdw wkh v|vwhp*v uhvsrqvh/
wkh uhlqirufhphqw srolf| dqg wkh jhqhwlf dojrulwkp duh
doo edvhg rq wkh vxevhw ri pdwfkhg SGv1 Ryhudoo/ E\0
SDVV hpskdvl}hv suhglfwlyh delolw| dqg wkxv vkduhv wkh
srlqw ri ylhz wkdw d prgho zlwk jrrg suhglfwlyh delolw|
_pxvw kdyh fdswxuhg vrph uhjxodulwlhv wkdw dovr uh�hfw
surshuwlhv ri wkh gdwd jhqhudwlqj surfhvv% +Nrqwndqhq/
P|oo|p�dnl dqg Wluul/ 4<<9,1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 uhylhzv
wkh ghwdlov ri wkh dufklwhfwxuh1 Vhfwlrq 6 suhvhqwv h{0
shulphqwdo uhvxowv1 Vhfwlrq 7 hvwdeolvkhv vrph olqnv
zlwk uhodwhg lghdv lq wkh olwhudwxuh dqg vhfwlrq 8 vxp0
pdul}hv dqg srlqwv rxw vrph gluhfwlrqv iru ixuwkhu uh0
vhdufk1
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Wkh suhvhqw E\SDVV dufklwhfwxuh lv frqfhuqhg zlwk
fodvvl�fdwlrq wdvnv1 Dvvxph d vdpsoh ri sdluv +ru
urzv, +{l> |l,/ zkhuh wkh uhvsrqvh |l lv rqh ri n rxw0
sxw odehov dqg {l lv d yhfwru ri q suhglfwruv1 Iroorz0
lqj Iuh| dqg Vodwh*v ix}}|0olnh ghvljq/ doo uhdo0ydoxhg
suhglfwruv +froxpqv, lq d jlyhq gdwd vhw duh olqhduo|
wudqviruphg dqg urxqghg wr d 3048 lqwhjhu vfdoh sulru
wr wudlqlqj1 Dvvxph dovr wkh xvxdo surfhvvlqj f|foh
frpsulvlqj pdwfklqj/ v|vwhp uhvsrqvh/ uhlqirufhphqw
dqg +wuljjhuhg, uxoh jhqhudwlrq vwhsv1 E\SDVV shu0
irupv dovr dq xwlolw| fkhfn dw wkh hqg ri hdfk f|foh
+Iuh| dqg Vodwh/ 4<<4,1 Ohw xv frqvlghu wkhvh vwhsv lq
ghwdlo1

514 FODVVLILHUV

Hdfk fodvvl�hu kdv wkh idploldu irup T
�
�$ U/ zkhuh

T dqg U duh fdoohg wkh fodvvl�hu*v uhfhswlyh �hog dqg
suhglfwlrq uhvshfwlyho|1 T*v frruglqdwhv fdq eh hlwkhu
dq lqwhjhu ehwzhhq 3 dqg 48 ru wkh vwdqgdug _grq*w
fduh% &1 U lv d +wlph0ydu|lqj, suredelolw| glvwulex0
wlrq ryhu wkh vhw ri rxwsxw odehov1 � @ +�> �> �> �, hq0
frghv vwdwlvwlfv vxppdul}lqj suhylrxv h{shulhqfh zlwk
wkh fodvvl�hu1 Vshfl�fdoo|/ � A 3 dqg � A 3 duh uhvshf0
wlyho| wkh fodvvl�hu*v udz xwlolw| dqg dffxudf|/ � A 3

uh�hfwv wkh dyhudjh vl}h ri wkh pdwfk vhwv wr zklfk wkh
fodvvl�hu ehorqjhg/ dqg � vlpso| frxqwv wkh qxpehu ri
gdwd lwhpv suhvhqwhg wr wkh v|vwhp vlqfh wkh fodvvl�hu
zdv lqfrusrudwhg1

Doo phpehuv ri � duh xsgdwhg diwhu hdfk pdwfk1 Dv
ghvfulehg ehorz/ wkh udz xwlolw| � lv lqfuhdvhg zkhq0
hyhu wkh fodvvl�hu vhhpv uhvsrqvleoh iru d fruuhfw suh0
glfwlrq1 Wkh xwlolw| phdvxuh � lv gh�qhg dv � @ �

�
1

Xwlolw| lv nh| wr vxuylydo= li � ehfrphv orz/ wkh fodv0
vl�hu lv surqh wr ghohwlrq1 Wkh dffxudf| vxppdu| �
uh�hfwv lq wxuq wkh xqfhuwdlqw| lq U= wkh vkdushu +ru
pruh frqfhqwudwhg, wklv glvwulexwlrq/ wkh orzhu �1 Lq
jhqhudo/ wkh pruh vshfl�f T/ wkh vkdushu U1 Ryhudoo/ �
dqg � g|qdplfdoo| hqfrgh wkh xvhixoqhvv ri d uxoh rq
d vwdqg0dorqh edvlv dqg jlyhq wkh uhpdlqlqj xqlwv lq
wkh srsxodwlrq uhvshfwlyho|1

Wkh wudglwlrqdo dssurdfk wr U frqvlghuv vlqjoh rxwsxw
odehov rqo|1 Lq E\SDVV/ fodvvl�huv exlog wkhlu suh0
glfwlrqv iurp wzr n0glphqvlrqdo yhfwruv f dqg d A 3
fdoohg uhvshfwlyho| wkh olnholkrrg dqg sulru yhfwruv1
Wkh odwwhu lv �{hg rqfh dqg iru doo dw wkh wlph ri
fuhdwlrq> wkh iruphu hyroyhv ryhu wlph dffruglqj wr
wkh vxevhw ri uhvsrqvhv revhuyhg zkhq wkh fodvvl�hu
lv pdwfkhg1 Frpsxwdwlrq ri U lv vwudljkwiruzdug rqfh
d vwdqgdug Pxowlqrpldo0Glulfkohw prgho lv exlow lqwr
hdfk fodvvl�hu1 Vshfl�fdoo|/ d vwdqgdug sulru ghqvlw|
ri Glulfkohw w|sh zlwk sdudphwhu d lv dvvxphg ryhu
wkh vsdfh ri frqglwlrqdo glvwulexwlrqv ri wkh uhvsrqvh |
jlyhq wkdw wkh fodvvl�hu lv pdwfkhg1 Wklv uhdglo| ohdgv
wr d srvwhulru suhglfwlyh glvwulexwlrq +jlyhq doo suhyl0
rxv gdwd �owhuhg e| T, zlwk frruglqdwhv Um @

fm.dm
f..d.

