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Lq wklv fkdswhu d vlpsoh irup ri fxowxudo ohduqlqj edvhg rq vdwlv�flqj djhqwv lv

dssolhg wr d uhvrxufh vkdulqj vfhqdulr= Wkh VzdsVkrs1 Djhqwv duh uhsuhvhqwhg dv fhoov

rq d wzr glphqvlrqdo julg zklfk vhohfwlyho| uhsolfdwh dqg uhsho phphv wr dqg iurp qhljk0

erxuv1 Wkh phphv uhsuhvhqw fxowxudoo| ohduqhg wudlwv ^:` exw dovr lq�xhqfh uhvrxufh vkdulqj

ehkdylrxuv1 Lw lv ghprqvwudwhg wkdw d vlpsoh fxowxudo ohduqlqj uxoh edvhg rq dq djhqw vdw0

lvidfwlrq wkuhvkrog +udwkhu wkdq dq rswlplvlqj uxoh, surgxfhv djhqw dowuxlvp dqg surprwhv

jurxs irupdwlrq1 Dowkrxjk vxfk phfkdqlvpv kdyh ehhq dgydqfhg wkhruhwlfdoo| ^5` wr df0

frxqw iru kxpdq dowuxlvp/ wkh| kdyh qhyhu suhylrxvo| ehhq ghprqvwudwhg frpsxwdwlrqdoo|1

Djhqw dowuxlvp lv pdqlihvw zkhq ghvljqdwhg djhqwv +zklfk duh ulfk lq uhvrxufhv,

grqdwh uhvrxufhv wr djhqwv zklfk fdq qhyhu uhwxuq wkh idyrxu1 Jurxsv duh khuh gh�qhg

dv vsdwldoo| frqqhfwhg uhjlrqv ri djhqwv kroglqj lghqwlfdo phphv1 Phphv duh fxowxudoo|

wudqvplwwdeoh xqlwv zklfk ghwhuplqh wkh ehkdylrxu ri wkh djhqwv1 Wkh hphujhqfh dqg

h{sdqvlrq ri wkhvh fxowxudo jurxsv ryhu wlph lv hylghqw iurp ylvxdo lqvshfwlrq ri wkh hyroxwlrq



79

ri wkh julg1

Lq wkh fxowxudo ru %phphwlf% ohduqlqj h{shulphqwv/ wkh zkroh julg lv txlfno| grp0

lqdwhg e| d vlqjoh jurxs zklfk ehkdyhv dowuxlvwlfdoo|1 Wkhvh uhvxowv duh frpsduhg wr wkrvh

surgxfhg zkhq d vlpsoh rswlplvlqj ru %jhqhwlf% ohduqlqj uxoh lv xvhg1 Lq wkhvh odwwhu h{0

shulphqwv dowuxlvp ehwzhhq djhqwv lv ohvv hylghqw1 Wklv lqglfdwhv wkdw d vlpsoh vdwlvidfwlrq

edvhg fxowxudo ohduqlqj uxoh lv vx�flhqw wr surgxfh dowuxlvwlf ehkdylrxu ehwzhhq djhqwv1

Pruhryhu/ vxfk d uxoh surgxfhv VzdsVkrs vrflhwlhv wkdw duh pdujlqdoo| pruh rswlpdo wkdq

dq rswlplvlqj %jhqhwlf% ohduqlqj uxoh1

Krzhyhu/ dowuxlvp lv rqo| pdqlihvw ehwzhhq djhqwv zlwklq wkh vdph jurxs iru erwk

vw|ohv ri ohduqlqj uxoh1 Wklv lqglfdwhv wkdw d irup ri lqfoxvlyh �wqhvv ru %nlq dowuxlvp% lv

rffxuulqj ^:<`1 Lq wkh phphwlf irup ri ohduqlqj lw lv wkhuhiruh ghprqvwudwhg wkdw wkh fxowxudo

ohduqlqj uxoh lv vx�flhqw wr surgxfh jurxsv zklfk pd| eh ylhzhg dv %phphwlf nlq%1 Wkh

djhqwv ehkdyh dowuxlvwlfdoo| ehfdxvh wklv lv lq wkh vho�vk lqwhuhvwv ri wkh phphv wkh| vkduh1

Lq wkh iroorzlqj vhfwlrqv ri wklv fkdswhu/ wkh VzdsVkrs prgho dqg d vhw ri h{shul0

phqwv duh ghvfulehg dorqj zlwk uhvxowv dqg dqdo|vlv1
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Wkh VzdsVkrs +VV, lv d Fhooxodu Dxwrpdwd +FD, prgho frpsrvhg ri d �{hg julg

ri fhoov1 Wkh iudphzrun ri wkh VV lv prghoohg diwhu wkh D{hourg Fxowxudo Prgho +DFP, ^:`1

DFPzdv xvhg wr lqyhvwljdwh wkh hphujhqfh ri vsdwldo uhjlrqv ri vkduhg %fxowxudo dwwulexwhv%1

Wkh prgho xwlolvhv vlpsoh dwwulexwh sursdjdwlrq uxohv1 Ri sulpdu| lpsruwdqfh lq DFP lv

wkh frqfhsw ri %fxowxudo glvwdqfh%1 Wkh dvvxpswlrq lv wkdw %fxowxudoo| glvwdqw% lqglylgxdov

gr qrw fxowxudoo| lqwhudfw1 Wklv lv h{suhvvhg lq wkh uxoh wkdw dwwulexwh sursdjdwlrq rqo| wdnhv

sodfh ehwzhhq fhoov wkdw vkduh dw ohdvw rqh dwwulexwh1 Lq DFP/ fhoov duh sxuho| froohfwlrqv
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ri dwwulexwhv/ wkh dwwulexwhv kdyh qr ehkdylrxudo lpsdfw1 Lq VV wkh dwwulexwhv duh ylhzhg

dv phphv wkdw lq�xhqfh wkh ehkdylrxu ri krvw fhoov1

Wkh VV fdswxuhv wkh vdolhqw ihdwxuhv ri wkh iroorzlqj vfhqdulr= frqvlghu d vhw ri

djhqwv wkdw qhhg wr frqvxph hqhuj| wr vxuylyh1 Hdfk lqkdelwv d sdwfk ri whuulwru| zklfk

vxssolhv hqhuj| lq d suredelolvwlf zd|1 Wklv frxog eh iurp fdwfklqj suh| ru rwkhu rssru0

wxqlvwlf uhvrxufh jdwkhulqj1 Wkh djhqwv pljkw eh lqwhusuhwhg dv lqglylgxdo/ ru vpdoo wulehv

ri/ kxpdqv1 Wkh djhqwv kdyh d pd{lpxp hqhuj| ohyho eh|rqg zklfk wkh| fdqqrw xwlolvh

wkh vxusoxv1 Wkh mxvwl�fdwlrq iru wklv fdq eh jlyhq lq wkh frqwh{w ri fdwfklqj suh|= wkh

hqhuj| vxssolhg e| wkh sdwfk lv shulvkdeoh dqg wkhuh lv rqo| vr pxfk ri wkh suh| wkdw fdq eh

frqvxphg ryhu d jlyhq shulrg ri wlph1 Wkh srvvlelolw| ri orqj whup vwrudjh whfkqltxhv lv glv0

frxqwhg lq wklv vfhqdulr1 Dq djhqw zklfk kdv uhdfkhg lwv pd{lpxp hqhuj| ohyho lv vdwldwhg

ru %vdwlv�hg%1 Zkhq hqhuj| lv vxssolhg e| wkh sdwfk wkh djhqw pd| pdnh uhvrxufh jliwv ri

hqhuj| wr qhljkerxulqj sdwfkhv frqwdlqlqj djhqwv wkdw duh qrw vdwlv�hg +qhhg| qhljkerxuv,1

