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Devwudfw

Lq Fkdqj dqg Kduulqjwrq +5333d,/ d frpsxwdwlrqdo prgho ri d pxowl0xqlw
?up lv ghyhorshg lq zklfk xqlw pdqdjhuv frqwlqxdoo| vhdufk iru ehwwhu sudfwlfhv1
Vhdufk wdnhv sodfh ryhu d uxjjhg odqgvfdsh gh?qhg ryhu wkh vsdfh ri xqlw sudf0
wlfhv1 Wkhuh lw lv vkrzq wkdw d pruh fhqwudol}hg rujdql}dwlrq lv rswlpdo zkhq
pdunhwv duh qrw wrr gl>huhqw dqg wkh krul}rq lv qrw wrr orqj1 Wkh urexvwqhvv
ri wkrvh uhvxowv duh h{soruhg khuh zlwk uhvshfw wr wkh vkdsh ri wkh odqgvfdsh1
Lq sduwlfxodu/ zh ?qg wkdw fhqwudol}dwlrq grhv ehwwhu zkhq wkh vhdufk vsdfh
lv odujhu dqg wkhuh lv d vwurqjhu fruuhodwlrq lq d frqvxphu*v suhihuhqfhv dfurvv
gl>huhqw glphqvlrqv1 D ulfkhu ghvfulswlrq ri frpsdudwlyh g|qdplfv lv dovr sur0
ylghg1

úWklv sdshu zdv suhvhqwhg dw wkh frqihuhqfh rq Frpsoh{ Ehkdylru lq Hfrqrplfv +Dl{0hq0
Suryhqfh/ Iudqfh 0 Pd| 5333,/ wkh 5333 Wdlshl Lqwhuqdwlrqdo Frqihuhqfh rq Lqgxvwuldo Hfrqrplfv
+Wdlshl/ Wdlzdq 0 Mxqh 5333,/ wkh Lqwhuqdwlrqdo Frqihuhqfh rq Frpsxwlqj lq Hfrqrplfv dqg Ilqdqfh
+Edufhorqd/ Vsdlq 0 Mxqh 5333,/ dqg Zruog Frqjuhvv ri wkh Hfrqrphwulf Vrflhw| +Vhdwwoh 0 Dxjxvw
5333,1 Zh wkdqn wkh sduwlflsdqwv iru wkhlu frpphqwv1 Wklv uhvhdufk lv vxssruwhg e| wkh Qdwlrqdo
Vflhqfh Irxqgdwlrq wkurxjk Judqw VHV033:;:851
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4 Lqwurgxfwlrq
D glvwlqjxlvklqj ihdwxuh ri d pxowl0xqlw rujdql}dwlrq 0 vxfk dv d uhwdlo fkdlq dqg d
pxowl0xqlw pdqxidfwxuhu 0 lv wkdw lw lv frpsulvhg ri xqlwv wkdw duh wu|lqj wr vroyh
vlplodu exw qrw lghqwlfdo sureohpv1 Wkdw wkhvh sureohpv duh glvwlqfw vxjjhvwv lw lv
ghvludeoh wr jlyh wkhvh xqlwv frqvlghudeoh glvfuhwlrq lq krz wkh| wu| wr vroyh wkhvh
sureohpv1 Wkdw wkhvh sureohpv duh vlplodu vxjjhvwv wkdw wkhuh pd| eh zd|v lq zklfk
xqlwv fdq srro wkhlu nqrzohgjh wr mrlqwo| shuirup ehwwhu1 D gl!fxow| lv wkdw wkhvh
xqlwv duh uxq e| djhqwv wkdw whqg wr eh prwlydwhg pruh e| wkh survshfw ri hqkdqflqj
wkh shuirupdqfh ri wkhlu lqglylgxdo xqlw wkdq wkh shuirupdqfh ri wkh rujdql}dwlrq1
Dv d uhvxow/ jlylqj wkhp frpsohwh glvfuhwlrq pd| qrw uhvxow lq wkh ghvluhg rxwfrph1
D pdmru wdvn iru d pxowl0xqlw rujdql}dwlrq lv wkhq wr edodqfh jlylqj xqlwv wkh iuhh0
grp wr kdqgoh wkh lglrv|qfudwlf ihdwxuhv ri wkhlu hqylurqphqwv zkloh/ dw wkh vdph
wlph/ frruglqdwlqj ydulrxv xqlwv* ghflvlrq0pdnlqj vr dv wr wdnh dgydqwdjh ri zkdw lv
frpprq wr wkhp1 Fkdqj dqg Kduulqjwrq +5333d, wrrn dq lqlwldo vwhs wrzdugv xqghu0
vwdqglqj wkh qdwxuh ri wklv wdvn e| frqvwuxfwlqj d frpsxwdwlrqdo prgho ri d uhwdlo
fkdlq dqg h{sorulqj wkh xvh ri rujdql}dwlrqdo vwuxfwxuh 0 vshfl?fdoo|/ wkh doorfdwlrq ri
dxwkrulw| 0 wr vroyh wklv glohppd1 Wkh sxusrvh zdv wr lghqwli| wkh uhohydqw ihdwxuhv
ri wkh hqylurqphqw wkdw d>hfw wkh uhodwlrqvkls ehwzhhq rujdql}dwlrqdo vwuxfwxuh dqg
wkh orqj0whup g|qdplfv ri dgdswlyh ohduqlqj e| d pxowl0xqlw rujdql}dwlrq1

Lq wkh fxuuhqw sdshu/ zh h{whqg wkdw prgho e| frqvlghulqj wkh lpsdfw ri vwruhv*
hqylurqphqwv rq wkh rswlpdo rujdql}dwlrqdo vwuxfwxuh1 Iluvw/ zh dvvhvv wkh uroh ri
wkh gl!fxow| ri wkh sureohp idfhg e| vwruhv e| fkdqjlqj wkh glphqvlrqdolw| ri wkh
vsdfh ri vwruhv sudfwlfhv1 D kljkhu glphqvlrqdo vhdufk vsdfh lv vkrzq wr hqkdqfh wkh
shuirupdqfh ri wkh fhqwudol}hg rujdql}dwlrq1 Vhfrqg/ zh frqvlghu wkh h>hfw ri frq0
vxphu suhihuhqfhv lq whupv ri wkh ghjuhh ri fruuhodwlrq dfurvv wkh ydulrxv glphqvlrqv1
Ghfhqwudol}dwlrq shuirupv ehwwhu zkhq wkhuh lv ohvv fruuhodwlrq1 Wklug/ zh surylgh d
pruh lq0ghswk h{dplqdwlrq ri wkh frpsdudwlyh g|qdplfv ri gl>huhqw rujdql}dwlrqdo
vwuxfwxuhv1 Wkrxjk whqwdwlyh/ rxu uhvxowv vxjjhvw wkdw wkhuh duh wkuhh skdvhv wr ohduq0
lqj e| vwruhv dqg wkh| vwurqjo| ghwhuplqh krz dq rujdql}dwlrqdo irup shuirupv ryhu
wlph1

5 Prgho
D uhwdlo fkdlq lv dvvxphg wr eh pdgh xs ri d frusrudwh khdgtxduwhuv +KT, dqg� è 2
vwruhv1 Hdfk vwruh lv lq d glvwlqfw pdunhw dqg kdv d vhw ri ù sudfwlfhv vxfk wkdw vwruh
ð*v rshudwlrq lq dq| jlyhq shulrg lv ixoo| ghvfulehg e| d yhfwru/ 5ð ì E5ð�c 5

ð
2c éééc 5

ð
ùä/

zkhuh 5ðæ lv vwruh ð*v sudfwlfh iru wkh æwk glphqvlrq ri lwv rshudwlrq dqg 5
ð
æ 5 i�c éééc -jc

æ 5 i�c éééc ùj dqg ð 5 i�c éééc�j1 Wkxv/ wkhuh duh - ihdvleoh sudfwlfhv iru hdfk
glphqvlrq dqg/ dw dq| srlqw lq wlph/ d vwruh lv uhsuhvhqwhg e| d srlqw lq i�c éééc -jù 1
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514 Frqvxphuv

Lq hdfk ri wkhvh� pdunhwv/ wkhuh duh î frqvxphuv1 Ohw i�c 2c é é é c îj ghqrwh wkh vhw
ri frqvxphuv lq pdunhw ð1 Doo frqvxphuv lq pdunhw ð vkrs dw vwruh ð1 Hdfk frqvxphu
kdv dq lghdo vhw ri vwruh sudfwlfhv zklfk olhv lq i�c éééc -jù dqg lv uhihuuhg wr dv d
frqvxphu*v w|sh1 Ohwwlqj ç&cð ì Eç&cð� c ç

&cð
2 c éééc ç

&cð
ù ä eh wkh w|sh ri frqvxphu & lq

pdunhw ð/ lw lv dvvxphg wkdw vxfk d frqvxphu uhfhlyhv xwlolw| iurp ex|lqj % xqlwv dw
d sulfh ri R iurp vwruh ð htxdo wr=

üE%( Rcç&cðc 5ðä '

