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Dqghuv Kropehuj

U)G Ghsduwphqw/ Vwdwlvwlfv Vzhghq/ VH0:34 ;< Ùuheur/ Vzhghq1

NH\ZRUGVSuredelolw| sursruwlrqdo0wr0vl}h/
Rswlpdo vwudwhj|/ JUHJ0hvwlpdwlrq/ Rughu

Vdpsolqj/ Prgho0edvhg vwudwl�fdwlrq1

Devwudfw

Wkhuh kdyh ehhq uhfhqw dgydqfhv lq wkh duhd
ri suredelolw| sursruwlrqdo wr vl}h vdpsolqj1 Uhod0
wlyho| qhz phwkrgv duh SrPl{ vdpsolqj dqg Sduhwr
vdpsolqj1 Erwk duh dgyrfdwhg dv srwhqwldo vwdqgdug
phwkrgv iru frqgxfwlqj xqhtxdo suredelolw| vdp0
solqj zlwkrxw uhsodfhphqw/ zlwk lqfoxvlrq suredelo0
lwlhv sursruwlrqdo wr d nqrzq vl}h phdvxuh1 Wklv
sdshu lv d frpsdulvrq ri wkhvh wzr ghvljqv dqg
prgho edvhg vwudwl�hg vdpsolqj1 Iurp erwk dq h!0
flhqf| dqg sudfwlfdo srlqw ri ylhz/ zh glvfxvv ydulrxv
vwudwhjlhv +ghvljq dqg hvwlpdwru frpelqdwlrqv, wkdw
d vxuyh| vwdwlvwlfldq fdq fkrrvh iurp1

41 Lqwurgxfwlrq

Lq vdpsolqj iurp �qlwh srsxodwlrqv wkh wrslf ri
krz wr xvh dx{loldu| lqirupdwlrq lv iuhtxhqwo| glv0
fxvvhg1 Khuh rxu glvfxvvlrq lv uhvwulfwhg wr dx{loldu|
lqirupdwlrq xvhg lq frqqhfwlrq zlwk vdpsoh vhohfwlrq
dqg hvwlpdwlrq1 Urxjko|/ zh pd| glylgh wkh zd|v
vxuyh| wkhru| ghdov zlwk dx{loldu| yduldeohv lqwr wzr
gl�huhqw fdwhjrulhv= +l, Xvh ri dx{loldu| yduldeohv dw
wkh vdpsolqj ghvljq vwdjh/ +h1j1 iru vwudwl�fdwlrq ru
suredelolw| sursruwlrqdo0wr0vl}h vdpsolqj,1 +ll, Xvh
ri dx{loldu| yduldeohv dw wkh hvwlpdwlrq vwdjh/ iru
h{dpsoh wkurxjk Jhqhudol}hg uhjuhvvlrq hvwlpdwlrq
+JUHJ,/ fdoleudwlrq dqg lpsxwdwlrq phwkrgv1 Wklv
sdshu wuhdwv wkh uhfhqw lqfuhdvhg irfxv rq sured0
elolw| sursruwlrqdo0wr0vl}h zlwkrxw uhsodfhphqw vdp0
solqj/ +�sv vdpsolqj,/ dqg zh dlp wr kljkoljkw vrph
lvvxhv frqfhuqlqj wkh lqwhudfwlrq ri xvlqj dx{loldu|
lqirupdwlrq dw wkh vdpsolqj vwdjh dqg dw wkh hvwl0
pdwlrq vwdjh1

Wkh txhvwlrq wkh vxuyh| vwdwlvwlfldq vhhnv wr dq0
vzhu lv= Zklfk vwudwhj|/ +frpelqdwlrq ri ghvljq dqg
hvwlpdwru,/ vkrxog eh xvhg wr rewdlq dv suhflvh hvwl0
pdwhv dv srvvleohB Li zh ljqruh qrq0vdpsolqj huuruv/
wklv txhvwlrq lv uhgxfhg wr �qglqj wkh vwudwhj| wkdw
plqlpl}hv vdpsolqj huuruv/ zklfk lq wxuq/ +li xqel0
dvhg srlqw hvwlpdwruv duh frqvlghuhg,/ phdqv �qglqj
wkh vwudwhj| wkdw |lhogv wkh vpdoohvw srlqw hvwlpd0
wru yduldqfh1 Krzhyhu/ wklv vhdufk iru h!flhqf| dqg
rswlpdolw| pxvw eh edodqfhg e| frqvlghudwlrqv wkdw
pdnh wkh fkrvhq vwudwhj| vlpsoh wr lpsohphqw/ h1j1
vlpsoh vdpsoh vhohfwlrq vfkhphv dqg frpsxwlqj do0
jrulwkpv1

Frqvwuxfwlqj d �sv vdpsolqj vfkhph zlwk gh0
vludeoh surshuwlhv lv rqh zd| ri xvlqj wkh vwuhqjwk
ri dq dx{loldu| yduldeoh wr �qg dq h!flhqw vdpsolqj
ghvljq1 Uhodwlyho| qhz �sv ghvljqv duh SrPl{ gh0
vljqv sursrvhg e| Nuùjhu/ Vçuqgdo dqg Whlndul +4<<</
5333,/ dqg rughu vdpsolqj ghvljqv olnh Sduhwr �sv
dqg vhtxhqwldo Srlvvrq �sv +vhh Urvìq +4<<:,/ Vddyh0
gud +4<<8, dqg Rkovvrq +4<<8, uhvshfwlyho|,1 Iurp
d vwudwhj| shuvshfwlyh d frpsdulvrq ehwzhhq wkh uh0
vxowv jlyhq lq wkhvh sdshuv lv qhhghg1 Ixuwkhupruh/
lq vlwxdwlrqv zkhq wkh vxuyh| vwdwlvwlfldq frqvlghuv
xvlqj wkhvh vfkhphv/ kh2vkh vkrxog dovr sd| dwwhq0
wlrq wr rwkhu dowhuqdwlyh vwudwhjlhv1 Rqh vxfk do0
whuqdwlyh wkdw zh fkrrvh wr frqvlghu khuh lv prgho0
edvhg vwudwl�hg vlpsoh udqgrp vdpsolqj +pe0VWVL,
sursrvhg e| Zuljkw +4<;6,1

414 Edfnjurxqg dqg qrwdwlrq

Wkh vhwxs lv d vlwxdwlrq zkhuh gluhfw hoh0
phqw vdpsolqj iurp d �qlwh srsxodwlrq/ X @
i4> = = = > n> = = = > Qj > lv srvvleoh1 Rxu remhfwlyh lv wr hv0
wlpdwh d srsxodwlrq wrwdo/ w| @

S
n5X |n> ri d vwxg|

yduldeoh |= Zh kdyh dffhvv wr T dx{loldu| yduldeohv/
zkrvh ydoxhv xtn> +t @ 4> = = = > T,> duh nqrzq iru hy0
hu| hohphqw n lq wkh srsxodwlrq/ dqg zh zdqw wr
pdnh wkh ehvw srvvleoh xvh ri wklv lqirupdwlrq1

