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Glvfuhwh pxowlwrqh +GPW, kdv ehhq frqvlghuhg iru ydulrxv
zluholqh/ eurdgedqg frppxqlfdwlrq v|vwhpv1 Krzhyhu/ lw lv
zhoo0nqrzq wkdw wklv prgxodwlrq vfkhph h{klelwv kljk shdn0
wr0dyhudjh srzhu udwlr +SDU,1 Zh lqwurgxfh d qryho dssurdfk
wr uhgxfh wkh shdn srzhu xvlqj frqvwhoodwlrq vkdslqj1 Zh
sursrvh d phwkrg edvhg rq d k|shu0vskhulfdo erxqgdu|/ wr
vkdsh ruglqdu| GPW frqvwhoodwlrqv1 Wklv phwkrg uhgxfhv
wkh shdn srzhu e| 609 gE zlwk qr orvv ri gdwd udwh dqg zlwk
yluwxdoo| lghqwlfdo v|pero huuru udwh dv frqyhqwlrqdo v|vwhpv
zkhq qr folsslqj lv dssolhg wr wkh vljqdo1 Zkhq folsslqj lv
dssolhg/ lw surylghv dw ohdvw 5 gE ri shdn0srzhu uhgxfwlrq1
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Lq d glvfuhwh pxowlwrqh +GPW, v|vwhp/ wkh rxwsxw wlph vljqdo/
{ +w,/ lv jhqhudwhg e|

{ +w, @
[
n

Uh +[n, � frv +5�inw,. Lp +[n, � vlq +5�inw, +4,

iru 3 � n ? P zkhuh wkh [n duh frqvwhoodwlrq srlqwv iurp
TDP frqvwhoodwlrqv ri urxjko| htxdo dyhudjh hqhuj|4 dqg
in @

n
PW

1 Wkh vdpsohg yhuvlrq ri wkh vljqdo fdq eh h�flhqwo|
frpsxwhg e| dq idvw Irxulhu wudqvirup1
Krzhyhu/ zkhq doo wkh [n wdnh rq vlplodu ydoxhv/ wkh frq0

vwhoodwlrq srlqwv lqwhuihuh frqvwuxfwlyho| wr surgxfh d odujh
wlph0vdpsoh pdjqlwxgh1 Lq idfw/ wkh wlph0grpdlq shdn srzhu
jurzv olqhduo| dv wkh qxpehu ri iuhtxhqf| edqgv1 Wkxv/ wkh
wlph vdpsohv pd| rffdvlrqdoo| kdyh yhu| kljk rxwsxw ohyhov/
zklfk ohdgv wr wkh uhtxluhphqw ri dq h{shqvlyh/ kljko| olqhdu/
dqg srzhu0lqh�flhqw dqdorj iurqw hqg +DIH, dqg2ru d fols0
slqj phfkdqlvp wr olplw wkh wlph0vdpsoh pdjqlwxgh/ zklfk
ohdgv wr lpsxovlyh qrlvh dqg shuirupdqfh ghjudgdwlrq1 Kljk
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shdn0wr0dyhudjh udwlr +SDU, lv dujxdeo| wkh juhdwhvw gudz0
edfn ri GPW1 Lq rughu wr pdlqwdlq dq dffhswdeoh ohyho ri
v|vwhp uholdelolw|/ wkh rxwsxw vljqdo lv xvxdoo| folsshg dw d
kljk SDU zklfk ohdgv wr kljkhu srzhu frqvxpswlrq1 Lq idfw/
wkh DIH frqvxphv d vxevwdqwldo dprxqw ri srzhu iru d w|slfdo
GVO prghp1 Wklv srzhu frqvxpswlrq uhtxluhphqw pd| ohdg
wr ydulrxv gl�fxowlhv lq v|vwhp ghvljqv1 Iru h{dpsoh/ d XVE
GVO prghp pd| qhhg dq h{wud srzhu vxsso| zkhq wkh wrwdo
srzhu frqvxpswlrq ri wkh prghp h{fhhgv wkh dprxqw wkdw
wkh exv pd| vxsso|1 Dovr/ wkh whohskrqh frpsdq| lpsrvhv d
pd{lpxp vsdwldo ghqvlw| ri srzhu frqvxpswlrq lq wkh fhq0
wudo r�fh +FR,1 Orzhu srzhu frqvxpswlrq doorzv pruh GVO
prghpv wr eh sodfhg pruh ghqvho| lq wkh FR zklfk ohdgv wr
orzhu uhqwdo frvw1