57uý
yxxw ù[

æ'�

E5ðæ ý ç&cðæ ä2
68ò ü %q ý R ü % +4,

zkhuh q 5 Efc �äc ò è �/ dqg u lv fkrvhq vr wkdw
k
uý

tSù
æ'�E5

ð
æ ý ç&cðæ ä2

l
: � iru doo

Eç&cðc 5ðä 5 i�c éééc -j2ù 14 Jlyhq wkh deryh xwlolw| ixqfwlrq/ d frqvxphu lv dvvxphg wr
rswlpl}h zlwk uhvshfw wr khu sxufkdvh txdqwlw|/ %15

Wkh glvwulexwlrq ri frqvxphu w|shv lv jhqhudwhg dv iroorzv1 Hdfk pdunhw kdv d
vhhg zklfk lv ghqrwhg 7ðf iru pdunhw ðé Iru hdfk frqvxphu lq d pdunhw/ zh udqgrpo|
gudz wkh frqvxphu*v vhhg iurp i7ðfýCc éééc 7ðfnCj dffruglqj wr d wuldqjxodu ghqvlw|
ixqfwlrq1 Ohwwlqj r& ghqrwh frqvxphu &*v vhhg/ wklv frqvxphu*v w|sh lv gudzq iurpõ
r& ý .c éééc r& n .ôù dffruglqj wr d xqlirup ghqvlw| ixqfwlrq1 . lv d nh| sdudphwhu

lq wkh dqdo|vlv dv lw frqwurov wkh ghjuhh ri fruuhodwlrq lq frqvxphuv* suhihuhqfhv dqg
zloo lq xhqfh wkh vkdsh ri wkh odqgvfdsh idfhg e| vwruhv1 Zkhq . ' fc d frqvxphu
ghvluhv wkh vdph ydoxh iru doo glphqvlrqv +htxdo wr lwv vhhg,1 Khqfh/ suhihuhqfhv dorqj
rqh glphqvlrq duh shuihfwo| fruuhodwhg zlwk suhihuhqfhv dorqj dqrwkhu glphqvlrq1 Dv
. lqfuhdvhv/ wklv fruuhodwlrq zhdnhqv1 Dv d prwlydwlrq iru wklv vwuxfwxuh/ vxssrvh
suhihuhqfhv duh ghwhuplqhg e| d frqvxphu*v lqfrph dqg vrph lglrv|qfudwlf hohphqwv
+zklfk pd| eh ghwhuplqhg e| pdq| idfwruv/ shukdsv jhqhwlf ru shuvrqdo klvwru|/ wkdw
duh zhdno| uhodwhg wr lqfrph,1 Kljkhu lqfrph pd| lpso| d zkroh krvw ri suhihuhqfhv 0
d ghvluh iru d kljk txdolw|0kljk sulfh duud| ri jrrgv/ d kljk ohyho ri dwwhqwlyh vhuylfh +dw
wkh frvw ri vdohv shrsoh ehlqj sxvklhu,/ dqg d orz surgxfw ydulhw|0kljk lqyhqwru| pl{
+zklfk uhgxfhv wkh ulvn ri kdylqj wr uhwxuq wr wkh vwruh dqg lqfxu dgglwlrqdo vhdufk
frvwv,1 Kljkhu lqfrph lpsolhv d ghvluh iru kljkhu ydoxhv dorqj doo ri wkhvh glphqvlrqv1
Li lqfrph zdv wkh sulpdu| gulyhu ri frqvxphu suhihuhqfhv wkhq wkh fruuhodwlrq vkrxog
eh kljk dqg wklv lv fdswxuhg e| d orz ydoxh iru .1 Dv lglrv|qfudwlf hohphqwv hqwhu
dqg ehfrph pruh lpsruwdqw/ suhihuhqfhv duh gulyhq e| d ydulhw| ri idfwruv dqg duh
dsw wr eh pruh ri d krgjh0srgjh1 Wklv lv fdswxuhg e| d kljk ydoxh iru .1
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Wkh vwuxfwxuh ri rxu prgho lv lghqwlfdo wr wkdw lq Fkdqj dqg Kduulqjwrq +5333d,
zlwk wkh h{fhswlrq ri wkh vshfl?fdwlrq ri frqvxphu suhihuhqfhv1 Lq wkdw sdshu/ . '
fc vr wkdw d frqvxphu*v suhihuhqfhv +ru w|sh, duh uhsuhvhqwhg e| d vfdodu/ dqg wkh
glvwulexwlrq ri frqvxphuv lq d pdunhw lv vshfl?hg wr eh dq h{dfw +glvfuhwh, wuldqjxodu
ghqvlw| ixqfwlrq1 Wkhuh lv wkhq qr udqgrpqhvv lq wkh glvwulexwlrq ri frqvxphu w|shv1
Lq wkh fxuuhqw prgho/ wkhuh lv udqgrpqhvv lq wkh ghwhuplqdwlrq ri wkh pdunhw vhhg
dqg/ jlyhq wkdw pdunhw vhhg/ lq wkh glvwulexwlrq ri frqvxphu w|shv1

515 Vwruhv dqg wkh Fkdlq

Jlyhq sudfwlfhv 5ð ì E5ð�c éééc 5ðùä dqg wkh w|sh glvwulexwlrq ri frqvxphuv lq pdunhw ð/
vwruh ð*v sur?w lv
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Hdfk vwruh lv dvvxphg wr vhw lwv sulfh vr dv wr pd{lpl}h vwruh sur?w1 Jlyhq wklv
sur?w ixqfwlrq/ wkh rswlpdo sulfh lv ?{hg dqg lqghshqghqw ri vwruh sudfwlfhv= RW ' S

q
1

Wdnlqj lqwr dffrxqw wkh rswlpdo sulfh/ d vwruh*v sur?w lv sursruwlrqdo wr=

î[
&'�

57uý
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E5ðæ ý ç&cðæ ä2
68j +6,

zkhuh j ì ò
�3q : �1 Dq lpsruwdqw ihdwxuh ri wklv sur?w ixqfwlrq lv wkdw lw lv ghfuhdvlqj

lq wkh glvwdqfh ehwzhhq wkh vwruh*v sudfwlfhv dqg wkrvh ghvluhg e| lwv fxvwrphuv1
Wkh sur?w iru wkh fkdlq lv d vlpsoh vxp ri vwruhv* sur?wv=

�[
ð'�
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&'�

57uý
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æ'�

E5ðæ ý ç&cðæ ä2
68j +7,

516 Vwuxfwxuh ri wkh Odqgvfdsh

Lqqrydwlrq lqyroyhv vhdufklqj ryhu d odqgvfdsh zkhuh d vwruh*v odqgvfdsh lv gh?qhg
ryhu wkh ù 0glphqvlrqdo sudfwlfh vsdfh zlwk wkh khljkw ri wkh vxuidfh ri wkh odqgvfdsh
ehlqj jlyhq e| +6,1 Wklv lv dqdorjrxvo| wuxh iru wkh fkdlq wkrxjk zlwk wkh khljkw ri
wkh vxuidfh ri lwv odqgvfdsh ehlqj jlyhq e| +7,1 Lq wklv vhfwlrq/ zh fkdudfwhul}h krz d
vwruh*v odqgvfdsh ghshqgv rq wkh fruuhodwlrq lq frqvxphuv* suhihuhqfhv/ dv frqwuroohg
e| .c dqg wkh glphqvlrqdolw| ri wkh vsdfh ri sudfwlfhv/ dv frqwuroohg e| ùé Wklv lv
wr surylgh vrph edfnjurxqg wrzdugv xqghuvwdqglqj odwhu uhvxowv1 Wkhvh vlpxodwlrqv
dvvxph - ' �ffc C ' 2Dc î ' bb2c dqg j ' ôé
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Wdeoh 4 surylghv uhvxowv iru ù ' 2 dqg ù ' ô zkhq wkh pdunhw vhhg lv 831
Iru ù ' 2 wkh qxpehu ri orfdo rswlpd udqjhv iurp rqh wr wkuhh rq wkh edvlv ri 433
uhsolfdwlrqv ri d vwruh*v odqgvfdsh 0 hdfk uhsolfdwlrq xvlqj d iuhvk vhw ri frqvxphu w|shv
gudzq iurp iDfý .c éééc Df n .jù 1 Qrwh wkdw wkh qxpehu ri orfdo rswlpd ghfolqhv dv
. ulvhv1 Wkh odqgvfdsh zdv dovr h{dplqhg iru ù ' ô1 Rq wkh edvlv ri 53 uhsolfdwlrqv/
zh irxqg wkdw wkh qxpehu ri orfdo rswlpd lqfuhdvhv lqù lq wkdw wkh pd{lpxp qxpehu
ri orfdo rswlpd urvh iurp 6 wr 8 zkhq ù zdv udlvhg iurp 5 wr 61 Dv d fdyhdw/ rxu
odwhu uhvxowv duh edvhg rq pxfk kljkhu ydoxhv iru ù dqg zh gr qrw nqrz krz jhqhudo
duh wkh surshuwlhv lq Wdeoh 41

