
Wkh Rujdqlvdwlrq ri Jryhuqphqw
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Devwudfw

Uhfhqw uhirupv ri sxeolf vhfwru zhoiduh surylvlrq kdyh lqwurgxfhg
frpshwlwlrq ehwzhhq sxeolf vhfwru vxssolhuv1 Lq wklv sdshu zh dqdo|vh
zkhq d vhoi0lqwhuhvwhg srolwlfldq zloo lqwurgxfh frpshwlwlrq1 Surihv0
vlrqdov zkr vxsso| zhoiduh vhuylfhv uhfhlyh d sulydwh ehqh�w iurp zrun0
lqj exw pd| sxw gl�huhqw zhljkwlqj rq wkh w|shv ri fxvwrphuv iurp
wkhlu sursruwlrqv lq wkh srsxodwlrq1 Zkhq sxeolf vxssolhuv kdyh wr
frpshwh iru frqwudfwv wkh ohyho ri h�ruw lv lqfuhdvhg1 Pruh lpsru0
wdqwo|/ wkh edodqfh ri h�ruw lv dowhuhg1 Frpshwlwlrq irufhv surihvvlrq0
dov wr doorfdwlrq ri h�ruw wkdw ehwwhu uhsuhvhqwv wkh sursruwlrqv lq wkh
srsxodwlrq1 Krzhyhu/ frpshwlwlrq zloo dovr eh pruh h{shqvlyh wkdq
d vlqjoh sxeolf vxssolhu dv d uhvxow ri wkh lqfuhdvh lq txdolw|1 D vhoi0
lqwhuhvwhg srolwlfldq zloo fkrrvh frpshwlwlrq rqo| li wkhvh dgglwlrqdo
frvwv duh rxwzhljkhg e| wkh ehqh�wv1

�Wklv sdshu kdg hduolhu wlwoh �Doorfdwlrq ri H�ruw lq Jryhuqphqw Exuhdxfudflhv�1 Zh
wkdqn Kdqv Jhuvedfk/ Ehqwoh| PdfOhrg dqg vhplqdu sduwlflsdqwv dw Eluplqjkdp/ Hvvh{/
HVVHW lq Jhu}hqvhh/ HDULH frqihuhqfh lq Frshqkdjhq/ dqg UHV frqihuhqfh lq Qrwwlqj0
kdp iru ydoxdeoh frpphqwv1
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4 Lqwurgxfwlrq
Wkh sdvw 48 |hduv kdv vhhq zlghvsuhdg uhirup ri wkh surgxfwlrq ri vhuylfhv
e| jryhuqphqw1 Zkhuh frqvxphuv sd| gluhfwo| iru wkh jrrgv ru vhuylfhv/
uhirup kdv riwhq wdnhq wkh irup ri sulydwlvdwlrq1 Exw uhirupv kdyh dovr ehhq
lqwurgxfhg zkhuh wkh �qdqfh iru wkh vhuylfh uhpdlqv sxeolf/ iru h{dpsoh lq
khdowk/ hgxfdwlrq dqg orfdo jryhuqphqw vhuylfhv1 Rqh frpprq w|sh ri uhirup
ri wkhvh vhuylfhv lv wkh lqwurgxfwlrq ri lqwhuqdo ru *txdvl0pdunhwv*1 Wkhvh
uhirupv kdyh wzr nh| hohphqwv1 Wkh �uvw lv vhsdudwlrq ri wkh surgxfwlrq ri
wkh vhuylfh iurp lwv �qdqflqj1 Wkh vhfrqg lv fuhdwlrq ri vwuxfwxuhv wr doorz
frpshwlwlrq ehwzhhq sxeolf vxssolhuv ri vhuylfhv +Oh Judqg 4<<4,1

Wkh vhuylfhv zkhuh txdvl0pdunhw uhirupv kdyh ehhq lqwurgxfhg vkduh fhu0
wdlq nh| ihdwxuhv1 Iluvw/ d pl{wxuh ri pdunhw idloxuh dqg htxlw| frqfhuqv
phdqv �qdqfh lv suhgrplqdqwo| iurp wkh sxeolf sxuvh/ vr uhvsrqvlelolw| iru
�qdqfh uhpdlqv zlwk srolwlfldqv1 Vhfrqg/ wkh vxssolhuv ri wkh vhuylfh whqg wr
eh surihvvlrqdov= grfwruv/ whdfkhuv/ vrfldo zrunhuv1 Surihvvlrqdov pd| ghulyh
ehqh�w iurp surylglqj vhuylfhv dv sduw ri wkhlu mre vdwlvidfwlrq ru iru fduhhu
frqfhuqv1 Exw wkh| pd| dovr ydoxh gl�huhqw dvshfwv ri vhuylfh surylvlrq gli0
ihuhqwo| wr wkh jhqhudo srsxodwlrq1 Grfwruv pd| qrw eh yhu| lqwhuhvwhg lq wkh
surylvlrq ri urxwlqh vhuylfhv/ exw pruh lqwhuhvwhg lq lqqrydwlyh vhuylfhv1 Rq
wkh rwkhu kdqg/ prvw ri wkh srsxodwlrq uhtxluh urxwlqh vhuylfhv/ udwkhu wkdq
lqqrydwlrq1 Wklug/ wkh rxwsxw ri wkhvh surylghuv lv jhqhudoo| xqyhul�deoh/
hyhq li lw pd| eh revhuyhg1 D frqvxphu pd| nqrz zkhwkhu khu rshudwlrq
zrunhg/ exw jhqhudoo| vkh fdqqrw h{dfwo| phdvxuh wkh ydoxh dgghg e| wkh
vhuylfh surylghu1 Irxuwk/ frqvxphuv ri wkhvh vhuylfhv duh khwhurjhqhrxv/ dqg
ehqh�w iurp vhuylfhv wr d gl�huhqw dprxqw1

Uhirupv duh lqwurgxfhg e| srolwlfldqv1 Wklv sdshu frqvlghuv zk| d vhoi0
lqwhuhvwhg srolwlfldq zrxog vhhn wr uhsodfh d vlqjoh sxeolf vxssolhu zlwk sur0
ylvlrq e| frpshwlqj sxeolf vxssolhuv41 Zh irfxv rq d vshfl�f fdvh= wkh
lqwurgxfwlrq ri frpshwlwlrq xqghu duudqjhphqwv zkhuh frpshwlqj vxssolhuv
ri vhuylfhv fdqqrw vhohfw frqvxphuv/ exw pxvw vhuyh doo wkrvh doorfdwhg wr
wkhp e| wkh sxufkdvlqj dxwkrulw|1 Zh doorz wkh vxssolhuv* zhljkwlqj ri wkh

4Vkohlihu dqg Ylvqk| +4<<7, dqg Er|fnr hw do +4<<9, dqdo|vh sulydwlvdwlrq ghflvlrq ri
d vhoi0lqwhuhvwhg srolwlfldq1
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ehqh�w ri vhuylqj wkh gl�huhqw w|shv lq wkh srsxodwlrq wr gl�hu iurp wkdw ri
wkh ghpdqghuv ri wkh vhuylfh1

Zh �qg wkh lqwurgxfwlrq ri frpshwlwlrq iru frqwudfwv lqgxfhv vxssolhuv wr
lqfuhdvh h�ruw1 Lq dgglwlrq/ wkh| zloo dowhu wkh edodqfh ri wkhlu h�ruw wrzdugv
wkrvh vhuylfhv idyrxuhg e| wkh srolwlfldq dqg dzd| iurp wkrvh wkh| jhw prvw
sulydwh uhzdug iurp1 Wklv zloo lqfuhdvh srolwlfdo ehqh�w1 Exw frpshwlwlrq
zloo dovr eh pruh h{shqvlyh wkdq d vlqjoh vxssolhu dv uhvxow ri wkh lqfuhdvh lq
h�ruw vshqw rq lpsurylqj txdolw|1 Wklv zloo udlvh wd{hv dqg lqfuhdvh srolwlfdo
frvwv1 D vhoi0lqwhuhvwhg srolwlfldq zloo fkrrvh wr lqwurgxfh frpshwlwlrq rqo|
li wkhvh dgglwlrqdo frvwv duh rxwzhljkhg e| wkh ehqh�wv1

