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Devwudfw Wklv zrun frqwlqxhv iruphu vwxglhv

uhdfklqj iru d pruh lqwhooljhqw dqg �h{leoh zd| ri

glvsod|lqj pdwhuldo iurp frxuvhv iru wkh Lqwhuqhw

wkdw xvhv wkh irupdo frqvwuxfwlrqv qdyljdwlqj v|v0

whp nqrzq dv Ghwhuplqlvwlf Ilqlwh Dxwrpdwd zlwk

Rxwsxw1 Wkh vwxg| edvhg rq wkh whfkqrorjlhv hyrox0

wlrq ri wkh Lqwhuqhw vxjjhvwv wkdw wkh lqvwuxfwlrqdo

pdwhuldo zhoo vwuxfwxuhg lq [PO/ xvhg e| wrgd|*v

v|vwhpv/ lqfrusrudwhv wkh ehqh�wv ri wkh xvdjh ri

fdvfdgh vw|oh vkhhwv dqg dgydqfhg vw|oh vkhhw v|v0

whpv/ uxohg e| lpsruwdqw fulwhuld ri prghuq vw|olqj

dqg irupdwwlqj ri wkh ylvxdoo| dydlodeoh frqwhqw/

dorqj zlwk wkh qhfhvvlwlhv dqg whfkqrorjlfdo ehqh�wv

ri [PO1 Wkh pdlq jrdo ri wklv zrun lv wr vfkhpd0

wl}h dqg ghvfuleh wkh uxohv dffruglqj wr d eleolr0

judsklfdoo| vxssruwhg dqg dssolhg ylhz1 Vxfk uxohv/

zklfk lq d jhqhudo phdqlqj duh rswlrqdoo| sduw ri d

[PO grfxphqw/ lq wkh K|shu0Dxwrpdwrq V|vwhp/

zklfk zh ghyhorshg/ zloo eh xqgrxewhgo| lqglvshqv0

deoh dqg shupdqhqwo| lqwhjudwlqj hohphqwv1 Wklv

zrun frqwlqxhv wkh Zhe Frxuvhv Prgholqj Xvlqj

Irupdo V|vwhpv zrun dqg kdv dv jrdo wr surylgh do0

whuqdwlyhv uhjduglqj wkh irupdwwlqj ri wkh xvhu lq0

whuidfh xvlqj [PO dqg lwv dssolfdwlrqv1

Nh|zrugv= ZZZ/ [PO/ [VO/ Ilqlwh Dxwrpdwd/

K|shu0grfxphqwv Pdqdjhphqw/ Zhe frxuvhv1
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Wklv duwlfoh frqwlqxhv wkh %Prgholqj Zhe
Frxuvhv xvlqj Irupdo V|vwhpv% ^4`/ ^5` zrun/
dqg lw kdv dv remhfwlyh lghqwli| dowhuqdwlyhv iru
xvhu lqwhuidfh irupdwwlqj e| xvh ri [PO dqg
dssolfdwlrqv1 Zhe frxuvhv xvlqj irupdo v|v0
whpv xvhv irupdo frqvwuxfwlrqv nqrzq dv Gh0
whuplqlvwlf Ilqlwh Dxwrpdwrq ^6`1 Wkh jurxs
lqwurgxfhg wkh frqfhsw wkdw %frxuvhv duh dx0
wrpdwd% dv d vwuxfwxuh wkdw uhtxluhv olwwoh hi0
iruw iru lpsohphqwdwlrq/ fuhdwlrq ri k|shuph0
gld pdwhuldo wkdw lv lqghshqghqw iurp wkh dx0
wrpdwd/ dqg hqfrxudjhv wkh uhxvh ri zhe sdjhv
lq vhyhudo fxuvhv/ zklfk fdq eh ri gl�huhqw ir0
fxv/ glplqlvklqj uhgxqgdqf| lq sdjh fuhdwlrq
^4`/ ^6`/ ^7`1

Wkh jhqhudo jrdo ri wkh k|shu0dxwrpdwrq
prgho fhqwhuv rq wkh vwxg| ri wkh dssolfdwlrq
ri wkh Ilqlwh dxwrpdwrq zlwk rxwsxw irupdo0
lvp +Phdo| dqg Prruh pdfklqh, dv d vwuxf0
wxuhg prgho iru rujdql}dwlrq ri lqvwuxfwlrqdo
k|shu0grfxphqwv/ hvshfldoo| Zhe frxuvhv1 Wkh
prgho zdv lqvsluhg e| fodvvlfdo uhvhdufk lq wkh
k|shu0grfxphqwv duhd dqg lq uhfhqw lqlwldwlyhv
lq wkh Zruog Zlgh Zhe/ pdlqo| lq wkh ghyho0
rsphqw ri k|shuwh{w v|vwhpv wkdw wkh edvh ri
k|shu0grfxphqwv lv lqghshqghqw ri wkh k|shu0
phgld dssolfdwlrq*v vwuxfwxuh/ dqg wkdw vxs0
sruwv vrph frqyhqlhqfhv dv klhudufkdo vwuxf0



