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DEVWUDFW

Srvlwurq hplvvlrq wrprjudsk| +SHW, lv d whfkqltxh
wkdw kdv rshqhg qhz idflolwlhv wr vwxg| wkh phwderolf
dfwlylw| ri kxpdq erg|1 Lq wkh odvw |hduv pdq| dojr0
ulwkpv kdyh ehhq ghyhorshg iru uhfrqvwuxfwlqj wrprj0
udsk| lpdjhv1 Wkh riwhqo| xvhg pd{lpxp olnholkrrg
h{shfwdwlrq pd{lpl}dwlrq dojrulwkp +PO0HP, vhhpv
wr eh d vwdeoh phwkrg dqg zdv ghyhorshg e| Vkhss
dqg Ydugl ^4` lq 4<;51 Krzhyhu/ wkh PO0HP dojr0
ulwkp fdxvhv vrph vhulrxv sureohpv lq wkh frqwh{w ri
wkh dssolfdwlrq frqvlghuhg1 Lw lv dq lwhudwlyh surfhgxuh
dqg frqyhujhv wr d vwdwlrqdu| srlqw/ krzhyhu/ wkh uh0
frqvwuxfwhg lpdjh vhhpv wr eh glvwruhg e| vxshusrvhg
kljk iuhtxhqf| qrlvh1 Lq wklv sdshu lw lv vkrzq/ wkdw
wkh PO0HP0Dojrulwkp lv qrw edvhg rq vljql�fdqw vwd0
wlvwlfdo surshuwlhv lq rxu sureohp/ zklfk kdv ehhq yhu0
l�hg e| uhvshfwlyh lqyhvwljdwlrqv1 Lw lv vkrzq/ wkdw wkh
dojrulwkp frqyhujhv wr dq *rswlpdo* vroxwlrq lq d pdwk0
hpdwlfdo vhqvh1 Wkh frqyhujhqfh fkdudfwhulvwlfv ri wkh
dojrulwkp duh glvfxvvhg e| phdqv ri h{dpsohv1

41 LQWURGXFWLRQ

Srvlwurq hplvvlrq wrprjudsk| +SHW, lv d vshfldo irup
ri Frpsxwhu Wrprjudsk| +FW, zlwk wkh iroorzlqj surs0
huwlhv1 Wkh prvw lpsruwdqw ihdwxuh ri SHW lv wkh xvh
ri wkh hplvvlrq ri udglrdfwlyh qxfolghv lq frqwudvw wr
looxplqdwlqj wkh sdwlhqw e| [0ud|v lq fodvvlfdo wrpr0
judskv1 Wkh pdwkhpdwlfdo ghvfulswlrq ri [0ud| edvhg
FW dqg SHW lv wkh vdph1 Wkh phdvxuhphqwv +sur0
mhfwlrqv, s+o> �, dqg wkh xqghuo|lqj lpdjh j+{> |, duh

Iljxuh 4= Sulqflsohv ri Wrprjudsk|

uhodwhg yld wkh Udgrq0Wudqvirup

s +o> �, @

4]
�4

4]
�4

j+{> |,�+o� { frv � � vlq �,g{g|> +4,

zkhuh o lv wkh olqh frruglqdwh iru wkh surmhfwlrq xqghu
wkh dqjoh � dqg {> | duh wkh fduwhvldq frruglqdwhv ri wkh
lpdjh +Ilj1 4,1 Wkh phdvxuhg surmhfwlrq lv wkh lqwhjudo
ri wkh hplwwhg hqhuj| +SHW, ru wkh dwwhqxdwlrq +FW,/
uhvshfwlyho|/ dorqj d olqh1 Wklv lv looxvwudwhg e| Ilj1 41

