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Devwudfw
Wklv sdshu dgguhvvhv wkh sureohp ri ghvljqlqj pxowl0lwhp surfxuhphqw dxfwlrqv lq fdsdflw|0frqvwudlqhg

hqylurqphqwv1 Xvlqj lqvljkwv iurp fodvvlfdo dxfwlrq wkhru|/ zh frqvwuxfw dq rswlpl}dwlrq0edvhg dxfwlrq
phfkdqlvp +�vpduw pdunhw%, uho|lqj rq wkh g|qdplf uhvroxwlrq ri d olqhdu surjudp plqlpl}lqj wkh ex|hu*v
frvw xqghu wkh vxssolhuv* fdsdflw| frqvwudlqwv1 Vxssolhuv fdq prgli| wkhlu r�huv lq uhvsrqvh wr wkh rswlpdo
doorfdwlrq fruuhvsrqglqj wr hdfk vhw ri elgv/ jlylqj ulvh wr d g|qdplf frpshwlwlyh elgglqj surfhvv1 Wr dvvlvw
vxssolhuv/ zh dovr ghyhors d elgglqj vxjjhvwlrq ghylfh edvhg rq d p|rslf ehvw uhvsrqvh +PEU, fdofxodwlrq
wkdw vroyhv dq dvvrfldwhg rswlpl}dwlrq sureohp1 Dvvxplqj olqhdu frvwv iru wkh vxssolhuv/ zh vwxg| zlwklq
d jdph0wkhruhwlf iudphzrun wkh vhtxhqfh ri elgv dulvlqj lq wklv vpduw pdunhw1 Xqghu d zhdn ehkdylrudo
dvvxpswlrq dqg vrph v|pphwu| uhtxluhphqwv/ dq h{solflw xsshu erxqg iru wkh zlqqlqj elgv lv hvwdeolvkhg1
Zh wkhq irupxodwh d frpsohwh ehkdylrudo prgho dqg vroxwlrq phwkrgrorj| edvhg rq wkh PEU udwlrqdoh/
dqg vkrz wkdw wkh erxqgv ghulyhg hduolhu frqwlqxh wr krog1 Zh dqdo|wlfdoo| ghulyh vrph vwuxfwxudo dqg
frqyhujhqfh surshuwlhv ri wkh PEU g|qdplfv lq wkh vlpsohvw qrq0wulyldo pdunhw hqylurqphqw/ zklfk vxjjhvwv
ixuwkhu srvvleoh ghvljq lpsuryhphqwv/ dqg lqyhvwljdwh elgglqj g|qdplfv dqg lqfhqwlyh frpsdwlelolw| lvvxhv
yld qxphulfdo vlpxodwlrqv1 Lq sduwlfxodu/ h{shulphqwv vxjjhvw wkdw vxssolhuv fdq eh uholhg xsrq wr surylgh
wuxwkixo fdsdflw| lqirupdwlrq zkhq surfxuhphqw frqwudfwv duh surshuo| ghvljqhg1

41 Lqwurgxfwlrq

4141 Edfnjurxqg dqg Prwlydwlrq1 Rqolqh exvlqhvv0wr0exvlqhvv dxfwlrqv duh ehfrplqj

lqfuhdvlqjo| zlghvsuhdg/ ehfdxvh wkhlu ghpdqg uhyhodwlrq surshuwlhv duh vxshulru wr wkdw
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ri �{hg0sulfh phfkdqlvpv/ zkloh wkh Lqwhuqhw nhhsv wkhlu wudqvdfwlrq frvwv orz= Lq d Pd|

5333 vwxg| e| Iruuhvwhu Uhvhdufk/ Lqf1 +Ndind hw do1 5333,/ lw zdv hvwlpdwhg wkdw wkh wrwdo

dqqxdo yroxph ri wudqvdfwlrqv uhdol}hg wkurxjk rqolqh exvlqhvv0wr0exvlqhvv dxfwlrqv lq wkh

X1V1 zrxog uhdfk ':79 eloolrq e| 53371 Krzhyhu/ rqolqh lpsohphqwdwlrqv ri wudglwlrqdo rshq

dxfwlrq phfkdqlvpv duh riwhq srruo| dgdswhg wr wkh vhohfwlrq ri lqgxvwuldo vxssolhuv lq sur0

fxuhphqw pdunhwv/ ehfdxvh wklv surfhvv w|slfdoo| lqyroyhv fdsdflw| frqvwudlqwv/ wudqvsruwd0

wlrq frvwv/ lqfxpehqw vxssolhu vzlwfklqj frvwv/ frpsoh{ txdolw| uhtxluhphqwv/ hwf1= Wudqvihu

sulfh/ dowkrxjk wkh vroh irfxv ri wkhvh phfkdqlvpv/ lv rqo| rqh frqvlghudwlrq dprqj vhyhudo

zkhq lw frphv wr fkrrvlqj vxssolhuv1 Frqvhtxhqwo|/ dq lpsruwdqw fkdoohqjh idfhg e| rqolqh

surfxuhphqw vhuylfh surylghuv lv wr ghvljq dowhuqdwlyh dxfwlrq phfkdqlvpv dgdswhg wr wkhvh

frpsoh{ doorfdwlrq hqylurqphqwv1

Dq h{dpsoh ri vxfk d phfkdqlvp lv wkh elgglqj surfhvv xvhg e| IuhhPdunhwv +Udqjdq

4<<<,1 Rqh ri wkh hphujlqj ohdghuv lq hohfwurqlf lqgxvwuldo dxfwlrqv/ IuhhPdunhwv rujdql}hv

�elgglqj hyhqwv� iru odujh lqgxvwuldo ex|huv w|slfdoo| vhhnlqj wr dxfwlrq r� surfxuhphqw

frqwudfwv iru vshfl�hg txdqwlwlhv ri vhyhudo frpsrqhqw w|shv +ru orwv,1 Lq wkh phfkdqlvp

fxuuhqwo| xvhg/ wkh ydulrxv frpsrqhqw w|shv duh rughuhg/ dqg hdfk frpsrqhqw lv h�hfwlyho|

dxfwlrqhg r� lq d vhtxhqwldo pdqqhu1 Pruh suhflvho|/ elqglqj elgv rq vhoolqj sulfhv duh

vrolflwhg iru hdfk frpsrqhqw w|sh iurp frpshwlqj vxssolhuv/ zkr fdq revhuyh wkh ydoxh ri

wkh orzhvw elg vxeplwwhg wkxv idu1 Zkhq d suh0vshfl�hg wlph olplw lv uhdfkhg iru wkh �uvw

frpsrqhqw w|sh lq wkh olvw +diwhu shukdsv vrph ryhuwlph shulrg wuljjhuhg e| dq dfwlylw|0

edvhg fulwhuld,/ elgglqj forvhv iru wkdw frpsrqhqw w|sh/ frpshwlwlrq wkhq wxuqv wr wkh qh{w

frpsrqhqw w|sh/ dqg wklv surfhvv uhshdwv lwvhoi xqwlo wkh olvw ri frpsrqhqw w|shv uhtxluhg e|

wkh ex|hu lv h{kdxvwhg1 Krzhyhu/ lq frqwudvw wr wudglwlrqdo dxfwlrqv/ wkh dfwxdo doorfdwlrq
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ri surfxuhphqw frqwudfwv lv rqo| ghflghg e| wkh ex|hu diwhu wkh hqwluh elgglqj hyhqw lv

frpsohwhg/ dqg wkh orzhvw elgghu pd| qrw eh dzdughg wkh frqwudfw iru d frpsrqhqw1 Wkh

uhdvrq iru srvwsrqlqj wkh doorfdwlrq ghflvlrq lv wr doorz wkh ex|hu wr wdnh lqwr dffrxqw vrph

ri wkh qrq0sulfh idfwruv phqwlrqhg hduolhu1

Dowkrxjk wklv phfkdqlvp dsshduv wr uhsuhvhqw fxuuhqw ehvw sudfwlfh dv ri wkh vxpphu

ri 5333 +lw lv dovr xvhg e| IuhhPdunhwv* frpshwlwru hEuhyldwh,/ vhyhudo vrxufhv vxjjhvw gl0

uhfwlrqv iru lpsuryhphqw1 Lq sduwlfxodu/ d frqvhtxhqfh ri wkh ghod|hg doorfdwlrq ghflvlrq lv

wkdw vxssolhuv* elgv duh edvhg rq yhu| olplwhg frpshwlwlyh lqirupdwlrq/ zklfk dsshduv wr eh

hvshfldoo| gdpdjlqj lq hqylurqphqwv fkdudfwhul}hg e| vxssolhu fdsdflw| frqvwudlqwv= Gxulqj

rxu phhwlqj zlwk IuhhPdunhwv fr0irxqghu Vdp Nlqqh| +Nlqqh| 5333,/ kh k|srwkhvl}hg wkdw

vrph vxssolhuv juhz qhuyrxv gxulqj wkh elgglqj hyhqw derxw uhfhlylqj d wrwdo doorfdwlrq h{0

fhhglqj wkhlu surgxfwlrq fdsdflw|/ hvshfldoo| li wkh| kdg vxeplwwhg uhodwlyho| orz elgv rq rqh

ru vhyhudo ri wkh frpsrqhqwv dxfwlrqhg hduo| rq1 Dv d uhvxow/ wkhvh vxssolhuv zrxog zlwkkrog

wkhlu elgv rq odwhu frpsrqhqwv/ wkhuhe| kdpshulqj frpshwlwlrq1 Lqghhg/ vrph ex|huv dovr

vhhp wr eh dzduh ri wklv lvvxh> iru h{dpsoh/ Mdfn Sruwhu/ d pdqdjhu ri fhqwudo sxufkdvlqj

gluhfw dw Fdwhusloodu/ pdgh wkh iroorzlqj frpphqw gxulqj dq lqwhuylhz rq klv h{shulhqfh dv d

IuhhPdunhwv fxvwrphu +Mdqknh 4<<;,= �Wklv frqfhsw rqo| dssolhv lq wkrvh duhdv zkhuh wkhuh

lv d juhdw ghdo ri fdsdflw|1%

Prwlydwhg e| wkhvh revhuydwlrqv/ rxu remhfwlyh lv wr ghvljq dqg dqdo|}h d vw|ol}hg rqolqh

pxowl0lwhp surfxuhphqw dxfwlrq phfkdqlvp dgdswhg wr vxsso| hqylurqphqwv zlwk surgxfwlrq

fdsdflw| frqvwudlqwv1 Iroorzlqj d uhylhz ri wkh uhohydqw olwhudwxuh/ zh ghvfuleh lq ¢5 wkh

pdunhw hqylurqphqw xqghu vwxg|/ wkh sursrvhg dxfwlrq phfkdqlvp/ dqg wkh vshfl�fv ri wkh

jdph irupxodwlrq1 Lq ¢6/ zh glvfxvv rxu vroxwlrq phwkrgrorj|/ ghulyh vrph frqyhujhqfh
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erxqgv/ dqg lqyhvwljdwh elgglqj g|qdplfv dqg lqfhqwlyh frpsdwlelolw| lvvxhv1 Frqfoxglqj

uhpdunv duh surylghg lq ¢71

4151 Olwhudwxuh Uhylhz1 Wkh vwxg| ri pxowl0lwhp dxfwlrqv kdv ehhq rqh ri wkh prvw dfwlyh

uhvhdufk duhdv lq plfurhfrqrplfv odwho| +vhh Nohpshuhu 4<<< iru d uhfhqw vxuyh|,1 Lw lv dovr

ehfrplqj dq lqfuhdvlqjo| srsxodu wrslf lq rshudwlrqv pdqdjhphqw/ rshudwlrqv uhvhdufk dqg

frpsxwhu vflhqfh1 Wkh fux{ ri wkh sureohp olhv lq wkh lqwhughshqghqflhv ehwzhhq wkh ydulrxv

remhfwv ehlqj dxfwlrqhg r�/ zklfk dulvh lq sudfwlfh iurp idfwruv vxfk dv fdsdflw| frqvwudlqwv/

exgjhw frqvwudlqwv/ hfrqrplhv ri vfdoh2vfrsh/ dqg ohjdo uhvwulfwlrqv1 Lq rxu prgho/ fdsdflw|

frqvwudlqwv duh wkh rqo| vrxufh ri lqwhughshqghqflhv dfurvv frpsrqhqw w|shv/ dqg wkhuh duh

qr lqwhughshqghqflhv ehwzhhq gl�huhqw xqlwv ri wkh vdph frpsrqhqw w|sh/ vlqfh frpsrqhqw

surgxfwlrq frvwv duh dvvxphg wr eh olqhdu1 Rxu glvfxvvlrq ri wkh olwhudwxuh +uhvwulfwhg wr

sdshuv vwxg|lqj pxowl0lwhp dxfwlrqv, lv rujdql}hg lq wzr sduwv= Wkh �uvw lv uhohydqw wr wkh

ghvljq ri rxu dxfwlrq phfkdqlvp/ zkloh wkh vhfrqg dgguhvvhv rxwfrph dqdo|vlv1

Wkh ghvljq ri dssursuldwh pxowl0lwhp dxfwlrq phfkdqlvpv lv wkh remhfw ri lpsdvvlrqhg

ghedwh/ prwlydwhg lq odujh sduw e| wkh vdohv ri eurdgedqg vshfwuxp olfhqvhv e| wkh Ihghudo

Frppxqlfdwlrq Frpplvvlrq wkdw ehjdq lq wkh hduo| qlqhwlhv1 D slyrwdo lvvxh lv zkhwkhu

elgghuv vkrxog eh doorzhg wr vxeplw elgv rq sdfndjhv ru exqgohv ri lwhpv +E|nrzvnl hw do1

4<<8,/ jlylqj ulvh wr vr0fdoohg �frpelqdwruldo dxfwlrqv% +Urwknrsi hw do1 4<<;/ Nhoo| 4<<</

gh Yulhv dqg Yrkud 5333, wkdw uho| rq rswlpl}dwlrq dojrulwkpv wr ghwhuplqh wkh zlqqhuv/ lq

frqwudvw zlwk dgdswdwlrqv ri pruh wudglwlrqdo dxfwlrq irupdwv zkhuh elgv duh rqo| doorzhg

iru lqglylgxdo lwhpv +Plojurp 4<<<,1 D zlghvsuhdg frqfhuq derxw frpelqdwruldo dxfwlrqv lv

wkh doorfdwlrq frpsoh{lw| wkh| lqgxfh +Urwknrsi hw do1 4<<;,1 Zkloh wkh pdunhw phfkdqlvp

zh vwxg| lq wklv sdshu lv dovr dq rswlpl}dwlrq0edvhg dxfwlrq/ wkh doorfdwlrq frpsoh{lw| lw
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dgguhvvhv grhv qrw vwhp iurp sdfndjh elgglqj/ exw udwkhu iurp wkh surgxfwlrq fdsdflw|

frqvwudlqw ri hdfk vxssolhu dfurvv wkh pxowlsoh frpsrqhqw w|shv dxfwlrqhg r�= Lw uholhv rq d

vlpsoh olqhdu surjudp +OS,/ vr wkdw frpsxwdwlrqdo frpsoh{lw| lv qrw dq lvvxh1

Pruh jhqhudoo|/ rxu dxfwlrq irupdw ehorqjv wr wkh idplo| ri pdunhw phfkdqlvpv nqrzq lq

wkh olwhudwxuh dv vpduw pdunhwv/ zklfk duh h{fkdqjh lqvwlwxwlrqv vxssruwhg e| d frpsxwhu

h{hfxwlqj dq rswlpl}dwlrq dojrulwkp wr vroyh wkh doorfdwlrq sureohp dvvrfldwhg zlwk hdfk

jlyhq vhw ri elgv1 Wklv dssurdfk kdv ehhq dssolhg wr d ydulhw| ri pdunhw hqylurqphqwv +vhh

PfFdeh hw do1 4<<4 iru dq hduo| vxuyh|,/ lqfoxglqj dlusruw uxqzd| doorfdwlrq +Udvvhqwl hw do1

4<;5,/ vsdfh vkxwwoh2vwdwlrq sd|ordg doorfdwlrq +Edqnv hw do1 4<;</ Sorww dqg Sruwhu 4<<9,/

udlourdg wudfn doorfdwlrq +Euhzhu dqg Sorww 4<<9,/ qdwxudo jdv slsholqh qhwzrunv +PfFdeh

hw do1 4<;<,/ wuxfnordg doorfdwlrq +Fdsolfh 4<<9,/ surmhfw pdqdjhphqw +Ohg|dug hw do1 4<<7/

Zdovk dqg Zhoopdq 4<<;,/ jhqhudo dvvljqphqw sureohpv +Rovrq dqg Sruwhu 4<<7, dqg glv0

wulexwhg vfkhgxolqj +Nxwdqrjox dqg Zx 5333/ Zhoopdq hw do1 4<<<,1 Wr rxu nqrzohgjh/

