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DEVWUDFW � Lq wklv sdshu zh frqvlghu lw0
hudwlyh hvwlpdwlrq dqg htxdol}dwlrq whfkqltxhv
dqg suhvhqw d vlpsoh phwkrg ri xsgdwlqj
fkdqqho hvwlpdwhv wkdw lqfoxghv ghfrghu rxw0
sxwv lqwr wkh lwhudwlrq surfhvv1 Wr fodu0
li| shuirupdqfh0frpsoh{lw| wudgh0r� zh hydo0
xdwhg lwhudwlyh hvwlpdwlrq dqg wxuer htxdol}d0
wlrq whfkqltxhv lq Jhqhudo Sdfnhw Udglr V|v0
whp +JSUV,1 Lw lv irxqg wkdw wxuer hvwlpdwlrq
lv pruh ehqh�fldo iru JSUV/ vkrzlqj 4gE jdlq
diwhu rqh fkdqqho hvwlpdwh xsgdwh/ zkloh wxuer
htxdol}dwlrq urxqgv surylgh rqo| d voljkw lp0
suryhphqw rq wkh wrs ri wkdw1

L1 LQWURGXFWLRQ

Rqh ri lpsruwdqw sureohpv lq uholdeoh gdwd frppx0
qlfdwlrqv ryhu iuhtxhqf| vhohfwlyh idglqj fkdqqhov lv
wkh plwljdwlrq ri lqwhuv|pero lqwhuihuhqfh +LVL,1 Uh0
fhqwo| vxjjhvwhg wxuer htxdol}dwlrq ^4` lv dq lwhudwlyh
htxdol}dwlrq whfkqltxh iru frghg gdwd wkdw kdv jdlqhg
d orw ri lqwhuhvw ^5/6/7`1 Wklv whfkqltxh shuirupv dq
lwhudwlyh LVL uhprydo uhod|lqj rq fkdqqho hvwlpdwhv
wkdw xvxdoo| duh rewdlqhg edvhg rq d nqrzq wudlqlqj
vhtxhqfh1 Lq sudfwlfh fkdqqho hvwlpdwhv pd| kdyh
udwkhu srru txdolw| wkdw lq wxuq ghwhulrudwhv wkh h!0
flhqf| ri htxdol}dwlrq1 Rq wkh rwkhu kdqg/ wkh sure0
ohp ri mrlqw gdwd dqg fkdqqho hvwlpdwlrq kdv ehhq
dgguhvvhg lq pdq| sxeolfdwlrqv zlwk d qxpehu ri gli0
ihuhqw lwhudwlyh whfkqltxhv sursrvhg/ h1j1 ^8`^9`1

Lq wklv sdshu zh suhvhqw d phwkrg ri xsgdwlqj fkdq0
qho hvwlpdwhv wkdw lqfoxghv ghfrghu rxwsxwv lqwr wkh
lwhudwlrq surfhvv vlplodu wr wkh wxuer htxdol}dwlrq1 Lq
sduwlfxodu/ wkh ghfrghg v|perov duh ihg edfn lqwr wkh
fkdqqho hvwlpdwru dqg wkh hvwlpdwh lv xsgdwhg dv0
vxplqj wkdw gdwd qrz duh nqrzq dw uhfhlyhu1 Edvhg
rq wkdw zh frqvlghuhg gl�huhqw lwhudwlyh hvwlpdwlrq
dqg htxdol}dwlrq vfhqdulrv iru Jhqhudo Sdfnhw Udglr
V|vwhp +JSUV,1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq LL jlyhv d
irupdo sureohp ghvfulswlrq dqg dq ryhuylhz ri frq0
yhqwlrqdo uhfhlyhuv1 Lq Vhfwlrq LLL zh eulh | gh0
vfuleh wkh wxuer htxdol}dwlrq whfkqltxh dqg dsso| wklv
phwkrg iru lwhudwlyh fkdqqho hvwlpdwlrq1 Lq wkh vdph
vhfwlrq zh suhvhqw d orzhu erxqg rq wkh yduldqfh ri lw0
hudwlyh hvwlpdwh1 Wudgh0r� ehwzhhq wkh shuirupdqfh
jdlq dqg uhfhlyhu frpsoh{lw| lq JSUV xqghu gl�huhqw
vfhqdulrv lv dgguhvvhg lq Vhfwlrq LY/ zlwk frqfoxvlrqv
iroorzlqj lq Vhfwlrq Y1