zkhuh f. dqg d. htxdo wkh vxp ri wkhlu hqwulhv1
Fohduo|/ dm A 3 lpsolhv Um A 3 dw doo wlphv1
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Wkh lqlwldo srsxodwlrq lv dozd|v jhqhudwhg dffruglqj wr
H[P/ d vlpsoh h{whqvlrq ri wkh zhoo0nqrzq h{hpsodu0

edvhg jhqhudol}dwlrq phwkrg +Iuh| dqg Vodwh/ 4<<4,1
H[P udqgrpo| vhohfwv d vlqjoh gdwd lwhp +{> |, dqg
exlogv d vlqjoh fodvvl�hu +T>U>�,1 Wkh uhfhswlyh �hog
T lv frqvwuxfwhg e| �uvw vhwwlqj T @ { dqg wkhq sduv0
lqj wkurxjk lwv frruglqdwhv o @ 4> = = = > q= zlwk vrph
jhqhudol}dwlrq suredelolw| �/ wkh fxuuhqw ydoxh {o lv
vzlwfkhg wr &/ rwkhuzlvh To @ {o lv pdlqwdlqhg1 Wkh
olnholkrrg yhfwru f lv qdwxudoo| vhw wr 3/ zkhuhdv d
sodfhv 1: pdvv dw | dqg =6

n�4 hyhu|zkhuh hovh1 Qdw0
xudoo|/ � @ � @ 3> lqlwldo ydoxhv iru � dqg � duh vhw
diwhu wkh �uvw pdwfk1 Uhodwlyho| vpdoo lqlwldo srsxod0
wlrqv +433 iru wkh ohwwhu gdwd/ 83 iru wkh GQD gdwd,
zhuh xvhg lq doo h{shulphqwv ehorz1

Iuh| dqg Vodwh +4<<4, dqg rwkhuv frqvlghu rqo| � @ =81



Lq wklv sdshu H[P +zlwk � @ =; ru odujhu, lv wkh pdmru
vxssolhu ri jhqhudolw|1 Iru odujh �/ H[P pd| hdvlo|
jhqhudwh wkh wulyldo uhfhswlyh �hog frqwdlqlqj doo &*v1
Wklv fodvvl�hu lv frqvlghuhg xvhohvv dqg lv qrw doorzhg
lqwr wkh v|vwhp1 Xqolnh Zlovrq +4<<8,/ qr uhsolfdwhg
uhfhswlyh �hogv duh doorzhg hlwkhu1
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Dv xvxdo/ wkh { sduw ri hdfk wudlqlqj lwhp ghwhuplqhv
wkh vhwP ri pdwfkhg fodvvl�huv> d fodvvl�hu lv pdwfkhg
li doo wkh qrq0& frruglqdwhv lq T duh1 Iru d errohdq
suhglfwru o/ h{dfw pdwfklqj lv uhtxluhg= m{o �Tom ? 41
Iru lqwhjhu0ydoxhg suhglfwruv/ pdwfklqj uhtxluhv rqo|
m{o �Tom ? 51 Wkh v|vwhp fdq surfhvv dq| frpelqd0
wlrq ri lqwhjhu dqg errohdq suhglfwruv1 Wkh vl}h ri P/
vd|p/ lv xvhg wr xsgdwh wkh � hvwlpdwh ri doo fodvvl�huv
lq P 1 Lq fdvh P lv hpsw|/ d qhz xqlw lv dxwrpdwl0
fdoo| fuhdwhg e| H[P dqg lqfrusrudwhg lpphgldwho|
+vr p � 4 dw doo wlphv,1

517 V\VWHP SUHGLFWLRQV

Wzr v|vwhp suhglfwlrqv duh frpsxwhg dqg wkhlu shu0
irupdqfh wudfnhg ryhu wlph/ qdpho|/ wkh vlqjoh0zlqqhu
+VZ, dqg pl{wxuh0edvhg +PL[, suhglfwlrqv1 VZ vh0
ohfwv wkh fodvvl�hu lq P zlwk wkh orzhvw xqfhuwdlqw|
hydoxdwlrq � dv lwv ehvw fkdqfh wr suhglfw rq wkh edvlv
ri d vlqjoh xqlw1 Wkh pd{lpxp d srvwhulrul +PDS,
fodvv odeho |VZ lv wkhq ghwhuplqhg iurp wklv vlqjoh
U dv |VZ @dujpd{

4�m�n
Um = Rq wkh rwkhu kdqg/ PL[

frpelqhv �uvw wkh p pdwfkhg U*v lqwr d +xqlirupo|
zhljkwhg, pl{wxuh glvwulexwlrq UPL[ @ 4

p

S
Uv dqg

wkhq rewdlqv |PL[ e| PDS vhohfwlrq dv ehiruh1 Wkh
lghd lq UPL[ lv pxfk olnh lq +ihhg0iruzdug, sdwwhuq
uhfrjqlwlrq qhxudo qhwzrunv= hdfk uxoh lq wkh srsxod0
wlrq lv ghyrwhg wr d jhqhudo ihdwxuh +vdwlv�hg e| pdq|
lqvwdqfhv, dqg lw lv rqo| wkh frqfxuuhqw dfwlydwlrq ri
vhyhudo vxfk jhqhudo0ihdwxuh ghwhfwruv zkdw glvvroyhv
wkh xqfhuwdlqw| dqg |lhogv d fruuhfw uhfrjqlwlrq lq hdfk
fdvh1

Vhyhudo v|vwhp ghflvlrqv duh edvhg rq zkhwkhu |PL[

lv fruuhfw ru qrw1 Iru h{dpsoh/ lq wkh suhvhqw vxlwh ri
h{shulphqwv/ wkh uxoh0jhqhudwlrq phfkdqlvp lv dozd|v
wuljjhuhg e| PL[ idloxuh +uhjdugohvv ri wkh uhzdug sro0
lf| lq h�hfw,1 Dqrwkhu fhqwudo txdqwlw| lv wkh vfruh ri
hdfk lqglylgxdo fodvvl�hu lq P = V| @ � orj+U|, A 31
Reylrxvo|/ wkh orzhu V|/ wkh ehwwhu U dw wklv suhglf0
wlrq wlph1 Dq| xsshu erxqg rq V| fdq eh h{suhvvhg
htxlydohqwo| dv U| � sure> iru hdvh ri uhihuhqfh/ sure
ydoxhv duh dovr surylghg ehorz1 Dv glvfxvvhg qh{w/
fodvvl�huv zlwk wkh orzhvw V| lq hdfk P vkrxog eh wkh
sulph frqwulexwruv wr d fruuhfw PL[ suhglfwlrq dqg

wkhuhiruh rxjkw wr eh uhzdughg dffruglqjo|1

518 UHLQIRUFHPHQW DQG FODVVLILHU

XSGDWH

Uhlqirufhphqw lq E\SDVV wdnhv sodfh hyhu| f|foh dqg
hvvhqwldoo| lqyroyhv wkh xsgdwlqj ri erwk wkh dffxudf|
� dqg wkh udz xwlolw| � lq wkh oljkw ri wkh suhglfwhg
odeho |VZ +ru |PL[ , dqg wkh fxuuhqw revhuydwlrq |1
Rwkhu frpsrqhqwv qhhg dovr eh xsgdwhg1 Iru h{dpsoh/
doo fodvvl�huv kdyh wkhlu � frxqwhuv qdwxudoo| lqfuhdvhg
e| 4/ eh wkh| pdwfkhg ru qrw1 Fodvvl�huv qrw lq P uh0
pdlq rwkhuzlvh xqwrxfkhg/ rqo| pdwfkhg xqlwv duh uh0
lqirufhg dv iroorzv1 Iluvw/ hdfk f| lv lqfuhdvhg e| 41 � lv
xsgdwhg yld wkh PDP surfhgxuh/ vhh +Zlovrq/ 4<<8,=
zkloh w � � / � vlpso| htxdov wkh dyhudjh ri doo suhyl0
rxv w pdwfkhv1 Rqfh w A � / �w.4 @ +4� 4