517 Lqqrydwlrq

Lq hdfk shulrg/ d vwruh pdqdjhu uhfhlyhv d qhz lghd uhjduglqj vwruh sudfwlfhv1 Jhq0
hudoo|/ dq lghd lv d udqgrpo| vhohfwhg hohphqw iurp i�c éééc -c újù zkhuh ú ghqrwhv
wkdw dq lghd ohdyhv d glphqvlrq xqd>hfwhg1 Wr eh frqfuhwh/ frqvlghu dq h{dpsoh zlwk
ù ' Dé Lghd E.Sc úc DDc úc úä lqyroyhv fkdqjlqj glphqvlrq 4 wr :9 dqg glphqvlrq 6 wr
881 Li fxuuhqw vwruh sudfwlfhv duh E�ec DHc ôec Sc bbä wkhq wkh qhz vwruh sudfwlfhv duh
E.Sc DHc DDc Sc bbä li wklv lghd lv dgrswhg1 Lq wkh vlpxodwlrqv uhsruwhg lq wklv sdshu/ zh
frqvlghu rqo| rqh0glphqvlrqdo lghdv16

Rujdql}dwlrqdo vwuxfwxuh lpsdfwv lqqrydwlrq e| yluwxh ri krz lw ghwhuplqhv wkh
doorfdwlrq ri dxwkrulw| zlwklq wkh fkdlq uhjduglqj zklfk qhz lghdv duh dgrswhg1 Jhq0
hudoo| gh?qhg/ wkh ghjuhh ri fhqwudol}dwlrq lv phdvxuhg e| wkh qxpehu ri glphqvlrqv
wkdw KT frqwurov zkhuh 3frqwuro ri d jlyhq glphqvlrq4 phdqv kdylqj wkh dxwkrulw|
wr ghwhuplqh wkh dgrswlrq ri wkrvh lghdv wkdw lqyroyh fkdqjhv lq wkdw glphqvlrq1 Wr
vdyh rq frpsxwlqj wlph/ zh irfxv rq wzr h{wuhph irupv ri rujdql}dwlrq= ixoo fhq0
wudol}dwlrq zkhuh KT frqwurov doo glphqvlrqv dqg ixoo ghfhqwudol}dwlrq zkhuh vwruh
pdqdjhuv frqwuro doo glphqvlrqv17

Lq d jlyhq shulrg/ wkh surfhvv ri lqqrydwlrq frqvlvwv ri wkh hydoxdwlrq dqg srwhqwldo
dgrswlrq ri lqwhuqdoo| jhqhudwhg lghdv +vwdjh 4, dqg h{whuqdoo| jhqhudwhg lghdv +vwdjh
5,1 Lq d ghfhqwudol}hg rujdql}dwlrq/ d vwruh pdqdjhu frphv xs zlwk dq lghd/ hydoxdwhv
lw/ dqg ghflghv zkhwkhu wr dgrsw lw lq vwdjh 4 +wkh fulwhulrq iru dgrswlrq lv ghvfulehg
ehorz,1 KT revhuyhv doo qhzo| dgrswhg lghdv dqg dxwrpdwlfdoo| sdvvhv wkhp dorqj
wr wkh rwkhu vwruhv18 Lq vwdjh 5/ wkhvh lghdv duh vhtxhqwldoo| hydoxdwhg e| hdfk vwruh
pdqdjhu1 Xvlqj wkh vdph fulwhulrq iru dgrswlrq/ wkh| ghflgh zkhwkhu wr lpsohphqw
wkhp lq wkh fxuuhqw shulrg1 Lq d fhqwudol}hg rujdql}dwlrq/ d vwruh pdqdjhu hydoxdwhv

6Iru H @ 3> zh kdyh uxq wkh prgho zkhq lghdv fdq eh kljk dv Q 0glphqvlrqdo dqg doo txdolwdwlyh
uhvxowv duh urexvw1

7Zkhq lghdv duh pxowl0glphqvlrqdo dqg erwk vwruhv dqg KT frqwuro vrph glphqvlrqv/ vrph lghdv
pd| wkhq eh frqwuroohg e| erwk vwruhv dqg KT1 Vxfk d srvvlelolw| zdv frqvlghuhg lq dq hduolhu yhuvlrq
ri Fkdqj dqg Kduulqjwrq +5333d,1 Lw zdv dvvxphg wkdw wkh suredelolw| wkdw KT frqwurov dq lghd lv
lqfuhdvlqj lq wkh sursruwlrq ri glphqvlrqv wkdw lw frqwurov zklfk wkdw lghd lpsdfwv1

8Lq Fkdqj dqg Kduulqjwrq +5333d,/ zh frqvlghu d fodvv ri ghflvlrq uxohv wkdw ghwhuplqh zklfk
qhzo| lpsohphqwhg sudfwlfhv KT ghflghv wr frppxqlfdwh wkurxjkrxw wkh fkdlq1
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klv lqwhuqdoo| jhqhudwhg lghd dqg ghflghv zkhwkhu ru qrw wr sdvv lw wr KT lq vwdjh 41 Lq
vwdjh 5/ KT vhtxhqwldoo| hydoxdwhv wkrvh lghdv wkdw zhuh vhqw xs dqg ghflghv zkhwkhu
ru qrw wr pdqgdwh wkhp dfurvv wkh fkdlq1 D nh| lpsolflw dvvxpswlrq lv wkdw KT
kdv ohvv lqirupdwlrq wkdq vwruh pdqdjhuv derxw wkh orfdo pdunhw hqylurqphqw dqg
wklv suhyhqwv wkhp iurp vhohfwlyho| lpsohphqwlqj qhz lghdv lq sduwlfxodu pdunhwv1
Udwkhu/ wkh| hlwkhu pdqgdwh dq lghd dfurvv wkh fkdlq ru glvfdug lw19

Lq ghflglqj zkdw wr gr zlwk dq lghd/ d vwruh xvhv wkh iroorzlqj hydoxdwlrq fulwhulrq1
D vwruh pdqdjhu dgrswv dq lghd +xqghu ghfhqwudol}dwlrq, ru frppxqlfdwhv lw wr KT
+xqghu fhqwudol}dwlrq, li dqg rqo| li +l>, lw udlvhv vwruh sur?w1 Rwkhuzlvh/ wkh lghd
lv glvfdughg> qrw ehlqj zruwk wkh vwruh pdqdjhu*v wlph wr frqvlghu ixuwkhu1 Wkxv/ li
vwruh ð*v fxuuhqw sudfwlfhv duh E5â�c éééc 5

â
ùä dqg li lwv sudfwlfhv iurp dgrswlqj d qhz lghd

duh E5ââ� c éééc 5
ââ
ùä c wklv lghd lv dgrswhg l>=
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Xqghu fhqwudol}dwlrq/ KT pdqgdwhv dq lghd dfurvv wkh fkdlq l> grlqj vr udlvhv fkdlq
sur?w dqg glvfdugv lw rwkhuzlvh1 Wr dyrlg dq dgglwlrqdo vrxufh ri udqgrpqhvv lq wkh
prgho/ wkh hydoxdwlrqv e| vwruh pdqdjhuv dqg KT duh dvvxphg wr eh shuihfw> wkdw lv/
hdfk jhwv d shuihfw vljqdo ri zkdw sur?w zrxog eh li dq lghd zdv dgrswhg1

6 Uhvxowv
Lq rxu prgho/ lqqrydwlrq lv prghoohg dv udqgrp vhdufk fduulhg 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 d vwruh lv uhsuhvhqwhg
e| d glphqvlrq ri wkh vsdfh dqg d ?qdo glphqvlrq lqglfdwlqj wkh shuirupdqfh +sur?w,
ri wkh vwruh1 Dq dgdswdwlrq ri d vwruh lv wkhq uhsuhvhqwhg e| pryhphqw rq wkh odqg0
vfdsh 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 ?wqhvv frqwulexwlrq ri wkh ydul0
rxv dwwulexwhv ri dq rujdqlvp1 Wdnlqj wkh Gduzlqldq shuvshfwlyh iurp rujdql}dwlrqdo
hfrorj|/ Ohylqwkdo +4<<:, xvhv wklv frqqhfwlrq lq wkh frqwh{w ri rujdql}dwlrqdo dw0
wulexwhv wr h{dplqh wkh h>hfwlyhqhvv ri rujdql}dwlrqdo dgdswdwlrq dw wkh srsxodwlrq
ohyho1: Dv vkrzq lq Vhfwlrq 516/ wkh vwruhv lq rxu prgho dovr idfh uxjjhg odqgvfdshv
zlwk wkhlu uxjjhgqhvv lq xhqfhg e| wkh ghjuhh ri fruuhodwlrq lq frqvxphu suhihuhqfhv/

9Lq d vhqvh/ zh duh olplwlqj wkh fhqwudol}hg fkdlq wr d yhu| frduvh vhw ri dfwlrqv1 Lq vslwh ri
wkdw/ fhqwudol}dwlrq fdq rxwshuirup1 Suhvxpdeo|/ lw frxog gr hyhq ehwwhu zlwk d pruh uh?qhg vhw ri
dfwlrqv1