LL1 SUHOLPLQDULHV

D1 Sureohp irupxodwlrq

Ohw*v frqvlghu elqdu| gdwd wudqvplwwhg lq eorfnv
x@+x3> x4> ===xN�4,

W > x 5 ]
N ryhu d fkdqqho zlwk

phpru| O lq suhvhqfh ri Jdxvvldq qrlvh z> l1h1
zq @ Q +3>U,/ U lv qrlvh fryduldqfh pdwul{1 Iru
fkdqqhov zlwk dgglwlyh zklwh Jdxvvldq qrlvh +DZJQ,
U@�5L/ zkhuh qrlvh yduldqfh �5 @ Q3@51 Zh dv0
vxph wkdw fkdqqho lpsxovh uhvsrqvh +FLU, lv xq0
nqrzq dqg fkdudfwhul}hg e| frpsoh{ fkdqqho wdsv
kO@+k3> k4> ===> kO,W 1 Wkh elqdu| gdwd x duh hqfrghg
e| d frgh/ vxfk wkdw f @ �x/ f 5 ]

Q 1 Dgglwlrqdoo|/
vrph lqwhuohdylqj vfkhph pd| eh xvhg wr ghvwur| srv0
vleoh huuru foxvwhuv dw uhfhlyhu vlgh1 Wr dvvlvw fkdqqho
hvwlpdwlrq d nqrzq wudlqlqj vhtxhqfhp lv lqvhuwhg lq
hdfk frghg eorfn f1 Wkh wudlqlqj vhtxhqfhp frqvlvwv
ri O. S v|perov/ zlwk O suhdpeoh dqg S plgdpeoh
v|perov> p@+p3>p4> ===>p+S.O�4,,

W = Wkh uhvxowlqj
gdwd eorfn d ri ohqjwk Qe lv duudqjhg dv iroorzv=
d @

�
fW4p

WfW5
�W

> zkhuh fl @+f+l,3 > f
+l,
4 > ===f

+l,
Qg�4

,W

duh frghg gdwd v|perov vhsdudwhg lqwr vxe0eorfnv>
Qe @ +5Qg . O . S ,1 Ilqdoo| wkh gdwd eorfn d lv
pdsshg lqwr P0du| v|perov dqg wudqvplwwhg zlwk wkh
qrupdol}hg v|pero hqhuj| Hv@41
Dffruglqj wr pd{lpxp olnholkrrg +PO, fulwhuld wkh

rswlpdo uhfhlyhu lv wr �qg

ax@ dujpd{
k/x

s+umk>d,@dujpd{
k/x

s+umk>p>�x, +4,

Wkh rswlpdo vroxwlrq ri +4, lv surklelwlyho| frpsoh{/
dqg lq sudfwlfh wkh jhqhudo sureohp +4, lv vsolw lqwr
vhyhudo rqhv zklfk duh wkhq frqvlghuhg vhsdudwho|1
Vhsdudwlqj fkdqqho htxdol}dwlrq +ghwhfwlrq, dqg gh0
frglqj/ dqg wdnlqj lqwr dffrxqw wkdw wkh wudlqlqj vh0
txhqfh lv nqrzq/ d vxerswlpdo vroxwlrq iru +4, pd|
eh suhvhqwhg dv

ad@ dujpd{
k/d

s+umk>d, @, af@dujpd{
k/f

s+umk> f, +5,

ax @ dujpd{
x

s+afmx, +6,

Wkh rswlpdo vroxwlrq uhtxluhv d vhdufk ryhu doo srvvl0
eoh f dqg k wkdw lv lpsudfwlfdo iru uhdolvwlf ydoxhv ri
O>Qg1 D w|slfdo vxerswlpdo vroxwlrq ri +5, lv wr vhs0
dudwh fkdqqho hvwlpdwlrq dqg htxdol}dwlrq wkdw ohdgv
wr

ak @ dujpd{
k

s+u m p>k, +7,

af @ dujpd{
f

s+u m ak> f, +8,

Iru h{dpsoh/ wkh �uvw wkh fkdqqho hvwlpdwh ak lq JVP
lv fdofxodwhg edvhg rq wkh nqrzq wudlqlqj vhtxhqfh



p1 Wkhq rqh ri wkh htxdol}dwlrq dojrulwkpv lv ds0
solhg wr uhpryh LVL dqg rewdlq af1 Ilqdoo|/ lq fdvh
ri frghg gdwd d ghfrghu uhfryhuv wudqvplwwhg lqiru0
pdwlrq ax1 Ehorz zh frqvlghu wkh hvwlpdwlrq +7, dqg
gdwd ghwhfwlrq +8, lq pruh ghwdlov1