wxuh frpsrvlwlrq/ wkh vshfl�fdwlrq ri vhyhudo
olqnv iru wkh vdph vhw ri k|shu0grfxphqwv dqg
remhfwv vhsdudwhg iurp wkh qdyljdwlrqdo vwuxf0
wxuh1
Hdfk dxwrpdwrq gh�qhv d frxuvh/ dqg frq0

vlvwv ri d vhw ri lqghshqghqw k|shu0grfxphqwv/
zklfk fdq eh xvhg lq rwkhu frxuvhv1 Wkh
wudqvlwlrq ixqfwlrq zrunv dv d orjlf elqg eh0
wzhhq wkh k|shu0grfxphqwv dqg wkh rxwsxw
ixqfwlrq frpsrvhv wkh zhe sdjhv1 Wkh �0
qdo uhvxow lv d edvlf vwuxfwxuh ri sdjhv dqg
olqnv lq d zhe vlwh1 Wklv prgho uhvxowv lq d
kljk ohyho ri lqvwuxfwlrqdo pdwhuldo prgxodu0
l}dwlrq/ zlwk wkh iroorzlqj dgydqwdjhv= hdvh
wr uhxvh sdjhv lq gl�huhqw zhe frxuvhv glplq0
lvklqj uhgxqgdqf|> k|shu0grfxphqwv lqghshq0
ghqw ri wkh qdyljdwlrq vwuxfwxuh 0 xsgdwh frq0
whqw zlwkrxw zruu|lqj derxw qdyljdwlrq vwuxf0
wxuh dqg ylfh0yhuvd> hqdeoh xvhuv wr fuhdwh olqnv
iurp dq| grfxphqw wr dq| grfxphqw> hdvh
ri lpsohphqwdwlrq dqg pdlqwhqdqfh> fxvwrpl}0
deoh judsklf lqwhuidfh/ hoderudwlrq ri lqvwuxf0
wlrqdo vhtxhqfhv zlwk vshfl�fv irfxv dqg fdsd0
eoh ri fxvwrpl}lqj wkh ohduqlqj surfhvv> fdwh0
jrulfdo rshudwlrqv hqdeohv wkh frqvwuxfwlrq ri
qhz frxuvhv edvhg rq h{lvwlqj frxuvhv e| phdqv
ri kljk ohyho surfhgxuhv ^4`/ ^7`1
Wkh k|shu0dxwrpdwrq v|vwhp lv d vhpl0

dxwrpdwlf v|vwhp iru vxssruwlqj Zhe Frxuvhv
+edvhg rq dqg folhqw2vhuyhg dufklwhfwxuh dqg
kwpo ghyhorshg lqwhuidfh, e| phdqv ri frqfhswv
wkdw duh lqkhuhqw ri Frpsxwhu Vflhqfh/ pdlqo|
ri wkh Dxwrpdwrq Wkhru|/ K|shuphgld whfk0
qrorj| dqg Fdwhjrulfdo Wkhru|/ h{sorlwlqj wkh
dgydqwdjhv ri doo1 Dowkrxjk wkh irfxv xvhg ydo0
lgdwlqj wkh prgho zdv wkh lpsohphqwdwlrq ri d
glvwdqfh ohduqlqj v|vwhp/ wkh uhvxowv fdq eh h{0
whqghg iru dq| k|shuwh{w v|vwhp1
Rxu zrun lq wkh fxuuhqw vwdjh lv fhqwhuhg lq

wkh vhyhudo dowhuqdwlyhv ri glvsod|lqj frqwhqw/
zrunlqj rq dq dghtxdwh xvhu lqwhuidfh/ zkhuh
wkh fxvwrpl}dwlrq ri irupdwwlqj lqvwuxfwlrqdo
pdwhuldo lq wkh rxwsxw ixqfwlrq ri wkh dxwrpd0
wrq zloo eh dq dssolfdwlrq wkdw prxqwv wkh grf0
xphqw zlwk wkh fkrvhq sduwv zlwk wkh prvw dg0
htxdwh fkdudfwhulvwlfv uhodwhg wr wkh xvhu*v dqg
frxuvh*v qhhgv1
Wkh vwxg| ehlqj pdgh zloo eulqj pruh �h{0