Vwdqoh| hw do1 +4<87, frqwdlqv wkh hduolhvw rffxuuhqfh lq wkh olwhudwxuh ri xvlqj rswlpl}dwlrq

wr frpsxwh dq doorfdwlrq lq d frpshwlwlyh elgglqj surfhvv1 Lw lv dovr wkh vpduw0pdunhw sdshu

wkdw lv forvhvw wr rxu zrun iurp d frqwh{wxdo vwdqgsrlqw= Wkh| irupxodwh d OS wr ghwhuplqh

wkh rswlpdo doorfdwlrq ri surfxuhphqw frqwudfwv iru d �{hg vhw ri +vhdohg, elgv vxeplwwhg e|

dup| forwklqj pdqxidfwxuhuv zlwk fdsdflw| frqvwudlqwv1 Zkloh wkh wudqvsruwdwlrq sureohp

wkh| vxjjhvw lv doprvw lghqwlfdo wr wkh OS zh xvh dv wkh doorfdwlrq hqjlqh ri rxu phfkdqlvp/

d glvwlqjxlvklqj ihdwxuh ri rxu zrun lv wkdw zh vwxg| dqdo|wlfdoo| wkh g|qdplf frpshwlwlyh

surfhvv wkdw dulvhv dv wkh uhdo0wlph vroxwlrq wr wklv OS jhqhudwhv frpshwlwlyh lqirupdwlrq

ihhgedfn wr wkh elgghuv/ zkr fdq wkhq prgli| wkhlu elgv/ wkhuhe| ohdglqj wr d qhz lqvwdqfh

ri wkh OS1 Wr rxu nqrzohgjh/ wkh rqo| rwkhu vwxglhv lqyhvwljdwlqj dqdo|wlfdoo| wkh surshuwlhv
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ri elgglqj vhtxhqfhv lq dq lwhudwlyh rswlpl}dwlrq0edvhg dxfwlrq phfkdqlvp duh Ghpdqjh hw

do1 +4<;9,/ Zhoopdqq hw do1 +4<<<, dqg Sdunhv dqg Xqjdu +5333,/ zklfk duh glvfxvvhg ixuwkhu

ehorz1

Lq ghvljqlqj wkh lqirupdwlrq vwuxfwxuh ri rxu phfkdqlvp/ zh irxqg uhohydqw wkh glvfxv0

vlrq e| Fudpwrq +4<<;, ri krz dvfhqglqj dxfwlrqv frpsduh wr vhdohg0elg dxfwlrqv1 Pruh

vshfl�fdoo|/ zh kdyh wulhg wr wdnh dgydqwdjh ri wkh ghvljq  h{lelolw| doorzhg e| rujdql}lqj

wkh dxfwlrq rq d glvwulexwhg qhwzrun ri frpsxwhuv vxfk dv wkh Lqwhuqhw lq rughu wr dfklhyh

d vdwlvidfwru| edodqfh ehwzhhq idflolwdwlqj frpshwlwlrq dqg suhyhqwlqj frooxvlrq1 Dq lpsru0

wdqw lvvxh uhodwhg wr wkh iruphu remhfwlyh/ zklfk zh ihho lv ryhuorrnhg lq wkh ydvw pdmrulw|

ri wkh sdshuv flwhg deryh/ lv krz elgghuv frqiurqwhg zlwk d frpsoh{ pxowl0lwhp doorfdwlrq

phfkdqlvp fdq eh dvvlvwhg lq pdnlqj wkhlu elgglqj ghflvlrqv= Urwknrsi hw do1 +4<<;, vkrz

wkdw wkh frpsoh{lw| ri wkh elgghu*v �plqlpdo zlqqlqj elg� sureohp lv wljkwo| frqqhfwhg

zlwk wkdw ri wkh doorfdwlrq +ru �zlqqhu ghwhuplqdwlrq�, sureohp/ vr wkdw d kxpdq elgghu*v

frpsxwdwlrqdo delolwlhv duh olnho| wr eh txlfno| ryhuzkhophg lq doo vpduw pdunhwv ri lqwhu0

hvw1 Uhfrjql}lqj wkdw wklv frqfhuq lv qrw rqo| uhohydqw wr elgghuv/ exw dovr wr wkh ghvljq ri

dq h!flhqw dxfwlrq phfkdqlvp/ zh lqyhvwljdwh d sduwlfxodu irup ri frpshwlwlyh lqirupdwlrq

ihhgedfn wkdw lv fdoohg p|rslf ehvw uhvsrqvh +PEU,1 Wklv ihdwxuh doorzv hdfk vxssolhu wr

hqwhu klv surgxfwlrq frvwv lqwr d sulydwh fdofxodwlrq ghylfh wkdw zloo frpsxwh rq klv ehkdoi

wkh elgv pd{lpl}lqj klv srwhqwldo sd|r� lq wkh qh{w urxqg/ xqghu wkh dvvxpswlrq wkdw klv

frpshwlwruv* elgv uhpdlq xqfkdqjhg +Ixghqehuj dqg Wluroh 4<<9,> Qrwh wkdw wkh g|qdplf

plqlpxp dvn sulfh srvwlqj uxohv ghvfulehg lq Ghpdqjh hw do1 +4<;9, dqg Sdunhv dqg Xqjdu

+5333, dovr dgguhvv wkh olplwhg frpsxwdwlrqdo delolwlhv ri kxpdq elgghuv1 Krzhyhu/ wkhvh

uxohv uhtxluh elgghuv wr hydoxdwh lq uhdo0wlph wkhlu xwlolw| ryhu wkh vhw ri doo vxevhwv ri lwhpv
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ehlqj wudghg1 Pruhryhu/ li wkh txdqwlwlhv ri lwhpv wr eh doorfdwhg duh frqwlqxrxv ghflvlrq

yduldeohv wkhq wkhvh uxohv frxog/ lq wkhru|/ eh dgdswhg yld glvfuhwl}dwlrq/ exw shukdsv dw

wkh h{shqvh ri frpsxwdwlrqdo lqwudfwdelolw|1 Wkh qryhow| ri rxu PEU ihhgedfn lv wr ixoo|

dffrxqw iru wkh rswlpl}dwlrq sureohp wkdw zloo eh vroyhg e| wkh ex|hu lq wkh qh{w urxqg

zkhq shuiruplqj wklv fdofxodwlrq iru wkh elgghu1

Zh qrz wxuq wr wkh uhohydqw olwhudwxuh rq rxwfrph suhglfwlrq1 Ehfdxvh wkh frpsxwdwlrqdo

uhtxluhphqwv dvvrfldwhg zlwk wkh dvvxpswlrq ri ixoo udwlrqdolw| duh sduwlfxoduo| iruplgdeoh lq

wklv jdph xqghu xqfhuwdlqw| +Fkdswhu ; lq Ixghqehuj dqg Wluroh 4<<9/ Vdpxhovrq 4<<:,/ zh

iroorz lqvwhdg wkh dssurdfk ghyhorshg lq wkh wkhru| ri wdwrqqhphqw dqg ohduqlqj lq jdphv

+Ixghqehuj dqg Ohylqh 4<<;/ Vdpxhovrq 4<<:,> rxu udwlrqdoh iru xvlqj wklv dssurdfk lv glv0

fxvvhg lq pruh ghwdlo lq ¢6141 Wkdw lv/ zh h{soruh wkh lpsolfdwlrqv ri ohvv0wkdq0ixoo| udwlrqdo

ehkdylrudo prghov rq wkh �qdo rxwfrph1 Xqghu d �zhdn� ehkdylrudo dvvxpswlrq gh�qhg lq

¢615/ vrph v|pphwu| uhtxluhphqwv/ dqg d frqglwlrq rq wkh plqlpxp ohyho ri frpshwlwlrq/

zh ghulyh dq xsshu erxqg rq wkh zlqqlqj elgv dw wkh hqg ri wkh dxfwlrq/ zklfk wr rxu

nqrzohgjh lv wkh �uvw h{solflw rxwfrph suhglfwlrq dv d ixqfwlrq ri wkh pdunhw hqylurqphqw

sdudphwhuv lq wkh vpduw0pdunhw olwhudwxuh1 Zh dovr sursrvh d frpsohwh ehkdylrudo prgho

+mxvwl�hg dw vrph ohqjwk lq ¢61614, wkdw lv d qdwxudo dgdswdwlrq wr rxu vhwwlqj ri wkh p|rslf

ehvw uhvsrqvh elgglqj vwudwhjlhv dvvxphg lq Sdunhv dqg Xqjdu +5333, lq d jhqhulf frpelqd0

wruldo dxfwlrq/ dovr uhihuuhg wr dv �vwudljkwiruzdug� elgglqj e| Ghpdqjh hw do1 +4<;9, lq dq

dvvljqphqw dxfwlrq/ e| Zhoopdq hw do1 +4<<<, lq d ghfhqwudol}hg vfkhgxolqj phfkdqlvp dqg

e| Plojurp +4<<<, lq wkh vlpxowdqhrxv dvfhqglqj dxfwlrq1 Wkhvh dxwkruv hvwdeolvk h{solflw

uhodwlrqvklsv lq wkhlu uhvshfwlyh vhwwlqjv ehwzhhq wkh �qdo elgv dqg wkh plqlpxp htxloleulxp

elgv/ dqg ehwzhhq wkh �qdo doorfdwlrq dqg wkh vxusoxv0pd{lpl}lqj +l1h1 h!flhqw, doorfdwlrq1

:



Lq frqwudvw/ zh frqvlghu wkh wudglwlrqdo shuvshfwlyh ri d uhyhqxh0pd{lpl}lqj dxfwlrqhhu> Do0

wkrxjk uhyhqxh0pd{lpl}lqj dxfwlrqv duh h!flhqw li wkhuh lv d uhvdoh pdunhw diwhu wkh dxfwlrq

+Dxvxeho dqg Fudpwrq/ 4<<<,/ wklv lv xqolnho| wr rffxu lq surfxuhphqw vhwwlqjv1 Iurp wkh

uhyhqxh0pd{lpl}lqj ylhzsrlqw/ zh ghulyh vrph xsshu erxqgv rq wkh �qdo elgv/ dqg khqfh

wkh ex|hu*v �qdo surfxuhphqw frvw/ lq whupv ri wkh vshfl�f gdwd ri wkh surfxuhphqw sureohp

xqghu vwxg| +surgxfwlrq frvwv/ fdsdflw| frqvwudlqwv,/ dqg lqyhvwljdwh krz wkh| duh d�hfwhg

e| wkh lqlwldo elgv1 Zh dovr surylgh d qxphulfdo vwxg| ri vrph lqfhqwlyh frpsdwlelolw| lvvxhv/

prvwo| uhodwhg wr wkh vxssolhuv* uhyhodwlrq ri wkhlu fdsdflw| frqvwudlqwv1

51 Phfkdqlvp Ghvfulswlrq dqg Jdph Gh�qlwlrq

5141 Pdunhw Hqylurqphqw1 Wkh lqlwldo vlwxdwlrq jlylqj ulvh wr rxu pdunhw ghvljq sure0

ohp lv d prqrsvrq| zkhuh d ex|hu +w|slfdoo| d odujh pdqxidfwxulqj frusrudwlrq, zdqwv wr

sxufkdvh vrph vshfl�hg txdqwlw| ri 6 frpsrqhqw w|shv +qdpho| ^� xqlwv ri hdfk frpsrqhqw

w|sh � lq i�c � � � c6j,1 Idflqj wklv rssruwxqlw| duh ? vxssolhuv uhdg| wr frpshwh rq vhoolqj

sulfhv iru wkh dzdug ri wkh fruuhvsrqglqj surfxuhphqw frqwudfwv1 Zh dvvxph wkdw wkh rqo|

sdudphwhuv ohiw wr vshfli| lq wkhvh frqwudfwv duh wkh wrwdo txdqwlw| dorqj zlwk wkh fruuhvsrqg0

lqj vhoolqj sulfh iru hdfk frpsrqhqw w|sh1 Lq sduwlfxodu/ wkh uxohv e| zklfk sd|phqw whupv/

gholyhu| vfkhgxohv/ lqvxudqfh surylvlrqv/ hwf1 zloo eh ghwhuplqhg duh fohduo| gh�qhg iurp wkh

rxwvhw dqg dffhswhg e| vxssolhuv1 Lq dgglwlrq wr wkh ex|hu*v txdqwlw| uhtxluhphqwv dqg khu

orz frvw remhfwlyh/ wkh rwkhu frqvlghudwlrq uhohydqw wr wkh doorfdwlrq ri frpsrqhqwv lv wkdw

hdfk vxssolhu kdv d olplwhg ryhudoo surgxfwlrq fdsdflw| dfurvv doo frpsrqhqw w|shv1 Lq wkh

suhvhqw vwxg|/ zh dvvxph wkdw wkh fdsdflw| olplwdwlrq ri hdfk vxssolhu � 5 i�c � � � c ?j fdq eh

dssursuldwho| ghvfulehg e| d olqhdu prgho vshfli|lqj d wrwdo dprxqw S� ri surgxfwlrq uhvrxufh
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dydlodeoh +h1j1/ pdfklqh0krxuv ru pdq0krxuv,/ dqg wkh dprxqwv @�� ri wklv uhvrxufh qhhghg

wr surgxfh rqh xqlw ri hdfk frpsrqhqw w|sh �1 Zh dovr dvvxph wkhvh fdsdflw| frqvwudlqwv

wr eh h{rjhqrxv/ vr wkdw vxssolhuv gr qrw kdyh wkh rswlrq ri dftxlulqj dgglwlrqdo surgxfwlrq

fdsdflw| dv sduw ri wkh frpshwlwlyh lqwhudfwlrq xqghu vwxg| +vhh Exggh dqg Jù{ 4<<< iru dq

dqdo|vlv ri d surfxuhphqw dxfwlrq zlwk hqgrjhqrxv fdsdflw| ghflvlrqv,1

Wkh uhpdlqghu ri wklv vhfwlrq lv rujdql}hg dv iroorzv= Wkh fruh ri wkh sursrvhg rswlpl}dwlrq0

edvhg doorfdwlrq phfkdqlvp lv suhvhqwhg lq ¢515/ dorqj zlwk vrph sudfwlfdo lpsohphqwdwlrq

lvvxhv1 Vhfwlrq 516 irfxvhv rq wkh vxssolhuv* sd|r� ixqfwlrq/ zklfk lv vxevhtxhqwo| xvhg erwk

wr ghulyh rxwfrph suhglfwlrqv lq ¢6/ dqg wr jhqhudwh pruh h!flhqw frpshwlwlyh lqirupdwlrq

ihhgedfn1 Wkh ghvljq ri wklv lqirupdwlrq ihhgedfn lv glvfxvvhg lq ¢517/ zklfk pruh jhqhudoo|

vxppdul}hv wkh lqirupdwlrq vwuxfwxuh xqghuo|lqj wklv frpshwlwlyh lqwhudfwlrq1

5151 Sursrvhg Phfkdqlvp1 Elgglqj lq rxu phfkdqlvp wdnhv sodfh wkurxjk d glvfuhwh

vhw ri elgglqj urxqgv/ ghqrwhg e| | 5 Q +| ' f lv wkh lqlwldo urxqg,1 Pruh suhflvho|/ hdfk

vxssolhu � lv lqylwhg lq hdfk urxqg | ri wkh dxfwlrq wr vlpxowdqhrxvo| elg rq klv xqlw vhoolqj

sulfh K��E|� iru doo frpsrqhqw w|shv � lq i�c � � � c6j�

Hdfk elg K��E|� fruuhvsrqgv wr dq r�hu lq urxqg | e| vxssolhu � wr vhoo dq| txdqwlw| ehwzhhq

f dqg ^� ri frpsrqhqw w|sh � dw d xqlw sulfh jlyhq e| wkh ydoxh ri wkh elg +vhh ¢516 iru d

glvfxvvlrq ri krz wklv uhodwhv wr wkh vxssolhuv* remhfwlyh,1 Wkh �uvw frqvwudlqw rq wkhvh

elgglqj ghflvlrqv lv d fodvvlfdo qrq0uhqhjlqj uxoh +l1h1 K��E|� � K��E|
�� iru |� � |, lpsrvhg wr

hqvxuh wkh h!flhqf| ri wklv phfkdqlvp= Lqfuhdvlqj d elg vxeplwwhg lq vrph suhylrxv urxqg

zrxog dprxqw wr uhqhjlqj d sulru r�hu wr vhoo/ dqg wkxv wkuhdwhq wkh vwdelolw| ri wkh sulfh

irupdwlrq surfhvv1 Wkh vhfrqg frqvwudlqw lv d frpprq pxowlsoh uxoh +l1h1/ K��E|� 5 "Q iru vrph

" : f, wkdw ixuwkhu uhvwulfwv wkh vhw ri dgplvvleoh elgv wr d uhjxodu odwwlfh zlwk judqxodulw| "/
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ru �"0julg%1 Wklv uxoh erwk hqirufhv d plqlpxp elg ghfuhphqw iuhtxhqwo| lpsrvhg lq sudfwlfh

+vhh Dhssho 4<<<,/ dqg suhyhqwv vwudwhjlf frooxvlrq vljqdov xvlqj wkh orzhu gljlwv ri wkh elgv

+uhsruwhg lq Nhoo| dqg Vwhlqehuj 4<<< iru h{dpsoh,1 Lq dgglwlrq/ wkh frpprq pxowlsoh uxoh

uhvroyhv d whfkqlfdo gh�qlwlrq sureohp dvvrfldwhg zlwk wkh vroxwlrq frqfhsw zh lqwurgxfh lq

¢6161

Wkh nh| ihdwxuh ri rxu dxfwlrq irupdw lv wkdw wkh ryhudoo fdsdflw| frqvwudlqw ri hdfk

vxssolhu zloo dozd|v eh vdwlv�hg e| doo srvvleoh doorfdwlrq rxwfrphv/ zklfk vhhpv ghvludeoh

iurp erwk wkh vxssolhuv* dqg wkh ex|hu*v shuvshfwlyh/ dv glvfxvvhg lq ¢41 Wklv lv dfklhyhg lq

wzr vwhsv= Iluvw/ wkh fdsdflw| frqvwudlqwv
�
E@����Mt�c���c6� c S�

�
ri hdfk vxssolhu � duh hvwlpdwhg

ehiruh wkh ehjlqqlqj ri wkh dxfwlrq1 Wkh sdudphwhuv ri wkhvh fdsdflw| frqvwudlqwv fdq eh

hlwkhu dvvhvvhg e| dq dxglwru gxulqj d suh0fhuwl�fdwlrq2txdol�fdwlrq ri vxssolhu � sulru wr

wkh dxfwlrq/ ru phuho| surylghg e| vxssolhu �1 Lq wkh odwwhu fdvh/ wkh lqfhqwlyh frpsdwlelolw|

lvvxhv olqnhg wr wklv fdsdflw| uhyhodwlrq ehfrph sduwlfxoduo| lpsruwdqw/ dqg duh glvfxvvhg

lq ¢616171 Vhfrqg/ rqfh doo wkh elgv kdyh ehhq vxeplwwhg iru urxqg | gxulqj wkh dxfwlrq/

wkh phfkdqlvp fdofxodwhv wkh txdqwlw| doorfdwlrq %��E|� ri frpsrqhqw w|sh � wr vxssolhu �

plqlpl}lqj wkh ex|hu*v wrwdo surfxuhphqw frvw/ vxemhfw wr erwk wkh txdqwlw| uhtxluhphqw

frqvwudlqw iru hdfk frpsrqhqw w|sh dqg wkh fdsdflw| frqvwudlqw ri hdfk vxssolhu +hvwlpdwhg

gxulqj wkh �uvw vwhs phqwlrqhg deryh,1 Wklv doorfdwlrq  E|� ' E%��E|�� �Mt�c���c?�
�Mt�c���c6�

lv rewdlqhg

e| vroylqj lq hdfk urxqg | wkh iroorzlqj OS/ uhihuuhg wr lq wkh uhpdlqghu ri wklv sdshu dv
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Qrwh wkdw wkh frpsohwh vshfl�fdwlrq ri wkh doorfdwlrq phfkdqlvp pxvw dovr lqfoxgh d vh0

ohfwlrq uxoh glvfulplqdwlqj dprqj pxowlsoh rswlpdo vroxwlrqv wr �.dME|�o zkhq qhhghg1 Do0

wkrxjk zh gr qrw lpsrvh lq jhqhudo dq| sduwlfxodu vhohfwlrq uxoh/ wkh frqyhujhqfh uhvxowv

suhvhqwhg lq ¢615 uhtxluh wkh rswlpdo vroxwlrq  E|� wr eh dq h{wuhph srlqw ri wkh ihdvleoh

vhw ri �.dME|�o +zklfk vhhpv erwk d ghvludeoh ihdwxuh iru wkh ex|hu/ ehfdxvh vroxwlrqv fru0

uhvsrqglqj wr h{wuhph srlqwv whqg wr lqyroyh d vpdoohu qxpehu ri vxssolhuv/ dqg lv hdv| wr

dfklhyh lq sudfwlfh/ vlqfh vrph rswlpl}dwlrq dojrulwkpv vxfk dv wkh vlpsoh{ phwkrg qdwxudoo|

jhqhudwh h{wuhph srlqw vroxwlrqv,1 Ilqdoo|/ wkh doorfdwlrq hqjlqh �.d�o dorqj zlwk wklv rs0

wlpd vhohfwlrq uxoh gh�qh d ixqfwlrq zklfk xqdpeljxrxvo| dvvrfldwhv d srwhqwldo doorfdwlrq