E1 Fkdqqho hvwlpdwlrq dqg vhtxhqfh ghwhfwlrq

Dvvxplqj d olqhdu fkdqqho zlwk wlph0lqyduldqw FLU
gxulqj wkh wudqvplwwhg eorfn/ wkh uhfhlyhg eorfn fdq
eh suhvhqwhg dv

u @ Dk.z @
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D d eorfn pdwul{ ri vl}hQe�+O.4,>P lv d S�+O.4,
pdwul{ iruphg e| wkh wudlqlqj vhtxhqfh p dv iroorzv
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Lq d frqyhqwlrqdo uhfhlyhu wkh fkdqqho hvwlpdwlrq lv
edvhg rq plgdpeoh S v|perov iurp wkh uhfhlyhg vh0
txhqfh up @ Pk.z1 Iru d fkdqqho zlwk Jdxvvldq
qrlvh wkh olnholkrrg ixqfwlrq

s+upmp>k, y h{s+�4

5
+up�Pk,KU�4+up�Pk,,

wkdw jlyhv PO fkdqqho hvwlpdwh ^:` dv
akPO@dujpd{

k

s+upmP>k,@F+akPO,PKU�4up +;,

zkhuh F+akPO, @ +PKU�4P,�4 lv d fryduldqfh pd0
wul{ ri wkh hvwlpdwh1 Iru wkh jlyhq fdvh wkh PO fkdq0
qho hvwlpdwh +;, lv wkh plqlpxp yduldqfh xqeldvhg
+PYX, fkdqqho hvwlpdwh edvhg rq wkh gdwd up1
Jlyhq ak> wkh PO vhtxhqfh ghwhfwlrq lv pdgh e| pd{0
lpl}lqj wkh olnholkrrg ixqfwlrq zlwk uhvshfw wr f

af@dujpd{
f

s+umak> f,
wkdw fdq eh lpsohphqwhg yld PO 0vwdwh Ylwhuel dojr0
ulwkp1

LLL1 LWHUDWLYH +WXUER, HVWLPDWLRQ

Lq pdq| fdvhv hyhq diwhu vsolwwlqj +4, lqwr +5, dqg +6,/
wkh frpsoh{lw|2shuirupdqfh wudgh0r� ri +5, uhpdlqv
xqdffhswdeoh/ dqg wkdw vwlpxodwhv wkh xvh ri gl�huhqw
irupv ri ghflvlrq ihhg edfn htxdol}huv +GIH,1 Rqh
ri wkh vroxwlrqv wkdw lv forvho| uhodwhg wr GIH fodvv
lv vr0fdoohg wxuer htxdol}dwlrq phwkrg ^4`1 Lqvwhdg
ri vroylqj +5,/ wklv phwkrg wulhv wr �qg lwhudwlyho|

d vroxwlrq iru ax ryhu d frpelqhg wuhoolv iruphg e|
fkdqqho dqg hqfrghu/ l1h1
ax@dujpd{