lelolw|/ vlqfh lq wkh fxuuhqw vwdwh wkh rqo|
srvvlelolw| lv d uljlg frqfdwhqdwlrq ri zhe
grfxphqwv1 E| frqvlghudwlrqv wkdw h{foxgh
dq| frpphufldo uhdvrq/ wkh zrun ghyhorshg
zdv whvwhg zlwk Lqwhuqhw H{soruhu 818/ ehlqj
wkh rqo| zhe eurzvhu wkdw vxssruwv vwdqgdug
[PO1
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Wkh gldjudp ghwdlohg lq �jxuh 4 looxvwudwhv wkh
v|vwhp*v sduwv dqg jlyhv xv d jrrg ri zkdw lv
ehlqj ghyhorshg/ zrunlqj rq d dghtxdwh/ uljkw
dqg vwdqgdug zd| ri glvsod|lqj zhoo vwuxfwxuhg
[PO grfxphqwv/ zhoo iruphg dqg ydolg djdlqvw
d GWG ^8`/ ^9`1

Wkh vwxg| ri uxohv iru wkh K|shu0Dxwrpdwrq
v|vwhp zdv glvfxvvhg lq iruphu vwxglhv1 Wkhvh
fkdqjhv kdv dv pdlq remhfwlyh wkh lqfuhdvh ri
�h{lelolw| ri wkh rxwsxw ixqfwlrq e| wkh dssol0
fdwlrq ri pxowlsoh vw|ohv rq wkh pdwhuldo ehlqj
glvsod|hg/ dv zhoo dv d whfkqrorjlfdo xsgdwh ri
wkh v|vwhp dffruglqj wr wkh ehqh�wv ri [PO
ghvfulehg lq iruphu vwxglhv ^<`/ ^43`1

E| wkh xvh ri [VO whpsodwhv dqg2ru fdvfdgh
vw|oh vkhhwv +FVV, ^44`/ ^;`/ zh zloo rewdlq yl0
vxdol}dwlrq irupdw dqg wkh od|rxw ri wkh zhe
frxuvhv1

Qrz zloo eh ghvfuleh rqh ri wkh prvw lpsru0
wdqw ihdwxuhv ri [PO uhodwhg wr wkh vwxg| ri
wkh srvvleoh zd|v ri ylvxdol}dwlrq ri suhylrxvo|
vwuxfwxuhg frqwhqw reh|lqj vwurqjo| wkh uxohv
ri wkh vwdqgdug ghvfulehg e| wkh Zruog Zlgh
Zhe Frqvruwlxp +Z6F,1

Nqrzq dv vw|oh vkhhwv/ wkhvhv dssolfdwlrqv
duh vwurqjo| olqnhg wr rxu jrdov/ vlqfh wkh| hv0
wdeolvk zd|v ri pdqlsxodwlqj grfxphqwv/ vlp0
so| lqvhuwlqj gluhfw irupdwwlqj fulwhuld ru d
frpsoh{ wudqvirupdwlrq ri wkh [PO grfx0
phqw*v wuhh ^46`1

Wkh dgydqfhg vw|oh vkhhw pdnh srvvleoh vhy0
hudo zd|v ri glvsod|lqj wkh vdph pdwhuldo/ e|
wkh xvh ri dghtxdwh irupdwwlqj frppdqgv dqg
[Sdwk h{suhvvlrqv/ uhvxowlqj lq d dghtxdwh
ylvxdol}dwlrq ri lqvwuxfwlrqdo frqwhqw lq zhe
eurzvhuv wkdw vxssruwv [PO grfxphqwv dqg



Iljxuh 4= G|qdplf Elqglqj ri Vw|oh Vkhhwv

rwkhuv xvhg rq wkh zhe1

Ghwdlohg lq wkh �jxuh deryh/ wkhvh fkdudfwhu0
lvwlfv fhuwdlqo| zloo eh d sduw dqg zlgho| xvhg
lq wkh qhz sursrvdo ri wkh K|shu0Dxwrpdwrq
v|vwhp1
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Uhsuhvhqw rqh ri wkh prvw lqwhuhvwlqj qhz ihd0
wxuhv pdgh lq KWPO 713 dqg wkh zhe1 Lw
zdv lqwurgxfhg e| Z6F wr lqfrusrudwh frq0
vlvwhqf| wr wkh zhe/ vlqfh lw surplvhv d juhdw
lpsuryhphqw wr wkh fxuuhqw vwdwh ri duw/ vrph0
krz fkdrwlf ^44`1 Wkh Vw|oh Vkhhwv hqdeohv wkh
dxwkruv wr vshfli| od|rxw dqg surmhfwv hohphqwv
ri d zkroh zhe vlwh/ vxfk dv irqwv/ froruv/ lq0
ghqwdwlrq/ dqg d suhflvh frqwuro ri wkh zd| wkh
hohphqwv duh glvsod|hg lq d zhe sdjh1