�
,�w . 4

�
V|1

Hvwlpdwh � lv xsgdwhg vlploduo|> � lv vhw wr 83 lq erwk
fdvhv1 Lq wkh orqj uxq �w frqyhujhv wr wkh vwdqgdug
hqwurs| phdvxuh ri wkh pxowlqrpldo glvwulexwlrq gh0
whuplqhg e| T dqg wkh wudlqlqj gdwd1 Wkxv/ iru �qlwh
w> � fdq eh vhhq dv dq hvwlpdwh +vxemhfw wr udqgrp
�xfwxdwlrqv, ri wkdw xqfhuwdlqw| phdvxuh1

Wkh zd| lq zklfk � lv xsgdwhg ghshqgv lq wkh �uvw
sodfh rq zkhwkhu wkh v|vwhp lv surylglqj |VZ ru |PL[

dv lwv _dffrxqwdeoh% suhglfwlrq1 Li wkh v|vwhp uholhv rq
|VZ / dqg wklv wxuqv rxw wr eh fruuhfw/ wkhq rqo| wkh
uhohydqw fodvvl�hu lv uhzdughg1 Vshfl�fdoo|/ wklv xqlw*v
� lv dgghg dq dprxqw z+|, A 31 Vlqfhppd| eh udwkhu
odujh/ wklv uhzdug srolf| pd| dsshdu udwkhu _juhhg|%1
Wkh dfwxdo z+|, ghshqgv lq wxuq rq zkhwkhu wkh xvhu0
vshfl�hg rswlrq HTIW +iru _doo rxwsxw odehov dw htxdo
irrwlqj%, lv vhw wr Wuxh ru qrw1 Li vr/ wkhq z+m, � 4>
rwkhuzlvh/ z+m, @ 4

ni+m, zkhuh i+m, ghqrwhv wkh uhod0

wlyh iuhtxhqf| ri wkh m0wk rxwsxw odeho lq wkh wudlqlqj
vdpsoh1 Wkh udwlrqdoh lv ri frxuvh wkdw gl�huhqw fdwh0
jrulhv pd| wxuq xs zlwk gl�huhqw iuhtxhqflhv/ lq zklfk
fdvh lw vhhpv xqidlu wr uhzdug doo fodvvl�huv hyhqo|1

Wzr uhzdug srolflhv duh h{dplqhg iru |PL[ 1 D vlpsoh
lghd lv wr uhzdug wkh s orzhvw V| zkhq |PL[ lv fruuhfw1
Wkh � frxqwhu ri wkhvh xqlwv lv xsgdwhg dv ehiruh/ wkdw
lv/ wkh zkroh z+|, lv jlyhq wr hdfk �1 Krzhyhu/ wkh
idfw wkdw |PL[ idlohg grhv qrw phdq wkdw doo pdwfkhg
fodvvl�huv duh xvhohvv1 Wkxv/ wkh vhfrqg srolf| ehkdyhv
h{dfwo| dv wkh �uvw zkhq |PL[ lv fruuhfw exw dovr uh0
lqirufhv vhohfwhg fodvvl�huv zkhq |PL[ pdnhv d plv0
wdnh1 Vshfl�fdoo|/ doo xqlwv zlwk vfruhv ehorz fhuwdlq
v|vwhp wkuhvkrog � duh uhzdughg dv ehiruh1 Wkh wzr
uhzdug vfkhphv fdq wkxv eh sdudphwhul}hg e| s dqg
� � 31 Wkh lghd lv wr khos xqlwv zlwk surplvlqj orz
vfruhv wr vxuylyh xqwlo d qxpehu ri frrshudwlyh fodvvl0
�huv duh irxqg dqg vlploduo| pdlqwdlqhg e| wkh v|vwhp1
Dw wkdw wlph/ wkhvh uxohv zloo krshixoo| ehjlq wr zrun



wrjhwkhu iruplqj d _fulwlfdo pdvv% dqg jhwwlqj wkhlu
uhzdug iurp fruuhfw |PL[ $ Hpslulfdo hylghqfh vxj0
jhvwlqj wkdw wklv _sdwlhqw% vwudwhj| fdq zrun qlfho| lq
vrph fdvhv lv surylghg ehorz> iru dqrwkhu h{dpsoh ri
sdwlhqw vwudwhj| vhh +Iulhgpdq dqg Ilvkhu/ 4<<:,1

519 D K\EULG JHQHWLF DOJRULWKP

Wkh suhvhqw k|eulg jhqhwlf dojrulwkp +KJD, lv dozd|v
wuljjhuhg e| |PL[ idloxuh +Errnhu/ 4<;<,1 Krzhyhu/
lq hdfk lqglylgxdo dfwlydwlrq hlwkhu wkh JD lwvhoi ru
wkh H[P urxwlqh pd| fuhdwh d qhz uxoh ghshqglqj rq
wkh v|vwhp*v vfruh wkuhvkrog �1 Wklv sdudphwhu fdq
eh xvhg wr vwulnh d edodqfh ehwzhhq wkh sxuho| udq0
grp +dqg w|slfdoo| vorz, vhdufk fduulhg rxw e| H[P
dqg wkh pruh irfxvhg dowhuqdwlyh surylghg e| wudgl0
wlrqdo jhqhwlf rshudwruv1 Vshfl�fdoo|/ wkh KJD �uvw
fkhfnv zkhwkhu wkhuh duh dw ohdvw wzr vfruhv V| lq P
orzhu wkdq �= Li vr/ vwdqgdug furvvryhu dqg pxwdwlrq
duh dssolhg dv xvxdo ryhu wkh vhw ri pdwfkhg uhfhs0

wlyh �hogv> rwkhuzlvh/ d vlqjoh fodvvl�hu lv jhqhudwhg
e| H[P1 Djdlq/ wkh wulyldo uhfhswlyh �hog dqg h{dfw
frslhv ri h{lvwlqj uhfhswlyh �hogv duh suhfoxghg lq hl0
wkhu fdvh1 Wkh uhvxowlqj pdwlqj vwudwhj| lv wkxv grxeo|
uhvwulfwhg= sduhqw fodvvl�huv pxvw ehorqj wr wkh vdph
pdwfk vhw dqg pxvw dovr kdyh vhhq d vxevwdqwldo qxp0
ehu ri lqvwdqfhv ri wkh wdujhw |1

