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Devwudfw1 Wklv sdshu vwxglhv wkh sureohp ri frpsrvlwh frpprglw|
lq wzr gl�huhqw iudphzrunv1 Lq rqh fdvh/ wkh djjuhjdwlrq dfurvv jrrgv
lv dqdo|}hg iru hohphqwdu| jrrgv wkdw vdwlvi| dq rswlpdolw| frqglwlrq1
Wkh xquhvwulfwhg fdvh lv dovr h{dplqhg1 L irupdol}h wkh qrwlrq ri dq ds0
sur{lpdwh djjuhjdwh uhsuhvhqwdwlrq dqg vkrz wkdw lw lv dozd|v srvvleoh1
Fdq wkhuhe| djjuhjdwlrq lvvxhv vlpso| eh qhjohfwhg lq hfrqrplf frqwulex0
wlrqvB L vkrz wkdw wkh vwdqgdug hfrqrplf surshuwlhv ri lqlwldo ixqfwlrqv
duh qrw qhfhvvdulo| lqkhulwhg e| wkh dssur{lpdwh djjuhjdwh1 Krzhyhu/
wkh frqglwlrqv zklfk jxdudqwhh wkh lqkhulwdqfh duh vkrzq wr eh zhdnhu
wkdw wkrvh uhtxluhg lq wkh fdvh ri h{dfw djjuhjdwlrq1

Nh|zrugv= djjuhjdwlrq/ uhjxodulw| surshuwlhv/ Vkhskdug*v ohppd1
MHO Fodvvl�fdwlrq= F76/ G44/ G541

L dp sduwlfxoduo| lqghewhg wr Iudqêrlv Odlvqh| iru pdq| khosixo glvfxvvlrqv1 Eh0
vlghv/ L zlvk wr wkdqn Fkduohv Eodfnrue|/ Ulfkdug Eoxqghoo/ Grplqltxh Ghprxjlq/
Urgroskh Grv Vdqwrv Ihuuhlud/ Pduwlq Idon/ Zhuqhu Kloghqeudqg/ Plfkdho Mhulvrq/
Jhruj Olfkw/ Mdftxhv Pdluhvvh dqg Kxehuw Vwdkq iru wkhlu frpphqwv1 Ri frxuvh/ doo
huuruv duh plqh1 L dp dovr judwhixo wr wkh Fhqwhu iru Hxurshdq Hfrqrplf Uhvhdufk
+Pdqqkhlp, dqg wr wkh Xqlyhuvlwì Orxlv Sdvwhxu +Vwudverxuj,/ zkhuh �uvw yhuvlrqv
ri wklv sdshu zhuh zulwwhq1



41 Lqwurgxfwlrq

Wkh plfurhfrqrplf wkhru| ri surgxfhu dqg frqvxphu ehkdylru ghulyhv vwuxfwxudo uhodwlrq0
vklsv rq wkh edvlv ri hohphqwdu| jrrgv dqg sulfhv1 Wkh frqfhsw ri hohphqwdu| jrrg lv/
krzhyhu/ gl!fxow wr kdqgoh erwk ehfdxvh ri wkh kxjh dprxqw ri vxfk jrrgv dqg ehfdxvh ri
wkh gl!fxow| lq gh�qlqj zkdw dq hohphqwdu| jrrg hyhq uhsuhvhqwv +lq wkh Duurz0Gheuhx
iudphzrun/ wlph dqg orfdol}dwlrq ohdg wr glvwlqjxlvk sk|vlfdoo| lghqwlfdo jrrgv,1 Wkxv/
frpsrvlwh frpprglwlhv duh frqvlghuhg lqvwhdg lq hpslulfdo dqdo|vhv1 D gluhfw frqvhtxhqfh
lv wkh orvv ri vrph lqirupdwlrq uhodwlyh wr wkh ruljlqdo sureohp1 D pruh zruu|lqj frqvh0
txhqfh lv wkdw wkh lqlwldo vwuxfwxudo iudphzrun pxvw eh dgdswhg wr frsh zlwk frpsrvlwh
frpprglwlhv dqg wr uhwdlq frkhuhqf| zlwk wkh ruljlqdo wkhru| uhihuulqj wr hohphqwdu|
jrrgv1 Wzr sulqflsdo dssurdfkhv kdyh ehhq sursrvhg1