Wkh prvw lqwhuhvwlqj dqg lpsruwdqw lv wkdw
qhlwkhu edgo| frq�jxuhg zhe eurzvhuv qru
xvhuv* zklpv zloo vsrlo wkh h{klelwlrq ri zhe
grfxphqwv wkdw ghshqgv rq vw|ohv1

Lq wkh eleolrjudsk| ^44`/ vw|oh vkhhwv shuwdlq
lq wkh dgydqfhg pdunxs/ vlqfh wkh| duh yhu|
frpsoh{1 D vw|oh vkhhw gh�qhv wkh surmhfw dqg
od|rxw lqirupdwlrq1 Lq jhqhudo wkh vw|oh vkhhwv
dovr vshfl�hv irqwv/ froruv/ lqghqwdwlrq/ nhuq0

lqj/ ohdglqj/ pdujlqv dqg hyhq wkh sdjh glphq0
vlrqv ri dq| sdjh wkdw fdvw wkhp1

Wkh frqvlvwhqf| lv d kljko| ghvludeoh ihdwxuh
lq wkh �qdo surgxfw/ dv pxfk iru sulqwhg grf0
xphqwv dv iru hohfwurqlf grfxphqwv +rq0olqh,1
Wkh fdvfdgh vw|oh vkhhw lv rqh ri wkh prvw lp0
sruwdqw ihdwxuhv ri wkh v|vwhp ehlqj sursrvhg/
vlqfh lw lv dq lqglvshqvdeoh hohphqw rq wkh wul0
qrpldo frqwhqw/ uxohv dqg glvsod|1

Wkh fdvfdgh vw|oh vkhhw lv d yhuvlrq ri wkh
FVV vwdqgdug/ nqrzq dv FVV4/ exw vr frpsohwh
wkdw wkh ixwxuh yhuvlrqv zloo whqg wr kdyh rqo|
vpdoo fkdqjhv ^44`1

Rqh ri wkh prvw ixqgdphqwdo ihdwxuhv ri wkh
FVV4 lv wkdw lw vxssrvhv wkdw vhyhudo uhodwhg
vw|oh vkhhwv fdq eh fdvfdghg/ phdqlqj wkdw wkh
dxwkruv fdq dwwdfk wkhlu idyrulwh vw|oh vkhhw wr
wkh zhe grfxphqwv/ dqg wkh uhdghuv fdq dw0
wdfk wkhlu rzq vw|oh vkhhwv wr wkh vdph grfx0
phqwv1 Wklv hqdeohv fruuhfwlrq ri kxpdq dqg
whfkqrorjlfdo gh�flhqflhv/ olnh dgmxvwphqwv iru
sulqwlqj wkh grfxphqw dqg vfuhhq uhvroxwlrq1

Edvlfdoo|/ wkh FVV kdv d vhw ri uxohv wkdw uh0
vroyhv frq�lfwlqj vw|oh sureohpv wkdw dsshduv
zkhq vhyhudo vw|oh vkhhwv duh dssolhg wr wkh
vdph grfxphqw1 Vlqfh wkh frq�lfwv fdq dulvh/
vrph uhvroylqj phwkrg lv hvvhqwldo wr d dgh0
txdwh glvsod| ri grfxphqw frqwhqw wr wkh xvhu1

Lq rughu wr suhyhqw wkdw wkh vw|oh vkhhwv
vrph lpsruwdqw shuvrqdo gh�qlwlrqv/ hvshfldoo|
zlwk shrsoh zlwk vljkw gh�flhqflhv/ wkh zhe
eurzvhu rqo| uhvroyhv wkh frq�lfwv e| sulrulw|
diwhu doo wkh vw|oh vkhhwv duh ordghg wr wkh php0
ru|/ dsso|lqj wkh vhohfwhg vw|ohv dqg ljqrulqj
wkh rwkhuv1

D grfxphqw wkdw dwwdfkhv rqo| fdvfdglqj
vw|oh vkhhwv kdyh dq lpsruwdqw glvdgydqwdjh
zkhq lw frphv wr �h{lelolw| ri rxwsxw irupdw
ri [PO grfxphqwv1 Wkh [PO grfxphqw lv
vfdqqhg dqg lw lv vkrzq wr wkh xvhu h{dfwo|
krz wkh grfxphqw zdv frqvwuxfwhg1 Lq rwkhu
zrugv/ lw lv qrw doorzhg wr wudqvirup wkh wuhh
ri wkh ruljlqdo [PO grfxphqw1 Iljxuh 5 looxv0
wudwhv wkh xvh ri fdvfdgh vw|oh vkhhwv zlwk dq
[PO grfxphqw1



