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Devwudfw

D frpsxwdwlrqdo prgho ri frpshwlqj pxowl0xqlw ?upv/ vxfk dv uhwdlo fkdlqv
dqg pxowl0sodqw pdqxidfwxuhuv/ lv ghyhorshg lq zklfk xqlw pdqdjhuv dqg frusr0
udwh vwd> frqwlqxdoo| vhdufk iru ehwwhu sudfwlfhv zkloh frqvxphuv vhdufk dprqj
xqlwv wr ?qg d ehwwhu pdwfk1 Wkh pdlq remhfwlyh ri wklv uhvhdufk lv wr ghwhuplqh
krz wkh dprxqw ri glvfuhwlrq jlyhq wr xqlw pdqdjhuv/ dv wr krz wkh| uxq wkhlu
xqlwv/ lq xhqfhv wkh udwh ri lqqrydwlrq dw wkh xqlw ohyho dqg krz wklv uhodwlrqvkls
ghshqgv rq pdunhw vwuxfwxuh1

WSuhsduhg iru wkh 9wk Lqwhuqdwlrqdo Frqihuhqfh rq Frpsxwlqj lq Hfrqrplfv dqg Ilqdqfh ri wkh
Vrflhw| iru Frpsxwdwlrqdo Hfrqrplfv +Mxo| 5333 0 Edufhorqd/ Vsdlq,
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4 Lqwurgxfwlrq

Zkdw lv wkh rswlpdo ghjuhh ri fhqwudol}dwlrq zlwklq d ?upB Wr zkdw h{whqw vkrxog
orzhu ohyho pdqdjhuv eh jlyhq wkh dxwkrulw| wr dfw lqghshqghqwo| ri kljkhu ohyho
pdqdjhphqwB Lq wkh fdvh ri d uhwdlo fkdlq/ wklv txhvwlrq wdnhv wkh irup ri krz pxfk
glvfuhwlrq frusrudwh khdgtxduwhuv vkrxog jlyh wr vwruh pdqdjhuv1 Vkrxog d wljkwo|0
frqwuroohg vhw ri rshudwlqj surfhgxuhv eh pdqgdwhg ru vkrxog vwruh pdqdjhuv eh jlyhq
frqvlghudeoh ohhzd| zlwk uhvshfw wr uxqqlqj wkhlu vwruhvB

Klvwrulfdoo|/ gl>huhqw rujdql}dwlrqv fkrvh gl>huhqw dqvzhuv wr wkhvh txhvwlrqv1 D
uhfhqw frqwudvw lv surylghg e| wzr glvfrxqw ghsduwphqw vwruhv/ Zdo0Pduw dqg Dphv=

^Vdp` Zdowrq ^irxqghu ri Zdo0Pduw` ydoxhg fkdqjh/ h{shulphqwdwlrq/ dqg
frqvwdqw lpsuryhphqw1 Exw kh glgq*w mxvw suhdfk wkhvh ydoxhv/ kh lq0
vwlwxwhg frqfuhwh rujdql}dwlrqdo phfkdqlvpv wr vwlpxodwh fkdqjh dqg lp0
suryhphqw1 Xvlqj d frqfhsw fdoohg 3D Vwruh Zlwklq d Vwruh/4Zdowrq jdyh
ghsduwphqw pdqdjhuv wkh dxwkrulw| dqg iuhhgrp wr uxq hdfk ghsduwphqw
dv li lw zhuh wkhlu rzq exvlqhvv1

Zkhuhdv Zdowrq frqfhqwudwhg rq fuhdwlqj dq rujdql}dwlrq wkdw zrxog
hyroyh dqg fkdqjh rq lwv rzq/ Dphv ohdghuv glfwdwhg doo fkdqjhv iurp
deryh dqg ghwdlohg lq d errn wkh suhflvh vwhsv d vwruh pdqdjhu vkrxog
wdnh/ ohdylqj qr urrp iru lqlwldwlyh1 ^Froolqv dqg Sruudv +4<<7,/ ss1 690:`

Zkloh dqhfgrwhv duh pdq|/ olwwoh lv xqghuvwrrg derxw krz h{dfwo| rujdql}dwlrqdo
vwuxfwxuh lq xhqfhv wkh shuirupdqfh ri d uhwdlo fkdlq1 Lv wkhuh rqh rujdql}dwlrqdo
vwuxfwxuh wkdw lv ehvwB Ru grhv lw ghshqg rq d fkdlq*v hqylurqphqwB Li vr/ zkdw duh
wkh shuwlqhqw ihdwxuhv ri wkh hqylurqphqw dqg krz gr wkh| lq xhqfh wkh uhodwlyh shu0
irupdqfh ri gl>huhqw rujdql}dwlrqdo vwuxfwxuhvB Wkh remhfwlyh ri wkh olqh ri uhvhdufk
zh kdyh ehhq sxuvxlqj lv wr surylgh vrph wkhruhwlfdo lqvljkw lqwr wkhvh txhvwlrqv1
Wkh glphqvlrq ri rujdql}dwlrqdo shuirupdqfh wkdw zh irfxv rq lv wkh g|qdplf rqh
dooxghg wr lq wkh ghvfulswlrq ri Zdo0Pduw= wkh udwh ri lpsuryhphqw lq vwruh sudfwlfhv
dfklhyhg wkurxjk lqqrydwlrqv dqg rujdql}dwlrqdo ohduqlqj14

Rxu prgho ri d uhwdlo fkdlq ehjlqv zlwk wkh ylhz wkdw d vwruh/ dw dq| jlyhq srlqw
lq wlph/ lv fkdudfwhul}hg e| lwv fxuuhqw rshudwlqj sudfwlfhv ru zkdw Qhovrq dqg Zlqwhu
+4<;5, zrxog uhihu wr dv 3urxwlqhv14 Dq lqqrydwlrq lv ylhzhg dv d qhz zd| ri uxqqlqj
d vwruh dv uhsuhvhqwhg e| d qhz urxwlqh1 D vwruh*v shuirupdqfh +sur?w, ghshqgv rq
krz lwv fxuuhqw vhw ri rshudwlqj sudfwlfhv pdwfkhv xs zlwk zkdw lv ghvluhg e| lwv
frqvxphuv1 Qhz lghdv uhsuhvhqw d qhz srlqw lq vwruh sudfwlfh vsdfh dqg dvvrfldwhg
zlwk wkdw qhz srlqw lv d ohyho ri sur?w1 Vwruh sur?w/ ehlqj gh?qhg ryhu wklv vwruh
sudfwlfh vsdfh/ wkhq irupv d odqgvfdsh ryhu zklfk wkh vwruh pdqdjhu fdq vhdufk
iru ehwwhu sudfwlfhv wkurxjk kloo0folpelqj1 Pdunhwv duh doorzhg wr gl>hu dqg/ wkxv/
wkh odqgvfdshv idfhg e| gl>huhqw vwruh pdqdjhuv fdq gl>hu1 Dqdorjrxvo|/ frusrudwh
khdgtxduwhuv vhdufkhv ryhu d odqgvfdsh edvhg xsrq fkdlq sur?w1

4Iru d vlplodu frpsdulvrq pdgh ehwzhhq Vhduv/ Urhexfn dqg Prqwjrphu| Zdugv lq wkh 4<63v
dqg 73v +zkhuh wkh iruphu lv pruh ghfhqwudol}hg,/ vhh Zruwk| +4<;7,1 Iru d fdvh vwxg| wkdw h{dplqhv
wkh h>hfw ri wkh vwdqgdugl}dwlrq ri sodqwv rq lqqrydwlrq/ vhh Dgohu dqg Froh +4<<6,1
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Iru wklv vhwwlqj/ zh suhylrxvo| h{soruhg wkh fdvh ri d vlqjoh fkdlq +Fkdqj dqg
Kduulqjwrq/ 5333,1 Wr vxppdul}h rxu ?qglqjv lq wkdw sdshu/ d ghfhqwudol}hg rujdql0
}dwlrqdo vwuxfwxuh rxwshuirupv d fhqwudol}hg rqh zkhq vwruhv* pdunhwv duh vx!flhqwo|
khwhurjhqhrxv/ frqvxphuv duh qrw wrr vhqvlwlyh wr vwruh sudfwlfhv/ wkh krul}rq lv vx!0
flhqwo| orqj/ dqg wkh pdunhw hqylurqphqw lv vx!flhqwo| vwdeoh1 Rwkhuzlvh/ d vxshulru
sur?w sdwk lv dfklhyhg wkurxjk fhqwudol}dwlrq1

Wkh remhfwlyh ri wkh fxuuhqw sdshu lv wr h{whqg wkh prgho wr doorz iru frpshw0
lqj fkdlqv dqg lqyhvwljdwh wkh lqwhudfwlrq ri pdunhw vwuxfwxuh dqg rujdql}dwlrqdo
vwuxfwxuh1 Wkh vhwwlqj lv qrz rqh lq zklfk hdfk pdunhw lv vhuyhg e| vhyhudo fkdlqv1
Frqvxphuv hqjdjh lq vhdufk wr ?qg wkh vwruh wkdw ehvw ?wv wkhlu qhhgv1 Fkdlqv frp0
shwh lq whupv ri wkhlu vwruhv* sudfwlfhv1 Hdfk vwruh ghyhorsv qhz lghdv rq wkhlu rzq
exw dovr ohduq derxw qhz sudfwlfhv ri rwkhu vwruhv lq wkhlu fkdlq +yld khdgtxduwhuv,
dqg derxw wkh lpsohphqwhg sudfwlfhv ri frpshwlqj vwruhv lq wkhlu pdunhw1 Lq wklv
sdshu zh frpsduh wkh uhvxowv iru d vlqjoh fkdlq zlwk zkhq wkhuh duh wzr frpshwlqj
fkdlqv dqg h{soruh wkh h>hfw ri fkdqjlqj wkh iuhtxhqf| ri frqvxphu vhdufk dqg wkh
ghjuhh ri vslooryhu ri lghdv dfurvv fkdlqv1 Ixuwkhu zrun lv xqghuzd| wr h{dplqh wkh
prgho iru ydulrxv qxpehu ri fkdlqv vr dv wr ehwwhu dvvhvv wkh h>hfw ri frpshwlwlrq1

Ryhuylhz ri Jhqhudo Dssurdfk dqg Uhodwhg Olwhudwxuh Wkh frqfhswxdo
iudphzrun hpsor|hg lq rxu uhvhdufk kdv wzr pdmru frpsrqhqwv1 Iluvw/ lqqrydwlrq lv
ylhzhg dv dq dfw ri lqirupdwlrq fuhdwlrq wkdw lpsuryhv wkh rujdql}dwlrq*v delolw| wr
vdwlvi| wkh ghpdqgv ri lwv h{whuqdo pdunhw hqylurqphqw1 Vhfrqg/ dq rujdql}dwlrq lv
ylhzhg dv d froohfwlrq ri djhqwv/ hdfk ri zkrp lv fdsdeoh ri jhqhudwlqj qhz lghdv1
Dv vxfk/ wkh srwhqwldo vrxufhv ri lqqrydwlyh lghdv duh glvwulexwhg dprqj pxowlsoh
djhqwv/ udwkhu wkdq frqfhqwudwhg dw d vlqjoh fhqwudo dxwkrulw|1 Wrjhwkhu/ wkhvh wzr
ylhzv ohdg wr wkh fhqwudo wkhvlv wkdw wkh shuirupdqfh ri d uhwdlo fkdlq/ dv phdvxuhg
e| lwv delolw| wr uhvsrqg wr wkh h{whuqdo pdunhw hqylurqphqw/ ghshqgv fulwlfdoo| rq
wkh zd| lw rujdql}hv wkh frpsoh{ surfhvv ri frppxqlfdwlqj dqg xwlol}lqj lqqrydwlyh
lghdv jhqhudwhg e| pxowlsoh lqwhuqdo vrxufhv1

Wkdw wkhuh h{lvwv d fuxfldo olqndjh ehwzhhq wkh rswlpdo rujdql}dwlrqdo vwuxfwxuh
dqg wkh h{whuqdo hqylurqphqwdo frqwlqjhqflhv kdv orqj ehhq uhfrjql}hg e| rujdql}d0
wlrqdo wkhrulvwv +Odzuhqfh dqg Oruvfk/ 4<9:> Plqw}ehuj/ 4<:<> Exuwrq dqg Reho/ 4<<8>
Edoljk/ Exuwrq/ dqg Reho/ 4<<9,1 Wklv olqndjh kdv dovr ehhq dssolhg wr xqghuvwdqglqj
vwudwhj| lpsohphqwdwlrq lq glyhuvl?hg pxowl0xqlw exvlqhvv ?upv +Jrylqgdudmdq/ 4<;9/
4<;;> Pruulvrq dqg Urwk/ 4<<6, dv zhoo dv wr vwxg|lqj wkh lpsdfw ri lqirupdwlrq whfk0
qrorj| +LW, rq wkh frruglqdwlrq vwuxfwxuh ri pxowl0pdunhw rujdql}dwlrqv +Dqdqg dqg
Phqghovrq/ 4<<:> Qdxow/ 4<<;,1 Rxu zrun frqwulexwhv wr wklv olwhudwxuh e| h{solflwo|
prghoolqj wkh lqqrydwlrq surfhvv wkurxjk zklfk dq rujdql}dwlrq uhvsrqgv wr ydulrxv
dvshfwv ri lwv hqylurqphqw1 Jlyhq rxu ylhz ri lqqrydwlrq dv wkh surfhvv ri lqiru0
pdwlrq fuhdwlrq dqg frppxqlfdwlrq/ rxu zrun lv dovr uhodwhg wr Udgqhu +4<<6, dqg
Ydq ]dqgw +4<<;, zklfk orrn dw krz wkh doorfdwlrq ri frpsxwdwlrqdo wdvnv zlwklq
d klhudufk| d>hfwv wkh h!flhqf| ri rujdql}dwlrqdo lqirupdwlrq surfhvvlqj1 Vlplodu
lvvxhv duh dgguhvvhg lq Mhklho +4<<<, lq wkh frqwh{w ri whdp wkhru| +Pduvfkdn dqg
Udgqhu/ 4<:5,/ lq zklfk wkh fhqwudo txhvwlrq lv krz wkh ghfhqwudol}hg lqirupdwlrq
lq d whdp vkrxog eh rujdql}hg dqg frppxqlfdwhg vr dv wr lpsuryh wkh h!flhqf|
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ri wkh ghflvlrq pdnlqj1 Dqrwkhu uhodwhg erg| ri zrun dgguhvvhv wkh lvvxh ri lqwud0
rujdql}dwlrqdo vfuhhqlqj ri qhz lqirupdwlrq/ zkhuh djhqwv dw gl>huhqw rujdql}dwlrqdo
ohyhov pd| kdyh frq lfwlqj rslqlrqv derxw wkh ydoxh ri vrph lqirupdwlrq +Vdk dqg
Vwljolw}/ 4<;9> Fkdqj dqg Kduulqjwrq/ 4<<;,1

Rqh ri wkh pdmru hqylurqphqwdo frqwlqjhqflhv lq rxu prgho wkdw d>hfwv wkh rs0
wlpdolw| ri dq rujdql}dwlrqdo irup lv wkh khwhurjhqhlw| lq wkh pdunhwv wkdw ydulrxv
vwruhv vhuyh1 Jlyhq wkdw wkh jhqhudwlrq ri lqirupdwlrq lv glvwulexwhg dqg wkh lqlwldo
rzqhuvkls ri wkh qhz nqrzohgjh lv sulydwh/ wkh khwhurjhqhlw| lq h{whuqdo hqylurqphqwv
idfhg e| wkh djhqwv qdwxudoo| lqwurgxfhv wkh srwhqwldo iru frq lfwlqj lqwhuhvwv dqg/
wkxv/ wkh djhqf| sureohp +Kropvwuùp/ 4<:</ 4<;5> Urwhpehuj dqg Vdorqhu/ 4<<6>
Edlpdq hw do1/ 4<<8> Djklrq dqg Wluroh/ 4<<:> Fkdqj dqg Kduulqjwrq/ 4<<<> Urwhp0
ehuj/ 4<<<,1 E| dvvxplqj d ?{hg vwuhdp ri qhz lghdv/ rxu zrun e|sdvvhv wkh lvvxh ri
lqfhqwlyhv lq jhqhudwlqj lqqrydwlrqv dqg lqvwhdg irfxvhv rq wkh ghvljq ri rujdql}dwlrq
iru h>hfwlyh frppxqlfdwlrq dqg xwlol}dwlrq ri dydlodeoh lqirupdwlrq1 Qhyhuwkhohvv/ lw
zloo eh vkrzq odwhu wkdw wkh uhodwlyh h>hfwlyhqhvv ri d jlyhq rujdql}dwlrqdo irup lv
yhu| pxfk d>hfwhg e| wkh frq lfw ri lqwhuhvwv dprqj djhqwv1

