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DEVWUDFW

Pxowlsdwk glvwruwlrq dqg pxowlsoh dffhvv lqwhuihuhqfh

duh pdmru olplwdwlrqv iru wkh shuirupdqfh ri zluhohvv

FGPD v|vwhpv1 Lq rughu wr ryhufrph erwk sureohpv/ d

edvh0vwdwlrq dqwhqqd duud| UDNH uhfhlyhu lv sursrvhg

lq wklv sdshu1 Hdfk rqh ri wkh pdlq sursdjdwlrq sdwkv

lv dvvljqhg wr rqh ri wkh eudqfkhv ri wkh UDNH uhfhlyhu1

Diwhu uhprylqj wkh vsuhdglqj vhtxhqfh iurp wkh vhohfwhg

sdwkv/ wkh gh0vsuhdg vljqdov duh xvhg wr hvwlpdwh wkh

vsdwldo vljqdwxuh ri wkh sdwkv dqg wkh uhfhlyhg srzhu dw

hdfk rqh ri wkhp1 Qr wudlqlqj vljqdo qru dq| d sulrul

vsdwldo lqirupdwlrq lv uhtxluhg iru wkh hvwlpdwlrq1 Di0

whu hvwlpdwlqj wkh sdwk vsdwldo vljqdwxuhv/ dq vshfl�f

zhljkw yhfwru fdq eh frpsxwhg iru hdfk xvhu1 Lq dggl0

wlrq wr wkh pxowlsdwk frpelqdwlrq/ wklv zhljkw yhfwru lv

deoh wr fdqfho wkh lqwhuihuhqfh iurp rwkhu xvhuv/ dfklhy0

lqj vxevwdqwldo urexvwqhvv djdlqvw idglqj dqg qhdu0idu

h�hfw dw wkh vdph wlph1

4 LQWURGXFWLRQ

Pxowlsdwk glvwruwlrq suhvhqwv d pdmru olplwdwlrq iru wkh

shuirupdqfh ri zluhohvv FGPD v|vwhpv1 Wkh frpprq

dssurdfk wr frpedw pxowlsdwk lqwhuihuhqfh lv wr hp0

sor| dq lqghshqghqw/ vlqjoh0xvhu UDNH uhfhlyhu iru hdfk

xvhu1 Wkh UDNH uhfhlyhu frpelqhv wkh gl�huhqw pxo0

wlsdwk duulydov ri wkh ghvluhg xvhu1 Vr/ lqvwhdg ri pxo0

wlsdwk ehlqj d vrxufh ri shuirupdqfh ghjudgdwlrq/ wkh

pxowlsoh sdwkv duh xvhg wr surylgh wkh ehqh�w ri glyhu0

vlw| ^4`1 Wkh sureohp ri wkh UDNH uhfhlyhu/ zklfk lv

rswlpdo lq wkh devhqfh ri pxowlsoh dffhvv lqwhuihuhqfh

+PDL,/ lv wkdw vx�huv iurp qhdu0idu h�hfw lq wkh suhv0

hqfh ri wkhvh lqwhuihulqj vljqdov1 Pruhryhu/ li wkh vhoi lq0

whuihuhqfh gxh wr pxowlsdwk lv qrw orz hqrxjk diwhu wkh

ghvsuhdglqj/ wkh UDNH fdq shuirup hyhq zruvh wkdq

wkh frqyhqwlrqdo uhfhlyhu +wkdw lv rqh �owhu pdwfkhg wr

wkh �uvw sdwk,1

D gl�huhqw dssurdfk wr holplqdwh wkh glvwruwlrq gxh

wr pxowlsdwk lv wkh xvh ri dqwhqqd duud|v dw wkh edvh0

vwdwlrq1 Dqwhqqd duud|v fdq frpedw pxowlsdwk lvrodw0

lqj wkh vljqdo iurp d vlqjoh sursdjdwlrq sdwk edvhg rq
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lwv gl�huhqw vsdwldo vljqdwxuh iurp xqghvluhg pxowlsdwk1
Ixuwkhupruh/ wkh dqwhqqd duud| fdq vxssuhvv lqwhuihulqj
