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Devwudfw

L ghyhors dq h{whqghg yhuvlrq ri wkh lqwhuwhuwhpsrudo prgho ri wkh
fxuuhqw dffrxqw1 Iluvw/ lqwurgxflqj uhdo lqwhuhvw udwh yduldwlrqv lq wkh
rswlpl}lqj surjudp/ L vwuhvv wkh lpsruwdqfh ri wklv yduldeoh lq h{sodlq0
lqj wkh fxuuhqw dffrxqw dqg lqyhvwphqw g|qdplf1 Vhfrqg/ frqvlghulqj
lpshuihfw vxevwlwxdelolw| dprqj wudghg jrrgv/ L vwxg| wkh uhodwlrq eh0
wzhhq whupv ri wudgh yduldwlrqv dqg fxuuhqw dffrxqw1 Wklug/ L surylgh
d qhz h{sodqdwlrq wr wkh Jolfn0Urjr> +4<<8, sdudgr{/ edvhg rq phd0
vxuhphqw huuruv1

Hpslulfdo vwxg| vsdqqlqj wkh shulrg 4<:304<<: lv fduulhg rq J:
frxqwulhv/ lqglylgxdoo| dqg srrohg1 Uhvxowv vwurqjo| vxssruw wkh lp0
sdfw ri whupv ri wudgh rq fxuuhqw dffrxqw/ zkhuhdv wkh| duh xqfrqfox0
vlyh derxw wkh lpsdfw ri uhdo lqwhuhvw udwh1

Nh| zrugv= Fxuuhqw Dffrxqw 0 Lqyhvwphqw 0 Rswlpl}lqj Ehkdy0
lru 0 Olqhdul}dwlrq 0 Vkrfn = Dqwlflsdwhg/ qrw Dqwlflsdwhg/ Shupdqhqw/
Wudqvlwru| 0 Surgxfwlylw| 0 Whupv ri Wudgh 0 Uhdo Lqwhuhvw Udwh 0 Vhhp0
lqjo| Xquhodwhg Uhjuhvvlrqv 0 Srrohg Hvwlpdwlrqv1

MHO Fodvvl?fdwlrq= I65/ I741

WopdxulqCxqly0dl{1iu
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4 Lqwurgxfwlrq

Ryhu wkh odvw wzhqw| |hduv/ wkh wudglwlrqdo dssurdfk wr wkh fxuuhqw dffrxqw/
edvhg rq h{sruw vxsso| dqg lpsruw ghpdqg ixqfwlrqv/ kdv ehhq fkdoohqjhg
e| wkh lqwhuwhpsrudo dssurdfk +fi1/ Revwihog dqg Urjr>/ 4<<8,1 Vlqfh wkhvh
dssurdfkhv ehorqj wr gl>huhqw wkhruhwlfdo sdudgljpv dqg kdyh vrphwlphv
rssrvhg srolf| uhfrpphqgdwlrqv/ lw lv zruwk frqvlghulqj wkhlu hpslulfdo
vxssruw1 Khuh/ L dp lqwhuhvwhg lq wkh prvw ghyhorshg lqwhuwhpsrudo ds0
surdfk wkdw frqvlghuv lqyhvwphqw dqg frqvxpswlrq ghflvlrqv wr prgho wkh
fxuuhqw dffrxqw lq d vwrfkdvwlf frqwh{w1 P| zrun lv edvhg rq wkh vhplqdo
sdshu ri Jolfn dqg Urjr> +4<<8,1

Lq wkdw sdshu/ dxwkruv vwxg| fxuuhqw dffrxqw dqg lqyhvwphqw g|qdplfv
lq uhvsrqvh wr surgxfwlylw| vkrfnv1 Wkh| vkrz wkdw wkh uhodwlrq ghshqgv
rq wkh qdwxuh ri wkh vkrfn= iru rqh sduw/ wkh| rssrvh vshfl?f +wr wkh frxq0
wu|, dqg frpprq +wr doo wkh frxqwulhv, surgxfwlylw| vkrfnv/ dqg iru wkh
rwkhu sduw/ wkh| glvwlqjxlvk ehwzhhq wudqvlwru| dqg shupdqhqw surgxfwly0
lw| vkrfnv1 Lq wkh fdvh ri d vshfl?f shupdqhqw surgxfwlylw| vkrfn/ wkh qhw
shupdqhqw lqfrph lqfuhdvhv pruh wkdq dfwxdo fxuuhqw lqfrph +vlqfh wkh
lqyhvwphqw lpsolhv dgmxvwphqw frvwv,/ vr wkdw vdylqj ghfuhdvhv/ dqg wkh fxu0
uhqw dffrxqw/ wkh gl>huhqfh ehwzhhq vdylqj dqg lqyhvwphqw/ idoov e| pruh
wkdq lqyhvwphqw lqfuhdvhv1 Khqfh/ rqh ri wkh prvw lpsruwdqw frqfoxvlrq ri
wkh sdshu lv wkdw d vshfl?f surgxfwlylw| vkrfn/ zkhq lw lv shupdqhqw/ kdv d
kljkhu lpsdfw rq wkh fxuuhqw dffrxqw wkdq rq wkh grphvwlf lqyhvwphqw1 Exw
hvwlpdwlrqv rq J: frxqwulhv frqfoxgh wr wkh rssrvlwh= lqvwhdg ri ehlqj ohvv
wkdq rqh/ wkh udwlr lv pruh wkdq wzr1 Wkdw lv zkdw lv fdoohg wkh Jolfn dqg
Urjr>*v sdudgr{1

Wkh dxwkruv h{sodlq wkh sdudgr{ e| hyrnlqj wkh qhdu qrq0vwdwlrqdulw|
ri surgxfwlylw| vkrfn1 Xvlqj qxphulfdo vlpxodwlrqv/ wkh| vkrz wkdw d zhdn
yduldwlrq lq wkh shuvlvwhqfh ri surgxfwlylw| vkrfn +wkh dxwruhjuhvvlyh frh!0
flhqw lq wkh xqlyduldwh ghfrpsrvlwlrq,/ kdv d elj lpsdfw rq wkh pdjqlwxgh
ri wkh vshfl?f surgxfwlylw| frh!flhqw lq wkh wzr htxdwlrqv1 Dv wkh shulrg
ohqjwk grhvq*w doorz wr glvfulplqdwh ehwzhhq wkhvh zhdn gl>huhqfhv/ wkh shu0
pdqhqw ru wudqvlwru| qdwxuh ri surgxfwlylw| vkrfnv uhpdlqv d frqwuryhuvldo
srlqw/ vr wkdw wklv h{sodqdwlrq lv qrw frqylqflqj dqg fdvwv vrph grxewv rq
wkh ydolglw| ri wkh dssurdfk1 Rwkhu dxwkruv kdyh fkdoohqjhg wkh sdudgr{1

Lvfdq +5333, h{whqgv wkh dqdo|wlfdo iudphzrun wr d wzr0vhfwruv hfrqrp|/
surgxflqj wudgdeoh dqg qrqwudgdeoh jrrgv1 Vlqfh iru qrqwudgdeoh jrrgv/
surgxfwlrq htxdov frqvxpswlrq/ vshfl?f qrqwudgdeoh surgxfwlylw| vkrfnv
kdyh dq lghqwlfdo lpsdfw rq lqyhvwphqw dqg fxuuhqw dffrxqw1 Khqfh/ li
d odujh sduw ri surgxfwlylw| vkrfnv rffxuv lq wkh qrqwudgdeoh vhfwru/ wkh
frh!flhqw rq surgxfwlylw| lq wkh fxuuhqw dffrxqw dqg lqyhvwphqw htxdwlrqv
duh qhdu wkh vdph1 Exw wklv h{sodqdwlrq lv xqvdwlvidfwru| iru wkuhh uhdvrqv1
Iluvwo|/ lq wkh prgho/ qrq wudgdeoh uhodwlyh sulfh lv h{rjhqrxv/ doehlw lw lv
d>hfwhg e| surgxfwlylw| vkrfnv +fi1/ Edodvvd/ 4<97/ dqg pruh uhfhqwo| Urjr>/
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4<<5,1 Vhfrqgo|/ dw wkh h{wuhph olplw/ zkhq doo wkh surgxfwlylw| vkrfnv rffxu
lq wkh qrqwudgdeoh vhfwruv/ wkh prgho frqfoxghv wr dq htxdolw| ehwzhhq wkh
wzr frh!flhqwv/ zkhuhdv lq wkh Jolfn dqg Urjr> +4<<8, hvwlpdwlrqv/ wkh|
duh rssrvhg wr wkhlu wkhruhwlfdo rughu1 Wklugo|/ lw lv gl!fxow wr eholhyh wkdw
wkh pdmru vrxufh ri surgxfwlylw| lv lq wkh qrqwudgdeoh vhfwru/ dv riwhq wkh
lqyhuvh lv vxssrvhg wr eh wuxh1 Lq idfw/ wkh dxwkru grhvq*w vroyh wkh sdudgr{1
Wkrxjk sursrvlqj d frpsohwh frqvlvwhqw lqwhuwhpsrudo dssurdfk/ kh vwuhvvhv
wkh gl>huhqfh lq gdwd vrxufhv dv dq h{sodlqlqj idfwru1

Nhqw +4<<:, surylghv dqrwkhu h{sodqdwlrq1 Lq lwv furvv0frxqwu| vwxg|
ri fxuuhqw dffrxqw g|qdplf/ wkh dxwkru frqvlghuv dqrwkhu vkrfn d>hfwlqj
lqfrph= whupv ri wudgh yduldwlrq/ dorqj zlwk surgxfwlylw| vkrfnv1 Khqfh/
Jolfn dqg Urjr> hvwlpdwlrqv frxog eh vxemhfw wr dq rplwwhg yduldeoh eldv1
Dffruglqj wr wkh lqwhuwhpsrudo dssurdfk/ wkh fxuuhqw dffrxqw uhvsrqvh wr d
whup ri wudgh vkrfn ghshqgv rq lwv shuvlvwhqfh1 Li wkh vkrfn lv shupdqhqw/
vdylqj uhpdlqv frqvwdqw/ zkhuhdv lqyhvwphqw lqfuhdvhv/ vr wkdw wkh lqvwdq0
wdqhrxv h>hfw lv qhjdwlyh1 Li wkh vkrfn lv wudqvlwru|/ vdylqj lqfuhdvhv/ dv
wkh frqvxphu vprrwkv frqvxpswlrq/ vr wkdw wkh fxuuhqw dffrxqw h>hfw lv
xqghwhuplqdwh +fi1/ Shuvvrq dqg Vyhqvvrq/ 4<;8,1