H{dfw djjuhjdwlrq dfurvv jrrgv/ ghyhorshg e| h1j1 Ohrqwlhi ^4<7:`/ Vrqr ^4<94`/ Eodfn0
rue|/ Sulprqw dqg Uxvvhoo ^4<:;` uhtxluhv wkdw wkh djjuhjdwh uhsuhvhqwdwlrq krogv iru dq|
ydoxh ri wkh hohphqwdu| yduldeohv1 Wkh h{dfw djjuhjdwlrq dssurdfk vwdwhv zklfk frqgl0
wlrqv rq wkh suhihuhqfhv dqg wkh whfkqrorjlhv ri wkh lqglylgxdo xqlwv kdyh wr krog iru h{dfw
djjuhjdwlrq wr eh srvvleoh1 Wkh frqfoxvlrqv ri wklv dssurdfk duh udwkhu shvvlplvwlf vlqfh
wkh uhtxluhg frqglwlrqv vhhp udwkhu lpsodxvleoh dqg duh prvw riwhq uhmhfwhg lq hpslulfdo
lqyhvwljdwlrqv +vhh h1j1 Eodfnrue|/ Vfkzrup dqg Ilvkhu ^4<;9` dqg Glhzhuw dqg Zdohv
^4<<8`,1 Ri frxuvh/ wkh jhqhudolw| ri wkh uhtxluhphqw ri h{dfw djjuhjdwlrq lv gluhfwo| dw
wkh ruljlq ri wkh uhvwulfwlyh frqglwlrqv xqghu zklfk dq djjuhjdwh ghvfulswlrq ri wkh lqlwldo
uhodwlrqvklsv h{lvwv1

Lq rughu wr dyrlg wkhvh lpsodxvleoh uhvwulfwlrqv rq dgplvvleoh suhihuhqfhv +whfkqror0
jlhv,/ vrph dxwkruv kdyh iroorzhg d sudfwlfh vxjjhvwhg e| Klfnv ^4<69` dqg Ohrqwlhi ^4<69`/
zklfk frqvlvwv lq uhvwulfwlqj wkh glvwulexwlrq ri wkh hohphqwdu| sulfhv1 Riwhq/ wkh vwulfw
sursruwlrqdolw| ri doo hohphqwdu| sulfhv ri d jlyhq vxevhw lv dvvxphg iru dfklhylqj dj0
juhjdwlrq1 Wklv dowhuqdwlyh dssurdfk lv dovr sureohpdwlf iru wzr pdlq uhdvrqv= �uvw/
zkhq ghflvlrq xqlwv ehkdyh udwlrqdoo|/ wkhuh h{lvw olqnv ehwzhhq uhvwulfwlrqv rq wkh suhi0
huhqfhv dqg uhvwulfwlrqv rq wkh glvwulexwlrq ri hohphqwdu| jrrgv dqg sulfhv dv xqghuolqhg
lq Nrheho ^4<<;`> vhfrqg/ vwulfw sursruwlrqdolw| ri sulfhv lv xvxdoo| uhmhfwhg zkhq whvwhg1
Ohzeho ^4<<6e/ 4<<9` zhdnhqv wklv dvvxpswlrq dqg vkrzv wkdw djjuhjdwlrq dfurvv jrrgv lv
dfklhyhg zkhq sulfhv duh dssur{lpdwho| sursruwlrqdo/ dq dvvxpswlrq zklfk vwloo dsshduv
dv txlwh uhvwulfwlyh1