Zh prgho lqqrydwlrq dv wkh g|qdplf surfhvv e| zklfk d slhfh ri lqirupdwlrq xwl0
ol}hg lq d jlyhq shulrg ixuwkhu lq xhqfhv wkh fuhdwlrq/ frppxqlfdwlrq/ dqg xwlol}dwlrq
ri ixwxuh lqqrydwlrq1 Wklv surfhvv lv h{whqvlyho| uhvhdufkhg lq wkh erg| ri olwhudwxuh
frpprqo| uhihuuhg wr dv 3rujdql}dwlrqdo ohduqlqj145 Ri sduwlfxodu uhohydqfh duh rujd0
ql}dwlrqdo ohduqlqj prghov wkdw hqfrpsdvv erxqghgo| udwlrqdo djhqwv h{shulphqwlqj
zlwk qhz lghdv dqg pdnlqj slhfhzlvh lpsuryhphqwv +Frkhq/ 4<;4> Ohylqwkdo dqg
Pdufk/ 4<;4> Qhovrq dqg Zlqwhu/ 4<;5,1 Zkloh rxu uhvhdufk ehorqjv wr wklv olwhudwxuh
wkdw prghov rujdql}dwlrqdo ohduqlqj dv dgdswlyh vhdufk/ wkh h{dfw vhdufk phfkdqlvp
zh xwlol}h lv glvwlqfw1 Lq rxu prgho/ lqqrydwlrq lv prghoohg dv udqgrp vhdufk fdu0
ulhg rxw lq d ?qlwh ?{hg vsdfh ri lghdv1 Wklv sduwlfxodu dssurdfk lv urrwhg lq wkh
frqfhsw ri d ?wqhvv odqgvfdsh/ gh?qhg lq d pxowlglphqvlrqdo vsdfh lq zklfk hdfk
dwwulexwh ri dq rujdql}dwlrq +uhwdlo fkdlq ru d vwruh lq rxu prgho, lv uhsuhvhqwhg e| d
glphqvlrq ri wkh vsdfh dqg d ?qdo glphqvlrq lqglfdwlqj wkh shuirupdqfh +sur?wdelo0
lw|, ri wkh rujdql}dwlrq1 Dq dgdswdwlrq e| dq rujdql}dwlrq lv wkhq uhsuhvhqwhg e|
pryhphqw rq wkh odqgvfdsh wrzdug d orfdwlrq uh hfwlqj kljkhu ?wqhvv ydoxh1 Lq wkh
frqwh{w ri srsxodwlrq jhqhwlfv/ Ndx>pdq +4<<6, ghprqvwudwhg wkdw wkh wrsrjudsk|
ri wkh ?wqhvv odqgvfdsh lv ghwhuplqhg e| wkh ghjuhh ri lqwhughshqghqfh ri wkh ?w0
qhvv frqwulexwlrq ri wkh ydulrxv dwwulexwhv ri dq rujdqlvp1 Wdnlqj wkh Gduzlqldq
shuvshfwlyh iurp rujdql}dwlrqdo hfrorj|/ Ohylqwkdo +4<<:, xvhv wklv frqqhfwlrq lq wkh
frqwh{w ri rujdql}dwlrqdo dwwulexwhv wr h{dplqh wkh h>hfwlyhqhvv ri rujdql}dwlrqdo
dgdswdwlrq dw wkh srsxodwlrq ohyho1 Erwk Fduoh| dqg Vyrergd +4<<9, dqg Fduoh| dqg
Ohh +4<<;, dovr xwlol}h wkh vhdufk0ryhu0uxjjhg0odqgvfdsh shuvshfwlyh lq prghoolqj ru0
jdql}dwlrqdo uhvwuxfwxulqj dv dgdswlyh vhdufk iru ehwwhu rujdql}dwlrqdo ghvljq jlyhq
d jurxs ri ohduqlqj djhqwv16 Rxu zrun lv dq h{whqvlrq lq wklv erg| ri olwhudwxuh lq

5Uhfhqw zrunv uhsuhvhqwdwlyh ri wklv fdwhjru| fdq eh irxqg lq Frkhq dqg Vsurxoo +4<<9,1
6Wkh vdph shuvshfwlyh lv xvhg e| Ndx>pdq hw do1 +4<<;, dqg Dxhuvzdog hw do1 +4<<<, lq prgholqj

whfkqrorjlfdo lqqrydwlrq1 Nroopdq hw do1 +4<<;, r>hu dqrwkhu frqwh{w iru lwv dssolfdwlrq= wkh|
h{dplqh krz lqvwlwxwlrqdo vwuxfwxuh lq xhqfhv wkh h!fdf| ri vhdufk iru ehwwhu vroxwlrqv zlwklq wkh
frqwh{w ri ihghudo v|vwhpv xvlqj vwdwhv dv srolf| oderudwrulhv1
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wkdw rxu prgho lqyhvwljdwhv wkh lpsdfw ri lqwhuqdo vwuxfwxuh rq wkh h>hfwlyhqhvv ri
rujdql}dwlrqdo vhdufk rq wkh uxjjhg odqgvfdsh/ zkhuh wkh uxjjhgqhvv dulvhv iurp wkh
frpsohphqwdulw| dprqj ydulrxv glphqvlrqv ri vwruh rshudwlrqv1

5 D Frpsxwdwlrqdo Prgho ri d Uhwdlo Fkdlq

D uhwdlo fkdlq lv prghoohg dv d frusrudwh khdgtxduwhuv +KT, dqg d vhw ri vwruhv1 Wkhuh
duh O fkdlqv dqg P jhrjudsklfdoo| glvwlqfw pdunhwv1 üæ ë i4> 5> = = = >Pj ghqrwhv wkh
vhw ri pdunhwv vhuyhg e| fkdlq m dqg õû ë i4> 5> = = = > Oj ghqrwhv wkh vhw ri fkdlqv
vhuylqj pdunhw k= Wkh rshudwlrqv ri fkdlq m*v vwruh lq pdunhw k lq shulrg w lv ixoo|
ghvfulehg e| dq Q0glphqvlrqdo yhfwru/ }æcû +w, ì +}æcû� +w, > = = = > }æcûù +w,, 5 i4> ===> Ujù /
zkhuh }æcû& +w, lv wkh sudfwlfh iru wkh nwk glphqvlrq ri vwruh rshudwlrqv1 Wkhuh duh wkhq
U ihdvleoh sudfwlfhv iru hdfk glphqvlrq1 Wkh vwruh rshudwlrqv ri fkdlq m lv uhsuhvhqwhg
e| dq hohphqw ri i4> ===> Ujù �{æ �1

514 Frqvxphu Suhihuhqfhv dqg Pdunhw Ghpdqg

Hdfk pdunhw kdv d ?{hg vhw ri <<5 frqvxphuv zlwk hdfk frqvxphu ehlqj gh?qhg e| d
yhfwru ri lghdo vwruh sudfwlfhv zklfk lv uhihuuhg wr dv d frqvxphu*v w|sh1 Wkh frqvxphu
w|shv srsxodwlqj d pdunhw lv frqvwuxfwhg lq wkh iroorzlqj pdqqhu1 D frqvxphu*v w|sh
lv d udqgrp gudz iurp d glvwulexwlrq zklfk lv sdudphwhul}hg e| klv 3vhhg4 zklfk lv
dq hohphqw ri d surshu vxevhw ri i4> ===> Uj= Li d frqvxphu*v vhhg lv v wkhq klv w|sh
lv d udqgrp gudz iurp ivýH> = = = > v.Hjù ã i4> ===> Ujù dffruglqj wr d xqlirup
glvwulexwlrq zkhuh H lv d sdudphwhu1 Wkh vhhgv iru wkh <<5 frqvxphuv lq pdunhw k duh
glvwulexwhg dffruglqj wr d wuldqjxodu ghqvlw| ixqfwlrq ryhu iVû ýJ> = = = > Vû .Jj ã
i4> ===> Uj=7 Lq wkh vlpxodwlrqv/ U @ 433> J @ 58/ dqg Vû 5 i73> 75> = = = > 93j = Wklv
frqvwuxfwlrq ri wkh glvwulexwlrq ri frqvxphu w|shv lv shuiruphg lqghshqghqwo| iru
hdfk pdunhw1 E| wklv vshfl?fdwlrq/ pdunhwv gl>hu dffruglqj wr wkh vlqjoh sdudphwhu
Vû dqg khwhurjhqhlw| ehwzhhq pdunhwv kâ dqg kââ fdq eh phdvxuhg e| mVûâ ý Vûââ m =

H frqwurov wkh ghjuhh ri fruuhodwlrq lq d frqvxphu*v suhihuhqfh> wkdw lv/ wkh ghjuhh
wr zklfk suhihuulqj sduwlfxodu ydoxhv iru rqh glphqvlrq lpso| wkdw vlplodu ydoxhv whqg
wr eh suhihuuhg iru rwkhu glphqvlrqv1 Li H @ 3 wkhq d frqvxphu*v lghdo yhfwru ri vwruh
sudfwlfhv lv dq hohphqw ri i+4> ===> 4,> ===> +U> ===> U,j vr wkdw frqvxphuv dvvljq wkh vdph
lghdo ydoxh wr doo glphqvlrqv1 Pruh jhqhudoo|/ wkh orzhu lv H> wkh juhdwhu lv wkh
fruuhodwlrq dfurvv glphqvlrqv1 D uhdvrq iru vxfk d fruuhodwlrq lv wkh suhvhqfh ri d
ihz frqvxphu wudlwv 0 vxfk dv lqfrph/ sduhqwv* wudlwv/ hgxfdwlrq 0 zklfk lq xhqfh
suhihuhqfhv ryhu d odujh vhw ri glphqvlrqv1 Iru h{dpsoh/ shrsoh zlwk kljkhu lqfrph
pd| lqfxu juhdwhu vhdufk frvwv +gxh wr wkhlu kljkhu ydoxh ri wlph, vr wkh| zrxog suhihu
hyhu|gd| orz sulfhv zlwk ihzhu vdohv +zklfk dyrlgv kdylqj wr vshqg wlph vhdufklqj
iru vdohv,/ ihzhu surgxfw olqhv dqg odujhu lqyhqwrulhv +uhgxflqj wkh fkdqfhv ri ehlqj
rxw0ri0vwrfn ri d surgxfw dqg wkxv fuhdwlqj wkh qhhg iru dqrwkhu wuls wr wkh vwruh,/
dqg pruh dwwhqwlyh wkrxjk pruh djjuhvvlyh vdohv shuvrqqho +zklfk pljkw vshhg xs

7Wkh glvwulexwlrq ryhu frqvxphu vhhgv iru d pdunhw lv qrq0vwrfkdvwlf1 Wkh <<5 vhhgv dssur{lpdwh
d wuldqjxodu ghqvlw| ixqfwlrq1

8



wkh wlph vshqw ex|lqj, dv pljkw eh dfklhyhg e| kdylqj vdohv shuvrqqho zrun rq
frpplvvlrq1

Zkloh d pruh frpsohwh vshfl?fdwlrq ri frqvxphu suhihuhqfhv lv surylghg lq wkh
Dsshqgl{/ zh ghvfuleh khuh wkh edvlf surshuwlhv hvvhqwldo wr wkh dqdo|vlv1 Frqvxphu
ghflvlrq pdnlqj zlwk uhvshfw wr zklfk vwruh wr ex| iurp dqg krz pxfk wr ex|
iurp wkdw vwruh lv dvvxphg wr ghshqg rqo| rq wkh glvwdqfh ehwzhhq wkh frqvxphu*v
lghdo vwruh sudfwlfhv dqg wkh dfwxdo sudfwlfhv ri vwruhv1 Zh xvh Hxfolghdq glvwdqfh

zklfk wdnhv wkh irup
tSù

&'�+}& ýz&,2 iru d frqvxphu ri w|sh z ì +z�> ===> zù, dqg
d vwruh zlwk sudfwlfhv } ì +}�> ===> }ù ,= D frqvxphu udqnv vwruhv dffruglqj wr wklv
phwulf1 Ixuwkhupruh/ lw lv dvvxphg wkdw wkh qxpehu ri xqlwv ghpdqg e| d frqvxphu
htxdov 57Dý

yxxw ù[
&'�

+}& ýz&,2
68j +4,

vr wkdw lw lv ghfuhdvlqj lq wklv glvwdqfh> zkhuh â A 4 dqg D è
t
Q +Uý 4,2 . 4 vr

wkdw
é
Dý

tSù
&'�+}& ýz&,2

è
A 4 iru doo +z> },=

515 Frqvxphu Vhdufk

Pdunhw k lv vhuyhg e| wkh fkdlqv lq õû dqg wkxv hdfk frqvxphu kdv mõûm vwruhv iurp
zklfk wr fkrrvh1 Lq dq| wlph shulrg/ d frqvxphu vkrsv iurp h{dfwo| rqh vwruh exw/ dv
zloo eh ghvfulehg ehorz/ kh fdq fkdqjh vwruhv ryhu wlph1 Dv vwdwhg deryh/ frqvxphuv
udqn vwruhv dffruglqj wr wkh glvwdqfh ehwzhhq klv suhihuhqfhv dqg vwruh sudfwlfhv1
Wkxv/ d frqvxphu ri w|sh z suhihuv d vwruh zlwk sudfwlfhv }â wr d vwruh zlwk sudfwlfhv
}ââ li dqg rqo| li +l>,= yxxw ù[

&'�

+}â& ýz&,2 ?
yxxw ù[
&'�

+}ââ& ýz&,2= +5,

D frqvxphu hqwhuv hdfk shulrg zlwk d 3idyrulwh vwruh4 zklfk lv wkh vwruh kh fxu0
uhqwo| prvw suhihuv1 Dvvrfldwhg zlwk d idyrulwh vwruh lv wkh frqvxphu*v shufhswlrq ri
wkh glvwdqfh ehwzhhq wkh vwruh dqg wkh frqvxphu1 Vxssrvh fkdlq m*v vwruh lq pdunhw
k lv wkh idyrulwh vwruh ri d frqvxphu lq pdunhw k1 Ixuwkhupruh/ vxssrvh wkh frqvxphu
odvw ylvlwhg wkdw vwruh lq shulrg wâ +zk| lw pljkw qrw kdyh ehhq wkh suhylrxv shulrg
zloo eh pdgh fohdu prphqwdulo|,1 Wkh frqvxphu*v shufhswlrq ri wkh glvwdqfh ehwzhhq

wkh vwruh dqg wkh frqvxphu lv vshfl?hg wr eh
tSù

&'�+}
æcû
& +wâ,ýz&,2 zkhuh }æcû +w, lv

wklv vwruh*v vhw ri sudfwlfhv dv ri shulrg w=
Vhdufk surfhhgv dv iroorzv1 Lq hdfk shulrg/ d frqvxphu ex|v iurp klv idyrulwh vwruh

zlwk suredelolw| 4ýT1 Lq wkdw hyhqw/ klv idyrulwh vwruh uhpdlqv xqfkdqjhg wkrxjk
wkh shufhlyhg glvwdqfh iurp wkdw vwruh lv xsgdwhg wr uh hfw wkh fxuuhqw sudfwlfhv ri
wkh vwruh1 Zlwk suredelolw| T/ kh hqjdjhv lq vhdufk zklfk lqyroyhv udqgrpo| vhohfwlqj
d vwruh iurp wkh vhw ri doo vwruhv lq klv pdunhw +h{foxglqj klv idyrulwh vwruh, dqg wkhq
ex|lqj iurp wkdw vwruh1 Dw wkh hqg ri wkh shulrg/ wkh frqvxphu frpsduhv wkh glvwdqfh

