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Devwudfw

Vxemhfwlyh xqfhuwdlqw| lv fkdudfwhul}hg e| dpeljxlw|

li wkh ghflvlrq pdnhu kdv dq lpsuhflvh nqrzohgjh ri

wkh suredelolwlhv ri sd|r� uhohydqw hyhqwv1 Lq vxfk dq

lqvwdqfh/ wkh ghflvlrq pdnhu*v eholhiv duh ehwwhu uhs0

uhvhqwhg e| d vhw ri suredelolw| ixqfwlrqv wkdq e| d

xqltxh suredelolw| ixqfwlrq1 Dq dpeljxlw| dyhuvh gh0

flvlrq pdnhu dgmxvwv klv fkrlfh rq wkh vlgh ri fdx0

wlrq lq uhvsrqvh wr klv lpsuhflvh nqrzohgjh ri wkh

rggv1 Wklv sdshu dwwhpswv d +vhohfwlyh, vxuyh| ri

vrph ri wkh dfklhyhphqwv ri wkh uhvhdufk surjudp

zklfk kdv dqdo|}hg lpsruwdqw hfrqrplf skhqrphqd

xvlqj d phwkrgrorj| wkdw ghsduwv iurp wkh vwdqgdug

sdudgljp e| h{solflwo| doorzlqj iru dpeljxlw| dyhu0

vlrq1 Zh vshfl�fdoo| orrn dw dssolfdwlrqv/ dqg lpsol0

fdwlrqv/ ri dpeljxlw| dyhuvlrq lq irxu duhdv= ghvljq

ri elodwhudo hfrqrplf frqwudfwv/ wkh wudgh lq �qdq0

fldo frqwudfwv dqg �qdqfldo pdunhwv/ vwudwhjlf ghflvlrq

pdnlqj dqg �qdoo|/ wkh srolwlfdo hfrqrp| ri yrwlqj1

Nh|zrugv1 dpeljxlw| dyhuvlrq/ xqfhuwdlqw|/ Nqljkw0

ldq xqfhuwdlqw|/ qrq0dgglwlyh suredelolwlhv/ fdsdflwlhv/

Fkrtxhw h{shfwdwlrq/ hfrqrplf frqwudfwv/ �qdqfldo

pdunhwv/ yrwlqj/ dxfwlrqv/ sxeolf jrrgv1

4 Lqwurgxfwlrq

Vdydjh*v wkhru| ri vxemhfwlyh h{shfwhg xwlolw| pd{0

lpl}dwlrq +VHX, ^54` lv wkh uhfhlyhg sdudgljp xvhg

iru prgholqj ghflvlrq0pdnlqj xqghu vxemhfwlyh xqfhu0

wdlqw| lq hfrqrplfv1 D pdlq lpsolfdwlrq ri VHX wkdw

d ghflvlrq pdnhu +GP, ehkdyhv dv li khu vxemhfwlyh

dvvhvvphqw ri olnholkrrgv ri xqfhuwdlq hyhqwv pd| eh

uhsuhvhqwhg suhflvho| e| d xqltxh suredelolw| glvwul0

exwlrq1 Krzhyhu/ h{shulphqwdo hylghqfh hyhu vlqfh ^9`

kdv vkrzq wklv wr eh d sdosdeo| xqwuxh ghvfulswlrq ri

ehkdylru xqghu xqfhuwdlqw|1 Lw lv riwhq wkh fdvh wkdw

d GP*v nqrzohgjh derxw wkh olnholkrrg ri frqwlqjhqw

hyhqwv lv frqvlvwhqw zlwk pruh wkdq rqh suredelolw|

glvwulexwlrq1 Li |rx zhuh wr dvn vrphrqh derxw wkh

olnholkrrg ri d jlyhq hyhqwxdolw|/ wkh dqvzhu |rx w|s0

lfdoo| khdu lv/ �ehwzhhq { dqg |(�/ udwkhu wkdq d

fulvs/ �}(�1 Exw/ grhv krz suhflvho| vkh nqrzv wkh

uhohydqw rggv/ lq xhqfh wkh fkrlfh ri wkh w|slfdo GPB

Lw grhv= GPv fkrrvh uhodwlyho| frqvhuydwlyho| lq vlwxd0

wlrqv zkhuh lqirupdwlrq derxw wkh rggv lv dpeljxrxv

lq wkh vhqvh wkdw d uhodwlyho| zlgh udqjh ri rggv lv

frqvlvwhqw zlwk khu nqrzohgjh1 Dv Hoovehuj kdg re0

vhuyhg/ lpsuhflvh lqirupdwlrq d�hfwhg klv h{shulphq0

wdo vxemhfwv lq d frqvlvwhqw idvklrq= prvw suhihuuhg

wr ehw rq hyhqwv zlwk xqdpeljxrxv udwkhu wkdq dp0

eljxrxv rggv +lqfoxglqj/ Vdydjh klpvhoi$,1 Dqg/ kh

uhsruwhg/ hyhq zkhq idfhg zlwk wkh hylghqfh wkdw wklv

zdv lqfrqvlvwhqw zlwk VHX/ prvw vwrrg wkhlu jurxqg/

�ehfdxvh lw vhhpv wr wkhp wkh vhqvleoh zd| wr eh0

kdyh�1 Shrsoh dgmxvwlqj wkhlu ghflvlrqv ghshqglqj rq

krz zhoo wkh| nqrz wkh uhohydqw rggv dqg dfwlqj zlwk

juhdwhu zdulqhvv wkh pruh ydjxh wkhlu nqrzohgjh/ lv

d frpprqo| revhuyhg dwwlwxgh/ dqg kdv ehhq qdphg

dpeljxlw| dyhuvlrq1

Zkloh wkhuh lv d ydvw olwhudwxuh rq dpeljxlw| dyhuvlrq

+vhh ^4`,/ dqg lqghhg ri wkh pdq| rwkhu ghsduwxuhv

iurp VHX/ wkdw frqylqflqjo| hvwdeolvkhv wkhlu lpsru0

wdqfh lq oderudwru| vhwwlqjv/ wklv zrun kdv kdg olwwoh

lpsdfw rq wkh zd| wkdw hfrqrplfv lv grqh1 Lq odujh

sduw wklv lv ehfdxvh wkhuh kdyh ehhq vr ihz ghprqvwud0

wlrqv wkdw hfrqrplfdoo| lpsruwdqw skhqrphqd fdq eh

xqghuvwrrg e| xvlqj/ dqg rqo| xvlqj/ prghov rwkhu

wkdq wkh vwdqgdug rqh +VHX,1 Wkh iruplgdeoh uhfhqw

dgydqfhv lq irupxodwlqj d yhu| czrundeoh* dqdo|wl0

fdo iudphzrun iru kdqgolqj dpeljxlw| dyhuvlrq kdyh

dydlohg xv zlwk d zrqghuixo rssruwxqlw| ri rewdlqlqj

vxfk ghprqvwudwlrqv1 Dqg lqghhg/ uhfhqw wlphv kdyh

vhhq d jurzlqj uhvhdufk surjudp zklfk kdv dydlohg lw0

vhoi ri wklv rssruwxqlw|1 Wklv sdshu vxuyh|v ri vrph

ri wkh dfklhyhphqwv ri wklv uhvhdufk surjudp1 Zh

vshfl�fdoo| orrn dw dssolfdwlrqv/ dqg lpsolfdwlrqv/ ri

dpeljxlw| dyhuvlrq lq irxu duhdv= ghvljq ri elodwhudo

hfrqrplf frqwudfwv/ wkh wudgh lq �qdqfldo pdunhwv/

vwudwhjlf ghflvlrq pdnlqj dqg �qdoo|/ rxwfrphv ri yrw0

lqj surfhgxuhv1



Wkh slrqhhulqj d{lrpdwlf irxqgdwlrqv ri wkh sulqflsdo

irupdo lghdv ri wkh prvw zlgho| xvhg prghov ri dpel0

jxlw| dyhuvlrq zhuh surylghg lq frqwulexwlrqv e| ^55`

dqg ^46`1 Zkloh wkh whfkqlfdo ghwdlov ri wkh irupdo

prghov ri ghflvlrq pdnlqj xqghu dpeljxlw| dyhuvlrq

xvhg lq wkh ydulrxv dssolfdwlrqv ydu|/ wkh eurdg lqwx0

lwlyh frqwhqw pd| eh vwdwhg dv iroorzv1 Vxssrvh dq

djhqw*v vxemhfwlyh nqrzohgjh derxw wkh olnholkrrg ri

frqwlqjhqw hyhqwv lv frqvlvwhqw zlwk pruh wkdq rqh

suredelolw| glvwulexwlrq1 Dqg ixuwkhu wkdw/ zkdw wkh

djhqw nqrzv grhv qrw lqirup klp ri d suhflvh +vhfrqg

rughu, suredelolw| glvwulexwlrq ryhu wkh vhw ri csrvvl0

eoh* suredelolwlhv1 Zh vd| wkhq wkdw wkh djhqw*v eholhiv

derxw frqwlqjhqw hyhqwv duh fkdudfwhul}hg e| dpeljx0

lw|1 Li dpeljxrxv4/ wkh djhqw*v eholhiv duh fdswxuhg

qrw e| d xqltxh suredelolw| glvwulexwlrq lq wkh vwdq0

gdug Ed|hvldq idvklrq exw lqvwhdg e| d vhw ri sure0

delolwlhv1 Wkxv qrw rqo| lv wkh sduwlfxodu rxwfrph ri

dq dfw xqfhuwdlq exw dovr wkh h{shfwhg sd|r� ri wkh

dfwlrq/ vlqfh wkh sd|r� pd| eh phdvxuhg zlwk uh0

vshfw wr pruh wkdq rqh suredelolw|1 Dq djhqw*v dp0

eljxlw| ri eholhi derxw dq hyhqw lv vdlg wr eh juhdwhu/

wkh juhdwhu wkh gl�huhqfh ehwzhhq wkh pd{lpxp dqg

plqlpxp suredelolw| hvwlpdwh ri wkh hyhqw/ frqvlv0

whqw zlwk wkh djhqw*v nqrzohgjh1 Dq dpeljxlw| dyhuvh

ghflvlrq pdnhu hydoxdwhv dq dfw e| wkh plqlpxp h{0

shfwhg ydoxh wkdw pd| eh dvvrfldwhg zlwk lw= wkh gh0

flvlrq uxoh lv wr frpsxwh doo srvvleoh h{shfwhg ydoxhv

iru hdfk dfwlrq dqg wkhq fkrrvh wkh dfw zklfk kdv wkh

ehvw plqlpxp h{shfwhg rxwfrph1 Wkh lghd ehlqj/ fh0

whulv sdulexv/ wkh pruh dq dfw lv d�hfwhg dgyhuvho| e|

dpeljxlw| wkh ohvv lwv dsshdo wr wkh dpeljxlw| dyhuvh

ghflvlrq pdnhu1

Pruh irupdoo|/ vxssrvh wkdw wkh GP*v grpdlq ri xq0

fhuwdlqw| lv wkh �qlwh vwdwh vsdfh 
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GP fkrrvhv ehwzhhq dfwv zkrvh sd|r�v duh vwdwh

