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DEVWUDFW

Wkh sdshu dgguhvvhv wkh hvwlpdwlrq ri deuxsw fkdqjhv
zklfk duh frqwdplqdwhg e| pxowlsolfdwlyh Jdxvvldq qrlvh1
Wkh pdujlqdo phdq d srvwhulrul ru pdujlqdo pd{lpxp
d srvwhulrul hvwlpdwruv fdq eh ghulyhg iru hvwlpdwlqj
wkh srvlwlrq ri d vlqjoh deuxsw fkdqjh1 Krzhyhu/ wkhvh
hvwlpdwruv kdyh rswlpl}dwlrq ru lqwhjudwlrq sureohpv
iru pxowlsoh deuxsw fkdqjhv1 Wkh sdshu vroyhv wkhvh
rswlpl}dwlrq sureohpv e| xvlqj Pdunry Fkdlq Prqwh
Fduor phwkrgv1

41 LQWURGXFWLRQ

Lqfuhdvlqj lqwhuhvw lv ehlqj vkrzq lq pdq| vljqdo surfhvv0
lqj dssolfdwlrqv iru deuxsw fkdqjh hvwlpdwlrq dqg gh0
whfwlrq1 Wkhvh dssolfdwlrqv lqfoxgh vhjphqwdwlrq/ idxow
ghwhfwlrq ru prqlwrulqj +iru dq ryhuylhz vhh ^4` dqg
uhihuhqfhv wkhuhlq,1 Prvw ri wkhvh vwxglhv kdyh ehhq
fduulhg rxw iru vljqdov frqwdplqdwhg e| dgglwlyh qrlvh1
Krzhyhu/ wkh revhuyhg surfhvv fdq dovr eh fruuxswhg e|
pxowlsolfdwlyh qrlvh1 Vrph h{dpsohv ri pxowlsolfdwlyh
qrlvh rffxu lq lpdjh surfhvvlqj +vshfnoh, ru frppxql0
fdwlrq +idglqj fkdqqhov,1 Wklv sdshu irfxvhv rq hgjh
ghwhfwlrq lq V|qwkhwlf Dshuwxuh Udgdu +VDU, lpdjhv
frqwdplqdwhg e| pxowlsolfdwlyh vshfnoh qrlvh1

Deuxsw fkdqjh dqg qrlvh sdudphwhuv fdq eh hvwl0
pdwhg xvlqj wkh Pd{lpxp Olnholkrrg +PO, phwkrg
^43`1 Krzhyhu/ wkh uhvxowlqj Pd{lpxp Olnholkrrg Hv0
wlpdwru +POH, kdv vhulrxv olplwdwlrqv/ hvshfldoo| zkhq
pxowlsoh deuxsw fkdqjhv rffxu1 Iluvw/ vlqfh qr sulru
nqrzohgjh derxw wkh sdudphwhuv lv xvhg/ wkh PO hv0
wlpdwhv pd| olh rxwvlgh wkh uhdolvwlf sdudphwhu udqjh1
Vhfrqg/ wkh POH lv vhqvlwlyh wr ryhu0sdudphwul}dwlrq
^;`1 Ilqdoo|/ wkh POH fdq idfh rswlpl}dwlrq sureohpv1
Wklv sdshu xvhv Ed|hvldq lqihuhqfh iru deuxsw fkdqjh
orfdwlrq hvwlpdwlrq1 Wkh pdujlqdo srvwhulru sured0
elolw| ghqvlw| ixqfwlrq +sgi, ri deuxsw fkdqjh orfd0
wlrqv lv xvhg wr ghulyh wkh Pdujlqdo PHdq D Srvwh0
ulrul +PPHDS, dqg Pdujlqdo PD{lpxp D Srvwhul0
rul +PPDDS, hvwlpdwruv1 Xqiruwxqdwho|/ wkh lpsoh0

phqwdwlrq lv gl�fxow zlwk pxowlsoh deuxsw fkdqjhv1
Pdunry Fkdlq Prqwh Fduor +PFPF, phwkrgv duh wkhq
xvhg wr vlpxodwh wkh pdujlqdo deuxsw fkdqjh orfdwlrq
srvwhulru sgi dqg wr frpsxwh wkh PPHDS dqg PPDDS
hvwlpdwruv1