:Iru hoderudwlrqv ri d vlplodu lghd lq rwkhu frqwh{wv/ vhh Fduoh| dqg Vyrergd +4<<9,/ Fduoh| dqg
Ohh +4<<;,/ Ndx>pdq/ Orer/ dqg Pdfuhdg| +4<<;,/ Sdjh dqg U|doo +4<<;,/ Dxhuvzdog/ Ndx>pdq/
Orer/ dqg Vkhoo +4<<<,/ dqg Nroopdq/ Ploohu/ dqg Sdjh +5333,1

9



dv frqwuroohg e| ./ dv zhoo dv wkh gl!fxow| lq dgdswlyh vhdufk/ dv frqwuroohg e| ù 1
Jlyhq wkdw wkh uxjjhgqhvv ri wkh odqgvfdsh lv olnho| wr lq xhqfh wkh h>hfwlyhqhvv ri
dgdswlyh vhdufk/ zh surfhhg wr h{dplqh krz sdudphwhuv wkdw ghwhuplqh wkh vkdsh ri
wkh odqgvfdsh/ . dqg ù / lq xhqfh wkh surshuwlhv lghqwl?hg lq Fkdqj dqg Kduulqjwrq
+5333d,1

614 Vlpxodwlrq Ghvljq;

Iru hdfk vhw ri sdudphwhu ydoxhv/ wkh frpsxwdwlrqdo h{shulphqw frqvlvwv ri 733 uhsol0
fdwlrqv1 Hdfk uhsolfdwlrq lqyroyhv d udqgrpo| gudzq yhfwru ri lqlwldo vwruh sudfwlfhv
+zklfk duh dvvxphg wr eh lghqwlfdo iru doo vwruhv,/ d yhfwru ri lghdo sudfwlfhv iru hdfk
frqvxphu lq hdfk pdunhw/ dqg d vhtxhqfh ri A� lghdv/ rqh iru hdfk ri wkh � vwruhv
lq hdfk ri A shulrgv1 Doo uhsruwhg sur?w qxpehuv duh dyhudjhg dfurvv vwruhv lq wkh
fkdlq dqg dfurvv wkh 733 uhsolfdwlrqv1

Iru wkh vlpxodwlrqv uhsruwhg ehorz/ zh dvvxph - ' �ffc C ' 2Dc î ' bb2c
j ' �fc � ' ôc dqg A 5 iDffc �fffj é Lq rughu wr h{dplqh wkh lpsdfw ri lqwhu0pdunhw
khwhurjhqhlw|/ pdunhw vhhgv duh vshfl?hg wr eh v|pphwulf durxqg 83= E7�f c 7

2
f c 7

ô
fä '

EDfý kc Dfc Df n kä c k 5 ifc �c é é é c Dj1 Wkxv/ kljkhu ydoxhv iru k fruuhvsrqg wr juhdwhu
lqwhu0pdunhw khwhurjhqhlw|1 Jlyhq wkh vhhg iru pdunhw ð/ zh dvvljq d vhhg wr frqvxphu
&c ghqrwhg r&c iru hdfk ri <<5 frqvxphuv/ zkhuh r& lv gudzq iurp i7ðf ý 2Dc éééc 7ðf n 2Dj
dffruglqj wr d wuldqjxodu ghqvlw| ixqfwlrq1 Jlyhq r&/ wkh w|sh ri frqvxphu & lv
frpsohwho| ghvfulehg e| khu lghdo sudfwlfhv lq hdfk ri wkh ù glphqvlrqv ri d vwruh*v
rshudwlrqv1 Jlyhq wkh fruuhodwlrq sdudphwhu ./ hdfk frqvxphu &*v w|sh lv gudzq
iurp

õ
r& ý .c é é é c r& n .ôù dffruglqj wr d xqlirup ghqvlw| ixqfwlrq1 Rwkhu wkdq wkh

gl>huhqfh qrwhg lq Vhfwlrq 514/ wkh prgho dqg vlpxodwlrqv lq Fkdqj dqg Kduulqjwrq
+5333d, lv wkh vshfldo fdvh ri . ' f dqg ù ' �fé

615 Ehqfkpdun Uhvxow

Zh ehjlq zlwk wkh ehqfkpdun fdvh ri . ' f dqg ù ' �f zklfk vhuyhv wr uhsolfdwh
wkh uhvxowv lq Fkdqj dqg Kduulqjwrq +5333d,1 Gh?qh 3ñä ý ñ( lq shulrg |â wr eh
wkh dyhudjh sur?w xqghu fhqwudol}dwlrq lq shulrg | plqxv wkh dyhudjh sur?w xqghu
ghfhqwudol}dwlrq lq shulrg |1< Iljxuh 4 vkrzv wkh wlph vhulhv rq wklv sur?w gl>huhqwldo
ryhu 4333 shulrgv dqg iru ydulrxv ghjuhhv ri lqwhu0pdunhw khwhurjhqhlw| +uhfdoo wkdw
pdunhwv duh/ lq h{shfwdwlrq/ lghqwlfdo zkhq k ' f dqg wkh gl>huhqfh ehwzhhq pdunhwv
lv lqfuhdvlqj lq k,1 Wklv gl>huhqwldo whqgv wr eh srvlwlyh lq wkh hduolhu shulrgv zkhq
k lv orz +wkrxjk qrw dozd|v lq wkh yhu| hduolhvw shulrgv zklfk lv d srlqw wr zklfk zh

;Wkh vlpxodwlrq frghv zhuh zulwwhq lq F.. dqg duh dydlodeoh xsrq uhtxhvw iurp P|rqj0Kxq
Fkdqj +p1fkdqjCfvxrklr1hgx,1 Wkh svhxgr0frgh lv lq Dsshqgl{ D1

<Wkh dyhudjlqj lv grqh dfurvv uhsolfdwlrqv1 Dovr qrwh wkdw lq fdofxodwlqj wkh sur?w ri erwk
rujdql}dwlrqdo irupv iru d jlyhq uhsolfdwlrq/ zh xvhg wkh vdph lqlwldo sudfwlfhv dqg wkh vdph vhtxhqfh
ri lghdv dqg wkhuhe| frqwuroohg iru wzr vrxufhv ri udqgrpqhvv1

:



zloo uhwxuq lq Vhfwlrq 617, zklfk uhyhdov wkdw fhqwudol}dwlrq lv |lhoglqj kljkhu sur?w
lq wkrvh shulrgv1 Hyhqwxdoo| wkh gl>huhqwldo ghfolqhv dqg/ zkhq k lv vx!flhqwo| kljk/
ehfrphv qhjdwlyh> lqglfdwlqj wkdw ghfhqwudol}dwlrq lv rxw0shuiruplqj lq wkh orqj0uxq1

Iru ydulrxv ydoxhv ri . dqg ùc Wdeoh 5 uhsruwv wkh rujdql}dwlrqdo irup wkdw
jhqhudwhv kljkhu dyhudjh sur?w dqg vkrzv lwv ghshqghqfh rq k dqg A 143 Jhqhudoo|/
fhqwudol}dwlrq whqgv wr rxwshuirup pruh zkhq wkh krul}rq lv vkruwhu dqg zkhq lqwhu0
pdunhw khwhurjhqhlw| lv orzhu1 Wklv uhvxow lv urexvw wr wkh ydoxhv ri . dqg ù wkrxjk
lv qrw dv fohdq iru kljkhu ydoxhv ri ùé Iru h{dpsoh/ zkhq ù ' ôfc wkh ghfhqwudol}hg
rujdql}dwlrq riwhq rxwshuirupv zkhq pdunhwv duh lghqwlfdo +k ' fä wkrxjk wklv lv
qhyhu vwdwlvwlfdoo| vljql?fdqw1 Wkh dvvrfldwhg wlph vhulhv iru wkh sur?w gl>huhqwldo
zkhq . : f dqg ù : �f zloo eh h{dplqhg odwhu exw wkh| dovr uh hfw wkh vdph
txdolwdwlyh surshuwlhv dv wkrvh lq Iljxuh 41 Wkhvh ?qglqjv hvwdeolvk wkh urexvwqhvv ri
wkh pdlq uhvxowv lq Fkdqj dqg Kduulqjwrq +5333d, zlwk uhvshfw wr wkh glphqvlrqdolw|
ri wkh vhdufk vsdfh dqg wkh vwuxfwxuh ri frqvxphu suhihuhqfhv1 Wklv lv uh0vwdwhg khuh
dv Surshuw| 41

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 fdq wkhq d
fhqwudol}hg vwuxfwxuh rxwshuirupB Lw zdv dujxhg lq Fkdqj dqg Kduulqjwrq +5333d,
wkdw wkhuh lv dq lpsolflw frvw wr ghfhqwudol}dwlrq1 Dv vwruhv wdloru wkhlu sudfwlfhv
wr wkhlu pdunhwv lq d ghfhqwudol}hg fkdlq/ wkhvh sudfwlfhv guliw iduwkhu dsduw1 Dv d
uhvxow/ d qhz sudfwlfh dgrswhg e| rqh vwruh lv lqfuhdvlqjo| olnho| wr eh lqfrpsdwleoh
zlwk wkh fxuuhqw sudfwlfhv ri rwkhu vwruhv1 Lq hvvhqfh/ vwruhv frph wr wdujhw glvwlqfw
frqvxphu w|shv +wkdw lv/ orfdo rswlpd, dqg zkdw zrunv iru rqh w|sh ri frqvxphu lv
xqolnho| 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 fhqwudol}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