frqwlqjhqw= h1j1/ d �qdqfldo dvvhw }> } = 
 $ U=

Wkh dpeljxlw| dyhuvh GP*v vxemhfwlyh eholhi lv uhs0

uhvhqwhg e| d frqyh{ vhw ri +vwdqgdug/ dgglwlyh,

suredelolwlhv/ ghqrwhg F= Wkh dpeljxlw| ri wkh eh0

olhi derxw dq hyhqw H lv phdvxuhg e| wkh h{suhvvlrq

pd{�5F �+H, � plq�5F �+H,= Olnh lq VHX/ d xwlolw|

ixqfwlrq x = U. $ U> x3 +�, � 3>ghvfulehv GP*v dwwl0

4Wr suhhpsw plvxqghuvwdqglqjv lw lv hpskdvl}hg wkdw
wkh whup �dpeljxlw|� dv xvhg lq wklv sdshu/ uhihuv sxuho|
wr wkh ix}}| shufhswlrq ri wkh olnholkrrg vxemhfwlyho| dv0

vrfldwhg zlwk dq hyhqw +h1j1/ zkhq dvnhg derxw klv vxe0
mhfwlyh hvwlpdwh ri wkh suredelolw| ri dq hyhqw/ wkh djhqw
uhsolhv/ �Lw lv ehwzhhq 83 dqg 93(1�,1 Lw grhv qrw uhihu
wr d odfn ri fodulw| lq wkh ghvfulswlrq ri frqwlqjhqw hyhqwv
dqg dfwlrqv1 Dovr qrwh/ vrph dxwkruv dqg uhvhdufkhuv uhihu
wr dpeljxlw| ydulrxvo| dv �ydjxhqhvv�/ �Nqljkwldq Xqfhu0
wdlqw|� ru hyhq vlpso| dv �xqfhuwdlqw|�1 Dv lw lv xvhg lq
wklv sdshu/ wkh zrug �xqfhuwdlqw|� lv vlpso| wkh gh�qlqj
fkdudfwhulvwlf ri dq| hqylurqphqw zkhuh wkh frqvhtxhqfh
ri dw ohdvw rqh dfwlrq lv qrw nqrzq iru fhuwdlq1

wxgh wr ulvn dqg zhdowk1 Wkh GP hydoxdwhv Fkrtxhw

h{shfwhg xwlolw| ri hdfk dfw/ dqg fkrrvhv wkh dfw zlwk

wkh kljkhvw hydoxdwlrq1 Wkh Fkrtxhw h{shfwhg xwlolw|

ri dq dfw lv vlpso| wkh plqlpxp ri doo srvvleoh cvwdq0

gdug* h{shfwhg xwlolw| ydoxhv rewdlqhg e| phdvxulqj

wkh frqwlqjhqw xwlolwlhv srvvleoh iurp wkh dfw zlwk uh0

vshfw wr hdfk ri wkh dgglwlyh suredelolwlhv lq F =
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Wkh Fkrtxhw h{shfwhg xwlolw| ri dq dfw lv mxvw lwv

vwdqgdug h{shfwhg xwlolw| fdofxodwhg zlwk uhvshfw wr

d cplqlpl}lqj suredelolw|* fruuhvsrqglqj wr wklv dfw1

Khqfh/ lq wkh Fkrtxhw phwkrg/ wkh GP*v dssudlvdo lv

qrw rqo| lqiruphg e| klv nqrzohgjh ri wkh rggv exw lv

dovr dxwrpdwlfdoo| dgmxvwhg grzqzdugv wr wkh h{whqw

lw pd| eh d�hfwhg e| wkh lpsuhflvlrq ri klv nqrzo0

hgjh5

5 Wkh ghvljq ri +elodwhudo, hfrqrplf
frqwudfwv

W|slfdoo|/ hfrqrplf frqwudfwv lqyroyh duudqjhphqwv

derxw frqwlqjhqw hyhqwv1 Dv vxfk/ wkh uhohydqw wudgh0

r�v klqjh fuxfldoo| rq wkh olnholkrrgv ri wkh uhohydqw

frqwlqjhqflhv1 Khqfh/ lw lv d uhdvrqdeoh frqmhfwxuh

wkdw wkh grpdlq ri frqwudfwxdo wudqvdfwlrqv lv rqh

duhd ri hfrqrplfv wkdw lv vljql�fdqwo| d�hfwhg e|

djhqwv* nqrzohgjh ri wkh rggv1 Wkxv frqwudfwxdo uh0

odwlrqv/ fuxfldo wr wkh rujdql}dwlrq ri d prghuq hfrq0

rp|/ lv d qdwxudo fkrlfh dv d sduwlfxodu irfxv ri wkh

uhvhdufk rq wkh sulqflsdo hfrqrplf h�hfwv ri dpeljx0

lw| dyhuvlrq1

Hfrqrplfv vwxglhv pxwxdoo| ehqh�fldo h{fkdqjh eh0

wzhhq lqglylgxdov1 Wkh uhdo zruog lv g|qdplf dqg

prvw pxwxdoo| ehqh�fldo h{fkdqjh wdnhv sodfh ryhu

wlph1 Rqh sduw| uhqghuv d jrrg ru vhuylfh lq wkh

suhvhqw lq h{fkdqjh iru wkh surplvh e| dqrwkhu wr

uhqghu vrph jrrg ru vhuylfh lq wkh ixwxuh1 Wkh ed0

vlf zd| ri rujdql}lqj wkhvh lqwhuwhpsrudo h{fkdqjhv lv

wkurxjk wkh xvh ri frqwudfwv1 Urxjko| sxw/ wkh frq0

wudfwv zklfk duh frpprqo| wudghg lq dq hfrqrp| idoo

lqwr wzr fdwhjrulhv= wkrvh zklfk duh xvhg iru rujdql}0

lqj +fr0ruglqdwlqj, surgxfwlrq dfwlylw| ryhu wlph dqg

wkrvh zklfk duh xvhg iru wudqvihuulqj +uhglvwulexwlqj,

5 ^44` dqg ^4;` srlqw rxw krz wkh GP*v dzduhqhvv wkdw
wkh suhflvh lpsolfdwlrq ri vrph frqwlqjhqflhv lv lqhylwdeo|
ohiw xqiruhvhhq/ pd| ohdg wr eholhiv wkdw kdyh qrq0dgglwlyh
uhsuhvhqwdwlrq1 Wkh sdshuv h{sodlq wkh Fkrtxhw ghflvlrq
uxoh dv d csurfhgxudoo| udwlrqdo* djhqw*v phdqv ri ckdqgl0
fdsslqj* wkh hydoxdwlrq ri dq dfw wr wkh h{whqw wkh hvwlpdwh
ri lwv ch{shfwhg shuirupdqfh* lv dgyhuvho| d�hfwhg e| klv
lpsuhflvh nqrzohgjh ri wkh rggv1