Lq wkdw sdshu/ L wu| wr lpsuryh wkh Lqwhuwhpsrudo prgho ri dq rshq
hfrqrp|/ dqg wr vroyh wkh sdudgr{/ e| hvwlpdwlqj vwuxfwxudo htxdwlrqv rq
J: frxqwulhv1 Dv lw uhpdlqv dq rshq lvvxh iru d orqj wlph/ L dp qrw lq0
whuhvwhg lq wkh rssrvlwlrq ehwzhhq wudqvlwru| dqg shupdqhqw surgxfwlylw|
vkrfnv/ dqg frqvlvwhqwo| zlwk d eurdg udqjh ri wkh olwhudwxuh/ L frqvlghu rqo|
shupdqhqw surgxfwlylw| vkrfnv1 Iluvw/ L dp suhrffxslhg e| wkh lpsdfw ri
uhdo lqwhuhvw udwhv1 Dv wkh dssurdfk frqvlghuv lqwhuwhpsrudo ghflvlrqv/ lw
lv vxusulvlqj wr qhjohfw uhdo lqwhuhvw udwh yduldwlrqv1 Rq wkh shulrg/ wkh|
kdyh ehhq lpsruwdqw/ dqg rqh fdq uhdvrqdeo| frqvlghu wkdw wkh| kdyh di0
ihfwhg vdylqj dqg lqyhvwphqw ghflvlrqv1 Vr L lqwurgxfh h{rjhqrxv lqwhuhvw
udwh yduldwlrqv gxh wr vwlfn| sulfhv1 Vhfrqg/ L frqvlghu wkdw qdwlrqdo surgxf0
wlrqv duh lpshuihfwo| vxevwlwxwdeoh1 Khqfh/ L rssrvh grphvwlf surgxfwlylw|
wr iruhljq surgxfwlylw| lqvwhdg ri vshfl?f yhuvxv frpprq surgxfwlylw|1 Lq
wkdw fdvh/ uhodwlyh sulfh h>hfwv duh lpsruwdqw1 Dv J: hfrqrplhv duh elj
rqhv/ whupv ri wudgh frxog eh hqgrjhqrxv/ htxloleudwlqj wkh zruog pdunhw
iru grphvwlf jrrg1 Vr/ L vwxg| wkhlu h{rjhqhlw| zlwk surgxfwlylw| vkrfnv1
Wklug/ L vkrz wkdw wkh Jolfn dqg Urjr>*v sdudgr{ pljkw vlpso| uh hfw wkh
edg phdvxuh ri surgxfwlylw| zkhq Wrwdo Idfwru Surgxfwlylw| lv xvhg1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorz1 Lq wkh vhfrqg vhfwlrq/ L
suhvhqw wkh prgho1 L fdofxodwh lqyhvwphqw g|qdplf/ frqvxpswlrq g|qdplf/
dqg fxuuhqw dffrxqw uhvsrqvhv wr vkrfnv1 L rewdlq wkh wzr ixqgdphqwdo
htxdwlrqv uhodwlqj fxuuhqw dffrxqw dqg lqyhvwphqw yduldwlrqv wr vkrfnv lq
wkh uhdo lqwhuhvw udwh dqg grphvwlf surgxfwlylw|1 Lq wkh wklug vhfwlrq/ h{0
whqglqj wkh prgho wr d wzr frxqwulhv zruog hfrqrp|/ L lqwurgxfh wkh h>hfwv
ri whupv ri wudgh dqg iruhljq surgxfwlylw|1 Lq wkh irxuwk vhfwlrq/ L hvwlpdwh
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lqyhvwphqw dqg fxuuhqw dffrxqw htxdwlrq rq J: frxqwulhv/ lqglylgxdoo| dqg
srrohg1 Iluvwo|/ L uhdol}h vwdqgdug uhjuhvvlrqv/ vlplodu wr wkrvh ri Jolfn dqg
Urjr> +4<<8,1 Vhfrqgo|/ L vwxg| surgxfwlylw| dqg jurzwk/ dqg prgli|lqj
hvwlpdwlrqv/ L suhvhqw dq h{sodqdwlrq wr wkh Jolfn Urjr> sdudgr{1 Vhfwlrq
?yh suhvhqwv vrph frqfoxglqj uhpdunv dqg h{whqvlrqv1

5 Wkhruhwlfdo Prgho

Qdwlrqdo dffrxqw lghqwlw| hqvxuhv wkdw wkh fxuuhqw dffrxqw/ FD/ htxdov wkh
gl>huhqfh ehwzhhq surgxfwlrq/ \ / dxjphqwhg e| h{whuqdo uhsd|phqw rq h{0
whuqdo fodlpv/ +Uý 4,E> dqg frqvxpswlrq dxjphqwhg e| lqyhvwphqw/ F . L

FD| @ \| ý +F| . L|, . +U| ý 4,E| +4,

Lqyhvwphqw dqg vdylqj ghflvlrqv ehlqj lqwhuwhpsrudo/ wkh fxuuhqw dffrxqw
uh hfwv d fdofxoxv pdgh e| wkh djhqw frqfhuqlqj dqwlflsdwhg uhyhqxh1 Vr/
vshfli|lqj \> wkh vkrfnv d>hfwlqj surgxfwlrq/ dqg h{shfwdwlrqv pdgh e| wkh
djhqw/ rqh fdq vwxg| wkh fxuuhqw dffrxqw g|qdplf1

Dv wr vlpsoli|/ L gr qrw frqvlghu fdslwdo ghsuhfldwlrq/ lqyhvwphqw htxdov
wkh gl>huhqfh ehwzhhq vxffhvvlyh fdslwdo vwrfnv = L| @ N| ýN|3�= L xvh d
vwdqgdug surgxfwlrq ixqfwlrq lq zklfk lqyhvwphqw lpso| dq dgmxvwphqw frvw/
uhsuhvhqwhg e| d txdgudwlf whup/ dqg fdslwdo hqwhuv surgxfwlrq vwdjh zlwk
rqh odj1 Vr/ wkh surgxfwlrq ghshqgv srvlwlyho| rq wkh surgxfwlylw| ohyho/ D|/
dq h{rjhqrxv yduldeoh/ rq wkh fdslwdo dydlodeoh gxulqj wkh sdvvhg shulrg/
N|3�/ dqg ghshqgv qhjdwlyho| rq wkh lqyhvwphqw ri wkh fxuuhqw shulrg=

\| @ D|N
k
|3�
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+5,

L frqvlghu wkuhh vrxufhv ri vkrfnv1 Iluvw/ uhdo lqwhuhvw udwh vkrfnv1 Wkrxjk
wkh uhdo lqwhuhvw udwh/ uhpdlqv d vwdwlrqdu| yduldeoh/ lw  xfwxdwhv durxqg lwv
phdq1 Wkhvh yduldwlrqv uh hfw lpshuihfw sulfh dgmxvwphqwv wkdw duh vwrfkdv0
wlf lqvwhdg ri ehlqj ghwhuplqlvw1 Dv wkh| d>hfw wkh glvfrxqw idfwru/ wkh| kdyh
qrq olqhdu h>hfwv/ dqg htxdwlrqv kdyh wr eh olqhdul}hg1 L olqhdul}h rqo| dw
wkh ?uvw rughu dqg L vxssrvh wkdw wkh uhdo lqwhuhvw udwh iroorzv d ?uvw rughu
dxwruhjuhvvlyh surfhvv durxqg lwv phdq4=

ý
U| ýU

ü
@ ã

ý
U|3� ýU

ü
. %-| 3 ? ã ? 4 dqg %-| ì llg+3>â2-, +6,

Vhfrqg/ L frqvlghu grphvwlf dqg uhvw ri wkh zruog surgxfwlylw| vkrfnv1
Lq wklv vhfwlrq/ wr vlpsoli| wkh suhvhqwdwlrq/ L lqwurgxfh rqo| grphvwlf sur0
gxfwlylw|/ D1 Vkrfnv duh dvvxphg wr eh shupdqhqw1 Wklv lpsolhv wkdw doo

4Dexvlyho| -| lv fdoohg wkh uhdo lqwhuhvw udwh/ wkrxjk lw lv rqh soxv lw1
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wkh surgxfwlylw| yduldwlrqv duh xqh{shfwhg1 Vr/ wkh vkrfn/ %ø/ lv vlpso| wkh
gl>huhqfh ehwzhhq wzr surgxfwlylw| ohyhov=

D| @ D|3� . %ø| dqg %ø| ì llg+3>â2ø, +7,

Wklug/ L frqvlghu whupv ri wudgh vkrfnv1 Xqghu vrph frqglwlrqv/ rqh fdq
vkrz wkdw wkh| lpsdfw fxuuhqw dffrxqw dqg lqyhvwphqw lq wkh vdph zd| dv
grphvwlf surgxfwlylw|1 Vr/ lq wkdw vhfwlrq/ L dyrlg wkhp iurp pdwkhpdwlfdo
fdofxoxv1 Lq wkh qh{w vhfwlrq/ L zloo lqwurgxfh wkhp zlwkrxw frqvwudlqlqj
wkhlu shuvlvwhqfh1

Wkh zd| lq zklfk wkhvh vkrfnv d>hfw lqyhvwphqw dqg fxuuhqw dffrxqw
ghshqgv rq wkhlu h>hfw rq wkh h{shfwhg sur?wdelolw| ri lqyhvwphqw dqg vr
rq uhyhqxh1 Vr L ehjlq wr vwxg| wkh lq xhqfhv rq fdslwdo vwrfn1

514 Lqyhvwphqw dqg Fdslwdo

Lqyhvwru pd{lpl}hv wkh dfwxdol}hg vxp ri h{shfwhg sur?wv/ wdnlqj dffrxqw
ri h{shfwhg surgxfwlylw|/ h{shfwhg uhdo lqwhuhvw udwh/ dqg lqyhvwphqw frvw5=

Pd{
"[
R'f

H|

%
R\
&'f

U3�|n& +\|nR ý L|nR,
&

+8,

Dw wkh htxloleulxp/ wkh lqyhvwphqw frvw ri d rqh dgglwlrqdo xqlw ri fdslwdo
lq wkh suhvhqw shulrg htxdov wr lwv h{shfwhg dfwxdol}hg pdujlqdo surgxfwlylw|
lq w. 4 +vlqfh wkh fdslwdo lqyhvwhg hqwhuv surgxfwlrq vwdjh zlwk rqh shulrg
odj,/ dxjphqwhg e| wkh glplqlvklqj frvw ri dgmxvwphqw lq wkh qh{w shulrg
+gxh wr wkh lqfuhdvh lq wkh fdslwdo vwrfn, dqg e| wkh uhvlgxdo ydoxh ri fdslwdo
iru shulrgv diwhu=