Phdvxuhphqwv duh pdgh xqghu gl�huhqw dqjhov �1
Zlwk wklv gdwd lw lv srvvleoh wr uhfrqvwuxfw wkh lpdjh ri
rqh volfh +sodqh, ri wkh lqvshfwhg remhfw1 Wkh dqdo|wlfdo



vroxwlrq ri +4, lv jlyhq e|

j+{> |, @
4

5�5

�]
3

4]
�4

s+o3> �,
4

+o � o3,5
go3g�> +5,

zlwk
o @ { frv � . | vlq �= +6,

Krzhyhu/ wkh qxphulfdo vroxwlrq ri wkh deryh lqwhjudo
lv yhu| gholfdwh gxh wr wkh sroh ri wkh nhuqho dw o3 @ o1
Khqfh/ dowhuqdwlyh phwkrgv iru uhfrqvwuxfwlrq ri lp0
djhv kdg wr eh ghyhorshg1 Wkh prvw idploldu phwkrg
lv wkh �owhuhg edfnsurmhfwlrq/ zklfk fdq eh fkdudfwhu0
l}hg dv iroorzv

j +{> |, @

�]
3

s3 +{ frv � . | vlq �> �,g�> +7,

zkhuh s3+o> �, lv wkh �owhuhg +zlwk uhvshfw wr o, yhuvlrq
ri s+o> �,/ dqg wkh wudqvihu ixqfwlrq ri wkh �owhu lv gh0
vfulehg e| J+m$, @ m$m1 Lq rwkhu zrugv/ wkh Irxulhu
wudqvirupv S 3+m$> �, dqg S +m$> �, ri wkh vljqdov s3+o> �,
dqg s+o> �, duh uhodwhg e|

S 3 +m$> �, @ S +m$> �,J +m$, +8,

@ S +m$> �, m$m =
Dowkrxjk wklv phwkrg lv qxphulfdo vwdeoh/ wkh uhfrq0
vwuxfwlrq/ krzhyhu/ lv pdunhg zlwk udgldo glvwruwlrqv
fdxvhg e| lqwhusrodwlrq huuruv1 Dqrwkhu phwkrg lv edvhg
rq wkh dwwhpsw wr vroyh wkh sureohp e| glfuhwlvdwlrq
dqg lv nqrzq dv dojheudlf phwkrg1 Pruh suhflvho|/ wkh
lpdjh j+{> |, lv lqwhusuhwhg dv d wzr0glphqvlrqdo glv0
fuhwh vljqdo ri �qlwh vl}h1 Lwv vdpsohv +sl{hov, fdq eh
duudqjhg lq yhfwru irup j @ ^j4> ===> jE `W 1 Wkh surmhf0
wlrq vljqdo lv glvfuhwlvhg lq d qdwxudo zd| vlqfh phdvxuh0
phqwv duh shuiruphg e| dq duud| ri htxlvsdfhg vhqvruv1
Hdfk vhqvru vljqdo lv lqwhusuhwhg dv d vdpsoh ri wkh glv0
fuhwlvhg surmhfwlrq1 Wkhvh vdpsohv duh vxppdul}hg wr
d yhfwru s @ ^s4> ===> sG`W zklfk lv uhodwhg wr j yld599997
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zlwk
G[
g@4

d
ge

@ 4> e @ 4> ===> E> +:,

zkhuh d @ +d
ge

, lv d frqvwdqw frh�flhqw pdwul{ wkdw
ghvfulehv wkh v|vwhp1 Wkh frh�flhqw pdwul{ lv vsduvh
dqg edgo| frqglwlrqhg1 Wkh qxpehu ri htxdwlrqv lv

riwhqo| gl�huhqw iurp wkh qxpehu ri xqnqrzqv lq wkh
v|vwhp deryh1 Frqvhtxhqwo|/ d gluhfw lqyhuvlrq ri wkh
v|vwhp pdwul{ d lv qxphulfdoo| fulwlfdo dqg wkxv/ lwhu0
dwlyh surfhgxuhv iru vroylqj wklv v|vwhp ri htxdwlrqv
dsshdu wr eh pruh surplvlqj1 Rqh ri wkh prvw vhyhuh
sureohpv dvvrfldwhg zlwk SHW lv wkh vwdwlvwlfdo �xfwxd0
wlrq ri wkh udglrdfwlyh hplvvlrq surfhvvhv zklfk fdxvhv
qrlv| surmhfwlrq gdwd1 Lq rughu wr uhgxfh wkh lq�xhqfh
ri wkhvh h�hfwv rq wkh uhfrqvwuxfwhg lpdjh/ wkh vr fdoohg
PO0HP dojrulwkp kdv ehhq lqwurgxfhg e| Ydugl dqg
Vkhss ^4`/ zkhuh wkh vdpsohv ri wkh lpdjh duh prghohg
dv lqghshqghqw Srlvvrq glvwulexwhg udqgrp yduldeohv1