x
s+umak>p>�+x,,@dujpd{

x
s+umak>d,= +<,

Lq wkh wxuer htxdol}dwlrq vfkhph +<, wkh lwhudwlrq sur0
fhhgv rqo| ehwzhhq wkh vljqdo ghwhfwru dqg fkdqqho
ghfrghu dvvxplqj d nqrzq fkdqqho vwdwh ak gxulqj lw0
hudwlrqv1 Jlyhq d nqrzq wudlqlqj vhtxhqfh p/ wkh
fkdqqho hvwlpdwh pd| eh rewdlqhg e| +;, edvhg rq
wkh gdwd up1
Krzhyhu/ lq pdq| fdvhv wkh dffxudf| ri fkdqqho hvwl0
pdwh/ zklfk lv edvhg rqo| rq d uhodwlyho| vkruw wudlq0
lqj vhtxhqfhp/ pd| eh udwkhu orz1 Wkdw lq wxuq pd|
fdxvh d vljql�fdqw shuirupdqfh ghjudgdwlrq dw wkh uh0
fhlyhu wkdw fdqqrw eh ixoo| frpshqvdwhg e| wkh wxuer
htxdol}dwlrq1 Wklv idfw prwlydwhg xv wr xvh d ghflvlrq0
gluhfwhg dgdswlyh fkdqqho hvwlpdwlrq phwkrg gxulqj
wkh lwhudwlrq surfhvv vlplodu wr ^8`1 Wkh lghd lv wr
ihhg edfn wkh ghfrghg v|perov wr wkh fkdqqho hvwl0
pdwru dqg xsgdwh suhylrxv fkdqqho hvwlpdwhv dvvxp0
lqj wkdw wkh zkroh exuvw lv qrz nqrzq e| wkh uhfhlyhu
+Ilj14,1 Khqfh/ wkh uhfhlyhu uholhv rq wkh ghfrghg gdwd
v|perov ax dqg wkh nqrzq wudlqlqj vhtxhqfh p dqg
irupv d qhz fkdqqho hvwlpdwh1 Lq rwkhu zrugv/ wkh uh0
fhlyhu lwhudwlyho| xsgdwhv wkh fkdqqho hvwlpdwh edvhg
rq wkh �h{whqghg� wudlqlqj vhtxhqfh1 Lq sduwlfxodu/
diwhu ghfrglqj surfhgxuh wkh gdwd ax duh uh0hqfrghg dv
�f @ �ax dqg wkhq frpelqhg zlwk wkh wudlqlqj vhtxhqfh
p/ iruplqj d qhz �h{whqghg� wudlqlqj vhtxhqfh �d ri
ohqjwk Qe @ S . O. 5Qg= Li zh zrxog xvh doo dydlo0
deoh gdwd d dv wkh nqrzq wudlqlqj vhtxhqfh/ wkhq lq
DZJQ fkdqqho wkh PO fkdqqho hvwlpdwh lv

ekh{whqg @ F+ekh{whqg,DKu +43,
zkhuh wkh fryduldqfh pdwul{ ri wkh qhz �h{whqghg�
hvwlpdwh lv

F+ekh{whqg, @+DKD,�4

@ +D4
KD4.PKP.D5

KD5,�4 +44,
dqg pdwul{ D lv gh�qhg e| +9,/+:,1
Wr dyrlg khdy| frpsxwdwlrq ri wkh pdwul{ lqyhuvh lq
+44, zh fdq xvh vrph dgdswlyh dojrulwkp wr xsgdwh
wkh hvwlpdwh1 Lq wklv sdshu zh dssolhg vwrfkdvwlf
dgdswdwlrq ri wkh hvwlpdwh edvhg rq wkh OPV dojr0
ulwkp ^:`

ek+n.4, @ ek+n,��+�D+n,,K+�D+n,ek+n,�u, +45,

zkhuh ek+n, lv wkh hvwlpdwh iurp nwk lwhudwlrq/
�D+n, lv dq hvwlpdwhg gdwd pdwul{ frqwdlqlqj doo
+gdwd.wudlqlqj, v|perov nqrzq dw nwk lwhudwlrq/ u lv
wkh uhfhlyhg yhfwru dqg � lv d vwhs vl}h ri wkh lwhudwlyh
dojrulwkp1
Dw wkh lqlwldo urxqg wkh fkdqqho hvwlpdwh frxog eh
edvhg rq vrph frqyhqwlrqdo phwkrg/ h1j1 rqh0vkrw
PO hvwlpdwh +;,/ zklfk h{sorlwv rqo| wkh nqrzq wudlq0
lqj vhtxhqfh1
Lw lv xvhixo wr hydoxdwh wkh txdolw| ri wkh qhz �h{0
whqghg� hvwlpdwh1 Iru wkdw sxusrvh ohw*v frqvlghu
DZJQ fkdqqho zlwk qrlvh vdpsohv zq @ Q +3> �5q,
dqg d frqvwdqw yduldqfh gxulqj wkh uhfhlyhg eorfn u/
l1h1 �5q @ �5> q @ 4===Qe1 Wkh yduldqfh ri wkh hvwl0
pdwh ak edvhg rqo| rq wkh wudlqlqj vhtxhqfh p pd|



eh erxqghg e| Fudphu0Udr orzhu erxqg +FUOE, ^:`
dv ydu+akl, A ^L+k,`�4ll / zkhuh L+k, @ iLlmj lv wkh

+O.4,�+O.4, Ilvkhu lqirupdwlrq pdwul{ zlwk hoh0
phqwv

Llm @
C5s+upmp>k,

CklCkm
=

Lq rxu fdvh FUOE pd| eh zulwwhq dv
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zkhuh l@3===O1
Iru wkh �h{whqghg� wudlqlqj vhtxhqfh u lw jlyhv
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�
DKU�4D

�
�4

ll

� 4
QeS
q@4

4

�5q

@
4

S

�5
.