Wkh sxusrvh ri wklv sdshu lv wr vkrz wkdw dq djjuhjdwh uhsuhvhqwdwlrq fdq eh dfklhyhg
xqghu eurdghu frqglwlrqv wkdq wkrvh suhvhqwhg lq wklv vwuhdp ri wkh olwhudwxuh1 Zkhuhdv
wkh h{dfw djjuhjdwlrq dssurdfk udlvhv grxewv rq wkh yhu| h{lvwhqfh ri dq djjuhjdwh uhsuh0
vhqwdwlrq/ zh vkrz wkdw lw lv dozd|v srvvleoh/ e| vlpsoh wudqvirupdwlrqv ri wkh plfurhfr0
qrplf prgho/ wr rewdlq uhodwlrqvklsv ghshqglqj rq djjuhjdwh yduldeohv dqg rq wkh zd| wkh
hohphqwdu| yduldeohv duh glvwulexwhg1 Zh dovr suhvhqw wkh qhfhvvdu| dqg vx!flhqw frqgl0
wlrqv iru prghoolqj hfrqrplf uhodwlrqvklsv rq wkh edvlv ri djjuhjdwh jrrgv dqg sulfhv rqo|=
lw lv vkrzq wkdw wkhvh frqglwlrqv duh zhdnhu wkdq wkrvh uhtxluhg e| h{dfw djjuhjdwlrq dqg
dssur{lpdwh sulfh sursruwlrqdolw|1 Ri frxuvh/ wkhvh frqglwlrqv duh vwloo uhvwulfwlyh dqg
pd| qrw krog lq jhqhudo1 Qhjohfwlqj wkh glvwulexwlrq ri hohphqwdu| yduldeohv zkhq prg0
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hoolqj lqglylgxdo uhodwlrqvklsv wkhq kdv wkh vdph lpsolfdwlrq dv rplwwlqj vrph uhohydqw
h{sodqdwru| yduldeohv/ dv douhdg| xqghuolqhg e| Wkhlo ^4<87`1 Lq wklv fdvh/ zh vkrz wkdw
qr plfurhfrqrplf uhjxodulw| uhodwlrqvklsv qhfhvvdulo| krog dw wkh djjuhjdwh ohyho +dfurvv
jrrgv dqg sulfhv,1 Krzhyhu/ wkh frqglwlrqv zklfk jxdudqwhh wkh lqkhulwdqfh ri wkhvh
surshuwlhv duh vkrzq wr eh zhdnhu wkdw wkrvh uhtxluhg lq wkh fdvh ri h{dfw djjuhjdwlrq1

Lq wkh vhfrqg vhfwlrq/ wkh iudphzrun dqg wkh qrwdwlrqv duh rxwolqhg1 Wkh uhodwlrqv
ehwzhhq h{dfw djjuhjdwhg prghov dqg wkrvh rewdlqhg zkhq djjuhjdwlrq lv qhjohfwhg duh
suhvhqwhg lq wkh wklug vhfwlrq/ lq d frqwh{w zkhuh rswlpdolw| uhodwlrqvklsv duh qrw frq0
vlghuhg1 Lq wkh irxuwk vhfwlrq/ L vwxg| wkh lpsolfdwlrq ri qhjohfwlqj djjuhjdwlrq zkhq
rswlpdolw| frqglwlrqv gulyh wkh doorfdwlrq ri vrph jrrgv1 Lq wkh �iwk vhfwlrq/ wkh surshu0
wlhv ri rswlpl}hg dqg lqgluhfw remhfwlyh ixqfwlrqv duh suhvhqwhg1 Dq hpslulfdo lqyhvwljdwlrq
lv suhvhqwhg lq wkh vl{wk vhfwlrq1

51 Iurp hohphqwdu| wr djjuhjdwh jrrgv

Wkh gh�qlwlrq ri djjuhjdwlrq wkhru| lqyroyhv vhyhudo frqfhswv= hohphqwdu| dqg djjuhjdwh
jrrgv/ plfurhfrqrplf dqg djjuhjdwh wkhru|1 Wkh phdqlqj jlyhq wr wkhvh frqfhswv ydulhv
dfurvv frqwulexwlrqv/ vr wkdw lw dsshduv xvhixo wr vwdwh vrph jhqhudoo| dffhswhg srlqwv
ehiruh ghvfulelqj wkhvh glvwlqfw/ dowhuqdwlyh dssurdfkhv1

