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Wkhuh duh hvvhqwldoo| wzr zd|v lq zklfk wkh EPS fdq eh dssurdfkhg/ zhwkhu dv
d judsk ru dv d pdwul{1 Wkh htxlydohqfh ri d judsk dqg d pdwul{ lv pdgh fohdu

e| uhsodflqj wkh qrq}hur hqwulhv ri wkh pdwul{ e| 43v dqg lqwhusuhwlqj wkh uhvxow

dv wkh dgmdfhqf| pdwul{ ri d judsk1
Wkh Pdwul{ Edqgzlgwk Plqlpl}dwlrq Sureohp vhhpv wr kdyh ehhq ruljlqdwhg

lq wkh 4<83*v zkhq vwuxfwxudo hqjlqhhuv �uvw dqdo|}hg vwhho iudphzrunv e| frp0
sxwhu pdqlsxodwlrq ri wkhlu vwuxfwxudo pdwulfhv ^43`^44`1 Lq rughu wkdw rshudwlrqv

olnh lqyhuvlrq dqg �qglqj ghwhuplqdqwv wdnh wkh ohdvw wlph dv srvvleoh/ pdq|

h�ruwv zhuh pdgh wr glvfryhu dq htxlydohqw pdwul{ lq zklfk doo wkh qrq}hur hq0
wulhv zrxog od| zlwklq d qduurz edqg qhdu wkh pdlq gldjrqdo +khqfh wkh whup

_edqgzlgwk%, ^48`1

Wkh EPS iru judskv +EPSJ, zdv sursrvhg lqghshqghqwo| e| Kdushu ^:`
dqg Kdudu| ^9`1 Wklv fdq eh gh�qhg dv �qglqj d odeholqj iru wkh yhuwlfhv ri d

judsk/ zkhuh wkh pd{lpxp devroxwh gl�huhqfh ehwzhhq odehov ri hdfk sdlu ri
frqqhfwhg yhuwlfhv lv plqlpxp1

Irupdoo|/ Ohw J @ +Y>H, eh d �qlwh xqgluhfwhg judsk/ zkhuh Y gh�qhv wkh

vhw ri yhuwlfhv +odehohg iurp 4 wr Q, dqg H lv wkh vhw ri hgjhv1 Dqg d olqhdu od|rxw



� @ i�4> �5> ===> �Qj ri J lv d shupxwdwlrq ryhu i4> 5> ===Qj/ zkhuh �l ghqrwhv wkh
odeho ri wkh yhuwh{ wkdw ruljlqdoo| zdv lghqwl�hg zlwk wkh odeho l1 Wkh edqgzlgwk

� ri J iru d od|rxw � lv=

�� +J, @Pd{ix>yj5H m�+x,� �+y,m= +4,

Wkhq wkh EPSJ fdq eh gh�qhg dv �qglqj d od|rxw � iru zklfk �� +J, lv

plqlpxp ^4:`1
Wkh �uvw zrun wkdw khoshg wr xqghuvwdqg wkh frpsxwhu frpsoh{lw| ri wkh

EPSJ/ zdv ghyhorshg e| Sdsdglplwulrx/ zkr ghprqvwudwhg wkdw wkh ghflvlrq

sureohp dvvrfldwhg wr wkh EPSJ lv d QS0Frpsohwh sureohp ^47`1 Odwhu/ lw zdv
ghprqvwudwhg wkdw wkh EPSJ lv QS0Frpsohwh hyhq iru wuhhv zlwk d pd{lpxp

ghjuhh ri wkuhh ^45`1
Wkhuh duh vhyhudo dojrulwkpv uhsruwhg wr vroyh wkh EPSJ/ wkh| fdq eh gl0

ylghg lqwr wzr fodvvhv= h{dfw dqg dssur{lpdwh dojrulwkpv1 H{dfw dojrulwkpv/

jxdudqwhhg dozd|v wr glvfryhu wkh rswlpdo edqgzlgwk/ h{dpsoh ri h{dfw dojr0
ulwkp lv wkh rqh sxeolvkhg e| Jxudul dqg Vxgerurxjk ^8`/ lw vroyhv wkh EPSJ