lqfrph ryhu wlph dqg dfurvv frqwlqjhqflhv1 Wkh �uvw

fdwhjru| lqfoxghv doo vxsso| dqg gholyhu| frqwudfwv eh0

wzhhq �upv/ ehwzhhq �upv dqg jryhuqphqw/ dv zhoo dv

doo oderu frqwudfwv1 Wkh vhfrqg fdwhjru| frqvlvwv ri �0

qdqfldo frqwudfwv= lqvxudqfh/ erqgv/ htxlwlhv/ ixwxuhv

dqg rswlrqv1

Wkh zd| pdq| fuxfldo hfrqrplf lqvwlwxwlrqv kdyh gh0

yhorshg dqg ixqfwlrq lv riwhq ehvw xqghuvwrrg e|

vwxg|lqj wkh vdolhqw ihdwxuhv ri frqwudfwv dqg frq0

wudfwxdo uhodwlrqv xqghuslqqlqj wkh sduwlfxodu lqvwlwx0

wlrqv1 Wdnh iru lqvwdqfh wkh �uvw ri wkh wzr fdwhjrulhv

ri frqwudfwv ghvfulehg lq wkh suhfhglqj sdudjudsk/

dqg wkh prghuq wkhru| ri wkh �up1 Zk| �upv h{0

lvw/ zkdw surgxfwlyh surfhvvhv dqg dfwlylwlhv duh w|s0

lfdoo| lqwhjudwhg zlwklq wkh erxqgdulhv ri d �up/ lv

odujho| h{sodlqhg e| wkh qdwxuh ri lqfrpsohwhqhvv ri

vxsso| dqg gholyhu| frqwudfwv1 D frqwudfw pd| eh

vdlg wr eh lqfrpsohwh li wkh frqwlqjhqw lqvwuxfwlrqv

lqfoxghg lq wkh frqwudfw gr qrw h{kdxvw doo srvvleoh

frqwlqjhqflhv1 Krzhyhu/ lqfrpsohwhqhvv ri frqwudfwv

kdv odujho| ehhq d sx}}oh wr wkh vwdqgdug wkhru|1 Wklv

kdv surpswhg uhvhdufkhuv lq uhfhqw wlphv wr frqvlghu

dowhuqdwlyh sdudgljpv lq wkhlu vhdufk iru dssursuldwh

wkhrulhv ri lqfrpsohwhqhvv= h1j1/ ^4<` vkrzhg wkdw frq0

wudfwxdo lqfrpsohwhqhvv fdq eh h{sodlqhg e| dpel0

jxlw| dyhuvlrq1 Wklv �qglqj lq wxuq h{sodlqv vrph

zlgho| revhuyhg cuhdolwlhv* derxw wkh rujdql}dwlrq ri

�upv wkdw zhuh suhylrxvo| gl!fxow wr frph wr whupv

zlwk1 Wkh irupdo dqdo|vlv lq ^4<` edvlfdoo| lqyroyhv d

uhfrqvlghudwlrq ri wkh fdqrqlfdo prgho ri d yhuwlfdo uh0

odwlrqvkls +l1h1/ d uhodwlrqvkls lq zklfk rqh �up*v rxw0

sxw lv dq lqsxw lq wkh rwkhu �up*v surgxfwlrq dfwlylw|,

ehwzhhq wzr frqwudfwlqj �upv xqghu wkh dvvxpswlrq

wkdw wkh djhqwv* frpprq lqirupdwlrq derxw wkh frq0

wlqjhqw hyhqwv lv dpeljxrxv dqg wkdw wkh djhqwv duh

dpeljxlw| dyhuvh1 Qh{w/ zh uhylhz wklv h{huflvh zlwk

d vlpsoh h{dpsoh1

Frqvlghu wzr ulvn qhxwudo �upv/ E dqg V1 E lv dq dx0

wrpreloh pdqxidfwxuhu sodqqlqj wr lqwurgxfh d qhz

olqh ri prghov1 E zlvkhv wr sxufkdvh d frqvljqphqw

ri fdu erglhv +wdloru0pdgh iru wkh qhz prghov, iurp

V= Wkh �upv pd| vljq d frqwudfw dw vrph lqlwldo gdwh

3 vshfli|lqj wkh whupv ri wudgh ri wkh vdoh dw gdwh

5> wkdw lv/ zkhwkhu wudgh wdnhv sodfh dqg dw zkdw

sulfh1 Wkh ydoxh ri wkh frqvljqphqw wr wkh ex|hu/

y/ lwv +pdujlqdo, frvw ri surgxfwlrq f/ dqg khqfh/ wkh

wudghdeoh vxusoxv y� f/ duh frqwlqjhqw xsrq wkh vwdwh

ri qdwxuh uhdol}hg lq gdwh 41 Wkhuh duh wkuhh srvvleoh

frqwlqjhqflhv $3> $e> $v> zlwk fruuhvsrqglqj wudgh0

deoh vxusoxvhv v3> ve> vv= Diwhu gdwh 3 exw ehiruh gdwh

4/ V lqyhvwv lq uhvhdufk iru d glh wkdw zloo h!flhqwo|

fdvw fdu erglhv uhtxluhg iru wkh qhz prgho zkloh E lq0

yhvwv h�ruw wr sxw wrjhwkhu dq dssursuldwh pdunhwlqj

fdpsdljq iru wkh qhz prgho1 Wkh lqyhvwphqwv d�hfw

wkh olnholkrrg ri uhdol}lqj d sduwlfxodu vwdwh ri qdwxuh1

Hdfk �up pd| fkrrvh ehwzhhq d orz dqg d kljk ohyho

ri lqyhvwphqw h�ruw1 Wkh lqyhvwphqwv duh qrw frq0

wudfwleoh shu vh exw wkh whupv ri wudgh vshfl�fdwlrq

pd| eh pdgh dv frqwlqjhqf| vshfl�f dv uhtxluhg1 Lq

wkh fdvh wkdw wkh frqwudfw lv lqfrpsohwh dqg dq cxq0

phqwlrqhg* hyhqw dulvhv zlwk vxuh srwhqwldo iru vxusoxv

lw lv frpprqo| dqwlflsdwhg e| wkh sduwlhv wkdw wudgh

zloo eh qhjrwldwhg h{ srvw dqg wkh vxusoxv vsolw hyhqo|1

Frqvlghu wkh wzr srvvlelolwlhv [ dqg \ = [ , wkhuh lv d

orqjhu olvw ri uhvhuydwlrqv iru wkh qhz prgho wkdq iru

frpsdudeoh pdnhv dqg dw d sulfh kljkhu wkdq wkrvh

iru frpsdudeoh pdnhv> \ , wkh yduldeoh frvw ri sur0

gxfwlrq ri fdu erg| lv orz1 Wkh vwdwh ri wkh zruog $3
lv fkdudfwhul}hg e| wkh idfw wkdw erwk wkh vwdwhphqwv

duh idovh1 Dw $e> [ lv wuxh exw qrw \ > frqyhuvho|/ dw

$v> [ lv idovh exw \ krogv1 Fruuhvsrqglqjo| vxssrvh

v3 ? ve @ vv1 Wkh frpprq eholhi derxw wkh olnhol0

krrg ri $e lv dw wkh pdujlq d�hfwhg +srvlwlyho|, pruh

e| E fkrrvlqj wkh kljk lqyhvwphqw h�ruw ryhu orz hi0

iruw wkdq e| V grlqj wkh vdph/ zkloh wkh rssrvlwh lv

wuxh ri $v= Dv lv fxvwrpdu|/ zh gh�qh d +�uvw ehvw, hi0

�flhqw lqyhvwphqw sur�oh dv rqh wkdw zrxog eh fkrvhq

li lqyhvwphqw h�ruw zhuh yhul�deoh dqg frqwudfwleoh1

Ehdu lq plqg wkh doorzdqfh ri ehlqj deoh wr zulwh

frpsohwh frqwlqjhqw frqwudfwv dqg wkh lqvwlwxwlrqdo

vhwwlqj ri d yhuwlfdo lqwhu��up uhodwlrqvkls1 Dv lv iru0

pdoo| dujxhg lq ^4<`/ jlyhq doo wklv dqg wkdw ghflvlrq

pdnhuv duh VHX pd{lpl}huv/ wkh qrq0yhul�delolw| ri

lqyhvwphqw zloo qrw lpshgh h!flhqf|1 Lq rxu h{dp0

soh/ iru lqvwdqfh/ d frqwudfw zklfk glvwlqjxlvkhv wkh

wkuhh frqwlqjhqflhv dqg vhwv sulfhv wkdw uhzdugv E

vx!flhqwo| kljkhu dw $e wkdq dw rwkhu frqwlqjhqflhv

+dqg vlploduo| uhzdugv V dw $v, zloo hqirufh wkh �uvw

ehvw h�ruw sur�oh1 Wkh jhqhudo frqfoxvlrq lv wkdw li

djhqwv duh VHX pd{lpl}huv wkhq dq lqfrpsohwh frq0

wudfw zklfk lpsohphqwv dq lqh!flhqw sur�oh fdqqrw eh

udwlrqdol}hg1 Vxfk d frqwudfw fdq qhyhu eh wkh rswlpdo

ehfdxvh lw zloo eh srvvleoh wr �qg d frpsohwh frqwudfw

wkdw grplqdwhv lw +l1h1/ d frqwudfw wkdw rewdlqv kljkhu

h{ dqwh sd|r�v iru erwk sduwlhv,1 Krzhyhu/ wklv frq0

foxvlrq lv ryhuwxuqhg li djhqwv duh dpeljxlw| dyhuvh1

Wkh orjlf ri wklv pd| eh vhhq e| uh0hydoxdwlqj wkh

deryh h{dpsoh zlwk wkh vroh dphqgphqw wkdw djhqwv

duh dpeljxlw| dyhuvh1 Wr surylgh vx!flhqw lqfhqwlyh

wr wdnh wkh h!flhqw lqyhvwphqw wkh h{ srvw sd|r�v lq

wkh frqwudfw kdyh wr wuhdw wkh wzr �upv dv|pphwul0

fdoo| dw $e dqg $v> iru E wkh sd|r� lv kljkhu dw $e
wkdq dw $v> zkloh lw lv wkh rwkhu zd| durxqg iru V1