Iljxuh 5= Xvh ri FVV
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[VO vwdqgv iru h[whqvleoh Vw|ohvkhhw Odq0
jxdjh/ dqg lq lwv hduo| gd|v lw zdv xvhg wr gh0
vfuleh lwv vshfl�fdwlrqv1 Vrph ihdwxuhv ehjdq
wr ehfrph yhu| frpsoh{ dqg dw wkh prphqw
vwdqgdug [VO lv d froohfwlrq ri wkuhh vwdqgdugv=
[VO/ [VOW dqg [Sdwk1 Wkh uxohv ri wkhvhv
vwdqgdugv fdq eh ghvfulehg lqghshqghqwo|1 Lw
lv srvvleoh wr ghvfuleh dqg h{hpsoli| wkh zd|
wkdw wkhvh wkuhh vwdqgdugv zrun wrjhwkhu wr
irupdw dq [PO grfxphqw1 Wkh ruljlqdo whup
[VO qrz lv xvhg lq d pruh uhvwulfwhg zd|/ gh0
vfulelqj krz wr vshfli| rxwsxw vw|ohv1 Wkh [VO
vwdqgdug gh�qhv dq dssolfdwlrq ri [PO wkdw
euhdnv wkh uxohv ri [PO vwuxfwxuhg grfxphqwv=
dq hohphqw lv xvhg wr ghvfuleh wkh orrn ri wkh
frqwhqw/ qrw lw*v phdqlqj ^47`1

Wkh [VOW +[VO Wudqvirupdwlrq, lv dq [PO
Odqjxdjh iru wudqvirupdwlrq1 Xvlqj [VOW lv
srvvleoh wr frqyhuw [PO lq dqrwkhu gdwd iru0
pdw/ lqfoxglqj vhyhudo irupdwwlqj odqjxdjhv
wkdw xvh uhqghulqj frqwurov1

Wkh [VOW vwdqgdug vshfl�hv wkh grfxphqwv
vw|oh vkhhw irupdw wkdw lqfoxghv uxoh0pdsslqj
gh�qlwlrqv1 Dq [VOW grfxphqw lv dq [PO
grfxphqw wkdw frqirupv wr dq [VOW GWG ^47`1
Dw wkh suhvhqw wlph wkh pruh iuhtxhqw xvhg ri
[VOW lv wr frqyhuw [PO grfxphqwv wr rwkhu
irupdwv wkdw duh uhfrjql}hg e| zhe eurzvhuv1

[VOW lv xvhg iru vhyhudo sursrvhv lq dg0
glwlrq wr irupdwwlqj1 [PO grfxphqwv fdq
vlpso| eh wudqviruphg lq dqrwkhu [PO grf0

xphqw zlwk gl�huhqw vwuxfwxuhv dffruglqj wr
dqrwkhu GWG1 Grlqj wklv/ wkh hohphqwv fdq
eh uhxvhg/ uhorfdwhg/ fkrvhq/ vhsdudwhg/ mrlqhg
zlwk rwkhu frqwhqw dqg wudqviruphg dffruglqj
wr dwwulexwhv ru ydoxhv1
Vhyhudo ehqh�wv duh olqnhg wr wkh idfw wkdw

[VOW vw|oh vkhhwv duh [PO grfxphqwv1 Iru
vwduwhuv/ lw lv srvvleoh wr xvh d GWG wr ydolgdwh
dq [VOW grfxphqw1 Vhfrqg/ vw|oh vkhhwv fdq
eh vwruhg lq d uhsrvlwru|/ zkhuh wkh| fdq eh
pdqlsxodwhg dqg lghqwl�hg e| yhuvlrq1 Wklug/
vw|oh vkhhwv fdq eh frqvwuxfwhg wr irupdw rwkhu
[POW vw|oh vkhhwv iru suhvhqwdwlrq ru sulqw1
[Sdwk lv xvhg lq wkh wudqvirupdwlrq ri dq