lq R+QN, vwhsv/ zkhuh n lv wkh edqgzlgwk vhdufkhg iru wkdw judsk1 Dssur{l0

pdwh dojrulwkpv duh ehvw nqrzq dv dssur{lpdwh lq wkh vhqvh wkdw wkh| gr qrw
jxdudqwhh wr �qg wkh dfwxdo edqgzlgwk ri wkh judsk/ h{dpsohv ri wklv vruw ri

dojrulwkpv duh ^5` ^46` ^7` ^;`1

Doo dojrulwkpv phqwlrqhg lq odvw sdudjudsk xvh dv d phdvxuh ri wkh txdolw|
iru d vroxwlrq �1 Wkh rqo| uhsruwhg h{fhswlrq lv d Gxhfn*v zrun lq zklfk qrw

rqo| � lv xvhg/ exw kh dovr wdnhv lqwr dffrxqw gl�huhqfhv dprqj dgmdfhqw yhuwlfhv
forvh wr � ^6`1 Wkh dgydqwdjh ri Gxhfn*v dssurdfk lv wkh delolw| wr glvwlqjxlvk

vpdoo lpsuryhphqwv wkdw qrw qhfhvvdulo| orzhu wkh ydoxh ri �1

Iroorzlqj wkh lghd ri Gxhfn*v zrun/ d qhz phdvxuh +qdpho| �, lv sursrvhg lq
wklv sdshu1 Wklv qhz phdvxuh lv deoh wr fdswxuh hyhq wkh vpdoohvw lpsuryhphqw

wkdw rulhqwv wkh vhdufklqj ri ehwwhu vroxwlrqv +l1h1 vroxwlrqv lq zklfk doo wkh

devroxwh gl�huhqfhv duh plqlpl}hg,1
Wkh uhvw ri wklv zrun lv rujdql}hg lqwr hljkw pruh vhfwlrqv1 Vhfwlrq 5 frqfhq0

wudwhv rq dq dqdo|vlv ri wkh � phdvxuh/ fduglqdolw| ri lwv htxlydohqf| fodvvhv/ dqg
srvvleoh gudzedfnv ri �1 Lq Vhfwlrq 6 d qhz phdvxuh fdoohg � lv sursrvhg/ zklfk

wdnhv lqwr dffrxqw doo wkh hgjhv ri wkh judsk1 Vhfwlrq 7 pdnhv d frpsdulvrq eh0

wzhhq � dqg �1 Vhfwlrq 8 h{sodlqv sureohpv lq wkh frpsxwdwlrq ri � iru judskv
zlwk d elj qxpehu ri yhuwlfhv1 Vhfwlrq 9 vkrzv wkh ghwdlov ri wkh lpsohphqwdwlrq

ri wkh VD dojrulwkp wkdw zdv xvhg wr vwxg| wkh shuirupdqfh rewdlqhg zkhq lw

xvhv hlwkhu � ru �1 Vhfwlrq : h{sodlqv wkh frpsxwdwlrqdo uhvxowv rewdlqhg zlwk wkh
VD dojrulwkp iru erwk phwulfv � dqg �1 Ilqdoo|/ lq Vhfwlrq ; vrph frqfoxvlrqv

ri wklv uhvhdufk duh suhvhqwhg1

2 A�i � 4i@t�hi

Wkh � phdvxuh iru judskv htxlydohqw wr pdwulfhv/ lv d vshfldo fdvh zkhuh wkh

qxpehu ri uh�h{lyh hgjhv iru hdfk yhuwh{ lq wkh judsk lv dw prvw rqh/ dqg wkh

qxpehu ri hgjhv dprqj yhuwh{ l dqg yhuwh{ m +l 9@ m, lv dw prvw wzr1



�/ lv wkh prvw xvhg phdvxuh iru wkh EPS dojrulwkpv ^5` ^46` ^4` ^;` +dq
h{fhswlrq lv d Gxhfn*v zrun lq zklfk kh xvhv d phdvxuh lq zklfk qrw rqo| � lv

xvhg/ exw kh dovr wdnhv lqwr dffrxqw gl�huhqfhv dprqj dgmdfhqw yhuwlfhv forvh wr

� ^6`,1 Vlqfh wkh qxpehu ri yhuwlfhv lv Q / wkhq � fdq rqo| wdnh Q gl�huhqw ydoxhv
+iurp 3 wr Q � 4,/ � @ 3 lpsolhv wkdw d judsk wkdw kdv hlwkhu qr hgjhv ru rqo|

uh�h{lyh hgjhv1 Wkxv/ wkh vsdfh ri doo srvvleoh vroxwlrqv +Q $, lv sduwlwlrqhg lq Q
gl�huhqw htxlydohqf| fodvvhv1