C\|
CN|

@ H|

é
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U|n�

C\|n�
CN|n�

è
+9,

Wklv sureohp lv d vwrfkdvwlf rswlpl}dwlrq sureohp1 Vlqfh lw lv d qrq
olqhdu vhfrqg rughu sureohp/ lw lv vroydeoh/ exw lqyroyhv olqhdul}dwlrq61 Wkh
vroxwlrq lv jlyhq e| Deho Eodqfkdug +4<;7, ru Vkdslur +4<;9,1 Dgdswlqj wkh
dxwkruv*v uhvxowv wr wkh prgho/ rqh fdq vkrz wkdw wkh olqhdul}hg g|qdplf iru
fdslwdo vwrfn lv=

N| @ èfN|3� .
"[
ð'f

èð� ^ð-H|+U|nð, . ðøH|+D|nð,` +:,

5Frqyhqwlrqdoo|/ .|Ef|nRä ghqrwhv wkh h{shfwdwlrq pdgh e| wkh djhqw lq | frqfhuqlqj
wkh ydoxh ri f R shulrgv ixuwkhu1 Qrwh wkdw wklv lq wkh fdvh frqvlghuhg/ wkh sulfh ri fdslwdo
uhpdlqv frqvwdqw/ e| rssrlwlrq wr rwkhu vwxglhv frqfhuqhg xqltxho| zlwk lqyhvwphqw1

6Vhh Vdujhqw +4<;:,/ 6660679/ iru d jhqhudo suhvhqwdwlrq dqg glvfxvvlrq ri wklv whfkqlf1
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Zkhuh èf dqg è3�� duh wkh urrwv ri wkh fkdudfwhulvwlf htxdwlrq ghulyhg
iurp wkh olqhdul}hg Hxohu htxdwlrq7= 3 ? èf ? 4 dqg 3 ? è� ? U

3�
1 Wkh

fdslwdo vwrfn lq wkh suhvhqw shulrg htxdov wkh vwrfn lq wkh sdvvhg shulrg
lqfuhdvhg e| d srvlwlyh ixqfwlrq ri wkh wrwdo h>hfw ri vkrfnv d>hfwlqj lwv
suhvhqw h{shfwhg sur?wdelolw|1 Zlwkrxw fdofxoxv/ rqh fdq ghwhuplqdwh wkh
vljq ri wkh ð frh!flhqwv1 Dq h{shfwhg lqfuhdvh lq uhdo lqwhuhvw udwh/ wkh
glvfrxqw idfwru/ glplqlvkhv wkh dfwxdol}hg pdujlqdo fdslwdo ydoxh/ vr ð- lv
qhjdwlyh1 E| rssrvlwlrq/ dq h{shfwhg lqfuhdvh lq surgxfwlylw| lqfuhdvhv wkh
sur?wdelolw|/ vr ðø lv srvlwlyh1 Ri frxuvh/ wkh lqghshqghqfh ehwzhhq uhdo
lqwhuhvw udwh dqg surgxfwlylw| g|qdplfv lv d fhqwudo dvvxpswlrq ehklqg wklv
uhdvrqlqj1

Xvlqj wkh fdslwdo g|qdplf/ wkh htxdwlrq :/ dw shulrgv w dqg w ý 4/ dqg
dsso|lqj wkh udwlrqdo h{shfwdwlrqv rshudwru/ rqh rewdlqv wkh lqyhvwphqw g|0
qdplf dv d ixqfwlrq ri sdvvhg lqyhvwphqw/ uhdo lqwhuhvw udwh dqg surgxfwlylw|
yduldwlrq1 Khqfh/ lqyhvwphqw*v yduldwlrq rewdlqhg e| vxevwudfwlqj L|3�> lv
jlyhq e| wkh iroorzlqj uhodwlrq8=

üL| @ +èf ý 4,
ý

L|3� . $-
ý
üU| . $ø

.
üD| +;,

Wkh frh!flhqw rq odjjhg lqyhvwphqw lv qhjdwlyh vlqfh èf ? 41 Wkh frhi0
?flhqw rq wkh uhdo lqwhuhvw udwh lv qhjdwlyh wrr/ dqg lqfuhdvh lq devroxwh whup
zlwk wkh shuvlvwhqfh ri wkh vkrfn1 Ilqdoo|/ wkh frh!flhqw rq surgxfwlylw|
yduldwlrq lv srvlwlyh1

515 Frqvxpswlrq G|qdplf

Rq wkh ghpdqg vlgh/ wkh uhsuhvhqwdwlyh djhqw pd{lpl}hv lwv h{shfwhg lq0
whuwhpsrudo xwlolw|/ X|/ zklfk htxdov wkh dfwxdol}hg vxp ri lqvwdqwdqhrxv
dqwlflsdwhg xwlolwlhv/ Y|nR =

X| @
"[
R'f

+4 . ñ,3RH +Y|nR, +<,

Zkhuh ñ lv wkh vxemhfwlyh udwh ri wlph suhihuhqfh1 Wr vlpsoli| fdofxoxv/ L
frqvlghu wkh iroorzlqj lqvwdqwdqhrxv xwlolw| ixqfwlrq/ zklfk lv wkh txdgudwlf

7g|3� n @fg| n @�.|g|n� ' 3ò.|f|n�/ zlwk ò dqg f| duh wzr yhfwruv uhsuhvhqwlqj
ghwhuplqdqwv ri lqyhvwphqw dqg wkhlu lpsdfw1

8Zkhuh Wkh uhvxow lv rewdlqhg e| frqvlghulqj wkh iroorzlqj uhodwlrq/ U| ' bfU|3� nS"
ð'f b

ð
� d.|Ef|nðä3 .|3�Ef|nð3�äo/ ghulydwhg iurp :1 Khqfh/ /- ' ò-* E�3 b�4ä dqg

/ø ' òø* E�3 b�ä é Dv vkrzq e| Jolfn dqg Urjr>/ lq wkh fdvh zkhuh surgxfwlylw| vkrfnv
duh wudqvlwru|/ wkh rqo| fkdqjh lq wkh lqyhvwphqw g|qdplf frqfhuqv /ø1
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ixqfwlrq9=

Y|nR @ F|nR ý â
5
F2|nR +43,

Vlqfh wkh rswlpxp lpsolhv d qrq qhjdwlyh pdujlqdo xwlolw| frqvxpswlrq/
L dvvxph wkdw â/ wkh srvlwlyh sdudphwhu/ lv olwwoh hqrxjk iru lwv lqyhuvh wr eh
vxshulru dw wkh vwdwlrqdu| frqvxpswlrq ohyho/ F1

Lq dq rshq hfrqrp|/ wkh djhqw gl>huv wkh lpsdfwv rq lwv uhyhqxh e|
vprrwklqj lwv frqvxpswlrq= kh fdq eruurz +ohqg, iurp wkh uhvw ri wkh zruog
wr ?qdqfh lwv frqvxpswlrq wrgd| +wrpruurz,1 li E| lv wkh qhw vwrfn ri fodlpv
rq wkh uhvw ri wkh zruog/ wkhq qrwlqj wkdw üE|n� @ FD|/ rqh fdq h{suhvv
wkh qhw zhdowk g|qdplf xvlqj wkh fxuuhqw dffrxqw htxdwlrq/ wkh htxdwlrq 4=

E|n� @ U|E| . +\| ý L|,ýF| +44,

Dw wkh rswlpxp/ wkh frqvxpswlrq sdwk ?oov wzr frqglwlrq1 Iluvw/ lq hdfk
shulrg/ wkh pdujlqdo xwlolw| ri fxuuhqw frqvxpswlrq htxdov lwv rssruwxqlw|
frvw/ wkh pdujlqdo dfwxdol}hg xwlolw| ri vdylqj lq wkh fxuuhqw shulrg dqg
frqvxplqj dw wkh qh{w shulrg:1 Vhfrqg/ ryhu wkh olihwlph/ wkh lqwhuwhpsrudo
frqvwudlqw lv uhvshfwhg= wkh h{shfwhg suhvhqw ydoxh ri lqghewhgqhvv htxdov
wkh suhvhqw h{shfwhg fodlp rq wkh uhvw ri wkh zruog1

Iru wklv sureohp wr kdyh d vroxwlrq/ lw fdq eh vkrzq wkdw wkh htxdolw|
ehwzhhq wkh glvfrxqw idfwru dqg wkh phdq uhdo lqwhuhvw udwh lv d qhfhvvdu|
frqglwlrq;1 Vr/ e| k|srwkhvlv/ U @ 4 . ñ1 Olqhdul}lqj wkh Hxohu htxdwlrq
dvvrfldwhg zlwk wkh frqvxphu sureohp dqg ghqrwlqj e| d plqxvfxoh wkh uhdo
lqwhuhvw udwh fhqwhuhg durxqg lwv phdq<=

H|+F|n�, @ F| . ìH| +u|n�, ì A 3 +45,

Doehlw wkh xwlolw| ixqfwlrq lv lghqwlfdo/ wkh frqvxpswlrq grhvq*w iroorz
wkh vdph g|qdplf dv lq Kdoo +4<:;, vhplqdo sdshu +d udqgrp zdon,1 Lw lv
frpsdudeoh wr wkdw ri Kdoo +4<;9,1 Zkhq uhdo lqwhuhvw udwh  xfwxdwhv/ exw
uhpdlqv vwdwlrqdu|/ wkh frqvxpswlrq iroorzv d udqgrp zdon zlwk dq gdpshg