[PO grfxphqw lq dqrwkhu [PO grfxphqw1 Lq
dq vlpsoh zd|/ e| wkh xvhg ri whfkqltxhv vkrzq
ehorz/ wdjv fdq eh uhqdphg dffruglqj wr wkh
gh�qlwlrq lqfoxghg lq wkh GWG1 Iru h{dpsoh/
d Sdudjudsk hohphqw fdq eh fkdqjhg wr wkh
Sdud hohphqw ru |hw wkh S hohphqw1
[VOW kdv rwkhu lpsruwdqw fkdudfwhulvwlfv

wkdw hqdeoh frqwhqw wr eh pryh/ frslhg/ dqg
vshfl�hv irupdwwlqj wkdw fdq eh dssolhg wr wkh
hohphqwv zkhq wkh| dsshdu rq d vshfl�f sodfh
lq wkh vwuxfwxuh ri wkh grfxphqw1 Wklv dg0
ydqfhg w|sh ri dqdo|vlv dqg gdwd pdqlsxodwlrq
lv h{hfxwhg e| wkh xvh ri dq h{suhvvlrq odq0
jxdjh1
Wkh ruljlqdo sursrvdo ri [VO lqfoxghg wklv

h{suhvvlrq odqjxdjh/ exw wkh [VOW vwdqgdug
uhihuhqfhv rwkhu vwdqgdug fdoohg [Sdwk1 Wklv
vwdqgdug gh�qhv d jhqhudo sursrvdo wr lqwhuur0
jdwh wkh [PO grfxphqw vwuxfwxuhv1 Lw lv dovr
xvhg dv d txhu| odqjxdjh dqg iru elqglqj dg0
ydqfhg vfkhpdv ri k|shuolqnv1 Wklv odqjxdjh lv
qrw edvhg rq [PO/ exw kdv d frpsdfw v|qwd{
wkdw kdv ehhq ghyhorshg iru d juhdw qxpehu ri
flufxpvwdqfhv1 Wkh iroorzlqj h{suhvvlrq lghq0
wl�hv wkh sdudjudsk hohphqw wkdw kdv wkh w|sh
dwwulexwh vhw dv lpsruwdqw lq d fkdswhu hohphqw=

fkdswhu 22 sdudjudsk ^Cw|sh @ lpsruwdqw`

Wkh odqjxdjh h{suhvvlrqv jlyh xv srzhuixo
zd|v wr lqwhuurjdwh [PO vwuxfwxuhv1 Vr idu zh
fdq revhuyh wkdw [VOW/ zlwk wkh xvh ri [Sdwk/
r�huv dq lghdo zd| wr wudqvirup dq [PO grf0
xphqw wr dqrwkhu [PO grfxphqw/ uhdg| wr eh
irupdwwhg iru suhvhqwdwlrq/ vhh looxvwudwlrq 61



Iljxuh 6= Ylvxdol}dwlrq surfhvv

Iljxuh 7= [PO grfxphqw vwuxfwxuh
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Wkh vwuxfwxuh ri wkh [PO grfxphqw*v irqw/
h{hpsol�hg ehorz/ lghqwl�hv d vkruw grfxphqw
zlwk lqirupdwlrq fruuhfwo| vwuxfwxuhg ri dq rq0
olqh frxuvh1 Zh fdq vhh wkdw zkhq wkh olvw ri wkh
[VO dssolfdwlrq lv dffhvvhg dffruglqj wr wkh
uhihuhqfh rq wkh [PO grfxphqw1 Wkh dssolfd0
wlrq lv uhvsrqvleoh iru wkh xvh ri wkh vw|oh vkhhw/
vlqfh lw kdv wkh [Sdwk h{suhvvlrqv/ vhdufklqj
lq wkh �oh*v wuhh glvsod|lqj lq wkh xvhu*v vfuhhq
gdwd dffruglqj wr wkh vw|oh vkhhw ehlqj xvhg1

Ehorz zh fdq revhuyh dq dvvrfldwhg vw|oh
+vkrzq lq �jxuh 7, wkdw jhqhudwhv d vshfl�f
rxwsxw iru wkh [PO grfxphqw h{dpsoh1 Wkh
[VO vw|oh vkhhw/ zlwk [Sdwk h{suhvvlrqv dw0
wdfkhg wr wkh [PO grfxphqw/ hqdeohv wkh yl0
vxdol}dwlrq ri wkh fkrvhq dqg irupdwwhg gdwd1
Wklv vw|oh vkhhw lv fdsdeoh ri vhdufklqj wkh

Iljxuh 8= Rxwsxw vfuhhq ri wkh h{dpsoh1

[PO vwuxfwxuh glvsod|lqj wkh vwxghqwv qdph
dqg wkhlu frgh/ zklfk duh lq ghelw lq Dsulo/ dqg
wkhlu �qdo judgh/ glvsod|hg lq uhg li qrw vdwlv0
idfwru|1 Lq wkh vdph sdjh/ wkhuh lv d wdeoh wkdw
olvwv wkh vwxghqwv wkdw uhvlghv lq wkh Odudqmdo
Frxqw|1