9



iru wkh vwruh mxvw ylvlwhg zlwk wkh glvwdqfh dvvljqhg wr klv idyrulwh vwruh1 Li wkh iruphu
lv odujhu wkhq wkh frqvxphu grhv qrw fkdqjh klv idyrulwh vwruh +qru wkh glvwdqfh
dvvljqhg wr lw,18 Li wkh iruphu lv vpdoohu wkhq wkh frqvxphu fkdqjhv klv idyrulwh vwruh
wr wkh vwruh mxvw ylvlwhg dqg dvvljqv wr wkdw vwruh d glvwdqfh edvhg rq wkh vwruh*v
fxuuhqw sudfwlfhv1 Wkh udqgrp yduldeoh ghwhuplqlqj zkhwkhu d frqvxphu vhdufkhv ru
qrw lv dvvxphg llg dfurvv frqvxphuv dqg dfurvv wlph1 Qrwh wkdw li T @ �xû�3�

�xû� wkhq
d frqvxphu kdv qr or|dow| dv wkh h{ dqwh suredelolw| ri ex|lqj iurp d vwruh lv wkh
vdph dfurvv doo vwruhv dqg wkxv lv lqghshqghqw ri d frqvxphu*v sdvw h{shulhqfhv1 Lw
lv wkhq uhdvrqdeoh wr dvvxph T 5

k
3> �xû�3��xû�

l
zkhuh T @ 3 lv devroxwh or|dow| dv qr

h{shulphqwdwlrq rffxuv1

516 Vwruh dqg Fkdlq Sur?w

Gh?qh ýæcûð +w, wr eh wkh vhw ri frqvxphuv wkdw duh vkrsslqj dw fkdlq m*v vwruh lq
pdunhw k lq shulrg w1 ýæcûð +w, lv frpsulvhg ri= l, wkrvh frqvxphuv zkr kdyh fkdlq m*v
vwruh dv wkhlu idyrulwh vwruh lq shulrg w dqg fkrvh qrw wr h{shulphqw> dqg ll, wkrvh
frqvxphuv zkr h{shulphqwhg dqg fkrvh fkdlq m*v vwruh1 Wkh vwruh*v shulrg w sur?w lv
vshfl?hg wr eh

ä
í
}ðcû +w, >ýæcûð +w,

ì
ì

[
ðMKæcûð E|ä

57Dý
yxxw ù[
&'�

+}æcû& +w,ýzð&,2
68j = +6,

Wklv lv wkh vxp ri frqvxphuv* ghpdqgv zkhuh shu xqlw sur?w lv qrupdol}hg wr rqh1
Dv d fkdlq*v sur?w lv wkh vlpsoh vxp ri vwruhv* sur?wv/ fkdlq m*v sur?w lv=

[
ûM{æ

[
ðMKæcûð E|ä

57Dý
yxxw ù[
&'�

+}æcû& +w,ýzð&,2
68j = +7,

Wkh vwdwh yduldeohv iru fkdlq m*v vwruh lq pdunhw k duh lwv sudfwlfhv/
í
}æcû� +w, > = = = > }æcûù +w,

ì
/

wkh vhw ri fxvwrphuv iru zkrp wklv vwruh lv wkhlu idyrulwh vwruh/ dqg wkh glvwdqfhv wkrvh
frqvxphuv dvvljq wr wklv vwruh1 Zh zloo uhihu wr wkhvh frqvxphuv dv d vwruh*v vhw ri
or|do fxvwrphuv1 Wkh htxdwlrq ri prwlrq rq wklv vhw lv fuxfldo1 Frqvxphuv zkr kdg
wklv vwruh dv wkhlu idyrulwh vwruh dqg h{shulphqwhg dqg irxqg vrphwklqj ehwwhu zloo
qr orqjhu eh d or|do fxvwrphu1 Frqvxphuv zkr zhuh qrw or|do dv ri shulrg w exw wulhg
wklv vwruh lq shulrg w dqg irxqg wkhlu sudfwlfhv suhihudeoh wr wkh shufhlyhg sudfwlfhv
ri wkhlu idyrulwh vwruh zloo ehfrph d or|do fxvwrphu1

6 Vwuxfwxuh ri wkh Odqgvfdsh

D vwruh*v odqgvfdsh fdq eh wkrurxjko| fkdudfwhul}hg e| hydoxdwlqj wkh sur?w ixqfwlrq
+6, iru doo sudfwlfhv1 Wr jhw d ihho iru wklv odqgvfdsh/ ohw xv frqvlghu wzr0 dqg wkuhh0

8Wkxv/ d frqvxphu h{shfwv d vwruh wr pdlqwdlq wkh vdph sudfwlfhv1 Zkloh d frqvxphu vkrxog
h{shfw d vwruh*v sudfwlfhv wr fkdqjh/ lw vhhpv uhdvrqdeoh wr dvvxph lw lv d Pduwlqjdoh1 Ixuwkhu
dvvxplqj lw lv d ghjhqhudwh glvwulexwlrq pdnhv wkh dqdo|vlv hdvlhu1

:



glphqvlrqdo vwruh sudfwlfh vsdfhv/ Q 5 i5> 6j zlwk U @ 433> J @ 58> â @ 6/ dqg d
pdunhw vhhg ri 831 Hdfk uhsolfdwlrq xvhv d iuhvk vhw ri frqvxphu w|shv gudzq iurp
i83ýH> ===> 83 .Hjù 19 Wkh uhvxowv duh lq Wdeoh 4 zklfk uhsruwv wkh qxpehu ri orfdo
rswlpd iru ydulrxv ydoxhv ri Q dqg H=

Wkh nh| surshuw| wr qrwh lv wkdw wkhuh duh pxowlsoh orfdo rswlpd/ h{fhsw zkhq wkh
fruuhodwlrq lq frqvxphu suhihuhqfhv lv vx!flhqwo| orz1 Zh eholhyh wkdw wklv uxjjhgqhvv
lq wkh odqgvfdsh sod|v dq lpsruwdqw uroh lq wkh dqdo|vlv1 Zkdw lw phdqv lv wkdw vwruhv
zlwk vlplodu +ru hyhq lghqwlfdo, pdunhwv fdq hqg xs zlwk yhu| gl>huhqw sudfwlfhv dv d
uhvxow ri wdujhwlqj gl>huhqw rswlpd1

7 Prghoolqj ri Lqqrydwlrq

Lq hdfk shulrg/ hdfk vwruh jhqhudwhv rqh lghd1 Dq lghd lv uhsuhvhqwhg e| d glphqvlrq
dqg d ydoxh dvvljqhg wr wkdw glphqvlrq dqg wkxv lv dq hohphqw ri i4> ===>Qjûi4> ===> Uj1
Zh fuhdwh dq lghd e| udqgrpo| vhohfwlqj d glphqvlrq iurp i4> ===>Qj dqg dvvljqlqj
wr lw d udqgrpo| vhohfwhg hohphqw iurp i4> ===> Uj1 Li wklv lghd lv dgrswhg e| d vwruh
wkhq wkh vwruh*v sudfwlfh lq wkh vshfl?hg glphqvlrq lv fkdqjhg wr wkh qhz ydoxh1 Dv
dq h{dpsoh/ frqvlghu Q @ 8 dqg U @ 433 dqg vxssrvh fxuuhqw vwruh sudfwlfhv duh
+58> 89> :4> 66> ;<,1 Li lghd +6/ <8, lv dgrswhg wkhq vwruh sudfwlfhv duh +58> 89> <8> 66> ;<,1
Li wklv lghd lv lpsohphqwhg e| dqrwkhu vwruh fxuuhqwo| hpsor|lqj +44> 5<> 87> 7<> 98,/
lwv qhz sudfwlfhv duh +44> 5<> <8> 7<> 98,1:

Lq hdfk shulrg/ wkh lghdv jhqhudwhg e| vwruhv duh frqvlghuhg iru dgrswlrq vhtxhq0
wldoo| zlwk wkh rughu ehlqj udqgrpo| ghwhuplqhg1 Zh frqvlghu wzr rujdql}dwlrqdo
irupv1 Lq wkh ghfhqwudol}hg rujdql}dwlrq/ vwruh pdqdjhuv kdyh wkh dxwkrulw| wr lp0
sohphqw lghdv1 Lq wkh fhqwudol}hg rujdql}dwlrq/ wkh dxwkrulw| uhvwv zlwk KT1; Ixu0
wkhupruh/ dv zloo eh pdgh hylghqw/ zh dvvxph wkdw KT grhv qrw kdyh wkh ghwdlohg
lqirupdwlrq ri vwruhv* pdunhwv vr wkdw lw hlwkhu pdqgdwhv d sudfwlfh wkurxjkrxw wkh
fkdlq ru qrw1 Khqfh/ zh dvvrfldwh d xqliruplw| ri sudfwlfh zlwk fhqwudol}dwlrq1

Frqvlghu wkh ghfhqwudol}hg rujdql}dwlrq1 Lq dq| shulrg/ d vwruh pdqdjhu kdv d
qrq0hpsw| vhw ri lghdv wr frqvlghu zklfk frph iurp vhyhudo vrxufhv1 Iluvw/ d vwruh
pdqdjhu jhqhudwhv rqh lghd hdfk shulrg1 Vhfrqg/ wkh vwruh pdqdjhu revhuyhv hdfk lghd
dgrswhg e| dqrwkhu vwruh lq wkh vdph pdunhw lq wkh suhylrxv shulrg zlwk suredelolw|
T7 = Wklug/ wkh vwruh uhfhlyhv/ yld KT/ wkh lghdv dgrswhg e| rwkhu vwruhv lq lwv fkdlq lq

9Wr ghulyh wkh vhw ri orfdo rswlpd/ rqh pxvw fdofxodwh vwruh sur?w iru -ù vwruh sudfwlfh yhfwruv1
Jlyhq - ' �ffc wklv lv d frpsxwdwlrqdoo| lqwhqvlyh h{huflvh h{fhsw zkhq ù lv vpdoo1 Dowhuqdwlyho|/
wkhuh duh phwkrgv iru hvwlpdwlqj wkh qxpehu ri orfdo rswlpd dqg wkhvh gr qrw lqyroyh h{kdxvwlyho|
vhdufklqj wkh vsdfh1 Vxfk phwkrgv zloo eh ghsor|hg lq fkdudfwhul}lqj wkh odqgvfdsh iru kljkhu ydoxhv
ri ùé

:Zh duh olplwlqj rxu dwwhqwlrq wr rqh0glphqvlrqdo lghdv1 Pxowl0glphqvlrqdo lghd zhuh frqvlghuhg
lq Fkdqj dqg Kduulqjwrq +5333, dqg/ dw ohdvw iru wkh txhvwlrqv frqvlghuhg/ txdolwdwlyh uhvxowv zhuh
qrw irxqg wr eh vhqvlwlyh wr wkh glphqvlrqdolw| ri lghdv1

;Iru wkh rqh0fkdlq prgho lq Fkdqj dqg Kduulqjwrq +5333,/ zh frqvlghuhg vlpxodwlrqv zlwk d
ulfkhu vhw ri rujdql}dwlrqdo irupv gh?qhg e| l \ t�c é é é c ùå zkhuh l lv wkh vhw ri glphqvlrqv
frqwuroohg e| KT1 Wkh rswlpdo vwuxfwxuh zdv/ doprvw dozd|v/ hlwkhu ixoo fhqwudol}dwlrq/ �l� ' ùc ru
ixoo ghfhqwudol}dwlrq/ �l� ' f1 Wr vdyh rq frpsxwdwlrqdo wlph/ zh kdyh irfxvhg rxu dwwhqwlrq rq wkrvh
wzr vwuxfwxuhv1

;



wkh suhylrxv shulrg1 Irxuwk/ KT revhuyhv hdfk lghd dgrswhg e| dqrwkhu fkdlq lq wkh
suhylrxv shulrg zlwk suredelolw| TM dqg wkrvh lghdv duh sdvvhg dorqj wr wkh vwruhv1
D vwruh pdqdjhu vhtxhqwldoo| hydoxdwhv doo wkhvh lghdv dqg dgrswv dq lghd li lw udlvhv
fxuuhqw vwruh sur?w1< Lq hydoxdwlqj lghdv/ d vwruh xvhv lwv fxuuhqw edvh ri frqvxphuv/
ýæcûð +w,1 Wklv lv prwlydwhg e| wkh ylhz wkdw dq lghd pd| eh whpsrudulo| dgrswhg
wr vhh krz zhoo lw shuirupv1 D qhz sudfwlfh wkdw lqfuhdvhv wkh sur?w iurp h{lvwlqj
frqvxphuv grhv vr ehfdxvh lw phhwv wkhlu qhhgv ehwwhu zklfk wkhq pdnhv wkhp pruh
olnho| wr pdnh wklv vwruh wkhlu idyrulwh vwruh1

Iru wkh vdnh ri fodulw|/ ohw xv surylgh d pruh irupdo suhvhqwdwlrq ri wklv dgrswlrq
uxoh iru zkhq fkdlq m*v vwruh lq pdunhw k kdv wzr lghdv wr frqvlghu lq shulrg w1
Wkh vwruh hqwhuv wkh shulrg zlwk sudfwlfhv

í
}æcû� +w, > = = = > }æcûù +w,

ì
= Uhfdoo wkdw dq lghd/

jhqhulfdoo| ghqrwhg +{> |, > lv dq hohphqw ri i4> = = = >Qj û i4> = = = > Uj = Ohw +}â> +{> |,,
ghqrwh wkh yhfwru }â 5 i4> = = = > Ujù exw zlwk wkh {|û hohphqw uhsodfhg zlwk ydoxh |=
Udqgrpo| ghqxphudwh wkh wzr lghdv dqg ohw +{ð> |ð, eh wkh l|û lghd1 Wkh dgrswlrq
uxoh lv dv iroorzv1

î Li
ä
íí
}ðcû +w, > +{�> |�,

ì
>ýæcûð +w,

ì
A ä

í
}ðcû +w, >ýæcûð +w,

ì
wkhq dgrsw +{�> |�,1

î Li +{�> |�, lv dgrswhg dqg

ä
ííí

}ðcû +w, > +{�> |�,
ì
> +{2> |2,

ì
>ýæcûð +w,

ì
A ä

íí
}ðcû +w, > +{�> |�,

ì
>ýæcûð +w,

ì
wkhq dgrsw +{2> |2, =

î Li +{�> |�, lv qrw dgrswhg dqg

ä
íí
}ðcû +w, > +{2> |2,

ì
>ýæcûð +w,

ì
A ä

í
}ðcû +w, >ýæcûð +w,

ì
wkhq dgrsw +{2> |2, =

Qrz frqvlghu d fhqwudol}hg rujdql}dwlrq1 Lq dq| shulrg/ d vwruh pdqdjhu jhqhudwhv
dq lghd dqg frqvlghuv zkhwkhu/ li dgrswhg/ lw zrxog udlvh vwruh sur?w1 Li vr/ wkh lghd
lv sdvvhg xs wr KT1 Li qrw/ wkh lghd lv glvfdughg143 Lq dq| shulrg/ KT wkhq uhfhlyhv
lghdv iurp vhyhudo vrxufhv1 Iluvw/ wkrvh lghdv wkdw lwv vwruhv jhqhudwhg dqg sdvvhg xs1

<Wkxv/ d vwruh pdqdjhu hqjdjhv lq p|rslf kloo0folpelqj1 Dq dowhuqdwlyh irupxodwlrq zrxog eh wr
doorz khu wr frqvlghu doo srvvleoh frpelqdwlrqv ri qhz lghdv dqg wr dgrsw wkh rqh wkdw |lhogv wkh
kljkhvw fxuuhqw sur?w1 Zh gr qrw wklqn wklv zrxog fkdqjh rxu uhvxowv1 Li wkh udwh ri qhz lghdv lv
vxfk wkdw d vwruh pdqdjhu uduho| hydoxdwhv pruh wkdq rqh lghd shu shulrg wkhq wkhuh lv fohduo| qr
gl>huhqfh1

