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� W?|hL_�U|�L?

Lq ^4`/ zh frqvlghuhg uhfhswlrq ri wkh frfkdqqho vljqdov iurp P preloh xvhuv dw d edvh vwdwlrq zlwk dq duud|

ri O glyhuvlw| dqwhqqdv1 Zh ghprqvwudwhg wkdw pd{lpxp olnholkrrg mrlqw ghwhfwlrq ri doo xvhu vljqdov fdq

surylgh dv|pswrwlf glyhuvlw| rughu O/ uhjdugohvv ri wkh qxpehu ri xvhuv1 Wklv lv lq vwurqj frqwudvw wr qxoolqj

dqg PPVH frpelqlqj/ lq zklfk hdfk dgglwlrqdo xvhu uhgxfhv wkh rughu ri glyhuvlw| e| rqh iru doo xvhuv/ dqg

wkh pd{lpxp qxpehu ri xvhuv lv olplwhg e| wkh qxpehu ri dqwhqqdv1 Krzhyhu/ rxu h{suhvvlrq iru sdluzlvh

huuru suredelolw| zdv ohiw lq whupv ri d sdlu ri hljhqydoxhv wkdw kdg wr eh hydoxdwhg qxphulfdoo|1 Lq wklv ohwwhu/

zh ghulyh d forvhg0irup dqdo|wlfdo h{suhvvlrq iru wkh udwlr ri wkh wzr qrq0}hur hljhqydoxhv/ zklfk uhvxowv lq d

ixoo| dqdo|wlfdo vroxwlrq iru wkh sdluzlvh huuru suredelolw|/ dqg khqfh wkh xqlrq erxqg rq v|pero huuru udwh

+VHU,1

Kdylqj wklv dqdo|wlfdo vroxwlrq doorzv wkh ghulydwlrq ri vhyhudo qhz uhvxowv1 Iluvw/ vrph sdudphwhuv ri wkh

mrlqw ghwhfwlrq surfhvv duh vkrzq qrw wr d�hfw wkh uhvxowlqj VHU1 Vhfrqg/ zh suryh wkdw doo xvhuv hqmr| O0irog

dv|pswrwlf glyhuvlw|/ lq frqwudvw wr ^4`/ zkhuh lw zdv vlpso| revhuyhg iurp qxphulfdo fdofxodwlrq1 Wklug/ zh

rewdlq h{suhvvlrqv iru wkh frqvwdqw VQU orvv shu dgglwlrqdo xvhu dv d ixqfwlrq ri wkh SVN frqvwhoodwlrq vl}h

dqg wkh qxpehu ri dqwhqqdv1

2 �?@*)|�U@* 5L*�|�L? uLh 5)4ML* ,hhLh +@|i

2�� 5�44@h) Lu |�i �i|�L_

Lq ^4`/ wkh sdluzlvh huuru suredelolw| lv gh�qhg dv wkh suredelolw| wkdw wkh pd{lpxp olnholkrrg ghwhfwru

fkrrvhv wkh huurqhrxv gdwd yhfwru fl @ +fl4> fl5> � � � > flP , lqvwhdg ri wkh wudqvplwwhg gdwd yhfwru fm @

+fm4> fm5> � � � > fmP ,/ zkhuh wkh gdwd v|perov flp dqg fmp duh iru wkh pwk xvhu1 Wkh gdwd v|perov duh gudzq

iurp d SVN frqvwhoodwlrq ri vl}h T dqg xqlw udglxv1 Wkh uhvxowlqj sdluzlvh huuru suredelolw| lv

S5lm @
4

+4� ulm,
5O�4

O�4[
n@3

�
5O� 4

n

�
+�ulm,

n
+4,

zkhuh ulm @ �lm4@�lm5 lv wkh udwlr ri wkh wzr qrq}hur hljhqydoxhv ri wkh pdwul{ UIlm gh�qhg ehorz1 Rxu

frqyhqwlrq lv wkdw �lm4 lv srvlwlyh dqg �lm5 lv qhjdwlyh> frqvhtxhqwo|/ ulm lv qhjdwlyh1