vljqdov +ryhufrplqj wkh qhdu0idu sureohp, dqg surylgh
dovr vsdwldo glyhuvlw| wr frpedw idglqj lq wkh vlqjoh lvr0
odwhg sdwk ^5`1 Qhyhuwkhohvv/ wkh xvh ri d sxuh vsdwldo
surfhvvlqj grhv qrw wdnh dgydqwdjh ri wkh whpsrudo gl0
yhuvlw| r�huhg e| pxowlsdwk sursdjdwlrq/ h{sorlwhg e|
wkh UDNH uhfhlyhu1
Lq rughu wr frpelqh wkh dgydqwdjhv ri erwk whpsr0

udo dqg vsdwldo surfhvvlqj/ d edvh0vwdwlrq dqwhqqd duud|0
UDNH uhfhlyhu lv sursrvhg lq wklv sdshu1 Wkh sursrvhg
uhfhlyhu h{sorlwv wkh vsdwldo vwuxfwxuh lq wkh pxowlsdwk
uhfhlyhg vljqdo lq dgglwlrq wr wkh wlph glyhuvlw| wr sur0
ylgh d pruh h�flhqw frpelqlqj ri wkh gl�huhqw sursd0
jdwlrq sdwkv1

5 VLJQDO PRGHO

Wkh v|vwhp xqghu frqvlghudwlrq lv d N0xvhu dv|qfkur0

qrxv GV0FGPD v|vwhp xvlqj ESVN prgxodwlrq dqg

rshudwlqj ryhu d iuhtxhqf| vhohfwlyh fkdqqho1 Wkh edvh0

edqg vljqdo iru wkh n0wk xvhu lv
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gn ^p` en+w�pW , +4,

wkh gdwd vwuhdp gn ^p` 5 i.4>�4j lv sxovh dpsolwxgh

prgxodwhg e| d vsuhdglqj vhtxhqfh en+w,/ zlwk en+w, @ 3

iru w @5 i3> Wj dqg W wkh elw wlph1 Wkh uhfhlyhg edvhedqg

vljqdo yhfwru fruuhvsrqglqj wr xvhu n lv

{+w, @
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sn>uvn+w � �n>u,dn>u+w, . q+w, +5,

q+w, lv wkh qrlvh yhfwru dw wkh duud| lqsxw1 Wkh qrlvh

lv frqvlghuhg zklwh Jdxvvldq/ xqfruuhodwhg dprqj gli0

ihuhqw vhqvruv dqg zlwk wkh vdph srzhu vshfwudo ghqvlw|

Q3 Z@K} iru doo ri wkhp1 Rq wkh rwkhu kdqg sn>u/ �n>u
dqg dn>u duh uhvshfwlyho| wkh uhfhlyhg srzhu/ wkh surs0

djdwlrq ghod| dqg wkh vwhhulqj yhfwru zlwk glphqvlrq

htxdo wkh qxpehu ri vhqvruv P / doo iru wkh u0wk sdwk

ri wkh n0wk xvhu1 Wkh U sdwkv prgho vwhpv iurp wkh

idfw wkdw vsuhdg vshfwuxp vljqdolqj zlwk d wudqvplwwhg

vljqdo edqgzlgwk zlghu wkdq wkh frkhuhqfh edqgzlgwk



ri wkh fkdqqho doorzv wkh pxowlsdwk frpsrqhqwv wr eh

uhvroyhg1 Wkh qxpehu ri sdwkv U pd| eh dvvxphg wr

eh hlwkhu �{hg ru udqgrpo| fkdqjlqj1 Iru wkh vdnh ri

fodulw| lq wkh irupxodwlrq/ d �{hg ydoxh iru U lv dvvxphg

lq wklv sdshu iru doo wkh xvhuv1 Wkh uhvroydeoh pxowlsdwk

frpsrqhqwv fdq eh wkhpvhoyhv d olqhdu frpelqdwlrq ri

vhyhudo xquhvroydeoh sdwkv1 Wkhq/ zh fdoo dn>u+w, wkh
vsdwldo vljqdwxuh iru wkh u0wk sdwk ri wkh n0wk vljqdo1