5Qg

�5g

@
�5

S . 5Qg

�5

�5g

+47,

zkhuh �5g lv wkh yduldqfh dvvrfldwhg zlwk wkh �h{0
whqghg� gdwd surylghg e| wkh ghfrghu1
Wr hydoxdwh +47, ohw*v ghqrwh sq dv dq huuru sured0
elolw| iru qwk v|pero �fq diwhu ghfrglqj2uh0hqfrglqj
rshudwlrqv1 Wkh suredelolwlhv sq duh fdofxodwhg e|
dyhudjlqj ryhu d qxpehu ri uhfhlyhg eorfnv1 Qrz zh
fdq wuhdw gdwd �f iruplqj wkh h{whqvlrq ri wudlqlqj vh0
txhqfh dv d vhw ri udqgrp yduldeohv zlwk wkh phdq
dqg wkh yduldqfh dv iroorzv

H^�fq` @ +4� sq,fq . sq�fq

ydu^�fq` @ H^�f5q`�H^�fq`5

@ f5q � sq+f
5
q � �f5q,� +fq � sq+fq � �fq,,

5/

zkhuh �fn vwdqgv iru �fq 9@ fq1
Dvvxplqj d wlph0lqyduldqw fkdqqho gxulqj wkh wudqv0
plwwhg eorfn +l1h1 sq @ s/ q@3/111/Qe04, dqg wkh dq0
wlsrgdo vljqdoolqj +fq @ 4/ �fq @ �4, lw uhvxowv lq
ydu^�fq` @ 7s+4� s,1 +48,

Wkh yduldqfh ri wkh �h{whqghg� gdwd lv
�5g@ydu^�fq.zq`@ydu^�fq`.ydu^zq`.5fry^�fqzq` +49,
Wdnlqj lqwr dffrxqw wkdw pruh huuruv dsshdu diwhu
ghfrglqj2uh0hqfrglqj rshudwlrqv dw kljk qrlvh ohyhov
+l1h1 odujhu �5 uhvxowv lq odujhu s/ dqg khqfh/ lq odujh
ydu^�fq`,/ khqfh wkh fruuhodwlrq whup fry^�fqzq` A 3
dqg �5g A ydu^�fq` . ydu^zq`1 Dv fdq eh vhhq iurp
+49, wkh FUOE +47, lv d ixqfwlrq ri fry^�fqzq`/ dqg lw

dfklhyhv lwv plqlpxp ydu+ak
h{whqg

l , li fry^�fqzq` @31
Edvhg rq +47, dqg +48, wklv plqlpxp pd| eh suh0
vhqwhg dv

ydu+ak
h{whqg

l , A �5

S .
5Qg�

5

7s� 7s5 . �5

+4:,

Dv dq looxvwudwlrq wkh erxqgv +46,/+4:, duh ylvxdo0
l}hg dw Ilj15 iru sdudphwhuv S@53 dqg Qg@8; df0
fhswhg lq JVP1 Dv fdq eh vhhq iurp +47,/ lq fdvh
ri PYX fkdqqho hvwlpdwru wkh yduldqfh ri wkh �h{0
whqghg� hvwlpdwh lv dozd|v orzhu wkdq rqh fdofxodwhg

rqo| iurp wkh wudlqlqj vhtxhqfh/ l1h1 ydu+ak
h{whqg

l , 9
ydu+akh{whqgl , ? ydu+akl, iru s A 3= Wkdw fdq eh h{0
sodlqhg e| dq revhuydwlrq wkdw e| h{whqglqj wudlq0
lqj vhtxhqfh hyhq zlwk xquholdeoh v|perov/ lq dyhu0
djh zh pdnh fryduldqfh pdwul{ +44, pruh gldjrqdo

grplqdqw/ wkdw �qdoo| lpsuryh wkh fkdqqho hvwlpdwh1
Dqrwkhu srlqw wr phqwlrq lv wkdw wkh jdlq iurp wkh
�h{whqghg� wudlqlqj vhtxhqfh lv pdlqo| ylvleoh dw orz
vljqdo2qrlvh udwlrv +VQU, dqg sudfwlfdoo| glvdsshduv
dw kljk VQU zkhuh lqlwldo hvwlpdwh lv douhdg| udwkhu
dffxudwh1