Qh{w/ vrph ihdwxuhv ri wkh � phdvxuh duh dqdo|}hg1 Ohw $l eh wkh fduglqdolw|

ri wkh htxlydohqf| fodvv zlwk � @ l1 Wkhq/ lw lv hdv| wr vkrz wkdw $3 @ 5Q � 4
+wkh fdvh ri d judsk zlwk qr hgjhv lv vxewudfwhg, dqg $4 @ 5Q +55+Q�4,�4, wkhq=

$l @

l�4\
m@4

55+Q�m,+55+Q�l, � 4, +5,

Qrz/ lq rughu wr yhuli| wkdw doo wkh srvvleoh judskv duh wdnhq lqwr dffrxqw/

d sduwldo vxppdwlrq ri fduglqdolwlhv ri wkh htxlydohqf| fodvvhv dv Vl @
lS

m@3

$l lv

gh�qhg> wkhq V3 @ $3/ V4 @ V3 . $4/ dqg

Vl @ Vl�4 . $l @ 5Q
l\

m@4

55+Q�m, � 4 +6,

Wkhuhiruh/ lw lv vwudljkwiruzdug wr vkrz wkdw wkh vxppdwlrq ri doo fduglqdolwlhv
ri wkh htxlydohqf| fodvvhv htxdov wkh wrwdo qxpehu ri judskv plqxv 4 +wkh fdvh

ri d judsk zlwkrxw hgjhv,=

VQ�4 @ 5Q
5

� 4 +7,

zkhuh 5Q
5

lv lq idfw wkh qxpehu ri doo srvvleoh judskv1

Wkh � phdvxuh lv yhu| jurvv zlwk yhu| ihz htxlydohqf| fodvvhv/ lq frqvhtxhqfh/

hdfk htxlydohqf| fodvv kdv kljk fduglqdolw|1 Dgglwlrqdoo| wkh � phdvxuh grhv qrw
wdnh lqwr dffrxqw doo wkh devroxwh gl�huhqfhv ehwzhhq odehov ri dgmdfhqw yhuwlfhv/

exw wkh pd{lpxp devroxwh gl�huhqfh1 Lq wklv vhqvh wkhuh lv qr zd| wr pdnh
glvwlqfwlrqv ehwzhhq hohphqwv wkdw ehorqj wr wkh vdph � htxlydohqf| fodvv1

� A�i � 4i@t�hi

Jlyhq wkh ihdwxuhv ri � lw kdv ehhq ghyhorshg d qhz phdvxuh/ fdoohg �/ zklfk
wdnhv lqwr dffrxqw doo wkh devroxwh gl�huhqfhv ri wkh judsk +uhphpehu wkdw lw kdv

ehhq uhihuuhg wr judskv htxlydohqw wr pdwulfhv,1 Wkh sursrvhg phdvxuh/ zklfk

uhsuhvhqwv d srvlwlrqdo qxphulfdo v|vwhp zlwk yduldeoh edvh lv wkh iroorzlqj=

� @
[

l>mm+l>m,5H

S +Q> ml� mm, +8,

Zkhuh wkh vxp lv fduulhg rxw iru doo wkh hgjhv ri wkh judsk dqg S lv gh�qhg

lq dq lwhudwlyh zd| dffruglqj wr=



S +Q> n, @

;?
=
4 n @ 3

+Q . 4,
nT
m@5

+5Q � 5m . 6, 4 � n � Q
+9,

Lw fdq eh yhul�hg/ wkdw li l dqg m gl�hu vljql�fdqwo|/ S +Q> n, jlyhv d yhu| odujh

ydoxh/ dqg wkdw wkh wrwdo qxpehu ri htxlydohqf| fodvvhv lv jlyhq e| wkh h{suhvvlrq
S +Q>Q,1

Iru d sduwlfxodu judsk wkhuh duh= Z3 devroxwh gl�huhqfhv ehwzhhq dgmdfhqw

yhuwlfhv zlwk ydoxh }hur/ fruuhvsrqglqj wr uh�h{lyh hgjhv> Z4 gl�huhqfhv zlwk

ydoxh rqh> 111> dqg ZQ�4 gl�huhqfhv zlwk ydoxh Q � 41 Wkhq wkh wrwdo qxpehu
ri htxlydohqw judskv iru wkdw sduwlfxodu judsk lv=