Wklv yhfwru pd| eh wlph0ydu|lqj gxh wr wkh frpelqhg

h�hfw ri pxowlsdwk dqg Grssohu1 Khuh/ dn>u lv dvvxphg

wr eh vorzo| ydu|lqj frpsduhg wr wkh v|pero wlph/ vr

wkdw lw lv frqvwdqw ryhu vhyhudo v|pero gxudwlrqv1

6 SURSRVHG DSSURDFK

Wkh sursrvhg uhfhlyhu/ vkrzq lq �jxuh 4/ frqvlvwv ri dq
dqwhqqd duud| iroorzhg e| d edqn ri pxowlsdwk surfhvv0
lqj eorfnv/ rqh iru hdfk xvhu1 Hyhu| eorfn frqwdlqv U
eudqfkhv1 Hdfk rqh ri wkh U pdlq sdwkv ri wkh fruuh0
vsrqglqj xvhu lv dvvljqhg wr rqh ri wkh eudqfkhv1 Wkh
�uvw rshudwlrq lq hdfk eudqfk lv wr uhpryh wkh vsuhdglqj
frgh vljqdo/ e| phdqv ri d pdwfkhg �owhu ru d fruuhodwru
v|qfkurql}hg wr wkh fruuhvsrqglqj sdwk +vhh �jxuh 5,1
Lq d w|slfdo UDNH uhfhlyhu wkh gh0vsuhdg vljqdov fruuh0
vsrqglqj wr wkh ghvluhg xvhu duh dgghg diwhu fdqfhoolqj
ghod| vsuhdg dprqj wkhp dqg dgmxvwlqj wkh skdvhv dqg
ohyhov ri hdfk eudqfk1 Rqh pdmru gl�huhqfh ehwzhhq d
w|slfdo vlqjoh xvhu UDNH uhfhlyhu dqg wkh rqhv lq �jxuh
4 lv wkdw khuh wkh vljqdov wr frpelqh duh yhfwruv zlwk
glphqvlrq P / wkh qxpehu ri duud| vhqvruv1 Dqrwkhu
gl�huhqfh lv wkh idfw wkdw wkh frpelqdwlrq ri wkh vljqdov
fruuhvsrqglqj wr dq vshfl�f xvhu lv fduulhg rxw e| phdqv
ri d zhljkw yhfwru zn +ehdpiruplqj,/ zklfk/ lq dgglwlrq

wr wkh pxowlsdwk frpelqdwlrq/ fdqfhov wkh lqwhuihuhqfh

iurp rwkhu xvhuv1 Wkh vxlwdeoh zhljkw yhfwru iru hdfk

ehdpiruplqj lv frpsxwhg xvlqj mxvw wkh lqirupdwlrq dw

wkh rxwsxw ri wkh pdwfkhg �owhuv1 Wkxv/ qr wudlqlqj

vljqdo qru d sulrul vsdwldo lqirupdwlrq lv uhtxluhg1

Vlplodu vfkhphv kdyh ehhq sursrvhg lq wkh olwhudwxuh

^6`/ ^8`1 Qhyhuwkhohvv/ wkhvh dssurdfkhv zrun lq d gli0

ihuhqw zd| dv wkh rqh suhvhqwhg khuh/ vlqfh wkh diruh0

phqwlrqhg phwkrgv gr qrw frqvlghu PDL dqg wkh| qhhg
wr frpsxwh wkh vsdwldo dxwrfruuhodwlrq pdwul{ iru hdfk

sdwk ehiruh wkh ghvsuhdglqj1 Wkh uhfhlyhu sursrvhg lq

wklv sdshu fdq eh vhhq dv wkh zlghedqg yhuvlrq ri wkh

rqh sursrvhg lq ^7` iru iuhtxhqf| qrq0vhohfwlyh fkdqqhov/

zlwk wkh dgglwlrq ri wkh pxowlsdwk surfhvvlqj eorfnv dqg
ixuwkhu vljqdo frpelqdwlrqv1 Qhyhuwkhohvv/ ghvslwh ri wkh