43Wkh prwlydwlrq iru glvfduglqj lw lv wkdw lw wdnhv vrph +vpdoo, wlph dqg h>ruw e| wkh vwruh pdqdjhu
wr frppxqlfdwh dq lghd dqg wkdw lw lv qrw rswlpdo iru khu wr gr vr xqohvv vkh wklqnv lw zloo ehqh?w
khu rzq vwruh1 Dq| lqglylgxdo lv idfhg zlwk pdq| lghdv 0 fhuwdlqo| pdq| pruh wkdq fdq eh jlyhq
dwwhqwlrq 0 dqg hqjdjhv lq d vfuhhqlqj surfhvv wr ghwhuplqh zklfk lghdv duh zruwk wklqnlqj fduhixoo|
derxw1

<



Vhfrqg/ d vwruh lq wkh fkdlq pd| revhuyh lghdv dgrswhg e| rwkhu vwruhv lq wkh vdph
pdunhw lq wkh suhylrxv shulrg1 Hdfk ri wkrvh lghdv duh revhuyhg zlwk suredelolw| T7 =
Li wkh vwruh olnhv wkh lghd +wkdw lv/ lwv dgrswlrq zrxog udlvh wkh vwruh*v sur?w, wkhq lw
sdvvhv wkh lghd xs wr KT1 Wklug/ KT revhuyhv hdfk lghd dgrswhg e| dqrwkhu fkdlq
lq wkh suhylrxv shulrg zlwk suredelolw| TM = Zlwk wklv vhw ri lghdv/ KT vhtxhqwldoo|
hydoxdwhv wkhp lq d p|rslf pdqqhu> pdqgdwlqj d sudfwlfh wkurxjkrxw wkh fkdlq li
grlqj vr udlvhv fkdlq sur?w dqg rwkhuzlvh glvfduglqj wkh lghd1 Lq hydoxdwlqj lghdv/
KT xvhv d phdvxuh ri sur?w edvhg rq wkh fxuuhqw vhw ri frqvxphuv dw lwv vwruhv1

Lpsolflw lq wkhvh dgrswlrq uxohv duh fhuwdlq dvvxpswlrqv derxw zkdw djhqwv nqrz
derxw wkhlu hqylurqphqw1 Zh gr qrw vxssrvh wkdw wkh| kdyh frpsohwh lqirupdwlrq
derxw wkh odqgvfdsh wkrxjk zh gr lpdjlqh wkdw wkh| kdyh vrph lqirupdwlrq dqg/
ixuwkhupruh/ wkdw wkh| fdq h{shulphqw vr dv wr jhw d uhdvrqdeoh hvwlpdwh ri vwruh +ru
fkdlq, sur?w iurp wkh dgrswlrq ri dq lghd1 Udwkhu wkdq prgho wklv surfhvv ri h{shu0
lphqwdwlrq/ zklfk zrxog ixuwkhu frpsolfdwh rxu dqdo|vlv e| lqwurgxflqj dgglwlrqdo
qrlvh/ zh lpsolflwo| dvvxph lw lv grqh lqvwdqwo| dqg frvwohvvo|1 Lw lv dovr lpsolflwo|
dvvxphg wkdw vwruh pdqdjhuv kdyh ehwwhu lqirupdwlrq derxw wkhlu orfdo pdunhwv wkdq
KT1 Wklv udwlrqdol}hv zk| d vwruh pdqdjhu fdq ghwhuplqh wkh vxlwdelolw| ri d sduwlfx0
odu sudfwlfh iru khu pdunhw zkloh KT lv lqfdsdeoh ri pdnlqj vxfk d ghwdlohg mxgjphqw1
Krzhyhu/ KT lv dvvxphg wr kdyh lqirupdwlrq derxw wkh glvwulexwlrq ri vwruhv* hqyl0
urqphqwv +wkdw lv/ krz pdq| pdunhwv ri d sduwlfxodu w|sh wkdw wkh fkdlq vhuyhv,
0 zklfk doorzv lw wr fdofxodwh fkdlq sur?w 0 exw qrw derxw zklfk vwruh idfhv zklfk
hqylurqphqw 0 vr wkdw lw fdqqrw shuirup wkh vdph ?qh0wxqlqj wkdw vwruh pdqdjhuv
fdq1

T7 dqg TM duh lqwhu0fkdlq vslooryhu sdudphwhuv dv wkh| phdvxuh wkh h{whqw wr
zklfk lghdv dgrswhg e| d fkdlq duh revhuyhg e| frpshwlqj fkdlqv1 Qrwh wkdw zh kdyh
dvvxphg wkdw lqwud0fkdlq vslooryhu lv shuihfw dv KT revhuyhv wkh dgrswhg lghd ri rqh
ri lwv vwruhv zlwk suredelolw| rqh1 Wkxv/ zh vkrxog lqwhusuhw T7 dqg TM dv phdvxulqj
wkh udwh ri lqwhu0fkdlq vslooryhu uhodwlyh wr wkh udwh ri lqwud0fkdlq vslooryhu1 Dqrwkhu
nh| sdudphwhu zruwk qrwlqj lv T/ wkh udwh ri frqvxphu vhdufk1 T zloo d>hfw wkh udwh
ri frqyhujhqfh wkrxjk h{dfwo| krz lv xqfohdu1 Dv T $ 3> vr wkdw frqvxphu vhdufk
vorzv grzq/ rqh zrxog h{shfw wkh v|vwhp wr frqyhujh vorzhu vlqfh lw wdnhv d orqjhu
wlph iru frqvxphuv wr ?qg wkh ehvw vwruh iru wkhp1 Rq wkh rwkhu kdqg/ frqyhujhqfh
zrxog vhhp wr eh idvwhu zkhq T @ 3 wkdq zkhq T A 3 dv wkhuh lv qr pryhphqw lq
frqvxphuv1 Dovr qrwh wkdw T @ 3 dqg T @ �xû�3�

�xû� pd| |lhog vlplodu uhvxowv1 Lq erwk
fdvhv/ vwruhv idfh d vwdwlrqdu| glvwulexwlrq rq fxvwrphuv wkrxjk lw lv ghjhqhudwh zkhq
T @ 3 dqg lv qrq0ghjhqhudwh zkhq T @ �xû�3�

�xû� 1

8 Vlpxodwlrq Ghvljq

Wkxv idu/ vlpxodwlrqv kdyh ehhq shuiruphg iru zkhq hdfk fkdlq vhuyhv doo pdunhwv/
üæ @ i4> = = = >Pj ;m1 Iru hdfk vhw ri sdudphwhu ydoxhv/ wkh frpsxwdwlrqdo h{shulphqw
frqvlvwv ri [ uhsolfdwlrqv ri wkh lqqrydwlrq surfhgxuh1 Hdfk uhsolfdwlrq lqyroyhv
d udqgrpo| gudzq yhfwru ri frqvxphu w|shv iru hdfk pdunhw/ d vhw ri lqlwldo vwruh
sudfwlfhv +zklfk duh wkh vdph iru doo vwruhv zlwklq d fkdlq exw duh llg dfurvv fkdlqv,/
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dqg WOP lghdv/ dv hdfk vwruh jhqhudwhv rqh lghd shu shulrg dqg wkhuh duhP vwruhv shu
fkdlq dqg O fkdlqv1 W lv wkh qxpehu ri shulrgv1 Zh*yh vhw W @ 4333 dv lw dsshduv wr
eh ri vx!flhqw ohqjwk iru wkh sur?w sdwkv wr kdyh vhwwohg grzq/ dw ohdvw iru prghudwh
sdudphwhu ydoxhv1 Wkh odvw uhpdlqlqj hohphqw ri wkh lqlwldo frqglwlrqv duh wkh lqlwldo
ydoxhv iru frqvxphuv* vwdwh yduldeohv1 Lq shulrg 3/ frqvxphuv duh udqgrpo| dvvljqhg
wr vwruhv dqg ex| iurp wkh vwruh zlwk zklfk wkh| duh pdwfkhg1 Wkdw vwruh/ dqg wkh
dvvrfldwhg glvwdqfh/ lv vshfl?hg wr eh wkh frqvxphu*v idyrulwh vwruh iru wkh ?uvw shulrg
ri wkh vlpxodwlrq1

Iru hdfk uhsolfdwlrq/ wkh sur?w sdwk zdv fdofxodwhg zkhq wkh fkdlq lv fhqwudol}hg
dqg zkhq lw lv ghfhqwudol}hg144 Ohw y|cðä +R, ghqrwh wkh sur?w ri d fhqwudol}hg fkdlq
lq shulrg w iru uhsolfdwlrq l/ zkhq wkh rwkhu fkdlq kdv rujdql}dwlrqdo vwuxfwxuh R1
Vlploduo| gh?qh y|cð( +R, iru zkhq wkh fkdlq lv lqvwhdg ghfhqwudol}hg1 Rqh ri wkh

phdvxuhv zh zloo uhsruw lv wkh wlph vhulhv rq
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Wklv zloo eh uhsruwhg iru W 5 i833> 4333j =
Wkh vlpxodwlrqv kdyh ehhq uxq iru zkhq wkhuh duh wkuhh pdunhwv +P @ 6,= Uhfdoo0

lqj wkdw pdunhw k lv gh?qhg e| Vû> lw lv dvvxphg wkdw
ý
V�> V2> Vô

ü
@ +83ý ò> 83> 83 . ò,

zkhuh ò 5 i3> 5> = = = > 43j vr wkdw ò phdvxuhv wkh ghjuhh ri lqwhu0pdunhw khwhurjhqhlw|1
Lq h{shfwdwlrq/ pdunhwv duh lghqwlfdo zkhq ò @ 31 Wkh iroorzlqj dgglwlrqdo sdudph0
whu ydoxhv duh dvvxphg= â @ 6> U @ 433> H @ 5> Q @ 53> J @ 58> dqg [ @ 7331
Doo vwruhv duh hqgrzhg zlwk d vhw ri sudfwlfhv iurp i4> = = = > 433j2f1 Wkh vlpxodwlrq
surjudpv zhuh zulwwhq lq F.. dqg frpslohg zlwk Plfurvriw Ylvxdo F..145

44 Lq fdofxodwlqj wkh shuirupdqfh ri erwk rujdql}dwlrqdo irupv xvlqj wkh vdph lqlwldo sudfwlfhv dqg
wkh vdph vhtxhqfh ri lghdv/ zh duh deoh wr frqwuro iru wzr vrxufhv ri udqgrpqhvv1

45Wkh svhxgr frgh lv lq wkh Dsshqgl{ dqg wkh vrxufh frgh lv dydlodeoh xsrq uhtxhvw iurp P|rqj
Fkdqj1
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9 Wkh Fdvh ri Rqh Fkdlq

Sulru wr h{sorulqj frpshwlwlrq dprqj fkdlqv/ lw lv xvhixo wr kdyh vrph xqghuvwdqglqj
ri wkh uroh ri rujdql}dwlrqdo vwuxfwxuh lq wkh fdvh ri d vlqjoh fkdlq1 Dv wklv zdv
h{dplqhg lq ghwdlo lq Fkdqj dqg Kduulqjwrq +5333,/ rqo| vrph olplwhg uhvxowv duh
uhsruwhg khuh146 Qrwh wkdw/ zlwk rqh fkdlq/ wkh vhdufk dqg vslooryhu sdudphwhuv/
+T>T7 > TM, > duh luuhohydqw1

Rq wkh edvlv ri dyhudjh fkdlq sur?w ryhu wkh ?uvw W shulrgv +zlwk wkdw dyhudjh
sur?w ehlqj dyhudjhg ryhu wkh 733 uhsolfdwlrqv,/ Wdeoh 50D uhsruwv wkh rswlpdo rujdql0
}dwlrqdo vwuxfwxuh iru ydulrxv ghjuhhv ri lqwhu0pdunhw khwhurjhqhlw|1 Wdeoh 50E uhsruwv
wkh gl>huhqfh lq dyhudjh sur?w ehwzhhq wkh fhqwudol}hg dqg ghfhqwudol}hg vwuxfwxuhv1
Wkh qxpehu lq sduhqwkhvlv ehorz dq hqwu| lv wkh ydoxh iru wkh whvw vwdwlvwlf ] zkhuh
41978 lv wkh ydoxh iru d rqh0vlghg 8( whvw dqg 51659 lv iru d rqh0vlghg 4( whvw1

Surshuw| 4= Fhqwudol}dwlrq rxwshuirupv zkhq pdunhwv duh vx!flhqwo| vlplodu dqg
wkh krul}rq lv vx!flhqwo| vkruw1

Jlyhq wkdw pdunhwv duh khwhurjhqhrxv/ wkh ehqh?w ri ghfhqwudol}dwlrq lv fohdu 0 lw
doorzv hdfk vwruh pdqdjhu wr wdloru sudfwlfhv wr wkh orfdo pdunhw1 Krz wkhq grhv d
fhqwudol}hg vwuxfwxuh rxwshuirupB Rxu dqdo|vlv uhyhdohg wkhuh lv dq lpsolflw frvw wr
ghfhqwudol}dwlrq1 Dv vwruhv wdloru wkhlu sudfwlfhv wr wkhlu pdunhwv lq d ghfhqwudol}hg
fkdlq/ wkhlu sudfwlfhv guliw iduwkhu dsduw1 Dv d uhvxow/ d qhz sudfwlfh dgrswhg e| rqh
vwruh lv lqfuhdvlqjo| xqolnho| wr eh frpsdwleoh zlwk wkh fxuuhqw sudfwlfhv ri rwkhu
vwruhv1 Lq hvvhqfh/ vwruhv frph wr wdujhw glvwlqfw frqvxphu w|shv +l1h1/ gl>huhqw orfdo
rswlpd, dqg zkdw zrunv iru rqh w|sh ri frqvxphu grhvq*w whqg wr zrun iru dqrwkhu
w|sh ri frqvxphu1 Lqwhu0vwruh ohduqlqj lv wkhq ohvv xqghu ghfhqwudol}dwlrq dqg wklv
lv ghwulphqwdo wr wkh udwh ri lpsuryhphqw lq vwruh sudfwlfhv1 Wkh yluwxh ri d fhq0
wudol}hg vwuxfwxuh lv wkdw lw hqkdqfhv lqwhu0vwruh ohduqlqj e| nhhslqj vwruhv forvh lq
vwruh sudfwlfh vsdfh vr wkdw wkh| duh wdujhwlqj vlplodu frqvxphuv1 Zlwk wkhvh wzr
frxqwhuydlolqj h>hfwv/ d fhqwudol}hg vwuxfwxuh rxwshuirupv dv orqj dv pdunhwv duh qrw
wrr gl>huhqw1

Iljxuh 4 vkrzv wkh gl>huhqwldo lq fkdlq sur?w ehwzhhq d fhqwudol}hg dqg d gh0
fhqwudol}hg rujdql}dwlrq ryhu wlph +wkdw lv/ sur?w xqghu fhqwudol}dwlrq lq shulrg w
plqxv sur?w xqghu ghfhqwudol}dwlrq lq shulrg w/ dyhudjhg dfurvv doo uhsolfdwlrqv,147

Dv vkrzq/ wkh fhqwudol}hg vwuxfwxuh lv vxshulru lq wkh hduo| shulrgv/ zklfk lv zkhq
ohduqlqj lv prvw dfwlyh1 Wkdw vxshulrulw| glvvlsdwhv ryhu wlph dv vwruhv lq wkh gh0
fhqwudol}hg fkdlq hyhqwxdoo| frph wr lghqwli| ghvludeoh +dqg glvwlqfw, orfdo rswlpd
dqg lqghshqghqwo| frqyhujh wr wkhp1 Zkloh pxwxdo ohduqlqj lv ohvv xqghu ghfhqwudo0
l}dwlrq/ wkh xowlpdwh vxshulrulw| ri lwv joredo rswlpxp idyruv ghfhqwudol}dwlrq lq wkh