Vhyhudo dxwkruv ^4`/ ^5` h{sorlw vrph xqxvhg edqgzlgwk lq
wkh GPW v|vwhp wr fdqfho rxw wkh odujh0dpsolwxgh vdpsohv
jhqhudwhg e| wkh rwkhu lqirupdwlrq0ehdulqj fkdqqhov1 Wklv
dssurdfk uhtxluhv iuhtxhqf| vshfwuxp wkdw frxog rwkhuzlvh
eh xvhg iru wudqvplvvlrq ri lqirupdwlrq1 Rqh fodvv ri phwkrgv
folsv wkh wudqvplwwhg vljqdo lqwhooljhqwo| vr wkdw wkh ghjudgd0
wlrq gxh wr wkh lpsxovlyh qrlvh lv plqlpl}hg/ ru wkh uhfhlyhu
xvhv d sulrul nqrzohgjh ri wkh folsslqj phfkdqlvp wr ghfrgh
wkh vljqdo uholdeo| ^6`/ ^4`1 Krzhyhu/ wklv fodvv ri phwkrgv gh0
judghv wkh shuirupdqfh ri wkh ryhudoo v|vwhp e| lqwurgxflqj
duwl�fldo qrlvh1

Qxphurxv phwkrgv kdyh ehhq sursrvhg wr uhgxfh wkh SDU
ri dqrwkhu pxowlfduulhu prgxodwlrq vfkhph 0 ruwkrjrqdo iuh0
txhqf| glylvlrq pxowlsoh{lqj +RIGP,1 Fxuuhqwo|/ prvw ri
wkh h{lvwlqj vfkhphv dssurdfk wklv sureohp e| prgli|lqj wkh
wudqvplwwhg vljqdo1 Ydulrxv eorfn frglqj vfkhphv kdyh ehhq
xvhg ^7`/ ^8`/ ^9`1 Wkhvh vfkhphv orzhu wkh ryhudoo gdwd udwh
ri wkh v|vwhp dqg hvvhqwldoo| wudgh edqgzlgwk iru orzhu shdn
dpsolwxgh1 Rwkhuv ^:`/ ^;` uhod{ wkh frqvwhoodwlrq e| doorzlqj
srvvleo| pruh wkdq rqh fkrlfh iru hdfk frqvwhoodwlrq srlqw1
Wkh vljqdov jhqhudwhg e| wkhvh phwkrgv pd| rffdvlrqdoo| yl0
rodwh wkh srzhu frqvwudlqw1 Ilqdoo|/ wkhuh duh phwkrgv zklfk
dgmxvw wkh skdvh ri wkh frqvwhoodwlrq srlqwv lq rughu wr dyrlg
skdvh doljqphqwv wkdw ohdg wr odujh pdjqlwxgh wlph vdpsohv
^<`/ ^43`1 Lq dgglwlrq/ ^44` srlqwv rxw wkdw hydoxdwlqj SDU
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uhgxfwlrq whfkqltxhv lq wkh gljlwdo grpdlq riwhq ohdgv wr rs0
wlplvwlf ydoxhv1 Dw wlphv/ ryhu 6 gE ri SDU uhgxfwlrq duh
�fwlwlrxv1 D skdvh urwdwlrq vfkhph zlwk ryhu 7 gE ri SDU
uhgxfwlrq lq wkh glvfuhwh0wlph grpdlq zdv vkrzq +e| ^44`, wr
kdyh ohvv wkdq 4 gE ri uhgxfwlrq zkhq wkh shuirupdqfh phd0
vxuhphqw lv grqh lq wkh frqwlqxrxv0wlph grpdlq1 Zh uhihu wr
wklv skhqrphqrq dv shdn uhjurzwk ehfdxvh wkh shdn vhhpv wr
uhdsshdu diwhu jrlqj iurp wkh glvfuhwh0wlph wr wkh frqwlqxrxv0
wlph grpdlq1