Wklv lpsolhv wkdw wkh �upv zrxog/ lq h�hfw/ xvh gli0

ihuhqw suredelolw| glvwulexwlrqv wr hydoxdwh wkhlu h{0

shfwhg sd|r�v1 Iurp wkh vhw ri suredelolwlhv hperg|0

lqj wkh �upv* v|pphwulf lqirupdwlrq E phdvxuhv lwv

sd|r�v xvlqj d suredelolw| glvwulexwlrq wkdw sxwv d

uhodwlyho| kljkhu zhljkw rq $v wkdq wkh glvwulexwlrq



V wklqnv suxghqw wr fkhfn lwv sd|r� djdlqvw1 Frq0

vhtxhqwo|/ wkh vxp ri wkh h{shfwhg sd|r�v zloo idoo

vkruw ri wkh h{shfwhg wrwdo vxusoxv � wkhuh lv d cylu0

wxdo orvv* ri wkh h{shfwhg vxusoxv1 Lw iroorzv wkdw li wklv

corvv* lv odujh hqrxjk wkh sduwlflsdwlrq frqvwudlqwv zloo

euhdn/ wkhuhe| pdnlqj vxfk d frqwudfw lpsrvvleoh1 Dq

lqfrpsohwh frqwudfw/ vd| wkh qxoo frqwudfw +rqh wkdw

ohdyhv doo doorfdwlrq ri frqwlqjhqw vxusoxv wr h{ srvw

qhjrwldwlrq,/ lv qrw vlploduo| yxoqhudeoh wr dpeljxlw|

dyhuvlrq1 Vxfk d frqwudfw zloo ohdg wr d sursruwlrqdwh

glylvlrq ri vxusoxv dw hdfk frqwlqjhqf|/ lpso|lqj wkdw

hdfk �up zloo xvh wkh vdph suredelolw| wr hydoxdwh lwv

sd|r�v1 Dgglwlylw| ri wkh vwdqgdug h{shfwdwlrq rshu0

dwru wkhq hqvxuhv wkdw qr cyluwxdo orvv* rffxuv1 Lw zloo

eh vkrzq wkdw iurp doo wklv lw iroorzv wkdw wkhuh zloo

eh sdudphwulf frq�jxudwlrqv iru zklfk dq lqfrpsohwh

frqwudfw hyhq wkrxjk rqo| lpsohphqwlqj dq lqh!flhqw

lqyhvwphqw sur�oh/ lv qrw grplqdwhg e| dq| rwkhu frq0

wudfw1 Xqghu vxfk flufxpvwdqfhv wkh pdunhw wudqvdf0

wlrq/ li pdlqwdlqhg/ pd| mxvwl�deo| eh frqgxfwhg zlwk

dq clqh!flhqw* lqfrpsohwh frqwudfw1 Wkh clqh!flhqf|*

ri wkh pdunhw wudqvdfwlrq zrxog dovr h{sodlq zk| lw

pljkw eh dedqgrqhg lq idyru ri yhuwlfdo lqwhjudwlrq1

Zk| pljkw dq h{sodqdwlrq olnh wkh rqh jlyhq deryh eh

ri lqwhuhvwB Wkh �qdo vhfwlrq ri ^4<` glvfxvvhv klvwrulf

lqvwdqfhv ri yhuwlfdo phujhuv dqg hpslulfdo uhjxodul0

wlhv derxw vxsso| frqwudfwv wkdw duh xqghuvwdqgdeoh

rq wkh edvlv ri dpeljxlw| dyhuvlrq/ exw duh qrw zhoo

h{sodlqhg e| csk|vlfdo* wudqvdfwlrqv frvwv ri zulwlqj

frqwlqjhqw ghwdlov lqwr frqwudfwv1 D uhfxuuhqw fodlp

dprqj exvlqhvv shrsoh lv wkdw wkh| lqwhjudwh yhuwlfdoo|

ehfdxvh ri xqfhuwdlqw| lq lqsxw vxsso|1 Wklv lghd kdv

dozd|v fdxvhg gl!fxowlhv iru hfrqrplvwv +vhh/ iru lq0

vwdqfh ^5`, zkr kdyh ehhq xqdeoh wr udwlrqdol}h lw dqg

kdyh jhqhudoo| uhjdughg lw dv plvjxlghg1 Wkh dqdo|vlv

lq wkh suhvhqw sdshu h{sodlqv krz wkh lghd ri dp0

eljxlw| dyhuvlrq surylghv rqh suhflvh xqghuvwdqglqj

ri wkh olqn ehwzhhq xqfhuwdlqw| dqg yhuwlfdo lqwhjud0

wlrq1 Ilqdoo|/ dw d pruh devwudfw ohyho/ d vljql�fdqw

lqvljkw rewdlqhg lv wkdw hyhq li wkhuh zhuh qr gluhfw

frvw wr frqglwlrqlqj frqwudfwxdo whupv rq c�qho| gh0

vfulehg* hyhqwv/ rqh pd| zhoo hqg xs zlwk rqo| cfrduvh*

duudqjhphqwv ehfdxvh wkh ydoxh ri �qh0wxqlqj lv qrw

urexvw wr wkh djhqwv* plvjlylqjv wkdw wkh| kdyh rqo|

d ydjxh dvvhvvphqw ri wkh olnholkrrgv ri wkh uhohydqw

c�qh* hyhqwv1 Wkh xqghuvwdqglqj wkdw krz zhoo wkh

GP wklqnv kh nqrzv wkh uhohydqw olnholkrrgv h{sodlqv

zkdw hyhqwv duh xvhg wr frqglwlrq frqwudfwxdo lqvwuxf0

wlrqv/ lv d qryho frqwulexwlrq ri wkh wkhru| ri dpel0

jxlw| dyhuvlrq wr wkh ghedwh derxw wkh irxqgdwlrqv

ri lqfrpsohwh frqwudfwv/ dqg/ wkh hfrqrplf wkhru| ri

frqwudfw ghvljq1 Wkh xqghuvwdqglqj lv lqghhg qryho

vlqfh wr dq VHX pd{lpl}hu wkh txdolw| ru dffxudf| ri

klv eholhi grhv qrw pdwwhu1

6 Ilqdqfldo frqwudfwv dqg �qdqfldo
pdunhwv

Lq d slrqhhulqj frqwulexwlrq/ ^7` lghqwl�hg dq lpsru0

wdqw lpsolfdwlrq ri wkh FHX prgho zlwk uhjdug wr

rswlpdo �qdqfldo ghflvlrq pdnlqj1 Wkh sdshu vkrzhg

wkdw/ lq d vwdwlf prgho zlwk rqh ulvn| dqg rqh ulvnohvv

dvvhw/ jlyhq dpeljxrxv eholhiv dqg dpeljxlw| dyhuvlrq/

wkhuh zloo eh d pxowlsolflw| ri dvvhw sulfhv wkdw vxs0

sruw wkh rswlpdo fkrlfh ri d ulvnohvv sruwirolr/ jlylqj

ulvh wr zkdw lv frpprqo| fdoohg d �elg0dvn vsuhdg�1

Wkh lqwxlwlrq ehklqg wklv �qglqj lv h{sodlqhg lq wkh

iroorzlqj h{dpsoh1

Vxssrvh d ulvn qhxwudo lqyhvwru lv frqvlghulqj d wudqv0

dfwlrq lqyroylqj d xqlw ri d �qdqfldo dvvhw } zlwk frq0

wlqjhqw sd|r�v1 Vshfl�fdoo|/ wkh lqyhvwru lv frpsdu0

lqj wkh h{shfwhg sd|r� iurp ex|lqj rqh xqlw ri wkh

dvvhw wr wkdw iurp vkruw vhoolqj rqh xqlw ri wkh dvvhw1

Wkh iroorzlqj wdeoh lqglfdwhv wkh +qrq0dgglwlyh, sure0

delolw| ghvfulelqj wkh frpprq lqirupdwlrq derxw wkh

xqfhuwdlqw| dqg wkh frqwlqjhqw sd|r�v=

Srvvleoh vwdwhv $O $K
Qrq0dgglwlyh suredelolw| � � +$O, � +$K ,

@ 3=6 @ 3=7

Vwdwh frqwlqjhqw sd|r� wr ex|lqj 4 6

Vwdwh frqwlqjhqw sd|r� wr vhoolqj �4 �6

Wkh h{shfwhg sd|r� ri ex|lqj dq xqlw ri }> ohw xv fdoo

lw wkh dfw }e> FH+}e, lv rewdlqhg e| wdnlqj h{shfwd0

wlrqv z1u1w1 wkh uhohydqw plqlpl}lqj suredelolw| lq wkh

fruh ri �= Qrwlfh/ wkh sd|r� iurp wkh dfw }e lv orzhu dw

$O wkdq dw $K = Khqfh/ wkh uhohydqw plqlpl}lqj sure0

delolw| zkhq hydoxdwlqj FH+}e, lv wkdw suredelolw| lq

F wkdw sxwv prvw zhljkw rq $O= Wkhuhiruh/

FH+}e, @ plq
�5F

q[
}e +$l,� +$l,

r
@ 3=9� 4 . 3=7� 6 @ 4=;