51 SUREOHP IRUPXODWLRQ

Wkh VSHFwudo DQdo|vlv +VSHFDQ, dojrulwkp +frp0
elqhg zlwk sdudphwulf vshfwudo hvwlpdwlrq, zdv vkrzq
wr r�hu vsdwldo uhvroxwlrq lpsuryhphqw dqg vshfnoh qrlvh
uhgxfwlrq ^6`^9`1 Wkh VSHFDQ shuirupv d olqh0e|0olqh
surfhvvlqj ri wkh VDU lpdjh1 Iroorzlqj wkh frqyhq0
wlrqdo VDU surfhvvru +l1h1 pdwfkhg �owhu . VSHFDQ,/
wkh uhfhlyhg vljqdo fdq eh prghoohg e|=

{q @ eqvq q @ 4> ===> Q +4,

eq> vq dqg {q duh wkh pxowlsolfdwlyh qrlvh/ wkh xqfru0
uxswhg dqg fruuxswhg olqh ri wkh VDU lpdjh uhvshf0
wlyho|1 Wkh surshuwlhv ri eq dqg vq lq VDU lpdjh
surfhvvlqj duh gh�qhg e|=

� Wkh whuudlq uh�hfwlylw| lv xvxdoo| prghoohg e| d
frpsoh{ udqgrp yduldeoh zkrvh uhdo dqg lpdjlqdu|
sduwv duh }hur0phdq Jdxvvldq +frqvlghulqj wkh yhu|
odujh qxpehu ri lpdjh fhoov lq wkh udgdu �hog ri ylhz
dqg lqyrnlqj wkh fhqwudo olplw wkhruhp ^5`^6`,1 Frqvh0
txhqwo|/ wkh pxowlsolfdwlyh qrlvh eq lv prghoohg e| d
}hur phdq Jdxvvldq yduldeoh zlwk yduldqfh �51

� Wkh xqfruuxswhg olqh ri wkh VDU lpdjh vq fdq
eh prghoohg e| N vwhsv/ zkhq N �hogv zlwk gl�huhqw
uh�hfwlylwlhv duh frqvlghuhg1 Ghqrwh Q dv wkh qxpehu
ri vdpsohv1 Ghqrwh W dv wkh vdpsolqj shulrg dqg pl�4

+zlwk p3 @ 3 dqg pN @ Q, dv wkh vdpsoh srlqw diwhu
zklfk wkhuh lv wkh lwk vxgghq fkdqjh +zlwk dpsolwxgh
Dl, lq wkh vljqdo +l @ 4> ===>N,1 Wkh dfwxdo fkdqjh
orfdwlrqv duh wl @ plW . � / zlwk 3 ? � ? W 1 Wkh
xqfruuxswhg olqh ri wkh VDU lpdjh fdq wkhq eh gh�qhg
e|=

vq @ Dl> q 5 `pl�4>pl` > l @ 4> ===>N +5,
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Wkh sdudphwhu d srvwhulrul suredelolw| ghqvlw| ixqfwlrq
+sgi, lv xvhg lq wkh Ed|hvldq irupdolvp1 Wklv d srvwh0
ulrul sgi lv wkh surgxfw ri wkh olnholkrrg ixqfwlrq frq0
glwlrqhg rq wkh sdudphwhuv dqg wkh sdudphwhu sulruv1
Wkh Jdxvvldq olnholkrrg ixqfwlrq ri { @ +{4> ===> {Q ,

w

+zkhuh w ghqrwhv wudqvsrvlwlrq,/ frqglwlrqhg rq wkh
deuxsw fkdqjh dqg qrlvh sdudphwhuv +l1h1 deuxsw fkdqjh
orfdwlrqv p @ +p4> ===>pN�4,

w/ deuxsw fkdqjh dpsol0
wxghv � @ +�4> ===> �N,w dqg qrlvh vwdqgdug ghyldwlrq
�, lv gh�qhg e|=

s +{m �, @
N�4T

n@3
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l@pn.4
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5��5�5l.4
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+6,

zlwk � @ +�>�w>pw,
w
dqg Vn.4 @

pn.4S

l@pn.4

{5l 1 Wkh sd0

udphwhu sulruv fdq eh fkrvhq xvlqj wkh d srvwhulrul
wudqvirupdwlrq lqyduldqfh sulqflsoh ru wkh d sulrul pd{0
lpxp hqwurs| sulqflsoh dv ghvfulehg lq ^:`1 Krzhyhu/
wkhvh sulruv fdq ohdg wr lqwudfwdeoh frpsxwdwlrqv1 Wklv
vwxg| xvhv wkh iroorzlqj sulruv iru wkh deuxsw fkdqjh
orfdwlrq hvwlpdwlrq sureohp +wkh deuxsw fkdqjh qxp0
ehu lv �uvw dvvxphg nqrzq,= 4, Xqlirup sulruv duh
fkrvhq iru wkh deuxsw fkdqjh dpsolwxghv1 Wkhvh qrq0
lqirupdwlyh sulru ghqvlwlhv h{suhvv ljqrudqfh derxw wkh
ydoxh ri wkh sdudphwhu yhfwru �/ 5, Wkh Mh�uh|*v sulru