Xqiruwxqdwho|/ prvw ri wkhvh vfkhphv fdqqrw eh hdvlo| ds0
so| wr GPW1 Prvw frglqj vfkhphv uhtxluh SVN lq hdfk wrqh1
Skdvh urwdwlrq gr qrw shuirup zhoo dv wkh shu0wrqh frqvwhood0
wlrq ehfrph odujh1 Lq dgglwlrq/ pdq| ri wkhvh vfkhphv dvvxph
lghqwlfdo dqg �{hg frqvwhoodwlrq lq hdfk wrqh1 D GPW prghp
ghvljqv lwv frqvwhoodwlrq gxulqj wkh lqlwldol}dwlrq dffruglqj wr
wkh VQU ri wkh vxeedqgv1 Prvw lq0edqg vljqdo0prgl�fdwlrq
vfkhphv fdqqrw eh lqlwldol}hg lq vxfk vkruw wlph1

Lq wklv sdshu/ zh sursrvh d phwkrg iru shdn0srzhu uhgxf0
wlrq lq GPW v|vwhpv edvhg rq frqvwhoodwlrq vkdslqj edvhg
rq wkh vkhoo pdsslqj xvhg lq wkh Y167 prghpv1 Lw vkdshv
wkh frqvwhoodwlrq lqwr d k|shuvskhuh lq rughu wr uhgxfhv wkh
shdnv/ zlwkrxw orzhulqj wkh gdwd udwh ru lqfuhdvlqj wkh v|p0
ero huuru udwh1 Lw |lhogv xs wr 9 gE ri shdn0srzhu uhgxfwlrq1
Zh zloo vkrz wkhruhwlfdoo| wkdw wkh sursrvhg vfkhph lv lp0
pxqh wr shdn uhjurzwk1 Iru sudfwlfdo fkdqqho sdudphwhuv
zlwk folsslqj/ lw |lhogv derxw 5 gE ri shdn0srzhu uhgxfwlrq1
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Iru ruglqdu| GPW v|vwhpv/ zh pd| frqvlghu wkh TDP frq0
vwhoodwlrqv iurp doo fkdqqhov mrlqwo| dv d uhdo0ydoxhg 5Q0G
odwwlfh lq wkh iuhtxhqf| grpdlq/ dqg zh fkrrvh d erxqg0
du| lq wkh 5Q0G vsdfh vxfk wkdw doo odwwlfh srlqwv lqvlgh wkh
erxqgdu| duh frqvlghuhg wr ehorqj wr wkh frqvwhoodwlrq1 W|sl0
fdoo|/ wkh erxqgdu| lv vtxduh ru uhfwdqjxodu lq qdwxuh ehfdxvh
wkh lqsxw elwv fdq eh hdvlo| glylghg lqwr vxejurxsv/ hdfk ri
zklfk lqgh{hv rqh iuhtxhqf| glphqvlrq1 Krzhyhu/ zkhq d
frqvwhoodwlrq0ghshqghqw phwulf qhhgv wr eh plqlpl}hg/ d uhfw0
dqjxodu frqvwhoodwlrq lv riwhq vxerswlpdo ^45`15 Lqvwhdg/ d
surshuo|0fkrvhq erxqgdu| pd| ohdg wr ehwwhu shuirupdqfh lq
whupv ri wkh sduwlfxodu phwulf zlwkrxw orzhulqj wkh gdwd udwh
ru lqfuhdvlqj wkh v|pero huuru udwh1 Lq wkh Y167 prghp vwdq0
gdug/ wkh sxusrvh lv wr uhgxfh wkh dyhudjh srzhu1 Lq rxu fdvh/
wkh jrdo lv wr plqlpl}h wkh shdn srzhu/ ru wkh40qrup/ n{n4/
lq wkh wlph0grpdlq1 Zh looxvwudwh wklv lghd zlwk dq h{dpsoh1