LY1 VLPXODWLRQ UHVXOWV

Wr �qg dq h!flhqw zd| wr shuirup lwhudwlrqv gh0
vfulehg deryh lw lv qhfhvvdu| wr vwxg| wkh wudgh0
r� ehwzhhq uhfhlyhu frpsoh{lw| dqg wkh shuirupdqfh
jdlq surylghg e| gl�huhqw lwhudwlrq vfhqdulrv1 Wxuer
htxdol}dwlrq phwkrg lv edvhg rq vriw ghflvlrqv sur0
ylghg e| wkh ghfrghu dqg wkdw lwvhoi vljql�fdqwo| +50
7 wlphv, lqfuhdvhv wkh ghfrghu frpsoh{lw|1 Rq wkh
rwkhu kdqg/ wkh wxuer0hvwlpdwlrq phwkrg lq wkh irup
suhvhqwhg deryh grhv qrw uhtxluh vriw ghflvlrqv dqg
khqfh/ prgl�fdwlrqv ri wkh ghfrghu1 D vlpsoh fkdqqho
xsgdwh edvhg rq dq dgdswdwlrq uxoh doorzv wr dyrlg
frpsoh{ fdofxodwlrqv dvvrfldwhg zlwk wkh pdwul{ lq0
yhuvh1 Dgglwlrqdoo|/ lw zrxog eh xvhixo wr hydoxdwh wkh
srwhqwldo jdlq wkdw vriw ydoxhv iurp wkh ghfrghu frxog
surylgh/ li dydlodeoh/ lq fdvh ri wxuer0hvwlpdwlrq1 Ixu0
wkhupruh/ wr uhgxfh frpsoh{lw| lqfuhdvh gxh wr lwhu0
dwlrqv/ d ohvv frpsoh{ uhfhlyhu dovr vkrxog eh frqvlg0
huhg/ zkhuh lwhudwlyh fkdqqho hvwlpdwh lv edvhg rqo|
rq ghwhfwhg +lqvwhdg ri ghfrghg, v|perov1
Dv d sudfwlfdo whvwehg zh frqvlghuhg shuirupdqfh ri
gl�huhqw lwhudwlyh uhfhlyhuv iru JSUV lq w|slfdo pr0
eloh udglr fkdqqhov1 Lq wklv sdshu zh suhvhqw vlpxod0
wlrq uhvxowv iru wkh vwurqjhvw fkdqqho frglqj vfkhph
r�huhg e| JSUV/ wkdw lv FV4/ zklfk hpsor|v 4

5 0udwh
frqyroxwlrqdo frglqj zlwk frqvwudlqw ohqjwk 8 zlwkrxw
dq| sxqfwxulqj ^;`1 Wkh lqwhuohdylqj xvhg lq JSUV
lv uhfwdqjxodu ryhu 7 exuvwv1 Zh xvhg PO hvwlpdwru
+;, zlwk wkh OPV dgdswdwlrq uxoh +45, dqg htxdol}huv
zlwk 8 dqg 90wdsv1 Txdolw| ri vhuylfh lq sdfnhw wudqv0
plvvlrq lv fkdudfwhul}hg e| eorfn huuru udwh +EOHU,/
exw elw huuru udwh +EHU, lv dovr vkrzq dw shuirupdqfh
�jxuhv1
Wkh shuirupdqfh �jxuhv duh suhvhqwhg iru d, wkh frq0
yhqwlrqdo uhfhlyhu/ e, diwhu lwhudwlyh fkdqqho hvwlpdwh
xsgdwh/ f, diwhu wxuer htxdol}dwlrq lwhudwlrqv/ zkhuh
wkh fkdqqho hvwlpdwh lv qr pruh fkdqjhg1 Wkh wxuer
hvwlpdwlrq jdlq jlyhq lq wkh wh{wv ehorz ghqrwhv wkh
jdlq diwhu wkh �uvw fkdqqho hvwlpdwh xsgdwh1
Iluvw zh hydoxdwh shuirupdqfh ri wxuer0hvwlpdwlrq
dqg wxuer htxdol}dwlrq vfkhphv lq d whvw fkdqqho zlwk
v|pphwulfdo FLU dqg fkdqqho phpru| O@71 Uhvxowv
suhvhqwhg dw Ilj16 vkrz wkdw wkh �uvw fkdqqho hvwl0
pdwh xsgdwh jlyhv 413 gE/ dqg ixuwkhu wxuer lwhud0
wlrqv zlwk wkh lpsuryhg hvwlpdwh duh surylglqj 31:
gE dw EOHU 43�5/ jlylqj wkh wrwdo jdlq ri derxw 5
gE1 Wkh wxuer htxdol}dwlrq rq wkh wrs ri wkdw jlyhv
rqo| 316 gE jdlq1
Iru pruh uhdolvwlf hydoxdwlrq zh xvhg w|slfdo xuedq
fkdqqho zlwk vshhg y@6np2k +WX6, dqg kloo| whu0
udlq fkdqqho/ y@433np2k +KW433,1 Wkh shuirupdqfh
ri wxuer hvwlpdwlrq uhfhlyhu ryhu WX6 lv ghslfwhg dw
Ilj171 Wkh jdlq dfklhyhg diwhu rqh fkdqqho hvwlpdwh