Ghvslwh d zlghvsuhdg lqwhuhvw lq lqfuhdvlqj wkh uroh iru lqfhqwlyhv lq sxeolf
vhfwru rujdqlvdwlrqv wkhuh kdv ehhq olwwoh irupdo dqdo|vlv ri wkh lqwurgxfwlrq
ri frpshwlwlrq zlwklq jryhuqphqw1 Exw wkhuh lv d jurzlqj olwhudwxuh zklfk
dvnv krz rzqhuvkls vwuxfwxuh fdq surylgh lqfhqwlyhv wr zklfk wkh suhvhqw
sdshu lv uhodwhg1 Lq frpprq zlwk wkhvh sdshuv zh wdnh dq wkh lqfrpsohwh
frqwudfwlqj shuvshfwlyh ri Jurvvpdq dqg Kduw +4<;9, dqg Kduw dqg Prruh
+4<<3,1 Kduw hw do +4<<:, h{dplqh wkh fkrlfh ehwzhhq sxeolf dqg sulydwh
vxssolhuv lq zhoiduh vhuylfhv zkloh rxu irfxv lv rq sxeolf vxssolhuv1 Lq d
uhodwhg sdshu Erowrq dqg [x +4<<<, dqdo|vh wkh h�hfwv ri frpshwlwlrq lq dq
lqfrpsohwh frqwudfwv iudphzrun1 Wkhlu sdshu frqvlghuv frpshwlwlrq ehwzhhq
hpsor|hhv erwk zlwklq dqg ehwzhhq �upv1 Lq frqwudvw/ rxu sdshu dqdo|vhv
frpshwlwlrq lq wkh surgxfw pdunhw1

Wkh suhvhqw sdshu lv dovr forvh wr wkh olwhudwxuh rq sulqflsdo0djhqw prghov
zkhuh djhqwv kdyh pxowlsoh wdvnv1 Kropvwuùp dqg Plojurp +4<<4, vkrz
krz lqfhqwlyh sd| vhuyhv wr gluhfw wkh doorfdwlrq ri wkh djhqwv* h�ruw1 Wkh|
vkrz wkdw d �{hg zdjh fdq eh rswlpdo li vrph dvshfwv ri shuirupdqfh duh
xqphdvxudeoh dqg wkh djhqw lv lqgl�huhqw ehwzhhq w|shv ri h�ruw1 Lq wkrvh
flufxpvwdqfhv kljk0srzhuhg lqfhqwlyhv zrxog ohdg wkh djhqw wr frqfhqwudwh
rq wkh phdvxudeoh wdvnv dqg wr ljqruh wkh xqphdvxudeoh dvshfwv1 Lq wklv
sdshu/ zh dovr dvvxph wkdw wkh djhqwv olnh zrunlqj/ exw gr qrw dvvxph wkdw
wkh djhqwv duh lqgl�huhqw ehwzhhq w|shv ri wdvnv1 Rxu prgho dovr gl�huv
iurp Kropvwuùp dqg Plojurp lq wkdw zh dvvxph wkdw wkh dyhudjh ydoxh
ri wkh vhuylfh lv qrw yhul�deoh dowkrxjk lw lv revhuydeoh1 Revhuydelolw| ri
wkh dyhudjh ydoxh lv hqrxjk iru frpshwlwlrq wr surylgh lqfhqwlyhv zkloh iru
yduldeoh zdjh wr eh xvhg wkh ydoxhv ri gl�huhqw wdvnv kdyh wr eh yhul�deoh1

Wkh suhvhqw sdshu h{dplqhv khdowk fduh/ dqg wkhuh lv d odujh olwhudwxuh
rq frqwudfwlqj lq khdowk fduh1 Exw lw irfxvhv qrw rq lqvwlwxwlrqdo ghvljq/
exw rq wkh lvvxh ri xqrevhuydelolw| ri txdolw| ri fduh dqg lwv lpsolfdwlrqv
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iru frqwudfw ghvljq1 Zkhuh sdwlhqwv revhuyh txdolw|/ sdwlhqw ghpdqg fdq eh
xvhg lq frqmxqfwlrq zlwk d pl{wxuh ri frvw edvhg dqg survshfwlyh sd|phqwv
wr lqgxfh wkh dssursuldwh ohyho ri txdolw| +h1j1 Hoolv dqg PfJxluh 4<;9,1
Pd +4<<7, vkrzv wkdw xqghu fhuwdlq frqglwlrqv survshfwlyh sd|phqwv fdq
dfklhyh erwk h!flhqw txdolw| dqg h!flhqw h�ruw wr uhgxfh frvwv1 Fkdonh|
dqg Pdofrpvrq +4<<;d, kdyh h{whqghg wklv olwhudwxuh wr wkh vshfl�f vhwwlqj
ri wkh XN txdvl0pdunhw uhirupv lq khdowk fduh1 Wkh| vkrz wkdw d �{hg sulfh
frqwudfw fdq lqgxfh d krvslwdo wr wuhdw wkh qxpehu ri sdwlhqwv d jryhuqphqw
ex|hu +sxufkdvhu, zdqwv wuhdwhg dw dq| txdolw| ohyho wkh sxufkdvhu zdqwv dqg
zlwk h!flhqw h�ruw wr uhgxfh frvwv zlwkrxw gluhfw prqlwrulqj ri frvwv dqg
h�ruw/ surylghg txdolw| kdv rqo| rqh glphqvlrq dqg wkdw lw lv srvvleoh wr
prqlwru erwk wkh dfwxdo qxpehu ri sdwlhqwv wuhdwhg dqg wkrvh zdlwlqj iru
wuhdwphqw dw d vlqjoh vxssolhu1 Fkdonh| dqg Pdofrpvrq +4<<;e, vkrz wkdw
zkhuh sdwlhqwv dqg sxufkdvhuv gr qrw kdyh wkh vdph udqnlqj ri glphqvlrqv
ri txdolw|/ vxfk d frqwudfw zloo qrw qhfhvvdulo| dfklhyh erwk h!flhqw txdolw|
dqg h�ruw1

Rxu dssurdfk lv udwkhu gl�huhqw1 Zh dvvxph d �{hg sulfh frqwudfw dqg ir0
fxv rq wkh lpsdfw ri frpshwlwlrq rq wkh txdolw| dqg pl{ ri vhuylfhv gholyhuhg
lq d vlwxdwlrq zkhuh wkh sxufkdvhu ex|v iru khwhurjhqhrxv frqvxphuv rq wkh
edvlv ri wkh ydoxh ri wkh vhuylfh wr wkh frqvxphu1 Zh dvvxph wkh sxufkdvhu
dfwv dv d shuihfw djhqw iru wkh frqvxphu/ dqg wkdw wkh exgjhw lv hqgrjhqrxv
dqg ghwhuplqhg e| wkh txdolw| ri wkh fduh gholyhuhg e| wkh vxssolhu ri fduh1
Lw lv wkh srolwlfldq zkr fduhv derxw wkh qhw ehqh�wv/ lq rwkhu zrugv/ erwk wkh
txdolw| ri vhuylfh surylghg wr hdfk w|sh ri frqvxphu dqg lwv frvw1

Wkh rujdqlvdwlrq ri wkh sdshu lv dv iroorzv1 Wkh qh{w vhfwlrq rxwolqhv wkh
XNQdwlrqdo Khdowk Vhuylfh txdvl0pdunhw uhirupv1 Wkh wklug vhfwlrq suhvhqwv
wkh prgho1 Wkh irxuwk vhfwlrq h{dplqhv vhuylfh surylvlrq zlwkrxw frpshwl0
wlrq zkloh wkh �iwk vhfwlrq frqfhqwudwhv rq frpshwlwlrq1 Wkh vl{wk vhfwlrq
dqdo|vhv wkh rswlpdo lqvwlwxwlrq1 Wkh vhyhqwk vhfwlrq h{dplqhv zkhwkhu lq0
fhqwlyhv fdq eh lpsuryhg e| doorzlqj pruh frpsoh{ sulflqj duudqjhphqwv1
Wkh �qdo vhfwlrq frqfoxghv1

5 Txdvl0pdunhw uhirupv
Sulru wr wkh odwh 4<;3v wkh lq0nlqg ehqh�wv 0 khdowk fduh/ hgxfdwlrq/ vrfldo vhu0
ylfhv dqg vrfldo uhqwhg krxvlqj 0 ri wkh XN +dqg vhyhudo rwkhu Hxurshdq, zho0
iduh vwdwhv zhuh ixqghg wkurxjk wd{dwlrq dqg gholyhuhg e| vhuylfh surylghuv
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zkr zhuh sduw ri hlwkhu d fhqwudo ru d orfdo jryhuqphqw ghsduwphqw1 Lq wkh
XN/ hdfk vhuylfh surylghu zdv uhvsrqvleoh iru doo vhuylfhv gholyhuhg lq d orfdo
uhjlrq1 Vhuylfh xvhuv kdg olwwoh ru qr fkrlfh ri vhuylfh surylghu dv wkh orfdo
surylghu vhuyhg lwv orfdo srsxodwlrq51 Vwdqgdugv iru vhuylfh surylvlrq dqg iru
vhuylfh lqsxwv zhuh ghwhuplqhg e| wkh fhqwudo jryhuqphqw plqlvwu| uhvsrqvl0
eoh iru surylvlrq ri wkh vhuylfh zlwk vrph orfdo srolwlfdo frqwuro1 Prqlwrulqj
ri vhuylfh surylghuv zdv sulpdulo| rq wkh edvlv ri xvh ri lqsxwv/ ru lq vrph
fdvh wkurxjksxwv h1j1 qxpehu ri whdfkhuv hpsor|hg dqg qxpehu ri hslvrghv
ri wuhdwphqw jlyhq1