514 Wkh plfurhfrqrplf iudphzrun

Lwdolf ohwwhuv duh fkrvhq wr ghqrwh hohphqwdu| jrrgv dqg plfurhfrqrplf uhodwlrqvklsv/
zkloh erog ohwwhuv duh xvhg iru djjuhjdwh jrrgv dqg uhodwlrqvklsv1 Ohw % 5 U

7% dqg
5 5 U

75 eh wkh yhfwruv ri hohphqwdu| jrrgv/ zkhuh 7% dqg 75 ghqrwh wkh glphqvlrqv ri
wkh yhfwruv % dqg 51 E| frqyhqwlrq/ dq| srvlwlyh frpsrqhqwv ri % dqg 5 fruuhvsrqg wr
d qhw vxsso| dqg qhjdwlyh rqhv wr d qhw ghpdqg1 Ixuwkhupruh/ % lv d yhfwru ri fkrlfh
yduldeohv dqg 5 d yhfwru ri �{hg jrrgv1

Ohw s G U7% � U
75 $ U eh d frqwlqxrxvo| gl�huhqwldeoh wudqvirupdwlrq +ru xwlolw|,

ixqfwlrq ri dq rswlpl}lqj djhqw1 Lq dffrugdqfh zlwk doo wkhvh frqyhqwlrqv/ wkh wudqviru0
pdwlrq +ru xwlolw|, ixqfwlrq s pxvw eh vwulfwo| ghfuhdvlqj lq % dqg 5 wr pdwfk wkh vwdqgdug
hfrqrplf wkhru|1 Ehvlghv/ s lv dovr vwulfwo| txdvl0frqfdyh lq %� Lq wkh suhvhqw fdvh/ wkh
ixqfwlrqdo irup ri s lv dvvxphg wr eh nqrzq dqg sdudphwhul}hg e| wkh yhfwru ri whfkqr0
orjlfdo fkdudfwhulvwlfv k 5 U

7k/ sdudphwhuv zkrvh hvwlpdwlrq dqg lqwhusuhwdwlrq uhsuhvhqw
wkh sxusrvhv ri hpslulfdo vwxglhv1 Lq wklv sdshu/ djjuhjdwlrq ri wkh yhfwru ri hohphqwdu|
sdudphwhuv k zloo eh frqvlghuhg dorqj zlwk wkh djjuhjdwlrq ri hohphqwdu| jrrgv1

Frqwudu| wr wkh remhfwlyh ixqfwlrq s / wkh suhflvh ixqfwlrqdo irup ri wkh sur�w frqvwudlqw
Z ERc %� � K lv nqrzq dqg jlyhq e| R�% � Kc zkhuh R ghqrwhv wkh h{rjhqrxv sulfh yhfwru
dqg K 5 U fruuhvsrqgv wr wkh h{rjhqrxv sduw ri wkh sur�w +exgjhw,1 Zh dovr dvvxph wkdw
d frqwlqxrxvo| gl�huhqwldeoh vroxwlrq wr wkh rswlpl}dwlrq sureohp

4@ 
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is E%c 5(k� G R�% � Kj +4,

h{lvwv1 Wkh plfurhfrqrplf rswlpdolw| frqglwlrqv +iru dq lqwhulru vroxwlrq, duh wkhq jlyhq
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e| Ys*Y% ' �bsRc dqg e| wkh elqglqj sur�w frqvwudlqw R�% ' K( wkh sdudphwhu bs � f

ghqrwhv wkh Odjudqjh pxowlsolhu1 Zh zloo dovr frqvlghu wkh gxdo sureohp rewdlqhg e|
lqyhuwlqj wkh uroh ri wkh iruphu remhfwlyh dqg frqvwudlqw=

4@ 
%

iR�% G s E%c 5(k� � fj � +5,

Wklv odvw rswlpl}dwlrq sureohp lv pruh xvxdo lq surgxfwlrq hfrqrplfv/ zkhuhdv wkh iruphu
lv frpprq lq frqvxphu dqdo|vlv1