Wkh dprxqw ri uhvrxufhv grqdwhg wr qhhg| qhljkerxuv +li dq|, lv ghwhuplqhg e| d fxowxudo

dwwulexwh wkh djhqw krogv +vhh ehorz,1

Djhqwv vwruh +ru krvw, wkuhh fxowxudo dwwulexwhv +phphv,1 Phphv duh sursdjdwhg

ehwzhhq qhljkerxuv dqg vrphwlphv pxwdwhg e| djhqwv1 Wklv surfhvv dwwhpswv wr fds0

wxuh d vlpsoh irup ri fxowxudo ohduqlqj1 Djhqwv rffdvlrqdoo| fxowxudoo| lqwhudfw zlwk wkhlu

qhljkerxuv1 Fxowxudo lqwhudfwlrq lqyroyhv dq djhqw dqg d udqgrpo| vhohfwhg qhljkerxu kdu0

prqlvlqj phphv lq wkh iroorzlqj zd|= li wkh wzr djhqwv kdyh qr phphv lq frpprq wkhq qr

kduprqlvdwlrq wdnhv sodfh1 Wklv dvvxpswlrq +dv xvhg e| D{hourg lq DFP, lqglfdwhv wkdw

djhqwv wkdw duh fxowxudoo| yhu| gl�huhqw gr qrw fxowxudoo| kduprqlvh1 Krzhyhu/ li wkh djhqwv

kdyh dw ohdvw rqh phph lq frpprq wkhq wkh qhljkerxu zloo dwwhpsw wr sursdjdwh d gl�hu0

lqj phph +dvvxplqj rqh h{lvwv, wr wkh djhqw1 Dgglwlrqdoo| djhqwv zklfk duh vdwlv�hg +l1h1
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kdyh wkh pd{lpxp dprxqw ri hqhuj|, zloo uhsho dq| sursdjdwhg phphv iurp qhljkerxuv1

Dovr djhqwv zklfk duh %ghdg% +l1h1 kdyh qr hqhuj| dw doo, duh qrw shuplwwhg wr sursdjdwh

phphv1 Wkhvh uhvwulfwlrqv rq phph sursdjdwlrq fdswxuh wkh qrwlrq wkdw vdwlv�hg djhqwv

kdyh qrwklqj wr ohduq iurp rwkhuv vlqfh wkh| duh dfklhylqj pd{lpdo shuirupdqfh dqg wkdw

ghdg djhqwv kdyh qrwklqj wr whdfk wr rwkhuv vlqfh wkh| duh lq d vwdwh ri idplqh1

Djhqwv ghflgh krz pxfk hqhuj| +li dq|, wr jlyh wr qhhg| qhljkerxuv edvhg rq wkh

%vkdulqj ohyho% +VO, phph wkdw wkh| krvw1 Wkh kljkhu wkh VO phph/ wkh pruh hqhuj| lv

vkduhg dprqj qhhg| qhljkerxuv1 Iru d qhhg| qhljkerxu wr txdoli| iru d uhvrxufh jliw wkh

grqdwlqj djhqw frpsduhv wkh %fxowxudo vlploduo|% ri d qhhg| qhljkerxu wr lwvhoi dqg rqo|

pdnhv d uhvrxufh jliw li wkh qhljkerxu lv vlplodu hqrxjk1 Wkh uhtxluhg ohyho ri vlplodulw| lv

phgldwhg e| d vkdulqj vlplodulw| ohyho +VVO, phph1 Wkh kljkhu wkh VVO phph wkh pruh

fxowxudoo| vlplodu d qhhg| qhljkerxu kdv wr eh wr uhfhlyh d uhvrxufh jliw1 Fxowxudo vlplodulw|

lv phdvxuhg dv wkh qxpehu ri fxowxudo dwwulexwhv +ru phphv, wkdw wzr djhqwv vkduh1 Dq

djhqw krvwlqj dq VVO phph ri }hur zloo pdnh hqhuj| jliwv wr dq| qhhg| qhljkerxu1 Exw li

wkh VVO@6 wkhq wkh djhqw zloo rqo| pdnh jliwv wr djhqwv zkr duh fxowxudoo| lghqwlfdo +vkduh

doo wkuhh phphv,1

Wr vxppdulvh/ wkh VV plqlpdoo| fdswxuhv d vfhqdulr lq zklfk erxqghgo| udwlrqdo

vdwlv�fhuv� fxowxudoo| ohduq ehkdylrxuv +phphv, iurp qhljkerxuv dqg kdyh wkh delolw| wr

vkduh uhvrxufhv zlwk qhljkerxuv lq d fxowxudoo| glvfulplqdwru| zd|1 Wkdw delolw| lv phgldwhg

e| wkh phphv khog e| djhqwv1 Lq wkh iroorzlqj vhfwlrqv d pruh suhflvh ghvfulswlrq ri wkh VV

prgho lv jlyhq1
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Wkh VV frpsulvhv d 53{53 julg ri fhoov1 Hdfk fhoo uhsuhvhqwv d vwdwlrqdu| djhqw

dqg kdv irxu lqwhjhu vwdwh yduldeohv dvvrfldwhg zlwk lw= Dq hqhuj| ohyho +3 ?@ HO ?@ <,/ d

vkdulqj ohyho +3?@ VO?@ 7,/ d vlplodulw| ohyho +3 ?@ VVO ?@ 7, dqg d fxowxudo dwwulexwh +3

?@ F ?@ 7, VO/ VVO dqg F duh wuhdwhg dv phphv1 Frqvhtxhqwo| wkh| fdq eh sursdjdwhg

wr rwkhu fhoov dqg pxwdwhg1 Wkh ydoxhv ri wkh vwdwh dvvrfldwhg yduldeohv ghwhuplqh wkh

ehkdylrxu ri d fhoo1 Wkh VVO phph lqglfdwhv wkh plqlpxp vlplodulw| uhtxluhg ehiruh wkh

dfwlydwlrq ri uhvrxufh vkdulqj zlwk qhljkerxulqj fhoov1 Vlplodulw| lv gh�qhg dv wkh qxpehu

ri phphv vkduhg ehwzhhq wzr fhoov1 Wkh VO phph lqglfdwhv wkh dprxqw ri uhvrxufh vkdulqj

wkdw rffxuv1 Wkh F phph kdv qr gluhfw ehkdylrxudo lpsdfw1 Lqgluhfwo| krzhyhu/ wkh F

phph pd| d�hfw uhvrxufh vkdulqj ehkdylrxu vlqfh wzr fhoov zklfk kdyh gl�huhqw F phphv

zrxog qrw eh frqvlghuhg lghqwlfdo +l1h1 wkh pd{lpxp vlplodulw| srvvleoh zrxog eh 5,1 Wklv

pd| d�hfw uhvrxufh vkdulqj ehkdylrxu ehwzhhq wzr fhoov zlwk gl�huhqw F phphv1

D���2 ,�i?|t �?_ �i�@��L�ht

Gxulqj h{hfxwlrq ri wkh VV rqh ri wkuhh hyhqwv fdq rffxu= olih wd{/ uhvrxufh uhzdug

dqg fxowxudo lqwhudfwlrq1 Wkh prgho lv dv|qfkurqrxv dyrlglqj srvvleoh duwhidfwv1 D v|q0

fkurqrxv prgho zrxog xsgdwh wkh julg ri fhoov lq d wlph rughuhg zd|= dsso|lqj d olih wd{ wr

hdfk fhoo wkhq dzduglqj uhvrxufhv wr hdfk fhoo dqg wkhq dsso|lqj wkh vkdulqj ehkdylrxu wr

hdfk fhoo iru h{dpsoh1 Dv|qfkurqrxv xsgdwlqj lqyroyhv vhohfwlqj dqg xsgdwlqj fhoov lq dq

xqrughuhg +svhxgrudqgrp, zd|1 V|qfkurqrxv xsgdwlqj kdv ehhq vkrzq wr surgxfh uhvxowv

zklfk gr qrw rffxu zkhq dv|qfkurqrxv xsgdwlqj lv xvhg ^9:`/ ^<6`1 Vlqfh wkh VzdsVkrs

prgho dwwhpswv wr fdswxuh d surfhvv lqyroylqj lqghshqghqwo| dfwlqj djhqwv zlwk qr fhqwudo

frqwuro dq dv|qfkurqrxv xsgdwlqj surfhgxuh zdv dgrswhg1
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D olih wd{ hyhqw lqyroyhv d fhoo*v hqhuj| ohyho HO ehlqj uhgxfhg e| rqh hqhuj|

srlqw +wr d plqlpxp ri }hur,1 Li d }hur ohyho lv uhdfkhg wkhq phphv pd| eh pxwdwhg +wkh

lqwxlwlrq ehlqj wkdw d srruo| shuiruplqj fhoo fkdqjh lwv ehkdylrxu,1 D uhvrxufh uhzdug hyhqw

lqyroyhv d fhoo ehlqj dzdughg 7 hqhuj| srlqwv +d ydoxh vljql�fdqwo| ohvv wkdq wkh pd{lpxp

doorzdeoh HO ydoxh 0 vhh ehorz,1 Wkhvh duh glylghg ehwzhhq qhljkerxuv dqg wkh dzdughg

fhoo lq sursruwlrqv glfwdwhg e| wkh VO dqg VVO ydoxhv1 Wklv lv dfklhyhg e| vhohfwlqj udqgrp

qhljkerxu fhoov +zlwk uhsodfhphqw, zklfk vdwlvi| wkh VVO ydoxh ri wkh vkdulqj fhoo dqg

dzduglqj d vlqjoh hqhuj| srlqw li uhtxluhg +l1h1 HO ri wkh qhljkerxu lv ohvv wkdq pd{lpxp,1