9Frqvlghulqj d FUUD ixqfwlrq zrxogq*w d>hfw txdolwdwlyh uhvxowv vlqfh olqhdul}dwlrq lv
pdgh dw wkh ?uvw rughu1
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;Wklv h{sodlqv zk| vkrfnv d>hfwlqj uhdo lqwhuhvw udwh qhhg wr eh wudqvlwru|/ dqg vr zk|
L dvvxph d vwdwlrqdu| uhdo lqwhuhvw udwh/ wkrxjk/ rq wkh hpslulfdo vlgh/ uhjduglqj wkh odvw
wkluw| |hduv/ wklv lv doo exw vxuh1
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guliw1 Wkh h{shfwhg frqvxpswlrq sdwk lv lqfuhdvlqj zkhq wkh h{shfwhg uhdo
lqwhuhvw udwh lv deryh lwv phdq1 Wklv lqwhuwhpsrudo vxevwlwxwlrq h>hfw fdq eh
h{sodlqhg e| dsso|lqj wkh udwlrqdo h{shfwdwlrq rshudwru wr wkh htxdwlrq BB1
Li wkh h{shfwhg uhdo lqwhuhvw udwh lv deryh lwv phdq/ lw lv ehfdxvh d srvlwlyh
vkrfn kdv rffxuuhg dw wkh suhvhqw shulrg/ d sduw ri zklfk zloo eh gdpshg
wrpruurz1 Khqfh/ frqvxpswlrq ghfuhdvhv wrgd|/ zkhq uhdo lqwhuhvw udwh lv
dw lwv kljkhvw ohyho/ dqg lqfuhdvhv wrpruurz/ zkhq/ wkrxjk uhpdlqlqj deryh
lwv phdq/ lw lv ehorz lwv suhvhqw ohyho1

Htxdwlrq 45 h{suhvvhv wkh h{shfwhg frqvxpswlrq yduldwlrq/ qrw wkh df0
wxdo rqh1 Wr rewdlq dfwxdo frqvxpswlrq yduldwlrqv/ frqvlghu wkh lqwhuwhp0
srudo frqvwudlqw/ zklfk htxdol}hv wkh dfwxdol}hg qhw lqfrph  rzv +OKV,/ wr
wkh dfwxdol}hg frqvxpswlrq  rzv +UKV,=
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Lq wklv htxdwlrq/ wkh OKV lv wkh qhw suhvhqw h{shfwhg shupdqhqw lqfrph/
\ R dxjphqwhg e| wkh ?qdqfldo zhdowk1 Lw lv lpsdfwhg lq wzr zd|v e| lqwhu0
hvw udwh yduldwlrqv= wkh vxevwlwxwlrq h>hfw frplqj iurp wkh uhylvlrq ri wkh
uhyhqxh vhtxhqfh iroorzlqj d surgxfwlylw| vkrfn/ \ �/ dqg wkh zhdowk h>hfw1
Dsshqgl{ 414 vkrzv wkdw xvlqj wkh frqvwudlqw dqg jhqhudol}lqj wkh htxdwlrq
45 s shulrgv dkhdg/ rqh rewdlqv wkh dfwxdo yduldwlrq lq wkh frqvxpswlrq=

üF| @
Uý 4
U

kh\ �| ý ïf%-| l. ìãu|3� ïf A 3 +47,

Zkhuh ïf lv gh?qhg lq wkh dsshqgl{ 414/ dqg d wlogh ghqrwhv wkh h{shf0
wdwlrq yduldwlrq rq wkh vdph yduldeoh ehwzhhq wzr frqvhfxwlyh shulrgv431 Dw
wkh vwdwlrqdu| htxloleulxp/ frqvxpswlrq sdwk lv  dw= lw vlpso| htxdov wr wkh
 rz dvvrfldwhg zlwk shupdqhqw lqfrph1 Dfwxdo frqvxpswlrq yduldwlrq lv wkh
vxp ri dq h{shfwhg fkdqjh gxh wr wkh uhdo lqwhuhvw udwh phdq uhyhuwlqj/ dqg
d xqh{shfwhg fkdqjh gxh wr wkh prgl?fdwlrq ri wkh qhw shupdqhqw lqfrph1
Khqfh/ wr fdofxodwh frqvxpswlrq yduldwlrq/ rqh pxvw fdofxodwh wkh uhylvlrq
ri dqwlflsdwlrq rq wkh qhw shupdqhqw lqfrph h\ �| 1 Olqhdul}lqj surgxfwlrq
ixqfwlrq/ htxdwlrq 5/ |lhogv =

\| @ òøD| . ògN|3� . òUL| e| gh?qlwlrq/ òø> òg A 3 dqg òU ? 3 +48,

Zlwk òg dqg òø srvlwlyh dqg òU qhjdwlyh1 Vr fxuuhqw dffrxqw lv d>hfwhg
e| uhdo lqwhuhvw udwh vkrfnv rqo| wkurxjk wkhlu lqgluhfw h>hfw rq lqyhvwphqw/
zkhuhdv surgxfwlylw| vkrfnv lpsdfw lw wkurxjk wklv fkdqqho wkh gluhfw rqh1

43 hf|nR ' .| Ef|nRä3 .|3�Ef|nRä
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Khqfh/ li lw lv fohdu wkdw dq srvlwlyh uhdo lqwhuhvw udwh vkrfn lqfuhdvhv fxuuhqw
uhyhqxh +vlqfh lw glplqlvkhv fxuuhqw lqyhvwphqw,/ wkh wrwdo lpsdfw ri surgxf0
wlylw| lv xqghwhuplqdwh1 Rq wkh rwkhu vlgh/ wkh h>hfw rq shupdqhqw lqfrph
duh zhoo nqrzq1 Xvlqj surshuwlhv ri wkh h{shfwdwlrqv*v yduldwlrq/ dsshqgl{
415 vkrzv wkdw vxpplqj dqwlflsdwlqj huuruv rq lqyhvwphqw dqg fdslwdo vwrfn/
rqh rewdlqv =
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Vlqfh "� lv srvlwlyh dqg $- lv qhjdwlyh/ wkh qhw shupdqhqw lqfrph h{shf0
wdwlrq ghfuhdvhv zlwk d uhdo lqwhuhvw udwh vkrfn= wkh h{shfwdwlrq lq shulrg
w/ diwhu revhuydwlrq ri wkh vkrfn/ lv ehorz wkh h{shfwdwlrq lq wý 41 Lq wkdw
fdvh/ wkrxjk vwdwlrqdu| fdslwdo vwrfn uhpdlqv wkh vdph/ sodqqhg lqyhvwphqw
lv vorzhg/ dqg vr/ suhvhqw uhyhqxh wrr1 Wkh pruh shuvlvwhqw lv wkh uhdo lq0
whuhvw udwh vkrfn/ wkh pruh lpsruwdqw lv wkh yduldwlrq ri wkh h{shfwhg qhw
shupdqhqw lqfrph gxh wr lw1 E| rssrvlwlrq/ d srvlwlyh surgxfwlylw| vkrfn
lpsolhv d idyrudeoh uhylvlrq ri wkh qhw shupdqhqw lqfrph/ ?uvwo| e| wkh gl0
uhfw h>hfw +wkh shupdqhqw dfwxdol}hg h{rjhqrxv lqfuhdvh lq wkh uhyhqxh,/ dqg
vhfrqgo|/ e| wkh uhylvlrq ri lqyhvwphqw sodqqlqj +wklv h>hfw lv 4v|pphwulf4
wr wkh lqwhuhvw udwh h>hfw,1

Xvlqj htxdwlrq 49 lqwr htxdwlrq 47 |lhogv wkh dfwxdo frqvxpswlrq ydul0
dwlrq lq ixqfwlrq ri surgxfwlylw| vkrfn dqg uhdo lqwhuhvw udwh vkrfn=
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Frqvxpswlrq lqvwdqwdqhrxvo| glplqlvkhv zlwk d uhdo lqwhuhvw udwh vkrfn/
dqg lqfuhdvhv zlwk d surgxfwlylw| vkrfn1 Xvlqj wkh htxdwlrq 6/ rqh fdq
vkrz wkdw lwv lpsdfw lv vwurqjhu rq wkh frqvxpswlrq wkdq rq fxuuhqw lqfrph1
Khqfh/ vdylqj ghfuhdvhv zlwk d surgxfwlylw| vkrfn441

516 Fxuuhqw Dffrxqw

Htxdwlrqv ;/ 6 dqg 4: ghfrpsrvh lqyhvwphqw/ surgxfwlrq dqg frqvxpswlrq
g|qdplfv lq ixqfwlrq ri h{rjhqrxv vkrfnv1 Vr/ rqh fdq vwxg| wkh fxuuhqw
dffrxqw yduldwlrq=

üFD| @ +U| ý 4,FD|3� .ü+\ ý L ýF,| +4;,
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Xvlqj wkhvh htxdwlrqv dqg vxevwlwxwlqj L|3� iru üN|3�/ rqh fdq ?qg/ lq
wkh dsshqgl{ 416/ wkh htxdwlrq iru wkh fxuuhqw dffrxqw1 Xvlqj wkh g|qdplfv
ri h{rjhqrxv yduldeoh/ htxdwlrqv 6 dqg 7/ rqh fdq h{suhvv wklv htxdwlrq lq
ixqfwlrq ri revhuydeoh yduldeohv lqvwhdg ri vwuxfwxudo vkrfnv +wkh wzr ehlqj
gl>huhqw lq wkh fdvh ri uhdo lqwhuhvw udwh vlqfh lw lv phdq0uhyhuwlqj,=

üFD| @ !fU. *2L|3� . +U| ý 4,FD|3� +4<,

ý *2$ø

Uý èf
üD| . !�üU| ý !fU|3�

Doo wkh frh!flhqw vljqv duh nqrzq h{fhswhg !f/ vr wkdw wkh frqvwdqw
dqg wkh frh!flhqw rq odjjhg uhdo lqwhuhvw udwh duh xqnqrzq/ exw ri rssrvlwh
vljq1 Dv *2 A 3/ odjjhg lqyhvwphqw kdv d srvlwlyh lpsdfw rq fxuuhqw dffrxqw=
?uvw lw kdv lqfuhdvh fxuuhqw fdslwdo dqg vhfrqg lw kdv uhgxfhg wkh qhhg iru
ixuwkhu lqyhvwphqw1 Odjjhg fxuuhqw dffrxqw wrr kdv d srvlwlyh lpsdfw/ gxh
wr wkh yduldwlrq ri wkh qhw fodlp dqg vr wkh lqfuhdvh lq ?qdqfldo uhyhqxhv1 D
srvlwlyh surgxfwlylw| vkrfn/ üD|/ ghfuhdvhv wkh fxuuhqw dffrxqw1 Lq devroxwh
whup/ wkh frh!flhqw lv kljkhu wkdq lq wkh lqyhvwphqw htxdwlrq vlqfh/ dv vhhq/
frqvxpswlrq lqfuhdvhv pruh wkdq fxuuhqw uhyhqxh1 D srvlwlyh uhdo lqwhuhvw
udwh yduldwlrq lqfuhdvhv lw1