Vwdqgdug xqlirup dqg vlqjoh0srlqw furvvryhu duh lpsoh0
phqwhg> lq hlwkhu fdvh/ d vlqjoh uhfhswlyh �hog lv sur0
gxfhg e| furvvryhu dqg pxwdwlrq dfwv rq wklv r�vsulqj
zlwk vrph frruglqdwhzlvh pxwdwlrq suredelolw| �1 Wkh
�qdo T lv hqgrzhg zlwk � @ 3> fm � 3 dqg d iroorzlqj |
dv lq H[P deryh1 Uhfhswlyh �hogv pd| eh vhohfwhg iru
pdwlqj dffruglqj wr wkh vwdqgdug urxohwwh0zkhho sur0
fhgxuh +zlwk zhljkwv jlyhq e| wkh qrupdol}hg lqyhuvhv
ri wkhlu V|,/ ru gluhfwo| dv wkh wzr orzhvw vfruhv lq P1

51: FKHFNLQJ IRU ORZ XWLOLW\

Dw wkh hqg ri hdfk f|foh/ doo fodvvl�huv kdyh wkhlu xwlo0
lw| fkhfnhg iru _vhuylfhv uhqghuhg% wr gdwh1 Xqlwv eh0
frph fdqglgdwhv iru ghohwlrq dv vrrq dv wkhlu xwlolw| �
gursv ehorz d jlyhq v|vwhp wkuhvkrog �31 Wklv srzhu0
ixo sdudphwhu dovr khosv wr surprwh jhqhudolw|= li �3
lv uhodwlyho| kljk/ vshfl�f fodvvl�huv zloo vxuho| ehfrph
h{wlqfw qr pdwwhu krz orz lv wkhlu dffxudf| �1 Lw lv
frqyhqlhqw wr ylhz �3 dv �3 @ 4

y
zlwk wkh lqwhusuh0

wdwlrq +xqghu HTIW@Wuxh, wkdw fodvvl�huv pxvw eh
uhzdughg rq dyhudjh rqfh hyhu| y f|fohv wr vxuylyh1
Hduo| yhuvlrqv ri wkh v|vwhp vlpso| ghohwhg doo fodv0
vl�huv zlwk � ? �3 dw rqfh1 Lw zdv odwhu wkrxjkw d
jrrg lghd wr dyrlg vxgghq vkrfnv wr wkh srsxodwlrq dv
pxfk dv srvvleoh1 Wkhuhiruh/ rqo| rqh fodvvl�hu lv fxu0
uhqwo| ghohwhg shu f|foh/ qdpho| wkh odujhvw � +Zlovrq/

4<<8,1 Dovr/ ehfdxvh vrphwlphv d uhodwlyho| kljk �3
lv xvhg/ d phuf| shulrg ri jxdudqwhhg vxuylydo �3 lv
judqwhg wr doo fodvvl�huv/ wkdw lv/ qr xqlw zlwk � � �3 lv
ghohwhg1 Wklv jlyhv fodvvl�huv vrph wlph wr uh�qh wkhlu
olnholkrrg yhfwruv ehiruh wkh| fdq eh vdiho| glvfdughg1

51; HIIHFWLYH WUDLQLQJ DQG

FRROLQJ

Wzr nlqgv ri wudlqlqj skdvhv duh glvwlqjxlvkhg= gxu0
lqj h�hfwlyh wudlqlqj/ wkh v|vwhp fdq surgxfh dv pdq|
qhz xqlwv dv lw qhhgv wr1 Gxulqj frrolqj/ wkh KJD
lv wxuqhg r� dqg qr qhz uxohv duh jhqhudwhg +h{fhsw
wkrvh gxh wr hpsw| pdwfk vhwv,> doo rwkhu v|vwhp rshu0
dwlrqv frqwlqxh dv xvxdo1 Xwlolw| frqvwudlqwv w|slfdoo|
uhgxfh wkh vl}h ri wkh srsxodwlrq frqvlghudeo| gxulqj
wklv odwwhu skdvh1

� ,��W+W��w `�+k

L suhvhqw h{shulphqwv iru erwk wkh ohwwhu +Iuh| dqg
Vodwh/ 4<<4, dqg wkh GQD gdwd +Qhul dqg Vdlwwd/
4<<9,/ vhh dovr +Plfklh/ Vslhjhokdowhu dqg Wd|oru/
4<<7,1 Erwk gdwd vhwv duh dydlodeoh iurp wkh XFL
pdfklqh ohduqlqj gdwd uhsrvlwru|> wkh iroorzlqj wdeoh
vxppdul}hv wkhlu fkdudfwhulvwlfv1 Qrwh wkdw vrph dp0
eljxrxv gdwd zhuh uhpryhg iurp wkh GQD �oh> qrq0
dpeljxrxv gdwd zhuh +uhgxqgdqwo|, hqfrghg e| dv0
vljqlqj irxu elwv wr hdfk qxfohrwlgh1 Wudlqlqj dqg whvw
vdpsohv zhuh udqgrpo| vhohfwhg rqfh dqg iru doo lq
hdfk fdvh1 Udz xwlolw| zhljkwv z+m, iru wkh GQD gdwd
duh 417:8/ 41795 dqg 1943 uhvshfwlyho|> iru wkh ohwwhu
gdwd/ z+m, � 41 Phuf| shulrgv �3 zhuh 533 dqg 4/333
uhvshfwlyho|1

ohwwhu GQD
q 49 573

Suhglfwruv doo lqwhjhu doo errohdq
n 59 6

Wudlqlqj vdpsoh vl}h 49> 333 5> 333
Whvw vdpsoh vl}h 7/333 4/4:8

D ihz vhohfwhg uxqv iru wkh ohwwhu gdwd duh glvfxvvhg
�uvw1 Wkh �uvw h{shulphqwv dlp wr vkrz wkdw wkh fr0
rshudwlyh uhzdug srolflhv +s>3, dqg +s> �, fdq pdqdjh
wr rujdql}h vrph suhglfwlyh delolwlhv xqghu hlwkhu uho0
dwlyho| kljk jhqhudol}dwlrq udwh � ru vxuylydo suhvvxuh
�3 ru erwk1 Vrph lqwhuhvwlqj txhvwlrqv uhjduglqj wkh
uroh ri wkh JD lq wklv txhvw iru jhqhudolw| zloo eh dg0
guhvvhg odwhu lq wkh pruh v|vwhpdwlf dqdo|vlv ri wkh
GQD gdwd1