Uhwxuqlqj wr Iljxuh 4/ qrwh wkdw fhqwudol}dwlrq lv vxshulru hduolhu lq wkh krul}rq
zkhq ohduqlqj lv prvw dfwlyh1 Gxulqj wklv wlph/ d fhqwudol}hg fkdlq pruh h>hfwlyho|
surjuhvvhv wrzdug vrph rswlpxp ru vhw ri rswlpd1 Lq Fkdqj dqg Kduulqjwrq +5333d,/
lw lv vkrzq wkdw pxwxdo ohduqlqj 0 e| zklfk lv phdqw wkdw rqh vwruh ?qgv dqrwkhu
vwruh*v dgrswhg lghd sur?wdeoh 0 lv lqghhg kljkhu xqghu fhqwudol}dwlrq1 Wkdw vxshul0
rulw|/ krzhyhu/ glvvlsdwhv ryhu wlph dv vwruhv lq wkh ghfhqwudol}hg fkdlq lqglylgxdoo|
lghqwli| ghvludeoh orfdo rswlpd dqg ehjlq wr lqghshqghqwo| frqyhujh wr wkhp1 Zkloh

43D ghvfulswlrq ri krz wkh whvw vwdwlvwlf lv frqvwuxfwhg lv surylghg lq Dsshqgl{ E1

;



pxwxdo ohduqlqj lv ohvv xqghu ghfhqwudol}dwlrq/ wkh xowlpdwh vxshulrulw| ri lwv joredo
rswlpxp whqgv wr uhvxow lq wkh ghfhqwudol}hg irup rxwshuiruplqj lq wkh orqj uxq144

616 Dowhulqj wkh Vwruh*v Odqgvfdsh

Iru zkhq wkh pdunhw vhhgv duh E7�f c 7
2
f c 7

ô
fä ' Eebc Dfc D�ä/ zh vlpxodwhg 733 uhsolfd0

wlrqv ri wkh lqqrydwlrq surfhvv iru ù 5 i�fc 2fc ôfc efc Dfj dqg . 5 ifc 2c ec Sc Hc �fj1
Iru ù ' �fc Iljxuh 5 vkrzv wkh wlph vhulhv rq wkh sur?w gl>huhqwldo iru ydulrxv ydoxhv
iru .é Dv . lv udlvhg/ wkh vhulhv vkliwv grzqzdug dqg wkh wlph ryhu zklfk lw lv srvlwlyh
ehfrphv vkruwhu1 Iru h{dpsoh/ prylqj iurp . ' 2 wr . ' Sc wkh shdn ri wkh fxuyh
idoov iurp durxqg 61; +û�f2H, wr durxqg 613 dqg wkh shulrg dw zklfk lw jrhv iurp ehlqj
srvlwlyh wr ehlqj qhjdwlyh idoov iurp durxqg 833 wr durxqg 5831 Wkh jhqhudo whqghqf|
+zklfk lv frq?uphg e| Wdeoh 5, lv wkdw ohvv fruuhodwlrq lq d frqvxphu*v suhihuhqfhv
hqkdqfhv wkh uhodwlyh shuirupdqfh ri wkh ghfhqwudol}hg vwuxfwxuh1

Surshuw| 5= Dq lqfuhdvh lq . idyruv ghfhqwudol}dwlrq1

Dv uhsruwhg lq Wdeoh 4/ dq lqfuhdvh lq . uhvxowv lq ihzhu orfdo rswlpd dqg wkhuhe|
d vprrwkhu odqgvfdsh1 Zlwk ihzhu rswlpd/ lw ehfrphv pruh olnho| wkdw ghfhqwudol}hg
vwruhv zloo wdujhw wkh vdph rswlpxp dqg/ li wkdw lv wkh fdvh/ lw lv pruh olnho| wkdw
wkh qhz sudfwlfhv lpsohphqwhg e| rqh vwruh duh ri ydoxh wr rwkhu vwruhv1 Wkxv/ d
vprrwkhu odqgvfdsh hqkdqfhv pxwxdo ohduqlqj xqghu ghfhqwudol}dwlrq dqg wkxv ohvvhqv
wkh dgydqwdjh ri fhqwudol}dwlrq1

Iru . ' fc Iljxuh 6 vkrzv wkh wlph vhulhv rq wkh sur?w gl>huhqwldo iru ydulrxv
ohyhov ri glphqvlrqdolw| ri wkh vsdfh ri vwruh sudfwlfhv1 Dv ù lv udlvhg/ wkh vhulhv vkliwv
grzqzdug lq wkh hduolhu shulrgv dqg xszdug lq wkh odwhu shulrgv1 Iru h{dpsoh/ zkhq
ù ' �f/ wkh sur?w gl>huhqwldo shdnv dw d ydoxh durxqg 718 +û�f2H, durxqg shulrg
831 Lw lv qrw wrr idu ehorz wkdw ydoxh dv odwh dv shulrg 533 wkrxjk lw kdv idoohq e|
derxw :8( e| shulrg 9331 Zkhq lqvwhdg ù ' 2f/ wkh vhulhv shdnv dw d orzhu ydoxh/
durxqg 613/ exw pxfk odwhu/ durxqg shulrg :331 Wkrxjk lqfuhdvlqj wkh glphqvlrqdolw|
pd| wkhq orzhu wkh sur?w gl>huhqwldo iru vrph shulrgv/ wkh uhodwlyh shuirupdqfh ri
fhqwudol}dwlrq ryhu 4333 shulrgv lv fohduo| lpsuryhg dqg wklv lv prvw hdvlo| vhhq lq
Wdeoh 51

Surshuw| 6= Dq lqfuhdvh lq ù idyruv fhqwudol}dwlrq1

Dv ù lqfuhdvhv/ wkh rshudwlrqv ri d vwruh ehfrph pruh frpsoh{ lq wkh vhqvh ri
lqyroylqj d juhdwhu qxpehu ri glphqvlrqv1 Wklv pdnhv vhdufk pruh gl!fxow dv wkh
vsdfh lv odujhu dqg wkdw uhvxowv lq wkh dyhudjh wlph wr uhdfk dq rswlpxp ulvlqj1
E| Wdeoh 4/ lw lv dovr wuxh wkdw wkhuh duh pruh orfdo rswlpd1 Frpelqhg zlwk wkh

44Lq Fkdqj dqg Kduulqjwrq +5333d,/ zh dovr h{soruhg wkh vwdwlrqdu| sur?w sdwk zkhq wkh glvwule0
xwlrq ri frqvxphu suhihuhqfhv lq d pdunhw iroorzv d udqgrp zdon1 Lq wkdw fdvh/ wkh fhqwudol}hg irup
fdq rxwshuirup lq wkh orqj0uxq dv zhoo1

<



dujxphqw surylghg deryh/ wklv vxjjhvwv wkdw fhqwudol}dwlrq ehfrphv pruh dwwudfwlyh
dv wkh glphqvlrqdolw| ri wkh vsdfh ulvhv ehfdxvh/ xqghu ghfhqwudol}dwlrq/ lw lv ohvv olnho|
wkdw vwruhv zloo wdujhw wkh vdph rswlpxp dqg wkxv wkhuh lv ohvv pxwxdo ohduqlqj1 Wkdw
Surshuw| 6 pd| eh gxh wr wkh orqjhu wlph lw wdnhv ehiruh jhwwlqj forvh wr dq rswlpxp lv
frqvlvwhqw zlwk wkh uhvxow wkdw fhqwudol}dwlrq grhv ehwwhu lq vkruwhu krul}rqv ehfdxvh/
lq erwk fdvhv/ zh duh revhuylqj wkdw fhqwudol}dwlrq grhv ehwwhu zkhq vwruhv duh dw
pruh vxe0rswlpdo sudfwlfhv1 Doo wklv vxjjhvwv wkdw pxwxdo ohduqlqj/ zklfk lv juhdwhu
xqghu fhqwudol}dwlrq/ lv pruh lpsruwdqw zkhq sudfwlfhv duh iduwkhu dzd| iurp d orfdo
rswlpxp1