Iru hyhu| hohphqw lq wkh srsxodwlrq zh kdyh dq
dx{loldu| yhfwru xn @ +x4n> = = = > xTn,

3

> dqg zlwk d
vxlwdeoh ixqfwlrq k+�,> zh fdq fuhdwh d vwulfwo| srv0
lwlyh vl}h yduldeoh }n @ k +xn, > +n @ 4> = = = > Q,> dqg
xvh lw lq d �sv vdpsolqj ghvljq ghqrwhg �sv+},=
Khqfh/ zh xvh } wr frpsxwh �uvw rughu lqfoxvlrq
suredelolwlhv �n @ q}n@w} > +khqfhiruwk �n � 4 lv
dvvxphg iru hyhu| n 5 X,/ dqg vhohfw d +vhw, vdpsoh
v � X ri vl}h qv> zkhuh H+qv, @ q=

Wr xvh wkh dx{loldu| yduldeohv lq wkh hvwlpdwlrq
vwdjh zh fdq xvh JUHJ hvwlpdwlrq1 Wkh T dx{loldu|
yduldeohv duh wkhq xvhg wr irup dqrwkhu vhw ri ydul0
deohv/ {4> = = = > {m > = = = > {M > l1h1 iru n @ 4> = = = > Q> zh
kdyh d nqrzq yhfwru {n @ +{4n> = = = > {mn> = = = > {Mn,

3

=
Wkh JUHJ hvwlpdwru iru w|> fdq eh gh�qhg dv

awjuhj @ aw� . +w{ �aw{�,3 aE +4,

zkhuh aw� @
S

n5v |n@�n lv wkh zhoo0nqrzq � ru
Kruylw}0Wkrpsvrq hvwlpdwru/ w{ @

S
X {n> aw{� @

+aw{4�> = = = > aw{M�,
3

dqg

aE @

#[
n5v

{n{
3

n

fn�n

$�4[
n5v

{n|n
fn�n

+5,
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zkhuh fn lv vxlwdeo| fkrvhq frqvwdqw1

415 D eulhi uhylhz ri wkhruhwlfdo uhvxowv rq

�rswlpdo� fkrlfh ri vwudwhj|

Dowkrxjk d �sv vdpsolqj ghvljq frpelqhg zlwk
wkh � hvwlpdwru/ ru d qrq0�sv vdpsolqj ghvljq frp0
elqhg zlwk JUHJ hvwlpdwlrq fdq eh d jrrg vwudwhj|/
d qdwxudo dowhuqdwlyh zkhq zh vhhn dq h!flhqw xvh
ri wkh dx{loldu| lqirupdwlrq/ zrxog eh wr frpelqh
�sv vdpsolqj zlwk JUHJ hvwlpdwlrq1 Wkhruhwlfdo
uhvxowv wkdw vxssruw wklv h{lvw/ h1j1 vhh +d, Uhvxow
451514 lq Vçuqgdo/ Vzhqvvrq dqg Zuhwpdq +4<<5,
dqg +e, Wkhruhp 4 ru Wkhruhp 714 uhvshfwlyho| lq
Fdvvho hw1 do1 +4<:9/ 4<::,/ +iru d prgl�fdwlrq ri wkh
odwwhu vhh dovr Wkhruhp 514 lq Urvìq +5333,1, Lw lv
lqwhuhvwlqj wr qrwh wkdw/ dowkrxjk wkhvh wzr uhvxowv
duh ghulyhg iurp gl�huhqw dqjohv ri dssurdfk/ wkh
sudfwlfdo dgylfh wkh| fduu| lv vlplodu1 Erwk uhvxowv
dgguhvv wkh vwudwhj| lvvxh lq whupv ri dq xqghuo|lqj
vxshusrsxodwlrq prgho/ �> zklfk zh fdq zulwh dv

|n @ {
3

n� . %n

zlwk ;?
=

H�+%n, @ 3
Y�+%n, @ �5n
H�+%n%o, @ 3> n 9@ o

zkhuh/ +iru n @ 4> = = = > Q, �5n duh/ +riwhq wkurxjk d
ixqfwlrq ri xn,> nqrzq frqvwdqwv1

Erwk uhvxow +d, dqg uhvxow +e, deryh dgyrfdwh
d vwudwhj| zlwk JUHJ hvwlpdwlrq frpelqhg zlwk d
�sv+�, ghvljq/ l1h1 �n 2 �n> �n @ q�n@

S
X �n=

Urvìq +5333, vhhpv wr vxjjhvw xvlqj wkh JUHJ hv0
wlpdwru +4, dqg +5, zlwk fn @ �5n>zkloh Vçuqgdo hw1
do1 +4<<5, gr qrw lpsrvh wkh uhvwulfwlrq fn @ �5n1

Dowkrxjk wkhvh uhvxowv vkrxog eh frqvlghuhg
zkhq sodqqlqj d vxuyh|/ wkhlu srwhqwldo ehqh�w duh
edvhg rq rxu eholhi derxw wkh vwuxfwxuh ri wkh srsx0
odwlrq iru rqh vlqjoh vwxg| yduldeoh$ Wkhuhiruh/ wkh|
duh ri olplwhg xvh/ xqohvv zh vwxg| ru kdyh nqrzo0
hgjh ri wkh olnho| vlgh h�hfwv rq h!flhqf| wkdw d fhu0
wdlq fkrlfh kdv iru doo rxu lpsruwdqw vwxg| yduldeohv1
Wkh fkrlfh ri vl}h phdvxuh }> lv hvshfldoo| gholfdwh1
Lw lv rqo| pdgh rqfh dqg wklv fkrlfh d�hfwv wkh h!0
flhqf| ri doo wkh hvwlpdwruv1 Iru h{dpsoh/ li �5n @ }n>
+n @ 4> = = = > Q,> iru rqh lpsruwdqw yduldeoh/ wkhq rxu
crswlpdo* vwudwhj| zrxog eh d �sv+

s
}, ghvljq frp0

elqhg zlwk awjuhj zlwk fn @ }n> exw iru rwkhu ydul0
deohv zkhuh �5n 9@ }n> vhohfwlqj wkh �sv+

s
}, ghvljq

zrxog qrw eh crswlpdo*1 Dowkrxjk zh fdq xvh gl�hu0
hqw fn0zhljkwlqj lq awjuhj iru wkrvh yduldeohv/ xvlqj
wkh �sv+

s
}, lq wkh vdpsolqj vwdjh pljkw vhyhuho|

mhrsdugl}h wkh h!flhqf| ri wkh hvwlpdwhv1 D zd|
wr vwxg| wkh h�hfw ri fkrrvlqj d �sv+�, ghvljq zlwk