Rq wkh rwkhu kdqg/ wkh sd|r� iurp jrlqj vkruw rq dq

xqlw ri } +wkh dfw }v, lv kljkhu dw $O wkdq dw $K 1 Lq

rwkhu zrugv/ ex|lqj dqg vhoolqj duh qrq0frprqrwrqlf

dfwv1 Khqfh/ wkh uhohydqw plqlpl}lqj suredelolw| zkhq

hydoxdwlqj FH+}e, lv wkdw suredelolw| lq F wkdw sxwv

prvw zhljkw rq $K = Wkxv/

FH+}v, @ plq
�5F

q[
}v +$l,� +$l,

r
@ 3=6� +�4, . 3=:� +�6, @ �5=7

Dq chfrqrplf* lqwhusuhwdwlrq zrxog uxq dv iroorzv1

Jlyhq wkh dpeljxlw| lq wkh lqyhvwru*v vxemhfwlyh dv0

vhvvphqw ri wkh xqfhuwdlqw|/ pruh wkdq rqh suredelo0

lw| lv frqvlvwhqw zlwk klv nqrzohgjh1 Ehlqj dpeljxlw|

dyhuvh/ kh cvkdghv* wkh ydoxdwlrq wr wkh h{whqw lw pd|



eh d�hfwhg e| wkh dpeljxlw|1 Wkh vzlwfk lq wkh uhoh0

ydqw plqlpl}lqj suredelolw| lpsolflw lq wkh hydoxdwlrq

zkhq frpsdulqj d ex|lqj srvlwlrq wr d vhoolqj/ lv vlp0

so| d uh hfwlrq ri wkh cvkdglqj h�hfw*1

Lw lv hylghqw iurp rxu frpsxwdwlrqv wkdw li wkh sulfh ri

wkh dvvhw } zhuh wr olh lq wkh rshq lqwhuydo +4=;>5=7, >

wkhq wkh lqyhvwru zrxog vwulfwo| suhihu d }hur srvlwlrq

wr hlwkhu jrlqj vkruw ru ex|lqj1 Xqolnh lq wkh fdvh ri

xqdpeljxrxv eholhiv +l1h1/ VHX, wkhuh lv qr vlqjoh sulfh

dw zklfk wr vzlwfk iurp ex|lqj wr vhoolqj1 Wdnlqj d

}hur srvlwlrq rq wkh ulvn| dvvhw kdv wkh xqltxh dgydq0

wdjh wkdw lwv hydoxdwlrq lv qrw d�hfwhg e| dpeljxlw|1

Wkxv sulfh kdv wr ulvh +idoo, vx!flhqwo| wr doorz wkh lq0

yhvwru ihho vhfxuh lq jrlqj vkruw +orqj, e| phhwlqj wkh

whvw ri klv frqvhuydwlyh hvwlpdwh�cvkdglqj* ri ydoxd0

wlrqv gxh wr dpeljxlw| dyhuvlrq lv zkdw uhvxowv lq wkh

clqhuwld* }rqh1 Lw lv krzhyhu lpsruwdqw wr qrwh wkdw

Grz dqg Zhuodqj*v ghprqvwudwlrq lv vlpso| d vwdwh0

phqw derxw rswlpdo sruwirolr fkrlfh fruuhvsrqglqj wr

h{rjhqrxvo| jlyhq sulfhv1 Wkhlu uhvxow lv qrw d ghvfuls0

wlrq ri dq htxloleulxp vlqfh wkh prgho lv qrw forvhg wr

rewdlq dvvhw sulfhv hqgrjhqrxvo|1 ^:` h{whqg Grz dqg

Zhuodqj*v dqdo|vlv wr dq lq�qlwh0krul}rq/ pxowlsoh0

dvvhw iudphzrun dqg �qg wkdw wkh qrq0xqltxhqhvv ri

vxssruwlqj sulfhv lv qrw uhvwulfwhg wr ulvnohvv srvlwlrqv1

Pruh vshfl�fdoo|/ wkh| jhqhudol}h wkh ^4:` dvvhw sulf0

lqj prgho e| doorzlqj iru dpeljxrxv eholhiv dqg dp0

eljxlw| dyhuvlrq dqg �qg wkdw wkh qrq0xqltxhqhvv ri

vxssruwlqj sulfhv lq jhqhudo h{whqgv wr wkh fdvh zkhuh

�wkhuh h{lvw vwdwh yduldeohv d�hfwlqj glylghqgv wkdw gr

qrw lq xhqfh frqvxpswlrq�1 Vlqfh lq wklv prgho dv0

vhw sulfhv pd| eh lqghwhuplqdwh zkloh frqvxpswlrq lv

h{rjhqrxvo| vshfl�hg/ wkh sdshu surylghv d qhz ch{0

sodqdwlrq* iru sulfh yrodwlolw| lq dvvhw pdunhwv/ l1h1/ lw

fdq ch{sodlq* wkh juhdwhu yrodwlolw| iru sulfhv wkdq iru

frqvxpswlrq wkdw lv revhuyhg lq uhdolw|1

D �qdqfldo frqwudfw lv d fodlp wr dq lqfrph vwuhdp�

khqfh wkh orjlf ri wkh �qdqfldo pdunhwv= e| h{fkdqj0

lqj vxfk fodlpv djhqwv fkdqjh wkh vkdshv ri wkhlu lq0

frph vwuhdpv/ rewdlqlqj d pruh hyhq frqvxpswlrq

dfurvv wlph dqg wkh xqfhuwdlq frqwlqjhqflhv1 D �0

qdqfldo pdunhw lv vdlg wr eh frpsohwh li frqwlqjhqw

sd|r�v iurp wkh gl�huhqw pdunhwhg vhfxulwlhv duh ydu0

lhg hqrxjk wr vsdq doo wkh frqwlqjhqflhv1 Krzhyhu/

lq mxvw derxw hyhu| �qdqfldo pdunhw lq wkh uhdo zruog

wkh vsdq lv ohvv wkdq wkh ixoo vhw ri frqwlqjhqflhv/ l1h1/

wkh pdunhwv duh lqfrpsohwh1 Wkh sulpdu| lpsolfdwlrq

ri lqfrpsohwhqhvv lv wkdw djhqwv pd| wudqvihu lqfrph

rqo| dfurvv d olplwhg vhw ri frqwlqjhqflhv dqg duh wkxv

ohiw h{srvhg wr ulvn lq d vxerswlpdo pdqqhu1 Lqfrp0

sohwhqhvv ri �qdqfldo pdunhwv lv d frpshoolqj ihdwxuh

ehfdxvh lw h{sodlqv fuxfldo idfwv derxw wkh zrunlqj

ri �qdqfldo dqg frpshwlwlyh pdunhwv wkdw zrxog lp0

srvvleoh wr h{sodlq zlwkrxw dvvxplqj lqfrpsohwhqhvv1

Lqghhg/ wklv fkdudfwhulvwlf lv wkh ixqgdphqwdo lqvslud0

wlrq iru wkh prvw frpsuhkhqvlyh prgho ri wkh pdunhw

hfrqrp|= jhqhudo htxloleulxp zlwk lqfrpsohwh pdu0

nhwv +JHL,1 Qhyhuwkhohvv/ uhodwlyho| olwwoh kdv ehhq

dffrpsolvkhg lq wkh zd| ri irupdoo| hvwdeolvklqj ri

zkdw suhflvho| ohdg wr wkh lqfrpsohwhqhvv1 Dv rqh

ri wkh suh0hplqhqw frqwulexwruv wr wkh olwhudwxuh rq

JHL / ^43` frpphqwv= �Shukdsv wkh prvw xqh{soruhg

sduw ri wkh JHL prgho lv d wkhru| h{sodlqlqj zklfk

pdunhwv duh rshq dqg zklfk duh forvhg1 Wklv pd|

eh ylhzhg dv d fkdoohqjh iru d uhvhdufk surjudp 111 1

Rqfh d JHL prgho zlwk hqgrjhqrxv dvvhw irupxodwlrq

lv ghyhorshg111 zh frxog vshfxodwh derxw wkh frqgl0

wlrqv lq zklfk vrfldoo| pruh lpsruwdqw dvvhwv whqghg

wr eh pdunhwhg ehiruh vrfldoo| ohvv lpsruwdqw rqhv1�

Wkh fkdoohqjh wkhq/ lv wr rewdlq d prgho wkdw |lhog

frqglwlrqv rq sulplwlyhv h{sodlqlqj zk| fhuwdlq dv0

vhwv zrxog qrw eh wudghg hyhq li wkh| zhuh dydlodeoh

dqg frxog hdvlo| eh ghyhorshg1

^53` dssolhv dpeljxlw| dyhuvlrq wr surylgh dq h{0

sodqdwlrq ri wkh lqfrpsohwhqhvv ri �qdqfldo pdunhwv1