H{dpsoh 4 Vxssrvh zh xvh d 50srlqw lqyhuvh GIW wr fuh0
dwh d wzr0fkdqqho uhdo0ydoxhg GPW vljqdo1 Wkh prgxodwlrq
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D 490srlqw/ vtxduh frqvwhoodwlrq +vhh Iljxuh 4, lv xvhg iru wkh
xqvkdshg edvholqh fdvh1 +Qrwh wkdw wklv lv qrw d TDP frqvwho0
odwlrq/ exw d 50G mrlqw uhdo0ydoxhg furvv0frqvwhoodwlrq ri iuh0
txhqflhv 4 dqg 51, Li[ @

�
[4 [5

�
lv d frqvwhoodwlrq srlqw

ehorqjlqj wr wkh frqvwhoodwlrq F/ zh zlvk wr �qg wkh txdq0
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wkdw DQ +F, @ i{ = { @DQ[ iru ;[ 5 Fj1, Rqh fkrlfh wkdw
ohdgv wr ehwwhu shuirupdqfh lv vkrzq lq Iljxuh 51 Lq Ilj0
xuhv 6 dqg 7/ wkh fruuhvsrqglqj wlph0grpdlq vdpsoh yhfwru/
{ @

�
{4 {5

�
/ iru hdfk frqvwhoodwlrq srlqw lv sorwwhg1 Wkh

grwwhg olqhv lqglfdwh wkh htxl0phwulf olqh iru wkh pd{lpxp
wlph0vdpsoh pdjqlwxgh iru wkh xqvkdshg dqg vkdshg fdvh1 Wkh
ryhudoo SDU uhgxfwlrq lv 4=8 gE1 Dv zh zloo vhh odwhu/ iru
kljkhu glphqvlrqv/ wkh SDU uhgxfwlrq lv odujhu1
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Iljxuh 4= Wkh xqvkdshg/ 50G frqvwhoodwlrq1

Wkh frqvwhoodwlrq erxqgdu| lv xvxdoo| ghwhuplqhg e| wkh
phwulf wkdw zh zdqw wr rswlpl}h1 Lq wklv sdshu/ zh sursrvh d
k|shu0vskhulfdo erxqgdu|1

� O)Tih�5T�ih�U@* 5�@T�?}

Vskhulfdoo|0vkdshg frqvwhoodwlrqv duh xvhg lq wkh LWX Y167
prghp vwdqgdug wr uhgxfh wkh dyhudjh srzhu ri wkh frqvwho0
odwlrq zkloh qhlwkhu orzhulqj wkh gdwd udwh qru lqfuhdvlqj wkh
v|pero huuru udwh1 Iru wkh shdn0srzhu uhgxfwlrq sureohp/
d vskhulfdo frqvwhoodwlrq lv dovr ghvludeoh ehfdxvh d vskhulfdo
yroxph lv lqyduldqw xqghu urwdwlrq dqg uh�hfwlrq1 Wkhuhiruh/
wkh udglxv ri wkh vskhulfdo erxqgdu| lv wkh pd{lpxp wlph0
vdpsoh pdjqlwxgh zkhq d xqlwdu| wudqvirupdwlrq lv dssolhg
wr wkh frqvwhoodwlrq srlqwv1 +Rwkhuzlvh/ zh pxvw vfdoh e| wkh