qrq0rswlpdo �5n lv suhvhqwhg lq Kropehuj dqg Vzhqv0
vrq +5334,1

Ehvlghv wkh idfw wkdw iru vrph yduldeohv wkhuh
zloo eh xqdyrlgdeoh orvvhv lq h!flhqf|/ gxh wr cqrq0
rswlpdo* lqfoxvlrq suredelolwlhv/ rwkhu ghyldwlrqv eh0
wzhhq dq dvvxphg prgho dqg uhdolw| dovr d�hfw krz
zhoo d fkrvhq vwudwhj| zrunv1 Wkh sudfwlvlqj vxuyh|
vwdwlvwlfldq pxvw dovr fduhixoo| fkrrvh wkh dx{loldu|
yhfwru {n dqg dw wkh vdph wlph nhhs hvwlpdwlrq dv
vlpsoh dv srvvleoh/ +wkh odwwhu sulpdulo| wr pdnh sur0
gxfwlrq uxq vprrwko|,1 Edvhg rq d frpprq ghvljq/
zh lghdoo| vhhn rqh vlpsoh dqg urexvw vwudwhj| iru
hyhu| vwxg| yduldeoh/ zkhuh rqo| prghudwho| odujh
orvvhv lq h!flhqf| duh pdgh li prgho dvvxpswlrqv
duh srruo| ixo�oohg1 Lq wkh iroorzlqj zh suhvhqw sduwv
ri dq rqjrlqj vwxg| wr frpsduh dvshfwv ri gl�huhqw
vwudwhj| fkrlfhv1

51 �sv vdpsolqj ghvljqv

Pdq| vdpsoh vhohfwlrq vfkhphv zklfk lpsoh0
phqw �sv vdpsolqj ghvljqv kdyh ehhq sursrvhg ryhu
wkh |hduv1 Krzhyhu/ li zh h{foxgh udqgrp vl}h gh0
vljqv/ lw kdv wxuqhg rxw wr eh kdug wr ghylvh d vfkhph
iru duelwudu| vdpsoh vl}h q wkdw kdv d qxpehu ri gh0
vludeoh surshuwlhv/ h1j1 +d, wkh dfwxdo vhohfwlrq ri
wkh vdpsoh lv uhodwlyho| vlpsoh/ +e, doo �uvw0rughu lq0
foxvlrq suredelolwlhv duh vwulfwo| sursruwlrqdo wr wkh
vl}h yduldeoh/ +f, wkh ghvljq dgplwv +dw ohdvw dssur{0
lpdwho|, xqeldvhg hvwlpdwlrq ri wkh ghvljq yduldqfhv
Ys+aw�, dqg Ys+awjuhj,1 Li zh dovr zdqw wr xvh wkh whfk0
qltxh ri shupdqhqw udqgrp qxpehuv +SUQ , lq wkh
vdpsoh vhohfwlrq/ +zklfk lv ghvludeoh lq odujh vxuyh|
rujdql}dwlrqv,/ lw zloo eh hyhq kdughu1

Zh zloo jlyh d yhu| eulhi dffrxqw ri/ dqg d ihz
frpphqwv rq/ Sduhwr �sv vdpsolqj/ dqg Srlvvrq
pl{wxuh +SrPl{, vdpsolqj1 Wkhvh ghvljqv zloo eh
frpsduhg wr Zuljkw*v prgho0edvhg vwudwl�hg vlpsoh
udqgrp vdpsolqj dv lw lv rxwolqhg lq fkdswhu 45 ri
Vçuqgdo hw do +4<<5,1 Doo wkhvh ghvljqv kdyh vlp0
soh dojrulwkpv iru vdpsoh vhohfwlrq/ wkhuh duh vxj0
jhvwhg vroxwlrqv iru yduldqfh hvwlpdwlrq dqg wkh|
pd| eh dowhuqdwlyhv iru wkh sudfwlwlrqhu zkhq wkh
xvh ri wkh SUQ whfkqltxh lv ghvludeoh1 Zlwk uhjdug
wr ghvludeoh surshuw| +e, deryh/ wklv lv rqo| dssur{0
lpdwho| ixo�oohg1 Vlqfh pe0VWVL lv zhoo ghvfulehg lq
wkh uhihuhqfhv/ wklv vhfwlrq irfxvhv rq wkh olqn eh0
wzhhq Sduhwr �sv dqg �{hg vl}h SrPl{ edvhg rq d
Sduhwr �sv vdpsolqj vfkhph1 Wkxv/ dowkrxjk dssol0
fdeoh wr d zlgh udqjh ri �sv vdpsolqj vfkhphv/ khuh
zh zloo suhvhqw SrPl{ phuho| dv d wudqvirupdwlrq ri
wkh wdujhw lqfoxvlrq suredelolwlhv ri Sduhwr �sv=



514 Sduhwr �sv

Wkh Sduhwr �sv ghvljq kdv wkh iroorzlqj vdpsoh
vhohfwlrq vfkhph= +l, Iru hyhu| hohphqw n 5 X> frp0
sxwh wdujhw lqfoxvlrq suredelolwlhv �n @ q}n@w} 1 +ll,
Jhqhudwh Q lqghshqghqw vwdqgdug xqlirup udqgrp
yduldeohv �4> �5> = = = > �Q dqg frpsxwh udqnlqj ydul0
deohv Tn @ �n+4��n,@+4��n,�n +n @ 4> = = = > Q,=
+lll, Wkh hohphqwv zlwk wkh q vpdoohvw Tn wkhq frq0
vwlwxwh wkh vdpsoh v=

Wr hvwlpdwh wkh srsxodwlrq wrwdo w|> Urvìq frq0
vlghuv aw� @

S
v
|n
�n

@
S

v
|n
�n
� �n�n zklfk lv yhu| forvh

wr wkh � hvwlpdwru/ li �n duh yhu| forvh wr �n iru
+n @ 4> = = = > Q,= Wkh yduldqfh ri aw� lv/ xqohvv q dqg
Q duh yhu| vpdoo/ dqg2ru wkh sdwwhuq ri �n lv xqid0
yrudeoh/ zhoo dssur{lpdwhg e|

DY
�
aw�
�

@
Q

Q � 4

[
X
�n+4� �n, +6,

�
�
|n
�n

�
S

X |n+4� �n,S
X �n+4� �n,

�5

Sduhwr �sv kdv vhyhudo dgydqwdjhv= +l, Wkh vdpsolqj
vfkhph lv yhu| vlpsoh1 +ll, Lw hqdeohv frqwuro ri wkh
vdpsoh vl}h1 +lll, Iru rughu vdpsolqj ghvljqv zlwk
�{hg glvwulexwlrq vkdsh/ Urvìq +4<<:, vkrzv wkdw
Sduhwr �sv lv rswlpdo/ lq wkh vhqvh ri kdylqj wkh
vpdoohvw dv|pswrwlf yduldqfh ri aw�1 +ly, D yduldqfh
hvwlpdwru lv vxjjhvwhg e| Urvìq

aY +aw�, @
q

q� 4

[
v
+4� �n, +7,

�
�
|n
�n

�
S

v |n+4� �n,@�nS
v+4� �n,

�5

Li Q dqg q duh uhdvrqdeo| odujh/ wkh �n duh forvh
wr wkh wuxh �n> dqg wkh eldv ri aw�> wkh dssur{lpdwlrq
huuru ri +6, dqg wkh eldv ri wkh yduldqfh hvwlpdwru
+7, duh qhjoljleoh1 Dluhv dqg Urvìq +5333, surylgh
jxlgholqhv iru zkhq zh fdq h{shfw wkh eldv ri aw� wr
eh vpdoo iru gl�huhqw vl}h dqg vkdsh sdwwhuqv ri wkh
vl}h phdvxuhv1 Khqfh/ dvvxplqj wkdw wkh �n duh forvh
dssur{lpdwlrqv ri �n> wkh Sduhwr �sv kdv vhyhudo
dgydqwdjhv1 Vwloo/ rqo| olplwhg vwxglhv h{lvw iru d
vwudwhj| frpelqlqj Sduhwr vdpsolqj zlwk wkh JUHJ
hvwlpdwru/ +vhh Urvìq +5333, dqg Kropehuj +5333,,1
Zh wkhuhiruh qhhg lghdv iru JUHJ hvwlpdwlrq xqghu
wkh Sduhwr �sv=