Wklv surfhvv lv frqwlqxhg xqwlo VO srlqwv kdyh ehhq vkduhg ru vrph pd{lpxp qxpehu ri

qhljkerxuv kdv ehhq vhohfwhg +lq wklv fdvh 97 0 vlqfh qhljkerxuv duh vhohfwhg zlwk uhsodfhphqw

wkh vdph qhljkerxu pdnh jhw pxowlsoh grqdwlrqv,1 Wkh uhpdlqlqj hqhuj| srlqwv duh wkhq

dgghg wr wkh djhqw*v rzq hqhuj| ohyho xs wr d pd{lpxp ri <1 Wkh pd{lpxp ri < zdv fkrvhq

vr wkdw fhoov fdqqrw vwruh odujh txdqwlwlhv ri hqhuj|1 Dq| vxusoxv eh|rqg wklv lv frqvlghuhg

wr kdyh shulvkhg1 D fxowxudo lqwhudfwlrq hyhqw lqyroyhv d fhoo dqg d qhljkerxu kduprqlvlqj

d vlqjoh phph jlyhq wkdw wkh| kdyh dw ohdvw rqh rwkhu phph lq frpprq1 Zkhq erwk fhoov

duh fxowxudoo| lghqwlfdo +kdyh d vlplodulw| ri wkuhh, fxowxudo lqwhudfwlrq zloo kdyh qr h�hfw1

Dgglwlrqdoo| d fhoo zlwk HO @ 3/ fdq qhyhu sursdjdwh d phph/ dqg d fhoo zlwk HO @ </ fdq

qhyhu uhfhlyh d qhz phph1 Wklv fdswxuhv wkh qrwlrq wkdw d vdwlv�hg fhoo grhv qrw fkdqjh

lwv phphv zkhuhdv dq xqvdwlv�hg ru ghdg fhoo fdqqrw sursdjdwh phphv1

Qhljkerxuv duh gh�qhg dv wkh hljkw fhoov vxuurxqglqj d fhoo +wkh vr0fdoohg Prruh

qhljkerxukrrg ^9:`,1 Wkh hgjhv ri wkh VV duh qrw zudsshg lqwr d wruxv/ fhoov dw hgjhv

wkhuhiruh/ gr qrw kdyh d ixoo frpsohphqw ri qhljkerxuv1 Wklv duudqjhphqw doorzv iru hdvlhu

ylvxdo lghqwl�fdwlrq ri vsdwldo uhjlrqv ri frqqhfwhg fhoov krvwlqj wkh vdph phphv +vhh vhfwlrq
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816 ehorz,21
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D vlqjoh f|foh ri wkh v|vwhp lv lpsohphqwhg dv=

ORRS iru wkh wrwdo qxpehu ri fhoov lq wkh julg

zlwk suredelolw| SW +olih wd{ hyhqw,=

vhohfw d fhoo +}, dw udqgrp

LI HO ri }A3 WKHQ ghgxfw rqh iurp HO ydoxh ri }

LI HO ri }@3 WKHQ pxwdwh hdfk ri VO/F/VVO zlwk suredelolw| SP

zlwk suredelolw| SU +uhvrxufh dzdug hyhqw,=

vhohfw d fhoo dw udqgrp

dzdug hqhuj| srlqwv wr wkh vhohfwhg fhoo +lqfuhdvh HO e| 7,

edvhg rq fhoo VO/VVO ydoxhv/ glvwulexwhg srlqwv wr qhljkerxuv

zlwk suredelolw| SF +fxowxudo lqwhudfwlrq hyhqw,=

vhohfw d fhoo +}, dw udqgrp

vhohfw d qhljkerxu +q, dw udqgrp

fdofxodwh wkh vlplodulw| +v, ehwzhhq } dqg q

LI vA@4 DQG HO ri qA3 DQG HO ri }?< WKHQ

sursdjdwh d udqgrpo| fkrvhq +gliihulqj, phph iurp q wr }

HQG ORRS

Pxwdwlrq lqyroyhv lqfuhdvlqj ru ghfuhdvlqj +zlwk htxdo suredelolw|, d phph ydoxh

e| rqh1 Ydoxhv rxw ri udqjh duh uhvhw wr wkh qhduhvw ydoxh lq udqjh1

D�2 6L�h , Tih�4i?|@* 5Ui?@h�Lt �? |�i 5�@T5�LT

Irxu h{shulphqwdo vfhqdulrv zhuh ghvljqhg +D wr G,1 Wkhvh frpsduh %fxowxudo%

zlwk %jhqhwlf vw|oh% hyroxwlrq lq erwk xqlirup dqg vsduvh uhzdug hqylurqphqwv1 Wklv odw0

whu hqylurqphqw ghvljqdwhv vrph plqrulw| ri fhoov dv %surgxfwlyh% dqg rwkhuv dv %qrq0

surgxfwlyh% dqg uhvrxufh uhzdugv duh rqo| pdgh wr surgxfwlyh fhoov1 Hdfk vfhqdulr lv

ghvfulehg ehorz1
2
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Wkh sdudphwhuv duh vhw wr SW @ 4/ SP @ 315/ SU @ 3158/ SF @ 4 zlwk d julg

vl}h ri 53{53 +733 fhoov,1 Wklv lpsohphqwv d vfhqdulr zkhuh vwrfkdvwlfdoo|/ hqhuj| lv wdnhq

rxw dqg sxw edfn/ lq htxdo sursruwlrq1 Krzhyhu/ wkh %olih wd{% lv pruh hyhqo| glvwulexwhg

wkdq wkh %uhvrxufh uhzdug% +vshfl�fdoo| lq wkh sursruwlrq ri 7=4,1 Vshfl�fdoo| d fhoo lv

7 wlphv pruh olnho| wr uhfhlyh d olih wd{ hyhqw +zkhuh lw orvhv rqh hqhuj| srlqw, wkdq d

uhvrxufh uhzdug hyhqw +zkhuh lw uhfhlyhv 7 hqhuj| srlqwv,1 Wklv fdswxuhv wkh qrwlrq wkdw

fhoov frqvxph hqhuj| dw d frqvwdqw d orz ohyho exw uhsohqlvk lw ohvv riwhq1

Lqlwldoo| hdfk fhoo lq wkh julg lv lqlwldolvhg zlwk svhxgr0udqgrp ydoxhv +xqlirupdoo|

vhohfwhg iurp wkh dvvrfldwhg udqjh, iru hdfk phph dqg HO ohyho1

D�2�2 5Ui?@h�L � � �Bi?i|�U� ,�L*�|�L?