Wkh xqlrq erxqg rq VHU iru xvhu p lv wkhq

Svpm
@
[

l5Fpm

S5lm +5,

zkhuh Fpm lv wkh vhw ri vljqdo yhfwruv wkdw gl�hu lq wkhlu pwk srvlwlrq iurp fm 1 Lq ^4`/ wkh hljhqydoxh udwlr ulm

lv fdofxodwhg qxphulfdoo| lq rughu wr hydoxdwh wkh shuirupdqfh ri mrlqw ghwhfwlrq1 Lq Vhfwlrq 515 zh surylgh

d forvhg irup dqdo|wlfdo vroxwlrq1
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Wkh +P .4,� +P . 4, pdwul{ UIlm +vhh ^4/ ht1 +54,`, kdv idfwruv
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dqg Ilm @ I .I| zlwk

I @

5
9999999997

3 D4�4 +fm4 � fl4, D5�5 +fm5 � fl5, � � � DP�P +fmP � flP ,
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+7,

zkhuh � dqg | uhsuhvhqw frpsoh{ frqmxjdwh dqg frpsoh{ frqmxjdwh wudqvsrvh uhvshfwlyho|1 Lq +6, dqg +7,/

Dp lv uhodwhg wr wkh wudqvplw srzhu Sp ri wkh pwk xvhu*v vljqdo e| Dp @
s
5Sp> �p @ �p�jp@�yp / zkhuh

�p lv wkh frpsoh{ fruuhodwlrq frh�flhqw ehwzhhq wkh wuxh fkdqqho jdlq jop iurp xvhu p wr dqwhqqd o dqg

lwv hvwlpdwh yop> dqg �jp dqg �yp duh wkh vwdqgdug ghyldwlrqv ri jop dqg yop uhvshfwlyho|1 Qrwh wkdw iru

shuihfw fkdqqho vwdwh lqirupdwlrq +FVL,/ zh kdyh yop @ jop/ �p @ 4 dqg �p @ 41

Iru vlpsolflw| lq rewdlqlqj dv|pswrwlf uhvxowv/ lq +6, zh kdyh zulwwhq wkh vljqdo0wr0qrlvh udwlr D5

p�
5

jp
@Qr

ri xvhu p dv Np�/ zkhuh Qr lv wkh srzhu vshfwudo ghqvlw| ri wkh dgglwlyh zklwh Jdxvvldq qrlvh surfhvv/ Np

lv d vfdoh idfwru/ dqg � lv d uhihuhqfh VQU1 Wkh uhihuhqfh VQU lv duelwudu|/ exw orjlfdo fkrlfhv pljkw eh wkh

dulwkphwlf ru jhrphwulf dyhudjh ri wkhP xvhuv* VQUv/ ru rqh xvhu*v VQU lq sduwlfxodu�shukdsv wkdw ri wkh

vwurqjhvw xvhu1 Lq whupv ri wkh qrwdwlrq lq ^4`/ �p @ Np�1 Dowkrxjk +6, dqg +7, duh wkh vdph txdqwlwlhv dv

wkhlu frxqwhusduwv lq ^4/ htv1 +53, dqg +4:,`/ wkh| duh zulwwhq lq d voljkwo| gl�huhqw irup +wkh iruphu e| xvh

ri wkh uhodwlrq �5yp @ m�pm5 �5jp@ m�pm5 dqg wkh uhihuhqfh VQU, iru frqyhqlhqfh lq hljhqydoxh ghulydwlrq 1

2�2 #ih��@|�L? Lu ,�}i?�@*�i +@|�L

Vlqfh wkh udqn ri wkh pdwul{ UIlm lv rqo| wzr/ wkh fkdudfwhulvwlf sro|qrpldo ri wkh pdwul{ pd| eh h{suhvvhg

lq wkh iroorzlqj irup

ghw ^UIlm � �L` @ �
P�4

�
�
5 . �4� .�5

�
@ 3= +8,

Dffruglqj wr Eerfkhu*v irupxod ^5`/ wkh frh�flhqwv ri wkh txdgudwlf sro|qrpldo duh jlyhq e| �4 @ �W4 dqg

�5 @ � 4

5
+�4W4 . W5, zkhuh Wn @wudfh

k
+UIlm,

n
l
= Nqrzlqj wkh frh�flhqwv doorzv xv wr fdofxodwh wkh udwlr

ri wkh wzr qrq}hur hljhqydoxhv dv

ul @
W4 .