515 JUHJ Hvwlpdwlrq xqghu Sduhwr �sv

Vlqfh wkh h{dfw lqfoxvlrq suredelolwlhv iru
Sduhwr �sv qrupdoo| duh xqnqrzq> zh fdqqrw gh0
ulyh wkh JUHJ hvwlpdwru h{dfwo|1 Krzhyhu zh fdq
irup d uhodwhg ctxdvl JUHJ0hvwlpdwru* e| uhsodflqj
wkh �n e| �n> l1h1

awtjuhj @ aw� . +w{ �aw{�,3 aE�

@
[

v
��4n jn|n

zlwk jn @ 4 . +w{ � aw{�,
3

aW
�4
{n@fn zkhuh aW

�4 @�S
n5v

{n{

3

n

fn�n

��4
= +Li �n lv d forvh dssur{lpdwlrq wr

�n iru hyhu| n 5 X> awtjuhj zloo eh forvh wr awjuhj=,
Zh dovr uhtxluh wkdw wkhuh lv d vlpsoh dqg dg0

htxdwh zd| ri hvwlpdwlqj wkh yduldqfh Ys+awtjuhj,1
Frpelqlqj Uhvxow 91914 lq Vçuqgdo hw do1 dqg htxd0
wlrq +7, vxjjhvwv wkh yduldqfh hvwlpdwru

aY +awtjuhj, @
q

q� 4

[
v
+4� �n, +8,

�
�
jnhn
�n

�
S

v jnhn+4� �n,@�nS
v+4� �n,

�5

zkhuh hn @ |n � {3

n
aE�= Lw vkrxog eh qrwhg/ wkdw wkh

deryh vxjjhvwlrqv duh edvhg rq vhyhudo dssur{lpd0
wlrqv1 Wkh h�hfw ri wkhvh dssur{lpdwlrqv duh qrw
ixoo| h{soruhg1 Krzhyhu/ wkh vwxglhv vkrzq khuh/ lq
Urvìq +5333, dqg Kropehuj +5333,/ lqglfdwh wkdw
wklv dssurdfk lv sudfwlfdoo| ihdvleoh1

516 SrPl{ vdpsolqj

Dw wkh vdpsolqj vwdjh wkh vxuyh|ru kdv ixoo glv0
srvdo ryhu wkh vl}h phdvxuhv }1 Iru d srvvleoh jdlq lq
suhflvlrq ri wkh srlqw hvwlpdwruv wkh vl}h phdvxuhv
dqg wkhuhe| wkh lqfoxvlrq suredelolwlhv pd| eh wudqv0
iruphg1 Zkhq frqvlghulqj wkh Sduhwr �sv ghvljq/
wkhuh duh wzr uhdvrqv zk| lw lv zlvh wr wdnh d forvhu
orrn dw wkh vl}h phdvxuhv1 Iluvwo|/ dv srlqwhg rxw
e| Dluhv dqg Urvìq/ li wkh vkdsh sdwwhuq ri wkh vl}h
phdvxuhv grhv qrw phhw fhuwdlq fulwhuld/ zh fdq jhw d
eldv zklfk lv xqdffhswdeo| odujh1 Vhfrqgo|/ e| prg0
li|lqj wkh vl}h phdvxuhv zh fdq lq fhuwdlq vlwxdwlrqv
dovr jhw d pruh h!flhqw ghvljq1 Zh jlyh d whqwdwlyh
h{sodqdwlrq iru wklv vhfrqg vwdwhphqw olqnhg wr wkh
glvwulexwlrq ri }n +ru �n,1 Wkh �qlwh srsxodwlrqv iru
zklfk �sv vdpsolqj lv vxjjhvwhg duh riwhq vnhzhg wr
wkh uljkw zlwk uhvshfw wr }> +h1j1 exvlqhvv srsxod0
wlrqv zkhuh } lv vrph phdvxuh ri frpsdq| vl}h1,1 Lw
lv zhoo nqrzq wkdw hohphqwv zlwk yhu| vpdoo lqfoxvlrq
suredelolwlhv fdq fdxvh sureohpv1 Zh ulvn deqrupdo
hvwlpdwhv dqg d kljk vdpsoh wr vdpsoh yduldelolw| iru
rxu hvwlpdwruv/ vlqfh ��4n ri wkhvh vpdoo hohphqwv/
duh odujh/ wklv zloo hvshfldoo| eh wkh fdvh li wkhuh
duh pdq| vxfk hohphqwv lq wkh srsxodwlrq dqg li wkh
ghvljq lv vxfk/ wkdw wkh suredelolw| lv odujh wkdw dw
ohdvw vrph ri wkhp zloo eh lqfoxghg lq wkh vdpsoh1
D phwkrg zklfk vwloo nhhsv wkh dgydqwdjhv ri wkh
�sv ghvljq/ exw zkhuh zh dxwrpdwlfdoo| dyrlg wkh
ulvn ri hohphqwv zlwk deqrupdo zhljkwv lv ghvludeoh1
Dowkrxjk wkh ryhudoo h�hfw rq suhflvlrq lv xqfhuwdlq/
wlph fdq eh vdyhg/ ehfdxvh hohphqwv zlwk wklv surs0
huw| riwhq kdyh wr eh vlqjohg rxw dqg wuhdwhg lq vrph



vshfldo zd| dv h{wuhphv1 Voljkwo| vprrwklqj wkh vl}h
phdvxuhv ehiruh vhohfwlqj d Sduhwr �sv vdpsoh fdq
eh d zd| wr dfklhyh wklv1 Vxfk vprrwklqj lv r�huhg
e| wkh Srpl{ dssurdfk1