515 Hohphqwdu| jrrgv dqg djjuhjdwhv

Iru vlpsol�fdwlrq/ wkh djjuhjdwlrq dssurdfk frqvlghuhg lq wklv sdshu lv edvhg rq uhdo
ydoxhg sulfhv dqg txdqwlw| djjuhjdwhv iru ghvfulelqj d vhw ri txdqwlwlhv dqg sulfhv1 Ohw
M ' iM�cM2c � � � cMaj dqg N ' iN�cN2c � � � cNgj ghqrwh d sduwlwlrq ri wkh vhw ri lqwhjhuv
lqgh{lqj wkh hohphqwdu| jrrgv lqwr uhvshfwlyho| a dqg g vxevhwv1 Dffruglqj wr wklv
sduwlwlrq/ zh ghfrpsrvh wkh yhfwruv ri jrrgv % dqg 5 dv iroorzv
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zkhuh 7%� dqg 75& ghqrwh wkh glphqvlrqv ri wkh yhfwruv %� dqg 5&� Iru hdfk vxevhw/

wkh djjuhjdwhv  � dqg 3& duh gh�qhg dv  � ' @%�

�
%�( �%�

�
c iru � ' �c � � � c a dqg e|

3& ' @5&
�
5&c �5&

�
c iru & ' �c � � � c g( wkh djjuhjdwh sulfhv iru wkh jrrgv ehorqjlqj wr M�

duh jlyhq e| T� ' @R�

�
R�( �R�

�
� Wkh djjuhjdwru ixqfwlrqv @%� c @R� dqg @5& duh uhdo ydoxhg

ixqfwlrqv/ lqfuhdvlqj lq %�/ R� dqg 5& uhvshfwlyho|/ dqg wzlfh frqwlqxrxvo| gl�huhqwldeoh1
Dv zh zloo vhh ehorz/ wkh vshfl�fdwlrq ri wkh djjuhjdwruv dqg wkh sdudphwhuv �%� dqg �5&
gl�huv lq wkh olwhudwxuh1

Lq hpslulfdo zrun/ wkh djjuhjdwhv fruuhvsrqg iuhtxhqwo| wr vxpv/ l1h1  � �
S

�M[�
%��/

ru wr zhljkwhg vxpv l1h1  � �
S

�M[�
&��%�� zlwk &�� ' R��*T� ru &�� ' Rf��*
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f
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�
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dqg zkhuh T� lv dq djjuhjdwh sulfh iru jurxs M�1 Zkhq djjuhjdwh sulfhv T� duh qrw dydlo0
deoh dw wkh ohyho ri lqglylgxdo xqlwv/ wkh| duh riwhq uhsodfhg e| d sulfh ohyho �� djjuhjdwhg
dfurvv vhyhudo ghflvlrq xqlwv1 Yhfwruv ri djjuhjdwhv duh ghqrwhg e|  c T dqg 3�

516 Wkh djjuhjdwlrq sureohpv

Wzr nlqg ri djjuhjdwlrq sureohpv duh vwxglhg lq wklv sdshu1 Wkh �uvw rqh vwxglhv wkh
frqglwlrqv xqghu zklfk s E%c 5(k� dqg R�% fdq eh ghvfulehg rq wkh edvlv ri djjuhjdwh
jrrgv dqg sulfhv  / 3 dqg T/ exw zlwkrxw frqvlghulqj wkdw vrph jrrgv pd| eh rswl0
pdoo| doorfdwhg1 Wkh vhfrqg nlqg ri sureohp frqvlghuhg/ vwxglhv zkhwkhu wkh hohphqwdu|
rswlpl}dwlrq sureohp fdq eh htxlydohqwo| h{suhvvhg lq whupv ri djjuhjdwhv1