Vxfk duudqjhphqwv zhuh fulwlflvhg iru ehlqj xquhvsrqvlyh wr vhuylfh xvhuv
dqg lqh!flhqw1 Wkh XN jryhuqphqw lq wkh odwh 4<;3v lqwurgxfhg d vhw ri
uhirupv zklfk wrrn vlplodu irupv dfurvv wkh gl�huhqw vhuylfhv/ dqg kdyh ehhq
iroorzhg lq rwkhu frxqwulhv/ sduwlfxoduo| lq khdowk fduh1 Wkhvh *txdvl0pdunhw*
uhirupv pdlqwdlq wd{ �qdqfh/ exw fkdqjh wkh irup ri vhuylfh surylghu dqg
wkh olqn ehwzhhq ixqglqj dqg surylvlrq1 Vhuylfh ixqglqj lv vhsdudwhg iurp
vhuylfh surylvlrq1 Zh irfxv khuh rq wkh txdvl0pdunhw iru khdowk fduh/ exw
pdq| ri wkh ihdwxuhv duh frpprq wr rwkhu txdvl0pdunhwv1

514 Wkh txdvl0pdunhw khdowk fduh uhirupv

Wkh uhirupv gh�qhg rujdqlvdwlrqv uhvsrqvleoh iru ex|lqj wkh vhuylfh1 Wkhvh
*sxufkdvhuv* duh doorfdwhg wd{ ixqgv rq wkh edvlv ri qhhg +sulpdulo| ghpr0
judsklf fkdudfwhulvwlfv, e| jryhuqphqw1 Wkh sxufkdvhuv ex| vhuylfhv iru doo
xvhuv zkr idoo zlwklq wkhlu jhrjudsklfdo mxulvglfwlrq61 Frpshwlwlrq iru wkh
sxufkdvhu ixqfwlrq zdv qrw sduw ri wkh uhirup sdfndjh1 Sxufkdvhuv pd| ex|
vhuylfhv iurp zklfkhyhu vxssolhuv wkh| zlvk wr frqwudfw zlwk +lqfoxglqj wkrvh
lq wkh sulydwh vhfwru,1 Sxufkdvhuv pxvw frqwudfw iru khdowk fduh iru doo wkh
srsxodwlrq wkh| duh uhvsrqvleoh/ dqg pd| qrw vhohfw wkhlu srsxodwlrqv rq wkh
edvlv ri ulvn1 Lq rwkhu zrugv/ wkh| pxvw ex| fduh iru d khwhurjhqhrxv vhw ri
vhuylfh xvhuv1

Wkh suhylrxv prqrsro| vxssolhuv zhuh eurnhq xs lqwr vwdqg0dorqh hqwl0
wlhv zlwklq wkh sxeolf vhfwru1 Wkhlu ixqglqj qr orqjhu frphv gluhfw iurp

5Wkhuh duh vrph plqru h{fhswlrqv= iru h{dpsoh/ lq sulpdu| khdowk fduh wkh xvhu kdg
olplwhg fkrlfh ri idplo| grfwru> lq hgxfdwlrq sduhqwv kdg vrph fkrlfh ryhu vfkrrov lq wkh
fdwfkphqw duhd lq zklfk wkh| olyhg1

6D vxevhw ri sxufkdvhuv zhuh sulpdu| fduh sk|vlfldqv zkr fryhuhg doo wkhlu sdwlhqwv1
Vlqfh wkhuh lv olwwoh frpshwlwlrq ehwzhhq sk|vlfldqv iru sdwlhqwv/ hvvhqwldoo| wkh sdwlhqw
jurxs lv suhghwhuplqhg e| jhrjudsk|1
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wkh fhqwudo plqlvwu| exw lv ghwhuplqhg e| frqwudfwv zrq iurp sxufkdvhuv1
Dv sxufkdvhuv duh qrw uhvwulfwhg lq wkhlu fkrlfh ri vxssolhu/ frpshwlwlrq kdv
ehhq lqwurgxfhg rq wkh vxsso| vlgh +Sursshu 4<<9,1 Dv orfdwlrq lv dq lpsru0
wdqw frpsrqhqw ri khdowk fduh/ frpshwlwlrq lv ehwzhhq d olplwhg qxpehu ri
surylghuv1

Wkh uhirupv kdyh jlyhq pdqdjhuv ri krvslwdov juhdwhu frqwuro uljkwv wkdq
xqghu wkh suhylrxv duudqjhphqwv1 Gluhfw orfdo srolwlfdo frqwuro ri krvslwdov
kdv ehhq uhgxfhg dqg srolwlfldqv kdyh vwuhvvhg wkdw wkh uhvsrqvlelolw| iru orfdo
vhuylfhv uhvwv zlwk orfdo sxufkdvhuv dqg surylghuv1 Exw zkloh pdqdjhphqw
zhuh jlyhq juhdwhu frqwuro uljkwv ryhu lqsxwv/ rxwsxwv/ dqg sd|/ wkh rzq0
huvkls ri wkh sk|vlfdo dvvhwv zklfk wkh| xvh uhpdlqv lq wkh sxeolf vhfwru71
Pdqdjhuv duh vxemhfw wr fhqwudo plqlvwu| vfuxwlq| ri lqyhvwphqw ghflvlrqv
dqg frqwuro rq dffhvv wr fdslwdo pdunhwv1 Frqwuro ryhu fdvk  rzv ehwzhhq
�qdqfldo |hduv lv uhwdlqhg e| fhqwudo jryhuqphqw dqg sxeolf vxssolhuv duh
uhtxluhg wr euhdn0hyhq hdfk |hdu1 Wkh uhirupv wkhuhiruh fdq eh ylhzhg dv
vlplodu wr wkh frusrudwlvdwlrq hohphqw ri sulydwlvdwlrq surjudpv= rzqhuvkls
ri wkh dvvhw uhpdlqv zlwk wkh jryhuqphqw/ exw pdqdjhuv kdyh juhdwhu frqwuro
uljkwv1

Zlwklq d krvslwdo/ khdowk fduh vhuylfhv duh gholyhuhg e| surihvvlrqdov/
dqg vhuylfh txdolw| lv dq lpsruwdqw glphqvlrq ri wkh jrrg ehlqj gholyhuhg1
Txdolw| lv dovr lpsruwdqw wr wkh vhuylfh xvhu dqg wr wkh srolwlfldq zkr lv
uhvsrqvleoh iru vhuylfh gholyhu| lq d wd{ ixqghg v|vwhp1 Krzhyhu/ wkh txdo0
lw| glphqvlrqv wkdw duh ydoxhg e| vhuylfh surylghuv pd| qrw eh wkh vdph dv
wkrvh ydoxhg e| xvhuv ru wkhlu hohfwhg uhsuhvhqwdwlyhv1 Vhuylfh surylghuv kdyh
wkhlu rzq surihvvlrqdo qrupv= fduhhu dgydqfhphqw lv riwhq pdgh dffruglqj
wr wkhvh qrupv udwkhu wkdq wkrvh khog e| vhuylfh xvhuv ru srolwlfldqv1 Iru h{0
dpsoh/ wkh orqjhvw zdlwlqj olvwv lq wkh XN duh iru vhuylfhv zklfk duh ylhzhg
dv urxwlqh dqg zlwkrxw suhvwljh e| wkh phglfdo surihvvlrq/ vxfk dv kls uh0
sodfhphqwv/ fdwdudfw vxujhu| +Fxoolv hw do/ iruwkfrplqj, zkloh srolwlfldqv dqg
wkh jhqhudo sxeolf ylhz zdlwlqj olvwv iru vxfk frpprq lqwhuyhqwlrqv dv rqh
ri wkh eljjhvw sureohpv lq wkh XN khdowk vhuylfh1 Lq lqwurgxflqj wkh txdvl0
pdunhw uhirupv/ srolwlfldqv lq wkh XN dqg hovhzkhuh kdyh vwuhvvhg wkdw rqh
dlp lv wr lqfuhdvh wkh uhvsrqvlyhqhvv ri wkh vhuylfh wr wkh qhhgv ri sdwlhqwv=
wr lqwurgxfh lqfhqwlyhv wr dowhu wkh vhuylfh pl{ wrzdugv wkrvh vhuylfhv udwhg