Pruh sduwlfxoduo|/ wkh sdshu irfxvhv rq wkh txhvwlrq/

�Zkdw suhyhqwv wkh w|slfdo erqg0htxlw| �qdqfh hfrq0

rp| iurp r�hulqj vx!flhqw rssruwxqlwlhv iru Sduhwr

rswlpdo ulvn vkdulqjB Lq rwkhu zrugv/ zk| vkrxog wkh

wkhruhpv ri jhqhudo htxloleulxp zlwk lqfrpsohwh pdu0

nhwv +JHL,/ udwkhu wkdq jhqhudo htxloleulxp zlwk frp0

sohwh pdunhwv +JH,/ eh d pruh frpshoolqj ghvfulswlrq

ri wkh w|slfdo erqg0htxlw| hfrqrp|B� Wr dqdo|}h wkh

txhvwlrq/ wkh sdshu frqvlghuv d vw|ol}hg erqg0htxlw|

hfrqrp|/ zklfk wkrxjk lqfrpsohwh shu vh/ kdv d ulfk

hqrxjk vhw ri dvvhwv dydlodeoh iru wudgh vxfk wkdw jlyhq

vwdqgdug dvvxpswlrqv derxw ehkdylru xqghu xqfhu0

wdlqw|/ wkh htxloleulxp doorfdwlrq zrxog duelwudulo|

dssur{lpdwh d frpsohwh pdunhw +JH, doorfdwlrq1 Lw lv

vkrzq/ krzhyhu/ wkdw jlyhq cvx!flhqw* dpeljxlw| dyhu0

vlrq/ d fhuwdlq vxevhw ri wkh dydlodeoh dvvhwv zloo qrw eh

dfwxdoo| wudghg lq htxloleulxp/ hyhq wkrxjk dydlodeoh1

Khqfh lw lv suryhg wkdw/ jlyhq cvx!flhqw* dpeljxlw|

dyhuvlrq/ surylghg wkh qrq0wudghg vhfxulwlhv duh qrq0

uhgxqgdqw/ htxloleulxp doorfdwlrq ri wkh erqg0htxlw|

hfrqrp| lv d JHL htxloleulxp1 Wklv vkrzv krz dpel0

jxlw| dyhuvlrq pd| hqgrjhqrxvo| olplw wkh vfrsh ri

ulvn vkdulqj rewdlqdeoh wkurxjk wkh erqgv2htxlwlhv

dfwxdoo| wudghg lq d w|slfdo hfrqrp|/ dqg wkhuhiruh/

h{sodlq zk| wkh dfwxdo ehkdylru ri vxfk dq hfrqrp|

lv ehwwhu ghvfulehg e| wkh JHL prgho/ udwkhu wkdq wkh

JH prgho1

Wkh xqghuo|lqj remhfwlyh ri wkh irupdo dqdo|vlv lq ^53`

lv wr lghqwli| wkh fodvv ri dvvhwv zkrvh wudgh lv yxoqhu0

deoh wr dpeljxlw| dyhuvlrq= dvvhwv wkdw zloo eh wudghg

li djhqwv duh vxemhfwlyh h{shfwhg xwlolw| pd{lpl}huv

exw qrw li wkh djhqwv* frpprq eholhiv derxw sd|r�v ri

wkh dvvhwv lv vx!flhqwo| dpeljxrxv dqg wkh djhqwv duh



dpeljxlw| dyhuvh1 Lw lv irxqg wkdw zkdw ghwhuplqhv dq

dvvhw*v yxoqhudelolw| wr dpeljxlw| dyhuvlrq lv zkhwkhu

lwv sd|r�v kdyh dq lglrv|qfudwlf frpsrqhqw/ l1h1/ li dw

ohdvw vrph frpsrqhqw ri wkh sd|r� lv lqghshqghqw ri

wkh uhdol}hg hqgrzphqw yhfwru dqg ri wkh sd|r� ri

dq| rwkhu dvvhw dv zhoo1 Lw wxuqv rxw wkdw li/ +4, wkh

udqjh ri yduldwlrq ri wkh sd|r�*v lglrv|qfudwlf frpsr0

qhqw lv codujh* uhodwlyh wr wkh udqjh ri wkh yduldwlrq ri

wkh frpsrqhqw fruuhodwhg zlwk wkh hqgrzphqw yhfwru

dqg/ +5, wkh dpeljxlw| ri wkh djhqwv* frpprq eholhi

derxw wkh lglrv|qfudwlf frpsrqhqw lv vx!flhqwo| kljk/

wkhq wkh dvvhw zloo qrw eh wudghg lq dq| jhqhudo htxl0

oleulxp ri wkh �qdqfh hfrqrp|1 Pruhryhu/ zh dovr

�qg wkdw wkh h�hfw ri lglrv|qfudf| fdqqrw vlpso| eh

czdvkhg dzd|* e| wkh vwdqgdug whfkqltxhv ri glyhu0

vl�fdwlrq uho|lqj rq wkh odzv ri odujh qxpehuv/ dv lw

zrxog eh li wkh djhqwv* eholhiv zhuh qrw dpeljxrxv1

Wkh dqdo|vlv dqg uhvxowv lq ^53` vxjjhvw wkdw li wkh lq0

fuhdvh lq xqfhuwdlqw| zhuh vx!flhqwo| juhdw wkhq wudgh

lq d fhuwdlq vxevhw ri wkh dvvhwv zloo wklq rxw +lq sdu0

wlfxodu/ wudgh lq wkrvh frusrudwh erqgv dqg iruzdug

frqwudfwv rq htxlwlhv iru zklfk wkh udwlr ri wkh udqjh ri

yduldwlrq ri wkh lglrv|qfudwlf frpsrqhqw wr wkh udqjh

ri yduldwlrq gxh wr wkh hfrqrplf vkrfnv lv juhdwhu,1

Klvwru| ri �qdqfldo pdunhwv lv uhsohwh zlwk hslvrghv

ri lqfuhdvh lq xqfhuwdlqw| ohdglqj wr d wklqqlqj rxw ri

wudgh +ru hyhq vhl}lqj xs frpsohwho|, shfxolduo| lq dv0

vhwv vxfk dv kljk |lhog frusrudwh erqgv +cmxqn* erqgv,

dqg erqgv lvvxhg lq �hphujlqj pdunhwv�+ ylv1/ Odwlq

Dphulfd/ Hdvwhuq Hxursh dqg Hdvw Dvld,6 1 Lw dsshduv

rqo| qdwxudo wr lqwhusuhw wkhvh hslvrghv dv rqh ri gudv0

wlf lqfuhdvh lq wkh frpprq xqfhuwdlqw| idfhg e| lq0

yhvwruv/ udwkhu wkdq dv dq lqfuhdvh lq wkh dv|pphwu|

ri lqirupdwlrq1 Dovr/ lw vhhpv hplqhqwo| ghprqvwud0

eoh wkdw wkh kljk ulvn erqgv zklfk dsshdu wr eh vr

vhqvlwlyh wr dwwdfnv ri xqfhuwdlqw| duh suhflvho| wkrvh

erqgv zklfk kdyh kljk lglrv|qfudwlf frpsrqhqwv lq

wkhlu sd|r�v1 Wkxv wkh wkhru| ri dpeljxlw| dyhuvlrq

surylghv dq hqgrjhqrxvo| jhqhudwhg cqdwxudo* h{sod0

qdwlrq ri zk| rqo| wklv fhuwdlq fodvv ri dvvhwv/ dqg

qrw doo dvvhwv/ zloo eh d�hfwhg e| wkh lqfuhdvh lq xq0

fhuwdlqw|1 Wkh h{sodqdwlrq lv dovr xvhixo lq surylglqj d

qryho xqghuvwdqglqj ri wkh uroh ri fhuwdlq lqvwlwxwlrqv

ri �qdqfldo frqwudfwlqj lq idflolwdwlqj wkh wudqvdfwlrq

ri frusrudwh erqgv1

Ilqdqfldo hfrqrplvwv kdyh revhuyhg wkdw hyhq wkrxjk

eduulhuv wr lqwhuqdwlrqdo lqyhvwphqw kdyh idoohq gud0

pdwlfdoo|/ lqyhvwruv frqwlqxh wr doorfdwh rqo| d yhu|

6Frqvlghu/ iru lqvwdqfh/ wkh zlgho| uhsruwhg uhfhqw
sdudo|vlv d"lfwlqj wkh mxqn erqg pdunhwv lq wkh X1V1 dqg
lq Hxursh lq wkh diwhupdwk ri wkh Uxvvldq dqg Hdvw Dvldq
fulvhv1 Iru uhodwhg suhvv uhsruwlqj vhh/ �XV frusrudwh erqg
pdunhw klw/� Ilqdqfldo Wlphv/ 46 Rfwrehu/ 4<<; dqg �Ylu0
jlq dup dedqgrqv mxqn erqg lvvxh�Ilqdqfldo Wlphv/ 5<
Rfwrehu/ 4<<;1