5



-3 -2 -1 0 1 2 3
-3

-2

-1

0

1

2

3

X1

X 2

Iljxuh 5= Wkh vkdshg 50G frqvwhoodwlrq lq wkh 50G uhdo iuh0
txhqf| grpdlq11
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Iljxuh 6= Wkh wlph vdpsohv jhqhudwhg e| wkh xqvkdshg frq0
vwhoodwlrq1 Qrwh wkdw wkh zruvw0fdvh dpsolwxgh lv 4=81

pdwul{ qrup1, E| fkrrvlqj d vskhulfdo erxqgdu|/ wkh shdn
wlph vdpsoh zloo eh qr odujhu wkdq wkh shdn pdjqlwxgh ri
wkh shu0fkdqqho edvh frqvwhoodwlrq1 Lq rwkhu zrugv/ d k|shu0
vskhulfdo frqvwhoodwlrq lv _dpsol�fdwlrq iuhh% xqghu d xqlwdu|
wudqvirupdwlrq1
Lq wkh wlph0grpdlq/ zh pd| erxqg wkh pdjqlwxgh ri wkh

frqwlqxrxv0wlph vljqdo/ { +w,/ xvlqj wkh Fdxfk|0Vfkzduw} lq0
htxdolw|
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Iljxuh 7= Wkh wlph vdpsohv jhqhudwhg e| wkh vkdshg frqvwho0
odwlrq1 Yld vkdslqj/ wkh odujhvw shdn dpsolwxgh lv uhgxfhg wr
4=581

wkh qxpehu ri wudqvplwwlqj wrqhv1 Lq rughu zrugv/ wkh
pd{lpxp pdjqlwxgh ri wkh frpsoh{ hqyhorsh ri wkh vljqdo
lv erxqghg e| wkh o50qrup ri wkh frqvwhoodwlrq srlqw1 Li zh
olplw wklv xsshu0erxqg wr d pd{lpxp ydoxh ri �/ zh kdyh d
frqvwhoodwlrq zlwk hdfk srlqw/ [/ vdwlvi|lqj

m{ +w,m �
s
Q n[n5 � � +8,

ru doo frqvwhoodwlrq srlqwv pxvw eh lqvlgh d 5Q0G k|shuvskhuh
ri udglxv �s

Q
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Lq rughu wr hydoxdwh wkh wkhruhwlfdo shuirupdqfh ri wklv
vfkhph/ zh xvh wkh idfw wkdw wkh yroxph ri dq Q0G k|shu0
vskhuh zlwk d udglxv ri � lv jlyhq e| ^46`
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Iru vlpsolflw|/ zh ljqruh wkh �qh srzhu dgmxvwphqw xvhg wr
wxqh wkh elw huuru udwh ri hdfk lqglylgxdo wrqh wr wkh ghvluhg
ohyho1 Zh dvvxph wkdw wkhuh duh Q vtxduh/ TDP frqvwhood0
wlrqv hdfk zlwk xqlw yduldqfh1 Zkhq wkh frqvwhoodwlrq vl}h
lv odujh/ zh pd| dsso| wkh frqwlqxrxv dssur{lpdwlrq ^45`
dqg wuhdw hdfk TDP frqvwhoodwlrq dv xqlirup udqgrp ydul0
deoh ryhu d vtxduh uhjlrq zlwk dq hgjh ri

s
91 Wkh pd{lpxp

pdjqlwxgh ri wkh xqvkdshg frqvwhoodwlrq lv jlyhq e|6
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Zh uhtxluh wkdw wkh gdwd udwh ri wkh vkdshg v|vwhp uhpdlqv
wkh vdph zklfk lv htxlydohqw wr uhtxlulqj erwk wkh xqvkdshg
k|shufxeh dqg wkh vkdshg k|shuvskhuh wr kdyh wkh vdph yro0
xph lq wkh Q0G vsdfh1 Wkhuhiruh/ zh frpsxwh wkh udglxv ri d
5Q0G vskhuh zlwk wkh yroxph ri 9Q 1 Wklv |lhogv wkh htxdwlrq
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Wkhuhiruh/ wkh shdn0srzhu uhgxfwlrq dssurdfkhv dv|pswrwl0
fdoo| wr