xsgdwh lv durxqg 31< gE dw EOHU@43�5/ zklfk lv do0
uhdg| prvw ri wkh dfklhydeoh jdlq frpsduhg wr d fdvh
zlwk wkh nqrzq fkdqqho vwdwhv1 Lq rwkhu zrugv/ d uh0
fhlyhu zlwk wkh lghdo fkdqqho lqirupdwlrq jlyhv rqo|
315 gE jdlq frpsduhg wr wkh uhfhlyhu zlwk rqh fkdq0
qho hvwlpdwh xsgdwh1 Wkh wxuer htxdol}dwlrq lv deoh
wr surylgh rqo| 316 gE h{wud jdlq rq wrs ri wkdw1
Ilj18 dqg 9 suhvhqw wkh shuirupdqfh lq KW433 fkdq0
qho lq fdvh ri 80wds dqg 90wds htxdol}huv/ uhvshfwlyho|1
Wkhvh �jxuhv uhyhdo wkdw wkh wxuer hvwlpdwlrq vfkhph
dqg wkh wxuer0htxdol}dwlrq rq wkh wrs ri wkdw duh ohvv
h!flhqw li wkh zkroh fkdqqho lpsxovh uhvsrqvh grhv
qrw �w lqwr wkh fkdqqho hvwlpdwru dqg ghwhfwru zlq0
grzv1 Wklv lv gxh wr wkh orqj ghod| vsuhdg ri wkh KW
fkdqqho/ zklfk uhtxluhv dw ohdvw 9 fkdqqho wdsv wr eh
hvwlpdwhg dqg ghwhfwhg dw JVP v|pero uhvroxwlrq1
Khqfh/ wkh jdlq lv prghudwh +318 gE dw EOHU@43�5,
zlwk 80wds htxdol}hu/ dqg lw lv lqfuhdvhg wr 413 gE li
rqh h{wud fkdqqho wds lv wdnhq lqwr dffrxqw1 Rqfh
pruh/ wkh wxuer htxdol}dwlrq grhv qrw qrwlfhdeo| lp0
suryh wkh shuirupdqfh lq wklv fdvh1
Wkh wxuer hvwlpdwlrq vfkhph suhvhqwhg deryh xvhg
ghfrghg elwv lq wkh fkdqqho hvwlpdwh xsgdwlqj1 Zh
dovr frqvlghuhg d ohvv frpsoh{ vroxwlrq/ zklfk xwlol}hv
kdug ghflvlrqv douhdg| iurp wkh ghwhfwru rxwsxw1 Khuh
zh dyrlghg lqwhuohdylqj dqg ghfrglqj surfhgxuhv/ exw
iru wkh sulfh ri ohvv uholdeoh ghflvlrqv lq wkh ihhgedfn1
Gdvkhg olqhv dw Ilj1: vkrz wkh shuirupdqfh lq WX6
fkdqqho iru wkh fdvh/ zkhq wkh ghwhfwhg elwv duh xvhg
lq wkh fkdqqho hvwlpdwru1 Lq wkdw fdvh wkh jdlq iurp
wkh lwhudwlyh hvwlpdwlrq lv rqo| 316 gE zlwk 317 gE
h{wud jdlq surylghg e| wkh wxuer htxdol}dwlrq rq wkh
wrs ri wkdw1