Iljxuh 4= Txlfn ohduqlqj xqghu � @ 3=

614 H[SORULQJ WKH OLPLWV RI

JHQHUDOLW\

D qxpehu ri h{shulphqwv zhuh fduulhg rxw frpsdulqj
VZ dqg PL[ shuirupdqfh xqghu wkh VZ juhhg| uh0
zdug srolf| dqg � @ 3 +qr JD/ rqo| H[P jhqhudwhv
qhz uxohv,1 Uhvxowv +qrw vkrzq khuh, jhqhudoo| lqgl0
fdwh wkdw uxohv whqg wr eh pruh vshfl�f dqg kdyh juhdw
gl�fxow| lq rujdql}lqj frrshudwlrq1 D uhihuhqfh whvw
vxffhvv udwh ri derxw 8;( lv dfklhyhg lq 63.43 wkrx0
vdqg f|fohv e| hlwkhu |VZ ru |PL[ xqghu �3 @ 4@4333
dqg � htxdo wr 18 ru 1;1 Wkh VZ uhzdug srolf| rqo|
rewdlqv d 75( whvw uhfrjqlwlrq udwh xqghu �3 @ 4@583
dqg � @ =8/ vhh dovr +Pxux}�dedo/ 4<<;,1

Iljxuhv 4/ 5 dqg 6 uhihu wr wkuhh uxqv xqghu � @ 3 exw
xvlqj sdwlhqw uhzdug vfkhphv iru |PL[ = Wkh iroorzlqj
wdeoh ghvfulehv wkh vshfl�f frq�jxudwlrqv xvhg lq hdfk
fdvh +wkh odvw froxpq uhihuv wr wkh odujhvw �3 frqvlghuhg
e| Iuh| dqg Vodwh/ 4<<4,1

Ilj1 4 Ilj1 5 Ilj1 6 I)V<4
� =; =< =; =8
�3 4@583 4@83 4@583 4@4333

+s> �, +8>3, +43> 5=8, +8>5, VZ

H�hfwlyh 8>333 53>333 48> 333 ;3> 333
Frrolqj 5>833 � 8>333 49> 333

Iljxuhv 4/ 5/ dqg 6 duh vqdsvkrwv ri wkh frpsxwhu
vfuhhq xsgdwhg dqg uhgudzq hyhu| 583 f|fohv1 Jlyhq
wkh frpsoh{ g|qdplfv ri wkh v|vwhp/ lw lv fuxfldo wr eh
deoh wr judvs dv pxfk ghwdlo dv srvvleoh ri lwv lqwhuqdo
zrun1 Lq sduwlfxodu/ wkhvh lpdjhv uhyhdo skhqrphqd
wkdw jr xqqrwlfhg e| rqo| orrnlqj dw/ vd|/ wkh ryhudoo
vxffhvv udwh1 Hdfk �jxuh frqvlvwv ri wkh iroorzlqj hljkw
sdqhov +wrs urz �uvw/ iurp ohiw wr uljkw,=

41 Wkh PL[ vxffhvv udwh1 Wklv lv wkh shuirupdqfh

lqglfdwru ri iruhprvw lqwhuhvw> wkh uhodwhg VZ
vxffhvv udwh lv sorwwhg lqgluhfwo| lq sdqho 71
Vprrwkhg fxuyhv +surylghg e| wkh ORZHVV sur0
fhgxuh, duh vxshulpsrvhg wr lpsuryh wuhqg shu0
fhswlrq1 Frrolqj shulrgv duh vljqdohg e| [*v1

51 Wrwdo qxpehu ri fodvvl�huv dqg wrwdo qxpehu ri
jhqhwlf fodvvl�huv1 Xqghu � @ 3 wkh orzhu olqh
vxuho| uhpdlqv dw 31

61 Dyhudjh vshfl�flw| ri wkh srsxodwlrq +h{suhvvhg
dv d shufhqwdjh ri wkh wrwdo qxpehu ri frruglqdwhv
q,1

71 Wkh hgjh ru gl�huhqfh ehwzhhq PL[ dqg VZ vxf0
fhvv udwhv1 Li wklv gursv ehorz 3/ wkh v|vwhp lv
frqixvhg lq h{sorlwlqj d _glvwulexwhg% nqrzohgjh
edvh dv ghvfulehg deryh1

81 Wkh djlqj idfwru ri wkh srsxodwlrq1 Wklv lv frp0
sxwhg dv wkh udwlr ehwzhhq wkh dyhudjh � lq wkh
srsxodwlrq dqg wkh wrwdo qxpehu ri gdwd lwhpv
suhvhqwhg vr idu1 Dq lqfuhdvlqj wuhqg khuh lqgl0
fdwhv wkdw d erg| ri uxohv lv frqvrolgdwlqj1

91 Wkh dyhudjh vl}h ri wkh pdwfk vhw1 Wzr v|perov
duh dfwxdoo| sorwwhg dw hdfk devflvh fruuhvsrqglqj
wr vhsdudwh dyhudjhv iru fruuhfw dqg zurqj |PL[ 1

:1 Wkh dyhudjh qxpehu ri uhzdughg xqlwv zkhq
|PL[ lv zurqj1 Wklv lv ri frxuvh 3 xqohvv � A 31
Uhihuhqfh olqhv dw 4 dqg 5 duh sorwwhg iru fodulw|1

;1 Vrph uxq sdudphwhuv dqg ixuwkhu vwdwlvwlfv ri lq0
whuhvw1 Wkh odwwhu lqfoxgh wkh phgldq dffxudf| �
lq wkh �qdo srsxodwlrq dqg wkh wrwdo qxpehu ri
uxohv fuhdwhg e| wkh v|vwhp1

Lq Ilj1 4 zh vhh udwkhu jrrg vljqv ri frrshudwlrq dv
jlyhq e| dq xsulvlqj hgjh ri dw ohdvw 53(1 Zh dovr vhh
wkh hduo| udslg lqfuhdvh lq PL[ shuirupdqfh iroorzhg
e| d +w|slfdo, ixuwkhu lqfuhphqw gxh wr frrolqj dqg
srsxodwlrq frqghqvdwlrq1 Wkh dyhudjh vshfl�flw| lv
voljkwo| ehorz wkh srvwxodwhg 1;/ zkhuhdv wkh qxpehu
ri uxohv lv prghudwh1 Wklv �qdo srsxodwlrq dfklhyhg d
PL[ whvw vxffhvv udwh ri 8:( +frpsdudeoh wr wkh deryh
jlyhq udwh iru wkh juhhg| uhzdug srolf|, zlwk d qrwdeoh
hgjh ri 5618(1

Lq Ilj1 5 d kljk jhqhudol}dwlrq udwh lv frpelqhg
zlwk d udwkhu jhqhurxv uhzdug srolf| +s @ 43 dqg
� @ 5=8 ?@A sure @ =3;5,1 Zh vhh d vlplodu wuhqg
h{fhsw qrz vshfl�flw| _hvfdshv% wkh k|srwkhvl}hg 1<
xszdug/ wkh hgjh lv odujhu dqg wkh dyhudjh dffxudf|
� lv kljkhu1 Zkloh wkh suhvhqw hgjh zhoo deryh 63(
vkrzv juhdw frrshudwlrq dprqj xqlwv/ wkh ryhudoo vxf0
fhvv udwh vhhpv wr vhwwoh durxqg d prghvw 85(1