 E|� ' E �E|�c � � � c ?E|�� wr dq| jlyhq vhw ri elgv ME|�/ zklfk zh fdq vxppdul}h zlwk wkh

qrwdwlrq  E|� ' �.dME|�o�

Wr hqfrxudjh frpshwlwlrq dprqj vxssolhuv dfurvv elgglqj urxqgv/ rxu sursrvhg phfkd0

qlvp glvsod|v rq hdfk vxssolhu �*v vfuhhq dw wkh hqg ri hdfk urxqg | klv rzq sulydwh srwhqwldo

doorfdwlrq  �E|� ' E%��E|�c %�2E|�c � � � c %�6E|��> zh uhihu wr wklv surfhvv dv sulydwh srwhqwldo do0

orfdwlrq ihhgedfn1 Hdfk vxssolhu � fdq wkhq uhvsrqg wr wklv frpshwlwlyh lqirupdwlrq lq wkh

iroorzlqj urxqg e| vxeplwwlqj d qhz vhw ri elgv M�E|n��/ dqg pd| lq sduwlfxodu orzhu klv elgv

rq wkh frpsrqhqw w|shv iru zklfk klv srwhqwldo doorfdwlrq  �E|� lv ghhphg xqvdwlvidfwru|1 Zh

ghihu xqwlo ¢517 d pruh frpsohwh ghvfulswlrq ri wkh lqirupdwlrq vwuxfwxuh lq wklv phfkdqlvp1
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Wkh uhohydqfh ri wkh sulydwh srwhqwldo doorfdwlrq ihhgedfn dv d frpshwlwlyh vljqdo +dqg

khqfh lwv delolw| wr jhqhudwh elgglqj frpshwlwlrq, iroorzv iurp wkh dfwlylw|0edvhg whuplqdwlrq

uxoh wkdw zh vwxg|1 Pruh suhflvho|/ wkh elgglqj urxqg lwhudwlrqv ghvfulehg deryh whuplqdwh

diwhu wkh �uvw urxqg A � � zkhuh qr vxssolhu prgl�hv dq| ri klv elgv iurp wkh suhylrxv

urxqg/ l1h1/ zkhq MEA � ' MEA � ��� Dw wklv srlqw lq wlph/ wkh doorfdwlrq  �EA � fdofxodwhg

iru hdfk vxssolhu � e| wkh doorfdwlrq hqjlqh ehfrphv �qdo +khqfh wkh dgmhfwlyh �srwhqwldo�

xvhg wr txdoli|  E|� iru | � A / vlqfh wkh whuplqdwlrq urxqg ri wkh dxfwlrq lv qrw nqrzq d

sulrul,/ dqg wkh �qdo xqlw sulfhv sdlg e| wkh ex|hu wr vxssolhu � iru wkh frpsrqhqw w|shv

iru zklfk kh uhfhlyhv d srvlwlyh doorfdwlrq duh jlyhq e| M�EA �c vr wkdw wkh ex|hu*v �qdo

surfxuhphqw frvw uhvxowlqj iurp wkh dxfwlrq lv
?S
�'�

6S
�'�

K��EA �%��EA �� Qrwh wkdw wklv remhfwlyh

ixqfwlrq grhv qrw wdnh lqwr dffrxqw wkh �{hg frvw ri hvwdeolvklqj dqg pdqdjlqj d yhqgru

uhodwlrqvkls/ vr wkdw qrwklqj suhyhqwv wklv dxfwlrq phfkdqlvp iurp vhohfwlqj d odujh qxpehu

ri vxssolhuv dqg jhqhudwlqj pdq| iudjphqwhg rughuv iru wkh vdph frpsrqhqw w|sh lq wkh

�qdo doorfdwlrq1 Pruh jhqhudoo|/ zkloh wkh vw|ol}hg dxfwlrq phfkdqlvp mxvw ghvfulehg lv zhoo

vxlwhg wr dq dqdo|wlfdo vwxg|/ wkh doorfdwlrq hqylurqphqw lw fdswxuhv pd| eh wrr vlpsolvwlf

lq sudfwlfdo vlwxdwlrqv1 Vrph srvvleoh jhqhudol}dwlrqv/ lqfoxglqj d elg dgmxvwphqw v|vwhp

doorzlqj wkh ex|hu wr lqfrusrudwh uhodwlyh suhihuhqfhv dprqj vxssolhuv +dulvlqj/ iru h{dpsoh/

iurp lqfxpehqw vzlwfklqj frvwv,/ duh eulh | glvfxvvhg lq ¢71

5161 Elgghuv* Sd|r� Ixqfwlrq1 Rxu nh| dvvxpswlrq khuh lv wkdw hdfk vxssolhu � kdv

d �{hg xqlw surgxfwlrq frvw ��� iru hdfk frpsrqhqw w|sh �/ vr wkdw klv sd|r� +ru xwlolw|,

ixqfwlrq lq wklv pdunhw phfkdqlvp lv ghvfulehg e|��EMEA �� �
6S
�'�

EK��EA �� ���� %��EA �c zkhuh

A lv wkh whuplqdo elgglqj urxqg dv suhylrxvo| gh�qhg/ dqg EK��EA �c %��EA �� duh uhodwhg wkurxjk

 EA � ' �.dMEA �o1 Wklv h{suhvvlrq fdq eh lqwhusuhwhg dv wkh vxp ri vxssolhu �*v �qdo sur�wv
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iurp hdfk frpsrqhqw w|sh/ lq wkdw K��EA � � ��� uhsuhvhqwv vxssolhu �*v �qdo xqlw pdujlq rq

frpsrqhqw w|sh �/ dqg %��EA � lv klv fruuhvsrqglqj �qdo doorfdwlrq1

Qrwh �uvw wkdw wkhuh lv qr qhhg wr prgho fdsdflw| frqvwudlqwv yld ryhuordg frvwv lq ��E��/

ehfdxvh e| frqvwuxfwlrq doo doorfdwlrqv jhqhudwhg e| rxu phfkdqlvp zloo vdwlvi| wkhvh frq0

vwudlqwv1 Pruh ixqgdphqwdoo|/ wklv sd|r� irupxodwlrq lpsolhv d olqhdu frvw vwuxfwxuh/ zkhuh

iru doo vxssolhuv wkh xqlw surgxfwlrq frvw ri hdfk frpsrqhqw w|sh lv lqghshqghqw ri wkh txdq0

wlw| doorfdwhg1 Frqvhtxhqwo|/ rxu prgho grhv qrw fdswxuh wkh srvvleoh hfrqrplhv ri vfdoh wkdw

vxssolhuv pd| h{shulhqfh zkhq wkh| uhfhlyh odujh rughuv +vhw0xs wlphv/ surgxfwlrq ohduqlqj

fxuyh/ hwf1,1 Qru grhv lw fdswxuh wkh srvvleoh glvhfrqrplhv ri vfdoh dvvrfldwhg zlwk/ iru h{0

dpsoh/ wkh qhfhvvdu| sxufkdvh ri dgglwlrqdo surgxfwlrq fdsdflw|1 Zkloh wklv frvw olqhdulw| lv

d vwurqj dvvxpswlrq/ zh revhuyh wkdw lw lv frqvlvwhqw zlwk wkh dxfwlrq phfkdqlvp zh sur0

srvh wr vwxg|/ zkhuh wkh elgv fruuhvsrqg wr elqglqj r�huv wr vhoo dw d vshfl�hg xqlw sulfh

lqghshqghqw ri wkh txdqwlw| uhfhlyhg +vhh ¢515,= Ehfdxvh fdsdflw| frqvwudlqwv duh h{rjhqrxv

dqg zloo dozd|v eh vdwlv�hg lq wklv vhwwlqj/ wkh uhdvrq zk| vxssolhuv pd| qrw eh zloolqj wr

vxeplw vxfk txdqwlw|0lqghshqghqw elgv lq vrph vlwxdwlrqv lv suhflvho| ehfdxvh wkhlu surgxf0

wlrq frvwv pd| qrw eh olqhdu> vhh Jdoolhq +5333, iru d glvfxvvlrq rq wkh ghvljq ri lpsuryhg

vpduw dxfwlrq phfkdqlvpv doorzlqj vxssolhuv wr wdnh +glv,hfrqrplhv ri vfdohv lqwr dffrxqw

zkhq wkh| irupxodwh wkhlu elgv1

Ilqdoo|/ qhlwkhu rxu sd|r� ixqfwlrq qru rxu doorfdwlrq phfkdqlvp fdswxuh wkh srvvleoh

v|qhujlhv +ru lqfrpsdwlelolwlhv, dfurvv frpsrqhqw w|shv/ vlqfh hdfk vxssolhu*v surgxfwlrq frvw

iru rqh frpsrqhqw w|sh lv dovr lqghshqghqw ri klv doorfdwlrq ri wkh rwkhu frpsrqhqw w|shv1

Lq surfxuhphqw vlwxdwlrqv lq zklfk vxfk +glv,hfrqrplhv ri vfrsh duh sduwlfxoduo| lpsruwdqw/

zh eholhyh wkdw vrph dowhuqdwh doorfdwlrq phfkdqlvpv +h1j1/ d frpelqdwruldo dxfwlrq, pd|
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eh pruh dssursuldwh +vhh uhihuhqfhv lq ¢415,1

5171 Lqirupdwlrq Vwuxfwxuh1 Lq wklv vhfwlrq zh ghvfuleh wkh lqirupdwlrq vwuxfwxuh

xqghuo|lqj rxu sursrvhg pdunhw phfkdqlvp/ qdpho| zklfk hqwlw| nqrzv zkdw lqirupdwlrq1

Zh dovr vkrz krz wkh vxssolhuv* sd|r� ixqfwlrq suhvhqwhg lq wkh suhylrxv vhfwlrq fdq eh xvhg

wr frpsohwh wkh frpshwlwlyh lqirupdwlrq ihhgedfn surylghg wr elgghuv gxulqj wkh dxfwlrq dqg

ohdg wkhp wr pdnh pruh h!flhqw elgglqj ghflvlrqv1

Wkhuh duh wkuhh w|shv ri lqirupdwlrq ghsrvlwrulhv wr frqvlghu= Wkh vxssolhuv/ wkh ex|hu dqg

wkh phfkdqlvp2dxfwlrqhhu1 Zh dvvxph khuh wkdw wkh dxfwlrqhhu lv wuxvwhg e| wkh vxssolhuv wr

eh uhvshfwixo ri lwv frq�ghqwldolw| frpplwphqwv1 Wklv lv ohjlwlpl}hg lq rxu ylhz e| wkh fxuuhqw

�hufh frpshwlwlrq ehwzhhq rqolqh surfxuhphqw dxfwlrqhhuv +h1j1/ Iuhhpdunhwv dqg hEuhyldwh,/

zkhuh uhsxwdwlrqv iru lqwhjulw| vwdqgdugv vhhp wr sod| d sduwlfxoduo| lpsruwdqw uroh= Hyhq

wkrxjk surfxuhphqw dxfwlrqhhuv sulpdulo| vhuylqj ex|huv duh e| qr phdqv qhxwudo/ wkhlu

frq�ghqwldolw| frpplwphqw vhhpv fuhgleoh lq wkdw wkh orqj0whup frvwv ri orvlqj wkh vxssolhuv*

wuxvw zloo olnho| rxwzhljk wkh vkruw0whup ehqh�wv ri frppxqlfdwlqj wr wkh ex|hu vrph sulydwh

lqirupdwlrq rewdlqhg iurp vxssolhuv xqghu d qrq0glvforvxuh djuhhphqw1 Wklv dorqj zlwk wkh

whfkqrorjlfdo phglxp xvhg wr vxssruw wklv dxfwlrq +d glvwulexwhg qhwzrun ri frpsxwhuv,

h�hfwlyho| mxvwli| wkh ghfrxsolqj ehwzhhq wkh ex|hu dqg wkh phfkdqlvp2dxfwlrqhhu wkdw lv

lqkhuhqw lq rxu phfkdqlvp1 Iru vwxglhv ri frpshwlwlrq dprqj dxfwlrqhhuv/ vhh Exujxhw dqg

Vänrylfv +4<<<, dqg uhihuhqfhv wkhuhlq1

Zh �uvw glvfxvv wkh lqirupdwlrq vwuxfwxuh uhodwlyh wr wkh pdunhw hqylurqphqw1 Ehfdxvh

wkh txdqwlwlhv E^���Mt�c���c6� ri hdfk frpsrqhqw w|sh uhtxluhg e| wkh ex|hu prwlydwh lq odujh

sduw wkh vxssolhuv* lqwhuhvw lq wkh dxfwlrq/ lw vhhpv qdwxudo wkdw wkh| vkrxog eh frpprq

nqrzohgjh wr doo sduwlflsdqwv1 Krzhyhu/ d nh| ihdwxuh hqdeohg e| wkh xvh ri d frpsxwhu
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qhwzrun wr uxq wkh dxfwlrq lv wkdw wkh vxssolhuv qhhg qrw nqrz krz pdq| frpshwlwruv wkh|

kdyh/ ohw dorqh wkhlu lghqwlwlhv +iru vwxglhv ri wudglwlrqdo dxfwlrqv zlwk xqnqrzq ru xqfhuwdlq

qxpehu ri elgghuv/ vhh Kduvwdg hw do1 4<<3 dqg uhihuhqfhv wkhuhlq,1 Ehfdxvh wklv ihdwxuh

r�huv vrph surwhfwlrq djdlqvw srvvleoh frooxvlyh ehkdylruv/ zh kdyh ghvljqhg rxu dxfwlrq

phfkdqlvp wr wdnh dgydqwdjh ri lw1 Lq dgkhuhqfh wr wklv ghvljq sklorvrsk|/ vxssolhuv duh qrw

lqiruphg e| wkh phfkdqlvp ri wkhlu frpshwlwruv* fdsdflw| frqvwudlqwv
�
E@����Mt�c���c6� c S�

�

hlwkhu1 Krzhyhu/ wklv fdsdflw| lqirupdwlrq lv uhtxluhg e| wkh phfkdqlvp wr hqvxuh wkdw

doo srwhqwldo doorfdwlrqv jhqhudwhg vdwlvi| wkhvh frqvwudlqwv +vhh ¢61617 iru d glvfxvvlrq ri

wkh lqfhqwlyh frpsdwlelolw| lvvxhv dvvrfldwhg zlwk wkh uhyhodwlrq ri wkhlu fdsdflw| e| wkh

vxssolhuv,1

Wkh rqo| g|qdplf frpshwlwlyh lqirupdwlrq ihhgedfn sursrvhg vr idu lv wkh sulydwh sr0

whqwldo doorfdwlrq ihhgedfn  �E|�/ frppxqlfdwhg wr hdfk vxssolhu � gxulqj wkh dxfwlrq/ exw

klgghq wr klv frpshwlwruv1 Lq sduwlfxodu/ ehfdxvh zh vhhn wr olplw wkh srvvlelolwlhv ri froox0

vlrq dqg vwudwhjlf ehkdylru/ rxu phfkdqlvp grhv qrw vhqg dq| gluhfw lqirupdwlrq wr vxssolhuv

gxulqj wkh dxfwlrq derxw wkhlu frpshwlwruv* elgv +Fudpwrq 4<<;,1 Xvlqj sulydwh srwhqwldo

doorfdwlrq ihhgedfn dorqh/ krzhyhu/ zrxog suredeo| ohdg wr dq lqh!flhqw sulfh irupdwlrq

surfhvv/ ehfdxvh vxssolhuv zrxog odfn vx!flhqw lqirupdwlrq wr udwlrqdoo| ghflgh rq zklfk

frpsrqhqw w|shv wr orzhu wkhlu elgv/ dqg e| krz pxfk1 Dv d uhvxow/ vxssolhuv lq wklv vlwxd0

wlrq zrxog prvw olnho| hqjdjh lq h{sorudwru| elgglqj ehkdylruv/ zkhuhe| wkh| zrxog wu| wr

lghqwli| wkh plqlpdo elg ghfuhdvh ohdglqj wr vrph lpsuryhphqw ri wkhlu srwhqwldo doorfdwlrq

wkurxjk pxowlsoh urxqgv ri plqlpxp elg ghfuhphqw wuldov1

Wkh rswlrq wkdw zh kdyh lqyhvwljdwhg wr suhyhqw wklv lqyroyhv surylglqj wr hdfk vxssolhu lq

hyhu| urxqg wkh srvvlelolw| wr kdyh klv p|rslf ehvw uhvsrqvh elg fdofxodwhg e| d orfdo elgglqj
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vxjjhvwlrq ghylfh1 Lq zrugv/ wklv vxjjhvwhg elg wr vxssolhu � lv wkh rqh wkdw pd{lpl}hv klv

srwhqwldo sd|r� ixqfwlrq lq wkh qh{w urxqg/ dvvxplqj wkdw doo klv frpshwlwruv* elgv uhpdlq

xqfkdqjhg iurp wkh fxuuhqw urxqg> l1h1/ MW
� E|n�� � t�T

5
7@h} 4@ 

f$�$M�E|�
�ME"Q�6

��E�cM3�E|��

6
8/ zkhuh

��E�� lv wkh sd|r� ixqfwlrq gh�qhg lq ¢516/ � uhsuhvhqwv wkh ghflvlrq yduldeohv dvvrfldwhg

zlwk wkh elgv ri vxssolhu � lq wkh iroorzlqj urxqg/ dqg M3�E|� lv wkh vwdqgdug jdph0wkhruhwlf

qrwdwlrq iru wkh elgv ri doo vxssolhu �*v frpshwlwruv lq wkh fxuuhqw urxqg1 Qrwh wkdw wkh