�
Q

Z3

��
5+Q � 4,

Z4

�
===

�
5+Q � l,

Zl

�
===

�
5

ZQ�4

�
+:,

wkdw fdq eh h{suhvvhg lq d vkruwhu zd| zlwk wkh irupxod=

�
Q

Z3

�Q�4\
l@4

�
5+Q � 4,

Zl

�
+;,

Wr ghprqvwudwh wkdw wkh vxppdwlrq ri wkh fduglqdolwlhv ri doo htxlydohqf|

fodvvhv htxdov wkh qxpehu ri srvvleoh judskv/ lw lv qhfhvvdu| wr xvh wkh Irupxod

; lqvwdqwldwhg zlwk doo srvvleoh ydoxhv ri Z3>Z4> ===>ZQ�4/ frpsxwh wkh vxp/

dqg fkhfn li lw htxdov wr 5Q
5

1 Wklv fdq eh h{suhvvhg dv=

Q[
l@3

�
Q

l

�Q�4\
m@4

5+Q�m,[
u@3

�
5+Q � m,

u

�
+<,

exw vlqfh
S

Q

l@3

�
Q

l

�
@ 5Q dqg

S5+Q�m,

u@3

�
5+Q�m,

u

�
@ 55+Q�m, wkhq Irupxod < lv

vlpsol�hg dv iroorzv=

5Q
Q�4\
m@4

55+Q�m, +43,

uhzulwlqj Htxdwlrq 43=

5Q5
5
S

Q�4

m@4
+Q�m,

@ 5Q55
Q+Q�4,

5 @ 5Q
5

+44,

dqg �qdoo|=

5Q55
Q+Q�4,

5 @ 5Q
5

+45,

e �L4T@h�?} � @?_ �

Lq wklv vhfwlrq wkh � phdvxuh dqg wkh � phdvxuh duh frpsduhg1 Iluvw wkh qxpehu

ri htxlydohqf| fodvvhv ri � dqg � uhihuuhg dv $�+lw fdq eh yhul�hg wkdw lwv ydoxh
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lv Q, dqg $�+lw fdq eh yhul�hg wkdw $� @ S +Q>Q,, duh frqwudvwhg/ wkhq wkh

dyhudjh ri fduglqdolwlhv iru wkh htxlydohqf| fodvvhv iru hdfk ri wkhvh phdvxuhv duh
looxvwudwhg1

Lq Wdeoh 4/ $� dqg $� iru gl�huhqw ydoxhv ri Q duh vkrzq/ lw lv lpsruwdqw wr

hpskdvl}h wkdw $� kdv d olqhdu lqfuhphqw dqg $� kdv dq h{srqhqwldo lqfuhphqw1

Wdeoh 5 vkrzv pdq| dyhudjh ydoxhv ri fduglqdolwlhv iru wkh htxlydohqf| fodvvhv

iru � dqg � +5Q
5

@$� dqg 5Q
5

@$�, dffruglqj wr wkh qxpehu ri yhuwlfhv Q ri d

judsk1

Dv lw fdq eh revhuyhg lq Wdeohv 4 dqg 5/ � lv d �qhu phdvxuh wkdq � vlqfh lw
kdv wkh delolw| wr fuhdwh pruh htxlydohqf| fodvvhv zlwk d orzhu fduglqdolw|1

D �L4T�|�?} � uLh M�} �@*�it Lu Q

D sureohp lq frpsxwlqj � lv wkdw wkh uhvxowlqj ydoxhv pd| h{fhhg hdvlo| wkh

suhflvlrq ri d frpsxwhu zkhq Q wdnhv odujh ydoxhv1 D srvvleoh vroxwlrq frxog eh

wr xvh wkh orjdulwkp ri �/ exw lw vhhpv wkdw lv qrw srvvleoh wr rewdlq wkh orjdulwkp
ri wkh h{suhvvlrq= � @