7Wkh XN jryhuqphqw kdv vrxjkw wr lqfuhdvh sulydwh vhfwru �qdqfh lq hgxfdwlrq dqg
khdowk fduh/ exw frqwurov rq wkh xvh ri wklv �qdqfh duh yhu| vwulfw dqg wkh ohyhov yhu| vpdoo
lq uhodwlrq wr sxeolf vhfwru lqyhvwphqw1
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kljko| e| xvhuv1

6 Wkh prgho
Wkhuh duh wzr vxssolhuv +krvslwdov,/ 4 dqg 5/ hdfk uxq e| d pdqdjhu1 Wkhuh
duh wzr w|shv ri fxvwrphuv/ D dqg E +h1j1 ruglqdu| dqg xqxvxdo looqhvvhv,1
Sursruwlrq � ri wkh srsxodwlrq duh ri w|sh D/ sursruwlrq E�� �� ri w|sh E1
W|sh D lv pdmrulw|/ � � �

2
�

Wkh ydoxh ri wkh vxssolhu*v vhuylfh wr wkh fxvwrphuv ghshqgv rq wkh h�ruw/
e&� � ' �c 2c & ' �c�/ wkh pdqdjhu +P, h{huwv1 e&� 5 dfc .o1 Wkh ydoxh lv=

��� ' e�� iru w|sh D dqg

��� ' e�� iru w|sh E1

H�ruw lv xqrevhuydeoh dqg frvwv �
�
e�� c e

�
�

�
1 Zh dvvxph wkdw ��c �� : fc

���c ��� : fc ������ : E����
2 c �� Efc f� ' fc �� E.c.� $ 4 iru � ' �c�

dqg vxevfulswv ghqrwh �uvw dqg vhfrqg ghulydwlyhv�
P lv dvvxphg ulvn qhxwudo1 Lq dgglwlrq wr wkh prqhwdu| zdjh/ ��/ vkh

uhfhlyhv d sulydwh ehqh�w iurp wkh ydoxh ri wkh vhuylfh=

�
�
�
�
e��

�
c �

�
e��

��
' >�e

�
� n >�e

�
�

zkhuh >� n >� ' > dqg f � > � �� Sulydwh ehqh�w fdq eh lqwhusuhwhg dv
d irupdolvdwlrq ri mre vdwlvidfwlrq1 Sdudphwhu > ghqrwhv wkh ohyho ri surihv0
vlrqdolvp1 P lv d surihvvlrqdo zkr hqmr|v khu zrun exw pd| sxw gl�huhqw
zhljkwv rq wkh w|shv iurp wkh srsxodwlrq sursruwlrqv1 Lq sduwlfxodu/ P pd|
hqmr| wuhdwlqj xqxvxdo fdvhv +zlwklq d fhuwdlq looqhvv w|sh, pruh wkdq wkh
ruglqdu| rqhv1 Lq wklv fdvh f � >�

>
	 �1 Krzhyhu/ zh gr qrw uhvwulfw >�

>
wr eh

orzhu wkdq �c vr rxu dqdo|vlv dssolhv wr dq| suhihuhqfhv ri P1 Sulydwh ehqh�wv
fdq dowhuqdwlyho| eh lqwhusuhwhg dv dulvlqj iurp fduhhu frqfhuqv1 Vxffhvv lq
xqxvxdo fdvhv pd| eh lpsruwdqw iru fduhhu frqfhuqv1

Wkh rxwvlgh zdjh iru P lv }hur dqg wkhuhiruh vkh lv zloolqj wr sduwlflsdwh
iru dq| qrqqhjdwlyh xwlolw|1 P*v xwlolw| lv=

L� ' �� n�
�
�
�
e��

�
c �

�
e��

��
� �

�
e�� c e

�
�

�
Zh dvvxph d Krwhoolqj prgho zkhuh wkh wzr vxssolhuv duh orfdwhg dw wkh

h{wuhphv ri wkh xqlw lqwhuydo dfc �o1 Vxssolhu 4 lv orfdwhg dw 3 dqg vxssolhu 5 dw

:



41 Wkh fxvwrphuv ri hdfk w|sh duh xqlirupo| glvwulexwhg zlwk ghqvlw| rqh rq
wkh xqlw lqwhuydo1 D fxvwrphu ri w|sh & orfdwhg dw f � % � � uhfhlyhv xwlolw|
�&� � |% li vkh lv vxssolhg e| 4 dqg xwlolw| �&2 � | E�� %� li vkh lv vxssolhg
e| 51 Zh fdq wklqn ri wkh wudqvsruwdwlrq frvw dv hlwkhu olwhudoo| wkh frvw
ri wudqvsruwdwlrq ehwzhhq gl�huhqw jhrjudsklfdo orfdwlrqv ru ri uhsuhvhqwlqj
gl�huhqw wdvwhv1 Hdfk vxssolhu kdv d fdsdflw| ri rqh1

Vlqfh rxu dqdo|vlv frqfhqwudwhv rq wkh txdolw| ri wkh vhuylfh zh dvvxph
iru vlpsolflw| wkdw wkh surgxfwlrq frvwv duh }hur1

Srolwlfldq +S, uhfhlyhv d qrqfrqwudfwleoh srolwlfdo ehqh�w zklfk ghshqgv
rq wkh dyhudjh ydoxh ri wkh vhuylfh

�
�
�^��

�
� n �^2�

�
2 n E�� �� ^��

�
� n E�� �� ^2�

�
2

�
zkhuh ^� lv wkh txdqwlw| vxssolhg e| vxssolhu �1 Vlqfh zh kdyh d v|pphwulf
prgho wkh ydoxhv dqg pdunhw vkduhv duh htxdo dqg zh fdq vlpsoli| e| zulwlqj
�

�
��� n E�� �� ��

�
� Li wkh ydoxh ri wkh vhuylfh lv orz wkh srolwlfldq pd|

orvh wkh qh{w hohfwlrq dqg srolwlfdo ehqh�w lv orz1 Zkloh li wkh vhuylfh lv ri
kljk txdolw| S lv olnho| wr vwd| lq r!fh> srolwlfdo ehqh�w lv kljk1 Srolwlfdo
ehqh�w lv lqfuhdvlqj dqg frqfdyh lq wkh dyhudjh ydoxh ri wkh vhuylfh1 S dovr
kdv wr udlvh wd{hv wr sd| iru wkh vhuylfhv1 Wkh frvw ri wudqvihu A lv ( EA � �
Sduw ri wkh frvw dulvhv iurp wkh glvwruwlrqv lq wkh hfrqrp| fdxvhg e| wd{hv
zkloh sduw lv srolwlfdo= yrwhuv gr qrw olnh kljk wd{hv1 Wkh frvw lv lqfuhdvlqj
dqg frqyh{ lq wkh wudqvihu1

S ghvljqv wkh rujdql}dwlrq wr pd{lpl}h klv rzq xwlolw|1 Prqhwdu| wudqv0
ihuv +eulehv, ehwzhhq srolwlfldqv dqg pdqdjhuv duh loohjdo dqg xqhqirufhdeoh
dqg wkhuhiruh S lqghhg fkrrvhv dq rujdql}dwlrq wkdw pd{lpl}hv klv xwlolw|/ qrw
d mrlqw vxusoxv pd{lpl}lqj vwuxfwxuh1 S fdq fkrrvh wr lqwurgxfh frpshwlwlrq
ru qrw1 S*v xwlolw| lv=

T ' �
�
��� n E�� �� ��

�
�( EA �

Li wkhuh lv qr frpshwlwlrq hdfk vxssolhu jhwv wkh forvhvw kdoi ri fxvwrphuv1
Wkh vxssolhuv jhw wkhlu exgjhw gluhfwo| iurp S1

Zlwk frpshwlwlrq S ex|v wkh vhuylfh iru fxvwrphuv iurp frpshwlqj vxssol0
huv1 S*v ghflvlrq ghshqgv rq wkh dyhudjh txdolw| vljqdo �� ' ���� nE�� �� ���
dqg wdnhv lqwr dffrxqw wkh wudqvsruwdwlrq frvwv iru fxvwrphuv iurp gl�huhqw
orfdwlrqv1 Wkh dyhudjh ydoxh ri wkh vhuylfh lv revhuydeoh exw lv qrw yhul�0
deoh1 Vxssolhuv fdqqrw vhohfw wkh w|shv wkh| vhuyh exw uhfhlyh d txdqwlw|