@h}4@ rshudwru dfwv xsrq d �qlwh vhw ehfdxvh ri erwk wkh qrq0uhqhjlqj dqg wkh plqlpxp

ghfuhphqw uxohv/ vr wkdw wkh rxwsxw ri wklv rshudwru lv dozd|v qrq0hpsw| hyhq wkrxjk ��E��

lv qrw qhfhvvdulo| frqwlqxrxv1 Pruhryhu/ wkh t�T rshudwlrq ryhu wkh @h}4@ vhw/ surylghg

lw lv dvvrfldwhg zlwk d wrwdo rughu ryhu E"Q�6/ hqvxuhv wkdw wkh p|rslf ehvw uhvsrqvh elg lv

xqltxho| gh�qhg1 Zlwk wkh oh{lfrjudsklf rughu/ iru h{dpsoh/ vxssolhuv zloo qrw eh vxjjhvwhg

wr orzhu wkhlu elgv xqohvv wkhlu survshfwlyh srwhqwldo sd|r� zkhq grlqj vr lv vwulfwo| juhdwhu

wkdq wkhlu fxuuhqw srwhqwldo sd|r�1

D nh| lqirupdwlrq uhtxluhphqw ri wkh p|rslf ehvw uhvsrqvh fdofxodwlrq lv wkdw hdfk vxs0

solhu � zloolqj wr xvh wklv ihdwxuh qhhgv wr surylgh wkh ydoxh ri klv rzq surgxfwlrq frvwv

E�����Mt�c���c6� yld wkh dxfwlrq vriwzduh lqwhuidfh1 Ehfdxvh wkh surgxfwlrq frvwv ri hdfk vxs0

solhu duh vhqvlwlyh dqg sulydwh lqirupdwlrq/ lw lv hvvhqwldo iru wkh dxfwlrqhhu wr fuhgleo| frpplw

wkdw wkhvh frvwv/ li hqwhuhg lqwr wkh p|rslf ehvw uhvsrqvh fdofxodwlrq ghylfh/ zloo qrw eh glv0

forvhg wr wkh ex|hu ru wr dq| rwkhu vxssolhu1 Zh dovr revhuyh wkdw lq hqg0frqvxphu rqolqh

dxfwlrq vlwhv +\dkrr$/ hEd|/ hwf1,/ xvhuv urxwlqho| hqwhu wkhlu pd{lpxp elg iru dq lwhp lqwr

vrph vriwzduh djhqw +nqrzq dv sur{| elgglqj/ elgglqj djhqw/ elgglqj hoi/ hwf1, wkdw wkhq

vxeplwv elgv rq wkhlu ehkdoi zkhqhyhu qhhghg dqg xs wr wklv vshfl�hg olplw +Oxfnlqj0Uhloh|

4<<<,1 Ehfdxvh wkhvh pd{lpxp elg olplwv duh wkh h{dfw dqdorjxh ri wkh surgxfwlrq frvwv
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Lqirupdwlrq Dydlodeoh wr=

Lqirupdwlrq Qrwdwlrq Vxssolhu l
Rwkhu

Vxssolhuv
Phfkdqlvp0
Dxfwlrqhhu

Ex|hu

qxpehu dqg lghqwlw|
ri frpshwlqj vxssolhuv

q qr qr |hv |hv

frpsrqhqw txdqwlwlhv
uhtxluhg

+tm,m |hv |hv |hv |hv

fdsdflw| frqvwudlqw
ri vxssolhu l

fl
+dlm,m

|hv qr |hv |hv

surgxfwlrq frvw
ri vxssolhu l

+ylm,m |hv qr |hv qr

elgv
ri vxssolhu l

el+w, |hv qr |hv |hv

srwhqwldo doorfdwlrq
ri vxssolhu l

{l+w, |hv qr |hv |hv

ehvw uhvsrqvh vxjjhvwlrq
ri vxssolhu l

e�l +w, |hv qr |hv qr

Wdeoh 4= Vxppdu| ri wkh lqirupdwlrq vwuxfwxuh1

lq rxu surfxuhphqw dxfwlrq vhwwlqj +dqg pruh jhqhudoo| fruuhvsrqg wr elgghuv* ydoxdwlrqv

lq wkh wudglwlrqdo dxfwlrq wkhru| olwhudwxuh,/ zh ihho wkdw wkh p|rslf ehvw uhvsrqvh elgglqj

vxjjhvwlrq ihdwxuh lv olnho| wr eh lpsohphqwdeoh lq sudfwlfh1

Wr frqfoxgh wklv vhfwlrq/ zh vxppdul}h lq Wdeoh 4 wkh lqirupdwlrq vwuxfwxuh xqghuo|lqj

rxu sursrvhg dxfwlrq phfkdqlvp1 Zh duh qrz uhdg| wr wxuq wr wkh dqdo|vlv ri rxu sursrvhg

pdunhw phfkdqlvp1

61 Dqdo|vlv

6141 Phwkrgrorj|1 Wkh edvlf suhplvh xqghuo|lqj rxu phwkrgrorj| lv wkdw elgghuv zloo

eh ohvv0wkdq0ixoo| udwlrqdo zkhq frqiurqwhg zlwk wkh vpduw dxfwlrq phfkdqlvp ghvfulehg

hduolhu1 Zkloh iurp d sudfwlfdo vwdqgsrlqw wklv dvvxpswlrq vlpsol�hv wkh dqdo|vlv/ zh vkduh

zlwk rwkhu uhvhdufkhuv +Fkdswhu � lq Vdpxhovrq 4<<:, wkh eholhi wkdw lw lv dovr prwlydwhg
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e| ehkdylrudo frqvlghudwlrqv1 Lq wklv g|qdplf jdph ri lqfrpsohwh lqirupdwlrq/ wkh fodvvlfdo

vroxwlrq frqfhswv dvvrfldwhg zlwk wkh uhtxluhphqw ri ixoo udwlrqdolw| suhglfw wkdw elgghuv zloo

irup suredelolvwlf eholhiv derxw doo uhohydqw xqfhuwdlq lqirupdwlrq lq wkh jdph/ xsgdwh wkhvh

eholhiv lq d frqvlvwhqw pdqqhu gxulqj wkh dxfwlrq/ dqg ghulyh dqg h{hfxwh lq hyhu| urxqg

d elgglqj vwudwhj| pd{lpl}lqj wkh h{shfwhg ydoxh ri wkhlu �qdo sd|r� ixqfwlrq dffruglqjo|

+Fkdswhu H lq Ixghqehuj dqg Wluroh 4<<9 dqg uhihuhqfhv wkhuhlq,1 Ehfdxvh wkh xqfhuwdlq

lqirupdwlrq lqfoxghv khuh qrw rqo| wkh frpshwlwruv* surgxfwlrq frvwv/ exw dovr wkhlu fdsdflw|

frqvwudlqwv/ wkhlu elgv dqg hyhq wkhlu qxpehu/ d udwlrqdo Ed|hvldq h{shfwhg xwlolw| pd{lpl}hu

zrxog kdyh wr vroyh dq ryhuzkhoplqjo| frpsoh{ vwrfkdvwlf g|qdplf surjudp zlwk lpshuihfw

lqirupdwlrq1 Wkh dowhuqdwh phwkrgrorj| zh kdyh dgrswhg frqvlvwv ri dvvxplqj d ghwhu0

plqlvwlf/ ohvv0wkdq0ixoo| udwlrqdo ehkdylrudo prgho/ xowlpdwho| vshfli|lqj iru hdfk vxssolhu d

phfkdqlvwlf uhodwlrq ehwzhhq wkh lqirupdwlrq uhfhlyhg lq hdfk urxqg dqg klv vxevhtxhqw elg0

glqj ghflvlrq1 Wklv w|sh ri prgho lv nqrzq lq wkh olwhudwxuh dv d qrqhtxloleulxp dgmxvwphqw

ru wdwrqqhphqw surfhvv/ dqg lv wkh vwduwlqj srlqw wr wkh wkhru| ri ohduqlqj lq jdphv +vhh ¢415

iru edfnjurxqg uhihuhqfhv,1

6151 Zhdn Ehkdylrudo Dvvxpswlrq dqg Frqyhujhqfh Erxqgv1 Wr hvwdeolvk vrph

frqyhujhqfh erxqgv/ zh rqo| uho| lqlwldoo| rq wkh zhdn ehkdylrudo dvvxpswlrq wkdw d vxssolhu

uhfhlylqj lq vrph urxqg d sulydwh doorfdwlrq ihhgedfn ri }hur iru doo frpsrqhqw w|shv zloo

orzhu dw ohdvw rqh ri klv elgv/ xqohvv grlqj vr zrxog jhqhudwh d qhjdwlyh sur�w1 Irupdoo|/

wklv phdqv wkdw li  �E|� ' f dqg wkhuh h{lvwv � 5 i�c � � � c6j vxfk wkdw K��E|� : ��� n "/ wkhq

wkhuh h{lvwv � 5 i�c � � � 6j vxfk wkdw K��E|n �� � K��E|�� "1

Zh ehjlq e| vwdwlqj dq h{ srvw uhvxow +l1h1/ uho|lqj rq dq revhuydwlrq ri wkh �qdo door0

fdwlrq pdgh d srvwhulrul, wkdw uhodwhv wkh �qdo zlqqlqj elgv dqg wkh rughu vwdwlvwlfv ri wkh
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surgxfwlrq frvwv1

Sursrvlwlrq 4 +h{ srvw erxqg, Ohw A eh wkh �qdo urxqg ri wkh dxfwlrq/ ohw ���G?c � � � c �
�
?G?

ghqrwh wkh rughu vwdwlvwlfv ri E���c � � � c �?��/ � 5 i�c � � � c 6j/ dqg gh�qh �� � i� 5 i�c � � � c ?jc
 �EA � ' fj1 Surylghg wkdw

����
�� � � dqg xqghu wkh zhdn ehkdylrudo dvvxpswlrq/ zh kdyh

%��EA � : f, K��EA � � ��
?3��� �n�G?

n " ;� 5 i�c � � � c 6j� +5,

Wkh surri ri Sursrvlwlrq 4 +irxqg lq wkh Dsshqgl{ dorqj zlwk doo uhpdlqlqj surriv, h{0

sorlwv olqhdu surjudpplqj gxdolw| dqg frpsohphqwdu| vodfnqhvv> zh vwurqjo| vxvshfw wkdw lw

fdq eh h{whqghg wr d pruh jhqhudo fodvv ri rswlpl}dwlrq0edvhg dxfwlrqv1 Lq zrugv/ Sursrvl0

wlrq 4 vwdwhv wkdw wkh kljkhvw vhohfwhg elg rq hdfk frpsrqhqw w|sh dw wkh hqg ri wkh dxfwlrq

fdqqrw eh odujhu wkdq vrph rughu vwdwlvwlf ri wkh surgxfwlrq frvwv iru wkdw frpsrqhqw w|sh

+prgxor wkh plqlpxp elg ghfuhphqw ",/ dqg wkh juhdwhu wkh qxpehu ri uhmhfwhg vxssolhuv/

wkh orzhu wkh udqn ri wklv rughu vwdwlvwlf1 Pruhryhu/ lw vhhpv qdwxudo wkdw wkh xsshu erxqg

lq +5, lqyroyhv wkh qxpehu ri vxssolhuv hyhqwxdoo| uhfhlylqj qr doorfdwlrq/ ehfdxvh wkh rqo|

ehkdylrudo dvvxpswlrq uhtxluhg wr ghulyh wklv uhvxow frqfhuqv suhflvho| wkh vxssolhuv uhfhly0

lqj d qxoo sulydwh doorfdwlrq ihhgedfn1 Sursrvlwlrq 4 jhqhudol}hv wr wkh fdvh ri d pxowl0lwhp

dqg rswlpl}dwlrq0edvhg surfxuhphqw dxfwlrq wkh zhoo0nqrzq uhvxow +Ylfnuh| 4<94, wkdw lq

d vlqjoh0lwhp Hqjolvk dvfhqglqj dxfwlrq/ wkh sulfh hyhqwxdoo| rewdlqhg e| wkh vhoohu lv htxdo

wr wkh vhfrqg kljkhvw ydoxdwlrq dprqj wkh elgghuv +prgxor wkh plqlpxp elg lqfuhphqw,1

Dowkrxjk wkh lqirupdwlrq vwuxfwxuh lv voljkwo| gl�huhqw lq rxu phfkdqlvp/ wkh vhw ri sdudp0

hwhuv 6 ' �c ^� ' �c S� xqerxqghg dqg @�� ' � iru doo � dqg �/ zkhq wkh doorfdwlrq vhohfwhg

lv dozd|v dq h{wuhph srlqw/ fruuhvsrqgv wr wkh fodvvlfdo dxfwlrq ri d vlqjoh lqglylvleoh remhfw

zlwk qr fdsdflw| frqvwudlqwv1 Lq wklv fdvh/ wkhuh duh
����

�� ' ? � � orvlqj vxssolhuv/ vr wkdw

wkh erxqg surylghg e| Sursrvlwlrq 4 lv lqghhg ��2G? n "1

Dowkrxjk Sursrvlwlrq 4 lv dq h{ srvw uhvxow/ lw fdq eh xvhg wr suryh dq h{ dqwh uhvxow
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+l1h1/ dssolfdeoh ehiruh wkh dxfwlrq rxwfrph lv revhuyhg, lq wkh fdvh zkhuh wkh vxssolhuv kdyh

wkh vdph surgxfwlrq whfkqrorj|/ l1h1/ doo fdsdflw| frqvwudlqwv vdwlvi| @�� ' @��� ' @� ;E�c ��� 5

i�c � � � c ?j1 Wr vwdwh wklv uhvxow lq d frpsdfw irup/ zh �uvw dvvxph zlwkrxw orvv ri jhqhudolw|

wkdw wkh vxssolhuv duh qxpehuhg e| lqfuhdvlqj rughu ri fdsdflw|/ l1h1/ S� � S2 � � � � � S?1

Wklv dvvxpswlrq doorzv xv wr frqyhqlhqwo| gh�qh wkh pd{lpdo ordg qxpehu dv wkh vpdoohvw

lqwhjhu R vxfk wkdw
SRn�

�'� S� :
6S
�'�

@�^�� Qrwh wkdw wklv gh�qlwlrq lv qrw dssursuldwh zkhq

?S
�'�

S� �
6S
�'�

@�^�/ exw wklv fdvh fdq eh glvplvvhg ehfdxvh lw fruuhvsrqgv wr hlwkhu lqihdvleoh

ex|hu uhtxluhphqwv ru/ dw htxdolw|/ wr wkh wulyldo vlwxdwlrq lq zklfk doo wkh dydlodeoh vxsso|

fdsdflw| lv uhtxluhg1 Wkh revhuydwlrq wkdw wkh pd{lpdo ordg qxpehu surylghv dq xsshu

erxqg rq wkh qxpehu ri vxssolhuv ordghg wr wkhlu fdsdflw| lq dq| ihdvleoh doorfdwlrq lv nh|

wr wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 5 +h{ dqwh erxqg, Dvvxph wkdw wkh rswlpdo vroxwlrq vhohfwhg e| wkh doorfd0
wlrq hqjlqh �.d�o lv dozd|v dq h{wuhph srlqw/ wkdw doo wkh vxssolhuv kdyh wkh vdph surgxfwlrq
whfkqrorj|/ dqg wkdw wkh pd{lpdo ordg qxpehu R vdwlv�hv ? � R � 6 n �1 Wkhq xqghu wkh
zhdn ehkdylrudo dvvxpswlrq/ zh kdyh

%��EA � : f, K��EA � � ��Rn6n�G? n "c +6,

dqg wkh ex|hu*v �qdo surfxuhphqw frvw lv erxqghg e|

?[
�'�

6[
�'�

K��EA �%��EA � �
6[
�'�

^�
�
��Rn6n�G? n "

�
� +7,

Wklv odvw uhvxow lv qrwhzruwk| lq wkdw lw surylghv d shuirupdqfh jxdudqwhh iru wkh ex|hu

ehiruh wkh dxfwlrq wdnhv sodfh/ hyhq wkrxjk wkh ehkdylrudo dvvxpswlrqv uhtxluhg duh sduwlf0

xoduo| plog1 Dv lq +5,/ wkh xsshu erxqg +7, jhqhudol}hv lq wkh vhwwlqj ri d pxowl0glphqvlrqdo

rswlpl}dwlrq0edvhg surfxuhphqw dxfwlrq wkh uhodwlrq ehwzhhq zlqqlqj elgv dqg ydoxdwlrqv

lq vlpsohu dxfwlrqv1 Krzhyhu/ lw vkrzv pxfk pruh h{solflwo| krz wklv erxqg iru wkh �qdo

elgv ghshqgv rq wkh sulpdu| gdwd ri wkh sureohp/ qdpho| wkh vxssolhuv* fdsdflw| frqvwudlqwv

dqg surgxfwlrq frvwv/ dqg wkh ex|hu*v uhtxluhphqwv1 Lq sduwlfxodu/ wkh odujhu wkh ex|hu*v
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uhtxluhg txdqwlwlhv lq uhodwlrq wr wkh vxssolhuv* dydlodeoh fdsdflwlhv/ wkh orrvhu wkh erxqg

rq wkh �qdo elgv> khqfh/ wklv h{suhvvlrq surylghv txdqwlwdwlyh vxssruw iru wkh lqwxlwlrq wkdw

wkh ex|hu*v pdunhw srzhu ghfuhdvhv dv vxsso| uhvrxufhv ehfrph pruh vfdufh1 Olnhzlvh/ wkh

dssolfdelolw| frqglwlrq ? � R � 6 n � fdq eh lqwhusuhwhg dv d plqlpxp uhtxluhphqw rq

wkh ohyho ri frpshwlwlrq lq wkh dxfwlrq +yld wkh qxpehu ri sduwlflsdwlqj vxssolhuv, ru rq wkh

ex|hu*v pdunhw srzhu1 Ilqdoo|/ wkh xsshu erxqg +7, khosv uhyhdo wkh uhodwlrqvkls ehwzhhq

wkh ex|hu*v �qdo surfxuhphqw frvw dqg khu uhtxluhg txdqwlwlhv> qrwh wkdw lq wklv prgho zlwk

olqhdu surgxfwlrq frvwv/ dq lqfuhdvh lq wkh frpsrqhqw pdunhw vl}h pd| srwhqwldoo| lqfuhdvh

wkh frvw shu xqlw ehfdxvh ri wkh frpshwlwlyh h�hfwv1

6161 P|rslf Ehvw Uhvsrqvh1 Zh qrz lqwurgxfh d ixoo| vshfl�hg ehkdylrudo prgho/ zklfk

iroorzv gluhfwo| iurp wkh p|rslf ehvw uhvsrqvh +PEU, lqirupdwlrq ihhgedfn ghvfulehg lq ¢5171