Wkh orjlf mxvw ghvfulehg lv wkdw d kljkhu glphqvlrqdo vhdufk vsdfh vorzv grzq wkh
ohduqlqj surfhvv dqg wkxv ohqjwkhqv wkh wlph ryhu zklfk fhqwudol}dwlrq rxwshuirupv1
Exw wkhuh pd| eh pruh jrlqj rq iru frqvlghu Iljxuh 7 zklfk sorwv wkh gl>huhqwldo
sur?w sdwk iru ydulrxv ydoxhv ri ù 1 Jhqhudoo|/ zkhq ù lv kljkhu/ wkh sdwk lv orzhu
lq wkh hduolhu shulrgv dqg kljkhu lq wkh odwhu shulrgv/ dv zh*yh douhdg| qrwhg1 Dovr
qrwh/ krzhyhu/ wkdw iru k è 2c wkh pd{lpxp ydoxh iru wkh sur?w gl>huhqwldo +zkhuh
wkh pd{lpxp lv wdnhq ryhu wlph, whqgv wr eh kljkhu zkhq wkhuh duh pruh glphqvlrqv
wr wkh vhdufk vsdfh1 Iru h{dpsoh/ lw lv kljkhu iru ù ' Df wkdq iru doo orzhu ydoxhv
ri ùé Vhfrqgo|/ qrwlfh wkdw wkh gl>huhqwldo lv srvlwlyh iru vrph wlph shulrgv zkhq
ù lv vx!flhqwo| kljk zkloh/ iru orzhu ydoxhv ri ùc lw lv qhyhu srvlwlyh1 Iru h{dpsoh/
zkhq k ' ôc fhqwudol}dwlrq rxwshuirupv pruh wkdq 93( ri wkh wlph +wkdw lv/ iru pruh
wkdq 933 ri 4333 shulrgv, zkhq ù lv 73 ru 83 exw rqo| grhv vr iru ohvv wkdq 43( ri
wkh wlph zkhq ù lv 43 ru 531 Zkloh wklv frxog mxvw eh d frpsoh{ lpsolfdwlrq ri d
kljkhu glphqvlrqdo vhdufk vsdfh vorzlqj grzq wkh vhdufk surfhvv/ lw lv srvvleoh wkdw
vrphwklqj hovh lv gulylqj wkhvh surshuwlhv1

617 Frpsdudwlyh G|qdplfv

Dq h{dplqdwlrq ri wkh wlph vhulhv iru wkh sur?w gl>huhqwldo uhyhdov wkuhh skdvhv1
Wkhvh skdvhv whqg wr eh pruh pdjql?hg iru kljkhu ydoxhv ri ù wkrxjk wkh| dsshdu
wr jhqhudoo| eh suhvhqw1 Lq Iljxuh 8/ wkh sur?w gl>huhqwldo lqlwldoo| idoov dqg jrhv
qhjdwlyh zklfk lqglfdwhv wkdw wkh ghfhqwudol}hg vwuxfwxuh lv rxwshuiruplqj dqg lv
lqfuhdvlqjo| grlqj ehwwhu1 Wklv lv wkh ?uvw skdvh1 Wkh vhfrqg skdvh lv zkhq wkh
gl>huhqwldo ehjlqv wr ulvh dqg/ ghshqglqj rq wkh ydoxh ri kc ehfrphv srvlwlyh1 Exw/
uhjdugohvv ri krz glyhuvh pdunhwv duh/ fhqwudol}dwlrq lv shuiruplqj lqfuhdvlqjo| ehwwhu
gxulqj wklv skdvh1 Wkh gl>huhqwldo wkhq shdnv dqg hqwhuv wkh wklug skdvh gxulqj
zklfk lw vwhdglo| idoov dqg hlwkhu ehfrphv qhjdwlyh ru dsshduv wr lv wuhqglqj wr eh
qhjdwlyh1

Lq wu|lqj wr xqghuvwdqg wklv sdwwhuq/ zh kdyh d zrunlqj k|srwkhvlv dv wr krz
ohduqlqj lv rffxuulqj ryhu wlph dqg krz lw ydulhv ehwzhhq wkh w|sh ri rujdql}dwlrqdo
irup1 Wklv lv udwkhu vshfxodwlyh dw wkh prphqw dqg zh duh vwloo wu|lqj wr ghyhors
phdvxuhv zklfk frxog dvvhvv lwv ydolglw|1 Diwhu r>hulqj wklv h{sodqdwlrq/ zh zloo
suhvhqw zkdw vwdwlvwlfv zh gr kdyh1
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î Skdvh 4= Lq wkdw vwruhv* lqlwldo sudfwlfhv duh udqgrpo| vhohfwhg/ lw lv vdih wr
suhvxph wkdw wkh| duh kljko| vxe0rswlpdo1 Lw lv wkhq txlwh srvvleoh wkdw d vwruh
fdq h>hfwlyho| ohduq rq lwv rzq ehfdxvh lw lv qrw gl!fxow wr ?qg qhz lghdv zklfk
duh dq lpsuryhphqw rq h{lvwlqj sudfwlfhv1 Wkxv/ lqwhu0vwruh ohduqlqj pd| qrw
eh wkdw lpsruwdqw lq wkh hduo| shulrgv1 Jlyhq wkdw d kljkhu udwh ri lqwhu0vwruh
ohduqlqj lv wkh dgydqwdjh ri fhqwudol}dwlrq/ wklv vxjjhvwv wkdw wkh ehqh?w ri
fhqwudol}dwlrq lv uhodwlyho| zhdn1 Rq wkh rwkhu kdqg/ wkh frvw ri fhqwudol}dwlrq
0 lpsrvlqj xqsur?wdeoh sudfwlfhv rq vrph vwruhv 0 lv vwloo suhvhqw1 Wkhvh irufhv
frxog h{sodlq zk| wkh sur?w gl>huhqwldo lv lqlwldoo| ghfuhdvlqj dqg qhjdwlyh1

î Skdvh 5= Dv vwruhv jhw rxw ri kdylqj kljko| vxe0rswlpdo sudfwlfhv/ wkh| duh
olnho| wr pryh lqwr wkh edvlq ri dwwudfwlrq iru vrph rswlpxp ru d vpdoo vhw ri
rswlpd1 Dw wklv srlqw/ ?qglqj xvhixo lghdv ehfrphv pruh gl!fxow xqghu hlwkhu
rujdql}dwlrqdo irup1 Shukdsv lw lv khuh wkdw lqwhu0vwruh ohduqlqj vwduwv ehfrplqj
lpsruwdqw1 Lw pd| qrz eh lqfuhphqwdoo| pruh ydoxdeoh wr eh deoh wr ohduq iurp
rwkhu vwruhv zklfk lv hdvlhu wr rffxu xqghu fhqwudol}dwlrq vlqfh/ e| ?dw/ vwruhv
pxvw eh lq wkh edvlq ri wkh vdph rswlpxp1 Li vr/ wklv frxog h{sodlq zk| wkh
sur?w gl>huhqwldo ehfrphv lqfuhdvlqj dqg srvlwlyh1

î Skdvh 6= Vwruhv qrz ehjlq wr klw wkh olplw ri fhqwudol}dwlrq ehfdxvh lw frqvwudlqv
wkhp wr kdyh lghqwlfdo sudfwlfhv hyhq wkrxjk wkhlu pdunhwv duh gl>huhqw1 Lq
frqwudvw/ xqghu ghfhqwudol}dwlrq/ vwruhv fdq dssurdfk wkhlu joredo rswlpxp1 Dv
d uhvxow/ wkh sur?w gl>huhqwldo ehfrphv ghfuhdvlqj dqg pd| ehfrph qhjdwlyh1

Wrzdugv wu|lqj wr dvvhvv wkh ydolglw| ri wklv ghvfulswlrq/ zh kdyh phdvxuhg wkh
uhodwlyh ohduqlqj udwhv dfurvv rujdql}dwlrqdo vwuxfwxuhv1 D vwruh*v ohduqlqj udwh lv
gh?qhg wr eh wkh sursruwlrq ri lghdv dydlodeoh wr d vwruh wkdw duh dfwxdoo| dgrswhg1
Ohw ? Eïc ðc |c ûä ghqrwh wkh qxpehu ri lghdv dgrswhg e| vwruh ð lq shulrg | lq uhsolfdwlrq
û zkhq wkh rujdql}dwlrqdo vwuxfwxuh lv ï 5 iäc(j é Vlqfh wkhuh duh � vwruhv dqg
hdfk vwruh jhqhudwhv rqh lghd shu shulrg/ wkh vwruh*v ohduqlqj udwh lv phdvxuhg e|
? Eïc ðc |c ûä *�éZh fdq wkhq frqvwuxfw wkh shu0vwruh ohduqlqj udwh dw | dyhudjhg ryhu
wkh f uhsolfdwlrqv=

& Eïc |ä ì �

f

f[
û'�

%
�

�

�[
ð'�

ë
? Eïc ðc |c ûä

�

ê&
é

Wkh uhodwlyh ohduqlqj udwh lv gh?qhg wr eh & Eäc |ä *& E(c |ä é
Iljxuh 9 uhsruwv wkh 530shulrg prylqj dyhudjh iru wkh uhodwlyh ohduqlqj udwh145

Lqlwldoo|/ lw lv deryh rqh dqg ulvlqj zklfk lqglfdwhv wkdw pruh lghdv duh ehlqj dgrswhg
xqghu fhqwudol}dwlrq dqg wklv dgydqwdjh lv lqfuhdvlqj1 Hyhqwxdoo|/ krzhyhu/ lw ehjlqv
wr ghfolqh dqg hqgv xs ehorz rqh +dw ohdvw iru k ' Dä> uhyhdolqj wkdw pruh lghdv duh