;



ri fxvwrphuv wkdw ghshqgv rq wkh uhodwlyh ydoxh ri wkh vhuylfh dqg rq wkh
wudqvsruwdwlrq frvw1 Wklv lv d xqlyhuvdo vhuylfh dqg doo wkh sdwlhqwv zkr jhw
uhihuuhg wr d krvslwdo duh vhuyhg lq wkh hqg1 Wkh Krwhoolqj prgho jlyhv wkh
iroorzlqj ghpdqg ixqfwlrq=

^� E��c ��� '
�� � �� n |

2|
�

Wkh vxssolhu lv sdlg R shu fxvwrphu1 Srolwlfldq fkrrvhv R1 Lq Vhfwlrq : zh
h{whqg wklv dqg glvfxvv dowhuqdwlyh sulflqj vfkhphv1

Iljxuh 4 looxvwudwhv wkh wlpholqh dqg vxpv xs wkh prgho1

7 Qr frpshwlwlrq
Zlwkrxw frpshwlwlrq wkhuh lv qrwklqj frqwudfwleoh rq zklfk lqfhqwlyhv frxog
eh edvhg1 Erwk h�ruw dqg ydoxh ri wkh vhuylfh duh xqyhul�deoh1 Wkhuhiruh dq
h{ dqwh frqwudfw fdqqrw surylgh lqfhqwlyhv1 Qhlwkhu grhv h{ srvw edujdlqlqj
vlqfh h�ruwv duh vxqn1 P fdq eh �uhg e| S dw qr frvw zklfk lv zk| P grhv qrw
uhfhlyh dq| uhzdug iru khu h�ruw lq h{ srvw edujdlqlqj1 Dffruglqjo|/ lw lv rqo|
wkh sulydwh ehqh�wv wkdw surylgh lqfhqwlyhv zkhuh wkhuh lv qr frpshwlwlrq1

Pdqdjhu*v sureohp lv wr=

�@%
ie�� ce�� j

�� n �
�
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�
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�
c ���
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e�� c e
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Iluvw rughu frqglwlrqv jlyh=

>� � ��

�
e�� c e

�
�

�
' f +4,

>� � ��

�
e�� c e

�
�

�
' f +5,

Iurp wkhvh �uvw0rughu frqglwlrqv zh fdq vroyh iru vrph frpsdudwlyh vwdwlfv1
Iluvw/ kljkhu ohyho ri surihvvlrqdolvp +iru jlyhq suhihuhqfhv derxw doorfdwlrq,
lqfuhdvhv erwk h�ruwv1

_e��
_>

'
��� � ���

������ � E����
2 : f +6,

Vhfrqg/ kljkhu suhihuhqfh iru w|sh D +iru frqvwdqw >, lqfuhdvhv h�ruw iru
w|sh D dqg ghfuhdvhv h�ruw iru w|sh E1

<



_e��
_>�

'
��� n ���

������ � E����
2 : f +7,

_e��
_>�

'
� E��� n ����

������ � E����
2 	 f +8,

Li P jhwv pruh sulydwh ehqh�wv iurp w|sh D wkdq iurp w|sh E/ P zloo do0
orfdwh h�ruw pruh wrzdugv w|sh D1 Iluvw/ wkhuh lv wkh gluhfw h�hfw1 Kljkhu
>� lqfuhdvhv wkh pdujlqdo ehqh�w ri h�ruw iru w|sh D exw vlqfh > lv frq0
vwdqw >� pxvw eh orzhu dqg wkhuhiruh wkh pdujlqdo ehqh�w ri h�ruw iru w|sh
E ghfuhdvhv1 Vhfrqg/ wkhuh lv wkh lqgluhfw h�hfw1 Zkhq wkhuh duh qhjdwlyh
h{whuqdolwlhv ehwzhhq wkh wdvnv lqfuhdvlqj h�ruw iru w|sh D zloo lqfuhdvh wkh
pdujlqdo frvw iru w|sh E E��� : f�1 Wklv fdq uhvxow/ iru h{dpsoh/ iurp wlph
frqvwudlqwv1 Zlwk ixoo zrunordg h�ruw iru w|sh D fdq eh lqfuhdvhg rqo| dw
wkh h{shqvh ri w|sh E1 Wkhuhiruh wklv lqgluhfw h�hfw whqgv wr uh0hqirufh wkh
gluhfw h�hfw1 H�ruw lv doorfdwhg wrzdugv w|sh D vlqfh wkh pdujlqdo ehqh�w
iurp w|sh D kdv lqfuhdvhg/ dqg dgglwlrqdoo|/ wklv zloo lqfuhdvh wkh pdujlqdo
frvw ri w|sh E1 Vr h�ruw lv doorfdwhg hyhq ixuwkhu dzd| iurp w|sh E1

Li wkhuh duh srvlwlyh h{whuqdolwlhv ehwzhhq wkh wdvnv lqfuhdvlqj h�ruw iru
w|sh D pdnhv lw hdvlhu iru wkh pdqdjhu wr zrun zlwk w|sh E E��� 	 f�1
Srvlwlyh h{whuqdolwlhv frxog dulvh iurp ohduqlqj vsloo0ryhuv ehwzhhq wkh wdvnv1
Lq wklv fdvh wkh lqgluhfw h�hfw frxqwhudfwv wkh gluhfw h�hfw1 H�ruw iru w|sh D
lqfuhdvhv ehfdxvh lwv pdujlqdo ehqh�w lv kljkhu dqg wklv orzhuv wkh pdujlqdo
frvw ri w|sh E h�ruw1 Lq wklv fdvh wkh doorfdwlrq ri h�ruw dzd| iurp w|sh E
lv vpdoohu wkdq doorzlqj rqo| iru wkh sxuh gluhfw h�hfw1

Zh kdyh qrw lpsrvhg dvvxpswlrqv derxw wkh vljq ri ���1 D sodxvleoh
dvvxpswlrq lv wkdw zlwk orz ohyhov ri h�ruw lw lv qhjdwlyh l1h1 wkhuh duh srv0
lwlyh h{whuqdolwlhv ehwzhhq wkh wdvnv1 Srvlwlyh h{whuqdolwlhv fdq dulvh iurp
ohduqlqj dqg pruh ydulhg/ ohvv erulqj zrun1 Zlwk kljk ohyhov ri h�ruw wkh
wlph frqvwudlqwv vwduw wr nlfn lq dqg ��� wxuqv srvlwlyh1

S fdq rqo| sd| d �{hg zdjh wr P1 Vlqfh d �{hg zdjh grhv qrw surylgh
dq| lqfhqwlyhv wkhuh lv qr uhdvrq iru S wr sd| d srvlwlyh zdjh1 S vhwv �� ' f
dqg wklv dovr vdwlv�hv P*v sduwlflsdwlrq frqvwudlqw1

S*v xwlolw| lv=

L� ' �
�
���c� n E�� �� ��c�

�
�( Ef�

zkhuh vxshuvfulsw Q uhihuv wr qr frpshwlwlrq1
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8 Frpshwlwlrq
Zlwk frpshwlwlrq P*v sureohp lv wr fkrrvh h�ruwv dqg zdjhv wr pd{lplvh
khu xwlolw| vxemhfw wr wkh frqvwudlqw wkdw wkh vxssolhu fdqqrw pdnh orvvhv1
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i��ce�� ce�� j
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�
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e�� c e
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r�|� R^� E��c ���� �� � f

Wkh krul}rqwdo gl�huhqwldwlrq prgho jlyhv wkh iroorzlqj ghpdqg ixqfwlrq=

^� E��c ��� '
�� � �� n |

2|
+9,

zkhuh wkh dyhudjh ydoxh ri wkh vhuylfh lv=

�� ' ���� n E�� �� ���

P lv lq h�hfw d uhvlgxdo fodlpdqw dqg wkhuhiruh wkh qr0orvv frqvwudlqw lv
dozd|v elqglqj1 Vr zh fdq zulwh P*v sureohp dv=
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Wkh rswlpdo h�ruw ohyhov duh jlyhq e| wkh iroorzlqj �uvw0rughu frqglwlrqv=
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R
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e�� c e
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E�� ��
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e�� c e
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Frpsdulqj wkhvh �uvw0rughu frqglwlrqv zlwk wkh rswlpdo fkrlfh ri h�ruw zlwk0
rxw frpshwlwlrq +htxdwlrqv E�� dqg E2�, zh vhh wkdw wkh rqo| gl�huhqfh lv wkh
�uvw whup1 Zlwk frpshwlwlrq kljkhu h�ruw iru w|sh D lqfuhdvhv wkh dyhudjh hi0
iruw e| � zklfk lqfuhdvhv wkh pdunhw vkduh e| �

2|
dqg dffruglqjo| wkh uhyhqxhv

ri wkh vxssolhu +zklfk fdq eh vshqw rq kljkhu zdjhv, lqfuhdvh1 Frpshwlwlrq
wkxv lqwurgxfhv prqhwdu| uhzdugv lq dgglwlrq wr sulydwh ehqh�wv1 Wkh prq0
hwdu| uhzdugv iru hdfk w|sh ghshqg rq wkh sursruwlrq ri wkdw w|sh lq wkh
srsxodwlrq1
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Lq wkh hqg ri wklv vhfwlrq zh dqdo|vh wkh rswlpdo fkrlfh ri R e| wkh
srolwlfldq1 Ehiruh wkdw zh h{dplqh krz fkdqjlqj wkh sulfh d�hfwv wkh ohyho
ri h�ruwv dqg wkh uhvxowlqj ydoxh ri wkh vhuylfh1 Vlqfh qr frpshwlwlrq lv
htxlydohqw wr frpshwlwlrq zlwk R ' f zh fdq �qg wkh h�hfwv ri frpshwlwlrq
rq txdolw| e| wrwdo gl�huhqwldwlrq zlwk uhvshfw wr R� Jlyhq wkh vljq ri _e&

�

_R
grhv

qrw ghshqg rq wkh ohyho ri R wrwdo gl�huhqwldwlrq doorzv xv wr pdnh joredo
frpsdulvrqv1 H1j1 li _e&

�

_R
lv srvlwlyh zh fdq frqfoxgh wkdw wkh ydoxh ri wkh

vhuylfh iru w|sh & lv kljkhu iru dq| srvlwlyh R frpsduhg wr wkh ydoxh uhvxowlqj
iurp R ' f� E| wrwdo gl�huhqwldwlrq zh rewdlq=

_e��
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Wkh �uvw revhuydwlrq lv wkdw wkh h�hfw ri lqwurgxflqj frpshwlwlrq kdv dq
dpeljxrxv h�hfw rq h�ruw dqg wkh uhvxowlqj txdolw| ri vhuylfh1 Frpshwlwlrq
grhv qrw qhfhvvdulo| lqfuhdvh txdolw| iru erwk w|shv1 Frpshwlwlrq pd| qrw
hyhq kdyh pxfk h�hfw dw doo1 Iurp wkhvh htxdwlrqv zh fdq vhh wkdw wkh txdolw|
lv yhu| xquhvsrqvlyh wr wkh lqwurgxfwlrq ri frpshwlwlrq li +l, wudqvsruwdwlrq
frvwv duh kljk +wkhq frpshwlwlrq lv yhu| zhdn, ru +ll, pdujlqdo frvw ri h�ruw lv
lqfuhdvlqj yhu| idvw +kljk ��� dqg ����1 Zlwk kljk lqlwldo zrunordgv wkhuh
lv qr vfrsh iru kljkhu h�ruw1

Sursrvlwlrq 4 vwdwhv rxu uhvxowv uhjduglqj wkh h�hfwv ri frpshwlwlrq rq
wkh txdolw| ri vhuylfh iru wkh gl�huhqw w|shv1

Sursrvlwlrq 4 Lqwurgxfwlrq ri frpshwlwlrq
+l, lqfuhdvhv wkh txdolw| ri wkh vhuylfh iru wkh pdmrulw|/
+ll, ghfuhdvhv wkh txdolw| ri wkh vhuylfh iru wkh plqrulw| li dqg rqo| li wkh

plqrulw| lv vpdoo E� � e�� dqg wkhuh duh qhjdwlyh h{whuqdolwlhv ehwzhhq wkh
wdvnv E��� : f�1

Surri1 Iru � ' �
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f� Wkhuhiruh wkh h{lvwv e� vxfk wkdw iru � 5
k
�
2
c e�� _e�

�

_R
: f dqg iru � 5 de�c �o

_e�
�

_R

r
' �����

Vxssrvh wkh plqrulw| lv yhu| vpdoo E� � �� � Wkhq frpshwlwlrq zloo lq0

fuhdvh wkh txdolw| iru wkh pdmrulw| dqg _e�
�

_R
kdv wkh vdph vljq dv E����� �

Doo wkh prqh| frphv iurp w|sh D dqg wkhuhiruh doo wkh dgglwlrqdo lqfhqwlyhv
frpshwlwlrq eulqjv duh iru w|sh D1 Li wkhuh duh srvlwlyh h{whuqdolwlhv ehwzhhq
wkh wdvnv dovr w|sh E zloo ehqh�w lqgluhfwo| iurp wkh uhirup dv kljkhu h�ruw
iru w|sh D orzhuv wkh pdujlqdo frvw ri vhuylqj w|sh E1 Zkloh zlwk qhjdwlyh
h{whuqdolwlhv wkh plqrulw| zloo jhw d orzhu txdolw| vhuylfh frpsduhg wr qr
frpshwlwlrq1

Zkhq wkh plqrulw| lv yhu| odujh
�
� ' �

2

�
erwk w|sh D dqg E eulqj prqh|

dqg wkhuhiruh frpshwlwlrq surylghv dgglwlrqdo lqfhqwlyhv iru erwk wdvnv dqg
hyhu|erg| zloo jhw d ehwwhu vhuylfh1

Wr vxppdulvh wkh h�hfwv ri frpshwlwlrq rq xvhuv dqg vxssolhuv wkh pd0
mrulw| w|sh dozd|v ehqh�wv iurp frpshwlwlrq/ zkloh wkh plqrulw| vx�huv li lw
lv vpdoo dqg wkh vxssolhuv douhdg| kdg ixoo zrun ordgv sulru wr wkh uhirup
+qhjdwlyh h{whuqdolwlhv,1 Wkh vxssolhuv kdyh orzhu mre vdwlvidfwlrq li wkh| olnh
wkh vpdoo plqrulw| dqg sxuh sulydwh ehqh�wv prwlydwh wkhp wr zrun yhu|
kdug1 Lq wkdw fdvh/ frpshwlwlrq fdqqrw pdnh wkhp zrun pxfk kdughu exw
wkh| kdyh wr doorfdwh h�ruw rq wdvnv wkh| gr qrw olnh dv pxfk1

Wkh frvw ri wkh vhuylfh lv hqgrjhqrxv1 Dffruglqjo| wd{hv duh htxdo wr wkh
vxssolhuv* uhyhqxhv1

A '
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R^� ' R
2[

�'�

^� ' R

Kdylqj ghwhuplqhg wkh h�hfw ri wkh sulfh rq wkh ydoxh ri wkh vhuylfh dqg
wd{ frvwv zh fdq zulwh S*v pd{lplvdwlrq sureohp dv=
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Wkh rswlpdo RW lv jlyhq e| wkh iroorzlqj Nxkq0Wxfnhu frqglwlrqv=
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+48,
Lw lv lpsruwdqw wr qrwh wkdw zh duh qrw dvvxplqj dq lqwhulru vroxwlrq iru R
exw lq idfw duh sduwlfxoduo| lqwhuhvwhg lq wkh fruqhu vroxwlrq R ' f� Wklv lv
glvfxvvhg lq wkh iroorzlqj vhfwlrq1

9 Rswlpdo lqvwlwxwlrq
Lq wklv vhfwlrq zh h{dplqh lq ghwdlo zkhq wkh rswlpdo sulfh lv vwulfwo| srvlwlyh/
wkdw lv/ zkhq lw lv rswlpdo iru S wr lqwurgxfh frpshwlwlrq1 Vlqfh frpshwlwlrq
zlwk R ' f lv htxlydohqw wr qr frpshwlwlrq/ wkh frpsdulvrq ri wkhvh lqvwlwx0
wlrqv erlov grzq wr wkh txhvwlrq li rswlpdo R lv srvlwlyh ru }hur1 Wr frpsduh
wkh wzr lqvwlwxwlrqv zh rqo| qhhg wr �qg rxw zkhwkhu RW : f xqghu frpsh0
wlwlrq1 Li RW : f lw pxvw eh wkdw frpshwlwlrq grplqdwhv qr frpshwlwlrq1 S
frxog kdyh fkrvhq R ' f zklfk lv htxlydohqw wr qr frpshwlwlrq exw glg qrw
�qg wkdw pd{lplvlqj klv xwlolw|1 Rq wkh rwkhu kdqg li S zrxog fkrrvh RW ' f
wkdw lv lq h�hfw fkrrvlqj qr frpshwlwlrq1 Wklv uhdvrqlqj jlyhv Wkhruhp 41

Wkhruhp 4 Qr frpshwlwlrq lv rswlpdo li dqg rqo| li
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Surri1 Rxu dvvxpswlrqv jxdudqwhh wkdw S*v xwlolw| lv frqfdyh lq R1 Wkhuh0
iruh RW ' f li dqg rqo| li wkh pdujlqdo fkdqjh lq S*v xwlolw| lv qrq0srvlwlyh
hydoxdwhg dw R ' f�

Fruroodu| 4 jlyhv vrph lqwxlwlyh vx!flhqw frqglwlrqv iru wkh deryh frqgl0
wlrq wr krog1

Fruroodu| 4 Qr frpshwlwlrq lv rswlpdo li=
+l, � �

�
��� Ef� n E�� �� �� Ef�

�
�$ fc

+ll, � Y��

YR
mR'f nE�� �� Y��

YR
mR'f�$ fc ru

+lll, (� Ef� �$ 4�

Wkh ehqh�w ri frpshwlwlrq lv wkdw wkh doorfdwlrq ri h�ruw ehwwhu uhsuhvhqwv
wkh sursruwlrqv lq srsxodwlrq1 Pdmrulw| zloo jhw d ehwwhu vhuylfh dqg hyhq wkh
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plqrulw| ehqh�wv xqohvv lw lv yhu| vpdoo dqg wkhuh duh qhjdwlyh h{whuqdolwlhv
ehwzhhq wkh wdvnv1 Wkh frvw ri frpshwlwlrq lv kljkhu wd{hv1 Wkh rswlpdo
lqvwlwxwlrq ghshqgv rq wklv wudgh0r�1

Wkh uhvxowv ghshqg rq wkuhh h�hfwv1 Sduw +l, ri Fruroodu| 4 ghshqgv rq
wkh sulydwh ehqh�wv1 Lw vd|v wkdw li sxuh sulydwh ehqh�wv surylgh hqrxjk pr0
wlydwlrq vr wkdw dgglwlrqdo h�ruw dqg txdolw| eulqj rqo| yhu| vpdoo dgglwlrqdo
srolwlfdo ehqh�wv/ wkhuh lv qr qhhg wr lqwurgxfh frpshwlwlrq1 +Qrwh wkdw �� Ef�
iru � ' �c� lv wkh ohyho ri txdolw| zlwkrxw frpshwlwlrq1, D qhfhvvdu| frqgl0
wlrq iru wklv wr eh wuxh lv wkdw >�

>
kdv wr eh forvh wr �� Li >�

>
lv yhu| gl�huhqw

iurp �c vd| >�
>

$ f dqg � $ �/ sxuh sulydwh ehqh�wv jlyh prwlydwlrq rqo| wr
vhuyh wkh qhjoljleoh plqrulw| dqg wkh pdmrulw| jhwv yhu| srru txdolw| zlwk0
rxw frpshwlwlrq1 Wkhq lw fdqqrw eh wuxh wkdw lqfuhdvlqj R/ zklfk pdnhv wkh
doorfdwlrq ri h�ruw wr ehwwhu uhsuhvhqw wkh sursruwlrqv lq srsxodwlrq/ zrxog
qrw lqfuhdvh srolwlfdo ehqh�wv1 Wkhuhiruh li >�

>
lv forvh wr �c wkdw lv P olnhv

wkh dyhudjh flwl}hq/ wkhuh lv qrw wkdw juhdw qhhg wr xvh frpshwlwlrq wr irufh
P wr fkdqjh khu doorfdwlrq ri h�ruw1

Wkh vhfrqg h�hfw lv wkh uhvsrqvlyhqhvv ri txdolw|2h�ruw zlwk uhvshfw wr
sulfh1 Li h�ruw lv yhu| lqhodvwlf frpshwlwlrq kdv kdugo| dq| h�hfw rq h�ruw
dqg wkhuhiruh qr frpshwlwlrq grplqdwhv1 H�ruw lv yhu| lqhodvwlf zkhq wudqv0
sruwdwlrq frvwv duh yhu| kljk1 Wkhq kljkhu txdolw| grhv qrw dwwudfw dgglwlrqdo
fxvwrphuv zkr suhihu wkh forvhvw vxssolhu1 Li rqo| yhu| zhdn frpshwlwlrq
frxog eh lpsohphqwhg ehwzhhq wkh vxssolhuv/ lw lv ehwwhu qrw wr lqwurgxfh lw1

Wkh wklug h�hfw lv wkh srolwlfdo frvwv ri wd{hv1 Li lqfuhdvlqj wd{hv lv yhu|
frvwo| S zloo vlpso| fkrrvh dq lqvwlwxwlrq wkdw plqlplvhv wd{hv uhjdugohvv ri
wkh txdolw| h�hfwv1 Wkhq qr frpshwlwlrq lv rswlpdo1

: H{whqvlrqv

:14 Sulfh glvfulplqdwlrq

Lq rxu prgho wkh vxssolhu lv sdlg d sulfh R shu sdwlhqw xqghu frpshwlwlrq dqg
rxu irfxv lv rq krz gl�huhqw lqvwlwxwlrqv d�hfw wkh ohyho dqg doorfdwlrq ri
h�ruw1 Pxfk ri wkh olwhudwxuh rq frqwudfwlqj lq khdowk fduh h{dplqhv wkh xvh
ri gl�huhqw sulfhv iru gl�huhqw w|shv ri sdwlhqwv lq rughu wr lqfuhdvh h!flhqf|1
Vr iru h{dpsoh/ Phglfdlg uhlpexuvhphqw lv edvhg rq dyhudjh frvw ri wkh
wuhdwphqw ri d sduwlfxodu phglfdo frqglwlrq +wkh GUJ sd|phqw v|vwhp,1 Zh
fdq dgguhvv wkh txhvwlrq zkhwkhu pruh vrsklvwlfdwhg sulflqj frxog eh xvhg
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wr lpsuryh wkh rxwfrph xqghu hlwkhu frpshwlwlrq ru vlqjoh djhqf|1
Iluvwo| lw lv lpsruwdqw wr qrwlfh wkdw xqghu qr frpshwlwlrq wkhuh duh qr

sulfhv1 Wkhuhiruh dowhuqdwlyh sulflqj vfkhphv zrxog rqo| d�hfw wkh rxwfrph
xqghu frpshwlwlrq1 Ohw xv qrz dqdo|vh wkh xvh ri gl�huhqw sulfhv iru gl�hu0
hqw w|shv ri fxvwrphuv1 Wklv uhtxluhv wkdw wkh w|shv duh yhul�deoh ehfdxvh
rwkhuzlvh wkh vxssolhu zrxog fodlp doo wkh fxvwrphuv wr eh ri wkh pruh h{shq0
vlyh w|sh1 Deryh zh kdyh dvvxphg wkdw wkh w|shv duh xqyhul�deoh1 Ghqrwh
wkh sulfhv fkdujhg iru wkh gl�huhqw w|shv e| R� dqg R�1 Wkh srolwlfldq*v
pd{lplvdwlrq sureohp fkdqjhv iurp E�2� wr=
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Wkh srolwlfldq zloo fkrrvh qr frpshwlwlrq li dqg rqo| li R� ' R� ' f pd{0
lplvhv klv xwlolw|/ wkdw lv li dqg rqo| li=
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Wkhvh qhfhvvdu| dqg vx!flhqw frqglwlrqv E�S� dqg E�.� duh qhduo| wkh vdph dv
wkh frqglwlrq lq wkh xqlirup sulflqj fdvh jlyhq lq Wkhruhp 41 Wkh rqo| gl�hu0
hqfh lv wkdw zlwk xqlirup sulflqj � � E�� lv pxowlsolhg e|

�
� Y��

YR
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YR
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zkloh zlwk sulfh glvfulplqdwlrq lw lv pxowlsolhg e| Y��

YR�
mR�'f lq E�S� dqg e|

Y��

YR�
mR�'f lq E�.� � Wkhuhiruh dowkrxjk wkh rswlpdo erxqgdu| ehwzhhq frp0

shwlwlrq dqg qr frpshwlwlrq lv qrw h{dfwo| wkh vdph zlwk xqlirup sulflqj
dqg sulfh glvfulplqdwlrq/ rxu uhvxowv gr qrw fkdqjh txdolwdwlyho|1 Rswlpdo
lqvwlwxwlrq vwloo ghshqgv rq wkh vdph wkuhh h�hfwv= pdujlqdo lqfuhdvh lq srolw0
lfdo ehqh�wv/ uhvsrqvlyhqhvv ri txdolw| wr frpshwlwlrq dqg pdujlqdo srolwlfdo
frvwv ri wd{hv1

:15 Pdmrulw| yrwlqj

Lq rxu prgho srolwlfdo ehqh�wv ghshqg rq wkh dyhudjh ydoxh ri wkh vhuylfh1
Dowhuqdwlyho| wkh srolwlfldq frxog fduh rqo| derxw wkh pdmrulw|1 Wkhq srolwl0
fldq*v pd{lplvdwlrq sureohp zrxog eh=
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Krzhyhu/ wklv zrxog qrw fkdqjh rxu uhvxowv txdolwdwlyho|1 Wkh vdph wkuhh
h�hfwv duh vwloo suhvhqw1