D �{hg vl}h SrPl{ wudqvirupdwlrq edvhg rq wkh
Sduhwr �sv vdpsolqj vfkhph lv dwwdlqhg lq wkh iro0
orzlqj zd|= Iru d jlyhq q> dqg iru hyhu| n 5 X>

pdnh wkh olqhdu wudqvirupdwlrq �
3

n @ $.�n+4�$@i,
ri wkh wdujhw lqfoxvlrq suredelolwlhv lq wkh Sduhwr
�sv vfkhph ri vhfwlrq 514= Khuh $ lv d sdudphwhu lq
wkh lqwhuydo +3 � $ � i,/ +fdoohg Ehuqrxool zlgwk
lq Nuùjhu hw do1, dqg i @ q@Q 1 Dv ehiruh/ �n
+3 ? �n ? 4, lv wkh ruljlqdo Sduhwr �sv wdujhw lq0
foxvlrq suredelolwlhv1

Lw lv hdv| wr vhh wkdw zkhq $ @ 3 zh kdyh wkh
cruljlqdo* Sduhwr �sv ghvljq/ dqg wkdw wkh ghvljq uh0
gxfhv wr vlpsoh udqgrp vdpsolqj zkhq $ @ i= Frq0
vhtxhqwo|/ dv $ pryhv iurp 3 wr i> wkh yduldqfh dqg
wkh udqjh ri �

3

n> zloo ghfuhdvh1 Lq idfw/ vlqfh �n lv wkh
ruljlqdo wdujhw lqfoxvlrq suredelolwlhv ri wkh Sduhwr
�sv> lw iroorzv iurp fkrrvlqj $ A 3 dqg dsso|lqj wkh
sursrvhg wudqvirupdwlrq wkdw=

�
3

n � �n iru in 5 X = �n �
S

X �n@Q @ ij
�

3

n ? �n iru in 5 X = �n A
S

X �n@Q @ ij

Wkxv/ wkh hohphqwv lq Sduhwr �sv zlwk d wdujhw lq0
foxvlrq suredelolw| ohvv wkdq ru htxdo wr wkh vdpsolqj
iudfwlrq/ zloo kdyh dq lqfuhdvhg prgl�hg wdujhw lq0
foxvlrq suredelolw|/ dqg wkh hohphqwv zlwk d wdujhw
lqfoxvlrq suredelolw| odujhu wkdq wkh vdpsolqj iudf0
wlrq zloo kdyh d ghfuhdvhg prgl�hg wdujhw lqfoxvlrq
suredelolw|1

Li wkh �qlwh srsxodwlrq lv vnhzhg wr wkh uljkw
zlwk uhvshfw wr �n/ wkh sursruwlrq ri hohphqwv zlwk
dq lqfuhdvhg wdujhw lqfoxvlrq suredelolw| gxh wr
wudqvirupdwlrq zloo eh odujhu wkdq wkh qxpehu ri ho0
hphqwv zlwk d ghfuhdvhg glwwr1 Li wkh vkdsh sdwwhuq
ri wkh vl}h phdvxuhv lv vxfk wkdw zh vxvshfw wkh eldv
ri aw� +dqg awtjuhj, wr eh qrq0qhjoljleoh/ +vhh Dluhv
dqg Urvìq,/ wklv prgl�fdwlrq fdq dxwrpdwlfdoo|/ li
qrw dgmxvw/ vr dw ohdvw uhgxfh wklv eldv e| fkdqjlqj
wkh vkdsh ri wkh wdujhw lqfoxvlrq suredelolwlhv1 Ixu0
wkhupruh e| lqfuhdvlqj wkh vpdoohvw �n> wkh ulvn ri
deqrupdo hvwlpdwhv gxh wr h{wuhph zhljkwv ehfrph
ohvv dqg wkh hvwlpdwru yduldqfh frxog ghfuhdvh1

D shuvshfwlyh zklfk ghvhuyhv dwwhqwlrq/ qrw uh0
jdughg lq Nuùjhu hw1 do/ frqfhuqv wkh surshuwlhv ri
Srpl{ vdpsolqj zkhq �n 2 �n> +l1h1 dffruglqj wr
wkh wkhruhwlfdo uhvxowv iru crswlpdo* vwudwhjlhv phq0
wlrqhg lq vhfwlrq +415,1,

Dw wkh hvwlpdwlrq vwdjh zh fdq iru wklv �{hg vl}h
SrPl{ ghvljq/ dsso| wkh vdph sulqflsohv iru JUHJ
hvwlpdwlrq dv ghvfulehg lq vhfwlrq 515= Lq SrPl{ vdp0

solqj |rx kdyh wr ghflgh zkdw ydoxh ri $ wr fkrrvh1
Wkh vxuyh| vwdwlvwlfldq zkr frqvlghuv SrPl{ kdv wr
pdnh wklv fkrlfh rq jurxqgv ri urxjk jxlgholqhv dqg
sudfwlfdo h{shulhqfh1 Lq wkh frpsdulvrqv ri wkh qh{w
vhfwlrq zh zloo xvh wkh ydoxh $ @ 3=6i whqwdwlyho|
vxjjhvwhg e| Nuùjhu hw1 do1

61 D vlpsoh frpsdulvrq ri vwudwhjlhv

D vpdoo qxphulfdo h{dpsoh looxvwudwhv vrph lv0
vxhv zkhq d vwudwhj| lqyroylqj d �sv ghvljq lv wr
eh fkrvhq1 Zh kdyh d �qlwh srsxodwlrq/ Kropehuj
dqg Vzhqvvrq +5334,/ ri Q @ 4333 hohphqwv/ wzr
vwxg| yduldeohv |4 dqg |5> dqg rqh dx{loldu| ydul0
deoh kljko| fruuhodwhg zlwk wkh |0yduldeohv1 Wkh odw0
whu lv xvhg erwk dv vl}h yduldeoh }> dqg dv uhjuhvvru
{ lq wkh JUHJ hvwlpdwru1 Wkh uhodwlrqvkls lv vxfk
wkdw lw uhdvrqdeoh wr eholhyh/ wkdw iru |4 dv zhoo dv
|5 wkh �qlwh srsxodwlrq vfdwwhusorw lv zhoo ghvfulehg
e| d prgho H�+|n, @ �{n> Y�+%n, @ Y�+|n, @ �5n @
f{�n @ f}�n > dqg H�+%n%o, @ 3> zkhuh � lv d frqvwdqw
uh hfwlqj wkh ghjuhh ri khwhurvfhgdvwlflw|1

Lq �sv vdpsolqj/ vwdwlvwlfldqv riwhq xvh +gxh wr
wudglwlrq/ eholhi/ ru dqdo|wlfdo qhjohfw ri suhylrxv
vxuyh|v, ghvljqv zlwk lqfoxvlrq suredelolwlhv sursru0
wlrqdo wr

s
} ru }= Exw/ li zh vwulyh iru d �sv+�,

ghvljq/ uhfrpphqghg e| wkh uhvxowv phqwlrqhg lq
vhfwlrq +415,/ zh wkhq lpsolflwo| dvvxph � @ 4 dqg
� @ 5= Iru wkh ghvljqv ghvfulehg dqg wkh ghvljq pe0
VWVL/ zh zloo frpsduh wklv sudfwlfh/ zlwk wkh uh0
vxowv zh jhw zkhq h{sorlwlqj ehwwhu nqrzohgjh ri �=
Dv hvwlpdwruv zh xvh aw�> yduldqwv ri awtjuhj lq wkh
JUHJ idplo| iru wkh Sduhwr �sv edvhg vfkhphv dqg
wkhlu frxqwhusduwv aw� dqg awjuhj iru pe0VWVL1 Iru
awtjuhj dqg awjuhj wkh iroorzlqj frqvwdqwv fn duh xvhg=
+aw4 = fn @ {�n,> +aw5 = fn @ �n@+4� �n,,> +aw6 = fn @ {n,
dqg +aw7 = fn @ 4,= Li zh nqhz wkh wuxh ydoxh ri �>
aw4 zrxog/ lq frpelqdwlrq zlwk d �sv+}