45Lq wkdw wkh uhodwlyh ohduqlqj udwh lv irxqg wr eh yhu| qrlv|/ lw kdv suryhq wr eh pruh lqirupdwlyh
wr h{dplqh d prylqj dyhudjh +zklfk lv vwloo txlwh qrlv|,1
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ehlqj dgrswhg e| wkh ghfhqwudol}hg fkdlq1 Wklv ?wv lq zlwk rxu ghvfulswlrq ri skdvhv 5
dqg 61 Gxulqj skdvh 5/ wkh kljkhu udwh ri pxwxdo ohduqlqj zkhq vwruhv kdyh lghqwlfdo
orfdwlrqv uhvxowv lq pruh lghdv ehlqj dgrswhg1 Gxulqj skdvh 6/ wkh frqvwudlqw lpsrvhg
xqghu fhqwudol}dwlrq ehfrphv lqfuhdvlqjo| uhvwulfwlyh zkloh/ xqghu ghfhqwudol}dwlrq/
vwruhv duh xqfrqvwudlqhg wr dgrsw dq| lghd wkdw lv sur?wdeoh wr wkhp1 Wklv vwdwlvwlf
grhv qrw surylgh vxssruw iru rxu h{sodqdwlrq ri skdvh 4/ krzhyhu1 Lqghhg/ hylghqfh
vkhgglqj oljkw rq lw uhpdlqv hoxvlyh1

Dovr uhsruwhg lv wkh dyhudjh uhwxuq wr ohduqlqj zklfk/ lq dq| shulrg/ lv gh?qhg dv
wkh fkdqjh lq fkdlq sur?w iurp wkh suhylrxv shulrg glylghg e| wkh qxpehu ri dgrswhg
lghdv e| doo vwruhv1 Li qr lghdv duh dgrswhg wkhq lw lv vshfl?hg wr eh }hur1 Wkh uhsruwhg
phdvxuhv duh dyhudjhg dfurvv wkh uhsolfdwlrqv1 Wkh uhodwlyh dyhudjh uhwxuq wr ohduqlqj
lv wkh dyhudjh uhwxuq wr ohduqlqj iru wkh fhqwudol}hg vwuxfwxuh glylghg e| wkh vdph
phdvxuhg iru wkh ghfhqwudol}hg vwuxfwxuh1 Qrwh wkdw zlwk wkh ghfhqwudol}hg fkdlq/ dq
lghd lv dgrswhg l> lw udlvhv d vwruh*v sur?w1 Xqghu fhqwudol}dwlrq/ dq lghd pd| eh
dgrswhg hyhq li lw orzhuv d vwruh*v sur?w wkrxjk lw pxvw eh wkh fdvh wkdw lw udlvhv
wkh sur?w ri vrph rwkhu vwruhv +vr wkdw wrwdo fkdlq sur?w ulvhv,1 Zh wkhq h{shfw wkh
dyhudjh uhwxuq wr ohduqlqj wr eh kljkhu iru wkh ghfhqwudol}hg fkdlq1

Qrw vxusulvlqjo|/ zh ?qg wkdw wkh uhodwlyh dyhudjh uhwxuq wr ohduqlqj lv w|slfdoo|
ehorz rqh zklfk lqglfdwhv wkdw/ rq dyhudjh/ dgrswhg lghdv duh pruh sur?wdeoh xqghu
ghfhqwudol}dwlrq1 Zkdw lv pruh lqirupdwlyh lv wkdw wkh uhodwlyh udwh lv ghfolqlqj ryhu
wlph1 Wkh lghdv wkdw duh dgrswhg xqghu ghfhqwudol}dwlrq duh lqfuhdvlqjo| pruh suri0
lwdeoh uhodwlyh wr fhqwudol}dwlrq1 R>vhwwlqj wklv lv wkdw wkh uhodwlyh ohduqlqj udwh lv
kljkhu xqghu fhqwudol}dwlrq gxh wr wkh juhdwhu vlplodulw| lq vwruhv* sudfwlfhv1 Wkrxjk
zh gr qrw kdyh d wljkw frqqhfwlrq |hw/ zh eholhyh lw lv wkh lqwhudfwlrq ri wkhvh wzr phd0
vxuhv wkdw lv ghwhuplqlqj wkh uhodwlyh shuirupdqfh ri gl>huhqw rujdql}dwlrqdo irupv1

7 Frqfoxglqj Uhpdunv
Wklv sdshu kdv h{soruhg krz edvlf sdudphwhuv lq wkh pdunhw hqylurqphqw 0 wkh vwuxf0
wxuh ri frqvxphu suhihuhqfhv dqg wkh glphqvlrqdolw| ri wkh vsdfh ri sudfwlfhv 0 dowhu
wkh vkdsh ri wkh odqgvfdsh dqg wkhuhe| lpsdfw wkh uhodwlyh shuirupdqfh ri fhqwudo0
l}hg dqg ghfhqwudol}hg pxowl0xqlw rujdql}dwlrqv1 Frqvlvwhqw zlwk rxu hduolhu zrun/
ghfhqwudol}dwlrq lv qrw d sdqdfhd1 Lpsrvlqj xqlirup sudfwlfhv iurp rq kljk fdq ohdg
wr vxshulru shuirupdqfh hyhq wkrxjk lqglylgxdo djhqwv idfh khwhurjhqhrxv hqylurq0
phqwv1 Wkh uhohydqw txhvwlrq lv wkhq= zkhq grhv ghfhqwudol}dwlrq rxwshuirupB Wkh
uhvxowv ri wklv sdshu vkrz wkdw ghfhqwudol}dwlrq whqgv wr eh vxshulru lq pdunhwv iru
zklfk wkh sudfwlfh vsdfh lv vlpsoh +wkdw lv/ wkhuh duh ihz glphqvlrqv wr zkdw d vwruh
grhv, dqg wkhuh duh zhdn fruuhodwlrqv lq frqvxphu suhihuhqfhv1

Dv sduw ri wklv olqh ri uhvhdufk/ zh duh fxuuhqwo| dgdswlqj wklv prgho wr doorz
iru frpshwlqj fkdlqv dqg frqvxphu vhdufk dqg wkhuhe| eh deoh wr lqyhvwljdwh wkh
lqwhudfwlrq ri pdunhw vwuxfwxuh dqg rujdql}dwlrqdo vwuxfwxuh +vhh Fkdqj dqg Kdu0
ulqjwrq/ 5333e,1 Wkh vhwwlqj lv qrz rqh lq zklfk hdfk pdunhw lv vhuyhg e| vhyhudo
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fkdlqv1 Frqvxphuv hqjdjh lq vhdufk wr ?qg wkh vwruh wkdw ehvw ?wv wkhlu qhhgv zkloh
fkdlqv frpshwh e| glvfryhulqj dqg dgrswlqj ehwwhu sudfwlfhv1 Wkh vslooryhu ri lghdv
lv qrw mxvw zlwklq d fkdlq exw dovr dfurvv fkdlqv> lq sduwlfxodu/ zh zloo doorz d vwruh
wr ohduq derxw wkh qhz sudfwlfhv ri frpshwlqj vwruhv lq wkhlu pdunhw1 Lqlwldo uhvxowv
vxjjhvw wkdw wkh lqwhudfwlrq ri vwruhv ohduqlqj dqg frqvxphuv vhdufklqj jhqhudwh ulfk
g|qdplfv dqg qhz lqvljkw lqwr wkh uroh ri rujdql}dwlrqdo vwuxfwxuh1 Lq sduwlfxodu/
fhqwudol}dwlrq grhv hyhq ehwwhu lq wkh suhvhqfh ri frpshwlwlrq dqg frqvxphu vruwlqj1
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8 Dsshqgl{ D
22 Svhxgr Frgh

pdlq + ,

~

Dvvljq frqvxphu w|shv lq doo pdunhwv>

Lqlwldol}h vwruh sudfwlfhv lqlwbsudf+ð, lq | ' f ;ð 5 i�c 2c éééc�j>
Fuhdwh lqqrydwlrq olvw UEðc |ä ;ð 5 i�c 2c éééc�jc;| 5 i�c 2c éééc Aj(
Vhw rujdql}dwlrqdo irup/ ïð 5 i(cäj(
Vhw | ' f>

Lqlwldol}h vwruh sur?wv iru doo ð 5 i�c 2c éééc�j>
Lqlwldol}h fkdlq sur?w>

Vhw | ' |n �(

Zkloh +| ÷ A ä ~

Vzlwfk Eïðä ~

Fdvh G= SURF L= Dgrswlrq Surfhvv iru d Ghfhqwudol}hg Fkdlq

Fdvh F= SURF LL= Dgrswlrq Surfhvv iru d Fhqwudol}hg Fkdlq

�

Uhsruw fkdlq sur?w iru shulrg |>

w..>

�

Uhwxuq 3>

� 22 Hqg Pdlq

SURF L= Dgrswlrq Surfhvv iru d Ghfhqwudol}hg Fkdlq

Iru hdfk vwruh ð 5 i�c 2c éééc�j ~

Hydoxdwh wkh sur?wdelolw| ri UEðc |ä>

Li wkh lghd lv sur?wdeoh iru vwruh ð wkhq gr ~
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Vwruh ð dgrswv wkh lghd>
Vwruh ð*v sur?w lv uhylvhg>
UEðc |ä hqwhuv wkh KT LqEr{>