s
5W5 � W 5

4

W4 �
s
5W5 � W 5

4

= +9,
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Qrwh wkdw wkh vxevfulsw m kdv ehhq gursshg vlqfh lw lv dvvxphg/ zlwkrxw orvv ri jhqhudolw|/ wkdw fm lv wkh

doo0rqhv yhfwru1 Hydoxdwlrq ri wkh ydulrxv wudfhv lv pdgh hdvlhu li wkh pdwul{ U lv zulwwhq dv wkh vxp ri wzr

vlpsohu pdwulfhv U4 dqg U5/ zkhuh U4 frqwdlqv wkh �uvw froxpq dqg �uvw urz ri U zlwk wkh uhpdlqghu ri

wkh hohphqwv vhw wr }hur/ dqg U5 frqwdlqv wkh pdlq gldjrqdo ri U +h{foxglqj wkh wrs ohiw hohphqw, zlwk wkh

uhpdlqghu ri wkh hohphqwv vhw wr }hur1 W4 dqg W5 duh wkhq jlyhq e|

W4 @ wudfh
�
+U4 .U5,

�
I. I

|
��

W5 @ wudfh
�
+U4 .U5,

�
I. I|

�
+U4 .U5,

�
I. I|

��
= +:,

Wkh deryh h{suhvvlrqv uhtxluh hydoxdwlrq ri wkh wudfhv ri vhyhudo pdwul{ surgxfwv= irxu wzr0irog surgxfwv

lq wkh iruphu/ dqg 49 irxu0irog surgxfwv lq wkh odwwhu1 Iruwxqdwho|/ wkh vsduvh qdwxuh dqg vshfldo irup ri

wkh pdwulfhv pdnh vrph ri wkh wudfhv }hur dqg olplw wkh frpsoh{lw| ri rwkhuv1 Zh kdyh qrw vkrzq wkhvh

lqwhuphgldwh fdofxodwlrqv ehfdxvh ri wkhlu vl}h1

Diwhu oderulrxv hydoxdwlrq ri wkh qrq}hur wudfhv xvlqj fmp @ 4 iru doo p lq +6, dqg +7, zh �qg wkh udwlr

ri hljhqydoxhv wr eh

ul @
dl� .

s
el�5 . 5dl�

dl� �
s
el�5 . 5dl�

+;,

zkhuh

dl @
P[

p@4

m�pm5Np +4�Uh ^flp`,

el @ 5
P[

q@4

P[

p@4

m�pm5NqNp +4�Uh^flp`, .

#
P[
p@4

m�pm5Np Uh^flp`

$5
�
#

P[
p@4

m�pm5Np

$5
= +<,

Lq wkh ghulydwlrq/ zh kdyh pdgh h{solflw xvh ri Uh^flp`
5.Lp^flp`

5 @ 4 iru SVN1 Lq +4,/ +;, dqg +<,/ zh kdyh

dq dqdo|wlfdo h{suhvvlrq iru wkh sdluzlvh huuru suredelolw|/ dqg wkhuhiruh wkh xqlrq erxqg rq ghwhfwlrq VHU

+5,1

Zh fdq gudz wzr lpphgldwh lqihuhqfhv iurp wklv uhvxow= �uvw/ wkh sdluzlvh huuru suredelolw| ghshqgv rqo|

rq wkh huurqhrxv gdwd yhfwru fl dqg hdfk xvhu*v rzq VQU Np� dqg fkdqqho hvwlpdwh fruuhodwlrq frh�flhqw

�p1 Lw grhv qrw ghshqg vhsdudwho| rq Dp ru �p/ d idfw wkdw zdv qrw hylghqw lq wkh qxphulfdo dssurdfk ri