vpdoo iudfwlrq ri wkhlu sruwirolr wr iruhljq lqyhvwphqwv1

Lqghhg/ wkh doorfdwlrq lv pxfk vpdoohu wkdq zrxog eh

h{shfwhg lq wkh devhqfh ri eduulhuv wr lqwhuqdwlrqdo

lqyhvwphqw1 Wklv hylghqfh frqvwlwxwhv zkdw lv jhqhu0

doo| uhihuuhg wr dv wkh krph0eldv sx}}oh7 1 Lw lv vxj0

jhvwhg wkdw dpeljxlw| dyhuvlrq pd| zhoo krog dq lp0

sruwdqw nh| wr xqorfnlqj wkh sx}}oh1 Wkhuh duh wzr

idfwruv zklfk vxjjhvw wkdw dpeljxlw| dyhuvlrq pd|

eh wkh uhdvrq zklfk ohdgv lqyhvwruv wr idyru grphv0

wlf ryhu iruhljq dvvhwv lq wkhlu sruwirolrv1 Iluvw/ dq

lqyhvwru pd| zhoo kdyh ohvv lqirupdwlrq derxw sd|0

r� survshfwv ri iruhljq dvvhwv dv frpsduhg wr grphv0

wlf dvvhwv1 ^56` surylgh vrph vxuyh| hylghqfh frqvlv0

whqw zlwk wklv ylhz1 Ohvv lqirupdwlrq/ pd| zhoo phdq

pruh dpeljxrxv lqirupdwlrq1 Vhfrqgo|/ iruhljq dv0

vhwv pd| w|slfdoo| kdyh pruh uhodwlyho| surqrxqfhg

lglrv|qfudwlf frpsrqhqwv lq uhodwlrq wr wkh hqgrz0

phqwv ri wkh grphvwlf lqyhvwru1

7 Vwudwhjlf ghflvlrq pdnlqj

Lq uhfhqw |hduv jdph wkhru|/ wkh wkhru| ri vwudwhjlf

ghflvlrq pdnlqj/ kdv frph wr eh edvlf exloglqj eorfn

ri hfrqrplf wkhrul}lqj1 Qdwxudoo|/ hfrqrplvwv zrun0

lqj zlwk wkh lghdv ri dpeljxlw| dyhuvlrq kdyh lqfuhdv0

lqjo| vrxjkw wr lqfrusrudwh wkh lghdv lqwr jdph wkhr0

uhwlf dqdo|vlv1 Zkloh wkh wkhruhwlfdo zrun lqyroyhg lq

pdnlqj d vxffhvv ri wklv pduuldjh lv idu iurp frpsohwh/

wkhuh kdv douhdg| dsshduhg vrph yhu| lqqrydwlyh zrun

lq dsso|lqj wkh qhzo| rewdlqhg wkhruhwlfdo iudphzrun

wr h{sodlq vxqgu| hfrqrplf skhqrphqd1 Lq wklv vhf0

wlrq zh vkdoo uhylhz wzr h{dpsohv1

Wkh �uvw uhodwhv wr wkh wkhru| ri dxfwlrqv1 Dv lv

zlgho| dfnqrzohgjhg/ dqdo|vlv ri dxfwlrqv lv shukdsv

wkh prvw csxeolf* idfh ri jdph wkhru| lq hfrqrplfv1

Qr ohvv lpsruwdqw lv wkh idfw wkdw wkh sulqflsohv ri

dxfwlrq wkhru| olh dw wkh yhu| khduw ri wkh wkhru| ri

uhjxodwru| ghvljq/ dqg pruh jhqhudoo|/ phfkdqlvp gh0

vljq1 Wudglwlrqdo dqdo|vlv ri dxfwlrqv dvvxphv wkdw

hdfk elgghu*v eholhiv derxw rssrqhqwv* ydoxdwlrqv duh

uhsuhvhqwhg e| d suredelolw| phdvxuh1 ^49` h{dplqhv

wkh frqvhtxhqfhv ri uhod{lqj wklv dvvxpswlrq/ e| do0

orzlqj iru dpeljxrxv eholhiv dqg dpeljxlw| dyhuvlrq/

lq wkh �uvw dqg vhfrqg sulfh vhdohg elg dxfwlrqv zkhuh

doo sduwlflsdqwv duh ulvn qhxwudo/ hdfk elgghu*v ydoxd0

wlrq ri wkh jrrg ehlqj vrog lv nqrzq rqo| wr klpvhoi

dqg lv lqghshqghqw ri rwkhuv* ydoxdwlrqv1 Xqghu d

idluo| jhqhudo sdudphwulf vshfl�fdwlrq ri wkh prgho lw

lv vkrzq wkdw wkh �uvw sulfh dxfwlrq zloo eh +vwulfwo|,

suhihuuhg wr wkh vhfrqg sulfh dxfwlrq/ e| wkh vhoohu1

Wkh uhvxow lv ri vxevwdqwldo lqwhuhvw/ dw ohdvw lq sduw/

7Vhh ^;` dqg ^48` iru uhihuhqfhv/ dv zhoo dv ^<`/ ^6`/ dqg
^57`1



ehfdxvh wkh wudglwlrqdo +VHX, dqdo|vlv dvvhuwv wkdw/

jlyhq ulvn0qhxwudo dq elgghuv/ wkh vhoohu vkrxog hvvhq0

wldoo| eh lqgl�huhqw ehwzhhq wkh survshfwv ri wkh wzr

dxfwlrq irupdwv1 D eulhi lqwxlwlrq ri wkh uhvxow pd|

eh jlyhq dv iroorzv1 Iluvw/ uhfdoo wkdw wkh hvvhqwldo ihd0

wxuh ri vhdohg elg dxfwlrqv lv wkdw hdfk elgghu vxeplwv

d vlqjoh elg wr wkh dxfwlrqhhu dqg wkh elg lv qrw uh0

yhdohg wr rwkhu elgghuv1 Lq wkh �uvw sulfh irupdw/ wkh

elgghu zkr vxeplwv wkh kljkhvw elg zlqv dqg sd|v

wkh sulfh kh elg1 Lq d vhfrqg sulfh dxfwlrq/ wkh elg0

ghu zkr vxeplwv wkh kljkhvw elg zlqv exw kh lv rqo|

uhtxluhg wr sd| d sulfh htxdo wr wkh vhfrqg kljkhvw

elg1 Dv lv zhoo nqrzq/ lq d vhfrqg sulfh dxfwlrq/ luuh0

vshfwlyh ri rqh*v eholhiv derxw rwkhuv* ydoxdwlrqv dqg

elgglqj vwudwhjlhv/ lw lv d +zhdno|, grplqdqw vwudwhj|

wr elg rqh*v wuxh ydoxdwlrq1 Elgglqj kljkhu wkdq rqh*v

rzq ydoxdwlrq/ lq d vhfrqg sulfh dxfwlrq/ lqfuhdvhv wkh

suredelolw| ri zlqqlqj rqo| zkhq wkh frqvhtxhqfh lv

wkdw rqh hqgv xs sd|lqj d sulfh juhdwhu wkdq klv ydo0

xdwlrq1 Vlploduo|/ elgglqj ehorz rqh*v ydoxdwlrq lv ri

qr xvh= lw ghfuhdvhv rqh*v fkdqfhv ri zlqqlqj zkhq

zlqqlqj lv jdlqixo dqg grhv qrw d�hfw wkh sulfh sdlg

lq dq| fdvh1 Krzhyhu/ eholhiv gr d�hfw wkh elgglqj

vwudwhj| lq wkh �uvw sulfh dxfwlrq1 Zkhq elgghuv duh

frqvlghulqj wkh rswlpdo elg lq wkh �uvw sulfh dxfwlrq/

dpeljxlw| dyhuvlrq pdnhv wkhp ehkdyh dv li lw lv olnho|

wkdw wkhlu frpshwlwruv kdyh d kljk ydoxdwlrq/ wkhuhe|

ohdglqj wr d pruh djjuhvvlyh elgglqj vwudwhj|1

Rxu vhfrqg h{dpsoh lv d sdshu wkdw h{dplqhv krz

vwudwhjlf prwlyhv iru ciuhh ulglqj* duh d�hfwhg e| dp0

eljxlw| dyhuvlrq1 Iuhh ulglqj2fkhdwlqj dv d vwudwhjlf

lpshudwlyh kdv ehhq d fhqwudo txhvwlrq ri dqdo|vlv iru

jdph wkhru| hyhu vlqfh lwv hduo| gd|v= lw lv qrw iru

qrwklqj wkdw wkh sulvrqhuv* glohppd lv d sdudgljpdwlf

h{dpsoh ri jdph wkhru|1 D uhfhqw frqwulexwlrq/ ^8` hv0

wdeolvkhv wkdw wkh lqfrusrudwlrq ri dpeljxlw| dyhuvlrq

dowhuv wkh suhglfwlrqv ri wkh jdph wkhruhwlf dqdo|vlv

lq yhu| vljql�fdqw zd|v dqg lqghhg vrph ri wkh qhz

suhglfwlrqv duh pxfk pruh lq wxqh zlwk revhuyhg hp0

slulfv wkdq wkrvh ri wkh wudglwlrqdo wkhru|1 ^8` dqdo|}h

wkh lvvxh ri sxeolf jrrg surylvlrq zkhuh sod|huv kdyh

dpeljxrxv eholhiv derxw wkh rwkhu sod|huv vwudwhjlhv

zlwk uhjdug wr frqwulexwlrqv wrzdug wkh surylvlrq ri d

sxeolf jrrg1 Wkh jlvw ri wkh lghd fdq eh rewdlqhg e|

frqvlghulqj d 50sod|hu jdph zkhuh d sod|hu l kdv wkh

xwlolw| ixqfwlrq xl +{4> {5, @ j +{4> {5,�{l1 j +{4> {5,

lv wkh xwlolw| ghulyhg iurp wkh surylvlrq ri wkh sxeolf

jrrg surgxfhg2surylghg xvlqj wkh sod|huv* uhvshfwlyh

frqwulexwlrqv {4> {5= Wkh ryhudoo h�hfw ri dpeljxlw|

dyhuvlrq lv wr �grzqzdugo| eldv� d sod|hu l3v h{shfwd0

wlrq ri sod|hu m*v +htxloleulxp, frqwulexwlrq1 Vxssrvh

j lv frqfdyh1 Jlyhq wkh grzqzdug eldv/ frqfdylw|

ri j lpsolhv dq lqfuhdvh lq wkh pdujlqdo ehqh�w xq0

ghu FHX/ dv frpsduhg wr wkdw xqghu VHX/ ri l*v rzq

frqwulexwlrq1 Khqfh/ wkh htxloleulxp sur�oh ri frqwul0

exwlrq xqghu FHX zloo lqyroyh kljkhu frqwulexwlrqv

dv frpsduhg wr VHX1 Lqghhg/ dv wkh dxwkruv glvfxvv/

wklv lv zkdw lv frqvlvwhqw zlwk wkh ydulrxv hpslulfdo

dqg h{shulphqwdo vwxglhv1

8 Yrwlqj ehkdylru

Dqdo|vlv ri yrwlqj ehkdylru kdv ehhq dq lpsruwdqw

sduw ri hfrqrplf dqdo|vlv iru d orqj wlph1 Krzhyhu/