46 Lq wkdw sdshu/ lw zdv dvvxphg wkdw ù ' �f dqg . ' fé Dovr/ wkhuh zhuh 4333 frqvxphuv
zkrvh w|shv dssur{lpdwhg d wuldqjxodu ghqvlw| ixqfwlrq1 Iru sxusrvhv ri frpsdudelolw| zlwk wkh
fdvh ri pxowlsoh fkdlqv/ wkh uhvxowv uhsruwhg khuh duh iru zkhq hdfk ri <<5 frqvxphuv/ zkrvh vhhgv
dssur{lpdwh d wuldqjxodu ghqvlw| ixqfwlrq/ ehfrphv d ex|hu zlwk suredelolw| 181 Khqfh/ rq dyhudjh/
wkhuh duh 7<9 frqvxphuv1

47Qrwh wkdw u ' � lv htxlydohqw wr wkh fdvh ri u ' 2 dqg ' ' f lq wkdw qr frqvxphu vhdufk phdqv
wkdw hdfk vwruh kdv d shupdqhqwo| or|do vhw ri frqvxphuv1
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orqj uxq148 Krzhyhu/ li rqh doorzv iru frqvxphu suhihuhqfhv wr fkdqjh vwrfkdvwlfdoo|
vr wkdw wkhuh lv frqwlqxdo fkdqjh lq wkh hqylurqphqw/ fhqwudol}dwlrq rxwshuirupv lq
wkh orqj0uxq dv zhoo +wkdw lv/ wkh vwhdg| vwdwh, zkhq pdunhwv duh qrw wrr gl>huhqw149

: Wkh Fdvh ri Wzr Frpshwlqj Fkdlqv

Lq wklv vhfwlrq/ zh frqvlghu wkh fdvh ri wzr frpshwlqj fkdlqv/ O @ 5> vr dv wr ehjlq wr
h{soruh zkdw qhz uhodwlrqvklsv hphujh lq wkh suhvhqfh ri frpshwlwlrq14: Erwk fkdlqv
kdyh vwruhv lq wkh vdph wkuhh pdunhwv1 Wkh pdunhw vhhgv duh v|pphwulf durxqg 83
zlwk +V�> V2> Vô, @ +83ý ò> 83> 83 . ò, dqg ò 5 i3> 5> = = = > 43j= T lv wkh suredelolw|
wkdw d frqvxphu vhdufkhv lq hdfk shulrg dqg T 5 i3> =34> =36> =38> =4> =5> =6j = Qrwh
wkdw T @ =6 lv d yhu| kljk udwh ri frqvxphu vhdufk dv lw lpsolhv wkdw/ rq dyhudjh/
63( ri doo frqvxphuv duh vhdufklqj hdfk shulrg1 Vlqfh/ zkhq T @ 3> frqvxphuv duh
qrw vhdufklqj wkhq hdfk frqvxphu shupdqhqwo| ex|v iurp wkh vwruh wr zklfk kh lv
lqlwldoo| dvvljqhg1 Khqfh/ wkh fdvh ri qr frqvxphu vhdufk lv htxlydohqw wr wkh fdvh
ri d vlqjoh fkdlq1 Wkh suholplqdu| uxqv uhsruwhg lq wklv sdshu dvvxph qr vslooryhu=
+T7 >TM, @ +3> 3, = Wkh dvvxpswlrqv rq rwkhu sdudphwhu ydoxhv duh dv suhylrxvo|
vshfl?hg xqohvv vwdwhg rwkhuzlvh1

:14 Htxloleulxp Rujdql}dwlrqdo Vwuxfwxuhv

Rq wkh edvlv ri dyhudjh fkdlq sur?w/ Wdeoh 6 uhsruwv wkh htxloleulxp rujdql}dwlrqdo
vwuxfwxuhv1 Wkhvh uhvxowv zhuh jhqhudwhg dv iroorzv1 Iru hdfk uhsolfdwlrq +zklfk
lv d vhw ri frqvxphu w|shv/ d vhw ri lqlwldo sudfwlfhv/ dqg d vhtxhqfh ri lghdv,/ zh
fdofxodwhg wkh sdwk ri fkdlq sur?w xqghu ghfhqwudol}dwlrq dqg xqghu fhqwudol}dwlrq1
Diwhu uhsolfdwlqj 733 wlphv/ wkh sur?w lq hdfk shulrg zdv dyhudjhg dfurvv uhsolfdwlrqv1
Wklv jdyh xv d wlph0vhulhv iru dyhudjh fkdlq sur?w xqghu hdfk rujdql}dwlrqdo irup1
Sur?w zdv wkhq dyhudjhg ryhu wkh ?uvw W shulrgv dqg wklv zdv xvhg dv hqwulhv lq d
5 û 5 sd|r> pdwul{ iru wkh jdph lq zklfk fkdlqv vlpxowdqhrxvo| +dqg rqfh dqg iru
doo, vhohfw rujdql}dwlrqdo irupv1 Iru wklv jdph/ wkh vhw ri Qdvk htxloleuld zdv ghulyhg1
Dq hqwu| lq Wdeoh 6 lv wkh vhw ri htxloleulxp pdunhw vwuxfwxuhv zkhuh FF ghqrwhv
wkdw wkhuh lv d xqltxh htxloleulxp zlwk wzr fhqwudol}hg vwuxfwxuhv/ GG lv wkdw wkhuh
lv d xqltxh htxloleulxp zlwk wzr ghfhqwudol}hg vwuxfwxuhv/ dqg FG lv wkdw wkhuh duh
wzr dv|pphwulf htxloleuld14;

48 Lq Fkdqj dqg Kduulqjwrq +5333,/ zh vkrz wkdw dq lghd lv pruh olnho| wr eh ydoxdeoh wr doo vwruhv
xqghu fhqwudol}dwlrq vr wkdw pxwxdo ohduqlqj lv lqghhg kljkhu1 Qrwh wkdw lw grhv qrw kdyh wr eh wuxh
wkdw pxwxdo ohduqlqj lv kljkhu xqghu fhqwudol}dwlrq1 Wkh ghjuhh ri pxwxdo ohduqlqj ghshqgv qrw rqo|
rq wkh vlplodulw| lq vwruhv* fxuuhqw srvlwlrqv 0 zklfk lv frqvwudlqhg wr eh lghqwlfdo lq wkh fhqwudol}hg
fkdlq 0 exw dovr rq wkh vlplodulw| lq wkhlu pdunhw hqylurqphqwv1

49Vhh Fkdqj dqg Kduulqjwrq +5333,1
4:Wkh qh{w yhuvlrq ri wklv sdshu vkrxog lqfoxgh uhvxowv iru kljkhu ydoxhv ri u vr wkdw zh fdq h{dplqh

wkh h>hfw ri wkh ghjuhh ri frpshwlwlrq1
4;Vr dv wr vdyh rq frpsxwdwlrqdo wlph dqg jlyhq v|pphwu|/ zh udq wkuhh ri wkh irxu frq?jxudwlrqv=

erwk fkdlqv duh fhqwudol}hg/ fkdlq 4 lv fhqwudol}hg dqg fkdlq 5 lv ghfhqwudol}hg/ dqg erwk fkdlqv duh
ghfhqwudol}hg1 Ohw `ð Eï�c ï2ä ghqrwh wkh dyhudjh sur?w wr fkdlq ð jlyhq rujdql}dwlrqdo vwuxfwxuhv/
Eï�c ï2ä é Jlyhq v|pphwu|/ FF lv dq htxloleulxp l> `2 Eäcää D `2 Eäc(ä é GG lv dq htxloleulxp
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Zh ?qg wkdw dq htxloleulxp dozd|v h{lvwv dqg/ h{fhsw iru zkhq dv|pphwulf htxl0
oleuld h{lvw/ wkhuh lv d xqltxh htxloleulxp14< Dv|pphwulf htxloleuld rffxu dw wkh
lqwhuidfh ri d uhjlrq lq zklfk FF lv dq htxloleulxp zlwk zkhq GG lv dq htxloleulxp1
Iru h{dpsoh/ frqvlghu T @ =36 dqg W @ 4333= Zkhq ò é 9 erwk ?upv duh fhqwudo0
l}hg dqg zkhq ò @ 43 erwk ?upv duh ghfhqwudol}hg1 Krzhyhu/ dw ò @ ;> htxloleulxp
lqyroyhv rqh ?up ehlqj fhqwudol}hg dqg wkh rwkhu ehlqj ghfhqwudol}hg1

Surshuw| 5= Jhqhudoo|/ d xqltxh htxloleulxp h{lvwv dqg lw lqyroyhv v|pphwulf ru0
jdql}dwlrqdo irupv1

Lq wkdw lw lv txlwh srvvleoh wkdw wkh gl>huhqfhv lq dyhudjh sur?w dfurvv rujdql}d0
wlrqdo irupv wkdw duh xvhg wr surgxfh Wdeoh 6 duh wkh surgxfw ri qrlvh/ zh whvw iru
vwdwlvwlfdo vljql?fdqfh lq Wdeohv 7 dqg 81 Wkhvh wdeohv uhsruw wkh gl>huhqfh lq dy0
hudjh sur?w ehwzhhq wkh fhqwudol}hg dqg ghfhqwudol}hg vwuxfwxuhv/ Yä +R,ý Y( +R, >
ghshqglqj rq wkh rujdql}dwlrqdo irup ri wkh rwkhu ?up dqg ydulrxv sdudphwhuv1 Wkh
qxpehu lq sduhqwkhvlv ehorz dq hqwu| lv wkh ydoxh iru wkh whvw vwdwlvwlf ] zkhuh 41978
lv wkh ydoxh iru d rqh0vlghg 8( whvw dqg 51659 lv iru d rqh0vlghg 4( whvw1 Jhqhu0
doo|/ wkh gl>huhqwldo shuirupdqfh ehwzhhq rujdql}dwlrqdo irupv lv kljko| vwdwlvwlfdoo|
vljql?fdqw1

Lq frqwudvwlqj wkh fdvh ri rqh dqg wzr fkdlqv/ ohw xv frpsduh wkh fdvh ri qr
frqvxphu vhdufk dprqj vwruhv +T @ 3, zlwk zkhq frqvxphuv vhdufk dprqj frpshwlqj
vwruhv dqg hqjdjh lq frpsdulvrq vkrsslqj +T A 3,= H{dplqlqj Wdeoh 6/ zh ?qg wkdw
fhqwudol}dwlrq lv pruh iuhtxhqwo| wkh rswlpdo rujdql}dwlrqdo vwuxfwxuh zkhq wkhuh lv
frpshwlwlrq/ dw ohdvw iru prghudwh ydoxhv iru T=Zkhq frpshwlwlrq lv devhqw +T @ 3,/
?upv fkrrvh wr eh fhqwudol}hg rqo| zkhq ò é 5 iru W @ 833 dqg ò @ 3 iru W @ 4333=53
Zkhq frqvxphu hqjdjh lq vhdufk dprqj wkh vwruhv/ vr wkdw fkdlqv duh frpshwlqj iru
frqvxphuv/ fhqwudol}dwlrq rffxuv iru doo ò é 9> dw ohdvw zkhq T é =5= Wkh uhvxow lv
hyhq pruh vwulnlqj li rqh h{dplqhv wkh wlph vhulhv iru wkh sur?w gl>huhqwldo ehwzhhq
fhqwudol}hg dqg ghfhqwudol}hg fkdlqv1 Lq Iljxuh 4/ zklfk lv wkh fdvh ri qr frpshwlwlrq/
ghfhqwudol}dwlrq ehjlqv wr |lhog kljkhu sur?w vrphwlph ehiruh shulrg 5331 Lq frqwudvw/
Iljxuhv 50: vkrz wkdw zkhq pdunhwv duh qrw wrr gl>huhqw dqg frqvxphu vhdufk lv qrw
wrr juhdw/ fhqwudol}dwlrq fdq |lhog kljkhu sur?w hyhq lq shulrg 43331

Surshuw| 6= Iru prghudwh ohyhov ri frqvxphu vhdufk/ wkh uhodwlyh shuirupdqfh ri
fhqwudol}dwlrq lv hqkdqfhg zkhq wkhuh lv frpshwlwlrq1

Wklv uhvxow uxqv frxqwhu wr rxu lqlwldo lqwxlwlrq zklfk zdv wkdw wkh suhvhqfh ri
d ghfhqwudol}hg frpshwlqj fkdlq zrxog dffhqwxdwh wkh frvw ri fhqwudol}dwlrq1 Wkh
ehqh?w ri fhqwudol}dwlrq lv wkdw lw lpsuryhv pxwxdo ohduqlqj exw dw wkh frvw ri vrph
vwruhv qrw kdylqj sudfwlfhv zhoo0vxlwhg wr wkhlu pdunhw*v frqvxphuv1 D frpshwlqj

l> `� E(c(ä D `� Eäc(ä é FG lv dq htxloleulxp l> `� Eäc(ä D `� E(c(ä dqg `2 Eäc(ä D
`2 Eäcää é

4<Zh dovr fdofxodwhg d fkdlq*v h{shfwhg dyhudjh sur?w li lw dvvljqhg htxdo suredelolw| wr wkh rwkhu
fkdlq ehlqj ghfhqwudol}hg dqg fhqwudol}hg1 Wkh uhvxowv duh yhu| vlplodu wr zkdw lv lq Wdeoh 61

53Qrwh wkdw wklv lv wkh vdph dv lq Wdeoh 5D zklfk lv qrw frlqflghqwdo dv u ' � lv htxlydohqw wr
u ' 2 dqg ' ' fé
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ghfhqwudol}hg fkdlq zrxog vhhp wr eh deoh wr wdnh dgydqwdjh ri wkdw frqvwudlqw dqg
vxffhvvixoo| jude d elj vkduh ri wkh pdunhw1 Reylrxvo|/ wkhuh lv vrphwklqj pruh
jrlqj rq khuh dqg lw pxvw eh uhodwhg wr krz frqvxphuv duh vruwlqj wkhpvhoyhv1 Rqh
pd| ?qg wkdw wkrxjk wkh vwruhv ri d fhqwudol}hg fkdlq pd| qrw jhw d odujh vkduh ri
wkh pdunhw +zkhq wkh rwkhu fkdlq lv ghfhqwudol}hg,/ wkh| pd| gr d yhu| jrrg mre
ri vdwlvi|lqj wkh qhhgv ri d vpdoo vhjphqw ri wkh pdunhw1 Iru h{dpsoh/ vxssrvh d
fhqwudol}hg fkdlq uhvxowv lq doo ri lwv vwruhv kdylqj sudfwlfhv wkdw duh jhqhudoo| ohvv
wkdq 7;1 Wklv frpprqdolw| lq sudfwlfhv doorzv wkhp wr hqjdjh lq d orw ri pxwxdo
ohduqlqj dqg wkxv gr d jrrg mre ri vdwlvi|lqj frqvxphuv zkrvh lghdo suhihuhqfhv duh
ohvv wkdq 7;1 Zkloh wkh| orvh wkh uhvw ri wkh pdunhw wr wkh ghfhqwudol}hg fkdlq +zklfk
pd| eh txlwh odujh li prvw frqvxphuv suhihu ydoxhv kljkhu wkdq 7;,/ wkh| jhw d orw
ri ghpdqg shu fdslwd rxw ri wkh frqvxphuv wkdw wkh| gr vhuyh1 Dw wklv srlqw/ wklv
h{sodqdwlrq lv vshfxodwlyh1 Zh qhhg wr h{dplqh zkdw lv kdsshqlqj wr wkh vhw ri
frqvxphuv vhuyhg e| d fkdlq dqg wkh ghpdqg shu fdslwd iurp wkrvh frqvxphuv1