^4`1

Vhfrqg/ lq wkh vshfldo fdvh ri htxlsrzhu xvhuv dqg shuihfw FVL/ zh rewdlq dq lqwhuhvwlqj lqwhusuhwdwlrq

ri VQU1 Zlwk shuihfw FVL zh kdyh doo �p @ 4/ dqg wkh sdudphwhu el lq +<, vlpsol�hv wr el @ d5l 1 Li wkh

frfkdqqho vljqdov duulyh dw wkh edvh vwdwlrq zlwk htxdo dyhudjh srzhuv/ shukdsv dv d uhvxow ri srzhu frqwuro/

wkhq Np @ 4 iru doo xvhuv/ dqg wkh sdudphwhu dl lq +<, vlpsol�hv wr dl @
SP

p@4
+4�Uh^flp`,= Frqvhtxhqwo|/

iurp +;, zh vhh wkdw wkh hljhqydoxh udwlr/ dqg wkhuhiruh wkh VHU/ ghshqg rqo| rq dq h�hfwlyh VQU

�l>hii @ �
P[
p@4

+4�Uh^flp`,= +43,
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Ixuwkhu/ li wkh prgxodwlrq lv ESVN/ wkhq dl ehfrphv wzlfh wkh Kdpplqj glvwdqfh gl>K ehwzhhq fm dqg fl

+wkh qxpehu ri srvlwlrqv lq zklfk wkh wudqvplwwhg dqg huurqhrxv gdwd yhfwruv gl�hu,/ vlqfh zh kdyh wdnhq

wkh wudqvplwwhg yhfwru fm wr eh doo rqhv1 Wkxv/ wkh VHU ghshqgv rqo| rq wkh h�hfwlyh VQU �l>hii @ 5gl>K�/

zklfk lv lqwxlwlyho| vdwlvi|lqj1

� �t)4T|L|�U �i�@��L�h

Pxfk lqvljkw lqwr wkh ehkdylrxu ri mrlqw ghwhfwlrq pd| eh jdlqhg e| frqvlghulqj lwv dv|pswrwlf shuirupdqfh>

wkdw lv/ wkh shuirupdqfh dv wkh frpprq VQU � ehfrphv odujh1 Zh zrxog krsh wr vhh wkh hljhqydoxh udwlr +;,

frqwlqxh wr lqfuhdvh zlwk �/ lq rughu wr gulyh wkh sdluzlvh huuru suredelolw| +4, wrzdug }hur1 Wkh txhvwlrqv

duh zkhwkhu wkh udwlr grhv lqfuhdvh zlwkrxw olplw dqg/ li vr/ krz txlfno|1

��� �t)4T|L|�U ,hhLh +@|i

D uhdolvwlf prgho ri lpshuihfw FVL doorzv wkh fkdqqho hvwlpdwlrq fruuhodwlrq frh�flhqwv �
p

wr lpsuryh dv

wkh VQU lqfuhdvhv/ wkhuhe| holplqdwlqj wkh huuru �rru +dq luuhgxfleoh VHU iru odujh VQU,1 Dv dq h{dpsoh/

zh xvh wkh slorw0edvhg pxowlxvhu fkdqqho hvwlpdwlrq vfkhph ri ^6`/ zkhuh lw lv vkrzq wkdw/ iru odujh VQU/

wkh qrupdol}hg fkdqqho hvwlpdwlrq huuru yduldqfh iru xvhu p> jlyhq e| 4 � m�
p
m5/ lv lqyhuvho| sursruwlrqdo

wr wkdw xvhu*v rzq VQU �p @ Np�= Wkh frqvwdqw ri sursruwlrqdolw|/ ghqrwhg khuh dv np/ ghshqgv rq wkh

qxpehu ri xvhuv P dv zhoo dv wkh sdudphwhuv ri wkh fkdqqho hvwlpdwlrq vfkhph vxfk dv lqwhusrodwru rughu/

iudph ohqjwk/ Grssohu idgh udwh/ dqg wkh fkrlfh ri wudlqlqj vhtxhqfhv1 W|slfdo ydoxhv iru np duh rq wkh rughu

ri 43�41 Zh qrz kdyh m�
p

m5 @ 4� +np@Np, �
�4= Vxevwlwxwlrq lqwr +<, dqg +;, jlyhv wkh hljhqydoxh udwlr lq

wkh iroorzlqj dowhuqdwlyh irup diwhu froohfwlqj whupv zlwk olnh srzhuv ri �=

ul @
�l� . �l .