51 PO0HP DOJRULWKP

Lq wklv vhfwlrq zh kdyh wr glvwlqjxlvk h{solflwo| ehwzhhq
udqgrp yduldeohv dqg wkhlu uhdol}dwlrqv +rxwfrphv ri
h{shulphqwv/ phdvxuhg gdwd,1 Vlqfh wklv dvshfw lv ri
ixqgdphqwdo lpsruwdqfh iru wkh fruuhfw lqwhusuhwdwlrq
ri rxu uhvxowv/ zh uhsuhvhqw udqgrp yduldeohv e| fdsl0
wdo ohwwhuv dqg wkhlu uhvshfwlyh uhdol}dwlrqv e| wkh fru0
uhvsrqglqj vpdoo ohwwhuv1 Dv mxvw phqwlrqhg/ wkh jhq0
hudwlrq ri skrwrqv lq wkh erg| ri wkh sdwlhqw fdq eh
prghohg dv d Srlvvrq surfhvv1 Frqvhtxhqwo|/ wkh lp0
djh vdpsohv zloo eh frqvlghuhg dv Srlvvrq glvwulexwhg
udqgrp yduldeohv J

e

/ e @ 4> ===> E/ zlwk phdq ydoxh

�
e

@ H iJ
e

j > +;,

zkhuh H lv wkh h{shfwdwlrq rshudwru1 Wkh udqgrp ydul0
deoh J

e

lwvhoi fdq eh frqvlghuhg ^7` dv d vxp ri lqghshq0
ghqw Srlvvrq glvwulexwhg udqgrp yduldeohv Z

ge

/ zkhuh
Z

ge

prghov wkh qxpehu ri skrwrqv ghwhfwhg lq vhqvru
qxpehu g dqg hplwwhg iurp lpdjh srlqw e/ l1h1
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dqg
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ge=

+43,

Ixuwkhupruh/ lw fdq eh vkrzq ^7` wkdw wkh phdq ydoxhv
�
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ge

j duh dvvrfldwhg zlwk �
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ge

@ d
ge
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e

> +44,

zkhuh wkh d
ge

duh gh�qhg e| +9, dqg fdq eh ghwhuplqhg
iurp wkh jhrphwu| ri wkh wrprjudsk1 Gxh wr wkh lq0
ghshqghqfh ri wkh udqgrp yduldeohvZ

ge

zh fdq gh�qh
wkh olnholkrrg ixqfwlrq
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Krzhyhu/ lq rughu wr rewdlq sdudphwhu hvwlpdwruv zlwk
vpdoo yduldqfhv/ odujh vhwv ri phdvxuhg gdwd duh uh0
txluhg/ zklfk/ krzhyhu duh xvxdoo| qrw dydlodeoh lq wkh
dssolfdwlrq frqvlghuhg1

Lq wkh qh{w vwhs/ wkh orj0olnholkrrg ixqfwlrq lv frq0
vlghuhg zkhuh surgxfwv lq +45, duh wudqviruphg lqwr
vxpv
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ge

�
e

+46,

.z
ge

oq�
e

.z
ge

oqd
ge

� oq+z
ge
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zkhuh z
ge

lv d uhdol}dwlrq ri Z
ge

1 Lq wklv htxdwlrq wkh
txdqwlwlhv z

ge

duh xqnqrzq dqg kdyh wr eh hvwlpdwhg
lq wkh vr fdoohg h{shfwdwlrq vwhs ri wkh dojrulwkp1 Wklv
lv grqh lq dq lwhudwlyh surfhgxuh zkhuh wkh frqglwlrqdo
h{shfwdwlrq

ez^n.4`

ge
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Z
ge

����sg> eb^n`� > +47,

lv xvhg dqg ez^n`

ge

uhsuhvhqwv wkh hvwlpdwh ri z
ge

lq wkh
n0wk lwhudwlrq vwhs/ s

g

lv wkh phdvxuhg surmhfwlrq ydoxh

dqg eb^n` lq wkh hvwlpdwh ri b lq wkh n0wk lwhudwlrq vwhs1
Dv rxwolqhg lq ^7`/ wklv surfhgxuh ohdgv wr

ez^n.4`

ge
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ge
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e
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e
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ge
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e
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> +48,