6 Whupv ri Wudgh lqwurgxfwlrq

Doehlw Lvfdq +5333, irxqg d qhjoljleoh lpsdfw iru uhodwlyh sulfhv rq fxuuhqw
dffrxqw/ rq d wkhruhwlfdo jurxqg/ lw lv zlvh wr prgho wudghg jrrgv dv lpshu0
ihfw vxevwlwxwh1 Pruhryhu/ wklv uhvxow lv rssrvhg wr wkdw ri Phqgr}d +4<<8,/
zkr/ lq d furvv frxqwu| vwxg|/ hvwlpdwhv wkdw whupv ri wudgh yduldwlrqv fdq
dffrxqw iru d odujh sduw ri yduldwlrqv lq jurvv grphvwlf surgxfw +qhduo| rqh0
kdoi,1 Vr/ L frqvlghu d wzr jrrgv zruog hfrqrp|/ dq lpsruw dqg dq h{sruw
jrrg1 Wkh djhqw frqvxphv rqo| wkh lpsruw jrrg/ dqg wkh h{sruw jrrg lv
wkh rqo| jrrg surgxfhg e| wkh qdwlrqdo hfrqrp|1 Vr/ whupv ri wudgh/ S|/ duh
wkh uhodwlyh sulfh ri wkh qdwlrqdo surgxfwlrq1 Wkhlu yduldwlrqv d>hfw wkh frq0
vxphu zhdowk dqg vr wkh fxuuhqw dffrxqw1 Khqfh/ wdnlqj wkhp lqwr dffrxqw
pd| lqfuhdvh wkh h{sodqdwru| srzhu ri wkh prgho1

Whupv ri wudgh vkrfnv pd| d>hfw lqyhvwphqw wrr1 Zkhuhdv ihz dxwkruv
kdyh frqvlghuhg wkh ruljlq ri wkh fdslwdo vwrfn dv d srvvleoh frqglwlrq iru
wkhvh vkrfnv wr d>hfw lqyhvwphqw g|qdplf/ wkh fdvh zkhuh wkh fdslwdo lv
lpsruwhg pxvw eh vhsdudwhg iurp wkh fdvh zkhuh lw lv surgxfhg grphvwlfdoo|1
Lq wkh odwwhu/ dq lqfuhdvh lq whupv ri wudgh/ kdv qr h>hfw rq lqyhvwphqw lq
wkh prgho/ vlqfh fdslwdo dqg h{sruw jrrg duh wkh vdph jrrgv dqg kdyh wkh
vdph sulfh1 Khqfh/ dq lqfuhdvh lq whupv ri wudgh kdv wkh vdph h>hfw rq
pdujlqdo surgxfwlylw| dqg rq pdujlqdo frvw1 Lq wkh fdvh zkhuh fdslwdo lv
lpsruwhg/ dq lqfuhdvh lq whupv ri wudgh/ lqfuhdvlqj pdujlqdo surgxfwlylw|
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Wdeoh 4= Whupv ri wudgh ghfrpsrvlwlrq +dxwruhjuhvvlyh frh!flhqw,

ydoxh ri fdslwdo/ zlwkrxw prgli|lqj lwv frvw/ lqfuhdvhv lqyhvwphqw1 Lw kdv
wkh vdph lpsdfw dv d surgxfwlylw| vkrfn1 Dv dfwxdoo|/ fdslwdo lv lpsruwhg
dqg surgxfhg grphvwlfdoo|/ whupv ri wudgh vkrfnv pxvw lpsdfw srvlwlyho|
lqyhvwphqw1

Lq wkh olwhudwxuh/ wkh ghedwh rq wkh h>hfw ri whupv ri wudgh vkrfnv kdv
ehhq frqglwlrqhg rq wkh whpsrudo qdwxuh ri wkh vkrfn +fi1/ Nhqw/ 4<<:,1
Deryh d fhuwdlq ohyho ri shuvlvwhqfh/ wkh whup ri wudgh vkrfn kdv d qhjdwlyh
lpsdfw rq wkh surgxfwlrq glplqlvkhg e| frqvxpswlrq1 Vr/ li wkh vkrfn
lv kljko| shuvlvwhqw/ wkh fxuuhqw dffrxqw zloo ghfuhdvh e| pruh wkdw wkh
lqyhvwphqw zloo lqfuhdvh1 Zkhq doo wkh fdslwdo lv surgxfhg grphvwlfdoo|/ d
whup ri wudgh vkrfn kdv qr lpsdfw rq lqyhvwphqw/ exw rqo| rq frqvxpswlrq
dqg vr rq wkh fxuuhqw dffrxqw1 Khqfh/ frxqwulhv zlwk wkh ohdvw shuvlvwhqw
whupv ri wudgh vkrfnv pd| h{klelw d srvlwlyh uhodwlrqvkls ehwzhhq fxuuhqw
dffrxqw dqg whupv ri wudgh vkrfnv/ dqg frxqwulhv zlwk wkh prvw shuvlvwhqw
whupv ri wudgh vkrfnv pd| vkduh d qhjdwlyh uhodwlrqvkls451

Wdeoh 4 uhsruwv wkh dxwruhjuhvvlyh frh!flhqw rewdlqhg iurp ROV uhjuhv0
vlrq/ ã/ dqg lwv w0udwlr/ w> iru hdfk J: frxqwu|1 Li wkh hvwlpdwhg shuvlvwhqfh
ydulhv dfurvv frxqwulhv/ lw lv qrw fohdu zhwkhu vhulhv duh vwdwlrqdu| ru qrw461
Lq prvw ri wkh fdvhv/ wkh odjjhg ohyho lv qrw vljql?fdqw/ hyhq zkhq vwdqgdug
vljql?fdqfh ohyho duh xvhg1 Khqfh/ whupv ri wudgh vhulhv pd| kdyh dq xqlw0
urrw1 Exw/ rq wkh shulrg/ whupv ri wudgh kdyh ehhq d>hfwhg e| euhdngrzq
+rlo vkrfnv,/ dqg lw lv zhoo nqrzq wkdw wklv fdq plvohdg frqfoxvlrqv rewdlqhg
iurp vwdqgdug DGI0whvw1 Vr/ L wklqn wkhvh uhvxowv duh lqfrqfoxvlyh/ dqg L gr
qrw uhvwulfw vkrfnv wr eh wudqvlwru| ru shupdqhqw1

Lq wklv wzr jrrgv hfrqrp|/ wkhuh fdq*w eh dq| frpprq surgxfwlylw|
vkrfnv1 Exw wkh fxuuhqw dffrxqw lv d>hfwhg e| iruhljq surgxfwlylw|= zkhq
lw lqfuhdvhv/ lw sxvkhv xs wkh ghpdqg iru grphvwlf jrrgv dqg vr wkh fxuuhqw
dffrxqw1 Khqfh/ frqvlghulqj whupv ri wudgh ohdgv wr rssrvh grphvwlf dqg

45 Lw lv wkhruhwlfdoo| srvvleoh wr fdofxodwh wkh dxwruhjuhvvlyh frh!flhqw deryh zklfk wkh
uhodwlrq ehwzhhq whupv ri wudgh dqg fxuuhqw dffrxqw ehfrphv qhjdwlyh1 Wkh whfkqlf lv
qhdu wkh vdph wkdq wkdw xvhg e| Jolfn dqg Urjr> +4<<8, wr h{sodlq wkh sdudgr{1

46 Lq idfw> shuvlhqfh zdv hvwlpdwhg xvlqj wkh vdph uhjuhvvlrq dv lq DGI whvwv/ zlwk rqh
odj dqg d frqvwdqw= {|J|| ' S n 4|J||3� n _{|J||3�1 Vr |0udwlr d>hfwhg wr 4 lv vx!flhqw
wr whvw vwdwlrqdulw|1
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üs|>üd|3� 3136 0313: 03143 3136 03178 0313< 3147

4<:304<<:
üs|>üd| 3134 313; 03173 3145 03145 3186 313:
üs|>üd|3� 3139 0314: 03154 03137 03175 03145 3149

Wdeoh 5= Fruuhodwlrq ehwzhhq whupv ri wudgh dqg surgxfwlylw|

iruhljq surgxfwlylw|1
Dv lw frxog eh wkh dujxhg wkdw iru wkh elj hfrqrplhv frqvlghuhg khuh/

whupv ri wudgh uhvsrqg hqgrjhqrxvo| wr surgxfwlylw| vkrfnv/ L fdofxodwh wkh
h{whqw wr zklfk wkhvh wzr yduldeohv duh fruuhodwhg1 Uhvxowv duh vkrzq lq
wdeoh 5/ iru wzr shulrgv/ dqg xvlqj frqwhpsrudqhrxv ru odjjhg surgxfwly0
lw|1 Wkh ryhudoo zhdn fruuhodwlrq vxjjhvwv wkdw whupv ri wudgh pljkw eh dq
dgglwlrqdo vrxufh ri h{rjhqrxv vkrfnv h{sodlqlqj lqyhvwphqw dqg fxuuhqw
dffrxqw1 Pruhryhu/ lw doorzv wr wuhdw whupv ri wudgh dv h{rjhqrxv1

7 Hpslulfdo Uhvxowv rq J: frxqwulhv

L hvwlpdwh wkh wzr ixqgdphqwdo htxdwlrqv iru fxuuhqw dffrxqw dqg lqyhvw0
phqw/ iru doo wkh J: frxqwulhv rq d qdwlrqdo edvlv dqg rq d srrohg edvlv471
Iurp wkh prgho +htxdwlrqv 4< dqg ;,/ vwuxfwxudo htxdwlrqv dqg wkhruhwlfdo
vljqv rq frh!flhqwv duh wkh iroorzlqj=

üFD| @ ef . e�
.
L|3� . e2

ý
w. e2

ý
üd| . eô

.
üdW| +53,

. ee
.
üu| . eD

B
u|3� . eS

B
üs| . e.