Qdpho|/ zh dvvxph wkdw hyhu| vxssolhu xvhv lq hdfk urxqg wkh PEU fdofxodwlrq ghylfh dqg

iroorzv h{dfwo| lwv elgglqj vxjjhvwlrqv/ l1h1/ M�E| n �� ' MW
� E| n �� iru doo � 5 i�c � � � c ?j dqg

doo | � f/ zkhuh MW
� E| n �� lv wkh h{suhvvlrq gh�qhg lq ¢5171 Qrwh wkdw wkh PEU elgglqj

prgho doprvw vdwlv�hv wkh zhdn ehkdylrudo dvvxpswlrq/ wkh h{fhswlrq ehlqj wkh vxssolhuv

zlwk qr fxuuhqw srwhqwldo doorfdwlrq zkr pd| vwloo qrw ehqh�w iurp orzhulqj dq| ri wkhlu elgv

+h1j1/ zkhq doo frpshwlqj elgv duh orzhu wkdq klv surgxfwlrq frvwv,/ ehfdxvh lq vxfk fdvhv

wkh t�T rshudwru xvhg lq wkh gh�qlwlrq ri MW
� E�� zloo fdxvh wkhvh vxssolhuv* elgv wr uhpdlq

frqvwdqw1 Qhyhuwkhohvv/ wkh frqyhujhqfh erxqgv hvwdeolvkhg lq ¢615 uhpdlq ydolg xqghu wkh

PEU ehkdylrudo prgho/ dv fdq eh txlfno| fkhfnhg iurp wkhlu uhvshfwlyh surriv1

Iurp d pdwkhpdwlfdo vwdqgsrlqw/ wkh PEU ehkdylrudo prgho dprxqwv wr d uhfxuvlyh

uhodwlrq ehwzhhq frqvhfxwlyh ydoxhv ri wkh elgglqj vhtxhqfh EME|��|M� ri wkh irup ME|n�� '

I dME|�oc | � f1 Ehfdxvh I d �o lv d zhoo0gh�qhg ixqfwlrq +vhh ¢517,/ wkh hqwluh elgglqj klvwru|
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ri wkh dxfwlrq lv frpsohwho| fkdudfwhul}hg e| wkh lqlwldo elgv MEf� dqg wklv uhfxuvlyh uhodwlrq1

D surshuw| ri wkh PEU elgglqj vhtxhqfhv hvvhqwldo wr wkh wkhruhwlfdo ydolglw| ri rxu vroxwlrq

frqfhsw lv wkdw wkh| dozd|v frqyhujh lq �qlwh wlph +wkh| duh qrq0ghfuhdvlqj e| wkh qrq0

uhqhjlqj uxoh/ erxqghg iurp ehorz dqg pd| rqo| wdnh d �qlwh vhw ri ydoxhv e| wkh frpprq

pxowlsoh uxoh,1 Wklv fdq eh irupdol}hg e| wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 6 Ohw EME|��|MQ eh d p|rslf ehvw uhvsrqvh elgglqj vhtxhqfh gh�qhg e| d vhw ri
lqlwldo elgv MEf� dqg wkh uhfxuvlyh uhodwlrq ME|n�� ' I dME|�o1 Wkhuh h{lvwv dq lqwhjhu A � f
vxfk wkdw ME|� ' MEA � iru doo | � A�

E| wkh uhfxuvlyh gh�qlwlrq ri wkh PEU elgglqj vhtxhqfh EME|��|MQ/ lwv olplw MEA � lv

qhfhvvdulo| d �{hg srlqw ri wkh uhodwlrq I d�o/ l1h1/ MEA � ' I dMEA �o1 Frqyhuvho|/ iru hyhu|

�{hg srlqw M ri I d�o/ wkhuh reylrxvo| h{lvwv d PEU elgglqj vhtxhqfh frqyhujlqj wr M +h1j1/

MEf� ' M,1 Wkh vroxwlrq frqfhsw zh sursrvh wr suhglfw wkh �qdo rxwfrph lq rxu pdunhw

phfkdqlvp jlyhq dq lqlwldo vhw ri elgv MEf� lv suhflvho| wkh olplw MEA � ri wkh PEU elgglqj

vhtxhqfh EME|��|MQ1 Wklv lv wkh qdwxudo dgdswdwlrq wr rxu vhwwlqj ri wkh dxfwlrq0vshfl�f

orfdo Qdvk htxloleulxp gh�qhg lq E|nrzvn| hw do1 +4<<8, lq wkh frqwh{w ri wkh vlpxowdqhrxv

dvfhqglqj dxfwlrq1

616141 Prgho Glvfxvvlrq1 Dowkrxjk wkh PEU ehkdylrudo prgho lv forvh wr wkh fodvvlfdo

Frxuqrw ru ehvw uhvsrqvh wdwrqqhphqw surfhvv +Fkdswhu � lq Ixghqehuj dqg Wluroh 4<<9,/

wkhuh uhpdlqv d ihz lpsruwdqw gl�huhqfhv ehwzhhq wkhp1 Iluvw/ wkh lqirupdwlrq vwuxfwxuh ri

wkh jdph wr zklfk wkh| dsso| gl�hu/ vlqfh wkh gxrsro| frpshwlwlrq vwxglhg e| Frxuqrw lv

d jdph ri frpprq nqrzohgjh2ixoo lqirupdwlrq/ zkhuhdv rxu dxfwlrq irupdw fruuhvsrqgv wr

d jdph xqghu xqfhuwdlqw|1 Pruhryhu/ sd|r�v lq rxu phfkdqlvp duh qrw rewdlqhg dw wkh hqg

ri hyhu| urxqg dv lq wkh Frxuqrw jdph/ exw rqo| dw wkh hqg ri wkh dxfwlrq1 Frqvhtxhqwo|/

wkh remhfwlyh ixqfwlrq xvhg lq hdfk vxssolhu*v PEU fdofxodwlrq rqo| uhsuhvhqwv klv srwhqwldo
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sd|r� lq wkh qh{w urxqg/ dqg rqo| frlqflghv zlwk wkh dfwxdo sd|r� lq wkh urxqg lpphgldwho|

suhfhglqj wkh hqg ri wkh dxfwlrq1 Wkh PEU ehkdylrudo prgho wkxv lpsolflwo| dvvxphv wkh

eholhi wkdw wkh dxfwlrq zloo whuplqdwh lq wkh qh{w urxqg +vhh glvfxvvlrq wzr sdudjudskv

ehorz rq zk| wklv lv vwloo d uhdvrqdeoh dvvxpswlrq lq wklv vhwwlqj,/ mxvwli|lqj wkh xvh ri wkh

dgmhfwlyh �p|rslf%1 Ilqdoo|/ ehfdxvh ri wkh qrq0uhqhjlqj elgglqj uxoh/ ghflvlrq vsdfhv lq

gl�huhqw urxqgv duh qrw lqghshqghqw iurp hdfk rwkhu dv lq wkh Frxuqrw dgmxvwphqw1 Pruh

suhflvho|/ hdfk elg frqvwudlqv wkh ixwxuh elgglqj ghflvlrqv ri wkh vxssolhu zkr vxeplwwhg lw/

dqg wklv frqvwudlqw lv pruh vwulqjhqw dv wkh ydoxh ri wklv elg lv orzhuhg1

Wkhvh vshfl�f ihdwxuhv surylgh zkdw zh ihho lv d vwurqj mxvwl�fdwlrq iru dsso|lqj wkh

PEU prgho wr wkh jdph xqghu vwxg|1 Lq wkh fodvvlfdo fdvh zlwk qr xqfhuwdlqw|/ wkh ehvw

uhvsrqvh dgmxvwphqw surfhvv kdv ehhq vkduso| fulwlfl}hg iru wkh sod|huv* qdlyhqhvv dqg2ru

uhdvrqlqj lqfrqvlvwhqflhv lw lpsolhv= Zkloh lw uholhv lq hyhu| urxqg rq wkh dvvxpswlrq wkdw

wkh frpshwlwruv* dfwlrqv zloo uhpdlq frqvwdqw lq wkh qh{w urxqg +vwudwhj| vwdelolw|,/ wklv yhu|

dvvxpswlrq lv revhuydeo| suryhq zurqj lq hyhu| urxqg xqwlo htxloleulxp lv uhdfkhg +Ixghq0

ehuj dqg Ohylqh 4<<;,1 Krzhyhu/ lq wkh lqirupdwlrq vwuxfwxuh xqghuo|lqj wkh jdph zh vwxg|/

elgghuv fdqqrw revhuyh wkhlu frpshwlwruv* elgv gluhfwo|/ dqg wkh lqgluhfw surfhvv e| zklfk

wkh| frxog wu| wr lqihu wkhvh elgv � edvhg rq wkh klvwru| ri wkhlu rzq elgv/ sulydwh doorfdwlrq

ihhgedfn dqg PEU elgglqj vxjjhvwlrqv � vhhpv sduwlfxoduo| frpsoh{1 Dv d frqvhtxhqfh/

wkh dvvxpswlrq ri vwudwhj| vwdelolw| lv sodxvleoh/ lq vkdus frqwudvw wr pruh fodvvlfdo jdphv

zkhuh sdvw dfwlrqv duh frpprq nqrzohgjh1

Pruh ixqgdphqwdoo|/ vxssolhuv lq wklv dxfwlrq zloo eh sduwlfxoduo| fdxwlrxv qrw wr vxeplw

orz elgv suhpdwxuho|/ ehfdxvh ri wkh orfn0lq h�hfw lqgxfhg e| wkh qrq0uhqhjlqj uxoh1 Lq wklv

vhwwlqj/ vwudwhj| vwdelolw| lv olnho| wr eh shufhlyhg dv d zlvh dvvxpswlrq rq zklfk wr edvh
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elgglqj ghflvlrqv/ hyhq zkhq dovr shufhlyhg dv suredeo| zurqj1 Wklv lv ehfdxvh lqfruuhfwo|

dvvxplqj wkdw wkh frpshwlwlrq zloo eh pruh djjuhvvlyh lq wkh qh{w urxqg pd| ohdg wr orzhu

elgv wkdq qhfhvvdu|/ wkxv zdvwlqj vrph pdujlq dqg uhvwulfwlqj wkh vsdfh ri ixwxuh srvvleoh

dfwlrqv1 Rq wkh rwkhu kdqg/ wkh dfwlylw|0edvhg whuplqdwlrq uxoh hqvxuhv wkdw d vxssolhu

zkr xqghuhvwlpdwhv klv frpshwlwruv* djjuhvvlyhqhvv lq d jlyhq urxqg e| dvvxplqj vwudwhj|

vwdelolw| zloo qrw eh shqdol}hg= Li wklv vxssolhu hqgv xs orzhulqj rqh ri klv fxuuhqw elgv wkhq

wkh dxfwlrq zloo frqwlqxh iru dw ohdvw rqh pruh urxqg/ jlylqj klp wkh rssruwxqlw| wr dgdsw

klv elgv wr wkh dfwxdo elgglqj vwudwhj| ri klv frpshwlwruv1 Li wklv vxssolhu grhv qrw prgli|

dq| ri klv elgv wkhq wkh dxfwlrq pd| whuplqdwh/ surylqj wkh vwudwhj| vwdelolw| dvvxpswlrq

fruuhfw dqg wkhuhiruh klv elgglqj ghflvlrq rswlpdo/ ru lw pd| frqwlqxh/ ohdylqj klp wkh rswlrq

wr ixuwkhu prgli| klv elgv1

616151 Lpsdfw ri Lqlwldo Elgv1 Dowkrxjk Sursrvlwlrqv 4 dqg 5 vkrz wkdw wkh ghshqghqfh

ri wkh dxfwlrq htxloleulxp rq wkh lqlwldo elgv vkrxog eh uhodwlyho| olplwhg zkhq wkh ohyho

ri frpshwlwlrq dprqj vxssolhuv lv vx!flhqwo| kljk/ wkhvh uhvxowv gr qrw dsso| lq pdunhw

hqylurqphqwv fkdudfwhul}hg e| vxsso| uhvrxufh vfduflw|1 Wr jdlq vrph lqvljkwv lqwr wkh

lpsdfw ri lqlwldo elgv zkhq wkh ohyho ri frpshwlwlrq lv orz/ zh wxuq wr wkh dqdo|vlv ri wkh PEU

elgglqj g|qdplfv lq wkh vlpsohvw qrq0wulyldo pdunhw hqylurqphqw lq zklfk rxu vpduw0pdunhw

phfkdqlvp fdq eh dssolhg= Wkh 2 � 2 v|pphwulf fdvh/ zkhuh ? ' 2c 6 ' 2c ^� ' ^2 ' ^c

@�� ' � ;E�c �� dqg S� ' S2 ' Sc exw �� qhhg qrw htxdo �21 Wkh rqo| lqwhuhvwlqj fkrlfhv ri

sdudphwhuv lq wklv hqylurqphqw vdwlvi| � 	 w � 2/ zkhuh w ' 2^
S
/ zklfk lv wkh qxpehu ri

vxssolhuv uhtxluhg wr fryhu wkh wrwdo surfxuhphqw qhhgv41 Iru wklv udqjh ri w/ wkh ex|hu kdv

qr fkrlfh exw wr xvh d srvlwlyh dprxqw ri fdsdflw| iurp erwk vxssolhuv1

� Lq wkh fdvh w $ �c wkh doorfdwlrq ri hdfk frpsrqhqw w|sh lv hqwluho| lqghshqghqw iurp wkh rwkhu/ dqg wkh fdvh w :
2 lv lqihdvleoh1
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Wkh iroorzlqj sursrvlwlrq vkrzv wkdw hyhq zlwk vxfk vfdufh vxsso| fdsdflw|/ zkhq wkh

lqlwldo elgv duh vx!flhqwo| forvh wr hdfk rwkhu dqg duh juhdwhu wkdq wkh frpsrqhqw0zlvh

pd{lpxp ri wkh surgxfwlrq frvwv/ wkh| kdyh uhodwlyho| olwwoh lpsdfw rq wkh �qdo rxwfrph1

Pruhryhu/ lw dovr vkrzv wkdw wkh sduwlfxodu lqirupdwlrq vwuxfwxuh xvhg lq rxu phfkdqlvp

pd| vwloo hqdeoh vrph elgglqj frpshwlwlrq1

Sursrvlwlrq 7 Ohw _EM�cM2� ' 4@ EmK2� � K��m c mK22 � K�2m�� Lq wkh v|pphwulf 2 � 2 dxf0
wlrq dqg xqghu wkh PEU elgglqj prgho/ wkhuh h{lvwv d vhohfwlrq uxoh glvfulplqdwlqj ehwzhhq
pxowlsoh rswlpdo vroxwlrqv wr wkh doorfdwlrq hqjlqh �.d�o vxfk wkdw

_EM�Ef�cM2Ef�� � ", _EM�EA �c�� b �2� � E
�^ � S

S� ^
n ��"c � 5 i�c 2j�

D ohjlwlpdwh txhvwlrq dw wklv srlqw lv wr ghwhuplqh wr zkdw h{whqw wkh �qdo rxwfrph lv

d�hfwhg zkhq wkh lqlwldo elgv duh ixuwkhu dsduw1 Dowkrxjk zh gr qrw hqwluho| uhvroyh wklv

lvvxh khuh/ lw lv uhyhdolqj wr sorw iru d sduwlfxodu fkrlfh ri sdudphwhuv +Sc ^c��cM�Ef�, wkh

vwdelolw| }rqhv iru vxssolhu �/ l1h1/ wkh vxevhw ri vxssolhu 2*v elgglqj vsdfh vxfk wkdw vxssolhu

� zrxog qrw pryh lq wkh qh{w urxqg vkrxog M2Ef� ehorqj wr lw +vhh Iljxuh 4,1

Iljxuh 4 vkrzv wkh h{lvwhqfh ri suhpdwxuh htxloleuld/ dulvlqj zkhq wkh lqlwldo elgv duh wrr

idu dsduw/ vr wkdw wkh lqfuhdvhg rughu yroxph wkh kljkhu elgghu pd| uhfhlyh e| rxwelgglqj

klv frpshwlwru grhv qrw frpshqvdwh iru wkh pdujlq uhgxfwlrq wkdw zrxog eh lqfxuuhg1 Iru

h{dpsoh/ li vxssolhu 2*v elg zdv wr olh lq wkh orzhu0ohiw txdgudqw ri wkh vwdelolw| }rqh/ vxssolhu

� zrxog qrw pryh lq wkh iroorzlqj urxqg e| gh�qlwlrq1 Ghshqglqj rq vxssolhu 2*v surgxfwlrq

frvwv/ kh zloo hlwkhu qrw pryh +wkhuhe| dfklhylqj d suhpdwxuh htxloleulxp, ru pd| wu| wr

vzlwfk wkh frpsrqhqw w|sh iru zklfk kh uhfhlyhg wkh odujhu yroxph1 Li wkhvh revhuydwlrqv dovr

dsso| wr hqylurqphqwv zlwk pruh vxssolhuv dqg frpsrqhqw w|shv/ wkhq wkhuh duh lpsolfdwlrqv

iru phfkdqlvp ghvljq= Zkhqhyhu vxsso| fdsdflw| lv vxvshfwhg wr eh vfdufh/ lw vhhpv lq wkh

ex|hu*v lqwhuhvw wr kdyh lqlwldo elgv dv forvh wr hdfk rwkhu dv srvvleoh/ zklfk frxog eh dfklhyhg/
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Bids/costs on
component 2