Wkh vdph vhwwlqjv dv vfhqdulr D duh xvhg exw d %jhqhwlf% vw|oh ri hyroxwlrq lv

dssolhg lqvwhdg ri d fxowxudo rqh1 Doo fxowxudo lqwhudfwlrq lv wxuqhg0r�1 Zkhq d fhoo*v HO

htxdov }hur +diwhu d olih wd{ hyhqw,/ doo phphv iurp wkh qhljkerxu zlwk wkh kljkhvw HO ohyho

duh frslhg lqwr wkh %ghdg% fhoo zlwk SP pxwdwlrq rq hdfk phph1 Li pruh wkdq rqh qhljkerxu

vkduhv wkh vdph kljkhvw HO ydoxh wkhq d udqgrp vhohfwlrq lv pdgh1 Wklv lpsohphqwv d irup

ri orfdo dvh{xdo hyroxwlrq zkhuh �wqhvv lv edvhg rq HO1 Lq wklv vfhqdulr wkh phphv fdq eh

ylhzhg dv %jhqhv%1 Wklv doorzv iru d frpsdulvrq wr eh pdgh ehwzhhq d fxowxudo dqg jhqhwlf

vw|oh ri hyroxwlrq1

D�2�� 5Ui?@h�L � � ���*|�h@*� ,�L*�|�L? `�|� 5T@hti +i�@h_t

Wkh vdph vhwwlqjv dv vfhqdulr D duh xvhg exw uhvrxufhv duh glvwulexwhg rqo| wr

ghvljqdwhg fhoov udwkhu wkdq wr doo fhoov1 Rqo| fhoov zlwk hyhq urz dqg froxpq qxpehuv duh
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dzdughg uhvrxufhv1 Wklv phdqv wkdw fhoov uhfhlylqj uhvrxufhv kdyh qr qhljkerxuv zkr dovr

uhfhlyh uhvrxufhv dqg wkhuhiruh fdqqrw ehqh�w iurp vkdulqj e| rwkhuv1 Qrwh wkdw wkh vdph

dprxqw ri hqhuj| lv dzdughg wr wkh julg dv d zkroh exw lw lv rqo| surylghg wr wkrvh fhoov

zlwk hyhq urz dqg froxpq dgguhvvhv1

D�2�e 5Ui?@h�L # � �Bi?i|�U� ,�L*�|�L? `�|� 5T@hti +i�@h_t

Wkh vdph vhwwlqjv dv vfhqdulr F +deryh, duh xvhg/ exw wkh %jhqhwlf% vw|oh ri hyr0

oxwlrq zdv xvhg dv lq vfhqdulr E +deryh,1

D�� +it�*|t

Iru hdfk vfhqdulr dq h{shulphqw lqyroylqj 433 lqglylgxdo vlpxodwlrq uxqv zdv h{0

hfxwhg zlwk d gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhg iru hdfk uxq1 Wkh phph ydoxhv

dqg HO ydoxh iru hdfk fhoo zhuh lqlwldolvhg udqgrpo| iurp d xqlirup glvwulexwlrq ryhu wkhlu

dvvrfldwhg udqjhv1 Iru hdfk h{shulphqw wkh v|vwhp f|foh zdv lwhudwhg 5333 wlphv1 H{shu0

lphqwv lqglfdwhg wkdw eh|rqg wklv qr vljql�fdqw fkdqjhv rffxuuhg +xs wr 53/333 f|fohv,1

Wdeohv 814 dqg 815 vkrz d v|qwkhvlv ri doo wkh uxqv iru hdfk h{shulphqw1 Wdeoh 814 vkrzv

wkh dyhudjhg uhvxowv ri 433 vlpxodwlrq uxqv iru hdfk h{shulphqw1 Wkh Wqj froxpq vkrzv

wkh vxp ri doo wkh hqhuj| lq doo wkh fhoov ri wkh srsxodwlrq dw f|foh 5333/ ]qj vkrzv wkh

qxpehu ri fhoov zlwk d }hur hqhuj| ohyho +ghdg fhoov, dw f|foh 5333/ Pqj vkrzv wkh qxpehu

ri fhoov zlwk wkh pd{lpxp hqhuj| ohyho +l1h1 < hqhuj| srlqwv, dw f|foh 53331 F]qj vkrzv wkh

fxpxodwlyh qxpehu ri }hur hqhuj| fhoov revhuyhg ryhu wkh hqwluh uxq +doo 5333 f|fohv zlwk d

frxqw ri }hur hqhuj| fhoov froohfwhg hyhu| 43 f|fohv,1 F]qj lv lqwhqghg wr jlyh d phdvxuh ri

wkh rswlpdolw| ri wkh v|vwhp ryhu wkh hqwluh uxq lq whupv ri suhyhqwlqj fhoov iurp uhdfklqj

}hur hqhuj|1 Wkh rwkhu vwdwlvwlfv jlyh rqo| d vqdsvkrw ri wkh v|vwhp dw wkh hqg ri wkh uxq
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Ghvfulswlrq Wqj ]qj Pqj F]qj

H{s1D 0 %fxowxudo% hyroxwlrq 5964 48 449 7;76
H{s1E 0 %jhqhwlf% hyroxwlrq 5853 55 43< 8554
H{s1F 0 %fxowxudo% hyroxwlrq zlwk vsduvh uhzdugv 57;9 75 467 43865
H{s1G 0 %jhqhwlf% hyroxwlrq zlwk vsduvh uhzdugv 4;87 :< 9< 4;;37

Wdeoh 814= Hqhuj| ohyhov dqg rswlpdolw| phdvxuhv iru irxu h{shulphqwv lq wkh VzdsVkrs1
Vhh vhfwlrq 816 iru dq h{sodqwlrq ri wkh phdvxuhv1

�i4i �: 5w � 55w

V@*�i �: f � 2 � e f � 2 � e f � 2 � e

, T�� f f f e �bS bf SD SD .e �f. f f f eff f

, T�� f f f S �be �f. S� SD DD ��f f f � �bb f

, T�� f f � �e �HS �ef De eb D� �fe f f f eff f

, T�# f f S .H ��S .D H. bf H� SS f f � �bH �

Wdeoh 815= Phph ydoxh glvwulexwlrqv iru irxu h{shulphqwv lq wkh VzdsVkrs1 Vhh vhfwlrq 816
iru dq h{sodqdwlrq ri wkh ydoxhv jlyhq1

+f|foh 5333,1 Iljxuhv 814 dqg 815 vkrz d uhsuhvhqwdwlrq ri wkhvh phdvxuhv/ wdeoh 815 vkrzv

dyhudjhv ri wkh glvwulexwlrqv ri phph ydoxhv +ryhu wkh 433 vlpxodwlrq uxqv, dw f|foh 53331

Jlyhq wkh deryh uhvxowv/ qrwlfh wkdw lq doo vlpxodwlrq uxqv/ VVO@6 lv vwurqjo|

vhohfwhg iru1 Wklv lqglfdwhv vkdulqj zlwk qhljkerxuv srvvhvvlqj lghqwlfdo phphv rqo|1 Wklv

iroorzv iurp Doolvrq*v wkhru| ^5` wkdw dowuxlvp fdq eh vhohfwhg iru ehwzhhq lqglylgxdov zkr

vkduh wkh vdph phphv1 Hvvhqwldoo|/ wkh phphv duh dfwlqj vho�vko| e| lqgxflqj djhqwv wr

vkduh uhvrxufhv ehwzhhq wkrvh krvwlqj wkh vdph phphv1 Xqfrqglwlrqdo vkdulqj +VVO@3, lv

qrw vhohfwhg iru vlqfh wklv zrxog doorz iru djhqwv zlwk gl�huhqw phphv iurp wkh xqfrqglwlrqdo

vkdulqj djhqw wr ehqh�w1 Lw lv vkrzq dovr wkdw VO@7 lv vhohfwhg iru1 Wklv lqglfdwhv ixoo

vkdulqj ri uhvrxufh uhzdugv= doo uhvrxufhv dzdughg wr dq djhqw duh �uvw r�huhg wr qhhg|

qhljkerxuv +li wkh| h{lvw,1 Qrwlfh krzhyhu wkdw wkh jhqhwlf vw|oh ri hyroxwlrq +h{shulphqw