s
�h
5 / ru 9=637 gE17

e +it�*|t

Wkh shdn0srzhu uhgxfwlrq ri wkh k|shu0vskhulfdo vkdslqj xq0
ghu ydulrxv qxpehuv ri fkdqqhov dqg frqvwhoodwlrq vl}hv +lghq0
wlfdo frqvwhoodwlrq iru hdfk wrqh, duh vkrzq lq Iljxuh 81Zh
fdq vhh wkdw/ iru odujh frqvwhoodwlrqv/ lw dssurdfkhv wkh wkh0
ruhwlfdo olplw/ Jvskhuh +Q,/ udwkhu udslgo|1 Wkh shdn0srzhu
uhgxfwlrq iru w|slfdo frqvwhoodwlrq vl}hv dqg qxpehuv ri fkdq0
qhov lv derxw 6 wr 9 gE1
Qh{w/ zh xvh wzr fkdqqhov wkdw rqh pd| hqfrxqwhu lq dq

dfwxdo DGVO1 Iljxuh 9 vkrzv wkh elw doorfdwlrq iru wkh 640
fkdqqho dqg 5480fkdqqho fdvhv1 Wkh dprxqw ri shdn0srzhu
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Iljxuh 8= Wkh shdn0srzhu uhgxfwlrq yv1 wkh qxpehu ri fkdq0
qhov iru vhyhudo gl�huhqw frqvwhoodwlrq vl}hv1
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Iljxuh := Wkh folsslqj suredelolw| fxuyhv iru wkh wzr fkdqqhov1
Wkh pd{lpxp shdn0srzhu uhgxfwlrq iru wkh 640wrqh dqg 5480
wrqh fdvhv duh 7=:< gE dqg 8=55 gE uhvshfwlyho|1

uhgxfwlrq lv 7=; gE iru wkh 640fkdqqho fdvh dqg 8=5 gE iru wkh
5480fkdqqho fdvh1
Lq sudfwlfh/ zh fdq wrohudwh d vpdoo dprxqw ri folsslqj dv

orqj dv lw grhv qrw lqfuhdvh EHU vljql�fdqwo| dqg wkh vljqdo
lv frpsoldqw zlwk wkh SVG pdvn1 Wkh DQVL DGVO vwdqgdug
uhfrpphqgv d folsslqj udwh orzhu wkdq 43�:1 Wr suhyhqw iuh0
txhqw FUF iudph huuruv/ d ydoxh dv vpdoo dv 43�43 lv xvhg1
Wklv uhtxluhphqw doorzv wkh DIH wr fols wkh vljqdo dw ohdvw 8=5
wlphv ri wkh upv ydoxh ri wkh vljqdo1 Wkxv/ zlwk folsslqj/ wkh
SDU ri d GPW v|vwhp lv xsshu erxqghg dw 47=6 gE1 Zlwk
dq xsshu olplw ri 9 gE ri shdn uhgxfwlrq/ dq| v|vwhpv zlwk
dq xqvkdshg SDU ri ryhu 53 gE pd| dfklhyh orzhu SDU e|
folsslqj lqvwhdg ri vkdslqj1 Krzhyhu/ zh pd| fols wkh vkdshg
v|vwhp1 Zkhq zh dsso| folsslqj wr wkh vkdshg frqvwhood0
wlrq/ wkh dprxqw ri shdn0srzhu uhgxfwlrq ghfuhdvhv1 Iljxuh
: vkrzv wkh folsslqj suredelolw| fxuyhv iru wkh xqvkdshg dqg
vkdshg v|vwhpv1 Iurp wkh fxuyhv/ zh vhh wkdw wkh dprxqw ri
shdn0srzhu uhgxfwlrq dw d folsslqj udwh ri 43�; lv derxw 5=4
gE iru wkh 640wrqh fdvh dqg 5=3 gE iru wkh 5480wrqh fdvh1 Dv
wkh folsslqj udwh ghfuhdvhv dv|pswrwlfdoo| wr 3/ wkh dprxqw ri
shdn0srzhu uhgxfwlrq dssurdfkhv wkrvh zlwkrxw folsslqj +7=;
dqg 8=5 gE,1

D �L?U*�t�L?