B
s|3�

üL| @ ff . f�
ý
L|3� . f2

.
w. fô

.
üd| . fe

ý
üu| . fD

.@3
üs| +54,

Gdwd xvhg frph iurp wkh Hxurshdq Pdfurhfrqrplf Gdwdedvh/ HXUR0
VWDW1 Lw lv zhoo nqrzq wkdw fxuuhqw dffrxqw yduldelolw| kdv juhdwo| lqfuhdvhg
vlqfh wkh ehjlqqlqj ri wkh h{fkdqjh udwh  rdw +fi1/ Whvdu/ 4<<4,1 Vr/ wkrxjk
gdwd duh dydlodeoh rq wkh shulrg 4<9304<<:/ L fkrrvh wr olplw hvwlpdwlrqv wr
wkh vxeshulrg 4<:304<<:481

47FG lv Fdqdgd/ IU lv Iudqfh/ LW lv Lwdold/ MD lv Mdsdq/ XN lv Xqlwhg Nlqjgrp/ XV lv
Xqlwhg Vwdwhv/ dqg ZG lv zhvwhuq Jhupdq|1

48Vlqfh Jolfn dqg Urjr> +4<<9, hvwlpdwlrqv zhuh fduulhg rq wkh 4<930<3 shulrg/ zh
revhuyhg li wkh sdudgr{ zdv qrw gxh wr wkh shulrg fkrlfh zklfk fryhuv gl>hulqj frqwh{wv/
lq whupv ri fdslwdo prelolw|1
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Lq doo wkh fdvhv/ wr rewdlq uhdo gdwd iurp qrplqdo rqhv/ L xvh ydoxh dgghg
gh dwru1 Lqyhvwphqw/ lv jurvv lqyhvwphqw1 Lw lv h{suhvvhg lq qdwlrqdo fxu0
uhqf| dw frqvwdqw sulfhv/ olnh wkh fxuuhqw dffrxqw1 Surgxfwlylw| lv phdvxuhg
e| wrwdo idfwru surgxfwlylw|/ vr vkrfnv/ duh sur{| e| lwv orjdulwkplf yduldwlrq/
üd1 Iruhljq surgxfwlylw| vkrfn/ üdW/ lv wkh zhljkwhg dyhudjh ri J: iruhljq
surgxfwlylwlhv/ zhljkwv ehlqj htxdo wr wkh phdq ri hdfk frxqwu| vkduh lq wkh
wrwdo wudgh ri J: frxqwulhv/ lqfoxglqj lqwud0wudgh1 Whupv ri wudgh/ s/ uhihu
wr jrrgv dqg vhuylfhv1 Lw lv wkh orjdulwkp ri wkh sulfh ri h{sruwv glylghg e|
wkh sulfh ri lpsruw1 Uhdo lqwhuhvw udwhv duh orqj0whup uhdo lqwhuhvw udwhv rq
sxeolf erqgv/ u1 Diwhu lqvshfwlrq ri fxuuhqw dffrxqw dqg lqyhvwphqw gdwd/ L
frqvlghu d gxpp| iru hdfk vhulh491

Frh!flhqwv duh pdgh frpsdudeoh dfurvv frxqwulhv e| pxowlso|lqj wkhp
e| wkh frxqwu| JGS phdq rq wkh shulrg +h{fhswhg odjjhg hqgrjhqrxv dqg
odjjhg lqyhvwphqw,1 Iru frqyhqlhqfh/ wkh| duh pxowlsolhg e| 433/ vr wkdw
hdfk ri wkhp uhsuhvhqwv wkh lpsdfw dv d shufhqwdjh ri phdq JGS1 Iru wkh
srrohg uhjuhvvlrqv/ wkh vdph whfkqlf lv xvhg/ dqg wr dyrlg khwhurvfhgdvwlflw|/
hdfk htxdwlrq lq wkh srrohg hvwlpdwlrq lv vfdohg e| vwdqgdug huuruv ri wkh
lqglylgxdo uhjuhvvlrq1 Wzr fdvhv duh frqvlghuhg= wkh ?uvw lq zklfk odjjhg
lqyhvwphqw dqg h{rjhqrxv hfrqrplf yduldeohv duh frqvwudlqhg wr kdyh wkh
vdph lpsdfw dfurvv frxqwulhv/ dqg wkh vhfrqg lq zklfk rqo| h{rjhqrxv hfr0
qrplf yduldeohv duh frqvwudlqhg wr kdyh wkh vdph lpsdfw4:1

Wkh htxdwlrq 4 vkrzv wkdw e| frqvwuxfwlrq glvwxuedqfhv lq fxuuhqw df0
frxqw dqg lqyhvwphqw htxdwlrqv dw d jlyhq wlph duh olnho| wr eh qhjdwlyho|
fruuhodwhg/ uh hfwlqj vrph frpprq lpphdvxudeoh ru rplwwhg idfwru1 Frhi0
?flhqwv lq htxdwlrqv glvsod|lqj frqwhpsrudqhrxv fruuhodwlrq duh pruh h!0
flhqwo| hvwlpdwhg xvlqj VXUH whfkqlf +Vhhplqjo| Xquhodwhg UHjuhvvlrqv,1
Vr L xvh wklv whfkqlf/ wkrxjk lq sudfwlfh uhvxowv gl>huv pdujlqdoo| iurp wkhvh
rewdlqhg e| ROV4;1

Rq wkh wdeohv/ wkh hvwlpdwhg frh!flhqw ?jxuhv rq wkh ?uvw olqh/ zkhuhdv
lwv vwdqgdug ghyldwlrq ?jxuhv ehwzhhq eudfnhwv rq wkh vhfrqg olqh1 Rqh +wzr/
wkuhh, dvwhulvn ghqrwhv wkdw wkh yduldeoh lv vljql?fdwlyh dw wkh 43( +8(/ 4(,
ohyho1 Dgmxvwhg U2 lv wkh ruljlqdo U2 fruuhfwhg e| wkh qxpehu ri uhjuhvvruv
dqg GZ lv wkh Gxuelq0Zdwvrq vwdwlvwlf iru dxwrfruuhodwlrq ri uhvlgxdov +dw
wkh ?uvw rughu,1

49Iru wkh fxuuhqw dffrxqw/ gxpplhv duh sxw lq 4<;5 +FG,/ 4<<4 +MD/XN/ZG,/ 4<<5
+XV,/ dqg 4<<6 +IU/LW,1 Iru wkh lqyhvwphqw/ gxpplhv duh sxw lq 4<:7 +MD,/ 4<:8 +IU,/
4<;5 +FG,/ 4<<4 +XN/ XV,/ 4<<6 +LW/ ZG,/ vr wkdw hdfk kdv dq hfrqrplf lqwhusuhwdwlrq
+?uvw rlo vkrfn/ Jxoi zdu/ HPV fulvlv dqg Jhupdq uhxql?fdwlrq,1

4:Khqfh/ lq doo wkh wdeohv/ zkhq wkhuh lv qr frh!flhqw rq wkh srrohg hvwlpdwlrq/ lw phdqv
wkdw lw lv frxqwu| vshfl?f/ iuhh wr ydu| dffurvv frxqwulhv1

4;Qdvrq dqg Urjhuv +4<<<, xvh d gl>huhqw whfkqlf1 Wkh dxwkruv hvwlpdwh d YDU rq
lqyhvwphqw dqg fxuuhqw dffrxqw dqg lghqwli| vwuxfwxudo vkrfnv e| lpsrvlqj frqglwlrqv wr
ghwhuplqdwh vshfl?f dqg frpprq vkrfnv1
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714 D Vwdqgdug Hvwlpdwlrq rq J: Frxqwulhv

Lq wkh ?uvw vwhs/ uhjuhvvlrqv zhuh uxq rq htxdwlrqv 53 dqg 54/ dqg lq
prvw ri wkh fdvhv/ uhvlgxdov zhuh dxwrfruuhodwhg +uhvxowv duh qrw uhsruwhg
khuh,1 Vr/ lq d vhfrqg vwhs/ lq wdeoh 6/ L suhvhqw wkh uhvxowv iru wkhvh htxd0
wlrqv/ dxjphqwhg e| wkh odjjhg hqgrjhqrxv yduldeoh +vhh froxpq odjjhg, dv
uhjuhvvru1

Frqvlghulqj Gxuelq0Zdwvrq vwdwlvwlf +vhh froxpq GZ ,/ wkhuh lv qr hy0
lghqfh ri dxwrfruuhodwlrq dw wkh ?uvw rughu1 Hvwlpdwlrqv h{sodlq ehwzhhq
75( dqg <3( ri wkh dfwxdo yduldwlrq lq wkh lqyhvwphqw dqg fxuuhqw dffrxqw
lq J: frxqwulhv1

Wkh frh!flhqw rq odjjhg lqyhvwphqw lv qrw ri wkh uljkw vljq +srvlwlyh lq
wkh fxuuhqw dffrxqw htxdwlrq dqg qhjdwlyh lq wkh lqyhvwphqw htxdwlrq,1 Lq
wkh srrohg uhjuhvvlrqv/ lw lv qrw vljql?fdqw lq wkh fxuuhqw dffrxqw htxdwlrq
iru zklfk lw lv ri wkh zurqj vljq1 Lq prvw ri wkh fdvhv/ whupv ri wudgh
yduldwlrqv kdyh d srvlwlyh lpsdfw rq fxuuhqw dffrxqw dqg rq lqyhvwphqw1
Wklv uhvxow lv sx}}olqj vlqfh wkh lqyhvwphqw hqwhuv zlwk d qhjdwlyh vljq lq
wkh fxuuhqw dffrxqw1 Khqfh/ wkh lpsdfw ri whupv ri wudgh yduldwlrqv rq dfwxdo
lqfrph ohvv frqvxpswlrq pxvw eh vwurqjo| srvlwlyh/ dqg vr wkh vkrfn pljkw
eh wudqvlwru|1 Lw pd| eh wkh fdvh vlqfh odjjhg whupv ri wudgh duh vljql?fdqw
wrr1 Exw/ frqvlghulqj wdeoh 4/ wklv lv doo exw vxuh1 Zkdwhyhu/ wkh pdjqlwxghv
duh zhdn/ frpsduhg wr wkh lpsdfw ri surgxfwlylw|1 Lq doprvw doo wkh fdvhv/
h{shfwhg Iudqfh dqg Zhvwhuq Jhupdq|/ uhdo lqwhuhvw udwhv duh qrw vljql?fdqw
+lq ohyho ru yduldwlrq,1 Wkrxjk fruuhfwo| vljqhg/ wkh| grq*w dsshdu lq wkh
srrohg uhjuhvvlrqv1 Wkh iruhljq surgxfwlylw| vkrfn lv vljql?fdqw dqg ri wkh
jrrg vljq1 Wkh idfw wkdw lw grhvq*w dsshdu lq doo frxqwu| uhjuhvvlrqv lv
shukdsv h{sodlqhg e| rxu phdvxuh/ frpprq wr doo wkh frxqwulhv/ dqg qrw
edvhg rq hdfk frxqwu| iruhljq wudgh1 Qrwh wkdw wkh pdjqlwxgh lv qhdu wkh
vdph wkdq wkdw ri wkh grphvwlf surgxfwlylw| frh!flhqw +d vwdwlvwlfdo whvw
dffhswv wkh htxdolw|,1