G, surylghv qlfkhv iru ohvv dowuxlvwlf vkdulqj ehkdylrxuv zlwk ryhu 53( ri fhoov qrw vkdulqj

doo wkhlu uhvrxufhv1
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Zero and Maximum Energy by Experiment 
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Iljxuh 814= ]hur dqg pd{lpxp hqhuj| ohyhov iru irxu h{shulphqwv1 Ydoxhv duh sorwwhg iurp
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Iljxuh 815= Wrwdo hqhuj| dqg fxpxodwlyh hqhuj| iru irxu h{shulphqwv1 Ydoxhv duh sorwwhg

iurp wdeoh 8141 Vhh vhfwlrq 816 iru dq h{sodqwlrq ri wkh phdvxuhv1
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Zlwklq d ihz kxqguhg f|fohv vsdwldo uhjlrqv ri djhqwv vkdulqj wkh vdph phphv

hphujh +fxowxudo jurxslqjv,1 Wkrvh uhjlrqv zklfk vdwlvi| pruh ri wkhlu phpehuv +l1h1 nhhs

wkhp iurp idoolqj wr }hur HO, whqg wr jurz pruh txlfno| vlqfh wkh| duh ohvv olnho| wr eh

lqydghg wkurxjk fxowxudo lqwhudfwlrq zlwk rwkhu jurxsv ru pxwdwlrq1 Frqvhtxhqwo|/ wkh

jurxsv zlwk kljkhu VO ohyhov shuirup ehwwhu wkdq wkrvh zlwk orzhu VO ohyhov1 Wkrvh jurxsv

zklfk dfw vho�vko| wrzdugv wkh rxw0jurxs e| rqo| vkdulqj uhvrxufhv zlwk wkrvh djhqwv lq wkh

lq0jurxs +VVO @ 6,/ dovr gr ehwwhu wkdq wkrvh uhjlrqv wkdw doorz uhvrxufhv wr eh vkduhg zlwk

rwkhu jurxsv +VVO ? 6,1 Hyhqwxdoo|/ xvxdoo| zlwklq derxw 4833 f|fohv/ wkh julg ehfrphv

grplqdwhg e| d vlqjoh uhjlrq frpsrvhg ri fhoov zklfk vkduh doo wkhlu uhvrxufhv +VO @ 7,

zlwk wkrvh kroglqj lghqwlfdo phphv +VVO @ 6,1 Iljxuh 816 vkrzv d w|slfdo vlpxodwlrq uxq1

Iljxuhv 81: dqg 81; vkrz wkh ydoxhv ri wkh vwdwh yduldeohv lq hdfk fhoo iru f|foh }hur dqg

f|foh 5333 uhvshfwlyho|1

D���2 +it�*|t Lu , Tih�4i?| � � ��*|�T*i +i}�L?t ��|� W?�BhL�T 5�@h�?}

D vlplodu surfhvv rffxuv dv wkdw vhhq lq h{shulphqw D1 Krzhyhu/ fxowxudo jurxsv

irup pruh txlfno| dqg gr qrw euhdn grzq vr hdvlo|1 Vlqfh wkh %jhqhwlf% vw|oh ri hyroxwlrq

fdq rqo| uhsolfdwh lqirupdwlrq zkhq fhoov glh/ wklv phdqv wkdw eduulhuv wr uhvrxufh vkdulqj/

zklfk duh fuhdwhg e| wkh F phph/ shuvlvw dqg uhgxfh wkh rswlpdolw| ri wkh srsxodwlrq ryhu

wkdw irxqg lq h{shulphqw D +vhh wdeoh 814 dqg qrwlfh orzhu Wqj/ Pqj dqg kljkhu ]qj dqg

F}qj wkdq h{shulphqw D,1 Lw fdq eh qrwhg krzhyhu/ wkdw wkh uhgxfwlrq lq rswlpdolw| ryhu

h{shulphqw D lv qrw ri d kljk ghjuhh1 Iljxuh 817 vkrzv d w|slfdo vlpxodwlrq uxq1 Lw fdq eh

ghgxfhg wkdw wkh gl�huhqw jurxsv duh fuhdwhg e| F phph glyhuvlw| vlqfh wkh VO dqg VVO

phphv frqyhujh wr 7 dqg 6 uhvshfwlyho| lq doo vlpxodwlrq uxqv +vhh wdeoh 815,1
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Iljxuh 816= H{shulphqw D 0 h{dpsoh ri d w|slfdo uxq1 D vlpsoh %fxowxudo% hyroxwlrqdu|

surfhvv surgxfhv pd{lpxp uhvrxufh vkdulqj ehkdylrxu1 Wkh frorxu ri hdfk fhoo uhsuhvhqwv

wkh ydoxhv ri wkh wkuhh phphv khog1 Hdfk glvwlqfw vhw ri phphv lv uhsuhvhqwhg e| d gl�huhqw

frorxu1 Qrwlfh wkh irupdwlrq ri vsdwldo uhjlrqv zlwk vkduhg phph exqgohv dqg wkh vfdwwhuhg

%pxwdqw% fhoov1 E| f|foh 4833 prvw ri wkh julg lv rffxslhg e| d vlqjoh phph exqgoh1 Wkh

frqwlqxlqj h{lvwhqfh ri pxwdqw fhoov lv d uhvxow ri wkh vfhqdulr 0 zklfk whqgv wr %vwduyh% vrph

fhoov ehfdxvh hqhuj| lv glvwulexwhg xqlirupo| exw vwrfkdvwlfdoo|1 Fhoov iurp wkh grplqdqw

%fxowxuh% uhvlvw lqydvlrq e| vkdulqj uhvrxufhv zlwk hdfk rwkhu exw qrw wkh pxwdqw fhoov1
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Cycle 0

Cycle 100

Cycle 200

Cycle 500

Cycle 1000

Cycle 1500

Iljxuh 817= H{shulphqw E 0 h{dpsoh ri d w|slfdo uxq1 Khuh dq dvh{xdo irup ri %jhqhwlf%

hyroxwlrq lv xvhg lq sodfh ri wkh %fxowxudo% hyroxwlrqdu| surfhvv1 Wkh frorxu ri hdfk fhoo

uhsuhvhqwv wkh ydoxhv ri wkh wkuhh phphv khog1 Hdfk glvwlqfw vhw ri phphv lv uhsuhvhqwhg

e| d gl�huhqw frorxu1 Qrwlfh wkh irupdwlrq ri vsdwldo uhjlrqv zlwk vkduhg phphv1 Wkhvh

uhjlrqv irup pruh txlfno| wkdq lq H{shulphqw D/ exw rqfh iruphg whqg qrw wr euhdn grzq1
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Zkhq uhvrxufhv duh dzdughg rqo| wr vhohfwhg fhoov +rqo| wkrvh fhoov zlwk hyhq urz

dqg froxpq dgguhvvhv,/ wklv grhv qrw vhohfw iru vho�vk fhoo uhvrxufh ehkdylrxu dv pljkw eh

dvvxphg1 Lurqlfdoo|/ wkrvh fhoov zklfk dfwxdoo| uhfhlyh wkh uhvrxufhv jlyh wkhp doo wr wkhlu

qhljkerxuv/ wkxv %vwduylqj% wkhpvhoyhv1 Wkh fxowxudo hyroxwlrqdu| surfhvv vhohfwv iru vwurqj

djhqw ohyho dowuxlvp1 Wklv pd| lqlwldoo| dsshdu wr eh frxqwhu lqwxlwlyh/ vlqfh d fhoo zklfk lv

vwduyhg ri uhvrxufhv lv pruh olnho| wr pxwdwh ru wdnh rq qhz phphv1 Krzhyhu/ li vxfk d fhoo

lv vxuurxqghg e| fhoov zlwk kljk ydoxhv iru VO/ wkh| zloo whqg wr frqwlqxdoo| uh0sursdjdwh

wkhvh kljk VO ydoxhv wr wkh vwduylqj fhoo zklfk dfwxdoo| uhfhlyhv wkh uhvrxufh uhzdugv1 Wkh

pdmrulw| %xqsurgxfwlyh% fhoov lq wkh Prruh qhljkerxukrrg/ ehqh�w dw wkh h{shqvh ri wkh

plqrulw| fhoov zklfk uhfhlyh dqg glvwulexwh uhzdugv1 E| ehfrplqj %uhsrvlwrulhv% ri phphv

zklfk surgxfh dowuxlvwlf ehkdylrxu wkh pdmrulw| fhoov/ yld vrfldo lq�xhqfh/ nhhs wkh plqrulw|

%surgxfwlyh% fhoov ehkdylqj dowuxlvwlfdoo|1 Iljxuh 818 vkrzv d w|slfdo vlpxodwlrq uxq1