Bids/costs on
component 1

v1

b1

0

Iljxuh 4= Vxssolhu �*v vwdelolw| }rqhv +vkdghg duhdv,1

iru h{dpsoh/ e| hqiruflqj d frpprq plqlpxp hqwu| elg1

616161 Elgglqj G|qdplfv1 Zkhq wkh lqlwldo elgv duh vx!flhqwo| forvh/ wkh surri ri

Sursrvlwlrq 7 dovr uhyhdov wkh vwuxfwxuh ri wkh elgglqj g|qdplfv lq wkh v|pphwulf 2�2 dxfwlrq

dffruglqj wr wkh PEU prgho1 Wklv vwuxfwxuh lv looxvwudwhg lq Iljxuh 5/ zklfk uhsuhvhqwv d

w|slfdo PEU elgglqj vhtxhqfh1 Khuh/ wkh lqlwldo elgv duh ehorz wkh eD� olqhv jrlqj wkurxjk

wkh surgxfwlrq frvwv ri erwk vxssolhuv/ zklfk zh uhihu wr dv wkh pdujlq vzlwfklqj olqhv

iru d uhdvrq wkdw zloo vrrq ehfrph fohdu1 Dv orqj dv wkh elgv uhpdlq lq wklv duhd ri wkh

elgglqj sodqh/ erwk vxssolhuv wu| wr rxwelg wkhlu frpshwlwru sulpdulo| rq frpsrqhqw w|sh

� +vr dv wr uhfhlyh wkh ixoo rughu txdqwlw| ri wklv frpsrqhqw,/ ehfdxvh lw lv wkh rqh zlwk

wkh kljkhu uhodwlyh pdujlq1 Wkxv/ wkh elgglqj vhtxhqfh pryhv krul}rqwdoo|/ xqwlo lw klwv

vxssolhu 2*v pdujlq vzlwfklqj olqh/ dw zklfk srlqw vxssolhu 2 vwduwv frpshwlqj sulpdulo|

iru frpsrqhqw w|sh 21 Wkh elgglqj vhtxhqfh wkhq pryhv grzqzdugv dorqj wklv olqh/ xqwlo
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lw klwv wkh krul}rqwdo olqh jrlqj wkurxjk vxssolhu �*v frvw iru frpsrqhqw w|sh 2/ dw zklfk

srlqw wklv vxssolhu vwrsv frpshwlqj dowrjhwkhu rq wklv frpsrqhqw w|sh +klv pdujlq lv wkhq

uhgxfhg wr }hur,1 Wkh elgglqj vhtxhqfh vwduwv prylqj krul}rqwdoo| djdlq/ ehiruh lw uhdfkhv

dq htxloleulxp lq wkh qhljkerukrrg ri �� b �2/ dv suhglfwhg e| Sursrvlwlrq 71

v2   (production costs of supplier 2)

(production    v1
costs of
supplier 1)

b2(0)

(starting bid of
supplier 2)

b1(T)

b2(T)

Bids/costs on
component 1

Bids/costs on
component 2

b1(0)

(starting bid of
supplier 1)

Iljxuh 5= Elgglqj g|qdplfv lq wkh v|pphwulf 2� 2 dxfwlrq1

Ehfdxvh ri wkh frpelqdwruldo frpsoh{lw| lqyroyhg/ lw vhhpv kdug wr shuirup d vlplodu dq0

do|wlfdo vwxg| ri wkh PEU elgglqj g|qdplfv lq pdunhw hqylurqphqwv zlwk pruh vxssolhuv

dqg2ru pruh frpsrqhqw w|shv1 Lqvwhdg/ zh xqghuwrrn vrph qxphulfdo h{shulphqwv vlpxodw0

lqj frpshwlwlyh lqwhudfwlrqv xqghu wkh PEU ehkdylrudo prgho1 Wkh wzr h{shulphqwv zlwk

hljkw vxssolhuv dqg wzr frpsrqhqw w|shv uhsuhvhqwhg lq Iljxuhv 6 dqg 7 duh idluo| w|slfdo

ri wkh uhvxowv zh kdyh rewdlqhg +vhh Jdoolhq 5333 iru pruh h{dpsohv,1 Wkhvh �jxuhv vkrz

hdfk vxssolhu*v elgglqj vhtxhqfh lq wkh dxfwlrq dv d froru0frghg grwwhg olqh +d froru yhuvlrq

ri wkhvh �jxuhv duh dydlodeoh iurp wkh dxwkruv,/ dqg wkh fruuhvsrqglqj surgxfwlrq frvwv dv

gldprqgv1 Lq dgglwlrq/ wkh vhw ri frqqhfwhg vtxduhv lv wkh vhtxhqfh ri gxdo sulfhv dvvrfldwhg
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lq hdfk urxqg zlwk wkh txdqwlw| uhtxluhphqw frqvwudlqwv lq wkh irupxodwlrq ri wkh doorfdwlrq

hqjlqh �.d�o +uhihuuhg wr ehorz dv pdunhw sulfhv dffruglqj wr wkh fodvvlfdo lqwhusuhwdwlrq

ri OS gxdolw| wkhru|,1 E| ghvljq/ wkhvh wzr h{shulphqwv kdyh wkh h{dfw vdph sdudphwhuv

+fdsdflw|/ uhtxluhg txdqwlwlhv/ lqlwldo elgv,/ zlwk wkh h{fhswlrq ri wkh surgxfwlrq frvwv/ zklfk

duh pruh krprjhqhrxv dfurvv frpsrqhqw w|shv iru wkh h{shulphqw5 uhsruwhg lq Iljxuh 71

Lq Iljxuh 6/ doo vxssolhuv h{fhsw rqh h{klelw d vshfldol}hg sdwwhuq ri elgglqj/ zkhuh wkh|

frpshwh e| ghfuhdvlqj wkhlu elgv iru rqo| rqh ri wkh wzr frpsrqhqwv1 Krzhyhu/ lq Iljxuh

7/ wkhuh duh pdq| pruh �gldjrqdo% elgglqj sdwkv/ l1h1/ frpshwlwlrq wdnhv sodfh iru pruh

vxssolhuv dorqj wkh wzr frpsrqhqw d{hv1 Wkh sulpdu| gulylqj irufh ehklqg wkhvh gl�huhqw

elgglqj sdwwhuqv vhhpv wr eh wkh uhodwlyh srvlwlrq ri hdfk vxssolhu*v surgxfwlrq frvwv lq hdfk

urxqg zlwk uhvshfw wr wkh pdunhw sulfhv1 Pruh vshfl�fdoo|/ dv wkh dxfwlrq hyroyhv/ wkh sdwk

iruphg e| wkhvh pdunhw sulfhv sduwlwlrqv wkh vxssolhuv* surgxfwlrq frvwv lqwr wkuhh fdwhjrulhv1

Vxssolhuv zlwk surgxfwlrq frvwv urxjko| sursruwlrqdo wr wkh pdunhw sulfhv whqg wr frpshwh

iru erwk frpsrqhqwv/ zkloh vxssolhuv zlwk surgxfwlrq frvwv fohduo| deryh ru ehorz wkh sdwk

ri pdunhw sulfhv w|slfdoo| rqo| frpshwh iru wkh rqh frpsrqhqw rq zklfk wkhlu fxuuhqw uhodwlyh

pdujlq lv wkh kljkhvw +dv gh�qhg e| wkh uhodwlyh srvlwlrq ri wkhlu surgxfwlrq frvwv dqg wkh

fxuuhqw pdunhw sulfhv,1 Wklv lqwhusuhwdwlrq h{sodlqv zk| pruh krprjhqhrxv surgxfwlrq

frvwv dfurvv frpsrqhqwv +dv lq Iljxuh 7, ohdg wr d frpshwlwlrq sdwwhuq wkdw lv pruh pl{hg1

616171 Lqfhqwlyh Frpsdwlelolw|1 Dowkrxjk wkh lqfhqwlyh frpsdwlelolw| ri vxssolhuv*

surgxfwlrq frvwv lqsxw zkhq xvlqj wkh PEU elg vxjjhvwlrq ghylfh lv d ohjlwlpdwh txhvwlrq lq

wkhru|/ h{shulphqwv ghvfulehg lq Jdoolhq +5333, whqg wr vkrz wkdw d wuxwkixo frvw uhyhodwlrq

lv frpsdwleoh zlwk vxssolhuv* lqfhqwlyhv/ vr wkdw zh gr qrw glvfxvv wklv lvvxh lq ixuwkhu ghwdlo

2 Iru hdfk vxssolhu/ surgxfwlrq frvwv lq Iljxuh 7 kdyh ehhq rewdlqhg iurp wkrvh ri Iljxuh 6 e| d wudqvodwlrq dorqj
wkh r�0gldjrqdo1
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Iljxuh 6= PEU g|qdplfv lq H� 2 dxfwlrq zlwk khwhurjhqhrxv frvwv1

khuh1 Lqvwhdg/ zh irfxv rq wkh lqfhqwlyh frpsdwlelolw| lvvxhv olqnhg wr fdsdflw| uhyhodwlrq1

D vlpsoh0plqghg dqdo|wlfdo dssurdfk wr wklv sureohp lv wr ljqruh wkh srwhqwldo lpsdfw

ri d vxssolhu*v fdsdflw| lqsxw rq wkh rwkhu vxssolhuv* elgglqj ehkdylru/ dqg wr shuirup d

vhqvlwlylw| dqdo|vlv rq wklv fdsdflw| lqsxw1 Wkdw lv/ dvvxplqj wkdw wkh elgglqj vhtxhqfh kdv

uhdfkhg lq urxqg A dq htxloleulxp MEA �c zkdw lv wkh lpsdfw ri d pdujlqdo fkdqjh ri vxssolhu

�*v fdsdflw| S� rq klv sd|r� ixqfwlrq ��EMEA �� '
6S
�'�

dK��EA �� ���o%��EA �B E| frpsohphqwdu0

lw| vodfnqhvv/ wkh gxdo yduldeoh dvvrfldwhg zlwk wkh fdsdflw| frqvwudlqw ri vxssolhu � +zklfk

uhsuhvhqwv wkh pdujlqdo fkdqjh lq wkh ex|hu*v remhfwlyh uhvxowlqj iurp d fkdqjh lq S�, fdq

rqo| eh srvlwlyh li
6S
�'�

%��EA � ' S�� Khqfh/ d qhfhvvdu| frqglwlrq iru wklv pdujlqdo fkdqjh wr

kdyh dq| lpsdfw rq vxssolhu �*v doorfdwlrq lv wkdw klv fdsdflw| frqvwudlqw eh elqglqj1 Wkdw

lv/ d vxssolhu fdqqrw ehqh�w e| ryhuvwdwlqj klv fdsdflw| zlwkrxw ehfrplqj ryhuordghg dqg
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Iljxuh 7= PEU g|qdplfv lq H� 2 dxfwlrq zlwk krprjhqhrxv frvwv1

lqfxuulqj dq revhuydeoh ghidxow +l1h1/ uhixvlqj wr dffhsw doo ri wkh zrun kh kdv ehhq dzdughg,1

Krzhyhu/ wklv vwdwlf vhqvlwlylw| dqdo|vlv grhv qrw wdnh lqwr dffrxqw wkh vwudwhjlf lpsolfd0

wlrqv ri d fdsdflw| vwdwhphqw rq wkh rwkhu vxssolhuv* elgglqj ehkdylru1 Pruh vshfl�fdoo|/ lw

lv frqfhlydeoh wkdw d vxssolhu frxog hduq kljkhu pdujlqv e| xqghuvwdwlqj klv fdsdflw|/ eh0

fdxvh lw pd| lqgxfh wkh rwkhu vxssolhuv wr elg ohvv djjuhvvlyho|/ zklfk frxog frpshqvdwh iru

wkh orzhu pdunhw vkduh uhvxowlqj iurp wkh fdsdflw| xqghuvwdwhphqw1 Olnhzlvh/ wklv vwudwhjlf

h�hfw frxog sod| djdlqvw wkh lqfhqwlyh wr ryhuvwdwh rqh*v fdsdflw|/ ehfdxvh lw zrxog lqgxfh

wkh rwkhu vxssolhuv wr elg pruh djjuhvvlyho|1

Dowkrxjk lw dsshduv gl!fxow wr dvvhvv wkhvh vwudwhjlf h�hfwv dqdo|wlfdoo|/ qxphulfdo h{shu0

lphqwv frqgxfwhg xqghu wkh PEU ehkdylrudo prgho dqg uhsruwhg lq Jdoolhq +5333, frq�up

wkh deryhphqwlrqhg k|srwkhvlv wkdw ehqh�wv ghulyhg iurp ryhuvwdwlqj rqh*v fdsdflw| qhfhv0
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vdulo| lpso| ryhuordglqj +dv rssrvhg wr vwudwhjlf lpsolfdwlrqv rq rwkhu vxssolhuv* ehkdylruv,1

Zh dovr uhsruw lq Jdoolhq +5333, vrph �frrnhg0xs% h{shulphqwv ghprqvwudwlqj wkdw lw lv

srvvleoh iru d vxssolhu wr lqfuhdvh klv sur�wv e| xqghuvwdwlqj klv fdsdflw| +zklfk fdq dovr

eh lqwhusuhwhg dv d glvlqfhqwlyh iru fdsdflw| ryhuvwdwhphqw,/ wkxv looxvwudwlqj wkh vwudwhjlf

h�hfw k|srwkhvl}hg hduolhu1

Lq vxppdu|/ lw dsshduv wkdw wkhuh lv qr lqfhqwlyh iru d vxssolhu wr ryhuvwdwh klv fdsdflw|/

dqg wkhuh duh h{dpsohv/ zklfk uhtxluh pruh lqirupdwlrq +h1j1/ wkh rwkhu vxssolhuv* fdsdf0

lw| frqvwudlqwv,/ udwlrqdolw| dqg ulvn0wdnlqj wkdq zrxog w|slfdoo| eh revhuyhg lq sudfwlfh/

lq zklfk d vxssolhu fdq udlvh klv sur�wv e| xqghuvwdwlqj klv fdsdflw|1 Khqfh/ li vxssolhuv

duh shqdol}hg iru fdsdflw| ryhuordglqj/ wkhq rxu vpduw0pdunhw phfkdqlvp vkrxog eh deoh wr

lqgxfh wuxwkixo uhyhodwlrqv ri vxssolhuv* surgxfwlrq fdsdflw|1 Uhjduglqj shqdowlhv/ lw lv lq0

whuhvwlqj wr qrwh wkdw Iuhhpdunhwv nhhsv lqvwdqfhv ri fdsdflw| ryhuordglqj wr d plqlpxp e|

vxvshqglqj iurp vxevhtxhqw elgglqj hyhqwv ryhuordghg vxssolhuv zkr ghidxow diwhu dq dxfwlrq

+Zqrurzvnl 5333,> lw lv wklv sxqlwlyh dfwlrq wkdw ohg wr wkh revhuyhg lpsdfw ri ryhuordg ihdu

rq vxssolhuv* elgglqj ehkdylru/ zklfk lq wxuq prwlydwhg wkh ghvljq ri rxu vpduw0pdunhw ds0

surdfk +vhh ¢4,1 Dowhuqdwlyho|/ d surfxuhphqw frqwudfw vshfli|lqj dq dssursuldwho| kljk �{hg

shqdow| lq wkh hyhqw ri plvgholyhulhv dqg2ru txdolw| sureohpv pd| dovr hqvxuh d uhodwlyho|

wuxwkixo fdsdflw| lqsxw e| wkh vxssolhuv1

71 Frqfoxvlrq

Sduwo| prwlydwhg e| wkh revhuyhg lqh!flhqflhv ri fxuuhqw rqolqh surfxuhphqw dxfwlrq phfk0

dqlvpv zkhq vxssolhuv* fdsdflw| frqvwudlqwv duh vwulqjhqw/ wklv sdshu lqyhvwljdwhv dq dowhuqd0

wlyh phfkdqlvp ghvljqhg vshfl�fdoo| iru vxfk hqylurqphqwv1 Lw uholhv rq dq hvwlpdwlrq ri wkhvh
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fdsdflw| frqvwudlqwv sulru wr wkh elgglqj hyhqw/ zklfk hqdeohv wkh xvh ri dq rswlpl}dwlrq0

edvhg doorfdwlrq hqjlqh +mxvwli|lqj wkh whup �vpduw pdunhw%,1 Iru hyhu| vhw ri elgv vxeplwwhg

gxulqj wkh dxfwlrq/ wklv hqjlqh g|qdplfdoo| frpsxwhv wkh doorfdwlrq ri surfxuhphqw frqwudfwv

plqlpl}lqj wkh ex|hu*v wrwdo frvw xqghu erwk wkh ex|hu*v txdqwlw| uhtxluhphqw dqg wkh vxs0

solhuv* fdsdflw| frqvwudlqwv1 Wkh elgghuv* lqirupdwlrq vhwv lq wklv phfkdqlvp duh ghvljqhg

wr dfklhyh d plggoh jurxqg ehwzhhq idflolwdwlqj frpshwlwlrq dqg suhyhqwlqj frooxvlrq/ h{0

sorlwlqj vrph ri wkh srvvlelolwlhv r�huhg e| wkh xvh ri d glvwulexwhg qhwzrun ri frpsxwhuv

wr vxssruw wkh dxfwlrq1 Wkh| lqfoxgh lq sduwlfxodu dq ruljlqdo p|rslf ehvw uhvsrqvh elgglqj

vxjjhvwlrq ghylfh/ wdnlqj dv dq lqsxw d vxssolhu*v surgxfwlrq frvwv/ dqg gholyhulqj dv dq rxw0

sxw wkh vhw ri elgv pd{lpl}lqj klv srwhqwldo sur�w lq wkh qh{w urxqg xqghu wkh dvvxpswlrq

wkdw klv frpshwlwruv* elgv uhpdlq frqvwdqw1

Wkh vroxwlrq frqfhsw zh sursrvh iru wklv dxfwlrq phfkdqlvp lv edvhg rq wdwrqqhphqw

wkhru|/ zkhuhe| zh �uvw irupxodwh ohvv0wkdq0ixoo| udwlrqdo ehkdylrudo prghov iru wkh elgghuv/

dqg wkhq h{dplqh wkh lpsolfdwlrqv ri wkhvh prghov rq wkh g|qdplfv dqg wkh frqyhujhqfh

surshuwlhv ri wkh uhvxowlqj elgglqj vhtxhqfhv1 Xqghu d zhdn ehkdylrudo dvvxpswlrq orrvho|

fkdudfwhul}lqj wkh uhdfwlrqv ri srwhqwldoo| uhmhfwhg vxssolhuv/ vrph v|pphwu| uhtxluhphqwv

dqg d plqlpxp frpshwlwlrq ohyho frqglwlrq/ zh frqvwuxfwhg xsshu erxqgv iru wkh elgv ri

wkh zlqqlqj vxssolhuv dw wkh hqg ri wkh dxfwlrq/ surylglqj lq wxuq dq xsshu erxqg rq wkh

ex|hu*v �qdo surfxuhphqw frvw1 Wkhvh erxqgv zhuh vkrzq wr fduu| ryhu wr wkh frpsohwh

ehkdylrudo prgho/ lq zklfk wkh vxssolhuv iroorzhg wkh p|rslf ehvw uhvsrqvh elg vxjjhvwlrqv1