Ilqdoo|/ qr frxqwu| uhvshfwv wkh fruuhfw rughu iru wkh uhodwlrq lq wkh sur0
gxfwlylw| pdjqlwxgh1 Uhvxowv rewdlqhg zlwkrxw wkh lqwurgxfwlrq ri uhdo lq0
whuhvw udwh ru whupv ri wudgh dqg zlwkrxw odjjhg hqgrjhqrxv glvsod| wkh vdph
frqfoxvlrq frqfhuqlqj wkh uhodwlyh lpsdfw ri vshfl?f surgxfwlylw| vkrfnv rq
fxuuhqw dffrxqw dqg lqyhvwphqw1 Khqfh/ wkh sdudgr{ lv qrw gxh wr gdwd
vrxufh4<1 Pruhryhu/ fruuhodwlrq ehwzhhq uhvlgxdov lv yhu| kljk +lw udqjhv
iurp 0;( wr 06;(/ zlwk d phdq ri 059(,1 Wr frqfoxgh/ hvwlpdwlrqv uhsruw
sdudgr{lfdo dqg lqfrqfoxvlyh vxssruw iru wkh wkhruhwlfdo prgho1

4<Jolfn dqg Urjr> xvh EOV ru RHFG gdwd1
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Ohyho 31<3 31<8 31<7 31<< 31;7 31;4 31<4
Yduldwlrq 31<5 31<9 31<9 31<: 31;< 31;7 31<7

4<:304<<:
Ohyho 31;; 31<5 31<5 31<: 31;7 31;4 31;<
Yduldwlrq 31<6 31<: 31<: 31<9 31;; 31;7 31<8

Wdeoh 6= Fruuhodwlrq ehwzhhq phdvxuhg WIS yduldwlrq dqg Jurzwk

715 Dqrwkhu H{sodqdwlrq wr wkh Sdudgr{

Zh lqyhvwljdwh wkh surgxfwlylw| phdvxuh dv dq h{sodqdwlrq ri edg hvwlpdwlrq
uhvxowv1 Wrwdo Idfwru Surgxfwlylw| Yduldwlrq/ üd|/ lv qrw revhuydeoh/ lw lv
phdvxuhg e| wkh iroorzlqj htxdolw|=

üd| @ ü|| ý òün| ý +4ý ò,üo| +55,

Zkhuh ò/ wkh vkduh ri fdslwdo lq wkh qdwlrqdo surgxfwlrq/ lv sur{| e| lwv
dyhudjh rq wkh shulrg +ehwzhhq 318 dqg 31:,1 Wkh wdeoh 7 uhsruwv fruuhodwlrq
ehwzhhq WIS yduldwlrq dqg uhdo jurzwk/ lq ohyho/ ru lq yduldwlrq iru hdfk
frxqwu|1 Wkh kljk fruuhodwlrq ehwzhhq wkhvh wzr yduldeohv fdq*w eh h{sodlqhg
e| wkh htxdwlrq 551 Vr L vxvshfw hvwlpdwlrqv wr eh lqfrpsdwleoh zlwk wklv
surgxfwlylw| phdvxuh1

Lq wdeoh 5/ L suhvhqw qhz hvwlpdwlrqv/ rewdlqhg e| vxevwudfwlqj qrq0
surgxfwlylw| jurzwk iurp wkh OKV ri htxdwlrqv 53 dqg 541 U2 lv frpsdudeoh
wr wkdw ri sulru uhjuhvvlrqv +lw udqjhv iurp 75( wr ;;(,1 Lq vrph fdvhv/
wkhuh pljkw eh uhvlgxdo dxwrfruuhodwlrq +dv iru wkh lqyhvwphqw htxdwlrq iru
wkh Xqlwhg Vwdwhv,1 Fruuhodwlrq ehwzhhq uhvlgxdov/ fruu+%äø> %U,/ lv uhgxfhg
+07( rq phdq,1

Iluvw ri doo/ zh fdq uhpdun wkdw wkh sdudgr{ lv h{sodlqhg1 Qhz hvwlpd0
wlrqv glvsod| wkh uljkw uhodwlyh pdjqlwxgh iru grphvwlf surgxfwlylw| frh!0
flhqw= lw kdv d eljjhu lpsdfw rq wkh fxuuhqw dffrxqw wkdq rq wkh lqyhvwphqw/
iru ?yh ri wkh vhyhq frxqwulhv dqg wkh wzr srrohg uhjuhvvlrqv1 Lq wkdw fdvh/
frh!flhqwv duh kljko| vljql?fdqw/ dw wkh 4( ohyho1 Vhfrqg/ wzr sx}}olqj uh0
vxowv glvdsshdu1 Whupv ri wudgh yduldwlrqv kdyh d srvlwlyh vljql?fdqw zhdn
lpsdfw rq wkh fxuuhqw dffrxqw/ exw gr qrw kdyh d vljql?fdqw lq xhqfh rq wkh
lqyhvwphqw1 Wklv fruuhvsrqgv wr wkh wkhruhwlfdo fdvh zkhuh vkrfnv duh wrr
pxfk wudqvlwru| wr prgli| lqyhvwphqw ehkdylru/ exw uhpdlqv vljql?fdqw wr
wuljjhuv frqvxpswlrq vprrwklqj ehkdylru1 Wklv lv frq?uphg e| wkh vljql?0
fdqfh ri odjjhg whupv ri wudgh1 Uhdo lqwhuhvw udwhv kdyh d vljql?fdqw qhjdwlyh
lpsdfw rq lqyhvwphqw1 Wkh idfw wkdw wkh| grq*w d>hfw wkh fxuuhqw dffrxqw
lq wkh srrohg uhjuhvvlrq uhpdlqv sx}}olqj1 Pruhryhu/ dw wkh frxqwu| ohyho/
wkh vljq lv qrw frqglwlrqhg e| wkh ghewru2fuhglwru frxqwu| srvlwlrq +XV kdv
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d srvlwlyh frh!flhqw zkhuhdv lw lv wkh pdmru ghewru frxqwu| rq wkh shulrg/
dq Mdsdq/ zklfk lv wkh pdmru fuhglwru frxqwu|/ kdv d qhjdwlyh frh!flhqw,1

8 Frqfoxglqj Uhpdunv

Lq wkdw sdshu/ L wulhg wr vroyh wkh Jolfn dqg Urjr>*v sdudgr{1 Dv vkrzq
e| gl>hulqj hvwlpdwlrqv/ wklv sdudgr{ pxvw eh gxh wr vrph phdvxuhphqw
huuru frqfhuqlqj wkh surgxfwlylw|1 Lq frqwudvw wr vrph hpslulfdo uhvxowv/
L vkrzhg wkdw uhodwlyh sulfhv yduldwlrqv kdyh dq lq xhqfh rq wkh fxuuhqw
dffrxqw1 Khqfh/ lw pd| eh lqwhuhvwlqj wr glvfulplqdwh ehwzhhq frpprq dqg
vshfl?f whupv ri wudgh vkrfnv dprqj wkh J: frxqwulhv1

Wkh sx}}olqj uhvxow uhpdlqv wkh devhqfh ri lq xhqfh ri uhdo lqwhuhvw udwh
rq wkh fxuuhqw dffrxqw1 Rq wklv srlqw/ hpslulfdo hylghqfhv vxssruwlqj wkh
frqfoxvlrq ri wkh prgho duh zhdn1 Pd|eh/ hvwlpdwlrqv vkrxog frqvlghu wkh
lqghewhgqhvv lqvwhdg ri wkh fxuuhqw dffrxqw wkdw hqfrpsdvvhv rwkhu ?qdqfldo
 rzv1

Uhihuhqfhv

^4` Deho/ D1E1 dqg Eodqfkdug/ R1 +4<;9, Wkh suhvhqw ydoxh ri sur?wv dqg
wkh f|folfdo pryhphqwv lq lqyhvwphqw1 Hfrqrphwulfd/ 87/ Pdufk/ 57<0
:61

^5` Edodvvd/ E1 +4<97,1 Wkh sxufkdvlqj0srzhu sdulw| grfwulqh = d uhds0
sudlvdo1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ :5/ 8;70<91

^6` Jolfn/ U1 dqg Urjr>/ N1 +4<<8, Joredo yhuvxv frxqwu|0vshfl?f surgxf0
wlylw| vkrfnv dqg wkh fxuuhqw dffrxqw1 Mrxuqdo ri Prqhwdu| Hfrqrplfv/
68/ 48<04<51

^7` Kdoo/ U1H1 +4<;;, Lqwhuwhpsrudo vxevwlwxwlrq lq frqvxpswlrq1 Mrxuqdo
ri Srolwlfdo Hfrqrp|/ <9/ qá 5/ 66<068:1

^8` Kdoo/ U1H1 +4<:;, Vwrfkdvwlf lpsolfdwlrqv ri wkh olih0f|foh shupdqhqw
lqfrph k|srwkhvlv= wkhru| dqg hylghqfh1 Mrxuqdo ri Srol?fdo Hfrqrp|/
;9/ Ghfhpehu/ <:40;:1

^9` Krvvdlq/ I1 +4<<<, Wudqvlwru| dqg shupdqhqw glvwxuedqfhv dqg wkh fxu0
uhqw dffrxqw = dq hpslulfdo dqdo|vlv lq wkh lqwhuwhpsrudo iudphzrun1
Dssolhg Hfrqrplfv/ 64/ <980<:71

^:` Lvfdq/ W1E1 +5333, Wkh whupv ri wudgh/ surgxfwlylw| vkrfnv/ dqg wkh
fxuuhqw dffrxqw1 Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 78/ 8;:09441

4;



^;` Nhqw/ F1 +4<<:, Wkh uhvsrqvh ri wkh fxuuhqw dffrxqw wr whupv ri wudgh
vkrfnv= d sdqho0gdwd vwxg|1 Uhvhdufk Glvfxvvlrq Sdshu/ <:38/ Uhvhuyh
Edqn ri Dxvwudold/ Rfwrehu1

^<` Pdqnlz/ P1J1 dqg Urwhpehuj/ M1M1 dqg Vxpphuv/ O1K1 +4<;8, Lq0
whuwhpsrudo vxevwlwxwlrq lq pdfurhfrqrplfv1 Txduwhuo| Mrxuqdo ri Hfr0
qrplfv/ 5580841

^43` Phqgr}d/ H1 +4<<8, Wkh whupv ri wudgh/ wkh uhdo h{fkdqjh udwh/ dqg
hfrqrplf  xfwxdwlrqv1 Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 69/ 4/ 434046:/
Iheuxdu|1