Qh{w/ zh frqvlghu wkh vr fdoohg pd{lpl}dwlrq vwhs ri
wkh PO0HP dojrulwkp1 Lq rughu wr pd{lpl}h wkh orj0
olnholkrrg ixqfwlrq rqh kdv wr vhw lwv sduwldo ghulydwlyhv
zlwk uhvshfw wr wkh xqnqrzq sdudphwhuv �

e

wr }hur
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e
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ge
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+49,

.ez^n.4`

ge

oqd
ge

� oq+ez^n.4`

ge
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zklfk ohdgv wr

e�^n.4`
e

@
G[
g@4

ez^n.4`

ge

= +4:,

Rq wkh rwkhu kdqg/ htxdwlrq +43, lpsolhv wkdw wkh vxp
ri uhdol}dwlrqv ri z

ge

+ehorqjlqj wr wkh vdph h{shul0
phqw, ryhu g @ 4> ===> G/ uhsuhvhqwv wkh uhdol}dwlrq +ri
wkh vdph h{shulphqw, j

e

ri wkh udqgrp yduldeoh J
e

1

Khqfh/ d fruuhvsrqglqj vxp ryhu hvwlpdwlrqv ez^n.4`

ge

ri
wkh uhdol}dwlrqv z

ge

fdq eh lqwhusuhwhg dv dq hvwlpdwhej^n.4`
e

ri j
e

/ l1h1

e�^n.4`
e

@ ej^n.4`
e

= +4;,

Iljxuh 5= Uhfrqvwuxfwhg lpdjh ri d f|olqghu skdqwrp
diwhu 53 lwhudwlrqv +ohiw, dqg 83 lwhudwlrqv +uljkw,

Reylrxvo|/ wkh *ehvw* hvwlpdwh e�
e

ri wkh h{shfwhg ydoxh
�
e

ri wkh udqgrp yduldeoh J
e

lv wkh fxuuhqw uhdol}dwlrq
j
e

ri J
e

/ li zh dsso| wkh PO0HP dojrulwkp1 Wklv dv0
wrqlvklqj uhvxow jlyhv ghhs lqvljkw lqwr wkh phfkdqlvp
ri wklv dojrulwkp1 Reylrxvo|/ wkh dojrulwkp lv qrw deoh
wr gholyhu d uholdeoh hvwlpdwh ri �

e

/ exw vlpso| wulhv wr
uhfrqvwuxfw wkh fxuuhqw udglrdfwlyh dfwlylwlhv/ zklfk/
gxh wr wkh vwrfkdvwlf qdwxuh ri wkhvh surfhvvhv/ fdq eh
lqwhusuhwhg dv wkh �

e

*v vxshusrvhg e| *qrlvh*1 Lq rwkhu
zrugv/ wkh dojrulwkp lv qrw deoh wr uhgxfh vwdwlvwlfdo
�xfwxdwlrqv e| phdqv ri dyhudjlqj ryhu lqghshqghqw
phdvxuhphqwv zklfk zrxog eh wkh rqo| srvvleoh phfk0
dqlvp wr lpsuryh wkh VQU +vljqdo wr qrlvh udwlr, ri
wkh uhfrqvwuxfwhg lpdjh1 H{shulphqwv zlwk uhdo gdwd
frq�up wklv uhvxow/ wkdw wkh uhfrqvwuxfwhg lpdjh lv glv0
wruwhg e| vxshusrvhg kljk iuhtxhqf| qrlvh +fi1 Ilj1 5/
zkhuh uhfrqvwuxfwhg lpdjhv +diwhu 53 dqg 83 lwhudwlrqv,
ri d f|olqghu skdqwrp duh ghslfwhg,1 Krzhyhu/ wkh vwr0
fkdvwlf qdwxuh ri wkh udglrdfwlyh surfhvvhv lv qrw wkh
rqo| uhdvrq iru qrlv| h�hfwv lq uhfrqvwuxfwhg lpdjhv1