sklorvrsk| ri erwk dssurdfkhv lv vlplodu/ wkh sureohp

qrz frqvlghuhg suhvhqwv vrph qhz lpsruwdqw dvshfwv

zklfk zloo eh srlqwhg odwhu rq1

Diwhu wkh ghvsuhdglqj rshudwlrq/ zh glvsrvh ri NU

vhsdudwhg vljqdo yhfwruv1 Hdfk rqh ri wkhp frqwdlqv lq0

irupdwlrq derxw wkh pxowlsdwk vljqdov ri wkh N xvhuv1

Iurp qrz rq/ zh zloo dvvxph wkdw wkhvh yhfwruv duh ru0
ghuhg dv lqglfdwhg lq �jxuh 41 Wkh �uvw U vljqdo yhfwruv

fruuhvsrqg wr wkh �uvw xvhu/ wkh qh{w U rqhv fruuhvsrqg

wr wkh vhfrqg xvhu dqg vr rq1 Wkhq/ wkh o0wk vljqdo yhf0

wru lv
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Iljxuh 4= Pxowlxvhu0Pxowlvhqvru sursrvhg vfkhph
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Iljxuh 5= Pxowlsdwk surfhvvlqj eorfn iru hdfk xvhu

Dv iru iuhtxhqf| qrq0vhohfwlyh fkdqqhov ^7`/ d P �P

vsdwldo fruuhodwlrq pdwul{ lv frpsxwhg dw hdfk eudqfk=
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Vwdfnlqj doo wkhvh fryduldqfhv pdwulfhv/ wkh NUP �P

pxowlxvhu fryduldqfh pdwul{ lv jhqhudwhg=
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Diwhu vrph dojheudlf pdqlsxodwlrq wkh deryh pdwul{ fdq

eh zulwwhq lq d yhu| frpsdfw zd|
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lv d qrlvh pdwul{/ LP lv

wkh lghqwlw| pdwul{ zlwk glphqvlrq P � P 1 Pdwul{

V fdq eh sduwlwlrqhg lqwr NU udqn rqh pdwulfhv zlwk

glphqvlrq P �P1 Hdfk rqh ri wkhvh pdwulfhv lv wkh

rxwhu surgxfw ri wkh vsdwldo vljqdwxuh ri rqh sursdjdwlrq

sdwk1 Wkh sduwlwlrq fruuhvsrqglqj wr wkh u0wk sdwk ri

wkh n0wk xvhu lv=

Vn>u @ sn>udn>ud
K
n>u n @ 4 = = =N> u @ 4 = = =U +:,



Wkh srvlwlrq ri wkh deryh vxepdwul{ lq V lv l @ +n �

4,U. u=

Rq wkh rwkhu kdqg/ pdwul{ W fdq eh sduwlwlrqhg lqwr

+U� 4,U@5 pdwulfhv shu xvhu1 Hdfk rqh frqwdlqv wkh

rxwhu surgxfw ri wzr sdwkv fruuhvsrqglqj wr d vdph xvhu1

Wkh sduwlwlrq iru wkh sdwkv u dqg u
3

ri wkh n�wk xvhu lv=
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zkhuh wkh srvlwlrq l lqfuhdvhv e| rqh zlwk hdfk ydoxh ri