S
l>mm+l>m,5H S +ml � mm,/ ehfdxvh ri lw lv d vxppdwlrq1

Krzhyhu/ dq h{suhvvlrq kdv ehhq rewdlqhg wkdw shuplwv wr frpsxwh � lq whupv
ri orjdulwkpv dqg grhv qrw jhw lqyroyhg lq xvlqj kxjh qxpehuv1 Wr looxvwudwh

wklv/ lw lv dvvxphg wkh judsk lq Iljxuh 41

Iru wklv sduwlfxodu judsk= Z3 @ 8/ Z4 @ 6/ Z5 @ 7/ Z6 @ 4/ Z7 @ 5 +zkhuh

Zl uhihuv wr wkh qxpehu ri devroxwh gl�huhqfhv zlwk ydoxh l ehwzhhq dgmdfhqw

yhuwlfhv,> dgglwlrqdoo| lw lv yhul�hg wkdw S +8> 3, @ 4/ S +8> 4, @ 9/ S +8> 5, @ 87/
S +8> 6, @ 6:;/ S +8> 7, @ 4;<31

Wkhq/ � @
S7

l@3ZlS +8> l, @ 8 . 4; . 549 . 6:; . 6:;3 @ 76<:/ exw � frxog

eh h{suhvvhg lq wkh iroorzlqj zd|=
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� @

3
EEEEEEEEEC

Z3�
S +8>4,

S +8>3,

�.Z4�
S +8>5,

S +8>4,

� .Z5�
S +8>6,

S +8>5,

� .Z6�
S +8>7,

S +8>6,

� .Z7

4
FFFFFFFFFD

S +8> 7,/ wdnlqj orjdulwkpv lq erwk vlghv

ri wklv htxdwlrq=

orj+�, @ orj

3
EEEEEEEEEC

Z3�
S +8>4,

S +8>3,

�.Z4�
S +8>5,

S +8>4,

� .Z5�
S +8>6,

S +8>5,

� .Z6�
S +8>7,

S +8>6,

� .Z7

4
FFFFFFFFFD

. orj+S +8> 7,, +46,

Wkh juhdw dgydqwdjh ri wkh suhylrxv h{suhvvlrq lv wkdw lw qhyhu frpsxwhv

yhu| odujh qxpehuv/ doo ghqrplqdwruv lq wkh �uvw whup ri wkh uljkw vlgh ri wkh
htxdwlrq fruuhvsrqg wr wkh vhulhv= +Q . 4,> +5Q � 4,> +5Q � 6,> +5q � 8,> ===> :> 8

dqg wkh vhfrqg whup fdq eh h{suhvvhg lq wkh qh{w zd|=

orj+S +Q>N,, @

;?
=
orj+Q . 4, .

nS
m@5

orj+5Q � 5m . 6, 4 � n � Q

3 n @ 3

+47,

wkhq wkh orjdulwkp ri � lv=
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orj+�, @ orj

3
EEC

Z3
Q.4

.Z4

5Q�4
.Z5

5Q�6
.Z6

5Q � 8
.Z7

4
FFD. orj+Q . 4, .

Q�4[
m@5

orj+5Q � 5m . 6,

+48,

Vxppdul}lqj/ lw kdv ehhq ghprqvwudwhg wkdw lw lv txlwh srvvleoh wr frpsxwh
wkh orjdulwkp ri � zlwkrxw frpsxwlqj elj qxpehuv/ dqg lq wklv zd|/ wr ryhufrph

wkh qxphulf suhflvlrq sureohp lq d frpsxwhu1

Dgglwlrqdoo|/ orj+�, fdq eh qrupdol}hg iurp 3 wr 4 xvlqj wkh irupxod=

�Qrup @
orj+�,

orj+S +Q>Q,,
+49,

Wkh lpsruwdqfh ri wklv qrupdol}dwlrq ri � lv wkdw lw shuplwv wr vhh wkh vlp0

lodulw| zlwk �/ wklv fdq eh vhhq lq Iljxuh 5 +lw lv uhohydqw wr hpskdvl}h wkdw
�Qrup nhhsv xs wkh delolw| wr uhsuhvhqw pruh htxlydohqf| fodvvhv zlwk d orzhu

fduglqdolw|,1

S � t�4�*@|i_ @??i@*�?} @TThL@U� |L tL*�i |�i ���B

Zh kdyh ghyhorshg d khxulvwlf dojrulwkp edvhg rq wkh sulqflsoh ri VD/ wkdw
zloo dssur{lpdwh wkh edqgzlgwk ri d judsk J e| h{dplqlqj udqgrpo| jhqhudwhg

od|rxwv � ri J1 Zh jhqhudwh wkhvh qhz od|rxwv e| lqwhufkdqjlqj d sdlu ri glvwlqfw

odehov ri wkh vhw ri yhuwlfhv Y 1 Zh kdyh fdoohg wklv lqwhufkdqjlqj rshudwlrq/ d
pryh1