Rqh kdv wr lqwhusuhw vlpxodwlrq uhvxowv fduhixoo|/
vlqfh/ dgglwlrqdoo|/ wkh frqyhujhqfh ehkdylrxu ri wkh
dojrulwkp lwvhoi dpsol�hv qrlv| duwhidfwv gxulqj d orqj
wlph ri wkh lwhudwlrq f|foh1 Wklv dvshfw zloo eh glv0
fxvvhg lq wkh qh{w vhfwlrq1

61 FRQYHUJHQFH EHKDYLRXU

Wkh frqyhujhqfh ehkdylrxu ri wkh dojrulwkp lv dqdo|}hg
e| phdqv ri duwl�fldoo| frqvwuxfwhg surmhfwlrq gdwd1
Wklv lv grqh e| surmhfwlqj dq duwl�fldoo| fuhdwhg lpdjh
j +zklfk lv ghwhuplqlvwlf, ri dq lghdo glvf yld pdwul{ d/
l1h1 wkh surmhfwlrqv

s @ dj +4<,

duh qrw glvwruwhg e| qrlv| +vwdwlvwlfdo, h�hfwv1 Lq rwkhu
zrugv/ d jrrg uhfrqvwuxfwlrq dojrulwkp vkrxog eh deoh
wr ghwhuplqh j rq edvlv ri wkh jlyhq surmhfwlrqv s1 Ilj0



Iljxuh 6= Sur�oh ri dq duwl�fldo glvf
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Iljxuh 7= Vxp ri vtxduhg huuru dv d ixqfwlrq ri wkh
qxpehu ri lwhudwlrq vwhsv

xuh 6 vkrzv d sur�oh ri wklv glvf1
Wkh hxfolghdq glvwdqfh i ehwzhhq uhfrqvwuxfwlrqej dqg ruljlqdo lpdjh j uhsuhvhqwv wkh uhfrqvwuxfwlrq

huuru dqg vhuyhg dv frqyhujhqfh fulwhulrq

i @
E[
e@4

+j
e

� ej
e

,5= +53,

Lq d frpsxwhu vlpxodwlrq zlwk 4<333 lwhudwlrq vwhsv/
wklv ghyldwlrq kdv ehhq phdvxuhg1 Wkh dojrulwkp frq0
yhujhv vorzo|/ exw prqrwrq1 Iljxuh 7 vkrzv wkh uhvxowv
ri wkh �uvw <833 lwhudwlrq vwhsv1

Lq vslwh ri wkh lghdo gdwd xvhg lq rxu h{shulphqwv/
wkh zhoo nqrzq duwhidfwv rffxuulqj gxulqj wkh lwhudwlrq
surfhgxuh kdg ehhq dovr revhuyhg1 Wkhvh duwhidfwv ds0
shdu dv vxshusrvhg qrlv| wh{wxuh lq wkh uhfrqvwuxfwhg
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Iljxuh 8= Pdjqlwxgh ri wkh gl�huhqfh ri vshfwud eh0
wzhhq uhfrqvwuxfwhg dqg ruljlqdo sur�oh diwhu 4<333 lw0
hudwlrq vwhsv1 Iv@vdpsolqj iuhtxhqf|