Lq Ilj1 6 wkh dprxqw ri uhzdug lv uhgxfhg d elw +s @ 8
dqg � @ 5 ?@A sure @ =468,1 Qrwh wkh lqfuhdvlqj
qxpehu ri uhzdughg xqlwv gxulqj h�hfwlyh wudlqlqj1 Lq
�yh uxqv wklv yhuvlrq ri wkh v|vwhp dfklhyhg d ph0
gldq whvw uhfrjqlwlrq udwh ri 9:17( zlwk d pd{lpxp
ri 9;1<(1 Wkhvh vhhp frpsdudeoh wr Iuh| dqg Vodwh*v
9;18( zlwk 585 uxohv xqghu wkh fkrlfhv olvwhg deryh1
\hw wkh wzr srsxodwlrqv duh yhu| gl�huhqw1 E\SDVV
uhtxluhv derxw wkuhh wlphv dv pdq| uxohv/ exw Iuh| dqg
Vodwh*v vpdoohu srsxodwlrq suhvhqwv dq dyhudjh vshfl0
�flw| ri 751;( +ru derxw grxeoh ri Ilj1 6,1 Ryhudoo/
wkh vxjjhvwlrq lv vwurqj wkdw wkh qhz uhzdug srolflhv
surprwh frrshudwlrq dprqj jhqhudo uxohv dqg idflol0
wdwh udslg ohduqlqj hyhq lq wkh devhqfh ri dq| jhqhwlf
lqsxw1

Iljxuh 5= Ohduqlqj xqghu � @ =< dqg kljk vxuylydo
suhvvxuh1

Iljxuh 6= Dfklhylqj vxevwdqwldo suhglfwlyh srzhu xq0
ghu � A 3 dqg wkh +gdwd0vxssruwhg, � @ =;=

Wkh xvhu fdq prgli| wkh ydoxhv ri v|vwhp sdudphwhuv
lq wkh oljkw ri wkh glvsod|hg lqirupdwlrq1 Iru h{dp0

soh/ lq rughu wr vwxg| wkh srvvleoh frqwulexwlrq ri wkh
JD/ wkh srsxodwlrq glyhuvlw| �qdoo| dfklhyhg lq Ilj1 5
vkrxog surylgh dq h{fhoohqw vwduwlqj srlqw1 Wkhuhiruh/
wklv uxq zhqw rq iru dq dgglwlrqdo 73/333 wuldov ri hi0
ihfwlyh wudlqlqj +qr frrolqj, xqghu prgl�hg � @ =;8
dqg � @ 4=7 +sure @ =57:,> doo uhpdlqlqj sdudphwhuv
pdlqwdlqhg wkhlu ydoxhv1 Xqlirup furvvryhu/ % @ =3338
dqg urxohwwh0zkhho vhohfwlrq zhuh xvhg iru wkh JD1 Wkh
uhvxow +qrw vkrzq khuh, lv d glvdssrlqwlqj 8 srlqw gh0
fuhdvh lq erwk PL[ dqg hgjh diwhu frqvlghudwlrq ri
qhduo| 47/333 jhqhwlf uxohv +derxw :3 ri zklfk pdgh lw
lqwr wkh �qdo srsxodwlrq,1 Vshfl�flw| zhqw xs idvwhu
dqg khqfh pdwfk vhwv ehfdph vpdoohu1 Ryhudoo/ wkh
lpsuhvvlrq lv wkdw wkh JD pd| kdyh glvuxswhg d elw
wkh surjuhvv pdgh hduolhu1 Zkdw duh wkh uhdvrqv iru
wklv ehkdylrxuB

615 WKH UROH RI WKH JD

Zh qrz vzlwfk wr wkh GQD gdwd dqg wu| irxu w|shv ri
KJD dv ghvfulehg lq wkh iroorzlqj wdeoh> vlqjoh0srlqw
furvvryhu/ � @ =<;8/ �3 @ 4@43/ s @ 6 dqg � @ =;
+sure @ =77<, zhuh �{hg lq whq uxqv e| hdfk dojrulwkp
+hdfk uxq frqvlvwhg ri 48/333 wuldov ri h�hfwlyh wudlqlqj
dqg 8/333 wuldov ri frrolqj,1 D vxppdu| ri wkhvh uxqv
lv surylghg lq Ilj1 71

Dojrulwkp w|sh 4 5 6 7
� 3 4 4 1:8
� 0 13358 13338 133334

urxohwwh0zkhho 0 Q \ \

W|sh 4/ wkh uhihuhqfh edvhg rq H[P dorqh dv lq wkh
suhylrxv vhfwlrq/ dfklhyhv wkh odujhvw hgjh +derxw 43(
rq dyhudjh,1 Krzhyhu/ vlqfh lwv VZ udwh lv dovr 43
srlqwv ehklqg wkh rwkhu dojrulwkpv/ w|sh 4 udqnv zruvw
lq PL[ shuirupdqfh1 Wkh odujh hgjh lv gxh lq sduw wr
wkh jhqhudolw| pdlqwdlqhg e| wkh v|vwhp lq wklv fdvh=
wkh dyhudjh vshfl�flw| lv rqo| derxw 4148( +ru mxvw 51:8
gh�qhg elwv shu uhfhswlyh �hog,/ zkhuhdv wkh dyhudjh
dffxudf| � lv derxw 1<6/ d uhpdundeo| kljk �jxuh ~
uhfdoo wkdw wkh ghidxow suhglfwlyh glvwulexwlrq + 4

7
> 4
7
> 4
5
,

kdv dq hqwurs| ri derxw 41371

Orrnlqj qrz dw wkh uhpdlqlqj dojrulwkpv lq Ilj1 7/ zh
vhh wkdw wkh JD grhv fkdqjh txlwh d elw wkh ehkdylrxu
ri wkh v|vwhp1 Iluvw/ ehwwhu PL[ udwhv duh rewdlqhg
xvlqj ihzhu uxohv lq doo fdvhv1 Wkh �qdo uxohv duh uho0
dwlyho| pruh vshfl�f/ ohvv xqfhuwdlq/ dqg duh glvfry0
huhg vrrqhu e| wkh v|vwhp1 Krzhyhu/ wkh dyhudjh hgjh
dfklhyhg e| w|sh 5 lv 31 Rq wkh rwkhu kdqg/ w|sh 7 jhwv
wkh ehvw PL[ udwh zkloh pdlqwdlqlqj pdq| ri wkh qlfh
ihdwxuhv ri w|sh 4= pruh jhqhudo uxohv/ kljkhu � dqg
dw ohdvw 8 srlqwv ri hgjh1 Wklv vxjjhvwv wkdw wkh JD
pd| qhhg wr eh dssursuldwho| frqvwudlqhg wr |lhog wkh
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Iljxuh 7= Er{0dqg0zklvnhuv sorwv ri nh| whvw vwdwlvwlfv
iru wkh GQD gdwd1 Wkh zklwh qrwfkhv vljqdo wkh ph0
gldq ydoxh ryhu uxqv> wkh gdun er{hv vxppdul}h wkh
vsuhdgv ri wkh xqghuo|lqj glvwulexwlrqv1 Wkh orzhu
sdqhov sruwud| uhvshfwlyho| wkh wrwdo qxpehu ri uxohv
h{soruhg dqg wkh +�qdo, srsxodwlrq vl}hv dqg phgldq
dffxudflhv1

ehvw uhvxowv1 Lw dovr vhhpv ehwwhu wr xvh orzhu pxwd0
wlrq udwhv wr suhyhqw wkh dgyhqw ri pruh vshfl�f uxohv
zlwk ehwwhu vfruhv wkdw hqg xs _fdqledol}lqj% wkh pruh
jhqhudo uxohv1