iru wkh vwdqgdug ghyldwlrq � lv d frpprq fkrlfh lq
Ed|hvldq hvwlpdwlrq1 Wklv sulru sgi fruuhvsrqgv wr d
xqlirup sgi lq d orjdulwkplf vfdoh/ 6, p lv xqlirup ryhu
doo rughuhg vxevhtxhqfhv ri +4> ===>Q, ri ohqjwk N � 4
+zlwk N ?? Q,1 Xvlqj Ed|hv* wkhruhp/ wkh srvwhulru
sgi ghqvlw| ri wkh sdudphwhuv/ jlyhq wkh gdwd dqg zlwk
wkh suhylrxv sulruv/ fdq eh h{suhvvhg dv=

s +�m{, �
4

�
s +{m �, +7,

zkhuh _�% phdqv _sursruwlrqdo wr%1 Wkh qh{w vwhs lq
wkh sursrvhg Ed|hvldq lqihuhqfh uhpryhv wkh vr fdoohg
_qxlvdqfh sdudphwhuv% e| lqwhjudwlrq ri wkh srvwhulru
sgi ghqvlw| +7, +wklv rshudwlrq lv riwhq uhihuuhg wr pdu0
jlqdol}dwlrq,1 Pdujlqdo lqihuhqfh kdv ehhq xvhg vxf0
fhvvixoo| lq vljqdo surfhvvlqj/ pdlqo| ehfdxvh lw uhgxfhv
wkh Ed|hvldq lqihuhqfh frpsoh{lw|1 Xvlqj wkh jdppd
lqwhjudo � +w, @

U .4
3 xw�4h�x gx/ wkh iroorzlqj uhvxow

fdq eh rewdlqhg=

s +pm{, �
N�4\
n@3

�

�
on.4 � 4

5

�
+Vn.4,

+4�on.4,@5 +8,

zkhuh on.4 @ pn.4 �pn1 Wkh pdujlqdo sgi s +pm{,
lv xvhg wr ghulyh wkh PPHDS dqg PPDDS hvwlpd0
wruv/ lq wkh fdvh ri d vlqjoh deuxsw fkdqjh1 Krzhyhu/
zkhq pxowlsoh deuxsw fkdqjhv rffxu/ wkhvh wzr hvwl0
pdwruv idfh lqwhjudwlrq ru rswlpl}dwlrq sureohpv1 Iru
lqvwdqfh/ wkh lpsohphqwdwlrq ri wkh PPDDS hvwlpdwru
uhtxluhv wr h{dplqh doo srvvleoh deuxsw fkdqjh frq�jx0
udwlrqv1 Wkh qxpehu ri wkhvh frq�jxudwlrq lv FN�4

Q

@ Q $
+N�4,$+Q�N.4,$ / zklfk fdq eh yhu| odujh +iru lq0

vwdqfh F8
833 � 43<,1 Frqvhtxhqwo|/ lw lv qrw dozd|v

ihdvleoh wr h{dplqh doo srvvleoh deuxsw fkdqjh frq�j0
xudwlrqv1 Pruhryhu/ wkh sureohp lv pxfk pruh frp0
solfdwhg zkhq wkh deuxsw fkdqjh qxpehu lv xqnqrzq/
vlqfh wkh pdujlqdo ghqvlw| kdv wr pd{lpl}hg zlwk uh0
vshfw wrp dqgN1 Wr frsh zlwk wkh suhylrxv sureohpv/
wkh qh{w vhfwlrq sursrvhv d vlpxodwlrq dssurdfk xvlqj
Pdunry Fkdlq Prqwh Fduor +PFPF, phwkrgv1