Lw lv lpsruwdqw wr qrwlfh wkdw zh wulhg wr
pdnh wkh rxwsxw*v irupdwwlqj dv dxwrpdwlf dv
srvvleoh/ zhuh wkh KWPO wdjv lqvhuwhg duh rqo|
xvhg iru glvsod| sxusrvhv wr wkh xvhuv vfuhhq1

Rqh ri wkh juhdwhvw dgydqwdjhv ri [PO lv
wkh srzhuixo zd| ri lghqwli|lqj slhfh ri lqiru0
pdwlrq/ zklfk pdnhv wkh irupdwwlqj hdv| zkhq
dsso|lqj dgydqfhg vw|oh vkhhwv zlwk [Sdwk h{0
suhvvlrqv ^44`/ ^9`/ ^45`1

Ilqdoo|/ lq �jxuh 8 zh fdq vhh wkh rxwsxw
ri wkh [PO grfxphqw frpelqhg zlwk wkh [VO
vw|oh vkhhw lq wkh zhe eurzvhu1

Lw lv qrw wkh remhfwlyh ri wklv zrun wkh h{0
sodqdwlrq ri [VO v|qwd{> wkhuhiruh zh zloo h{0
dplqh d olwwoh iudjphqw ri [VO frgh wkdw idflo0
lwdwhv wkh rxwsxw ri wkh vfuhhq vhhq rq �jxuh
91 Wkh prvw lpsruwdqw lq wklv h{dpsoh/ zklfk
fohduo| vkrzv wkh srzhu ri [PO grfxphqw pd0
qlsxodwlrq/ lv wkh fdsdelolw| wr rughu d olvw ri
qdphv doskdehwlfdoo|/ reh|lqj wkh uhvwulfwlrq
ri ehlqj lq ghelw lq Dsulo/ dqg glvsod|lqj wkh
�qdo judgh lq uhg li qrw vdwlvidfwru| +ohvv wkdq
9/3,1 Wkh frgh vkrzq lq �jxuh 9 lv uhvsrqvleoh
iru wklv pdqlsxodwlrq1



Iljxuh 9= [VO vrxufh frgh h{dpsoh
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Wklv zrun wulhg wr ghprqvwudwh sudfwlfdo h{dp0
sohv wkdw zloo eh dghtxdwho| uhirupxodwhg df0
fruglqj wr rxu qhhgv wkurxjkrxw wkh frqvwuxf0
wlrq ri rxu dssolfdwlrqv/ dqg vwxglhv iru qhz
irupdwwlqj fdsdelolwlhv dqg [PO vwuxfwxulqj1

Lw zdv qrwlfhg wkdw e| xvh ri [PO dqg [VO
lv srvvleoh wr pdnh �h{leoh wkh pdqlsxodwlrq ri
[PO grfxphqwv/ pruh vshfl�fdoo| lq wkh glv0
sod| ri uhohydqw lqirupdwlrq wr wkh xvhu1

Pruh h{sorudwlrq zlwk rq ihdwxuhv ri [PO/
[VO/ [Sdwk qhhg wr eh grqh wr pdnh wkh vwuxf0
wxuhg pdqlsxodwlrq ri lqirupdwlrq hdvlhu dqg
hdvlhu/ vlqfh rxu jrdo lv fhqwhuhg rq r�hulqj
pxowlsoh vw|ohv g|qdplfdoo| zlwk wkh rxwsxw
ixqfwlrq ri wkh K|shu0dxwrpdwrq/ vkrzq lq �j0
xuh 41

Sureohpv vwloo uhpdlq/ vxfk dv wkh lqfoxvlrq
ri �ohv wkdw xvhv soxj0lqv/ olnh YUPO/ zklfk
vroxwlrq lv vwloo qrw fhuwdlq1 Dqrwkhu sureohp
lv wkh pdqlsxodwlrq ri lpdjhv/ vlqfh lq vslwh ri
ehlqj uhfrjql}hg e| wkh [PO �oh/ wkh| fdq*w
eh xvhg zlwk ydoxh0ri vhohfw/ vr wkh KWPO zd|
ri vkrzlqj lpdjhv uhpdlqv ^47`1