wkh uhfhqw xsvxujh ri lqwhuhvw lq prghov ri srolwlfdo

hfrqrp| kdyh uhvxowhg lq d uhqhzhg hpskdvlv rq re0

wdlqlqj d ixoohu xqghuvwdqglqj ri wkh zrunlqj ri hohf0

wrudo lqvwlwxwlrqv1 Zkloh ehlqj d irfxv ri dqdo|vlv kdv

phdqw wkdw orw kdv ehfrph fohduhu/ d qxpehu ri lvvxhv

uhpdlq pxun| dqg loo xqghuvwrrg1 Surplqhqw dprqj

wkh odwwhu lv wkh vr fdoohg �uroo r�� skhqrphqrq= vhohf0

wlyh devwhqwlrq lq pxowlsoh hohfwlrqv1 Pdq| hohfwlrqv

lq wkh X1V1/ iru lqvwdqfh/ lqyroyh pxowlsoh edoorwv= dw

rqh wlph lq wkh yrwlqj errwk/ wkh yrwhuv duh lqylwhg wr

fdvw wkhlu edoorwv rq d cpdmru* hohfwlrq +vd|/ fkrrvlqj

wkh Suhvlghqw ru wkh Jryhuqru, dqg dovr rq d qxpehu

ri cplqru* hohfwlrqv +vd|/ fkrrvlqj wkhlu uhsuhvhqwd0

wlyh rq wkh orfdo vfkrro erdug,1 D vw|ol}hg idfw derxw

vxfk hohfwlrqv lv wkdw yrwhuv w|slfdoo| fdvw wkhlu edoorw

rq wkh pdmru hohfwlrq exw devwdlq iurp yrwlqj rq wkh

plqru hohfwlrqv1 ^45` vkrzv wkdw wklv pd| eh gxh wr

wkh gl�huhqfhv lq txdolw| dqg txdqwlw| ri lqirupdwlrq

wkdw yrwhuv kdyh derxw hdfk hohfwlrq/ li zh zhuh wr lq0

whusuhw wkh gl�huhqfhv lq lqirupdwlrq dv gl�huhqfhv lq

wkh ohyho ri dpeljxlw| ri eholhiv1 Wkh fuxfldo suhvxps0

wlrq lv wkdw wkh yrwhuv kdyh dpeljxrxv eholhiv derxw

wkh srolflhv idyruhg e| wkh fdqglgdwhv lq wkh plqru

hohfwlrqv1 Dv vxfk/ wkh fkrlfh ri fdvwlqj d +slyrwdo,

yrwh lq idyru ru djdlqvw d fdqglgdwh lq d plqru hohf0

wlrq lv suhww| pxfk dqdorjrxv wr wkh fkrlfh ehwzhhq

jrlqj vkruw ru orqj rq d �qdqfldo dvvhw dv vhhq lq wkh

h{dpsoh +lq vhfwlrq 6, edvhg rq Grz dqg Zhuodqj*v

sdshu1 Olnh lq wkh pdwwhu ri sruwirolr fkrlfh/ khuh wrr/

zh rewdlq d }rqh ri clqhuwld* zklfk wudqvodwhv lqwr de0

vwhqwlrq1

9 Frqfoxvlrq

Wkh uhvhdufk surjudp vxuyh|hg dlpv wr ghprqvwudwh

krz ghsduwlqj iurp dqg uhirupxodwlqj dvshfwv ri wkh

sdudgljpdwlf qrwlrq ri udwlrqdolw|/ dvshfwv wkdw gr qrw

vlw zhoo zlwk hpslulfdo �qglqjv ru frpprq lqwxlwlrq/

fdq |lhog fuxfldo lqvljkw/ klwkhuwr xqrewdlqdeoh/ lqwr

wkh zrunlqj ri ylwdo hfrqrplf lqvwlwxwlrqv1 Lqfrusr0

udwlqj dvshfwv ri cerxqghg udwlrqdolw|* lq hfrqrplf

dqdo|vlv lv zlgho| uhjdughg dv wkh prvw surplvlqj/ li

qrw fkdoohqjlqj/ iurqwlhu iru wkhruhwlfdo hfrqrplfv1 Li

vxffhvvixo/ wkh uhvhdufk surjudp zloo fuhdwh d odvw0

lqj lpsdfw rq wklv iurqwlhu dqg pryh lw d�hog lq d

yhu| xvhixo zd|1 Lw zrxog eh sduwlfxoduo| xvhixo lq lq0



vslulqj vwxglhv wkdw ghprqvwudwh wkh hfrqrplf vljql�0

fdqfh ri rwkhu +l1h1/ rwkhu wkdq dpeljxlw| dyhuvlrq> vhh

h1j1/ ^47`, frpprqo| revhuyhg ghsduwxuhv iurp VHX1

Dfnqrzohgjhphqwv

L wkdqn wkh wzr dqrq|prxv uhihuhhv iru wkhlu khosixo

frpphqwv dqg hvshfldoo| Shwhu Zdooh| iru hqfrxudj0

lqj ph wr zulwh wklv vxuyh|1

Uhihuhqfhv

^4` F1 Fdphuhu dqg P1 Zhehu1 Uhfhqw ghyhorsphqwv

lq prgholqj suhihuhqfhv= xqfhuwdlqw| dqg dpel0

jxlw|1 Mrxuqdo ri Ulvn dqg Xqfhuwdlqw|/ 8=658�

6:3/ 4<<51

^5` G1 Z1 Fduowrq1 Yhuwlfdo lqwhjudwlrq lq frpshw0

lwlyh pdunhwv xqghu xqfhuwdlqw|1 Mrxuqdo ri Lq0

gxvwuldo Hfrqrplfv/ 5:+6,=4;<�53</ Pdufk 4<:<1

^6` L1 D1 Frrshu dqg H1 Ndsodqlv1 Zkdw h{sodlqv

wkh krph eldv lq sruwirolr lqyhvwphqw1 Uhylhz ri

Ilqdqfldo Vwxglhv/ :=78�93/ 4<<71

^7` M1 Grz dqg V1 Zhuodqj1 Xqfhuwdlqw| dyhuvlrq/

ulvn dyhuvlrq/ dqg wkh rswlpdo fkrlfh ri sruwirolr1

Hfrqrphwulfd/ 93+4,=4<:�537/ 4<<51

^8` M1 Hlfkehujhu dqg G1 Nhovh|1 Iuhh ulghuv gr qrw

olnh xqfhuwdlqw|1 Plphr/ 4<<;1

^9` G1 Hoovehuj1 Ulvn/ dpeljxlw|/ dqg wkh Vdydjh d{0

lrpv1 Txduwhuo| Mrxuqdo ri Hfrqrplfv/ :8=976�

99</ 4<941

^:` O1 Hsvwhlq dqg W1 Zdqj1 Lqwhuwhpsrudo dvvhw

sulflqj xqghu Nqljkwldq xqfhuwdlqw|1 Hfrqrphw0

ulfd/ 95+6,=5;6�655/ 4<<71

^;` M1 D1 Iudqnho1 Wkh Lqwhuqdwlrqdol}dwlrq ri Htxlw|

Pdunhwv1 Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr/

LO/ 4<<81

^<` N1 U1 Iuhqfk dqg M1 P1 Srwhued1 Lqyhvwru

glyhuvl�fdwlrq dqg lqwhuqdwlrqdo htxlw| pdu0

nhwv1 Dphulfdq Hfrqrplf Uhylhz/ Sdshuv dqg

Surfhhglqjv=555�559/ 4<<41

^43` M1 Jhdqdnrsorv1 Dq lqwurgxfwlrq wr jhqhudo htxl0

oleulxp zlwk lqfrpsohwh �qdqfldo pdunhwv1 Mrxu0

qdo ri Pdwkhpdwlfdo Hfrqrplfv/ 4<=4�6;/ 4<<31

^44` S1 Jkludugdwr1 Frslqj zlwk ljqrudqfh= xq0

iruhvhhq frqwlqjhqflhv dqg qrq0dgglwlyh xqfhu0

wdlqw|1 Whfkqlfdo uhsruw/ Xqlyhuvlw| ri Fdoliruqld

dw Ehunhoh|/ 4<<71

^45` S1 Jkludugdwr dqg M1 Q1 Ndw}1 Lqghflvlrq wkhru|=

Dq lqirupdwlrqdo prgho ri uroo0r�1 Plphr/ 4<<:1

^46` L1 Jloerd dqg G1 Vfkphlgohu1 Pd{plq h{shfwhg

xwlolw| zlwk d qrq0xqltxh sulru1 Mrxuqdo ri Pdwk0

hpdwlfdo Hfrqrplfv/ 4;=474�486/ 4<;<1

^47` M1 G1 Kh|1 H{shulphqwv dqg wkh hfrqrplfv ri

lqglylgxdo ghflvlrq pdnlqj xqghu ulvn dqg xqfhu0

wdlqw|1 Lq G1 P1 Nuhsv dqg Z1 N1 I1/ hglwruv/

Dgydqfhv lq Hfrqrplfv dqg Hfrqrphwulfv= Wkh0

ru| dqg Dssolfdwlrqv1 Vhyhqwk Zruog Frqjuhvv/

yroxph Rqh1 Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdp0

eulgjh/ 4<<:1

^48` N1 Ohzlv1 Sx}}ohv lq lqwhuqdwlrqdo �qdqfh1 Lq

J1 Jurvvpdq dqg N1 Urjr�/ hglwruv/ Kdqgerrn ri

lqwhuqdwlrqdo hfrqfrplfv1 Qruwk Kroodqg/ 4<<81

^49` N1 Or1 Vhdohg elg dxfwlrqv zlwk xqfhuwdlqw|

dyhuvh elgghuv1 Hfrqrplf Wkhru|/ 45=4�53/ 4<<;1

^4:` U1 Oxfdv1 Dvvhw sulfhv lq dq h{fkdqjh hfrqrp|1

Hfrqrphwulfd/ 79=475<�4778/ 4<:;1

^4;` V1 Pxnhuml1 Xqghuvwdqglqj wkh qrqdgglwlyh

suredelolw| ghflvlrq prgho1 Hfrqrplf Wkhru|/

<+4,=56�79/ 4<<:1

^4<` V1 Pxnhuml1 Dpeljxlw| dyhuvlrq dqg lqfrpsohwh0

qhvv ri frqwudfwxdo irup1 Dphulfdq Hfrqrplf

Uhylhz/ ;;+8,=453:�4564/ Ghfhpehu 4<<;1

^53` V1 Pxnhuml dqg M1 Wdoorq1 Dpeljxlw| dyhuvlrq

dqg lqfrpsohwhqhvv ri �qdqfldo pdunhwv1 plphr/

4<<<1

^54` O1 Vdydjh1 Wkh Irxqgdwlrqv ri Vwdwlvwlfv1 Qhz0

\run/ Mrkq Zloh|/ 4<871

^55` G1 Vfkphlgohu1 Vxemhfwlyh suredelolw| dqg h{0

shfwhg xwlolw| zlwkrxw dgglwlylw|1 Hfrqrphwulfd/

8:+6,=8:4�8;:/ 4<;<1

^56` U1 M1 Vkloohu/ I1 Nrq0\d/ dqg \1 Wvxwvxl1 Vshf0

xodwlyh ehkdylru lq wkh vwrfn pdunhwv= Hylghqfh

irup wkh x1v1 dqg mdsdq1 Qdwlrqdo Exuhdx ri Hfr0

qrplf Uhvhdfk Zrunlqj Sdshu/ 6946/ 4<<41

^57` O1 O1 Whvdu dqg L1 P1 Zhuqhu1 Krph eldv dqg

kljk wxuqryhu1 Mrxuqdo ri Lqwhuqdwlrqdo Prqh|

dqg Ilqdqfh/ 47+7,=79:�7<5/ 4<<81