71 VLPXODWLRQ XVLQJ PFPF

Wklv vhfwlrq dgguhvvhv wkh Ed|hvldq hvwlpdwlrq ri wkh
qxpehu dqg wkh orfdwlrq ri pxowlsoh deuxsw fkdqjhv
+gh�qhg lq ht1 +5,, xvlqj PFPF phwkrgv1 Qrwh wkdw
wkh deuxsw fkdqjh qxpehu lv xqnqrzq1 Gh�qh dq lq0
glfdwru yhfwru $ @ +$4> ===> $Q ,

w vxfk wkdw=

�
$m @ 4 li wkhuh lv dq deuxsw fkdqjh dw odj m
$m @ 3 rwkhuzlvh

+9,

Wkh qxpehu ri deuxsw fkdqjhv lv d ixqfwlrq ri $ 5

 @ i3> 4jQ vlqfh
QS
m@4

$m @ N � 41 Frqvhtxhqwo|/ wkh

Jdxvvldq olnholkrrg ixqfwlrq frqglwlrqhg wr wkh sdud0
phwhu yhfwru � @ +�>�w>pw>N,

w
+gh�qhg lq ht1 +6,,

fdq eh h{suhvvhg dv d ixqfwlrq ri wkh sdudphwhuv �> �
dqg $1 Ghqrwh dv s+{m�>�> $, wkh fruuhvsrqglqj frqgl0
wlrqdo sgi1 Wkh Mh�uh|*v dqg xqlirup sulruv duh xvhg
iru wkh qrlvh vwdqgdug ghyldwlrq dqg wkh deuxsw fkdqjh
dpsolwxghv/ dv suhylrxvo|1 Wkh udqgrp yduldeohv $m duh
dvvxphg lqghshqghqw zlwk Ehuqrxool sulruv zlwk sdud0
phwhu �1 Wkh pdujlqdo srvwhulru ghqvlw| hs +$m{, fdq
wkhq eh hdvlo| ghwhuplqhg +xvlqj Ed|hv wkhruhp,1 D
Pdunry fkdlq �q @ +�q

l ,l@4===Q lv frqvwuxfwhg rq 
e| wkh Phwursrolv0Kdvwlqjv dojrulwkp zlwk vwdwlrqdu|
glvwulexwlrq hs +$m{,1 D fkdlq hohphqw lv d yhfwru ri wkh
irup �q+$,1 Wkh Pdunry fkdlq lv frqvwuxfwhg dv iro0
orzv= 4, wkh fkdlq vwduwv iurp d udqgrp vwduwlqj srlqw
�3 5 / 5, d ydoxh }q.4 lv gudzq iurp t+}q.4m�q,/
zkhuh t lv dq duelwudu| wudqvlwlrq suredelolw| ixqfwlrq
rq / 6, }q.4 lv wkhq dffhswhg dv �q.4 zlwk suredelo0
lw|=



�
�
�q> }q.4

�
@ plq

+
4>
hs+}q.4m{,t ��qm}q.4

�
hs+�qm{,t +}q.4m�q,

,
+:,

ru htxlydohqwo|/ li Udqg lv wkh rxwfrph ri d xqlirup
gudzlqj rq ^3>4`=+

�q.4 @ }q.4 li Udqg ?
hs+}q.4m{,t+�qm}q.4,
hs+�qm{,t+}q.4m�q,

�q.4 @ �q rwkhuzlvh
+;,

Lw lv zhoo0nqrzq wkdw hs +$m{, lv wkh vwdwlrqdu| dqg dv0
|pswrwlf glvwulexwlrq ri �q/ li t+�

3

m�, lv luuhgxfleoh

dqg dshulrglf1 Lq rwkhu zrugv/ �q g
$

q$4
�4/ zkhuh

g
$ ghqrwhv wkh frqyhujhqfh lq glvwulexwlrq dqg hs +$m{,
lv wkh glvwulexwlrq ri �41 Diwhu d vx�flhqwo| orqj +vr0
fdoohg, exuq0lq/ Pdunry Fkdlq hohphqwv �q fdq eh xvhg
wr dssur{lpdwh wkh PPDDS dqg PPHDS hvwlpdwruv1
Ghqrwh dv QPF dqg Qel wkh wrwdo qxpehu ri Pdunry
Fkdlq uxqv dqg wkh qxpehu ri exuq0lq lwhudwlrqv1 Wkh
hujrglf wkhruhp iru Pdunry fkdlqv +dqdorj ri wkh odz
ri Odujh Qxpehuv, |lhogv=