Zh wkhq ghulyhg vrph dgglwlrqdo vwuxfwxudo surshuwlhv ri wkh p|rslf ehvw uhvsrqvh elgglqj

vhtxhqfhv lq d v|pphwulf +h{fhsw iru surgxfwlrq frvwv, pdunhw zlwk wzr elgghuv dqg wzr

frpsrqhqw w|shv/ zklfk vxjjhvwhg wkdw zkhq vxssolhu fdsdflw| lv vfdufh +l1h1/ frpshwlwlrq
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lv orz,/ wkh ex|hu pd| �qg lw ehqh�fldo wr lpsrvh d frpprq pd{lpxp hqwu| elg wr glv0

frxudjh suhpdwxuh htxloleuld wkdw duh jhqhudwhg e| lqlwldo elgv wkdw duh idu dsduw1 Ilqdoo|/

e| shuiruplqj qxphulfdo vlpxodwlrqv ri p|rslf ehvw uhvsrqvh vhtxhqfhv lq pruh frpsoh{

pdunhw frq�jxudwlrqv/ zh lqihuuhg wkdw wkh qhjdwlyh lqfhqwlyh frpsdwlelolw| h�hfwv olqnhg

wr wkh uhyhodwlrq e| wkh vxssolhuv ri wkhlu sulydwh fdsdflw| dqg frvw lqirupdwlrq vkrxog eh

uhodwlyho| olplwhg1

Zh eholhyh wklv zrun frqvwlwxwhv d xvhixo edvlf iudphzrun wrzdugv wkh ghyhorsphqw ri

hohfwurqlf wudgh v|vwhpv hqdeolqj uhdo0wlph frpsoh{ lqgxvwuldo wudqvdfwlrqv1 Zlwklq wkh

vfrsh ri rxu prgho/ qdwxudo vwhsv lq wklv gluhfwlrq lqfoxgh pruh frpsoh{ fdsdflw| frqvwudlqwv/

qrqolqhdu surgxfwlrq frvwv dqg elg vwuxfwxuhv/ uhtxluhphqwv rq wkh vxsso| edvh vl}h/ dqg

lqfxpehqw vzlwfklqj frvwv> wklv odvw jhqhudol}dwlrq lv sduwlfxoduo| lpsruwdqw/ ehfdxvh wkhvh

vzlwfklqj frvwv +zklfk frxog/ pruh jhqhudoo|/ lqfrusrudwh wkh elgghu*v shufhswlrqv ri wkh

vxssolhuv* uhsxwdwlrqv, duh wkh sulpdu| uhdvrq zk| Iuhhpdunhwv pdnhv lwv doorfdwlrq ghflvlrqv

diwhu � udwkhu wkdq gxulqj � wkhlu elgglqj hyhqwv1 Lq wkh iudphzrun ri rxu prgho/ rqh zd| iru

wkh ex|hu wr dffrxqw iru khu uhodwlyh suhihuhqfhv dfurvv vxssolhuv lv wr xvh d elg dgmxvwphqw

phfkdqlvp1 Lq wklv phwkrg/ wkh dfwxdo elgv K�� vxeplwwhg e| vxssolhuv duh dxwrpdwlfdoo|

dgmxvwhg iru wkh sxusrvh ri frpsxwlqj srwhqwldo doorfdwlrqv e| dq dgglwlyh idfwru k�� : f

uh hfwlqj wkh ex|hu*v uhodwlyh suhihuhqfhv1 Wkdw lv/ zkloh wkh vhoolqj sulfhv uhvxowlqj iurp

wkh dxfwlrq vwloo fruuhvsrqg wr wkh dfwxdo elgv K�� vxeplwwhg e| wkh zlqqhuv/ wkh srwhqwldo

dqg �qdo doorfdwlrqv ri frpsrqhqwv duh qrz fdofxodwhg e| vroylqj  E|� ' �.dME|���o> wkh

kljkhu k��/ wkh pruh vxssolhu � lv dgydqwdjhg uhodwlyh wr klv frpshwlwruv iru wkh doorfdwlrq ri

frpsrqhqw w|sh �1 Vrph ri rxu uhvxowv fdq eh jhqhudol}hg wr lqfoxgh wkhvh dgmxvwhg elgv1 Iru

h{dpsoh/ wkh uljkw vlgh ri wkh h{0dqwh erxqg lq Sursrvlwlrq 5 ehfrphv d� ��o�6nRn�G? n "n
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k��/ zkhuh d���o�&G? ghqrwhv wkh &0wk rughu vwdwlvwlf ri E��� � k��c � � � c �?� � k?��1 Lq zrugv/

prgli|lqj wkh elgv iru doorfdwlrq sxusrvhv wkurxjk wkh phfkdqlvp mxvw ghvfulehg urxjko|

dprxqwv wr prg|lqj wkh surgxfwlrq frvwv e| wkh vdph dgmxvwphqw idfwruv/ dv rqh zrxog

lqwxlwlyho| h{shfw1

Xqiruwxqdwho|/ wklv dgmxvwphqw prgho grhv qrw doorz xv wr fdswxuh �{hg vzlwfklqj frvwv

+l1h1 lqghshqghqw ri wkh txdqwlw| doorfdwhg,1 Iurp d sudfwlfdo vwdqgsrlqw/ wklv sduwlfxodu

h{whqvlrq dorqj zlwk prvw ri wkh rwkhuv suhylrxvo| phqwlrqhg fdq eh lqfrusrudwhg e| xvlqj

pruh vrsklvwlfdwhg lqwhjhu surjudpplqj irupxodwlrqv iru wkh doorfdwlrq hqjlqh �.d�o lq +4,

+vhh Jdoolhq 5333 iru ghwdlov,/ dowkrxjk zh kdyh qrw ghulyhg wkhruhwlfdo uhvxowv fruuhvsrqglqj

wr Sursrvlwlrqv 407 lq wkhvh pruh frpsoh{ vhwwlqjv1 Dqrwkhu uhohydqw fkdoohqjh zrxog eh

wr prgho lqwr rxu doorfdwlrq hqjlqh pruh fulwhuld vshfl�f wr lqgxvwuldo surfxuhphqw/ vxfk dv

gholyhu| shuirupdqfh/ txdolw|/ dqg lqvxudqfh surylvlrqv/ ohdglqj shukdsv wr wkh ghvljq ri d

pxowl0glphqvlrqdo elgglqj phfkdqlvp1 Lq vxfk frpsoh{ dqg g|qdplf wudglqj hqylurqphqwv/

h!flhqf| zloo uhtxluh wkh ghvljq ri ghflvlrq vxssruw wrrov dydlodeoh wr elgghuv/ iru h{dpsoh

e| jhqhudol}lqj rxu p|rslf ehvw uhvsrqvh elg frpsxwdwlrqdo ghylfh1 Iurp d phwkrgrorjl0

fdo shuvshfwlyh/ zh qrwh wkdw irupxodwlqj ehkdylrudo prghov dvvrfldwhg zlwk wkhvh ghflvlrq

vxssruw wrrov vhhpv wr eh d iuxlwixo dssurdfk zkhq wu|lqj wr suhglfw ydulrxv phfkdqlvp

rxwfrphv1

Dsshqgl{

D141 Surri ri Sursrvlwlrq 41 Ohw 3EA � ghqrwh wkh ydoxh lq urxqg A ri wkh rswlpdo gxdo

yduldeohv dvvrfldwhg zlwk wkh txdqwlw| frqvwudlqwv lq �.dMEA �o/ dqg i6 dq 60glphqvlrqdo
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yhfwru zlwk doo lwv frpsrqhqwv htxdo wr �� Wkhq zh kdyh

� 5 �� , �� � 3EA �� "i6� +8,

Wklv lv ehfdxvh M�EA � � 3EA � iru dq| vxssolhu � 5 ��c vr wkdw li zh kdg ��� 	 5�EA � � "

iru vrph �c wkhq vxssolhu � frxog lqfuhdvh klv sur�w +fxuuhqwo| htxdo wr }hur, e| elgglqj

K��EA n �� ' 5�EA � � " 	 K��EA �� Exw K��EA n �� ' K��EA � e| gh�qlwlrq ri Ac dqg wkhuhiruh

5�EA �� " � ��� ;�� Wklv odvw vwdwhphqw dssolhv wr dw ohdvw
����

�� vxssolhuv/ vr wkdw

5�EA � � ��
?3��� �n�G?

n "� +9,

Ilqdoo|/ %��EA � lv wkh gxdo yduldeoh dvvrfldwhg zlwk wkh frqvwudlqw 5�EA � � K��EA �n@��+� ri wkh

gxdo wr �.dMEA �o/ zkhuh +� � f lv wkh gxdo yduldeoh dvvrfldwhg zlwk wkh fdsdflw| frqvwudlqw

ri vxssolhu � lq �.dMEA �o1 Wkhuhiruh/ %��EA � : f lpsolhv K��EA � � 5�EA �c zklfk frpelqhg

zlwk +9, frpsohwhv wkh surri1

D151 Surri ri Sursrvlwlrq 51 Wkh surri dprxqwv wr �qglqj d orzhu erxqg iru
����

��
+ru htxlydohqwo|/ dq xsshu erxqg iru m� m,/ dqg wkhq lqyrnlqj Sursrvlwlrq 4 lq wkh fdvhv

zkhuh wklv erxqg doorzv xv wr fodlp wkdw
����

�� � �� Lq dq| ihdvleoh doorfdwlrq/ wkh qxpehu ri

vxssolhuv zkr duh ixoo| ordghg lv fohduo| vpdoohu wkdq wkh pd{lpdo ordg idfwru Rc ehfdxvh ri

wkh txdqwlw| uhtxluhphqw lq +4,1 Zh qrz fodlp wkdw lq dq| h{wuhph srlqw ri wkh sro|wrsh ri

ihdvleoh vroxwlrqv wr +4,/ wkh qxpehu ri vxssolhuv wkdw duh qrw ixoo| ordghg exw vwloo uhfhlyh d

srvlwlyh doorfdwlrq lv vpdoohu wkdq 6� Wklv lv ehfdxvh wkh doorfdwlrq zrxog rwkhuzlvh lqfoxgh

dw ohdvw wzr qrq0ixoo| ordghg vxssolhuv uhfhlylqj d srvlwlyh doorfdwlrq ri wkh vdph surgxfw/

dqg zrxog wkhuhiruh qrw eh dq h{wuhph srlqw +dv lw frxog eh zulwwhq dv d frqyh{ frpelqdwlrq

zlwk srvlwlyh zhljkwv ri wzr glvwlqfw ihdvleoh vroxwlrqv,1 Wkhuhiruh/ dprqj doo wkh vxssolhuv
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uhfhlylqj d srvlwlyh doorfdwlrq ri hdfk surgxfw/ dw prvw rqh fdq eh qrq0ixoo| ordghg/ dqg

wkh wrwdo qxpehu ri qrq0ixoo| ordghg vxssolhuv lv vpdoohu wkdq 6� Wklv frpsohwhv wkh surri

ri m� m � R n 6c iurp zklfk +6, iroorzv lpphgldwho| e| Sursrvlwlrq 41 Wkh erxqg rq wkh

ex|hu*v �qdo surfxuhphqw frvw lv d gluhfw frqvhtxhqfh ri +6,1

D161 Surri ri Sursrvlwlrq 71

D16141 Qrwdwlrq1 Lq wklv pdunhw hqylurqphqw/ �.d�o kdv vl{ h{wuhph srlqwv/ qdpho|

E �c 2� 5 iE�c ���c E ��c��c E�c ���c E ��c��c E ��c��c E�c ���j/ zkhuh � ' E2^ � Sc f�A c � '

E^c f�A c � ' E^c S� ^�A dqg � +wlogh, ghqrwhv dq h{fkdqjh ri wkh wzr hohphqwv lq wkh yhfwru

+l1h1/ �� ' Efc 2^ � S�A ,1 Lq wklv surri/ zh uhihu wr �E|� dqg �E|n �� dv � dqg 7�/ uhvshfwlyho|/

zkhuh � ghqrwhv dq| yduldeoh ru yhfwru ri lqwhuhvw +doorfdwlrq/ elgv,1 Dovr/ wr ghvfuleh d

sod|hu*v vwudwhj| iru wkh qh{w urxqg/ zh xvh wkh qrwdwlrq Mt zkhuh t 5 i�c�c�c ��c ��c ��j

zlwk t '
�
�.d7M� ' Mt cM3�o

�
�
+l1h1 xqghu wkh PEU dvvxpswlrq wkdw 7M3� ' M3�/ sod|hu � zloo

rewdlq dq doorfdwlrq 7 � ' t li kh sod|v Mt ,1 Dv vkrzq lq Jdoolhq +5333,/ iru d jlyhq vhohfwlrq

uxoh/ Mt fdq eh xqltxho| gh�qhg dprqj doo elgv |lhoglqj doorfdwlrq t xqghu vwudwhj| sur�oh

vwdelolw| dv wkh rqh uhtxlulqj wkh vpdoohvw ghfuhdvh lq pdujlqv +vr wkdw hdfk sod|hu*v vwudwhj|

vsdfh dw hdfk urxqg lv sudfwlfdoo| glvfuhwh,1 Zkhq frpsdulqj wkh lpsdfw ri wzr gl�huhqw

elg fkrlfhv rq d sod|hu*v sd|r� ixqfwlrq/ zh uhihu wr wkh fdvh ��E7M� ' Mt cM3�� � ��E7M� '

M~ cM3�� dv Mt
�� M~ 1 Ilqdoo|/ zh xvh lq wkh elgglqj vsdfh wkh glvwdqfh phwulf gh�qhg e|

_EM�cM2� ' 4@ EmK2� � K��m c mK22 � K�2m�1

D16151 Vhohfwlrq Uxoh1 Zh frqvlghu d pxowlsoh rswlpd vhohfwlrq uxoh v|pphwulf dfurvv

elgghuv dqg frpsrqhqw w|shv/ zkhuh wkh vhohfwhg doorfdwlrq lv dozd|v dq h{wuhph srlqw/ dqg

wkdw lv fkdudfwhul}hg e|
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�
�

7K�� ' 7K2�
7K�2 : 7K22

, E7 �c 7 2� ' E�c ���(

�
�

7K�� ' 7K2�
7K�2 : 7K22

, E7 �c 7 2� ' E�c ���(

�
�

7K�� � 7K2� ' 7K�2 � 7K22
7K�� : 7K2�

, E7 �c 7 2� '

�
E�c ��� li E �c 2� 5 iE ��c��c E ��c��c E ��c��j
E ��c�� rwkhuzlvh

(

� 7M� ' 7M2 , E7 �c 7 2� ' E �c 2��

Qrwh wkdw doo plvvlqj fdvhv lq wkh gh�qlwlrq deryh fdq eh uhvroyhg e| v|pphwu|/ dqg d

udqgrp vhohfwlrq uxoh fdq eh xvhg dw wkh �uvw urxqg li qhfhvvdu|1

D16161 Vwudwhj| Vsdfh Uhvwulfwlrqv1 Zkloh dw hyhu| urxqg wkh vwudwhj| vsdfh ri

hdfk sod|hu lv d sulrul iM�cM�cM�cM ��cM ��cM ��j/ lw fdq w|slfdoo| eh uhgxfhg wr d vpdoohu vhw

e| frqvlghulqj erwk wkh qrq0uhqhjlqj uxoh +h1j1/ li  � ' � wkhq 7M� 5 iK�c K�c K��j, dqg dq

dgdswdwlrq ri Ohppd 7 lq Sduw L ri Jdoolhq +5333, wr wkh vhohfwlrq uxoh ghvfulehg hduolhu/

zklfk vkrzv wkdw xqghu wkh PEU udwlrqdoh=

41 Li K22 � ��2 � K2� � ��� +sod|hu 2*v elg lv deryh sod|hu �*v pdujlq vzlwfklqj olqh,/ wkhq

M ��

�� M�>

51 Li K22 � ��2 � K2� � ��� dqg  � 5 i�c ��c ��c ��j/ wkhq M ��

�� M�>

61 K22 � ��2 / M�
�� M� dqg K2� � ��� / M ��

�� M ��1

Qrwh khuh djdlq wkdw pdq| pruh vxfk vwdwhphqwv iroorz e| v|pphwu|1 Lq vxppdu|/ wkh

vhw ri srvvleoh elg fkrlfhv 7M� iru sod|hu � fdq eh rewdlqhg iurp wkh iroorzlqj wdeoh +lq rughu

wr dyrlg d orqj dqg xqlqwhuhvwlqj glvfxvvlrq ri wkh wlh fdvhv/ zh dvvxph wkdw wkh surgxfwlrq

frvwv �� dqg �2 gr qrw ehorqj wr wkh " 0julg,=

6:



 �

� �� � �� � ��
Fdvh=
K22 � ��2 : K2� � ��� dqg M2 : �� iM ��cM ��j iM ��cM ��j iM�cM ��j iM ��j iM�cM ��j iM ��j
K22 � ��2 : K2� � ��� dqg

�
K2� 	 ���
K22 : ��2

iM ��cM ��j iM ��cM ��j �*� iM ��j �*� �*�

D16171 Qhljkerukrrg Vwdelolw| dqg Frqyhujhqfh1 Ohw xv qrz dvvxph wkdw

_EM�cM2� � "1 Zh fdq xvh wkh deryh wdeoh wr vshfli| wkh elg fkrvhq e| sod|hu � xqghu

wkh PEU udwlrqdoh +uhvxowv iru sod|hu 2 dqg iru plvvlqj fdvhv iroorz e| v|pphwu|,=