Rxu VD dojrulwkp ehjlqv lqlwldol}lqj vrph sdudphwhuv dv wkh whpshudwxuh/
W > wkh pd{lpxp qxpehu ri dffhswhg pryhv dw hdfk whpshudwxuh/ pd{ pryhv>

wkh pd{lpxp qxpehu ri pryhv wr eh dwwhpswhg dw hdfk whpshudwxuh/ pd{ 0

dwwhpswhg pryhv> pd{ iur}hq lv wkh qxpehu ri frqvhfxwlyh lwhudwlrqv doorzhg iru



zklfk wkh qxpehu ri dffhswhg pryhv lv ohvv wkdq pd{ pryhv> dqg wkh frrolqj
udwh frro udwh1 Wkh dojrulwkp frqwlqxhv e| udqgrpo| jhqhudwlqj d pryh dqg wkhq

fdofxodwlqj wkh fkdqjh lq wkh frvw ixqfwlrq iru wkh qhz odehoolqj ri wkh judsk/

hlwkhu zlwk � ru �1 Li wkh frvw ghfuhdvhv wkhq wkh pryh lv dffhswhg1 Rwkhuzlvh/ lw
lv dffhswhg zlwk suredelolw| S +�F, @ h��F@W zkhuh W lv wkh whpshudwxuh dqg

�F lv wkh lqfuhdvh lq frvw wkdw zrxog uhvxow iurp d sduwlfxodu pryh1 Wkh qh{w
whpshudwxuh lv rewdlqhg e| xvlqj wkh uhodwlrq Wq @ Wq�4� frro udwh1 vd edqg lv

wkh plqlpxp edqgzlgwk ri wkh odehoolqjv jhqhudwhg e| wkh dojrulwkp xs wkdw

srlqw lq wlph1 Zh frxqw wkh qxpehu ri dffhswhg pryhv dqg li lw idoov ehorz d
jlyhq olplw wkhq wkh v|vwhp lv iur}hq1

Qh{w/ zh suhvhqw wkh dojrulwkp iru wkh vlpxodwhg dqqhdolqj jhqhudo surfhgxuh=

Surfhgxuh Dqqhdo+J/ ehvw pds,

W @ 3=33337> frro udwh @ 3=;8>

pds @ ehvw pds @ udqgrp odeholqj>

vd edqg @ Edqgzlgwk+J/ ehvw pds,>

pd{ pryhv @ 83 � mHm>

pd{ dwwhpswhg pryhv @ 5� pd{ pryhv>

pd{ iur}hq @ 83> iur}hq @ 3>

Zkloh +iur}hq � pd{ iur}hq,

pryhv @ dwwhpswhg pryhv @ 3>

Zkloh ++pryhv � pd{ pryhv, Dqg

+dwwhpswhg pryhv � pd{ dwwhpswhg pryhv,,

dwwhpswhg pryhv ..>

d udqgrp pryh lv jhqhudwhg/ pds udq>

Li +edqgzlgwk ghfuhdvhv Ru udqgrp qxpehu+, ? h��Edqgzlgwk@W ,

pds @ pds udq> pryhv ..>

Li +vd edqg ? Edqgzlgwk+J/ pds,,

ehvw pds @ pds>

vd edqg @ Edqgzlgwk+J/ pds,>

Hqg Li

Hqg Li

Hqg Zkloh

W @ W � frro udwh>

Li +dwwhpswhg pryhv A pd{ dwwhpswhg pryhv,

iur}hq..>

Hovh

iur}hq @ 3>

Hqg Li

Hqg Zkloh

Hqg Dqqhdo

Wkh sdudphwhuv ri wkh VD dojrulwkp zhuh fkrvhq wdnlqj lqwr dffrxqw rxu

h{shulhqfh/ dqg vrph uhodwhg zrunv ^<`^49`1 Lw lv lpsruwdqw wr uhpdun wkdw ydoxh ri
pd{ pryhv ghshqgv gluhfwo| rq wkh qxpehu ri hgjhv ri wkh judsk/ ehfdxvh pruh