; Frqfoxvlrqv
Ghvslwh d zlghvsuhdg lqwhuhvw lq lqfuhdvlqj wkh uroh iru lqfhqwlyhv lq sxeolf
vhfwru rujdqlvdwlrqv +Wluroh 4<<7,/ wkhuh kdv ehhq olwwoh irupdo dqdo|vlv ri
wkh lqwurgxfwlrq ri frpshwlwlrq zlwklq jryhuqphqw1 \hw vhyhudo jryhuqphqwv
kdyh lqwurgxfhg *txdvl0pdunhw* uhirupv lq khdowk fduh dqg rwkhu zhoiduh vhf0
wruv1 Wklv sdshu dqdo|vhv wkh fkrlfh ehwzhhq frpshwlqj sxeolf vhfwru vxssol0
huv dqg d vlqjoh sxeolf vxssolhu iru d xqlyhuvdo vhuylfh/ dqg fruuhvsrqgv wr wkh
fkrlfh ehwzhhq d *txdvl0pdunhw* dqg d vlqjoh djhqf|1 Dv uhirupv duh lqwur0
gxfhg e| srolwlfldqv zh dvvxph wkdw wklv fkrlfh lv pdgh e| d vhoi0lqwhuhvwhg
srolwlfldq1 Dv wkh vhuylfh lv xqlyhuvdo/ vxssolhuv pxvw vhuyh doo w|shv/ exw
kdyh suhihuhqfhv iru vhuylqj rqh w|sh ryhu rwkhuv/ zklfk pd| qrw dffrug zlwk
wkh suhihuhqfhv ri wkh srsxodwlrq dqg wkh srolwlfldq1

Zh vkrz wkdw zkhq wkh vxssolhuv* sxuh sulydwh prwlydwlrqv duh kljk/ wkh
srolwlfdo frvw ri wd{hv duh kljk dqg wkh uhvsrqvlyhqhvv ri txdolw| wr sulfh
lv orz/ wkh srolwlfldq zloo qrw zdqw frpshwlwlrq1 Zh dovr vkrz wkdw wkh
uhvxowv duh urexvw wr uhod{lqj wkh dvvxpswlrq ri qrq0yhul�delolw| ri w|shv dqg
doorzlqj sulfh glvfulplqdwlrq/ dqg wr gl�huhqw suhihuhqfhv ri wkh srolwlfldq1

Zh irfxv rq wkh lpsdfw ri uhirup rq rqh glphqvlrq ri rxwsxw= txdolw|1
D xvhixo h{whqvlrq zrxog eh wr doorz frvw uhgxflqj h�ruw dv zhoo dv txdolw|
lqfuhdvlqj h�ruw +h1j1 Kduw hw do 4<<:, dqg wr h{dplqh wkh lpsdfw ri wklv
rq wkh fkrlfh ehwzhhq irupv ri jryhuqphqw rujdqlvdwlrq1 Dqrwkhu h{whqvlrq
zrxog eh wr doorz vxssolhuv wr vhohfw w|shv l1h1 wr uhod{ wkh xqlyhuvdo vhuylfh
frqvwudlqw iru doo vxssolhuv1 Wklv lv gh�qlwho| dq lvvxh lq txdvl0pdunhwv lq
hgxfdwlrq zkhuh vfkrrov frpshwh e| vhohfwlqj sxslov dv zhoo dv lq h�ruw vshqw
rq wkh h{lvwlqj sxslo vwrfn1 Lq khdowk fduh/ zklfk lv wkh fdvh dqdo|vhg khuh/
wklv lv shukdsv ohvv ri dq lvvxh1 Ilqdoo|/ rxu uhvxowv lqglfdwh wkdw wkh juhdwhu
wkh glvwruwlrq ri h�ruw xqghu d vlqjoh djhqf|/ wkh pruh olnho| lv uhirup1 Lw
vkrxog eh srvvleoh wr whvw wklv uhvxow hpslulfdoo|1 Doo wkhvh uhpdlq iru ixuwkhu
zrun1
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Uhihuhqfhv
^4` Erowrq/ S1 dqg F1 [x +4<<<,/ �Rzqhuvkls dqg Pdqdjhuldo Frpshwlwlrq=

Hpsor|hh/ Fxvwrphu/ ru Rxwvlgh Rzqhuvkls�/ Plphr/ Sulqfhwrq dqg
OVH1

^5` Er|fnr P1/ D1 Vkohlihu dqg U1 Ylvkq| +4<<9,/ �D Wkhru| ri Sulydwlvd0
wlrq�/ Hfrqrplf Mrxuqdo/ 439/ 63<064<1

^6` Fkdonoh| P1 dqg M1P1 Pdofrpvrq +4<<;d,/ �Frqwudfwlqj iru Khdowk Vhu0
ylfhv zkhq Sdwlhqw Ghpdqg Grhv qrw Uh hfw Txdolw|�/ Mrxuqdo ri Khdowk
Hfrqrplfv/ 4:/ 4/ 404<

^7` Fkdonh| P1 dqg M1 Pdofrpvrq +4<<;e,/ �Frqwudfwlqj iru Khdowk Vhuylfhv
zlwk Xqprqlwruhg Txdolw|�/ Hfrqrplf Mrxuqdo/ 43;/ 43<6044431

^8` Fxoolv/ M1/ S1U1 Mrqhv dqg F1 Sursshu +iruwkfrplqj,/ �Zdlwlqj Olvwv
dqg Phglfdo Wuhdwphqw= Dqdo|vlv dqg Srolflhv� lq D1 Fxo|hu dqg M1
Qhzkrxvh +hgv, Kdqgerrn ri Khdowk Hfrqrplfv1 Qruwk Kroodqg1

^9` Hoolv/ U1S1 dqg W1 PfJxluh +4<;9,/ �Surylghu Ehkdylrxu xqghu Survshf0
wlyh Uh0lpexuvhphqw= Frvw Vkdulqj dqg Vxsso|�/ Mrxuqdo ri Khdowk Hfr0
qrplfv/ 8/ 45<0841

^:` Jurvvpdq/ V1 dqg R1G1 Kduw +4<;9,/ �Wkh Frvwv dqg Ehqh�wv ri Rzqhu0
vkls= D Wkhru| ri Yhuwlfdo dqg Odwhudo Lqwhjudwlrq�/ Mrxuqdo ri Srolwlfdo
Hfrqrp|/ <7 +7,/ 9<40:4<1

^;` Kduw/ R1 dqg M1 Prruh +4<<3,/ �Surshuw| Uljkwv dqg wkh Qdwxuh ri
Ilupv�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <; +9,/ 444<08;1

^<` Kduw/ R1/ D1 Vkohlihu dqg U1 Ylvkq| +4<<:,/ �Wkh Surshu Vfrsh ri Jry0
huqphqw Wkhru| dqg dq Dssolfdwlrq wr Sulvrqv�/ Txduwhuo| Mrxuqdo ri
Hfrqrplfv/ 445/ 445:044941

^43` Kropvwuùp/ E1 dqg S1 Plojurp +4<<4,/ �Pxowlwdvn Sulqflsdo0Djhqw
Dqdo|vlv= Lqfhqwlyh Frqwudfwv/ Dvvhw Rzqhuvkls/ dqg Mre Ghvljq�/1
Mrxuqdo ri Odz/ Hfrqrplfv/ dqg Rujdql}dwlrq/ :/ 570841

^44` Oh Judqg/ M1 +4<<4,/ �Txdvl0Pdunhwv dqg Vrfldo Srolf|�/ Hfrqrplf
Mrxuqdo/ 434/ 738/ 458909:
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^45` Pd / F1D1 +4<<7,/ �Khdowk Fduh Sd|phqw V|vwhpv= Frvw dqg Txdolw|
Lqfhqwlyhv�/ Mrxuqdo ri Hfrqrplfv dqg Pdqdjhphqw Vwudwhj|/ 6+4,/ <60
4451

^46` Sursshu/ F1 +4<<9,/ �Pdunhw Vwuxfwxuh dqg Sulfhv= wkh Uhvsrqvhv ri
QKV Krvslwdov wr Frpshwlwlrq�/ Mrxuqdo ri Sxeolf Hfrqrplfv/ 94/ 63:0
6681

^47` Vkohlihu/ D1 dqg U1 Ylvkq| +4<<7,/ �Srolwlfldqv dqg Ilupv�/ Txduwhuo|
Mrxuqdo ri Hfrqrplfv/ 43</ <<9043581

^48` Wluroh/ M1 +4<<7,/ �Wkh Lqwhuqdo Rujdql}dwlrq ri Jryhuqphqw�/ R{irug
Hfrqrplf Sdshuv/ 79/ 40591
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