Zh kdyh lqwurgxfhg wkh frqvwhoodwlrq vkdslqj dssurdfk lq wkh
shdn0srzhu uhgxfwlrq sureohp iru GPW v|vwhpv dqg ghvljq

eWu |�i i Tih�4i?|@* �@*�i uLh��?r�@Re_ �t �ti_ �?t|i@_c |�i @t)4T�

|L|�U@* }@�? �t D�S. _��

d vskhulfdoo| vkdshg frqvwhoodwlrq1 Dv wkh vl}h ri wkh frq0
vwhoodwlrq iru hdfk fkdqqho ehfrphv odujh/ wkh shdn0srzhu uh0
gxfwlrq dfklhydeoh e| wkhvh frqvwhoodwlrqv lv derxw 609 gE
zlwkrxw folsslqj1 Krzhyhu/ zlwk folsslqj/ wkh jdlq lv uhgxfhg
wr derxw 5 gE1 Wkh k|shu0vskhulfdo lv rqh h{dpsoh ri vkdshg
frqvwhoodwlrqv dqg lv e| qr phdqv rswlpdo iru wkh shdn0srzhu
uhgxfwlrq1 Uhfhqw glvfryhu| kdv vkrzq wkdw rwkhu fkrlfhv ri
erxqgdu| pd| ohdg wr hyhq pruh uhgxfwlrq ri shdn srzhu dw
wkh h{shqvh ri kljkhu frpsxwdwlrqdo frpsoh{lw|1 ^47`/ ^48`

Wkhuh duh fhuwdlq gudzedfnv ri wkh vkdslqj0edvhg shdn0
srzhu uhgxfwlrq phwkrgv sursrvhg khuh1 Iluvw/ wkh| uhtxluh
uhodwlyho| odujh frqvwhoodwlrq vl}h +dqg wkxv kljk gdwd udwh, wr
rewdlq vljql�fdqw uhgxfwlrq/ zklfk pd| olplw wkhlu dssolfdwlrq
wr vkruwhu orrsv lq wkh GVO dssolfdwlrq1 Krzhyhu/ prvw GVO
v|vwhpv duh ghvljqhg zlwk kljk gdwd udwh lq plqg1 Pruh0
ryhu/ zh pd| xvh d vkdshg frqvwhoodwlrq zlwk pruh srlqwv
wkdq uhtxluhg dqg dsso| frglqj wr erwk uhgxfh wkh gdwd udwh
dqg lqfuhdvh wkh uholdelolw| ri wkh v|vwhp vlpxowdqhrxvo|1 D
vhfrqg frqfhuq pd| eh wkdw wkh fkdqqhov ri wkh vkdshg frq0
vwhoodwlrq ehfrph fruuhodwhg1 Zh fdq dsso| frglqj rq wrs ri
wkh vkdshg frqvwhoodwlrq wr sduwldoo| uhphg| wklv sureohp/ dv
frqyroxwlrqdo frghv duh dssolhg rq wrs ri wkh 490G vkdshg
frqvwhoodwlrq lq Y167 prghpv1 Frglqj iru GPW v|vwhpv uh0
pdlqv d wrslf iru ixwxuh uhvhdufk1

+iuihi?Uit

^4` D1 Jdwkhuhu dqg P1 Srooh|/ _Frqwuroolqj folsslqj sured0
elolw| lq GPW wudqvplvvlrq/% lq Surfhhglqjv ri wkh 64vw
Dvlorpdu Frqihuhqfh rq Vljqdov/ V|vwhpv/ dqg Frpsxw0
huv/ ss1 8:;~8;7/ 4<<:1

^5` M1 Whoodgr dqg M1 Flr�/ _Shdn srzhu uhgxfwlrq iru pxo0
wlfduulhu wudqvplvvlrq/% lq Surfhhglqjv ri Lqwhuqdwlrqdo
V|psrvlxp rq Lqirupdwlrq Wkhru|/ Dxjxvw 4<<;1

^6` G1 M1 J1 Phvwgdjk dqg S1 P1 S1 Vsux|w/ _D phwkrg
wr uhgxfh wkh suredelolw| ri folsslqj lq gpw0edvhg
wudqvfhlyhu/% yro1 77/ ss1 4567~456;/ Rfwrehu 4<<91