n> u dqg u31 Wkh frqwulexwlrq ri V dqg W wr U
}
ghshqgv

rq wkh dxwrfruuhodwlrqv dqg furvv0fruuhodwlrqv ri wkh

frghv1 Wklv lqirupdwlrq lv frqwdlqhg lq pdwul{E dqgF>

zkrvh hohphqwv duh shuihfwo| nqrzq surylghg wkdq wkh

frghv duh v|qfkurql}hg1 Gxh wr wkh odfn ri vsdfh/ wkh h{0

solflw h{suhvvlrq iru wkhvh hohphqwv lv qrw ghslfwhg khuh/

exw lw fdq eh ghulyhg iurp wkh fryduldqfh pdwulfhvU}o}o

^7`1 Wkhuh lv dq h{wud whup lq ht1 +9, zkhq frpsduhg

zlwk wkh vlplodu htxdwlrq lq wkh iuhtxhqf| qrq0vhohfwlyh

fdvh ^7`1 Wklv whup lv +F LP,W dqg vwhpv iurp wkh

furvv0fruuhodwlrqv ehwzhhq wkh sdwkv fruuhvsrqglqj wr

d vdph xvhu1 Ixuwkhupruh/ pdwul{
�
E F

�
lv qrw d

vtxduh pdwul{1 Wkxv/ wkh qrq0vhohfwlyh iuhtxhqf| sur0

fhgxuh ri ^7` fdq qrw eh vwudljkw xvhg1 Lw lv qhfhvvdu|

wr pdnh xvh ri N+U� 4,U@5 dgglwlrqdo ghjuhhv ri iuhh0

grp1 Wkh frpsxwdwlrq ri wkhvh qhz htxdwlrqv lv srvvl0

eoh wkdqnv wr wkh juhdw dprxqw ri lqirupdwlrq dydlodeoh

dw wkh uhfhlyhu gxh wr wkh kljko| vwuxfwxuhg pxowlxvhu

vljqdo1 Lw fdq eh vkrzq wkdw xvlqj wkh furvv0fryduldqfh

pdwul{ ri wkh vljqdo yhfwruv dw wkh rxwsxw ri wkh �o0

whu pdwfkhg wr dq vshfl�f xvhu dqg frpsxwlqj wkh pd0

wul{
�
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p @ o.4 = = = nU> wkh qhfhvvdu| htxdwlrqv fdq eh irupx0

odwhg1 Vwdfnlqj djdlq wkh qhz pdwulfhv fruuhvsrqglqj

wr hdfk rqh ri wkh N xvhuv/ d frpsohwh htxdwlrq v|vwhp

fdq eh zulwwhq
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zkhuh wkh hohphqwv ri pdwulfhv I dqg J duh/ dv wkh

hohphqwv ri pdwulfhv E dqg F/ d ixqfwlrq ri wkh dxwr0

fruuhodwlrq dqg furvv0fruuhodwlrq ri wkh frghv1

Lw fdq eh vkrzq wkdw pdwul{ hE lv d v|pphwulfdo dqg

d vtxduh pdwul{1 Wkxv pxowlso|lqj iU} e| wkh lqyhuvh ri

wklv pdwul{ lw lv rewdlqhg=
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� hQ +43,

Wkh uhvxowlqj pdwul{ fdq eh ghfrpsrvhg lqwr NU .

NU+U � 4,@5 pdwulfhv ri glphqvlrq P �P> ghqrwhg

dv Po1 Zh duh lqwhuhvwhg rqo| lq wkh �uvw NU rqhv

+P4 = = =PNU,1 Hdfk rqh ri wkhp kdv rqo| rqh vljqdo

hljhqyhfwru zklfk lv wkh vsdwldo vljqdwxuh ri rqh ri wkh

sdwkv1 Zlwk wklv lqirupdwlrq/ wkh olqhdu frqvwudlqhg

ehdpiruphu ^5` qxoov wkrvh xqghvluhg sdwkv dqg vhw xql0

wdu| jdlq iru wkh ghvluhg sdwk1

Wkh qxpehu ri vsdwldo vljqdwxuhv wkdq fdq eh hvwl0

pdwhg zlwk wkh deryh phwkrg lv lqghshqghqw ri wkh

qxpehu ri vhqvruv1 Qhyhuwkhohvv/ wkh qxpehu ri vljqdov

wkdq wkh duud| fdq fdqfho lv qrw1 Kdylqj d qxpehu ri

vhqvruv vpdoohu wkdq wkh qxpehu ri xqghvluhg vljqdov

zloo eh d frpprq vlwxdwlrq lq sudfwlfh1 Wklv lv zkdw zh

fdoo d uhvwulfwhg qxpehu ri ghjuhhv ri iuhhgrp1 Wr wdnh

lqwr dffrxqw rqo| wkrvh lqwhuihuhqfh sdwkv zlwk juhdwhu

srzhu/ zh fdq xvh wkh pd{lpxp VQLU ehdpiruphu iru

hdfk sdwk/ zklfk lv fdofxodwhg dv wkh hljhqyhfwru dvvr0

fldwhg wr wkh pdlq jhqhudol}hg hljhqydoxh ri wkh sdlu ri

pdwulfhv +U
}o}o

>Ulq>o,1 Wr suhyhqw wkh fdqfhoodwlrq ri

wkh ghvluhg vljqdo gxh wr wkh furvv0whupv lq Ulq>o zh

qhhg wr uhhvwlpdwh pdwul{ U}o}o
dv wkh o0wk sduwlwlrq ri

wkh iroorzlqj pdwul{=

eU} @ +E LP ,
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zklfk gl�huv iurp wkh dfwxdo U} lq wkh furvv0whupv dqg