D���e +it�*|t Lu , Tih�4i?| # � �*|h��t4 O@4Tihi_ �) ��*|�h@* �L�?_�

@h�it

Dowkrxjk vwurqj dowuxlvp lv vhohfwhg iru lq wkh pdmrulw| ri fhoov/ lw lv kdpshuhg e|

wkh odfn ri fxowxudo krprjhqhlw|1 Dovr d vljql�fdqw plqrulw| ri fhoov ehkdyh ohvv %dowuxlv0

wlfdoo|% vkdulqj rqo| vrph ri dq| uhvrxufh uhzdughg +dv vwdwhg deryh,1 Ryhu 53( ri fhoov

kdyh dq VO phph ri ohvv wkdq 7 +vhh wdeoh 815, 1 Iljxuh 819 vkrzv d w|slfdo vlpxodwlrq uxq1
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Cycle 1500

Iljxuh 818= H{shulphqw F 0 h{dpsoh ri d w|slfdo uxq1 Zkhq uhvrxufhv duh dzdughg rqo| wr
vhohfwhg fhoov +rqo| wkrvh fhoov zlwk hyhq urz dqg froxpq dgguhvvhv,/ wklv grhv qrw vhohfw iru
vho�vk fhoo uhvrxufh ehkdylrxu dv pljkw eh dvvxphg1 Lurqlfdoo|/ wkrvh fhoov zklfk dfwxdoo|
uhfhlyh wkh uhvrxufhv jlyh doo wr wkhlu qhljkerxuv/ wkxv %vwduylqj% wkhpvhoyhv1 Wkh fxowxudo
hyroxwlrqdu| surfhvv vhohfwv iru vwurqj dowuxlvp1 Dovr/ qrwh wkdw wkhuh lv d pruh udslg
grplqdwlrq ri wkh srsxodwlrq e| d vlqjoh %fxowxuh% +frpsduhg zlwk �jxuh 816, exw wkhuh lv
pruh whqghqf| wr guliw lq wkh F phph1
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Cycle 0

Cycle 100

Cycle 200

Cycle 500

Cycle 1000

Cycle 1500

Iljxuh 819= H{shulphqw G 0 h{dpsoh ri d w|slfdo uxq1 Uhvrxufhv duh dzdughg rqo| wr
vhohfwhg fhoov +rqo| wkrvh fhoov zlwk hyhq urz dqg froxpq dgguhvvhv,/ dqg d %jhqhwlf% vw|oh ri
hyroxwlrqdu| surfhvv lv xvhg lq sodfh ri wkh %fxowxudo% surfhvv vkrzq lq �jxuh 8181 Glyhuvlw|
lv kljk1 Dowkrxjk fhoo dowuxlvp lv vhohfwhg iru lq wkh pdmrulw| ri fhoov/ lw lv kdpshuhg e| wkh
odfn ri krprjhqhlw|1 Dovr d vljql�fdqw plqrulw| ri fhoov duh ohvv %dowuxlvwlf% vkdulqj rqo|
vrph ri wkhlu uhvrxufh uhzdug1
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D�e �Mtih�@|�L?t
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Uhjlrqv ri vkduhg fxowxudo dwwulexwhv fdq eh vhhq dv fxowxudo jurxsv1 Lw vkrxog eh

qrwhg wkdw wkhvh jurxslqjv hphujh iurp wkh sursdjdwlrq ri lqglylgxdo dwwulexwhv +phphv,/

zklfk duh lqlwldoo| vhw wr duelwudu| ydoxhv1 Wkh phfkdqlvpv e| zklfk jurxsv ehfrph vxf0

fhvvixo/ e| rxwshuiruplqj rwkhu jurxsv/ lqyroyhv pd{lpxp lq0jurxs vkdulqj dqg plqlpxp

rxw0jurxs vkdulqj1 Wklv dsshduv dv wkh hphujhqfh ri dq duwl�fldo irup ri %lq0jurxs eldv%/

d skhqrphqd zklfk shuydghv prvw uhdo vrfldo v|vwhpv ^436`1 Lurqlfdoo|/ wklv surfhvv/ zklfk

txlfno| surgxfhv vkdulqj ehkdylrxu/ fdq ehfrph dq revwdfoh odwhu zkhq wkh srsxodwlrq lv

frpsrvhg ri vhyhudo frpshwlqj jurxslqjv1

D�e�2 +iU�ThLU@* Lh +i@* �*|h��t4q

Fdq wkh vkdulqj ehkdylrxu wkdw hphujhv lq wkh deryh h{shulphqwv eh ylhzhg dv

dowuxlvpB Wkh vkdulqj wkdw grhv hphujh lv dozd|v vwulfwo| zlwklq wkh jurxs1 Lq wklv vhqvh/

lw frxog eh dujxhg wkdw/ wkh vkdulqj ehkdylrxu lv d irup ri uhflsurfdo dowuxlvp vlqfh vkdulqj

zlwklq d jurxs/ e| gh�qlwlrq/ phdqv wkdw wkrvh rwkhu phpehuv pd| uhflsurfdwh lq wkh

ixwxuh1 Krzhyhu/ lq h{shulphqwv F dqg G/ zkhuh uhvrxufhv zhuh qhyhu dzdughg wr vrph

ghvljqdwhg fhoov +xqsurgxfwlyh fhoov,/ vkdulqj vwloo hphujhg1 Wklv nlqg ri dowuxlvp hphujhv

ehfdxvh lqglylgxdo fhoov fdq*w glvwlqjxlvk ehwzhhq wkrvh wkdw dftxluh uhvrxufhv dqg wkrvh

wkdw grq*w1 Krzhyhu/ lw fdq eh dujxhg wkdw wklv lv dq h{dpsoh ri lqfoxvlyh �wqhvv ru %nlq

dowuxlvp%1 Vlqfh djhqwv fdq uhfrjqlvh dqg pdnh uhvrxufh jliwv rqo| wr wkrvh qhljkerxuv zkr

vkduh doo wkh vdph phphv/ wkh phphv +ru jhqhv, duh lqgxflqj dowuxlvp ehwzhhq djhqwv iru

wkhlu rzq vho�vk lqwhuhvwv1
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Wkh F phph xvhg lq wkh h{shulphqwv kdv qr gluhfw ehkdylrxudo lpsdfw +d wdj,1

Fxowxudo jurxslqjv whqg wr irup zklfk duh glvwlqjxlvkhg sxuho| e| gl�huhqw ydoxhv ri wkh

wdj dwwulexwh1 Lw zrxog vhhp wkdw wkh pruh ydoxhv d wdj frxog wdnh/ wkh pruh jurxsv zrxog

irup/ zklfk zrxog lqfuhdvh wkh wlph uhtxluhg iru d vlqjoh jurxs wr grplqdwh wkh srsxodwlrq

gxh wr wkh lqfuhdvh lq lqwhu0jurxs frq�lfw1 Wklv pd| qrw krzhyhu/ eh wkh fdvh zkhq wkh

qxpehu ri wdjv lv lqfuhdvhg +vhh ^:`,1 Wklv odwwhu srvvlelolw| lv gxh wr wkh dvvxpswlrq wkdw

fxowxudo lqwhudfwlrq rqo| wdnhv sodfh ehwzhhq fhoov vkdulqj dw ohdvw rqh lghqwlfdo phph1 Dv

wkh qxpehu ri wdjv lv lqfuhdvhg wkh suredelolw| wkdw wzr qhljkerxulqj fhoov vkduh dw ohdvw

rqh phph lv dovr lqfuhdvhg1 Fxowxudo erxqgdulhv duh wkhuhiruh ohvv olnho| wr irup1

D�e�e �Bi?i|�U� �� ��*|�h@* ,�L*�|�L?