�
QPF

@
4

QPF �Qel

QPF�Qel[
q@4

�q g
$

QPF$4

H^�4`

+<,

Ht1 +<, vkrzv wkdw �
QPF

lv d jrrg dssur{lpdwlrq ri
H^�4` @ +H^�4

4
`> ===> H^�4

Q
`,w/ iru d odujh qxpehu ri

Pdunry Fkdlqv uxqv QPF 1 Qrwh wkdw H^�4
l
` lv wkh

suredelolw| ri dq deuxsw fkdqjh dw odj l/ frqglwlrqhg
rq wkh revhuydwlrq yhfwru {1 Frqvhtxhqwo|/ wkh yhfwru

�
QPF

@
�
�4

QPF
> ===>�Q

QPF
�w

surylghv dq hvwlpdwh

ri wkh suredelolwlhv H^�4
l
`1 Wkh dojrulwkp xvhg lq wkh

Pdunry Fkdlq frpelqhv gl�huhqw fkrlfhv ri wudqvlwlrq
suredelolwlhv t lq wklv lpsohphqwdwlrq= 4, wkh lqghshq0
ghqfh vdpsohu gh�qhg e| t+�

3

m�, @ t+�
3

, lv frqvlghuhg
+wkh fdqglgdwhv duh gudzq lqghshqghqwo| ri wkh fxuuhqw
orfdwlrq �,1 Iru rxu h{shulphqw/ t lv d Ehuqrxool glv0
wulexwlrq +zlwk sdudphwhu � @ 4

4.h
� dqg � @ 8, iru

hdfk deuxsw fkdqjh/ 5, _eluwk% ru _ghdwk% ri fkdqjhv
+vhh ^8`,/ 6, vkliwhg deuxsw fkdqjh orfdwlrqv1 Wr hq0
vxuh frqyhujhqfh/ wkh Pdunry fkdlq dvvrfldwhg zlwk t

lv uhyhuvleoh lq hdfk ri wkh wkuhh surfhgxuhv +vhh ^8`,1
Fkrlfh ri gl�huhqw wudqvlwlrq suredelolwlhv t lqfuhdvhv
wkh frqyhujhqfh vshhg vlqfh hyhu| vwdwh fdq eh ylvlwhg
lq ihz lwhudwlrqv1

81 VLPXODWLRQ UHVXOWV

Pdq| vlpxodwlrqv kdyh ehhq frqgxfwhg wr ydolgdwh wkh
suhylrxv wkhruhwlfdo uhvxowv1 Wklv sdshu �uvw frqvlg0
huv dq lghdo vwhs pxowlsolhg e| d zklwh Jdxvvldq qrlvh1

Wklv vljqdo |lhogv vlpxowdqhrxv phdq dqg yduldqfh mxps1
Wkh vljqdo dqg qrlvh sdudphwhuv duh Q @ 4357/ � @
+4>4 .D,w/ p @ Q@5 dqg � @ 41 Wkh PFPF ds0
surdfk lv qrw xvhixo lq wklv sduwlfxodu fdvh1 Lqghhg/
wkh PPHDS dqg PDDS hvwlpdwruv fdq eh ghulyhg xv0
lqj wkh pdujlqdo srvwhulru sgi s +pm{, gh�qhg lq ht1
+8,1 Ilj1 41 vkrzv d sorw ri oq s +pm{, iru wkh suhyl0
rxv vljqdo dqg qrlvh sdudphwhuv1 Wkh deuxsw fkdqjh
srvlwlrq PPDDS hvwlpdwh lv ep @ 845/ iru wklv sdu0
wlfxodu uhdol}dwlrq1 Ilj1 5 vkrzv wkh deuxsw fkdqjh
srvlwlrq PPDDS hvwlpdwh klvwrjudp/ frpsxwhg iurp
833 Prqwh Fduor uxqv1 Erwk �jxuhv vkrz wkh jrrg
shuirupdqfh ri wkh Ed|hvldq hvwlpdwru1
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Ilj1 51 Klvwrjudp ri PPDDS hvwlpdwhv

Wkh PPDDS hvwlpdwru shuirupdqfh +phdq vtxduh
huuru +PVH,, lv ghslfwhg lq �j1 6 dv d ixqfwlrq ri wkh
qxpehu ri vdpsohv iru gl�huhqw vwhs dpsolwxghv1 Re0
ylrxvo|/ wkh hvwlpdwru shuirupdqfh lqfuhdvhv zlwk wkh
vwhs dpsolwxgh dqg wkh qxpehu ri vdpsohv +h{fhsw iru
D @ 3=4 zkhuh wkh PVH lv wrr odujh wr eh vljql�fdqw,1
Wklv �uvw dqdo|vlv vkrzv wkdw wkh srvlwlrq ri d vwhs
zlwk dpsolwxgh D � 3=8 fruuxswhg e| d pxowlsolfdwlyh
zklwh qrlvh +zlwk yduldqfh �5 @ 4, fdq eh hvwlpdwhg
zlwk jrrg shuirupdqfh1
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Ilj1 61 Ed|hvldq Hvwlpdwh PVH