dovr lqwurgxfhv dq voljkw huuru lq wkh qrlvh ohyho1 Wkhq

pdwul{ Ulq>o fdq eh fdofxodwhg dv wkh o0wk sduwlwlrq ri=

Ulq @
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6
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zkhuh �plq iPoj ghqrwhv wkh plqlpxp hljhqydoxh ri

pdwul{ Po=

7 VLPXODWLRQ UHVXOWV

Lq rughu wr lqyhvwljdwh wkh shuirupdqfh ri wkh sursrvhg

ghwhfwru dq dv|qfkurqrxv FGPD v|vwhp zdv vlpxodwhg1
Wkh prgxodwlqj vljqdov lq wklv v|vwhp duh Jrog vh0
txhqfhv zlwk ohqjwk 64 +qxpehu ri fklsv shu v|pero,1
Dv dq h{dpsoh zh looxvwudwh wkh vhsdudwlrq ri wzr xvhuv
+N @ 5, wkdw duh uhfhlyhg wkurxjk wkuhh gl�huhqw surs0
djdwlrq sdwkv +U @ 6, e| dq duud| ri P �25 olqhduo|
vsdfhg vhqvruv 1 Wkh dqjohv ri duulydo/ ghod|v dqg srzhu
uhodwlyh wr wkh qrlvh ohyho iru hdfk sdwk duh uhvshf0
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+hdfk urz fruuhvsrqgv wr dq

xvhu/ hdfk froxpq fruuhvsrqgv wr d sdwk,1 Wkh sursrvhg

uhfhlyhu lv deoh wr hvwlpdwh wkh vl{ vsdwldo vljqdwxuhv zlwk

lqghshqghqfh ri wkh qxpehu ri vhqvruv +P @ ;,1 Zlwk

wklv lqirupdwlrq wkh olqhdu frqvwudlqhg ehdpiruphu lv

deoh wr qxoo doo wkh sdwkv exw wkh rqh ri lqwhuhvw lq hdfk

fdvh +vhh �jxuh 6,/ vlqfh wkh duud| kdv hqrxjk ghjuhhv

ri iuhhgrp wr dffrpsolvk wkdw +P @ ; A NU @ 9,1

Diwhu wkdw/ doo wkh uhvxowlqj vljqdov fruuhvsrqglqj wr d

vdph xvhu duh frkhuhqwo| frpelqhg1 Lq rughu wr suhvhqw d



phdqlqjixo udgldwlrq sdwwhuq zh kdyh frqvlghuhg dq vfh0

qdulr zkhuh wkh uhvroydeoh sdwkv fruuhvsrqg wr d vlqjoh

gluhfwlrq ri duulydo1 Krzhyhu/ vlqfh qr prgho lv dvvxphg

iru wkh vwhhulqj yhfwru/ wkh vdph surfhgxuh fdq eh xvhg

zkhq wkh uhvroydeoh sdwkv duh d frpelqdwlrq ri vhyhudo

xquhvroydeoh gluhfwlrqv ri duulydo1
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Iljxuh 6= �@?Ui**@|�L? Lu |�i hi4@�?�?} �?|ihuihi?Ui �? |�i
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Wkh uhsruwhg h{shulphqw kdv ehhq xvhixo wr vkrz wkh
srwhqwldo ri wkh sursrvhg dssurdfk dv d GRD hvwlpd0
wlrq phwkrg1 Qhyhuwkhohvv/ li wkh qxpehu ri vhqvruv lv
vpdoohu wkdq wkh wrwdo qxpehu ri sdwkv wkh duud| fdqqrw
qxoo hyhu| xqghvluhg vljqdo1 Wkh pd{lpxp VQLU ehdp0