Lq vslwh ri wkh idfw wkdw [VO lv d [PO dssol0
fdwlrq ehlqj zlgho| ghyhorshg/ pxfk lv wr eh
pdgh wr pdnh wkh xvh ri KWPO whpsodwhv hdv0
lhu iru wkh jhqhudwlrq ri lqirupdwlrq surfhvvhg
e| wkh fxuuhqw eurzvhuv1
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^4` Pdfkdgr/ M�xolr Khqultxh Dud�xmr Shuhlud1
K|shu0Dxwrpdwrq= Klshuwh{wrv h Fxuvrv
qd Zhe
Xwlol}dqgr Dxwarpdwrv Ilqlwrv frp Vd�lgd1
Sruwr Dohjuh= FSJFF gd XIUJV1 53331
+Glvvhuwd�f�dr gh phvwudgr,1^5`

^5` Phqh}hv/ Sdxor Eodxwk/ Pdfkdgr/ M�xolr
Khqultxh Dud�xmr Shuhlud1 Zhe frxuvhv duh
dxwrpdwd= d fdwhjruldo iudphzrun1 Lq= LL
ZRUNVKRS
GH P�HWRGRV IRUPDLV/ 4<<</ Ior0
uldq�rsrolv1 LL Zrunvkrs Rq Irupdo Phwk0
rgv1 Ioruldq�rsrolv= XIVF/ Lqvwlwxwr gh Lq0
irup�dwlfd gd XIUJV/ 4<<<1 s1:<0;;1

^6` Sdxor I1 E1 Phqh}hv1 Olqjxdjhqv Irupdlv
h Dxwarpdwrv1 Vhjxqgd Hgl�f�dr1 Hglwrud
Vdjud0Ox}}dwwr1 Eudvlo/ 4<<;1

^7` M�xolr S1 Pdfkdgr/ Sdxor I1 E1 Phqh}hv1
Vlvwhpdv gh Jhuhqfldphqwr sdud r Hq0
vlqr d Glvwadqfld1 Lq Surfhhglqjv ri Y
Frqjuhvvr Lqwhuqdflrqdo gh Hgxfd�f�dr d
Glvwadqfld1 V�dr Sdxor 0 Eudvlo/ 4<<;1
kwws=22zzz1dehg1ruj1eu

^8` Oljkw/ Ulfkdug1 Lqlfldqgr hp [PO1
Pdnurq Errnv gr Eudvlo Hglwrud Owgd1
4<<<1

^9` Kdurog/ Hoolrwwh/ U1 [PO Eleoh1 LGJ
Errnv Zruogzlgh1 Djr1 4<<<1

^:` Olh/ K�dnrq Z/ Erv/ Kd E1 Fdvfdglqj
Vw|oh Vkhhwv/ ohyho4 Z6F Uhfrpphqgd0
wlrq 4: Ghf1 4<<9/ uhylvhg 44 Mdq1 4<<<1
kwws=22zzz1z61ruj2WU2UHF0FVV4

^;` Erv/ E> Olh/ K1Z1> Oloh|/ F> Mdfrev/ L1 Fdv0
fdglqj Vw|oh Vkhhwv/
ohyho 5 +FVV5, Vshfl�fdwlrq1 Pdlr 4<<;1
kwws=22zzz1z61ruj2WU2UHF0FVV5

^<` Pdfkdgr/ F�hvdu F1> Phqh}hv/ S1E1 Fdu0
dfwhu�lvwlfdv h ydqwdjhqv qd hvwuxwxud�f�dr
gh grfxphqwrv hp [PO qd ZZZ sdud
HDG Lq1 L Zrunvkrs hp Lqirup�dwlfd qd
Hgxfd�f�dr/ Sdvvr Ixqgr0UV/ 5333



^43` Pdfkdgr/ F�hvdu F1> Pdfkdgr/ M1K1S1>
Judqgl/ U1> Phqh}hv/ S1E1> Xwlol}d�f�dr gr
[PO qr Vlvwhpd K|shu0Dxwrpdwrq Lq1
Lqwhuqdflrqdo V|psrvlxp rq Nqrzohgjh
Pdqdjhphqw 2 Grfxphqw Pdqdjhphqw 0
LVNP2GP/ Fxulwled0SU/5333

^44` Olh/ K�dnrq Zlxq> Vdduhod/ Mdqqh1 Pxo0
wlsxusrvh Zhe Soxeolvklqj Xvlqj KWPO/
[PO dqg FVV1 Frpxqlfdwlrqv ri wkh
DFP1 Rxwxeur 4<<<2Yro175/ qJ1;

^45` Prxowlv/ Qdwdq|d S1/ Nlun/ Fkhu|o> [PO
Eodfn Errn1 4<<<

^46` Dgohu/ V> Ehujoxqg/ D1> H{whqvleoh
Vw|ohvkhhw Odqjxdjh +[VO, Yhuv�dr 413 0
Z6F1 Pdu�fr 53331

^47` Eudgoh|/ Qhlo> Wkh [VO Frpsdqlrq1 53331