^44` Qdvrq/ M1P1/ dqg Urjhuv/ M1 +4<<<, Lqyhvwphqw dqg wkh fxuuhqw dffrxqw
lq wkh vkruw uxq dqg lq wkh orqj uxq1 Lqwhuqdwlrqdo Ilqdqfh Glvfxvvlrq
Sdshuv/ Erdug ri Jryhuqruv ri Ihghudo Uhvhuyh V|vwhp/ 97:/ Rfwrehu1

^45` Revwihog/ P1D1 dqg Urjr>/ N1 +4<<8, Wkh lqwhuwhpsrudo dssurdfk wr
wkh fxuuhqw dffrxqw1 Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ LLL/ 4:648
4:<:1

^46` Shuvvrq/ W1 dqg Vyhqvvrq/ O1H1R1 +4<;8, Fxuuhqw dffrxqw g|qdplfv dqg
wkh whupv ri wudgh= Kduehujhu0Odxuvhq0Phw}ohu wzr jhqhudwlrqv odwhu1
Mrxuqdo ri Srolwlfdo Hfrqrp|/ <6/ qá 4/ 760981

^47` Ud}lq/ D1 +4<<8, Wkh g|qdplf0rswlpl}lqj dssurdfk wr wkh fxuuhqw
dffrxqw= wkhru| dqg hylghqfh1 Xqghuvwdqglqj lqwhughshqghqfh/ wkh
pdfurhfrqrplfv ri wkh rshq hfrqrp|/ S1E1 Nhqqhq hglwru/ Sulqfhwrq
Xqlyhuvlw| Suhvv/ 49<84<;1

^48` Urjr>/ N1 +4<<5, Wudghg jrrgv frqvxpswlrq vprrwklqj dqg wkh udq0
grp zdon ehkdylru ri wkh uhdo h{fkdqjh udwh1 ERM Prqhwdu| dqg Hfr0
qrplf Vwxglhv/ 43/ qá 5/ 405</ Qryhpehu1

^49` Vdfkv/ M1 +4<;5, Wkh fxuuhqw dffrxqw lq wkh pdfurhfrqrplf dgmxvwphqw
surfhvv1 Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ ;7/ 47:88</ Mxqh1

^4:` Vdujhqw/ W1 +4<;:,1Pdfurhfrqrplf Wkhru|1 Sulqfhwrq Xqlyhuvlw| Suhvv1

^4;` Vkdslur/ P1G1 +4<;9, Lqyhvwphqw/ rxwsxw/ dqg wkh frvw ri fdslwdo1
Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 4:/ 4/ 44404971

^4<` Whvdu/ O1 +4<<4, Vdylqjv/ lqyhvwphqw/ dqg lqwhuqdwlrqdo fdslwdo  rzv1
Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 64/ 880:;1

4<
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41 Iurp wkh htxdwlrq 46 wr wkh htxdwlrq 47

Lwhudwlqj wkh htxdwlrq 45 s shulrgv dkhdg dqg dsso|lqj wkh udwlrqdo h{0
shfwdwlrq rshudwru wr wkh htxdwlrq 6 |lhogv=

H|+F|nR, @ F| .
4ý ãR
4ý ã ãìu| +56,

Xvlqj wklv htxdwlrq lq wkh Olqhdul}hg UKV ri wkh lqwhuwhpsrudo frq0
vwudlqw/ htxdwlrq 46/ rqh rewdlqv=

"[
R'f

H|

%
F|nR

R\
&'f

U3�|n&

&
@

U

Uý 4F| . ï�u| +57,

zkhuh ï� @
ìU

2 ýF+Uý 4,
U
ý
Uý 4ü ýUý ãüã A 3

Olqhdul}lqj wkh OKV ri wkh lqwhuwhpsrudo frqvwudlqw/ wkh htxdwlrq 46/
dqg xvlqj wkh jhqhudol}hg yhuvlrq ri wkh htxdwlrq 6 |lhogv =

H|+\
R
| , @ H|+\

�
| ,ý ï2u| +58,

zkhuh

H|+\
�
| , @

"[
R'f

U
3R
H| +\|nR ý L|nR, dqg ï2 @

U\

ã
ý
Uý ãü A 3

Xvlqj htxdwlrqv 57 dqg 58 rqh rewdlqv wkh vlpsol?hg lqwhuwhpsrudo frq0
vwudlqw=

U

Uý 4F| @ H|+\
R
| ,ý ï�u| .E| +59,

Vxevwudfw F|3� lq wkh OKV ri wkh htxdwlrq deryh=

üF| @
Uý 4
U

û
H|3�+\ �| ,ý ïfu| .E|

úýF|3� +5:,
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Zkhuh ïf @ ï� . ï2 A 31 Xvlqj wkh Hxohu Htxdwlrq/ htxdwlrq 45/ dw wkh
w ý 4 shulrg/ rqh fdq h{suhvv F|3� dv d ixqfwlrq ri H|3�+F|, dqg H|3�+u|,1
Exw H|3�+F|, uhvshfwv wkh lqwhuwhpsrudo frqvwudlqw dqwlflsdwhg lq shulrg
w ý 4> vr wkdw rqh fdq h{suhvv lw lq ixqfwlrq ri sdvvhg h{shfwdwlrqv derxw
suhvhqw yduldeohv=

H|3�+F|, @
Uý 4
U

û
H|3�+\ �| ,ý ïfH|3�+u|, .H|3�+E|,

ú
+5;,

Ilqdoo|/ xvlqj wkh uhodwlrq 5; wr vxevwlwxwh iru F|3� lq wkh htxdwlrq 5:/
rqh rewdlqv=

üF| @
Uý 4
U

û
+H| ýH|3�,

ý
\ �| ý ïfu|

üú
. ìH|3�+u|, +5<,

Wkh htxdolw| ehwzhhq odjjhg fxuuhqw dffrxqw dqg yduldwlrq ri wkh qhw
fodlp rq wkh uhvw ri wkh zruog lpsolhv wkdw wkh qhw fodlp lv suhghwhuplqhg/
H|3�+E|, @ E|= Khqfh/ lw ydqlvkhv iurp wkh htxdwlrq 5:1 Xvlqj wkh uhylvlrq
ri h{shfwdwlrqv rshudwru dqg wkh xqlyduldwh ghfrpsrvlwlrq ri u|/ rqh ?qgv
wkh htxdwlrq 47 lq wkh wh{w1

41 Iurp wkh htxdwlrq 6 wr wkh htxdwlrq 49

Xvlqj wkh olqhdul}hg surgxfwlrq ixqfwlrq lq wkh shupdqhqw lqfrph htxd0
wlrq/ rqh rewdlqv=

h\ �| @ ò& "[
R'f

U
3R hN|nR3� . +òU ý 4, "[

R'f

U
3RhL|nR . òøU

Uý 4%
ø
| +63,

Iluvw/ fdofxodwh wkh h{shfwdwlrq lq w derxw lqyhvwphqw lq w.s1 Xvlqj wkh
htxdwlrq :=

H|+L|nR, @ èfH| +L|nR3�, . $H| +ü[|nR, @ === @ èRn�f L|3� . $
R[
r'f

èrfH| +ü[|nR3r,

+64,

Vr/ xvlqj wkh gh?qlwlrq ri wkh h{shfwdwlrq yduldwlrq=

hL|nR @ H|+L|nR,ýH|3�+L|nR, @ $ R[
r'f

èrfjü[|nR3r +65,

54



Surgxfwlylw| vkrfnv ehlqj shupdqhqw/ H|+üD|nR3r,ýH|3�+üD|nR3r, @
3 h{fhswhg iru v @ s/ iru zklfk wkh gl>huhqfh htxdov wkh vkrfn/ %ø| 1 Rqh fdq
vkrz wkdw iru uhdo lqwhuhvw udwh/ jü[|nR3r @ ãR3r3�+ãý 4,%-| iru s A v dqgjü[| @ %

-
| 1 Vr/ xvlqj wkhvh uhvxowv lq wkh htxdwlrq deryh=
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U
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Uý èf
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Uý 4üý
Uý ãü$-%-| . $ø%ø|

&
+66,

Fdslwdo h{shfwdwlrq huuru lq shulrg s htxdov wkh vxp ri doo wkh lqyhvwphqw
h{shfwdwlrq huuru ehzwhhq wkh fxuuhqw shulrg dqg s =

hN|nR @ R[
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Xvlqj irupxodv rq wkh lq?qlwh vxp ri d jhrphwulf surjuhvvlrq/ wkh htxd0

wlrq 68 ehfrphv=
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Xvlqj wkhvh htxdolwlhv lq wkh htxdwlrq 63/ rqh rewdlqv wkh htxdwlrq 49 lq
wkh wh{w/ zkhuh=

*� @

û
òg . +òU ý 4,

ý
Uý 4üú

Uý èf
A 3 +6:,

Wkh vljq ri *� lv ghulyhg iurp wkh lqwhuwhpsrudo frqglwlrq ri sur?wdelolw|
iru wkh lqyhvwphqw= wkh suhvhqw ydoxh ri rxwsxw jdlqv gxhv wr pdujlqdo lq0
yhvwphqw/ dgmxvwphqw frvw wr pdujlqdo lqyhvwphqw/ òg@

ý
Uý 4ü lv vxshulru

wr wkh dgmxvwphqw wr pdujlqdo lyhvwphqw/ òU ý 41

41 Iurp wkh htxdwlrq 4; wr wkh htxdwlrq 4<
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Xvlqj wkh htxdwlrq 4;/ zh vhh wkdw wr fdofxodwh fxuuhqw dffrxqw yduld0
wlrq/ zh rqo| qhhg wr fdofxodwh yduldwlrq ri wkh qhw lqfrph/ ü+\ ý L,> dv
frqvxpswlrq yduldwlrq lv jlyhq e| wkh htxdwlrq 4:1 Xvlqj wkh lqyhvwphqw
g|qdplf dqg wkh htxdolw| ehwzhhq odjjhg fdslwdo dqg odjjhg lqyhvwphqw/ rqh
rewdlqv=

ü+\ ý L,| @ *2L|3� . +òU ý 4,$-üU| . ^+òU ý 4,$ø . òø`üD|+6;,

zkhuh *2 @ +òg . +òU ý 4, +èf ý 4,, A 3

Frqvlghulqj wkh htxdwlrq 6:/ dv èf ? 4 dqg òU ? 3> *2 A 3= Xvlqj
wkh odvw htxdwlrq dqg wkh htxdwlrq 4: lq wkh htxdwlrq 4;/ rqh rewdlqv wkh
htxdwlrq 4< zkhuh wkh iroorzlqj qrwdwlrqv duh xvhg=

!f @ ìã.
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