Vlpxodwlrqv duh wkhq suhvhqwhg iru d vljqdo vxe0
mhfwhg wr pxowlsoh deuxsw fkdqjhv dqg frqwdplqdwhg
e| pxowlsolfdwlyh zklwh Jdxvvldq qrlvh1 Wkh vljqdo dqg
qrlvh sdudphwhuv duhQ @ 833/p @ +433>483> 633> 783,w/
� @ +4=3> 6=8>3=8> 6=9>3=9,w dqg �5 @ 41 D sduwlfxodu
uhdol}dwlrq ri wklv vljqdo lv sorwwhg lq �j1 7 +deryh,1
D Pdunry fkdlq zlwk lqyduldqw glvwulexwlrq hs +$m{,

lv vlpxodwhg1 Wkh yhfwru �
QPF

/ zklfk hvwlpdwhv wkh
suredelolw| ri dq deuxsw fkdqjh dw hdfk odj/ lv sorw0
whg lq �j1 7 +ehorz,1 Wklv uhvxow zdv rewdlqhg iru
QPF @ 6<3 +63 exuq0lq lwhudwlrqv dqg 433 frpsxwd0
wlrq lwhudwlrqv iru hdfk wudqvlwlrq suredelolw|,/ zklfk
rqo| wdnhv derxw 8 plqxwhv rq d SF Shqwlxp 466Pk}
lq Pdwode1
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Ilj1 71 Deuxsw Fkdqjh Srvlwlrq Hvwlpdwh

Fohduo|/ d vxlwdeoh wkuhvkrog doorzv wkh hvwlpdwh ri
wkh deuxsw fkdqjh srvlwlrqv1 Lw lv lqwhuhvwlqj wr qrwh
wkdw wkh wrwdo vlpxodwlrq wlph +exuq lq . frpsxwdwlrq

ri �
QPF

, lv dssur{lpdwho| 8 plqxwhv rq d shqwlxpWkh
fhqwudo olplw wkhruhp iru hujrglf dyhudjhv fdq eh xvhg
wr rewdlq txdqwlwdwlyh uhvxowv iurp PFPF rxwsxw1 Lq0
ghhg/ xqghu d jhrphwulfdoo| hujrglf frqyhujhqfh +vhh
fkdswhu 7 lq ^7`,/ wkh Pdunry fkdlq �q @ +�q

l ,l@4>===>Q
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Wkh gl�fxow sureohp ri hvwlpdwlqj �5
l
lv uhylhzhg lq

^7` dqg lv fxuuhqwo| xqghu lqyhvwljdwlrq1

91 FRQFOXVLRQ

Ed|hvldq lqihuhqfh zdv xvhg vxffhvvixoo| wr hvwlpdwh
wkh srvlwlrq ri deuxsw fkdqjhv hpehgghg lq pxowlsolfd0
wlyh zklwh Jdxvvldq qrlvh1 Wkh pdujlqdo pd{lpxp d
srvwhulrul hvwlpdwru vkrzhg jrrg shuirupdqfh iru vlq0
joh deuxsw fkdqjh hvwlpdwlrq1 Xqiruwxqdwho|/ wkh lp0
sohphqwdwlrq lv gl�fxow iru pxowlsoh deuxsw fkdqjhv1
Lqvwhdg/ wkh Phwursrolv Kdvwlqjv dojrulwkp zdv xvhg
wr vlpxodwh Pdunry fkdlqv zkrvh lqyduldqw glvwulexwlrq
zdv wkh pdujlqdo d srvwhulrul deuxsw fkdqjh sgi +frq0
glwlrqdoo| wr wkh revhuydwlrq yhfwru,1 Wkh dojrulwkp
surylghg dq hvwlpdwh ri wkh suredelolw| ri dq deuxsw
fkdqjh dw hdfk odj1 Frpsdulvrq ri wkhvh suredelolwlhv
wr d frqyhqlhqw wkuhvkrog doorzhg wkh deuxsw fkdqjh
srvlwlrqv wr eh hvwlpdwhg1

Dfnqrzohgjphqwv

Wkh dxwkruv zlvk wr wkdqn P1 Odylhooh iru klv khos0
ixo glvfxvvlrq1
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