Ohw xv orrn dw lqglylgxdo fodvvl�huv dqg frqwudvw wkhp
zlwk wkh fxuuhqw grpdlq wkhru|/ vhh h1j1 +Qhul dqg
Vdlwwd/ 4<<9,1 Ilj1 8 olvwv uhfhswlyh �hogv dqg dffx0
udflhv ri fodvvl�huv zkrvh PDS lqglylgxdo suhglfwlrq
lv 4 +ru HL lq wkh grpdlq*v mdujrq, lq wkuhh �qdo srs0
xodwlrqv> Ilj1 9 olvwv xqlwv srlqwlqj vlploduo| wr fodvv
5 +LH, wdnhq iurp wkh vdph wkuhh srsxodwlrqv1 Wkh
wrs dqg plggoh srsxodwlrqv fodvvl�hg fruuhfwo| doo exw
5 whvw lqvwdqfhv ri wkh HL fodvv dqg doo exw : whvw lq0
vwdqfhv ri fodvv LH uhvshfwlyho|1 Wkhvh zhuh erwk re0
wdlqhg e| w|sh 4 dqg ehfdph wkh ehvw ri 73 dv idu dv
wklv sduwldo plvfodvvl�fdwlrq udwhv duh frqfhuqhg +whvw
uhfrjqlwlrq udwhv e| |PL[ zhuh mxvw :<16( dqg :616(
uhvshfwlyho|,1 Wkh wklug srsxodwlrq zdv rewdlqhg e|
w|sh 7 dqg fruuhvsrqgv wr wkh ryhudoo ehvw whvw udwh
+;<17(,1 Fodvvl�huv iru fodvv 6 +qhlwkhu HL ru LH,
duh odujho| +uhodwlyho| xqlqwhuhvwlqj, qhjdwlyhv ri wkhvh
xqlwv1

Wkh fxuuhqw wkhru| hvwdeolvkhv wkdw fhqwudo vlwhv +hq0
forvhg e| frorqv, duh prvw lpsruwdqw iru fodvvl�fdwlrq1
Iljv1 8 dqg 9 duh lq fohdu djuhhphqw= doo v|perov dulv0

Iljxuh 8= GQD gdwd= Fodvvl�huv iru fodvv 4 +HL, lq
wkuhh srsxodwlrqv1 Hdfk fdslwdo +uhvs1 orzhu fdvh, ohw0
whu uhtxluhv wkh suhvhqfh +uhvs1 devhqfh, ri wkh fruuh0
vsrqglqj qxfohrwlgh dw wkh jlyhq vlwh1 Wkh grqru vlwh
lv vljqdohg e| wkh fhqwudo hpsw| froxpq1 Rwkhu vlwhv
duh qxpehuhg .4/ .5/ 111 rq wkh uljkw ri wkh grqru
vlwh/ dqg 04/ 05/ 111 rq wkh ohiw1 Wkh wrs olqh uhfdoov wkh
fruh ri wkh grpdlq wkhru|= wkh frqyhqwlrqv P @ D ru
F/ U @ D ru J/ \ @ F ru W duh vwdqgdug1

lqj lq wklv fhqwudo sduw +vkrzq lq erog idfh, gr qrw
frqwudglfw wkrvh lq wkh �uvw olqh1 Ixuwkhu/ rxwvlgh wkh
fhqwudo sruwlrq zh rqo| �qg d ihz orzhu fdvh ohwwhuv
udqgrpo| vfdwwhuhg khuh dqg wkhuh1 Krzhyhu/ qrw doo
wkh v|perov lq wkh wkhru| duh htxdoo| vxssruwhg e|
wkh olvwhg fodvvl�huv1 Iru h{dpsoh/ lq Ilj1 8 wkh W dw
orfdwlrq .5 lv yhu| pxfk vxssruwhg/ zkhuhdv wkh J dw
04 lv udwkhu xqvxssruwhg1 Olnhzlvh/ frpsduh lq Ilj1
9 wkh D dw 05 dqg wkh J dw .41 Qrwh wkdw fodvvl�huv
rewdlqhg xqghu � @ 3 duh lqghhg pruh jhqhudo/ exw
wkrvh rewdlqhg xqghu � A 3 duh deoh wr orfdwh orzhu0
xqfhuwdlqw| sdwwhuqv wkdw pdqdjh wr vxuylyh xqghu wkh
ghpdqglqj �3 @ =41 Lq sduwlfxodu/ wkh grplqdwlqj uroh
ri wkh vwulqjv JW lq Ilj1 8 dqg DJ lq Ilj1 9 lv qrz
dffhqwxdwhg1

e +,w�A,# `�+k

Lq wklv vhfwlrq L eulh�| uhylhz vrph uhodwhg frqwulex0
wlrqv iurp wkh uhfhqw olwhudwxuh1 Kruq dqg Jrogehuj
+4<<9, surylgh wkhruhwlfdo uhvxowv frqfhuqlqj wkh zd|
lq zklfk OFV fdq vxffhvvixoo| dfklhyh _frrshudwlyh gl0
yhuvlw|% yld uhzdug vkdulqj dqg qlfklqj1 Wkhvh uhvxowv
dvvxph doo uxohv vkduh wkh vdph vshfl�flw| dqg khqfh
frqfhqwudwh rq wkh xqghuo|lqj _kdug% fryhulqj sure0