:15 Lqwhu0Pdunhw Khwhurjhqhlw| dqg Wlph0Vhulhv Surshuwlhv

Zkhq wkhuh lv rqh fkdlq/ d pruh glyhuvh vhw ri pdunhwv yhu| fohduo| hqkdqfhv wkh
uhodwlyh shuirupdqfh ri ghfhqwudol}dwlrq1 Rqh frphv wr d vlplodu frqfoxvlrq iru wkh
fdvh ri wzr fkdlqv zkhq h{dplqlqj wkh htxloleulxp frq?jxudwlrqv1 Lw lv dq htxloleulxp
iru erwk fkdlqv wr eh fhqwudol}hg zkhq pdunhwv duh vx!flhqwo| vlplodu dqg lw lv dq
htxloleulxp iru erwk fkdlqv wr eh ghfhqwudol}hg zkhq pdunhwv duh vx!flhqwo| gl>huhqw1
Krzhyhu/ pruh lv jrlqj rq wkdq lv uhyhdohg e| zkdw lv kdsshqlqj zlwk htxloleulxp
vwuxfwxuhv dqg wklv lv uhyhdohg lq Wdeohv 7 dqg 81 Zkhq ò è 9> wkh gl>huhqwldo lq
dyhudjh sur?w ehwzhhq wkh fhqwudol}hg dqg ghfhqwudol}hg irupv grhv lqghhg ghfolqh
zlwk ò vr wkdw ghfhqwudol}dwlrq grhv uhodwlyho| ehwwhu dv pdunhwv duh pdgh pruh
glvwlqfw1 Krzhyhu/ zkhq ò lv udlvhg iurp 3 wr 5 dqg iurp 5 wr 7/ wkh frqwudu| lv wuxh
0 wkh gl>huhqfh lq dyhudjh sur?w ehwzhhq fhqwudol}dwlrq dqg ghfhqwudol}dwlrq ulvhv1
Wklv surshuw| krogv dfurvv d ydulhw| ri ydoxhv iru frqvxphu vhdufk dqg rujdql}dwlrqdo
irupv iru wkh frpshwlqj fkdlq1 Lw fohduo| uxqv frxqwhu wr wkh lqwxlwlrq frplqj iurp
wkh vlqjoh0fkdlq prgho dqg uhtxluhv ixuwkhu lqyhvwljdwlrq1

Surshuw| 7= Zkhq pdunhwv duh vx!flhqwo| vlplodu/ wkh uhodwlyh shuirupdqfh ri
fhqwudol}dwlrq lv hqkdqfhg dv pdunhwv ehfrph pruh glyhuvh1 Zkhq pdunhwv duh
vx!flhqwo| gl>huhqw/ wkh uhodwlyh shuirupdqfh ri ghfhqwudol}dwlrq lv hqkdqfhg
dv pdunhwv ehfrph pruh glyhuvh1

D pruh vwulnlqj gl>huhqfh ehwzhhq wkh fdvh ri rqh dqg wzr fkdlqv lv revhuyhg iru
wkh wlph0vhulhv rq wkh sur?w gl>huhqwldo1 Zlwk rqh fkdlq/ fhqwudol}dwlrq |lhoghg kljkhu
sur?w lq wkh hduo| shulrgv dqg wklv sur?w gl>huhqfh vwhdglo| ghfolqhv dqg ehfrphv
qhjdwlyh zhoo zlwklq wkh wlph krul}rq ri 4333 shulrgv1 Wklv lv vkrzq lq Iljxuh 4 zkhuh
wkh sur?w gl>huhqwldo mxpsv xs wr vrph srvlwlyh ohyho54 dqg idoov prqrwrqlfdoo|1 Lw
w|slfdoo| ehfrphv qhjdwlyh ehiruh shulrg 4331 Wxuqlqj wr Iljxuhv 50:/ wkh wlph0vhulhv

54 Lw dsshduv dv li lw vwduwv dw d srvlwlyh ohyho exw dfwxdoo| lw vwduwv dw }hur dqg wkhq ehfrphv srvlwlyh
lq wkh ?uvw shulrg1
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iru zkhq wkhuh duh wzr fkdlqv lv txlwh gl>huhqw1 Iluvw/ lw lv qrlvlhu ehfdxvh ri wkh
udqgrpqhvv dvvrfldwhg zlwk frqvxphu vhdufk1 Vhfrqg/ dqg pruh lpsruwdqwo|/ lw lv d
pxfk ulfkhu sdwwhuq1 Dv zlwk wkh fdvh ri rqh fkdlq/ wkh sur?w gl>huhqwldo vwduwv rxw
srvlwlyh/ lqglfdwlqj wkdw fhqwudol}dwlrq lv jhqhudwlqj kljkhu fkdlq sur?w lq wkh hduo|
shulrgv1 Zlwk wkh h{fhswlrq ri zkhq frqvxphu vhdufk lv yhu| vorz/ li rqh jrhv rxw
idu hqrxjk lq wkh krul}rq wkhq wkh sur?w gl>huhqwldo lv vwhdglo| ghfolqlqj/ vlplodu wr
zkhq wkhuh lv rqh fkdlq1 Exw wkhuh lv vrphwklqj hovh jrlqj rq lq0ehwzhhq wkrvh wzr
vwdjhv1 Dw ohdvw zkhq pdunhwv duh vx!flhqwo| gl>huhqw +ò è 7,/ wkh sur?w gl>huhqwldo
vwduwv srvlwlyh dqg lv ghfolqlqj exw erwwrpv rxw durxqg shulrg 83 dqg wkhq ulvhv
dqg uhdfkhv vrph shdn durxqg shulrg 4331 Iurp wkdw srlqw rqzdug/ wkh gl>huhqwldo
vwhdglo| ghfolqhv1 Lq pdq| fdvhv/ wklv gl>huhqwldo uhpdlqv srvlwlyh +wkdw lv/ lq idyru
ri fhqwudol}dwlrq, hyhq lq shulrg 4333/ lq frqwudvw wr zkhq wkhuh lv rqh fkdlq1

Ixuwkhu vlpxodwlrqv qhhg wr eh frqgxfwhg wr xqghuvwdqg zkdw olhv ehqhdwk wkhvh
g|qdplfv1 Zkdw lv lpsruwdqw wr uhfrjql}h lv wkdw wkhuh duh wzr g|qdplfv dw zrun
zkhq wkhuh duh wzr fkdlqv +dqg frqvxphu vhdufk,1 Dv zlwk wkh fdvh ri rqh fkdlq/
vwruhv duh ohduqlqj qhz sudfwlfhv dqg wkxv folpelqj d odqgvfdsh1 Glvwlqfw iurp wkh
fdvh ri rqh fkdlq/ frqvxphuv duh dovr ohduqlqj 0 derxw wkh sudfwlfhv ri gl>huhqw vwruhv
0 dqg vruwlqj wkhpvhoyhv dffruglqjo|1 Wklv frqvxphu vhdufk lv dowhulqj wkh odqgvfdsh
ryhu zklfk vwruhv duh folpelqj1 Vlpxodwlrqv duh fxuuhqwo| xqghuzd| wr phdvxuh wklv
frqvxphu vruwlqj dqg krz rujdql}dwlrqdo vwuxfwxuh lpsdfwv lw1

:16 Frqvxphu Vhdufk

Rqh ri wkh pruh lqwhuhvwlqj sdudphwhuv lv wkh udwh ri frqvxphu vhdufk/ T= Uhfdoo wkdw
T @ 3 fruuhvsrqgv wr wkh fdvh ri qr frpshwlwlrq dv frqvxphuv duh qrw doorzhg wr pryh
ehwzhhq vwruhv1 Hdfk vwruh kdv d orfdo prqrsro|1 Rq wkh rwkhu h{wuhph/ zkhq T @
�xû�3�
�xû� / frqvxphuv udqgrpo| pryh ehwzhhq vwruhv vr wkdw d vwruh*v sudfwlfhv kdyh qr

h>hfw rq zkr ex|v iurp wkhp +wkrxjk lw grhv d>hfw krz pxfk hdfk fxvwrphu ex|v,1
Lq d vhqvh/ vwruhv duh qrw frpshwlqj lq wkdw fdvh hlwkhu1 Lw zrxog dsshdu wkh rqo|
gl>huhqfh ehwzhhq T @ 3 dqg T @ �xû�3�

�xû� lv wkdw wkh iruphu lqyroyhv d ?{hg odqgvfdsh
dqg wkh odwwhu d odqgvfdsh wkdw lv vxemhfw wr d vwdwlrqdu| vwrfkdvwlf surfhvv1 Iru
lqwhuphgldwh ydoxhv ri T/ frqvxphuv duh v|vwhpdwlfdoo| vruwlqj wkhpvhoyhv ehwzhhq
vwruhv1 Lq oljkw ri doo ri wklv/ lw lv txlwh lqwhuhvwlqj wr h{soruh wkh lpsdfw ri wkh udwh
ri frqvxphu vhdufk1

Frqvlvwhqw zlwk wkh fodlp wkdwT @ 3 dqgT @ =8 duh hvvhqwldoo| htxlydohqw/ zh ?qg
d qrq0prqrwrqlf uhodwlrqvkls ehwzhhq wkh udwh ri frqvxphu vhdufk dqg htxloleulxp
rujdql}dwlrqdo vwuxfwxuhv1 H{dplqlqj Wdeoh 6/ fhqwudol}dwlrq prvw riwhq rffxuv iru
prghudwh udwhv ri frqvxphu vhdufk1 Frqvlghulqj wkh sdwk ri gl>huhqwldo sur?wv/ d ulvh
lq wkh udwh ri frqvxphu vhdufk whqgv wr vkliw wkh sdwk grzq zkhq T è =38= Zkhq
T ? =38> wkh h>hfw ri T lv qrw vr dssduhqw wkrxjk zh nqrz iurp Wdeohv 7 dqg 8 wkdw
wkh dyhudjh ri wkdw wlph sdwk/ lq vrph lqvwdqfhv/ lqfuhdvhv dv T lv udlvhg1

Surshuw| 8= Iru orz ohyhov ri frqvxphu vhdufk/ wkh uhodwlyh shuirupdqfh ri fhqwudo0
l}dwlrq lv hqkdqfhg dv wkh udwh ri frqvxphu vhdufk lv lqfuhdvhg1 Iru kljk ohyhov
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ri frqvxphu vhdufk/ wkh uhodwlyh shuirupdqfh ri ghfhqwudol}dwlrq lv hqkdqfhg dv
wkh udwh ri frqvxphu vhdufk lv lqfuhdvhg1

Zh kdyh vrph lqlwldo +exw kljko| lqfrpsohwh, wkrxjkwv dw wklv wlph frqfhuqlqj wklv
uhvxow1 Uhfdoo wkdw/ lq dq| shulrg/ d frqvxphu lv dwwdfkhg wr d vlqjoh vwruh lq wkh vhqvh
wkdw kh ex|v iurp wkdw vwruh xqohvv kh fkrrvhv wr hqjdjh lq vhdufk1 Zlwk suredelolw|
T d frqvxphu vhdufkhv e| ex|lqj iurp dqrwkhu vwruh1 Li wkh glvwdqfh ehwzhhq klv
suhihuhqfhv dqg wkdw vwruh lv ohvv wkdq zkdw kh dvvrfldwhv zlwk klv idyrulwh vwruh
+zklfk lv edvhg rq klv prvw uhfhqw h{shulhqfh zlwk klv idyrulwh vwruh,/ kh pdnhv wklv
qhz vwruh klv idyrulwh vwruh1 Zkhq T @ 3/ wkhuh lv frpsohwh frqvxphu or|dow| dv
frqvxphuv qhyhu vhdufk dqg dozd|v ex| iurp wkh vdph vwruh1 Zkhq T @ =8 +iru wkh
fdvh ri wzr vwruhv lq d pdunhw,/ wkhuh lv qr frqvxphu or|dow| dv wkh suredelolw| ri
ex|lqj iurp d vwruh lv wkh vdph dfurvv vwruhv dqg lv lqghshqghqw ri sdvw h{shulhqfh1
Wkxv/ dv T lv lqfuhdvhg/ frqvxphuv hqjdjh lq pruh vhdufk dqg wkhuh lv ohvv or|dow| dv
d uhvxow1

Lw zrxog vhhp wr eh dq lpphgldwh lpsolfdwlrq wkdw juhdwhu frqvxphu vhdufk pdnhv
d vwruh*v ghpdqg pruh vhqvlwlyh wr lwv sudfwlfhv1 Fxuuhqw sudfwlfhv d>hfw ghpdqg lq
wzr zd|v1 Iluvw/ lw d>hfwv krz pxfk lv sxufkdvhg e| wkrvh frqvxphuv zkr ghflgh
wr ex| iurp d vwruh1 Wklv lv lwv lpsdfw rq fxuuhqw ghpdqg1 Vhfrqg/ lw d>hfwv wkh
vhw ri frqvxphuv zkr fkrrvh wr ylvlw wkh vwruh qh{w shulrg dqg wkhuhe| lq xhqfhv
ixwxuh ghpdqg1 Iru d jlyhq vhw ri frqvxphuv ex|lqj iurp d vwruh/ d vwruh*v ghpdqg
idoov dv wkh glvwdqfh ehwzhhq lwv sudfwlfhv dqg wkh prvw suhihuuhg sudfwlfhv ri wkrvh
frqvxphuv lqfuhdvh1 Ixuwkhupruh/ lw ehfrphv pruh olnho| wkdw frqvxphuv zkr duh
vhdufklqj lq wkh fxuuhqw shulrg zloo ?qg wkh rwkhu vwruh pruh dwwudfwlyh dqg fkrrvh
qrw wr uhwxuq wr lwv suhylrxvo| suhihuuhg vwruh lq wkh ixwxuh +zlwk wkh h{fhswlrq ri
zkhq lw hqjdjhv lq vhdufk,1 Wklv orzhuv ixwxuh ghpdqg1 Lw zrxog wkhq vhhp wkdw d
vwruh*v ghpdqg ehfrphv pruh vhqvlwlyh wr lwv sudfwlfhv dv frqvxphu vhdufk lqfuhdvhv1
Wklv zh sodq wr yhuli| zlwk dgglwlrqdo vlpxodwlrqv1

Wkh dwwudfwlyhqhvv wr fhqwudol}dwlrq lv wkdw wkh uhvxowlqj xqliruplw| ri sudfwlfhv hq0
kdqfhv lqwhu0vwruh ohduqlqj zlwklq wkh fkdlq1 H>hfwlyho|/ hdfk vwruh uhfhlyhv d juhdwhu
qxpehu ri xvhixo lghdv hdfk shulrg dv wkh rwkhu vwruhv lq lwv fkdlq duh d ehwwhu vrxufh
ri lghdv zkhq wkh| duh vlploduo| orfdwhg lq sudfwlfh vsdfh1 Wkh lpsolflw frvw wr fhq0
wudol}dwlrq lv wkdw d vwruh pd| qrw eh deoh wr dgrsw d sudfwlfh wkdw vdwlv?hv wkh frq0
vxphuv lq lwv pdunhw1 Vlqfh frqvxphu vhdufk uhvxowv lq ghpdqg ehlqj pruh vhqvlwlyh
wr d vwruh*v sudfwlfh/ wklv lqdelolw| xqghu d fhqwudol}hg irup iru vwruhv wr wdloru sudf0
wlfhv wr wkhlu frqvxphuv* suhihuhqfhv pd| suryh wr eh pruh ghwulphqwdo wr ghpdqg1
Glvvdwlv?hg frqvxphuv grq*w mxvw ex| ohvv/ wkh| jr wr rwkhu vwruhv1 Wklv hqkdqfhg
vhqvlwlylw| ri ghpdqg pdnhv lw doo wkh pruh lpsruwdqw qrw wr yhhu wrr idu iurp zkdw
frqvxphuv ghvluh1 Dv wklv lv ehwwhu dfklhyhg e| jlylqj dxwkrulw| wr vwruh pdqdjhuv/
d ghfhqwudol}hg vwuxfwxuh shuirupv uhodwlyho| ehwwhu zkhq frqvxphuv hqjdjh lq pruh
vhdufk1 Li fruuhfw/ wklv zrxog h{sodlq zk| d kljkhu udwh ri frqvxphu vhdufk idyruv
ghfhqwudol}dwlrq/ dw ohdvw zkhq T lv vx!flhqwo| kljk1 Exw zkdw lv wkh phfkdqlvp e|
zklfk d kljkhu udwh ri frqvxphu vhdufk idyruv fhqwudol}dwlrq zkhq T lv vx!flhqwo|
orzB Rxu sodq lv wr hqjdjh lq ixuwkhu vlpxodwlrqv wr vhh krz frqvxphuv duh vruwlqj
wkhpvhoyhv dqg krz wklv lv lpsdfwhg e| rujdql}dwlrqdo vwuxfwxuh1
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Dq lqwhuhvwlqj h{whqvlrq lv wr doorz wkh udwh ri frqvxphu vhdufk wr eh wlph0
ghshqghqw1 Li vwruhv* sudfwlfhv duh vhwwolqj grzq ryhu wlph wkhq lw pdnhv vhqvh iru
frqvxphuv wr hqjdjh lq ohvv h{shulphqwdwlrq vlqfh wkhuh lv ohvv fkdqjh ryhu dq| ohqjwk
ri wlph1 Rqh frxog vshfli| wkh udwh ri frqvxphu vhdufk lq shulrg w wr kdyh wkh iro0
orzlqj irup= T| @ ã� . ã2h