�

�

22 Frqvlghudwlrq ri wkh lghdv lq wkh KT LqEr{

Iru hdfk lghd , lq wkh KT LqEr{ ~

Lghqwli| wkh vrxufh vwruh ri wkh lghd/ rd,o 5 i�c 2c éééc�j(
Hydoxdwh wkh sur?wdelolw| ri wkh lghd iru vwruh & iru hdfk & 5 i�c 2c éééc�jc & 9'

rd,o ~

Li wkh lghd lv sur?wdeoh iru vwruh &/ wkhq gr ~

Vwruh & dgrswv wkh lghd>
Vwruh &*v sur?w lv uhylvhg>

�

�

�

Uhylvh fkdlq sur?w>

22 Hqg SURF L

SURF LL= Dgrswlrq Surfhvv iru d Fhqwudol}hg Fkdlq

Iru hdfk vwruh ð 5 i�c 2c éééc�j ~

Hydoxdwh wkh sur?wdelolw| ri UEðc |ä iru vwruh ð>

Li wkh lghd lv sur?wdeoh iru vwruh ð/ wkhq gr ~

Li wkh fkdlq sur?w lpsuryhv dv wkh uhvxow ri pdqgdwlqj UEðc |ä rq doo vwruhv/
wkhq gr ~

Lqwud0fkdlq pdqgdwh= Doo vwruhv dgrsw UEðc |ä>
Uhylvh fkdlq ð*v sur?w>

�

�

�

22 Hqg SURF LL
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9 Dsshqgl{ E

Wkh whvw vwdwlvwlf xvhg lq Wdeoh 5 lv frqvwuxfwhg dv iroorzv1 Ohw ñ|cûä ghqrwh wkh sur?w ri
d fhqwudol}hg fkdlq lq shulrg | iru uhsolfdwlrq û1 Vlploduo| gh?qh ñ|cû( iru zkhq wkh fkdlq

lv lqvwhdg ghfhqwudol}hg1 Iljxuh 4 uhsruwv
ý
�
f

üSf
ð'�

k
ñ|cûä ý ñ|cû(

l
zkhuh f lv wkh qxp0

ehu ri uhsolfdwlrqv1 Qh{w gh?qh T ûä EA ä ì
SA

|'�

ý
�
A

ü
ñ|cûä dqg T û( EA ä ì

SA
|'�

ý
�
A

ü
ñ|cû( dv

dyhudjh fkdlq sur?w ryhu wkh ?uvw A shulrgv iru d fhqwudol}hg dqg ghfhqwudol}hg fkdlq/
uhvshfwlyho|1 Gh?qlqj Bû EA ä ì T ûä Eïäý T û( Eïä c zh fdq frqvwuxfw wkh iroorzlqj whvw
vwdwlvwlf=

~ '
B EA ät

E �f ä
Sf
û'�EBûEA ää

23EBEA ää2I
f

zkhuh

B EA ä ì
ë
�

f

ê f[
û'�

T ûä EA äý
ë
�

f

ê f[
û'�

T û( EA ä é
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Uhihuhqfhv
^4` Dxhuvzdog/ S1/ V1 Ndx>pdq/ M1 Orer/ dqg N1 Vkhoo/ 3Wkh Surgxfwlrq Uhflshv

Dssurdfk wr Prgholqj Whfkqrorjlfdo Lqqrydwlrq= Dq Dssolfdwlrq wr Ohduqlqj
E| Grlqj/4 Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 57 +4<<<,/ 6;<07831

^5` Fduoh|/ N1 P1 dqg G1 P1 Vyrergd +4<<9,/ 3Prgholqj Rujdql}dwlrqdo Dgdswdwlrq
dv d Vlpxodwhg Dqqhdolqj Surfhvv/4 Vrflrorjlfdo Phwkrgv ) Uhvhdufk/ 58 +4<<9,/
46;049;1

^6` Fduoh|/ N1 P1 dqg M10V1 Ohh/ 3G|qdplf Rujdql}dwlrqv= Rujdql}dwlrqdo Dgdswd0
wlrq lq d Fkdqjlqj Hqylurqphqw/4 Dgydqfhv lq Vwudwhjlf Pdqdjhphqw/ 48 +4<<;,/
59<05<:1

^7` Fkdqj/ P10K1 dqg M1 H1 Kduulqjwrq/ Mu1/ 3Fhqwudol}dwlrq yv1 Ghfhq0
wudol}dwlrq lq d Pxowl0Xqlw Rujdql}dwlrq= D Frpsxwdwlrqdo Prgho ri
d Uhwdlo Fkdlq dv d Pxowl0Djhqw Dgdswlyh V|vwhp/4 Vdqwd Ih Lqvwl0
wxwh/ Zrunlqj Sdshu 33035043/ 5333d +Pdqdjhphqw Vflhqfh/ iruwkfrplqj,1
^zzz1vdqwdih1hgx2v?2sxeolfdwlrqv233zsolvw1kwpo`

^8` Fkdqj/ P10K1 dqg M1 H1 Kduulqjwrq/ Mu1/ 3Frpshwlwlrq dqg wkh Rujdql}d0
wlrqdo Vwuxfwxuh ri Pxowl0Xqlw Ilupv/4 Mxqh 5333/ Uhylvhg Vhswhpehu 5333e1
^zzz1hfrq1mkx1hgx2Shrsoh2Kduulqjwrq2f|eruj<0331sgi`

^9` Ndx>pdq/ V1/ Wkh Ruljlqv ri Rughu/ Qhz \run= R{irug Xqlyhuvlw| Suhvv/ 4<<61

^:` Ndx>pdq/ V1/ M1 Orer/ dqg Z1 J1 Pdfuhdg|/ 3Rswlpdo Vhdufk rq d Whfkqrorj|
Odqgvfdsh/4 Vdqwd Ih Lqvwlwxwh/ Zrunlqj Sdshu <;04303<4/ 4<<;1

^;` Nroopdq/ N1/ M1 K1 Ploohu/ dqg V1 H1 Sdjh/ 3Ghfhqwudol}dwlrq dqg wkh Vhdufk
iru Srolf| Vroxwlrqv/4 Mrxuqdo ri Odz/ Hfrqrplfv/ dqg Rujdql}dwlrq/ 49 +5333,/
435045;1

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

^43` Sdjh/ V1 H1 dqg P1 U|doo/ 3Grhv Vwudwhj| Qhhg Frpsxwhu H{shulphqwdwlrqB/4
Dgydqfhv lq Vwudwhjlf Pdqdjhphqw/ 48 +4<<;,/ 5<<06591
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Iuhtxhqf| Glvwulexwlrq zlwk ù ' 2 +433 uhsolfdwlrqv,

Qr1 Orfdo Rswlpd . ' f . ' � . ' 2 . ' e . ' S . ' �f . ' 2f
4 3 7 64 :< <3 <9 433
5 3 4; 86 54 43 7 3
6 433 :; 49 3 3 3 3

Qr1 Uhsolfdwlrqv 433 433 433 433 433 433 433

Iuhtxhqf| Glvwulexwlrq zlwk ù ' ô +53 uhsolfdwlrqv,

Qr1 Orfdo Rswlpd . ' f . ' � . ' 2 . ' e . ' S . ' H
4 3 3 8 49 4; 4<
5 3 4 9 7 5 4
6 3 4< < 3 3 3
7 3 3 3 3 3 3
8 53 3 3 3 3 3

Qr1 Uhsolfdwlrqv 53 53 53 53 53 53

Wdeoh 4= Odqgvfdsh Uxjjhgqhvv Dv d Ixqfwlrq ri .
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. ' f . ' 2 . ' e . ' S
A Dff �fff Dff �fff Dff �fff Dff �fff

ù ' �f
k ' f F FW FW FW FW FW FW FW

k ' � FW FW FW F FW G F GW
k ' 2 G GW GW GW GW GW GW GW
k ' ô GW GW GW GW GW GW GW GW
k ' e GW GW GW GW GW GW GW GW
k ' D GW GW GW GW GW GW GW GW

ù ' ôf
k ' f G F G G G F G F
k ' � FW FW FW FW F F F G
k ' 2 FW FW FW G G GW GW GW
k ' ô G GW GW GW GW GW GW GW
k ' e GW GW GW GW GW GW GW GW
k ' D GW GW GW GW GW GW GW GW

ù ' Df
k ' f F FW F F G G F G
k ' � F FW F FW G F F FW

k ' 2 FW FW FW FW F F G GW
k ' ô FW FW FW FW G GW GW GW
k ' e F G G GW GW GW GW GW
k ' D GW GW GW GW GW GW GW GW

Wdeoh 5= .% ø?|e Rswlpdo Rujdql}dwlrqdo Irup

^Qrwh= Wkrvh uhvxowv zlwk 3-4 duh vwdwlvwlfdoo| vljql?fdqw dw wkh 8( ohyho1`
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