H{shulphqwv D dqg E +zkhuh uhvrxufhv zhuh glvwulexwhg wr doo fhoov, surgxfhg

vlplodu uhvxowv1 Wkh %jhqhwlf% h{shulphqw +E, surgxfhg uxqv zklfk wrrn orqjhu wr ehfrph

grplqdwhg e| d vlqjoh jurxs1 Wklv zrxog dsshdu wr uhvxow iurp wkh uhgxfhg frppxqlfdwlrq

ri dwwulexwh lqirupdwlrq iru wkh %jhqhwlf% h{shulphqw/ vlqfh wklv rqo| rffxuv zkhq d fhoo rq

d jurxs erxqgdu| %glhv% e| uhdfklqj dq HO ri }hur1 Dovr/ frs|lqj ri dwwulexwh lqirupdwlrq

+uhsurgxfwlrq, lqyroyhv pxwdwlrq/ zklfk zdv vhw dw d kljk ohyho khuh1 Zlwk vsduvh uhzdugv

wkh %jhqhwlf% h{shulphqw +G, vkrzv d pdunhg gl�huhqfh lq wkh rswlpdolw| ri wkh uhvrxufh

glvwulexwlrq lq frpsdulvrq zlwk wkh fxowxudo h{shulphqw +F,1

D�D �L?U*�t�L?t

Wkh h{shulphqwv suhvhqwhg lq wklv fkdswhu ghprqvwudwh wkdw jhqhwlf dqg phphwlf

irupv ri hyroxwlrq ohdg wr jurxs irupdwlrq +zkhuh jurxsv duh vsdwldoo| frqqhfwhg uhjlrqv
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0 3 1 5  0 0 1 0  4 4 1 5  1 3 4 9  1 2 2 7  0 2 4 3  3 2 1 2  0 4 2 7  0 4 2 1  0 3 4 2  0 0 4 6  2 3 3 3  0 4 2 1  1 3 2 7  4 1 3 8  4 0 1 2  2 2 0 5  0 0 1 9  0 2 3 2  0 0 2 8
1 1 1 3  3 1 2 7  3 1 3 0  2 0 4 6  2 4 3 9  2 2 1 0  1 0 1 3  0 0 1 6  0 3 2 7  4 0 4 7  4 4 0 2  2 1 1 0  0 4 3 5  0 4 0 7  1 3 2 3  3 0 3 0  1 0 1 8  1 4 2 9  0 0 4 5  3 0 0 2
4 0 1 1  1 1 0 0  2 0 0 1  4 1 1 2  3 3 3 0  0 3 3 1  0 4 0 2  1 4 2 9  0 3 0 5  4 4 1 1  4 0 1 8  3 3 4 1  2 3 0 3  2 0 4 8  4 0 0 7  0 2 4 8  4 1 1 7  3 0 1 6  1 0 3 3  4 4 3 6
3 4 2 2  4 0 4 0  1 4 4 9  2 1 1 8  1 2 3 5  1 3 0 8  2 4 0 9  1 4 0 7  4 0 3 1  2 1 1 2  1 2 2 8  2 1 1 1  3 0 4 5  1 0 0 4  2 4 4 8  0 2 4 7  4 4 4 8  2 4 3 4  0 3 2 9  4 3 4 1
1 4 2 6  1 0 4 1  3 1 2 2  3 4 3 0  2 3 0 8  3 2 1 5  1 2 2 5  1 1 4 2  2 2 1 4  0 1 4 2  0 1 2 7  2 3 1 1  2 4 2 6  4 1 0 0  2 4 4 0  1 2 3 6  3 4 1 2  3 1 1 8  4 1 0 3  1 0 1 1
4 2 0 1  2 2 0 3  3 2 0 0  0 2 4 3  0 0 3 7  1 3 0 4  0 0 3 7  4 3 4 8  3 2 0 5  1 2 1 8  3 0 0 8  4 3 4 5  1 0 0 6  4 2 2 7  1 2 3 4  3 1 4 6  4 1 1 3  0 4 2 8  1 4 1 3  2 4 2 1
4 0 4 7  0 2 0 6  3 3 4 3  3 3 1 8  2 2 1 6  1 3 2 2  1 3 4 5  2 0 4 6  1 4 2 0  2 4 3 8  4 0 3 2  2 1 2 1  1 4 0 4  0 2 0 1  0 1 1 3  1 2 2 3  2 2 2 0  4 3 1 0  3 1 2 8  2 1 2 1
3 2 2 6  3 3 4 2  3 2 0 4  3 0 2 7  1 4 3 4  1 0 3 4  3 0 1 5  1 1 4 1  3 2 1 3  0 1 3 0  4 4 4 3  2 1 2 6  4 4 0 7  4 2 0 9  1 1 4 3  3 3 3 4  3 3 0 0  4 0 4 4  1 1 4 9  3 0 4 9
3 1 0 7  2 1 3 6  2 1 0 8  1 0 2 6  0 3 0 5  3 0 1 3  3 0 0 4  4 1 2 9  4 2 4 6  4 1 1 4  2 4 0 4  1 0 3 2  0 4 0 8  4 4 1 0  4 2 4 3  0 2 0 6  0 4 4 4  2 2 2 6  2 1 4 7  2 2 2 7
3 0 1 8  0 4 0 9  1 3 2 7  2 1 3 4  1 3 3 8  4 2 4 7  0 1 1 9  4 1 0 1  0 1 1 9  3 0 4 2  2 2 1 4  0 3 0 9  4 3 4 0  4 3 1 9  0 3 3 0  4 0 4 6  3 1 1 7  3 3 1 6  3 4 3 1  0 1 1 2
0 2 2 0  2 2 2 9  3 1 2 3  0 2 1 1  0 1 1 1  3 1 3 7  4 4 0 4  3 3 0 7  1 1 0 9  3 0 0 5  0 4 1 9  0 4 0 7  1 0 1 4  1 3 0 2  3 4 1 1  0 4 2 9  0 2 3 8  4 4 3 9  2 3 2 1  3 4 3 0
3 1 1 2  2 2 0 7  3 2 2 7  1 0 0 2  0 3 3 2  3 0 0 0  4 3 0 1  2 0 2 6  1 4 2 5  2 0 2 2  3 2 3 1  0 1 4 8  3 0 2 6  4 2 1 4  0 3 3 6  2 4 0 0  0 2 4 9  1 0 0 8  2 1 3 5  2 2 4 3
4 0 2 2  1 3 3 1  3 4 2 2  4 4 0 6  0 1 0 3  2 0 1 1  4 2 0 3  1 1 3 9  2 2 2 5  1 0 1 5  3 4 0 2  1 1 4 5  3 1 1 5  0 4 3 0  0 0 2 8  1 0 0 5  0 0 3 7  2 4 4 2  3 3 2 9  4 2 4 6
3 2 4 3  4 2 3 8  4 0 0 4  2 4 3 4  3 3 2 8  3 0 0 5  2 1 2 2  0 4 1 9  0 0 1 6  4 4 4 0  2 0 2 7  3 0 3 8  4 4 2 2  1 3 4 3  2 2 3 4  2 0 3 3  4 0 4 4  0 1 1 7  0 1 1 1  1 4 2 1
4 4 2 6  2 0 1 1  2 0 2 8  2 3 2 8  2 3 3 9  4 4 0 0  3 0 0 9  0 0 1 1  4 4 1 5  3 2 4 4  3 0 3 5  1 3 3 3  3 2 4 1  3 3 2 0  2 1 0 9  4 4 0 1  1 1 3 8  2 3 1 6  0 1 1 3  3 0 1 9
3 0 0 0  0 3 2 4  4 0 2 8  2 3 0 3  2 0 1 9  3 3 0 2  4 0 0 1  0 0 2 0  3 1 2 1  1 4 4 7  1 3 0 5  0 2 4 7  4 0 3 4  0 2 2 5  2 4 3 8  1 3 0 3  1 0 2 1  0 4 3 0  2 4 4 1  0 4 4 6
4 4 3 5  3 2 2 0  1 3 2 9  1 3 4 4  3 2 3 1  4 1 1 5  4 0 0 1  0 3 3 4  2 4 2 9  1 0 0 8  0 2 2 3  2 4 0 7  2 0 4 1  4 1 4 0  2 1 2 2  2 4 1 0  0 3 0 0  0 2 4 4  2 4 4 9  1 4 0 7
0 0 0 1  2 1 4 5  0 1 2 9  4 0 4 4  1 4 3 2  0 0 3 7  0 2 4 2  1 4 1 6  4 4 2 9  3 1 3 9  4 4 0 9  0 0 0 5  1 3 4 8  0 2 0 3  3 0 0 9  0 0 3 1  3 2 4 7  2 3 1 9  0 0 1 4  0 2 0 8
0 1 0 6  4 1 2 3  3 3 3 5  0 3 4 3  2 4 3 6  4 1 1 0  2 4 2 7  0 3 2 9  0 3 4 0  0 3 4 8  2 3 3 4  1 0 1 3  1 0 2 6  0 0 2 8  3 3 2 5  1 3 2 1  3 1 2 2  4 2 4 9  2 1 4 3  0 4 1 8
4 3 0 5  3 3 3 2  2 0 4 2  0 4 2 2  2 0 0 7  4 0 1 7  3 1 1 1  2 4 2 6  2 0 1 5  2 2 0 4  3 0 1 1  0 4 4 5  0 0 0 0  1 4 3 6  4 1 3 5  4 3 4 9  1 0 1 1  3 1 3 1  4 4 0 5  3 2 2 3