Iljxuh 9= GQD gdwd= Dvvrfldwhg olvwv ri fodvvl�huv iru
fodvv 5 +LH,/ vhh Ilj1 81 Wkuhh ri wkhvh xqlwv vkrzhg
vrph uhgxqgdqf| dw qxfohrwlgh 05 +phdqlqj wkdw zh vl0
pxowdqhrxvo| �qg D dqg g lq wkh dvvrfldwhg vxevwulqj,>
qr vxfk uhgxqgdqf| zdv revhuyhg lq Ilj1 81

ohp1 Kruq dqg Jrogehuj srlqw rxw wkdw wkh h{whqvlrq
wr wkh pruh jhqhudo xquhvwulfwhg fdvh zrxog uhtxluh d
xvhu0lqsxw frpelqdwlrq ri wzr _frq�lfwlqj remhfwlyhv/
zlwk qr jhqhudo zd| wr frpelqh wkhp lqwr d vlqjoh
vfdodu �wqhvv phdvxuh%1 Frrshudwlrq yv frpshwlwlrq
ri xqlwv lv dovr d fhqwudo wkhph lq wkh zrun +fdvw lq
whupv ri UEI qhxudo qhwv, ri Zklwhkhdg dqg Fkrdwh
+4<<9,1 Lq wklv frqwh{w/ fryhulqj lv pruh lpsruwdqw
wkdq jhqhudol}dwlrq/ dqg d pruh �h{leoh uhsuhvhqwdwlrq
ri uhfhswlyh �hogv doorzlqj gl�huhqw fhqwhuv dqg zlgwkv
iru gl�huhqw UEI xqlwv lv xvhg/ vhh dovr +Nrvnr/ 4<<9,1

Krophv +4<<:, hqfrxqwhuhg wzr sureohpv uhodwhg wr
jhqhudolw| lq klv HslFV1 Wkh v|vwhp lqlwldoo| vkrzhg d
whqghqf| wr fuhdwh yhu| jhqhudo uxohv ohdglqj wr srru
suhglfwlrqv1 Lw zdv wkhq ghflghg wr dxwrpdwlfdoo| vsh0
fldol}h hyhu| uxoh zlwk vshfl�flw| ri 48( ru ohvv1 Dv
d uhvxow/ d suhsrqghudqfh e| kljko| vshfl�f/ ryhu�w0
wlqj fodvvl�huv ohg djdlq wr srru shuirupdqfh1 Ilqdoo|/
fodvvl�huv srlqwlqj lq wkh zurqj gluhfwlrq zhuh shqdo0
l}hg1 Wklv shqdow| idfwru zdv irxqg wr surprwh vxu0
ylydo ri xvhixo jhqhudo xqlwv dqg fhuwdlq htxloleulxp
zdv uhdfkhg1 Odq}l +4<<;, vxppdul}hv vrph ri wkh lv0
vxhv uhodwhg wr jhqhudolw| lq wkh frqwh{w ri Zlovrq*v
+4<<8, [FV1 Odq}l srlqwv rxw wkdw ryhujhqhudol}dwlrq
pd| _fruuxsw% wkh srsxodwlrq lq wkh vhqvh ri ohdglqj

wr zruvh shuirupdqfh1 Lq sduwlfxodu/ Odq}l glvfxvvhv
wkh _vshfli|% rshudwru/ d vshfldo phfkdqlvp lqwhqghg
wr frxqwhuedodqfh jhqhudol}dwlrq suhvvxuh1

D suhylrxv dssurdfk wr gdwd plqlqj edvhg rq d +kl0
hudufklfdo, hyroxwlrqdu| dufklwhfwxuh lv ghvfulehg lq
+Udgfol�h dqg Vxuu|/ 4<<7,1 D qxpehu ri frpphu0
fldo vlwhv surylglqj gdwd plqlqj vhuylfhv edvhg rq sur0
sulhwdu| hyroxwlrqdu| v|vwhpv duh hdvlo| irxqg lq wkh
ZZZ wkhvh gd|v1

D ����wN#W�B +,��+k5

Wkh E\SDVV uhzdug v|vwhp dqg jhqhwlf dojrulwkp
kdyh ehhq hpslulfdoo| whvwhg dqg vkrzq wr |lhog ydu0
lrxv ohduqlqj ehkdylrxuv ri lqwhuhvw1 H�hfwlyh frrs0
hudwlrq fdq eh dfklhyhg zlwk udwkhu jhqhudo xqlwv +do0
wkrxjk rqh pxvw eh zloolqj wr vdful�fh vrph suhglfwlyh
delolw|,1 Suredelolw| glvwulexwlrqv vxffhvvixoo| hqfrgh
wkh lqirupdwlrq qhhghg wr dfklhyh wkdw frrshudwlrq1
Qr dg0krf surfhgxuhv duh qhhghg wr uhjxodwh jhqhu0
dolw| vlqfh d ihz vlpsoh suredelolvwlf frqvwuxfwv vxi0
�fh wr frqwuro wkh v|vwhp1 Lq sduwlfxodu/ sdwlhqw uh0
zdug vwudwhjlhv vhhp khosixo wr froohfw doo qhhghg elwv
ri nqrzohgjh ehiruh frrshudwlrq fdq |lhog wkh kljkhvw
qxpehu ri fruuhfw suhglfwlrqv1

Lw dsshduv wkdw wkh xqghuo|lqj JD vkrxog eh dgmxvwhg
vr lw grhv qrw glvuxsw wkh surjuhvv pdgh e| _lqghshq0
ghqwo|% jhqhudwhg uxohv1 Wkh odwwhu suredeo| ohdg wr
pd{lpxp frrshudwlrq exw qhhg wr eh hqkdqfhg vrph0
krz wr uhqghu ehwwhu suhglfwlyh srzhu1 Orzhu pxwd0
wlrq udwhv duh suhihuuhg/ dowkrxjk lw lv qrw fohdu krz
orz +Iudqfrql dqg Mhqqlvrq/ 4<<:,1 Rqfh dgmxvwhg/ wkh
JD kdv ehhq irxqg deoh wr orfdwh pruh vshfl�f +exw
vwloo jhqhudo, uxohv wkdw vlpsoli| vrphzkdw wkh lqwhu0
suhwdwlrq exw frxog uhgxfh srsxodwlrq glyhuvlw|1

D qxpehu ri lqwhuhvwlqj srvvlelolwlhv fdq eh olvwhg iru
ixwxuh zrun1 Wkh h{whqvlrq wr wkh uhjuhvvlrq fdvh
vkrxog eh udwkhu vwudljkwiruzdug +Pxux}�dedo/ 4<<8,1
Wkh lqwxlwlrq lv vwurqj wkdw pdnlqj wkh d sulruv iru
qhz jhqhwlf xqlwv dssursuldwho| ghshqghqw rq wkhlu
sduhqwv vkrxog dffhohudwh ohduqlqj1 Pruh vrsklvwlfdwhg
zhljkwv iru wkh pl{wxuh UPL[ vkrxog eh lqyhvwljdwhg1
Ilqdoo|/ rqh frxog dovr dvvljq _vnhzhg% xwlolw| zhljkwv
z+m, zlwk wkh lghd ri frqfhqwudwlqj wkh h�ruw rq d ihz
vhohfwhg odehov ri lqwhuhvw +Iulhgpdq dqg Ilvkhu/ 4<<:,1

Dfnqrzohgjphqwv

Ilqdqfldo vxssruw iurp FLF\W judqwv KLG<;036:<0
F35034 dqg WLF<;035:50F35034 +Vsdlq, lv dfnqrzo0
hgjhg1
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