pryhv duh uhtxluhg iru ghqvhu judskv> wkh pd{ dwwhpswhg pryhv lv vhw wr d odujh

qxpehu +83 � pd{ pryhv,/ ehfdxvh ihz pryhv zloo uhvxow lq eljjhu edqgzlgwkv1
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Wkh pd{ iur}hq sdudphwhu wkdw frqwurov wkh h{whuqdo orrs ri rxu dojrulwkp lv vhw
wr 831 E| prgli|lqj wkhvh wkuhh sdudphwhuv rqh fdq rewdlq uhvxowv pruh txlfno|/

exw suredeo| wkh| zloo qrw eh dv forvh wr �+J,1 Zh irxqg lq rxu h{shulphqwv
wkdw wkh deryh ydoxhv jlyh d jrrg edodqfh ehwzhhq wkh txdolw| ri wkh uhvxowv dqg

wkh lqyhvwhg frpsxwdwlrqdo h�ruw1

. �L4T�|@|�L?@* +it�*|t @?_ #�tU�tt�L?

Lq rughu wr whvw wkh shuirupdqfh ri rxu qhz phwulf fdoohg � zh vwxglhg vl{
gl�huhqw fodvvhv ri judskv ri lqfuhdvlqj vl}hv/ lqfoxglqj sdwkv/ f|fohv/ elqdu|

wuhhv/ whuqdu| wuhhv/ Txdwhuqdu| wuhhv dqg julgv1

Wdeoh 6 vkrzv d froxpq zlwk wkh qdph ri wkh judskv/ zklfk uhsuhvhqwv wkh
fodvv ri hdfk judsk1 Froxpq wlwohg Q uhsuhvhqwv wkh qxpehu ri qrghv lq wkh

judsk1 Froxpqv VD0� dqg VD0� uhsuhvhqw wkh edqgzlgwk wkdw zdv rewdlqhg
zlwk wkh VD dojrulwkp wkdw xvhv wkh phwulf � ru � uhvshfwlyho|1 Lq froxpq Ehvw

�/ wkh ydoxh ri wkh ehvw edqgzlgwk rewdlqhg zlwk wkh VD0� lv suhvhqwhg1 Ilqdoo|

wkh odvw froxpq suhvhqwv wkh lpsuryhphqw rewdlqhg zkhq wkh � phwulf zdv xvhg1
Lw lv lpsruwdqw wr vd| wkdw zh udq hdfk VD dojrulwkp �yh wlphv zlwk hy0

hu| judsk1 Lq wdeoh 6 wkh uhvxowv suhvhqwhg duh wkh dulwkphwlf dyhudjh ri wkrvh

h{shulphqwv1 Wkh uhvxowv ri wkhvh h{shulphqwv vkrz wkdw wkh VD wkdw xvhv �
frqvlvwhqwo| kdv ehwwhu uhvxowv iru pdq| fodvvhv ri judskv wkdq wkh rqh wkdw xvhv

�1 Vr zh frxog frqfoxgh wkdw � lv d ehwwhu phwulf wkdq �1

H �L?U*�t�L?t

41 Lw kdv ehhq suhvhqwhg d phdvxuh fdoohg � iru wkh EPSJ/ zklfk kdv wkh

dgydqwdjh ryhu �/ wkdw lw uhsuhvhqwv pruh htxlydohqf| fodvvhv zlwk orzhu

fduglqdolw|1



51 Wr dyrlg wkh suhflvlrq sureohpv zkhq frpsxwlqj wkh � phdvxuh iru odujh
ydoxhv ri Q / dq dojrulwkp edvhg rq wkh xvh ri orjdulwkpv zdv sursrvhg1

61 Lq rughu idflolwdwh wkh xvh ri � phdvxuh/ lw kdv ehhq gh�qhg d surfhgxuh wr

qrupdol}h lwv ydoxhv iurp 3 wr 4=
71 Wkh ihdwxuhv ri � vhhp wr �w yhu| zhoo iru rswlpl}dwlrq dojrulwkpv wr vroyh

wkh EPSJ/ lw lv hylghqfhg e| wkh uhvxowv suhvhqwhg lq wkh suhylrxv vhfwlrq1
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