iruphu vhohfwv lpsolflwo| wkrvh xqghvluhg sdwkv zlwk

juhdwhu srzhu1 Iljxuh 7 ghslfwv wkh rxwsxw VQLU iru

wkh �uvw xvhu/ dfklhyhg frpelqlqj lwv sdwkv diwhu wkh

ehdpiruplqj dssurdfk ghvfulehg lq odvw vhfwlrq1
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Irxu vhqvruv +P @ 7, duh frqvlghuhg lq wklv fdvh1 Wkh

uhvxowlqj VQLU lv ghslfwhg dv d ixqfwlrq ri wkh srzhu lq

wkh 4vw sdwk ri wkh 5qg xvhu/ S 1 Wkh srzhu lq wkh rwkhu

wzr sdwkv lv S�8 dqg S�43gE uhvshfwlyho|1 Hdfk sdwk

lv dvvxphg wr eh dq lqghshqghqw Ud|ohljk fkdqqho h{0
fhsw iru wkh UDNH dqg frqyhqwlrqdo uhfhlyhu +Jdxvvldq
fkdqqhov duh frqvlghuhg iru wkhp,1 Dv lw fdq eh vhhq
iurp �jxuh 7/ wkh UDNH uhfhlyhu +0101, rxwshuirupv wkh
frqyhqwlrqdo FGPD uhfhlyhu +0r0,1 Wkh UDNH lv deoh wr
wdnh dgydqwdjh ri wkh lqkhuhqw whpsrudo glyhuvlw| ri wkh
FGPD v|vwhp exw lw lv qrw deoh wr ryhufrph PDL1 Wkh
sursrvhg vfkhph fohduo| rxwshuirupv erwk frqyhqwlrqdo
whfkqltxhv1 Lq wkh vdph �jxuh uhvxowv fruuhvsrqglqj wr
wkh sursrvhg phwkrg duh vkrzq/ xvlqj wkh h{dfw + ,
dqg hvwlpdwhg + , vsdwldo fryduldqfh pdwulfhv1 483
v|perov dw wkh rxwsxw ri wkh pdwfkhg �owhuv kdv ehhq
xvhg wr hvwlpdwh wkhvh pdwulfhv1 Wkh �jxuh vkrzv wkdw/
iru d zlgh pdujlq ri qhdu0idu udwlr/ wkh shuirupdqfh ri
wkh sursrvhg uhfhlyhu lv sudfwlfdoo| wkh vdph zlwk h{dfw
ru hvwlpdwhg fryduldqfh pdwulfhv1 Rqo| iru yhu| kljk
qhdu0idu udwlrv/ erwk fdvhv vwduw wr voljkwo| gl�hu1

8 FRQFOXVLRQV

D qhz edvh0vwdwlrq dqwhqqd duud| UDNH uhfhlyhu kdv
ehhq sursrvhg lq wklv sdshu1 Wkh vsdwldo0whpsrudo
surfhvvlqj fduulhg rxw e| wkh uhfhlyhu surylghv vxe0
vwdqwldo urexvwqhvv djdlqvw idglqj dq qhdu0idu h�hfw
lq iuhtxhqf|0vhohfwlyh FGPD fkdqqhov1 Wkh uhvxowv
ghprqvwudwh vljql�fdqw shuirupdqfh lpsuryhphqw ryhu
wkh UDNH whfkqltxh1 Wklv shuirupdqfh lpsuryhphqw
lv dfklhyhg zlwk qr dgglwlrqdo nqrzohgjh derxw wkh gh0
vluhg vljqdov juhdwhu wkdq wkh rqh uhtxluhg e| wkh UDNH
uhfhlyhu1 Dv qr prgho lv dvvxphg iru wkh vsdwldo vljqd0
wxuhv/ wkh uhfhlyhu lv urexvw wr duud| fdoleudwlrq huuruv1
Iru wkh vdph uhdvrq/ lw fdq eh xvhg zkhq wkh uhvroy0
deoh sdwkv fruuhvsrqg wr rqo| rqh gluhfwlrq ri duulydo
ru zkhq wkh| duh d frpelqdwlrq ri vhyhudo xquhvroydeoh
gluhfwlrqv ri duulydo1
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