3V| zkhuh ã� è 3 dqg ã2> é A 3= Ru/ rqh frxog pdnh wkh
udwh ri vhdufk hqgrjhqrxv wr zkdw frqvxphuv h{shulhqfh1 D vpdoohu fkdqfh lq xwlolw|
gxh wr vhdufk frxog eh vshfl?hg wr uhgxfh wkh udwh ri vhdufk1

; Frqfoxglqj Uhpdunv

Wkh uhvxowv dqg wkh dqdo|vlv duh erwk suholplqdu|1 Qhyhuwkhohvv/ frpshwlwlrq dsshduv
wr kdyh lqwurgxfhg vhyhudo qhz idfwruv lqwr wkh glvfxvvlrq1 Zlwk frqvxphuv vhdufk0
lqj dfurvv vwruhv/ d fkdlq zlwk ehwwhu sudfwlfhv shuirupv ehwwhu qrw mxvw e| kdylqj
kljkhu ghpdqg shu fxvwrphu exw dovr e| kdylqj pruh fxvwrphuv1 Wklv odwwhu h>hfw
lv dfklhyhg e| lqgxflqj vhdufklqj frqvxphuv wr ehfrph or|do fxvwrphuv1 Wkh vlpxod0
wlrqv frqgxfwhg wkxv idu vxjjhvw wkdw wkhvh qhz idfwruv jhqhudwh vrph txdolwdwlyho|
qhz uhodwlrqvklsv1 Iluvw/ frpsduhg wr zkhq wkhuh lv rqh fkdlq/ wkh fhqwudol}hg ru0
jdql}dwlrq rxwshuirupv iru d zlghu udqjh ri sdudphwhu frq?jxudwlrqv zkhq wkhuh lv
frpshwlwlrq1 Vhfrqg/ dq lqfuhdvh lq wkh glyhuvlw| ri pdunhwv fdq dfwxdoo| hqkdqfh wkh
uhodwlyh shuirupdqfh ri fhqwudol}dwlrq zklfk uxqv frxqwhu wr wkh lqwxlwlrq iurp wkh
rqh fkdlq prgho1 Wklug/ wkh lqwhuwhpsrudo sur?w sdwkv xqghu fhqwudol}dwlrq dqg xq0
ghu ghfhqwudol}dwlrq h{klelw d pxfk pruh frpsolfdwhg +exw vwloo v|vwhpdwlf, sdwwhuq
lq wkh suhvhqfh ri frpshwlwlrq1 Ixuwkhu vlpxodwlrqv duh xqghuzd| wr ehwwhu grfxphqw
wkhvh uhodwlrqvklsv dqg wr vkhg oljkw rq zkdw lv gulylqj wkhp1
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< Dsshqglfhv

<14 Prgho ri Frqvxphu Suhihuhqfhv

Khuh zh surylgh d pruh irxqgdwlrqdo vwuxfwxuh wkdw jhqhudwhv wkh vshfl?fdwlrq lq

Vhfwlrq 5141 Ohw è
í
z> }æcû +w,

ì
ì
tSù

&'�+}
æcû
& +w,ýz&,2 ghqrwh wkh glvwdqfh ehwzhhq

d vwruh dqg d frqvxphu lq vwruh sudfwlfh vsdfh1 D frqvxphu ri w|sh z ì +z�> ===> zù,
lv dvvxphg wr uhfhlyh qhw vxusoxv iurp ex|lqj { xqlwv dw d sulfh ri s iurp d vwruh
zlwk sudfwlfhv } ì +}�> ===> }ù, htxdo wr=k

Dý è
í
z> }æcû +w,

ìlò
{q ý s{ +D14,

zkhuh ñ 5 +3> 4,> ð è 4/ dqg D lv fkrvhq vr wkdw D A 4 . è +z> }, iru doo +z> },= Li d
frqvxphu fkrrvhv { wr pd{lpl}h klv qhw vxusoxv/ ghpdqg lv wkhqë

ñ

s

ê �
�3q k

Dý è
í
z> }æcû +w,

ìl ò
�3q +D15,

Gh?qlqj ýæcûð +w, wr eh wkh vhw ri frqvxphuv wkdw ex| iurp fkdlq m*v vwruh lq pdunhw
k lq shulrg w/ vwruh sur?w lv=

+sý f,
[

ðMKæcûð E|ä

ë
ñ

s

ê �
�3q k

Dý è
í
z> }æcû +w,

ìl ò
�3q +D16,

zkhuh f lv wkh frqvwdqw pdujlqdo frvw idfhg e| d vwruh1
Wkhuh duh vhyhudo dvvxpswlrqv rqh frxog pdnh khuh1 Iluvw/ zh frxog dvvxph wkdw s

lv ?{hg dfurvv ?upv dqg wkhq shuirup d qrupdol}dwlrq e| fkrrvlqj s> f> dqg ñ vr wkdw

+sýf,
í
q
R

ì �
�3q @ 4= Wklv zrxog jlyh xv wkh h{suhvvlrq lq +6, rqfh zh vhw ð @ â +4ý ñ,1

Vhfrqg/ zh frxog lqwhusuhw s dv vrph frvw wr dftxlulqj jrrgv wkdw lv qrw vshfl?f wr d
sduwlfxodu vwruh +h1j1/ wkh wlph frvw wr d frqvxphu, dqg wkdw d vwruh*v sulfh lv lpsolflw
lq rxu gh?qlwlrq ri vwruh sudfwlfhv155 Wkh vdph qrupdol}dwlrq zrxog dsso| lq wkdw
fdvh1 Wklug/ zh frxog dvvxph wkdw hdfk vwruh vhwv sulfh wr pd{lpl}h fxuuhqw sur?w1
Fkrrvlqj s wr pd{lpl}h +D16,/ wkh rswlpdo sulfh lv S

q 1 Vlqfh doo vwruhv fkdujh wkh
vdph sulfh/ lw vwloo pdnhv vhqvh iru frqvxphuv wr udqn vwruhv dffruglqj wr glvwdqfh lq
vwruh sudfwlfh vsdfh1 Vwruh sur?w lvéë

f

ñ

ê
ý f

è#
ñ2

f

$ �
�3q [

ðMKæcûð E|ä

k
Dý è

í
z> }æcû +w,

ìl ò
�3q +D17,

f dqg ñ duh wkhq fkrvhq vr wkdw
kí

S
q

ì
ý f

l í
q2

S

ì �
�3q @ 4=Zlwk ð @ â +4ý ñ, > zh kdyh

+6,1
55Wkhvh glphqvlrqv frxog eh sulfh0dgmxvwhg1 Zkloh zh kdyh qrw zrunhg lw rxw/ wkh iroorzlqj

h{dpsoh zloo uhyhdo zkdw zh kdyh lq plqg1 Vxssrvh wkdw d glphqvlrq lv wkh dprxqw ri wudlqlqj jlyhq
wr vdohv shuvrqqho1 Pruh wudlqlqj frvwv pruh dqg uhvxowv lq kljkhu sulfhv1 D frqvxphu*v suhihuhqfhv
ryhu wklv glphqvlrq hperglhv klv zloolqjqhvv wr wudgh0r> kljkhu sulfhv iru pruh khosixo vdohv shrsoh1
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Wkh fulwlfdo idfwru plvvlqj iurp wkrvh irupxodwlrqv lv g|qdplf sulflqj1 Lq vhwwlqj
sulfh/ d vwruh lv qrw wdnlqj lqwr dffrxqw krz sulfh d>hfwv wkh vhw ri or|do fxvwrphuv1
Wkdw lv/ wkh sulfh lq shulrg w d>hfwv ýæcûð +w. 4,1 Uhfrjqlwlrq ri wklv h>hfw zrxog
lqgxfh vwruhv wr sulfh ehorz S

q dqg krz pxfk ehorz zrxog suhvxpdeo| ghshqg rq
d vwruh*v vwdwh yduldeohv1 Wklv zrxog fuhdwh sulfh yduldwlrq dfurvv vwruhv1 Vxssrvh
frqvxphuv udqn vwruhv edvhg rq qhw vxusoxv1 Wdnlqj lqwr dffrxqw rswlpdo ghpdqg/
qhw vxusoxv lv ë

ñ

sæcû

ê q
�3q

+4ý ñ,
k
Dý è

í
z> }æcû +w,

ìl ò
�3q +D18,

vr wkdw sulfh/ dqg qrw mxvw glvwdqfh/ pdwwhuv1 D vhfrqg lvvxh lv wkdw sulfh frpshwlwlrq
zrxog vhhp wr lqwhqvli| zkhq vwruhv lq d pdunhw kdyh pruh vlplodu sudfwlfhv1 Li wkdw
zdv prghoohg dqg wdnhq dffrxqw ri e| vwruhv wkhq wklv frxog d>hfw zklfk lghdv duh
dgrswhg e| vwruhv dqg fkdlqv1 D vwruh zrxog suhvxpdeo| dgrsw ihzhu sudfwlfhv ri
frpshwlqj vwruhv hyhq zkhq wkh| zrxog vhhp wr udlvh wkh ghpdqg ri wkhlu h{lvwlqj
frqvxphuv1 Lq dgglwlrq/ wkh lpsdfw ri hqfrpsdvvlqj wkhvh idfwruv zrxog suredeo|
ghshqg rq zkhwkhu sulfh0vhwwlqj lv ghfhqwudol}hg ru qrw1 Doo wkhvh lvvxhv dzdlw ixuwkhu
dqdo|vlv wr zkhq zh duh deoh wr dffrpprgdwh rxu prgho iru vwudwhjlf sulfh0vhwwlqj1

<15 Svhxgr Frgh

22 F\ERUJ1FSS

22 3frq?j4 lv wkh lqgh{ iru gl>huhqw frq?jxudwlrqv ri rujdql}dwlrqdo irupv

22 3FRQILJ4 lv wkh wrwdo qxpehu ri glvwlqfw frq?jxudwlrqv ri rujdql}dwlrqdo irupv

pdlq+ ,

~

{ @ 3>

zkloh +{ ? [, ~

î Dvvljq frqvxphu w|shv lq doo pdunhwv1

î Dvvljq dqg ?{ lqlwldo ghidxow vwruhv iru doo frqvxphuv1

î Lqlwldol}h vwruh sudfwlfhv lqlwbsudf+l> m, lq w @ 3 ;l 5 i4> 5> ===> Oj/ ;m 5 i4> 5> ===> Vj
î Fuhdwh lqqrydwlrq olvw L+l> m> w, ;l 5 i4> 5> ===> Oj/ ;m 5 i4> 5> ===> Vj/ ;w 5 i4> 5> ===> Wj1

frq?j @ 4>

zkloh +frq?j ?@FRQILJ, ~

î Dvvljq rujdql}dwlrqdo irupv +Fhqwudol}dwlrq ru Ghfhqwudol}dwlrq, wr
doo fkdlqv rq wkh edvlv ri 3frq?j14

w @ 3>
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î Uh0lqlwldol}h vwruh sudfwlfhv wr lqlwbsudf+l> m,>
î Lqlwldol}h vwruh elqv dqg fkhfnolvwv>
î Uh0lqlwldol}h ghidxow vwruhv iru doo frqvxphuv dqg frpsxwh wkh fruuh0
vsrqglqj ghidxow glvwdqfh iru hdfk frqvxphu>

w @ w . 4>
zkloh +w ? W, ~

22 Vwdjh 0 3
Vwhs 313= Vhw hdfk fxvwrphu*v vkrsslqj vwruh iru w>
Vwhs 314= Xsgdwh vwruh sur?wv dqg fkdlq sur?wv rq wkh edvlv ri fxuuhqw

vkrsshuv>
22 Vwdjh 0 4= Lqwhuqdo Lqqrydwlrq

Vwhs 413= Hydoxdwh dqg dgrsw vwruh lqqrydwlrqv>
Vwhs 414= Uhylvh fkdlq sur?wv>
22 Vwdjh 0 5= H{whuqdo Lqqrydwlrq

Vwhs 513= Hydoxdwh dqg dgrsw h{whuqdo lqqrydwlrqv lq wkh elqv>
Vwhs 514= Uhylvh fkdlq sur?wv>
22 Vwdjh 0 6
Vwhs 613= Xsgdwh wkh fkhfnolvwv iru wkh vwruhv>
Vwhs 614= Uhylvh hdfk frqvxphu*v ghidxow vwruh>
w..>

�
frq?j..>

�

{..>

�

î Uhsruw rxwsxw>

Uhwxuq 3>

�

Vwhs 413= Hydoxdwh dqg dgrsw vwruh lqqrydwlrqv

Iru hdfk vwruh lq hdfk fkdlq ~

Hydoxdwh wkh sur?wdelolw| ri L+l> m> w, iru vwruh m ri fkdlq l1

Li wkh lghd lv sur?wdeoh iru vwruh m ri fkdlq l/ wkhq gr ~

î Xqghu Ghfhqwudol}dwlrq=
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8 Vwruh m dgrswv wkh lghd1
8 Vwruh m*v sur?w lv uhylvhg1
8 Lqwud0fkdlq vslooryhu= L+l> m> w, hqwhuv wkh elqv ri doo rwkhu vwruhv ri
fkdlq l iru dgrswlrq frqvlghudwlrq lq w. 41

8 Lqwud0pdunhw vslooryhu= L+l> m> w, hqwhuv zlwk suredelolw| T7 wkh elq ri
hdfk ri vwruh l*v ulydo vwruhv lq wkh vdph pdunhw iru dgrswlrq frqvlg0
hudwlrq lq w. 41

8 Lqwhu0fkdlq vslooryhu= L+l> m> w, hqwhuv zlwk suredelolw| TM wkh elq ri
hdfk vwruh ri wkh fkdlqv rshudwlqj vwruh l*v ulydo vwruhv lq wkh vdph
pdunhw iru dgrswlrq frqvlghudwlrq lq w. 41

î Xqghu Fhqwudol}dwlrq=

Li wkh fkdlq sur?wv lpsuryh dv wkh uhvxow ri pdqgdwlqj L+l> m> w, rq doo
vwruhv ri fkdlq l/ wkhq gr ~

8 Lqwud0fkdlq pdqgdwh= Doo vwruhv ri fkdlq l dgrsw L+l> m> w,1

Iru hdfk vwruh ri fkdlq l ~

ú Lqwud0pdunhw vslooryhu= L+l> m> w, hqwhuv zlwk suredelolw| T7 wkh elq
ri hdfk ri vwruh l*v ulydo vwruhv lq wkh vdph pdunhw iru dgrswlrq
frqvlghudwlrq lq w. 41

ú Lqwhu0fkdlq vslooryhu= L+l> m> w, hqwhuv zlwk suredelolw| TM wkh elq
ri hdfk vwruh ri wkh fkdlqv rshudwlqj vwruh l*v ulydo vwruhv lq wkh
vdph pdunhw iru dgrswlrq frqvlghudwlrq lq w. 41

�

�

�

�

Vwhs 513= Hydoxdwh dqg dgrsw h{whuqdo lqqrydwlrqv lq wkh elqv

Iru hdfk vwruh lq hdfk fkdlq ~

Iru hdfk lghd lq wkh vwruh*v elq dv ri w +ghsrvlwhg lqwr wkh elq lq wý 4,~
Hydoxdwh wkh sur?wdelolw| ri wkh lghd iru vwruh m ri fkdlq l1
Li wkh lghd lv sur?wdeoh iru vwruh m ri fkdlq l/ wkhq gr ~