Fdvh 4= K22 � ��2 : K2� � ��� dqg M2 : ��

� Zkhq  � 5 i�c ��jc zh kdyh
M ��

�� M �� / E2^ � S�EK22 n "� ��2� � ^EK22 � "� ��2� n ES� ^�EK2� � ����
/ K22 � ��2 n K2� � ��� � �^3S

S3^
"

(

� Zkhq  � ' �c

M�
�� M �� / ES� ^�EK22 � ��2� n ^EK�� � ���� � ^EK22 � "� ��2� n ES� ^�EK�� � ����

/ K22 � ��2 � K2� n ��� � S3^
2^3S

"
(

� Zkhq  � ' �c

M�
�� M �� / ^EK�� � ���� n ES� ^�EK�2 � ��2� � ES� ^�EK�� � ���� n ^EK�2 � "� ��2�

/ K�2 � ��2 � K�� n ��� � ^

2^3S
"

�

Fdvh 5= K22 � ��2 : K2� � ��� dqg
�

K2� 	 ���
K22 : ��2

� Zkhq  � 5 i�c ��jc zh kdyh
M ��

�� M �� li E2^ � S�EK22 � ��2� � ^EK22 � "� ��2�
/ K22 � ��2 � ^

S3^
"

�

Lq zrugv/ vxssolhu � suhihuv M �� wr M �� dv orqj dv vxssolhu 2*v elg M2 uhpdlqv vx!flhqwo|

juhdwhu wkdq �� +l1h1/ zkhq K22���2n K2�� ��� :
�^3S
S3^

",/ dqg suhihuv M �� wr M� zkhq M2 lv idu

hqrxjk deryh klv pdujlq vzlwfklqj olqh +l1h1/ zkhq K�2 � ��2 � K�� n ��� :
^

2^3S
",1 Zkhq K2�

gursv ehorz ���/ vxssolhu � sod|v M �� li K22 lv vx!flhqwo| juhdwhu wkdq ��2 +l1h1/ zkhq K22���2 :
^

S3^
",/ dqg M �� rwkhuzlvh1 Dsso|lqj wkh vdph uhdvrqlqj wr sod|hu 2c zh fdq frqvwuxfw iru doo

6;



uhohydqw fdvhv wkh wdeohv ghvfulelqj wkh mrlqw elgglqj vwudwhjlhv dqg uhvxowlqj doorfdwlrq iru

erwk sod|huv/ wkxv fkdudfwhul}lqj wkh g|qdplfv ri wkh elgglqj vhtxhqfh1 Iru h{dpsoh/ wkh

wdeoh fruuhvsrqglqj wr wkh fdvh
�

K22 � ��2 : K2� � ��� dqg M2 : ��
K�2 � �22 : K�� � �2� dqg M� : �2

lv +plvvlqj doorfdwlrq

fdvhv fdq eh ghulyhg e| v|pphwu|,

� G �� G � G

_EK2c ���
: �^3S

S3^
"

_EK2c ���
� �^3S

S3^
"

_EK2c ���
: �^3S

S3^
"

_EK2c ���
� �^3S

S3^
"

K22 � ��2
�K2� n ���
: S3^

2^3S
"

K22 � ��2
�K2� n ���
� S3^

2^3S
"

��
EK ��c K ���

$ E�c ���

EK ��c K ���

$ E�c ���
� G K�2 � ��2
�K�� n ���
: ^

2^3S
"

EK ��c K ���

$ E�c ���

EK ��c K ���

$ E ��c��

� G K�2 � ��2
�K�� n ���
� ^

2^3S
"

EK�c K ���

$ E�c ���

EK� c K ���

$ E�c ���

��
EK ��c K ���

$ E�c ���

EK ��c K��

$ E ��c��

c

zkhuh wkh urzv fruuhvsrqg wr sod|hu 2*v doorfdwlrq  2c wkh froxpqv wr  �/ dqg hdfk hqwu|

EUc a� lq wklv wdeoh surylghv E7M2c 7M�� $ E7 2c 7 �� zkhq E 2c �� ' EUc a�� Frqvwuxfwlqj wkh

wdeohv fruuhvsrqglqj wr fdvhv

�
K22 � ��2 : K2� � ��� dqg M2 : ��
K�2 � �22 	 K�� � �2� dqg M� : �2

dqg
�

K22 � ��2 : K2� � ���c K2� 	 ��� dqg K22 : ��2
K�2 � �22 : K�� � �2� dqg M� : �2

+wdeohv iru rwkhu fdvhv iroorz e| v|pphwu|,/ zh fdq revhuyh wkdw
;?
=

_EM�cM2� � "(
K�2 � �3�2 n K�� � �3�� :

�^3S
S3^

" iru � 5 i�c 2j( dqg
K�� � �3�� :

^

S3^
" iru �c � 5 i�c 2j

lpsolhv

�
_E7M�c

7M2� � �( dqg
7K�� 	 K��c7K�2 	 K�2c7K2� 	 K2� ru 7K22 	 K22�

Lq zrugv/ li dw rqh jlyhq urxqg wkh elgv ri wkh wzr vxssolhuv duh zlwklq d glvwdqfh " ri hdfk
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rwkhu dqg vx!flhqwo| idu dzd| iurp wkh surgxfwlrq frvwv/ wkhq xqghu wkh PEU udwlrqdoh

wkh elgv dw wkh qh{w urxqg zloo vwloo eh zlwklq " ri hdfk rwkhu/ dqg dw ohdvw rqh ri wkh

elgv zloo kdyh ehhq vwulfwo| ghfuhdvhg1 Dsso|lqj wklv uhdvrqlqj lwhudwlyho|/ revhuylqj wkdw

�^3S
S3^

" : ^

S3^
" vlqfh 2^ � S : f/ dqg wkdw K�2 � �3�2 n K�� � �3�� � �^3S

S3^
" iru � ' � ru 2 lpsolhv

_EM�c�� b �2� � �^3S
S3^

"/ zh fdq frqfoxgh wkdw _EM�EA �c�� b �2� � E�^3S
S3^

n ��" iru � 5 i�c 2j/

zklfk frpsohwhv wkh surri1

Dfnqrzohgjphqw

Zh wkdqn Mlp Ruolq iru ydoxdeoh vxjjhvwlrqv ohdglqj wr wkh zhdnhqlqj ri vrph ri wkh lqlwldo

dvvxpswlrqv iru wkh frqyhujhqfh uhvxowv uhsruwhg lq ¢6/ Vdp Nlqqh| dqg GrxjZqrurzvnl iru

vkdulqj ghwdlov derxw wkh rshudwlrqv ri IuhhPdunhwv/ dqg \dvkdq Zdqj/ Vulgkdu Wd|xu/ Mrkq

Vwhupdq/ Huln Eu|qmroivvrq/ Qhovrq Uhshqqlqj/ Udfkho Furvrq/ Urehuw Sruwhu/ Johqq Hoolvrq

dqg Dqguhdv Vfkxo} iru suryrfdwlyh glvfxvvlrqv dqg2ru vxjjhvwlrqv ri uhohydqw uhihuhqfhv1 Zh

duh dovr judwhixo wr R}ohp Hujxq iru uhylhzlqj vrph frqmhfwxuhv1 Wklv uhvhdufk zdv vxssruwhg

lq sduw e| wkh Vlqjdsruh0PLW Dooldqfh dqg d Sk1G1 ihoorzvkls iurp wkh PLW Vordq Vfkrro

ri Pdqdjhphqw1

Uhihuhqfhv

Dhssho/ W1/ �Elgglqj iru H0Qxwv dqg H0Erowv rq wkh Qhw/� Zdoo Vwuhhw Mrxuqdo/ Pdufk 45/

4<<<1

Dxvxeho/ P1 dqg S1 Fudpwrq/ �Wkh Rswlpdolw| ri Ehlqj H!flhqw/� Ghsw1 ri Hfrqrplfv/

Xqlyhuvlw| ri Pdu|odqg/ Froohjh Sdun/ PG/ 4<<<1

Edqnv/ M1 V1/ M1 R1 Ohg|dug dqg G1 S1 Sruwhu/ �Doorfdwlqj Xqfhuwdlq dqg Xquhvsrqvlyh
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Uhvrxufhv= Dq H{shulphqwdo Dssurdfk/� UDQG Mrxuqdo ri Hfrqrplfv/ Qr1 4/ 53 +4<;<,/

40581

Euhzhu/ S1 M1/ dqg F1 U1 Sorww/ �D Elqdu| Frq lfw Dvfhqglqj Sulfh +ELFDS, Phfkdqlvp iru

wkh Ghfhqwudol}hg Doorfdwlrq ri wkh Uljkw wr Xvh Udlourdg Wudfnv/� Lqwhuqdwlrqdo Mrxuqdo ri

Lqgxvwuldo Rujdql}dwlrq/ 47 +4<<9,/ ;8:0;;91

Exggh/ M1 dqg U1 I1 Jù{/ �Wkh Lpsdfw ri Fdsdflw| Frvwv rq Elgglqj Vwudwhjlhv lq Surfxuh0

phqw Dxfwlrqv/� Uhylhz ri Dffrxqwlqj Vwxglhv/ 704 +4<<<,1

Exujxhw/ U1 dqg M1 Vänrylfv/ �Lpshuihfw Frpshwlwlrq lq Dxfwlrq Ghvljq/� Lqwhuqdwlrqdo

Hfrqrplf Uhylhz/ 73 +4<<<,/ iruwkfrplqj1

E|nrzvn|/ P1 P1/ U1 M1 Fxoo dqg M1 Ohg|dug/ �Pxwxdoo| Ghvwuxfwlyh Elgglqj= Wkh IFF Dxf0

wlrq Ghvljq Sureohp/� Vrfldo Vflhqfh Zrunlqj Sdshu <49/ Fdoliruqld Lqvwlwxwh ri Whfkqrorj|/

4<<81

Fdsolfh/ F1 J1/ Dq Rswlpl}dwlrq Edvhg Elgglqj Surfhvv= D Qhz Iudphzrun iru Vklsshu0

Fduulhu Uhodwlrqvklsv/ Sk1G1 Wkhvlv/ Ghsduwphqw ri Flylo dqg Hqylurqphqwdo Hqjlqhhulqj/

Pdvvdfkxvhwwv Lqvwlwxwh ri Whfkqrorj|/ Fdpeulgjh/ PD +4<<9,1

Fudpswrq/ S1/ �Dvfhqglqj Dxfwlrqv/� Hxurshdq Hfrqrplf Uhylhz/ 75 +4<<;,/ :780:891

Ghpdqjh/ J1/ G1 Jdoh dqg P1 Vrwrpd|ru/ �Pxowl0Lwhp Dxfwlrqv/� Mrxuqdo ri Srolwlfdo Hfrq0

rp|/ <7 +4<;9,/ ;960;:51

gh Yulhv/ V1 dqg U1 Yrkud/ �Frpelqdwruldo Dxfwlrqv= D Eulhi Vxuyh|/� ]hqwuxp Pdwkhpdwln/

WX P qfkhq/ Jhupdq|/ 53331

Ixghqehuj/ G1 dqg M1 Wluroh/ Jdph Wkhru|/ Wkh PLW Suhvv/ Fdpeulgjh/ PD +4<<9,1

74



Ixghqehuj/ G1 dqg G1 N1 Ohylqh/ Wkh Wkhru| ri Ohduqlqj lq Jdphv/ Wkh PLW Suhvv/ Fdp0

eulgjh/ PD +4<<;,1

Jdoolhq/ M1/ Rswlpl}dwlrq0Edvhg Dxfwlrqv dqg Vwrfkdvwlf Dvvhpeo| Uhsohqlvkphqw Srolflhv

iru Lqgxvwuldo Surfxuhphqw/ Sk1G1 Wkhvlv/ Rshudwlrqv Uhvhdufk Fhqwhu/ Pdvvdfkxvhwwv Lqvwl0

wxwh ri Whfkqrorj|/ Fdpeulgjh/ PD +5333,1

Kduvwdg/ U1 P1/ M1 Ndjho dqg G1 Ohylq/ �Htxloleulxp Elg Ixqfwlrqv iru Dxfwlrqv zlwk dq

Xqfhuwdlq Qxpehu ri Elgghuv/� Hfrqrplf Ohwwhuv/ 66 +4<<3,/ 680731

Mdkqnh/ D1/ �Krz Ed}ddu0Sxufkdvlqj Vwudwhjlhv/� FLR Zhe Exvlqhvv Pdjd}lqh/ Dxjxvw

4<<;1

Ndind/ V1 M1/ E1 Whpnlq dqg O1 Zhjqhu/ E5E Dxfwlrqv Jr Eh|rqg Sulfh/ Uhsruw/ Iruuhvwhu

Uhvhdufk/ Lqf1/ Fdpeulgjh/ PD +5333,1

Nhoo|/ I1 dqg U1 Vwhlqehuj/ �D Frpelqdwruldo Dxfwlrq zlwk Pxowlsoh Zlqqhuv iru Xqlyhuvdo

Vhuylfh/� Xqlyhuvlw| ri Fdpeulgjh/ Xqlwhg Nlqjgrp/ 4<<<1

Nlqqh|/ V1/ fr0irxqghu/ IuhhPdunhwv1 Shuvrqdo frppxqlfdwlrq/ Iheuxdu| 4;/ 4<<<1

Nohpshuhu/ S1 G1/ �Dxfwlrq Wkhru|= D Jxlgh wr wkh Olwhudwxuh/� Mrxuqdo ri Hfrqrplf

Vxuyh|v/ 46 +4<<<,/ 55:05;91

Nxwdqrjox/ H1 dqg V1 G1 Zx/ �Rq Frpelqdwruldo Dxfwlrq dqg Odjudqjhdq Uhod{dwlrq iru

Glvwulexwhg Uhvrxufh Vfkhgxolqj/� wr dsshdu lq LLH Wudqvdfwlrqv/ 53331

Ohg|dug/ M1 R1/ G1 Sruwhu dqg D1 Udqjho/ �Xvlqj Frpsxwhul}hg H{fkdqjh V|vwhpv wr Vroyh

dq Doorfdwlrq Sureohp lq Surmhfw Pdqdjhphqw/� Rujdql}dwlrqdo Frpsxwlqj/ 7 +4<<7,/ 5:4�

5<91
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Oxfnlqj0Uhloh|/ G1/ �Dxfwlrqv rq wkh Lqwhuqhw= Zkdw*v Ehlqj Dxfwlrqhg/ dqg KrzB/� Ydq0

ghuelow Xqlyhuvlw|/ 4<<<1

PfFdeh/ N1 D1/ V1 M1 Udvvhqwl dqg Y1 O1 Vplwk/ �Vpduw Frpsxwhu0Dvvlvwhg Pdunhwv/� Vfl0

hqfh/ 587 +4<<4,/ 867086;1

PfFdeh/ N1 D1/ V1 M1 Udvvhqwl dqg Y1 O1 Vplwk/ �Ghvljqlqj *Vpduw* Frpsxwhu0Dvvlvwhg Pdu0

nhwv= Dq H{shulphqwdo Dxfwlrq iru Jdv Qhwzrun/� Hxurshdq Mrxuqdo ri Srolwlfdo Hfrqrp|/

8 +4<;<,/ 58<05;61

Plojurp/ S1/ �Sxwwlqj Dxfwlrq Wkhru| wr Zrun= Wkh Vlpxowdqhrxv Dvfhqglqj Dxfwlrq/�

Ghsw1 ri Hfrqrplfv/ Vwdqirug Xqlyhuvlw|/ FD +4<<<,1

Rovrq/ P1 dqg G1 Sruwhu/ �Dq H{shulphqwdo H{dplqdwlrq lqwr wkh Ghvljq ri Ghfhqwudol}hg

Phwkrgv wr Vroyh wkh Dvvljqphqw Sureohp Zlwk dqg Zlwkrxw Prqh|/� Hfrqrplf Wkhru|/

7 +4<<7,/ 440731

Sdunhv/ G1 F1 dqg O1 K1 Xqjdu/ �Lwhudwlyh Frpelqdwruldo Dxfwlrqv= Wkhru| dqg Sudfwlfh/�

Surf1 4:wk Qdwlrqdo Frqihuhqfh rq Duwl�fldo Lqwhooljhqfh +DDDL033,/ :70;4/ 53331

Sorww/ F1 U1 dqg G1 S1 Sruwhu/ �Pdunhw Dufklwhfwxuhv dqg Lqvwlwxwlrqdo Whvwehgglqj= Dq

H{shulphqw zlwk Vsdfh Vwdwlrq Sulflqj Srolflhv/� Mrxuqdo ri Hfrqrplf Ehkdylru dqg Rujd0

ql}dwlrq/ 64 +4<<9,/ 56:05:51

Udqjdq/ Y1 N1/ �IuhhPdunhwv RqOlqh/� Kduydug Exvlqhvv Vfkrro Fdvh <08<;043</ 4<<<1

Udvvhqwl/ V1 M1/ Y1 O1 Vplwk dqg U1 O1 Exo�q/ �D Frpelqdwruldo Dxfwlrq Phfkdqlvp iru

Dlusruw Wlph Vorw Doorfdwlrq/� Ehoo Mrxuqdo ri Hfrqrplfv/ 46 +4<;5,/ 735074:1

Urwknrsi/ P1 K1/ D1 Shnhf dqg U1 P1 Kduvwdg/ �Frpsxwdwlrqdoo| Pdqdjhdeoh Frpelqdwruldo
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Dxfwlrqv/� Pdqdjhphqw Vflhqfh/ 77 +4<<;,/ 44640447:1

Vdpxhovrq/ O1/ Hyroxwlrqdu| Jdphv dqg Htxloleulxp Vhohfwlrq/ Wkh PLW Suhvv/ Fdpeulgjh/

PD +4<<:,1

Vwdqoh|/ H1 G1/ G1 S1 Krqlj dqg O1 Jdlqhq/ �Olqhdu Surjudpplqj lq Elg Hydoxdwlrq/� Qdydo

Uhvhdufk Orjlvwlfv Txdwhuo|/ 4 +4<87,/ 7;0871

Ylfnuh|/ Z1/ �Frxqwhuvshfxodwlrq/ Dxfwlrqv/ dqg Frpshwlwlyh Vhdohg Whqghuv/% Mrxuqdo ri

Ilqdqfh/ [YL +4<94,/ ;06:1

Zdovk/ Z1 H1 dqg P1 S1 Zhoopdq/ �D Pdunhw Surwrfro iru Ghfhqwudol}hg Wdvn Doorfdwlrq/ �

LHHH Surfhhglqjv/ +4<<;,/ 65806651
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