s
�5l�

5 . �l� . �l

�l� . �l �
s
�5l�

5 . �l� . �l
+44,

zkhuh wkh frh�flhqwv duh

�l @
P[
p@4

Np +4�Uh ^flp`,

�l @ �
P[
p@4

np +4�Uh ^flp`,

�l @ 5

#
4 .

P[
p@4

npUh ^flp`

$
P[
p@4

Np +4�Uh ^flp`,

�l @
P[
p@4

npUh ^flp`

#
5 .

P[
p@4

npUh ^flp`

$
�

P[
p@4

np

#
5 .

P[
p@4

np

$
= +45,

Wr rewdlq wkh dv|pswrwlf huuru udwh/ zh ohw wkh VQU � lq +44, ehfrph yhu| odujh1 Wkh hljhqydoxh udwlr
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ul>dv|ps @
7�5l

5�l�l � �l
�

@
�5
SP

p@4
Np +4�Uh ^flp`,

4 .
SP

p@4
np

� +46,

zklfk lqfuhdvhv zlwkrxw erxqg dv � lqfuhdvhv1 Dv d fkhfn/ wkh vshfldo fdvh ri htxlsrzhu xvhuv/ shuihfw FVL/

dqg ESVN prgxodwlrq surgxfhv ul>dv|ps @ �7gl>K�/ zklfk lv lghqwlfdo wr wkh uhvxow rewdlqhg e| vhwwlqj

dl @ 5gl>K dqg el @ d5l lq +;, dqg doorzlqj � wr dssurdfk lq�qlw|1

Wkh sdluzlvh huuru suredelolw| lv rewdlqhg e| vxevwlwxwlqj +46, lqwr +4, dqg qrwlqj wkdw wkh dv|pswrwlf

irup ri wkh uhvxow lv ghwhuplqhg e| wkh odvw whup lq wkh vxppdwlrq/ jlylqj S5l>dv|ps @
�
5O�4

O�4

�
+�ul,

�O
1

Vxevwlwxwlrq ri +46, |lhogv/ �qdoo|/

S5l >dv|ps @ 5�O
�
5O� 4

O� 4

�#SP

p@4
Np +4�Uh ^flp`,

4 .
SP

p@4
np

$
�O

��O= +47,

Wklv dqdo|wlfdo uhvxow vkrzv fohduo| wkdw wkh sdluzlvh huuru suredelolw|/ dqg wkhuhiruh wkh xqlrq erxqg rq VHU/

ydulhv dv|pswrwlfdoo| dv ��O/ uhjdugohvv ri wkh qxpehu ri xvhuv1 Wkdw lv/ doo xvhuv hqmr| O0irog glyhuvlw| zlwk

qr huuru �rru/ d uhvxow wkdw zdv dssduhqw rqo| iurp qxphulfdo uhvxowv lq ^4` iru wkh vshfldo fdvh ri htxlsrzhu

xvhuv1

Wklv ehkdylrxu lv looxvwudwhg lq Ilj1 4/ zklfk frpsduhv wkh wuxh xqlrq erxqg/ rewdlqhg dqdo|wlfdoo| xvlqj

+;,/ zlwk wkh dv|pswrwlf irup/ rewdlqhg iurp +47,1 Qrwh wkdw wklv judsk frqvlghuv htxlsrzhu xvhuv +doo

Np @ 4, vr wkdw � lv wkh frpprq VQU1 Qxphulfdo frpsdulvrq ri wkh wuxh xqlrq erxqg dqg wkh vlpxodwhg

VHU fdq eh irxqg lq ^4`1 Erwk wkh judsk dqg +47, ghprqvwudwh wkdw wkh h�hfw ri dgglwlrqdo xvhuv lv vlpso|

wr vkliw wkh fxuyhv wr wkh uljkw e| dq VQU shqdow| wkdw lv frqvwdqw/ phdvxuhg lq gE1 Ehorz/ zh xvh rxu

dv|pswrwlf h{suhvvlrqv wr rewdlq vhyhudo qhz uhvxowv iru wkh VQU shqdow|1

��2 5�+ �i?@*|) uLh W4TihuiU| ��@??i* ,t|�4@|�L?