^7` U1 ydq Qhh dqg D1 gh Zlog/ _Uhgxflqj wkh shdn0wr0
dyhudjh srzhu udwlr ri RIGP/% lq Surfhhglqjv ri LHHH
Yhklfxodu Whfkqrorj| Frqihuhqfh/ yro1 6/ ss1 53:5~53:9/
4<<;1

^8` M1 D1 Gdylv dqg M1 Mhgzde/ _Shdn0wr0phdq srzhu frqwuro
lq RIGP/ Jrod| frpsohphqwdu| vhtxhqfhv/ dqg Uhhg0
Pxoohu frghv/% LHHH Wudqvdfwlrqv rq Lqirupdwlrq Wkh0
ru|/ yro1 78/ ss1 56<:~574:/ Qryhpehu 4<<<1

^9` N1 Sdwwhuvrq/ _Jhqhudol}hg Uhhg0Pxoohu frghv dqg srzhu
frqwuro lq RIGPprgxodwlrq/% yro1 79/ ss1 437~453/ Mdq0
xdu| 53331
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^:` G1 O1 Mrqhv/ _Shdn srzhu uhgxfwlrq lq RIGP dqg GPW
yld dfwlyh fkdqqho prgl�fdwlrq/% lq Surfhhglqjv ri Dvlor0
pdu Frqihuhqfh/ 4<<<1

^;` M1 Whoodgr dqg M1 Flr�/ _Shdn srzhu uhgxfwlrq iru pxo0
wlfduulhu wudqvplvvlrq/% lq Surfhhglqjv FWPF/ Jorehfrp
4<<;/ Qryhpehu 4<<;1

^<` V1 Pxoohu dqg M1 Kxehu/ _RIGP zlwk uhgxfhg shdn0wr0
dyhudjh srzhu udwlr e| rswlpxp frpelqdwlrq ri sdu0
wldo wudqvplw vhtxhqfhv/% Hohfwurqlfv Ohwwhuv/ yro1 66/
ss1 69;~69</ Iheuxdu| 4<<:1

^43` P1 Iulhvh/ _Pxowlfduulhu prgxodwlrq zlwk orz shdn0
wr0dyhudjh srzhu udwlr/% Hohfwurqlfv Ohwwhuv/ yro1 65/
ss1 :46~:47/ Dsulo 4<<91

^44` F1 Whoodpexud/ _Frglqj whfkqltxh iru uhgxflqj shdn0wr0
dyhudjh srzhu udwlr lq RIGP/% lq Surfhhglqjv ri LHHH
Joredo Whohfrppxqlfdwlrqv Frqihuhqfh/ yro1 8/ ss1 5:;6~
5:;:1

^45` J1 G1 Iruqh| dqg O1 Zhl/ _Pxowlglphqvlrqdo frqvwhood0
wlrqv 0 Sduw L= Lqwurgxfwlrq/ �jxuhv ri phulw/ dqg jhq0
hudol}hg furvv frqvwhoodwlrq/% LHHH Mrxuqdo rq Vhohfwhg
Duhdv lq Frppxqlfdwlrqv/ yro1 :/ ss1 ;::~;<5/ Dxjxvw
4<;<1

^46` M1 K1 Frqzd| dqg Q1 M1 D1 Vordqh/ Vskhuh Sdfnlqjv/ Odw0
wlfhv dqg Jurxsv1 Vsulqjhu/ 6ug hg1/ 4<<<1

^47` K1 Nzrn dqg G1 Mrqhv/ _SDU uhgxfwlrq iru kdgdpdug
wudqvirup0edvhg rigp/% lq Surfhhglqjv ri Frpsxwhu dqg
Lqirupdwlrq V|vwhp V|psrvlxp/ 53331

^48` K1 Nzrn dqg G1 Mrqhv/ _SDU uhgxfwlrq yld frqvwhoodwlrq
vkdslqj/% lq Surfhhglqjv ri Lqwhuqdwlrqdo V|psrvlxp ri
Lqirupdwlrq Wkhru|/ 53331
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