î Xqghu Ghfhqwudol}dwlrq=

ú Vwruh m dgrswv wkh lghd1
ú Vwruh m*v sur?w lv uhylvhg1
ú Lqwud0fkdlq vslooryhu= Wkh lghd hqwhuv wkh elqv ri doo rwkhu vwruhv
ri fkdlq l iru dgrswlrq frqvlghudwlrq lq w . 4/ li lw lv qrw lq wkh
vwruhv* fkhfn olvwv1
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ú Lqwud0pdunhw vslooryhu= Wkh lghd hqwhuv zlwk suredelolw| T7 wkh
elq ri hdfk ri vwruh l*v ulydo vwruhv lq wkh vdph pdunhw iru dgrswlrq
frqvlghudwlrq lq w. 4/ li lw lv qrw lq wkh vwruh*v fkhfn olvw1

ú Lqwhu0fkdlq vslooryhu= Wkh lghd hqwhuv zlwk suredelolw| TM wkh elq
ri hdfk vwruh ri wkh fkdlqv rshudwlqj vwruh l*v ulydo vwruhv lq wkh
vdph pdunhw iru dgrswlrq frqvlghudwlrq lq w.4/ li lw lv qrw lq wkh
vwruh*v fkhfn olvw1

î Xqghu Fhqwudol}dwlrq=

Li wkh fkdlq sur?wv lpsuryh dv wkh uhvxow ri pdqgdwlqj wkh lghd rq
doo vwruhv ri fkdlq l/ wkhq gr ~

ú Lqwud0fkdlq pdqgdwh= Doo vwruhv ri fkdlq l dgrsw wkh lghd1

Iru hdfk vwruh ri fkdlq l ~

ú Lqwud0pdunhw vslooryhu= Wkh lghd hqwhuv zlwk suredelolw| T7 wkh
elq ri hdfk ri vwruh l*v ulydo vwruhv lq wkh vdph pdunhw iru dgrswlrq
frqvlghudwlrq lq w. 4/ li lw lv qrw lq wkh vwruh*v fkhfn olvw1

ú Lqwhu0fkdlq vslooryhu= Wkh lghd hqwhuv zlwk suredelolw| TM wkh elq
ri hdfk vwruh ri wkh fkdlqv rshudwlqj vwruh l*v ulydo vwruhv lq wkh
vdph pdunhw iru dgrswlrq frqvlghudwlrq lq w.4/ li lw lv qrw lq wkh
vwruh*v fkhfn olvw1

�
�

�

�

�

Vwhs 614= Uhylvh hdfk frqvxphu*v ghidxow vwruh>

Iru hdfk frqvxphu lq hdfk pdunhw ~

Li wkh frqvxphu glg qrw h{shulphqw vr wkdw klv2khu vkrsslqj vwruh lv vdph dv
wkh ghidxow vwruh/ wkhq uhylvh wkh ghidxow glvwdqfh wr uh hfw wkh lqqrydwlrqv
pdgh lq w lq klv2khu ghidxow vwruh1

Hovh li wkh frqvxphu h{shulphqwhg dqg irxqg wkh h{shulphqwdo vwruh vxshulru
wr wkh ghidxow vwruh/ wkhq wkh h{shulphqwdo vwruh ehfrphv klv2khu ghidxow
vwruh dqg wkh ghidxow glvwdqfh lv uhylvhg wr uh hfw wkh glvwdqfh wr wkh qhz
vwruh1

Hovh +wkh frqvxphu h{shulphqwhg dqg irxqg wkh h{shulphqwdo vwruh lqihulru wr
wkh ghidxow vwruh,/ qr uhylvlrq lv pdgh lq whupv ri ghidxow vwruh dqg wkh
ghidxow glvwdqfh1

�
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Uhihuhqfhv

^4` Dgohu/ S1 V1 dqg U1 H1 Froh +4<<6,/ 3Ghvljqhg iru Ohduqlqj= D Wdoh ri Wzr Dxwr
Sodqwv/4 Vordq Pdqdjhphqw Uhylhz/ 67/ ;80<71

^5` Djklrq/ S1 dqg M1 Wluroh +4<<:,/ 3Irupdo dqg Uhdo Dxwkrulw| lq Rujdql}dwlrqv/4
Mrxuqdo ri Srolwlfdo Hfrqrp|/ 438/ 405<1

^6` Dqdqg/ N1 V1 dqg K1 Phqghovrq +4<<:,/ 3Lqirupdwlrq dqg Rujdql}dwlrq iru Kru0
l}rqwdo Pxowlpdunhw Frruglqdwlrq/4 Pdqdjhphqw Vflhqfh/ 76 +45,/ 493<0495:1

^7` Dxhuvzdog/ S1/ V1 Ndx>pdq/ M1 Orer/ dqg N1 Vkhoo +4<<<,/ 3Wkh Surgxfwlrq
Uhflshv Dssurdfk wr Prgholqj Whfkqrorjlfdo Lqqrydwlrq= Dq Dssolfdwlrq wr
Ohduqlqj E| Grlqj/4 Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 57 +6,/ 6;<0
7831

^8` Edlpdq/ V1/ G1 Odufnhu/ dqg P1 Y1 Udmdq +4<<8,/ 3Rujdql}dwlrqdo Ghvljq iru
Exvlqhvv Xqlwv/4 Mrxuqdo ri Dffrxqwlqj Uhvhdufk/ 66 +5,/ 538055<1

^9` Edoljk/ K1 K1/ U1 P1 Exuwrq/ dqg E1 Reho +4<<9,/ 3Rujdql}dwlrqdo Frqvxowdqw=
Fuhdwlqj d Xvhdeoh Wkhru| iru Rujdql}dwlrqdo Ghvljq/4 Pdqdjhphqw Vflhqfh/ 75
+45,/ 497;049951

^:` Exuwrq/ U1 dqg E1 Reho +4<<8,/ Vwudwhjlf Rujdql}dwlrqdo Ghvljq dqg Gldjqrvlv/
Ervwrq/ Noxzhu Dfdghplf Suhvv1

^;` Fduoh|/ N1 P1 dqg G1 P1 Vyrergd +4<<9,/ 3Prgholqj Rujdql}dwlrqdo Dgdswdwlrq
dv d Vlpxodwhg Dqqhdolqj Surfhvv/4 Vrflrorjlfdo Phwkrgv ) Uhvhdufk/ 58 +4,/
46;049;1

^<` Fduoh|/ N1 P1 dqg M10V1 Ohh +4<<;,/ 3G|qdplf Rujdql}dwlrqv= Rujdql}dwlrqdo
Dgdswdwlrq lq d Fkdqjlqj Hqylurqphqw/4 Dgydqfhv lq Vwudwhjlf Pdqdjhphqw/
48/ 59<05<:1

^43` Fkdqj/ P10K1 dqg M1 H1 Kduulqjwrq/ Mu1 +4<<;,/ 3Rujdql}dwlrqdo Vwuxfwxuh dqg
Ilup Lqqrydwlrq lq d Uhwdlo Fkdlq/4 Frpsxwdwlrqdo dqg Pdwkhpdwlfdo Rujdql0
}dwlrq Wkhru|/ 6 +7,/ 59:05;;1

^44` Fkdqj/ P10K1 dqg M1 H1 Kduulqjwrq/ Mu1 +4<<<,/ 3Ghfhqwudol}hg Exvlqhvv Vwudwh0
jlhv lq d Pxowl0Xqlw Ilup/4 Mrkqv Krsnlqv Xqlyhuvlw|/ Zrunlqj Sdshu 74;1

^45` Fkdqj/ P10K1 dqg M1 H1 Kduulqjwrq/ Mu1 +5333,/ 3Fhqwudol}dwlrq yv1 Ghfhqwudol}d0
wlrq lq d Pxowl0Xqlw Rujdql}dwlrq= D Frpsxwdwlrqdo Prgho ri d Uhwdlo Fkdlq dv
d Pxowl0Djhqw Dgdswlyh V|vwhp/4 Vdqwd Ih Lqvwlwxwh/ Zrunlqj Sdshu 33035043
+Pdqdjhphqw Vflhqfh/ iruwkfrplqj,1

^46` Frkhq/ P1 G1 +4<;4,/ 3Wkh Srzhu ri Sdudooho Wklqnlqj/4 Mrxuqdo ri Hfrqrplf
Ehkdylru dqg Rujdql}dwlrq/ 5/ 5;806391
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^47` Frkhq/ P1 G1 dqg O1 V1 Vsurxoo/ hgv1 +4<<9,/ Rujdql}dwlrqdo Ohduqlqj/ Wkrxvdqg
Rdnv/ FD= Vdjh Sxeolfdwlrqv1

^48` Froolqv/ M1 F1 dqg M1 L1 Sruudv +4<<7,/ Exlow wr Odvw= Vxffhvvixo Kdelwv ri Ylvlrqdu|
Frpsdqlhv/ Qhz \run= KdushuExvlqhvv1

^49` Gdiw/ U1 +4<<;,/ Hvvhqwldov ri Rujdql}dwlrq Wkhru| ) Ghvljq/ Flqflqqdwl/
Rklr=Vrxwk0Zhvwhuq Sxeolvklqj1

^4:` Jrylqgdudmdq/ Y1 +4<;9,/ 3Ghfhqwudol}dwlrq/ Vwudwhj|/ dqg H>hfwlyhqhvv ri
Vwudwhjlf Exvlqhvv Xqlwv lq Pxowlexvlqhvv Rujdql}dwlrqv/4 Dfdghp| ri Pdqdjh0
phqw Uhylhz/ 44 +7,/ ;770;891

^4;` Jrylqgdudmdq/ Y1 +4<;;,/ 3D Frqwlqjhqf| Dssurdfk wr Vwudwhj| Lpsohphqwd0
wlrq dw wkh Exvlqhvv0Xqlw Ohyho= Lqwhjudwlqj Dgplqlvwudwlyh Phfkdqlvpv zlwk
Vwudwhj|/4 Dfdghp| ri Pdqdjhphqw Mrxuqdo/ 64 +7,/ ;5;0;861

^4<` Kropvwuùp/ E1 +4<:<,/ 3Prudo Kd}dug dqg Revhuydelolw|/4 Ehoo Mrxuqdo ri Hfr0
qrplfv/ 43/ :70<41

^53` Kropvwuùp/ E1 +4<;5,/ 3Prudo Kd}dug lq Whdpv/4 Ehoo Mrxuqdo ri Hfrqrplfv/
46/ 6570731

^54` Mhklho/ S1 +4<<<,/ 3Lqirupdwlrq Djjuhjdwlrq dqg Frppxqlfdwlrq lq Rujdql}d0
wlrqv/4 Pdqdjhphqw Vflhqfh/ 78 +8,/ 98<099<1

^55` Mrqhv/ J1 +4<<8,/ Rujdql}dwlrq Wkhru|= Wh{w dqg Fdvhv/ Uhdglqj/ Pdvv1=
Dgglvrq0Zhvoh|1

^56` Ndx>pdq/ V1 +4<<6,/ Wkh Ruljlqv ri Rughu/ Qhz \run= R{irug Xqlyhuvlw| Suhvv1

^57` Ndx>pdq/ V1/ M1 Orer/ dqg Z1 J1 Pdfuhdg| +4<<;,/ 3Rswlpdo Vhdufk rq d
Whfkqrorj| Odqgvfdsh/4 Vdqwd Ih Lqvwlwxwh/ <;04303<41

^58` Nroopdq/ N1/ M1 K1 Ploohu/ dqg V1 H1 Sdjh/ 3Vhdufklqj iru Vroxwlrqv lq d Ihghudo
V|vwhp/4 Xqlyhuvlw| ri Lrzd/ skrwrfrs|/ Dsulo 4<<;1

^59` Odz/ D1 P1 dqg Z1 G1 Nhowrq +4<<4,/ Vlpxodwlrq Prgholqj dqg Dqdo|vlv/ Vhfrqg
Hglwlrq/ PfJudz0Kloo/ Lqf1

^5:` Odzuhqfh/ S1 U1 dqg M1 Z1 Oruvfk +4<9:,/ Rujdql}dwlrq dqg Hqylurqphqw= Pdq0
djlqj Gl>huhqwldwlrq dqg Lqwhjudwlrq/ Ervwrq/ Judgxdwh Vfkrro ri Exvlqhvv Dg0
plqlvwudwlrq/ Kduydug Xqlyhuvlw|1

^5;` Ohylqwkdo/ G1 D1 +4<<:,/ 3Dgdswdwlrq rq Uxjjhg Odqgvfdshv/4 Pdqdjhphqw
Vflhqfh/ 76 +:,/ <670<831

^5<` Ohylqwkdo/ G1 dqg M1 J1 Pdufk +4<;4,/ 3D Prgho ri Dgdswlyh Rujdql}dwlrqdo
Vhdufk/4 Mrxuqdo ri Hfrqrplf Ehkdylru dqg Rujdql}dwlrq/ 5/ 63:06661
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^63` Pduvfkdn/ M1 dqg U1 Udgqhu +4<:5,/ Hfrqrplf Wkhru| ri Whdpv/ \doh Xqlyhuvlw|
Suhvv/ Qhz Kdyhq/ FW1

^64` Plqw}ehuj/ K1 +4<:<,/ Wkh Vwuxfwxulqj ri Rujdql}dwlrqv/ Hqjohzrrg Fol>v/ Qhz
Mhuvh|/ Suhqwlfh Kdoo1

^65` Pruulvrq/ D1 dqg N1 Urwk +4<<6,/ 3Uhodwlqj Sruwhu*v Frq?jxud0
wlrq2Frruglqdwlrq Iudphzrun wr Frpshwlwlyh Vwudwhj| dqg Vwuxfwxudo
Phfkdqlvpv= Dqdo|vlv dqg Lpsolfdwlrqv/4 Mrxuqdo ri Pdqdjhphqw/ 4< +7,/
:<:0;4;1

^66` Qdxow/ E1 U1 +4<<;,/ 3Lqirupdwlrq Whfkqrorj| dqg Rujdql}dwlrqdo Ghvljq= Or0
fdwlqj Ghflvlrqv dqg Lqirupdwlrq/4 Pdqdjhphqw Vflhqfh/ 77 +43,/ 4654046681

^67` Qhovrq/ U1 U1 dqg V1 J1 Zlqwhu +4<;5,/ Dq Hyroxwlrqdu| Wkhru| ri Hfrqrplf
Fkdqjh/ Fdpeulgjh/ PD1= Wkh Ehonqds Suhvv ri Kduydug Xqlyhuvlw| Suhvv1

^68` Udgqhu/ U1 +4<<6,/ 3Wkh Rujdql}dwlrq ri Ghfhqwudol}hg Lqirupdwlrq Surfhvvlqj/4
Hfrqrphwulfd/ 94/ 443<044791

^69` Urwhpehuj/ M1 M1 dqg J1 Vdorqhu +4<<6,/ 3Ohdghuvkls Vw|oh dqg Lqfhqwlyhv/4
Pdqdjhphqw Vflhqfh/ 6</ 45<<0464;1

^6:` Urwhpehuj/ M1 M1 +4<<<,/ 3Surfhvv0 yhuvxv Ixqfwlrq0Edvhg Klhudufklhv/4 Mrxuqdo
ri Hfrqrplfv ) Pdqdjhphqw Vwudwhj|/ ; +7,/ 78607;:1

^6;` Vdk/ U1 N1 dqg M1 H1 Vwljolw} +4<;9,/ 3Wkh Dufklwhfwxuh ri Hfrqrplf V|vwhpv=
Klhudufklhv dqg Sro|dufklhv/4 Dphulfdq Hfrqrplf Uhylhz/ :9/ :490:5:1

^6<` Ydq ]dqgw/ W1 +4<<;,/ 3Uhdo0Wlph Klhudufklfdo Uhvrxufh Doorfdwlrq/4 Qruwk0
zhvwhuq Xqlyhuvlw|/ Fhqwhu iru Pdwkhpdwlfdo Vwxglhv lq Hfrqrplfv dqg Pdqdjh0
phqw Vflhqfh/ Glvfxvvlrq Sdshu Qr1 45641

^73` Zruwk|/ Mdphv F1 +4<;7,/ Vkdslqj dq Dphulfdq Lqvwlwxwlrq= Urehuw H1 Zrrg
dqg Vhduv/ Urhexfn/ Xuedqd/ LO1= Xqlyhuvlw| ri Loolqrlv Suhvv1
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