�@5
n , ghvljq/

eh dq h!flhqw vwudwhj| fkrlfh dffruglqj wkh wkhr0
uhwlfdo uhvxowv> aw5 lv xvhg e| Nuùjhu hw do1 +4<<<,>
aw6 vlpsol�hv wr wkh zhoo nqrzq udwlr hvwlpdwru zlwk
jn @ w{@aw{ dqg aw7 lv d vlpsoh uhjuhvvlrq hvwlpdwru1 Lq
rxu srsxodwlrq wkh PO hvwlpdwh ri � dffruglqj wr wkh
phwkrg vxjjhvwhg e| Kduyh| +4<:9, lv a�4 @ 4=3< � 4
iru |4> dqg a�

5
@ 4=78 � 4=8 iru |5= Ghshqglqj rq

zklfk yduldeoh |4 ru |5 wkdw lv frqvlghuhg wr eh wkh
prvw lpsruwdqw/ uhdvrqdeoh dssurdfkhv iru wkh vxu0
yh| vwdwlvwlfldq zkr vhhnv dq h!flhqw vwudwhj|/ zrxog
wkhq eh wr dsso| d �sv+}

4@5
n , ru d �sv+}

6@7
n , ghvljq1

Dv ehqfkpdun ghvljqv zh frqvlghu �sv+}4n, +dvvxp0
lqj � @ 5, dqg vlpsoh udqgrp vdpsolqj/ +VUV,1 Wklv
jlyhv lq wrwdo wzhoyh gl�huhqw ghvljqv wkdw/ wrjhwkhu
zlwk wkh vwxglhg hvwlpdwruv dgg xs wr 93 gl�huhqw
vwudwhjlhv1 Lq rwkhu zrugv/ iru hdfk ri wkuhh gl�hu0
hqw vdpsolqj vfkhphv/ +ruljlqdo Sduhwr �sv +$ @ 3,>



Sduhwr �sv zlwk SrPl{ wudqvirupdwlrq +$ @ 3=6i,>
dqg pe0VWVL zlwk 43 vwudwd,/ zh vwxg| irxu gl�hu0
hqw wudqvirupdwlrqv ri wkh dx{loldu| yduldeoh dv d vl}h
yduldeoh/ �yh hvwlpdwruv iru wkh Sduhwr �sv edvhg
vdpsolqj vfkhphv hdfk/ dqg �yh iru pe0VWVL1,1

Wdeoh 4 vkrzv wkh hvwlpdwhg hvwlpdwru ydul0
dqfhv/ V5

s+awl, ri wkh vwudwhjlhv/ +zkhuh s ghqrwhv wkh
ghvljqv xqghu frqvlghudwlrq dqg l wkh hvwlpdwru,/ uho0
dwlyh wr wkh hvwlpdwru yduldqfh iru VUV frpelqhg
zlwk wkh �0hvwlpdwru/ V5

VUV+aw�,1 Wkh hvwlpdwhv/
V5
s+awl,> duh edvhg rq 43333 lqghshqghqw vdpsohv ri

vl}h q @ 433 iru hdfk ghvljq/ dqg wkh wdeoh fhoov
frqwdlq wkh udwlr U @ V5

VUV+aw�,@V
5
s+aw,= V5

VUV+aw�, lv
8=84H9 iru |4 dqg 6=;:H; iru |5 dqg wkh kljkhu wkh
ydoxh ri U wkh kljkhu lv wkh vwudwhj| h�hfw frpsduhg
wr VUV dqg wkh �0hvwlpdwru1 Wkh udwlr ri wkh fhoo ydo0
xhv fdq eh xvhg wr frpsduh wzr gl�huhqw vwudwhjlhv1
Iru h{dpsoh e| frpsdulqj Sduhwr �sv+}

4@5
n , dqg aw4

zlwk pe0VWVL �sv+}4@5n , dqg aw4> zh vhh wkdw wkh hv0

wlpdwru yduldqfh ri wkh Sduhwr �sv+}
4@5
n , vwudwhj| lv

7=:(> +433 � 496=9@489=5, kljkhu iru |4 dqg 4<=<(>
+433 � 94=7@84=5,> kljkhu iru |5=

Qrw vxusulvlqjo| zh qrwh/ wkdw wkh JUHJ hv0
wlpdwruv duh vxshulru wr wkh � ru +�, hvwlpdwru iru
doo ghvljqv/ dqg iru erwk |4 dqg |5> +Sduhwr �sv+}n,
zkhuh wkh srlqw hvwlpdwru h{suhvvlrqv duh wkh vdph
lv wkh h{fhswlrq1, Wkh h�hfw ri xvlqj wkh dx{loldu|
yduldeoh lq wkh ghvljq fdq eh vwxglhg e| frpsdulqj
wkh vwudwhjlhv edvhg rq �sv+4, zlwk wkh rwkhu gh0

vljqv xvlqj �sv+}�@5n ,= Khqfh wkh wdeoh uhyhdov wkdw d
vwudwhj| zklfk xvhv wkh dx{loldu| lqirupdwlrq lq erwk
wkh ghvljq dv zhoo dv lq wkh hvwlpdwlrq lv suhihudeoh1
Wkh vxuyh| vwdwlvwlfldq lv wkhq ohiw zlwk 65 srvvleoh
vwudwhj| fkrlfhv/ aw4 � aw7 dqg rqh ri wkh �sv+}

�@5
n ,

dowhuqdwlyhv1 Wkh fkrlfh ri JUHJ hvwlpdwru vhhpv
wr eh ri plqru lpsruwdqfh vr zh frqfhqwudwh rxu
glvfxvvlrq rq wkh fkrlfh ri ghvljq1 Wklv fkrlfh gh0
shqgv rq zklfk ri wkh yduldeohv |4 dqg |5 wkdw lv
prvw lpsruwdqw dqg wkh nqrzohgjh ri wkh � ydoxhv1
Suhvxplqj wkdw |4 lv wkh nh| yduldeoh ri d vxuyh|
dqg wkdw lqirupdwlrq vd|lqj �

4
b@4 h{lvwv/ wkhq df0

fruglqj wr wkh wkhruhwlfdo uhvxowv zh vkrxog fkrrvh
rqh ri wkh �sv+}

4@5
n , ghvljqv1 Zkhq frpsdulqj wkh

Sduhwr/ SrPl{ dqg pe0VWVL �sv+}4@5n , zh vhh wkdw

pe0VWVL lv pruh h!flhqw wkdq Sduhwr �sv+}4@5n , +ds0
sur{lpdwho| 7( vpdoohu hvwlpdwru yduldqfh iru doo wkh
JUHJ hvwlpdwruv,1 Sduhwr �sv+}4@5n , lv lq wxuq pruh

h!flhqw wkdq SrPl{ �sv+}4@5n ,= Rq wkh rwkhu kdqg/ li
|5 lv wkh nh| yduldeoh dqg zlwk wkh jxhvv wkdw �5 b@4=8>
zh vkrxog dffruglqj wr wkh wkhruhwlfdo uhvxowv fkrrvh
d �sv+}

6@7
n , ghvljq1 Wkhq djdlq pe0VWVL zrxog eh

wkh ghvljq uhvxowlqj lq wkh vpdoohvw JUHJ hvwlpdwru

yduldqfh= Ryhu wkh vwxglhg JUHJ hvwlpdwruv/ wkh hv0
wlpdwru yduldqfhv iru wkh Sduhwr dqg SrPl{ ghvljqv
duh vlplodu dqg urxjko| 4;(> +433 � 98@88,> odujhu
wkdq V5

peVWVL+awl,1
Krzhyhu/ li zh uhjdug hvwlpdwhv ri erwk ydul0

deohv htxdoo| lpsruwdqw/ wkh fkrlfh ri vdpsolqj gh0
vljq lv pruh gholfdwh1 Lq wklv srsxodwlrq lw wxuqv rxw
wkdw li zh vxp rxu phdvxuh U> ryhu erwk yduldeohv
|4 dqg |5 lq hdfk fhoo/ wkh vwudwhj| zklfk jlyhv wkh
prvw h!flhqw hvwlpdwhv lv wkh pe0VWVL �sv+}

6@7
n ,

ghvljq frpelqhg zlwk aw7> +erogidfhg lq wkh wdeoh,1
Wklv vwudwhj| lv qrw wkh prvw h!flhqw iru hvwlpdwlqj
w|4 exw wkh uhodwlyh orvv lv yhu| vpdoo1

Iurp wkh wdeoh zh dovr qrwh wkdw e| xvlqj d
cvwdqgdug* �sv+}n, ghvljq/ zh zrxog orrvh lq h!0
flhqf|/ hlwkhu iru hvwlpdwhv ri w|4 ru iru hvwlpdwhv
ri w|5= Wkh uhvxowv iru SrPl{ krzhyhu/ vhhp wr eh

vlplodu wr wkrvh ri SrPl{ �sv+}
6@7
n ,= Wklv odwwhu re0

vhuydwlrq zdv wkh rqo| qrwdeoh gl�huhqfh ehwzhhq
wkh Prqwh Fduor uhvxowv vkrzq khuh/ dqg wkh uhvxowv
ri d Prqwh Fduor vwxg| zlwk d vdpsoh vl}h ri q @ 83>
lq zklfk fdvh wkh SrPl{ �sv+}n, vkrzhg kljkhu hv0

wlpdwru yduldqfhv wkdq SrPl{ �sv+}
6@7
n ,1

71 Vxppdu| dqg frqfoxvlrqv

Wklv vwxg| kljkoljkwv wkdw zh kdyh sudfwlfdoo|
zrunlqj phwkrgv +l1h1 vlpsoh wr lpsohphqw/ doorz
SUQ/ dqg kdyh qlfh yduldqfh hvwlpdwlrq surshuwlhv,
wr frpelqh JUHJ hvwlpdwlrq dqg �sv ghvljqv/ dqg
wkdw frqvlghudeoh jdlqv lq h!flhqf| fdq eh pdgh
e| grlqj vr1 Wkh h!flhqf| jdlq lv vxssruwhg e|
d Prqwh Fduor vwxg| dqg d uhylhz ri wzr wkhruhwlfdo
uhvxowv1 Uhfhqw ghyhorsphqwv lq �sv vdpsolqj sur0
srvh wkh xvh ri wkh Sduhwr �sv ru �{hg0vl}h SrPl{
ghvljqv1 Krzhyhu/ iurp dq h!flhqf| srlqw ri ylhz/
wkh pe0VWVL sursrvhg e| Zuljkw vhhpv wr zrun dw
ohdvw dv zhoo1 Dovr dgglqj wkdw Sduhwr �sv fdq eh
vhqvlwlyh wr kljk vnhzqhvv dqg h{wuhpho| vpdoo ydo0
xhv ri �n> dqg wkdw SrPl{ lv vhqvlwlyh iru wkh fkrlfh
ri wkh Ehuqrxool zlgwk sdudphwhu/ $> wkh uhodwlyh dw0
wudfwlyhqhvv ri pe0VWVL lqfuhdvhv1

Zh dovr zdqw wr vwuhvv wkdw/ lq sudfwlfdo zrun/
pruh dwwhqwlrq vkrxog eh sd|hg wr �n dqg wkhuhe|
wkh xvh ri �sv+�n, ghvljq udwkhu wkdq mxvw xvlqj d
sodlq xqwudqviruphg vl}h phdvxuh }n wr ghwhuplqh lq0
foxvlrq suredelolwlhv1 Lq wkh oljkw ri wkh wkhruhwlfdo
uhvxowv/ zh dovr qrwh wkdw d �sv+�n, ghvljq pdnhv wkh
SrPl{ ghvljq +ru SrPl{ prgl�fdwlrq ri Sduhwr �sv,
xqqhfhvvdu| iurp dq h!flhqf| shuvshfwlyh1 Krz0
hyhu/ vlqfh wkhuh duh xvxdoo| vhyhudo vwxg| yduldeohv
lqyroyhg dqg rqo| rqh �n fdq eh xvhg lq wkh gh0
vljq/ dqg vlqfh wkhuh xvxdoo| duh ghyldwlrqv iurp d
suhvxphg prgho/ SrPl{ pljkw eh xvhixo1 Dv rxu
Prqwh Fduor vwxglhv vkrz/ lw pljkw eh pruh h!flhqw



Wdeoh 4= Vwudwhj| h�hfwv phdvxuhg dv wkh udwlr V5

VUV+aw�,@V
5
s+awl,1

Hvwlpdwruv
Ghvljqv aw�|4 > aw�|5 aw4|4 > aw4|5 aw5|4 > aw5|5 aw6|4 > aw6|5 aw7|4 > aw7|5

Sduhwr 4/ 4 4431:/ 6:19 4431:/ 6:19 44414/ 641: 4431:/ 6:19

�sv+4, SrPl{ 4/ 4 4431:/ 6:19 4431:/ 6:19 44414/ 641: 4431:/ 6:19

pe0VWVL 916/ 81: 43<1</ 7319 43<1</ 7319 43<18/ 6<16 43<1</ 7319

Sduhwr 81:/ 71; 48915/ 8415 4891:/ 8713 48915/ 8415 4891</ 8919

�sv+}
4@5
n , SrPl{ 616/ 613 48617/ 7;16 4861</ 8517 48617/ 7;16 4861</ 8717

pe0VWVL 571;/ 4<18 49619/ 9417 49619/ 941< 49619/ 9417 49619/ 9517

Sduhwr 561;/ 4714 47513/ 831: 47915/ 8618 4781</ 8614 47919/ 881;