lpdjhv/ zkrvh judqxodulw| vhhpv wr ehfrph �qhu gxu0
lqj wkh lwhudwlrq surfhvv1 Vlqfh �qh vwuxfwxuhg qrlvh
lv pruh glvwxuelqj iru kxpdqv/ pdq| shrsoh dvvrfl0
dwhg zlwk wkhvh h�hfwv d ghfolqlqj shuirupdqfh ri wkh
PO0HP dojrulwkp diwhu dssur{lpdwho| 53 lwhudwlrqv1
Wklv vxemhfwlyh lqwhusuhwdwlrq lv gh�qlwho| lqfruuhfw li
zh dsso| wkh pdwkhpdwlfdoo| edvhg txdolw| phdvxuh i 1
Wkh odwwhu lqghhg zdv prqrwrqlfdoo| ghfuhdvlqj gxu0
lqj doo ri rxu vlpxodwlrqv1 Lq rughu wr h{sodlq wklv glv0
fuhsdqf| ehwzhhq vxemhfwlyh dqg remhfwlyh +pdwkhpdw0
lfdoo| edvhg, txdolw| mxgjhphqw rqh kdv wr lqyhvwljdwh
wkh vshfwudo surshuwlhv ri wkh uhfrqvwuxfwlrq huuru1 Uh0
vshfwlyh lqyhvwljdwlrqv kdyh ehhq shuiruphg rq edvlv ri
wkh douhdg| ghvfulehg lghdo glvf lpdjh1 Wkh pdjqlwxgh
ri wkh gl�huhqfh ehwzhhq wkh vshfwud ri uhfrqvwuxfwhg
dqg ruljlqdo sur�oh diwhu 4<333 lwhudwlrqv lv vkrzq lq
Iljxuh 81

Wkh uhvxowv ri rxu frpsxwhu vlpxodwlrqv fdq eh lq0
whusuhwhg dv iroorzv1 Dw wkh ehjlqqlqj ri wkh lwhudwlrq
surfhvv/ wkh uhfrqvwuxfwlrq huuru vljqdo kdv d uhodwlyho|
kljk hqhuj|/ zklfk lv qhduo| xqlirupo| glvwulexwhg ryhu
wkh zkroh vsdwldo iuhtxhqf| udqjh +Ilj1 9,1 Zlwk sur0
juhvvlqj lwhudwlrq/ wkh wrwdo huuru vljqdo hqhuj| ghfolqhv/
krzhyhu/ lw lv pruh dqg pruh frqfhqwudwhg lq wkh kljk
vsdwldo iuhtxhqf| edqg1 Lq rwkhu zrugv/ diwhu vrph lw0
hudwlrqv/ wkh orz iuhtxhqf| frpsrqhqwv ri wkh ruljlqdo
lpdjh duh qhduo| shuihfwo| uhfrqvwuxfwhg zkhuhdv wkh
uhfrqvwuxfwlrq ri kljkhu iuhtxhqf| frpsrqhqwv qhhgv d
odujh qxpehu ri lwhudwlrq vwhsv1 Lq sduwlfxodu/ wkh odwwhu
vwdwhphqw lv ri vshfldo lqwhuhvw1 Prvw shrsoh zrunlqj
zlwk wkh PO0HP dojrulwkp kdyh revhuyhg d *frqyhu0
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Iljxuh 9= Pdjqlwxgh ri wkh gl�huhqfh ri vshfwud eh0
wzhhq uhfrqvwuxfwhg dqg ruljlqdo sur�oh diwhu 53 lwhud0
wlrq vwhsv1 Iv@vdpsolqj iuhtxhqf|

jhqfh* ri wkh dojrulwkp diwhu dssur{lpdwho| 53 lwhud0
wlrqv ^6` uhvxowlqj lq d srru uhfrqvwuxfwlrq1 Krzhyhu/
lq oljkw ri wkh deryh glvfxvvlrq/ wkh dojrulwkp lv vwloo idu
dzd| iurp lwv htxloleulxp srlqw1 Wkxv/ lpsuryhphqwv
duh vwloo dfklhydeoh1 Krzhyhu/ gxh wr wkh h{wuhpho| vorz
frqyhujhqfh ri wkh dojrulwkp zlwk uhvshfw wr wkh uhfrq0
vwuxfwlrq ri kljk iuhtxhqf| frpsrqhqwv/ pdq| wkrx0
vdqgv ri lwhudwlrq vwhsv zrxog eh qhhghg iru vljql�0
fdqwo| lpsurylqj wkh uhvxowv/ zkdw zrxog eh lpsrvvl0
eoh lq sudfwlfh1 Lq rughu wr yhuli| wkh odvw vwdwhphqw zh
whvwhg wkh PO0HP dojrulwkp zlwk dq lghdo glvf lpdjh
ri orzhu uhvroxwlrq1 Lqghhg/ diwhu d vx�flhqwo| orqj lw0
hudwlrq wlph/ hyhq wkh kljkhu iuhtxhqf| frpsrqhqwv ri
wkh uhfrqvwuxfwlrq huuru vljqdo kdg ehhq vr vpdoo wkdw
wkh| od| ehorz wkh ylvxdo shufhswlrq ohyho1