Y1 GLVFXVVLRQV DQG FRQFOXVLRQV

Lq wklv sdshu zh suhvhqwhg d vfkhph/ zkhuh vlplodu
wr wxuer htxdol}dwlrq whfkqltxh/ zh lwhudwlyho| xs0
gdwh fkdqqho hvwlpdwhv uho|lqj rq gdwd diwhu ghfrghu1
Zh vwxglhg wkh wudgh0r� ehwzhhq wkh uhfhlyhu frp0
soh{lw| dqg wkh shuirupdqfh jdlq surylghg e| gli0
ihuhqw uhfhlyhuv xwlol}lqj lwhudwlyh fkdqqho hvwlpdwlrq
dqg wxuer htxdol}dwlrq whfkqltxhv1 Lw zdv irxqg wkdw
wxuer0hvwlpdwlrq lv ehqh�fldo pdlqo| dw orz VQU/
ru2dqg lq fkdqqhov zlwk odujh ghod| vsuhdg/ surylghg
wkdw ohqjwk ri hvwlpdwlrq dqg ghwhfwlrq zlqgrzv �w
wr wkh fkdqqho uhvsrqvh1
Zh hydoxdwhg lwhudwlyh hvwlpdwlrq dqg htxdol}dwlrq
whfkqltxhv lq JSUV/ zkhuh wxuer htxdol}dwlrq vhhpv
pruh dwwudfwlyh frpsduhg wr vshhfk vhuylfhv ehfdxvh
ri xvhg uhfwdqjxodu lqwhuohdyhu1 Qhyhuwkhohvv/ lw lv
irxqg wkdw lq JSUV lw lv pruh ehqh�fldo wr xsgdwh
fkdqqho hvwlpdwh gxulqj wkh lwhudwlyh surfhvv wkdq
wr xvh pruh frpsoh{ wxuer htxdol}dwlrq whfkqltxh1
Wkh vlpxodwlrq uhvxowv vkrz doprvw 4 gE jdlq lq WX6
dqg KW433 fkdqqhov diwhu rqo| rqh fkdqqho hvwlpdwh
xsgdwh/ dqg rqo| d voljkw lpsuryhphqw lv revhuyhg
e| ixuwkhu wxuer htxdol}dwlrq urxqgv1 Wkh lwhudwlyh
fkdqqho hvwlpdwlrq fdxvhv rqo| d plqru frpsoh{lw|
lqfuhdvh lq fkdqqho hvwlpdwru/ vr wkh frqyhqwlrqdo gh0
whfwru dqg fkdqqho ghfrghu fdq eh xvhg1 Wkh xs0

gdwlqj ri fkdqqho hvwlpdwh pd| eh grqh e| dq dgds0
wlyh surfhgxuh wkdw grhv qrw uhtxluh wkh fdofxodwlrq
ri wkh pdwul{ lqyhuvh1 Dovr qr sudfwlfdo qhhg zdv
irxqg iru vriw ghflvlrqv iurp wkh ghfrghu xqohvv wxuer
htxdol}dwlrq whfkqltxh lv dssolhg1 Zh dovr frqvlghuhg
d ohvv frpsoh{ vroxwlrq/ zklfk h{sorlwv wkh ghwhfwhg
elwv lqvwhdg ri ghfrghg lq wkh fkdqqho vwdwh xsgdw0
lqj dqg wkxv dyrlgv lqwhuohdylqj dqg ghfrglqj surfh0
gxuhv1 Krzhyhu wklv vroxwlrq vhhpv qrw wr eh wkh ehvw
rqh iurp shuirupdqfh0frpsoh{lw| srlqw ri ylhz1
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Ilj151 Yduldqfh ri hvwlpdwh

Ilj161 Whvw fkdqqho

Ilj171 WX6 fkdqqho/ 80wds htxdol}hu1

Ilj18 KW433 fkdqqho/ 80wds htxdol}hu

Ilj191 KW433 fkdqqho/ 90wds htxdol}hu1

Ilj1: WX6 fkdqqho1 Lwhudwlyh fkdqqho hvwlpdwh dqg
wxuer0htxdol}dwlrq1
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