Zh kdyh h{suhvvhg wkh txdolw| ri pxowlxvhu slorw0edvhg fkdqqho hvwlpdwlrq e| wkh frh�flhqwv np1 Lw lv fohdu

iurp +47, wkdw lpshuihfw hvwlpdwlrq ghjudghv wkh VQU e| dq dv|pswrwlf idfwru ri 4 .
SP

p@4
np iru hyhu|

sdluzlvh huuru hyhqw1 Wklv lv rqh looxvwudwlrq ri wkh lqwhughshqghqfh ri gdwd ghwhfwlrq iru gl�huhqw prelohv/

vlqfh dq| preloh zlwk srru fkdqqho hvwlpdwlrq +d odujh ydoxh ri np, ghjudghv wkh shuirupdqfh ri doo xvhuv/

hyhq wkrvh zlwk shuihfw FVL +np @ 3,1

��� 5�+ �i?@*|) uLh �__�|�L?@* Ntiht

Wklv shuirupdqfh ghjudgdwlrq lv txdqwl�hg e| wkh dgglwlrqdo VQU uhtxluhg wr vxssruw P xvhuv dw d �{hg

v|pero huuru udwh lq wkh dv|pswrwlf uhjlrq/ frpsduhg zlwk wkdw uhtxluhg wr vxssruw d vlqjoh xvhu dw wkh vdph

huuru udwh1 Khuh zh ghulyh dq h{suhvvlrq iru wkh VQU shqdow| h{shulhqfhg e| d v|vwhp zlwk htxlsrzhu xvhuv

9



dqg shuihfw FVL +Np @ 4 dqg np @ 3,1 Wkh dv|pswrwlf VHU lv wkhq

Sv>dv|ps @ 5�O
�
5O� 4

O� 4

�[
l5F4

#
P[
p@4

+4�Uh ^flp`,

$
�O

��O
P

+48,

zkhuh wkh vxevfulsw m lv gursshg ehfdxvh wkh wudqvplwwhg yhfwru fm lv doo rqhv/ dqg vxevfulsw p lv gursshg

ehfdxvh wkh prelohv kdyh lghqwlfdo frqglwlrqv/ doorzlqj xv wr frqvlghu rqo| F4/ wkh vhw ri yhfwruv wkdw gl�hu

iurp xqlw| lq wkh �uvw srvlwlrq1 Wkh VQU kdv ehhq ghqrwhg �P wr hpskdvl}h wkh qxpehu ri xvhuv1 Iru

wkh uhihuhqfh vlqjoh0xvhu v|vwhp zlwk T srlqwv lq wkh SVN frqvwhoodwlrq/ zh kdyh l 5 i4>5> � � � > T� 4j

dqg Uh ^fl4` @ frv ^5�l@T`/ uhvxowlqj lq wkh vlpsoh h{suhvvlrq 5�O
�
5O�4

O�4

�ST�4

l@4 +4� frv ^5�l@T`,
�O

��O
4

iru

dv|pswrwlf VHU1

Gh�qh XP @ �P@�4 dv wkh shqdow| idfwru e| zklfk wkh VQU pxvw eh lqfuhdvhg wr pdlqwdlq wkh vdph

VHU dv d vlqjoh0xvhu v|vwhp1 Iurp +48,/ zh kdyh wkh VQU shqdow| dv

XP @

5
97
S
l5F4

�SP

p@4
+4�Uh ^flp`,

�
�O

ST�4
l@4 +4� frv ^5�l@T`,

�O

6
:8
4@O

= +49,

D sorw ri +49, lq Ilj1 5 iru ESVN prgxodwlrq vkrzv wkdw/ iru d jlyhq qxpehu ri dqwhqqdv O/ wkhuh lv d frqvwdqw

shqdow| lq gE iru hdfk dgglwlrqdo xvhu1 Pruhryhu/ dv wkh qxpehu ri dqwhqqdv lqfuhdvhv/ wkh ghjudgdwlrq shu

dgglwlrqdo xvhu ghfuhdvhv gudpdwlfdoo|1 Iru h{dpsoh/ iru d vlqjoh dqwhqqd +O @ 4,/ wkh ghjudgdwlrq lv

dssur{lpdwho| 5 gE shu dgglwlrqdo xvhu/ zkhuhdv lw lv ohvv wkdq 314 gE shu dgglwlrqdo xvhu iru O @ 71 Wkxv/