Lq vxppdu|/ gl�huhqfhv ehwzhhq wkh orz iuhtxhqf|
frpsrqhqwv ri uhfrqvwuxfwhg dqg ruljlqdo lpdjh lq wkh
n0wk lwhudwlrq vwhs ohdg wr d odujh fruuhfwlrq vljqdo1 Lq
frqwudvw wr wklv/ wkh dojrulwkp lv yhu| lqvhqvlwlyh zlwk
uhvshfw wr kljk vsdwldo iuhtxhqf| frpsrqhqwv ri wkh
huuru vljqdo1

71 FRQFOXVLRQV DQG UHPDUNV

Wkh uhvxowv ri wkh deryh lqyhvwljdwlrqv frxog eh xvhg dv
d edvlv iru lpsuryhphqwv ri wkh PO0HP dojrulwkp ru
wkh frqvwuxfwlrq ri dowhuqdwlyh uhfrqvwuxfwlrq phwkrgv1
Wkh PO0HP dojrulwkp lv dq lwhudwlyh surfhgxuh/ krz0
hyhu/ wkh vwdwlvwlfdo surshuwlhv ri wkh phdvxuhg gdwd duh
qrw vx�flhqwo| wdnhq lqwr dffrxqw1 Wkh frqyhujhqfh
ehkdylrxu ri wkh dojrulwkp zlwk uhvshfw wr kljk vsdwldo

iuhtxhqf| frpsrqhqwv ri wkh lpdjh lv udwkhu srru1
Dv d frqvhtxhqfh/ wkh h{shfwdwlrq vwhs ri wkh dojr0

ulwkp vkrxog eh uhsodfhg e| dq dojrulwkp zlwk ehwwhu
frqyhujhqfh ehkdylrxu1 Surplvlqj uhvxowv kdyh ehhq
dfklhyhg e| xvlqj frqmxjdwh judglhqw phwkrgv1 Lq jhq0
hudo/ sdudphwhu hvwlpdwlrq phwkrgv dozd|v qhhg d odujh
vhw ri phdvxuhphqwv lq rughu wr uhgxfh wkh yduldqfh ri
wkh hvwlpdwru1 Lq rxu dssolfdwlrq/ krzhyhu/ wkh qxp0
ehu ri xqnqrzq lqghshqghqw sdudphwhuv �

e

lv qrw vxe0
vwdqwldoo| vpdoohu wkdq wkh qxpehu ri vwdwlvwlfdoo| lqgh0
shqghqw phdvxuhg sdudphwhuv +surmhfwlrq gdwd,1 Rqo|
lq vshfldo fdvhv/ zkhuh d sulrul nqrzohgjh frqfhuqlqj
wkh vsdwldo vprrwkqhvv ri wkh lpdjhv xqghu uhfrqvwuxf0
wlrq lv dydlodeoh ^5`/ vwdwlvwlfdoo| vljql�fdqw uhvxowv duh
dfklhydeoh1 Lq rwkhu zrugv/ wkhuh duh wzr srvvlelolwlhv
iru frqvwuxfwlqj ehwwhu hvwlpdwruv1 Iluvw/ pdq| lqgh0
shqghqw phdvxuhphqwv ri surmhfwlrq gdwd fdq eh xvhg
iru dfklhylqj d vpdoo yduldqfh ri wkh hvwlpdwru1 Vhf0
rqg/ wkh qxpehu ri lqghshqghqw sdudphwhuv fdq eh uh0
gxfhg e| xvlqj d sulrul nqrzohgjh/ h1j1 zlwk uhvshfw wr
vprrwkqhvv ri wkh lpdjh ru sulru dqdwrplfdo lqirupd0
wlrq iurp rwkhu wrprjudsk| lpdjhv ^8`1
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