Iljxuh 81:= H{shulphqw D1 Wkh lqlwldo udqgrp vwduwlqj ydoxhv iru hdfk fhoo ri wkh julg +dv
vkrzq lq �jxuh 816/ f|foh 3,1 Wkh ydoxhv duh udqgrpo| vhohfwhg iurp d xqlirup glvwulexwlrq
ryhu hdfk udqjh1 Wkh �uvw 6 gljlwv uhsuhvhqw wkh 6 phphv1 Wkh �qdo +uljkw0kdqg, gljlw
uhsuhvhqwv wkh fhoo hqhuj| ohyho1 Wkh �uvw gljlw uhsuhvhqwv wkh VO +vkdulqj ohyho, zklfk
vshfl�hv wkh qxpehu ri hqhuj| srlqwv wr vkduh zlwk qhljkerxuv zkhq dq hqhuj| uhzdug lv
uhfhlyhg1 Wkh wklug gljlw uhsuhvhqwv wkh VVO +vkdulqj vlplodulw| ohyho, zklfk vshfl�hv wkh
ohyho ri fxowxudo vlplodulw| +vshfl�hg lq lghqwlfdo phphv, uhtxluhg iru d qhljkerxu wr eh
frqvlghuhg iru d vkduh ri dq hqhuj| uhzdug1 Qrwh wkdw wkh vhfrqg gljlw +wkh F phph, kdv
qr gluhfw ehkdylrxudo vljql�fdqfh1
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4 3 3 5  4 3 3 9  4 3 3 9  4 3 3 6  4 3 3 8  4 3 3 9  4 3 3 8  4 3 3 9  4 3 3 8  4 3 3 9  4 3 3 9  4 3 3 8  4 3 3 1  4 3 3 4  4 3 3 8  4 3 3 9  4 3 3 6  4 3 3 1  4 3 3 5  4 3 3 1
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4 3 3 5  4 3 3 9  4 3 3 8  4 3 3 9  4 3 3 6  4 3 3 7  4 3 3 4  4 3 3 9  4 3 3 5  4 3 3 9  4 3 3 8  4 3 3 4  4 3 3 8  4 3 3 2  4 3 3 8  4 3 3 5  4 3 3 5  3 3 3 0  4 3 3 7  4 3 3 0
4 3 3 6  4 3 3 7  4 3 3 3  4 3 3 0  4 3 3 0  4 3 3 0  4 3 3 2  4 3 3 7  4 3 3 4  4 3 3 7  4 3 3 7  4 3 3 1  4 3 3 4  4 3 3 5  4 3 3 3  4 3 3 8  4 3 3 8  4 3 3 1  4 3 3 5  4 3 3 0
4 3 3 5  4 3 3 9  4 3 3 6  4 3 3 9  4 3 3 4  4 3 3 8  4 3 3 4  4 3 3 3  4 3 3 7  4 3 3 2  4 3 3 7  4 3 3 2  4 3 3 6  4 3 3 7  4 3 3 4  4 3 3 6  4 3 3 1  4 3 3 7  4 3 3 9  4 3 3 1
4 3 3 5  4 3 3 5  4 3 3 6  4 3 3 8  4 3 3 3  4 3 3 0  4 3 3 8  4 3 3 5  4 3 3 9  4 3 3 7  4 3 3 5  4 3 3 8  4 3 3 7  4 3 3 9  4 3 3 7  4 3 3 9  4 3 3 6  4 3 3 9  4 3 3 9  4 3 3 8
4 3 3 7  4 3 3 3  4 3 3 9  4 3 3 6  4 3 3 7  4 3 3 8  4 3 3 2  4 3 3 8  4 3 3 7  4 3 3 1  4 3 3 7  4 3 3 4  4 3 3 8  4 3 3 7  4 3 3 4  4 3 3 9  4 3 3 4  4 3 3 5  4 3 3 9  4 3 3 9
4 3 3 8  4 3 3 9  4 3 3 7  4 3 3 8  4 3 3 8  4 3 3 8  4 3 3 7  4 3 3 7  4 3 3 7  4 3 3 8  4 3 3 9  4 3 3 0  4 3 3 7  4 3 3 4  4 3 3 5  4 3 3 6  4 3 3 5  4 3 3 9  4 3 3 8  4 3 3 4
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Iljxuh 81;= H{shulphqw D1 Wkh ydoxhv iru hdfk fhoo ri wkh julg e| f|foh 4833 +dv vkrzq
lq �jxuh 816/ f|foh 4833,1 Wkh grplqdqw phph exqgoh ru %fxowxuh% lv 7661 Wklv lqglfdwhv
wkdw doo uhvrxufhv duh vkduhg zlwk qhljkerxuv +VO@7, dqg wkdw qhljkerxuv uhfhlyh d vkduh
ri d uhvrxufh rqo| li wkh| vkduh doo 6 phphv zlwk wkh vkdulqj fhoo +VVO@6,1 Wklv phdqv
wkdw 766 fhoov rqo| vkduh uhvrxufhv zlwk rwkhu 766 fhoov wkxv dyrlglqj lqydvlrq e| pxwdqw
%fxowxuhv%1 Wkh fxowxuh lv %vho�vk% lq wkh vhqvh wkdw lw rqo| vkduhv uhvrxufhv zlwk lwvhoi exw
wkh lqglylgxdo fhoov duh %dowuxlvwlf% vlqfh doo uhvrxufhv duh vkduhg zlwk fxowxudoo| lghqwlfdo
qhljkerxuv1
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ri djhqwv zlwk lghqwlfdo phphv,1 Wkhvh fdq eh lghqwl�hg ylvxdoo| lq �jxuhv 816 wr 8191 Wkh

jurxsv glvsod| lq0jurxs dowuxlvp dqg rxw0jurxs vho�vkqhvv1 Lw kdv ehhq ghprqvwudwhg wkdw

lq wkh vlpsoh vfhqdulrv suhvhqwhg/ d jhqhwlf phwkrg ri hyroxwlrq surgxfhv vrflhwlhv zklfk

duh ohvv rswlpdo +lq wkh vhqvh ri nhhslqj djhqwv iurp uhdfklqj }hur hqhuj| ohyhov, wkdq d

phphwlf phwkrg1 Zkhuh uhvrxufhv duh uhzdughg wr doo fhoov +h{shulphqwv D dqg E, wkh

lqfuhdvh lq rswlpdolw| lv vpdoo1 Lq wkh %vsduvh uhzdug% vfhqdulr +h{shulphqwv F dqg G, wkh

lqfuhdvh lv pxfk kljkhu1

Krzhyhu/ wkh pdlq frqfoxvlrq wkdw lv wr eh gudzq iurp wkhvh h{shulphqwv lv wklv=

Vlpsoh vdwlvidfwlrq edvhg fxowxudo ohduqlqj uxohv duh vx�flhqw wr surgxfh glvwlqfw/ fxowxudo

jurxslqjv zklfk fdq glvsod| d irup ri %phphwlf nlq% dowuxlvp/ wkdw lv/ dowuxlvwlf ehkdylrxu

lqgxfhg dw wkh djhqw ohyho zklfk lv vho�vk dw wkh fxowxudo +ru phphwlf, ohyho1 Jurxsv lq

zklfk doo ehkdyh dowuxlvwlfdoo| h�hfwlyho| vkduh doo wkh vdph phphv +ru jhqhv lq wkh jhqhwlf

fdvh,1 Wkh dowuxlvp lv wkhuhiruh vxvwdlqhg gxh wr wkh ehqh�w jlyhq wr nlq1 Nlq duh lghqwl�hg

gluhfwo| e| wkh ohyho ri fxowxudo +ru jhqhwlf, vlplodulw|/ zklfk fdq eh whvwhg e| djhqwv ehiruh

dq dowuxlvwlf grqdwlrq1