qrw rqo| gr pxowlsoh dqwhqqdv jlyh ehwwhu shuirupdqfh iru d vlqjoh xvhu/ wkh| pdlqwdlq wkdw shuirupdqfh

ehwwhu wkdq d vlqjoh dqwhqqd lq wkh idfh ri dq lqfuhdvlqj xvhu srsxodwlrq1

��e 5�+ �i?@*|) uLh w@h}ih �L?t|i**@|�L?t

Ilj1 6 sorwv wkh VQU shqdow| iru wkuhh gl�huhqw prgxodwlrq irupdwv/ qdpho| ESVN/ TSVN/ dqg ;0SVN1 Qrwh

wkdw iru d jlyhq qxpehu ri frqvwhoodwlrq srlqwv T> wkh VQU shqdow| lv dozd|v uhihuhqfhg wr d vlqjoh xvhu

v|vwhp zlwk wkh vdph T= Dv fdq eh vhhq/ lqfuhdvlqj wkh frqvwhoodwlrq vl}h uhvxowv lq d vljql�fdqw ghjudgdwlrq

lq shuirupdqfh/ hvshfldoo| iru wkh 70xvhu v|vwhp1 Pruh lpsruwdqwo| wkrxjk/ wkh ghjudgdwlrq lv txlfno|

uhgxfhg dv wkh qxpehu ri dqwhqqdv lq lqfuhdvhg1 Lq idfw/ iru O @ 6> wkh shuirupdqfh ghjudgdwlrq lv ohvv wkdq

5 gE iru doo wkuhh prgxodwlrq irupdwv dqg iru erwk wkh 50 dqg 70xvhu v|vwhpv1

e �L?U*�t�L?t

Lq wklv ohwwhu/ zh kdyh h{whqghg wkh uhvxowv ri ^4` iru wkh mrlqw ghwhfwlrq ri vhyhudo idglqj frfkdqqho vljqdov

zlwk xvh ri d glyhuvlw| dqwhqqd duud|1 Lq sduwlfxodu/ zh ghulyhg d ixoo| dqdo|wlfdo h{suhvvlrq iru wkh sdluzlvh

huuru suredelolw| dqg wkh xqlrq erxqg rq v|pero huuru udwh1 Xvlqj wkh dv|pswrwlf irupv ri wkh dqdo|wlfdo

h{suhvvlrqv/ zh frq�uphg vhyhudo uhvxowv rewdlqhg qxphulfdoo| lq wkh suhylrxv sdshu1 Zh dovr rewdlqhg

:



vhyhudo qhz uhvxowv/ vxfk dv wkh idfw wkdw d vlqjoh xvhu zlwk srru fkdqqho hvwlpdwlrq ghjudghv hyhq wkrvh

xvhuv zlwk shuihfw fkdqqho hvwlpdwlrq1 Zh kdyh dovr txdqwl�hg wkh shuirupdqfh orvv dv wkh qxpehu ri xvhuv

lqfuhdvhv dqg dv wkh frqvwhoodwlrq ghqvlw| lqfuhdvhv/ dqg zh vkrzhg wkdw wkh orvvhv vkulqn gudpdwlfdoo| dv

wkh qxpehu ri dqwhqqdv lv lqfuhdvhg1

+iuihi?Uit

^4` V1M1 Judqw dqg M1N1 Fdyhuv/ _Shuirupdqfh hqkdqfhphqw wkurxjk mrlqw ghwhfwlrq ri frfkdqqho vljqdov

xvlqj glyhuvlw| duud|v/% LHHH Wudqvdfwlrqv rq Frppxqlfdwlrqv/ yro1 79/ ss1 436;0437</ Dxjxvw 4<<;1

^5` S1 GhUxvvr/ U1 Ur|/ dqg F1 Forvh/ Vwdwh Yduldeohv iru Hqjlqhhuv/ Qhz \run= Mrkq Zloh| dqg Vrqv/ 4<981

^6` V1M1 Judqw dqg M1N1 Fdyhuv/ _Pxowlxvhu fkdqqho hvwlpdwlrq iru ghwhfwlrq ri frfkdqqho vljqdov/% lq Surf1

LHHH LFF*<</ Ydqfrxyhu/ Fdqdgd/ Mxqh 9043/ 4<<<1

;