�sv+}
6@7
n , SrPl{ 91:/ 81: 49516/ 7<17 49814/ 881: 4971:/ 8617 49818/ 8;18

pe0VWVL 6616/ 561< 49617/ 9815 49717/ 9819 49716/ 9819 49718/ 981:

Sduhwr 4391</ 7:18 4391</ 7:18 4391</ 7:18 4391</ 7:18 4391</ 7:18

�sv+}n, SrPl{ 471:/ 4318 4731;/ 7<1< 4961;/ 8917 49619/ 881; 49715/ 8<15

pe0VWVL 5818/ 561< 46:15/ 9317 48513/ 9613 4841:/ 9613 48418/ 9613

wkdq Sduhwr �sv dqg lw fdq dxwrpdwlfdoo| wdnh fduh
ri vrph xqidyrudeoh vkdsh sdwwhuqv wkdw pljkw ohdg
wr eldv lq Sduhwr �sv= Lq frqfoxvlrq/ pruh zrun lv
qhhghg wr vwxg| zklfk JUHJ soxv �sv vwudwhj| wkdw
zrunv ehvw lq dq ryhudoo vhqvh1 Wklv sdshu vxjjhvwv
wkdw pe0VWVL lv d vhulrxv frpshwlwru wr wkh qhzhu
�sv ghvljqv1 Zrun wr �qg rxw zklfk vwudwhj| lv ohdvw
vhqvlwlyh wr ghyldwlrqv iurp prgho dvvxpswlrqv lv
fxuuhqwo| lq surjuhvv1

Uhihuhqfhv

Dluhv/ Q dqg Urvìq/ E1 +5333,1 Rq Lqfoxvlrq Sure0

delolwlhv dqg Hvwlpdwru Eldv iru Sduhwr �sv Vdp0

solqj1 Lq= Whfkqltxhv wr Fdofxodwh H{dfw Lqfox0

vlrq Suredelolwlhv iru Frqglwlrqdo Srlvvrq Vdpsolqj

dqg Sduhwr �sv Vdpsolqj Ghvljqv1 Grfwrudo wkhvlv

Fkdophuv Xqlyhuvlw|/ Jùwheruj Vzhghq1

Fdvvho/ F1 P1/ Vçuqgdo/ F0H1 dqg Zuhwpdq/ M +4<:9,1

Vrph uhvxowv rq jhqhudol}hg gl�huhqfh hvwlpdwruv

dqg jhqhudol}hg uhjuhvvlrq hvwlpdwruv iru �qlwh srs0

xodwlrqv1 Elrphwulnd 96/ 94809531

Fdvvho/ F1 P1/ Vçuqgdo/ F0H1 dqg Zuhwpdq/ M +4<::,1

Irxqgdwlrqv ri Lqihuhqfh lq Vxuyh| Vdpsolqj1 Zl0

oh| ) Vrqv/ Qhz \run

Nuùjhu/ K1/ Vçuqgdo/1F0H1 dqg 1Whlndul/ S +4<<<,1 Srlv0

vrq Pl{wxuh Vdpsolqj= D idplo| ri ghvljqv iru

Frruglqdwhg Vhohfwlrq Xvlqj Shupdqhqw Udqgrp

Qxpehuv/ Vxuyh| Phwkrgrorj|/ 58/ Qr 4/ 60441

Nuùjhu/ K1/ Vçuqgdo/1F0H1 dqg 1Whlndul/ S +5333,1 Srlv0

vrq Pl{wxuh Vdpsolqj Frpelqhg zlwk Rughu Vdp0

solqj= d Qryho xvh ri wkh Shupdqhqw Udqgrp Qxp0

ehu Whfkqltxh1 Pdqxvfulsw vxeplwwhg iru sxeolfd0

wlrq +gdwh 3323;263,1

Kduyh|/ D1F1 +4<:9,1 Hvwlpdwlqj Uhjuhvvlrq

Prghov zlwk Pxowlsolfdwlyh Khwhurvfhgdvwlflw|1

Hfrqrphwulnd/ 77/ Qr1 6/ 7940798

Kropehuj/ D1 +5333, Ghyhorsphqwv lq xqhtxdo sured0

elolw| vdpsolqj/ d frpsdulvrq ri ghvljqv1 Edowlf0

Qruglf Zrunvkrs rq Vxuyh| Vdpsolqj Wkhru| dqg

Phwkrgrorj| Mxqh 4;055/ 5333 lq Sçuqx/ Hvwrqld1

Kropehuj/ D1 dqg Vzhqvvrq/ E +5334, Rq Sduhwr �sv
vdpsolqj= uh hfwlrqv rq xqhtxdo suredelolw| vdp0

solqj vwudwhjlhv1 Wkhru| ri Vwrfkdvwlf Surfhvvhv/

Yro1 : +56, qr1 405/ 5334/ ss1 475�4881

Rkovvrq/ H1 +4<<8, Vhtxhqwldo Srlvvrq Vdpsolqj1 Uh0

vhdufk Uhsruw iurp Lqvlwxwh ri Dfwxduldo Pdwkhpdw0

lfv dqg Pdwkhpdwlfdo Vwdwlvwlfv dw Vwrfnkrop Xql0

yhuvlw|1

Urvìq/ E1 +4<<:, Rq vdpsolqj zlwk Suredelolw| Sursru0

wlrqdo wr Vl}h/ Mrxuqdo ri Vwdwlvwlfdo Sodqqlqj dqg

Lqihuhqfh/ 95/ 48<04<41

Urvìq/ E +5333, Jhqhudol}hg Uhjuhvvlrq Hvwlpdwlrq

dqg Sduhwr �sv> U ) G uhsruw 5333=8 Vwdwlvwlfv

Vzhghq1

Vddyhgud/ S +4<<8, Il{hg Vdpsoh Vl}h SSV Dssur{l0

pdwlrqv zlwk d Shupdqhqw Udqgrp Qxpehu1 Sur0

fhhglqjv ri wkh vhfwlrq rq Vxuyh| uhvhdufk Phwkrgv

Mrlqw Vwdwlvwlfdo Phhwlqjv/ Dphulfdq Vwdwlvwlfdo Dv0

vrfldwlrq/ 9<:0:331

Vçuqgdo/ F0H1/ Vzhqvvrq/1E1 dqg Zuhwpdq/ M +4<<5,1

Prgho Dvvlvwhg Vxuyh| Vdpsolqj1 Vsulqjhu/ Qhz

\run1

Zuljkw/ U1O1 +4<;6,/ Ilqlwh Srsxodwlrq Vdpsolqj zlwk

Pxowlyduldwh Dx{loldu| Lqirupdwlrq/ Mrxuqdo ri wkh

Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ :;/ ;:<0;;71