Rxw ri wkh rswlpxp/ wkh djjuhjdwlrq dfurvv hohphqwdu| jrrgv xvxdoo| uhtxluhv wkdw wkh
iroorzlqj fulwhulrq eh ixo�oohg=

s E%c 5(k� ' u E c 3(k� c +6,

dqg wkdw
R�% ' T� � +7,
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Vlqfh wkh uljkw kdqg vlgh ri wkh htxdolwlhv +6, dqg +7, ghshqg rq djjuhjdwhv/ wkh ohiw kdqg
vlgh pxvw dovr eh vr1 Wklv fdq rqo| eh dfklhyhg li wkh hohphqwdu| yduldeohv %c 5 dqg R

ghshqg rq wkh djjuhjdwhv1 Wklv ghshqgdqfh pxvw qrw eh vwulfwo| ghwhuplqlvwlf exw pd|
eh vwrfkdvwlf1 Wkh dydlodeoh wrrov iru dfklhylqj wkh djjuhjdwh uhsuhvhqwdwlrqv duh +l, wkh
vshfl�fdwlrq ri wkh plfurhfrqrplf dqg djjuhjdwh ixqfwlrqv s dqg u dqg +ll, wkh gh�qlwlrq
ri wkh djjuhjdwh yduldeohv dqg sdudphwhuv k iru jlyhq plfurhfrqrplf uhodwlrqvklsv1 Lq
wklv sdshu/ wkh irup ri wkh djjuhjdwh jrrgv duh pdlqo| jlyhq e| wkrvh xvxdoo| frpsxwhg
e| vwdwlvwlfdo r!fhv1

Wkh vhfrqg nlqg ri djjuhjdwlrq sureohpv frqvlghuhg khuh vwxglhv zkhwkhu wkh hohphq0
wdu| rswlpl}dwlrq sureohp fdq eh htxlydohqwo| h{suhvvhg lq whupv ri djjuhjdwhv/ l1h1/ li
wkh iroorzlqj djjuhjdwlrq fulwhulrq lv frqvlghuhg=

4@ 
 

iu E c 3(k� G T� � Kj ' 4@ 
%

is E%c 5(k� G R�% � Kj +8,

/ uW ETc 3(kcK� ' s W ERc 5(kc K� �

Wkh plfurhfrqrplf rswlpdolw| frqglwlrqv duh wkhq jlyhq e| Ys*Y% ' �bsRc dqg e| wkh
elqglqj sur�w frqvwudlqw R�% ' Kc zkhuh wkh sdudphwhu bs � f ghqrwhv wkh Odjudqjh
pxowlsolhu1 Lw lv dovr lqwhuhvwlqj wr frqvlghu djjuhjdwlrq zlwklq wkh gxdo sureohp=

4@ 
 

iT� G u E c 3(k� � fj ' 4@ 
%

iR�% G s E%c 5(k� � fj +9,

/ ZW ETc 3(k� ' ZW ERc 5(k� �

Djdlq/ wkh vshfl�fdwlrq ri wkh plfurhfrqrplf uhodwlrqvklsv s dqg wkh gh�qlwlrq ri wkh
sdudphwhuv k duh wkh dydlodeoh wrrov iru dfklhylqj wkh deryh djjuhjdwlrq fulwhuld1

Wkh h{dfw djjuhjdwlrq dssurdfk wr vroyh wkhvh sureohpv sulqflsdoo| vwxglhv zklfk frq0
glwlrqv rq wkh plfurhfrqrplf uhodwlrqvkls s pdnh wkh deryh uhsuhvhqwdwlrqv srvvleoh +vhh
Eodfnrue|/ Sulprqw dqg Uxvvhoo ^4<:;`,1 Zkhq djjuhjdwlrq lv qhjohfwhg/ wkh dqdo|vlv eh0
jlqv zlwk d ixqfwlrq u E c 3(k� dqg dvvxphv wkdw wkh gl�huhqw djjuhjdwlrq fulwhuld deryh
duh ixo�oohg1 Iru jlyhq plfurhfrqrplf uhodwlrqvklsv s dqg jlyhq djjuhjdwhv T/  dqg 3/
wkh rqo| uhpdlqlqj srvvlelolw| iru ixo�oolqj +6, wr +9,/ lv wr doorz wkh djjuhjdwh sdudphwhuv
k wr ehfrph ixqfwlrqv ri wkh hohphqwdu| jrrgv % dqg 51

61 Qhjohfwlqj djjuhjdwlrq lq s dqg Z rxw ri rswlpdolw|

Xs wr wklv srlqw/ wkh djjuhjdwh sdudphwhu yhfwru k kdv qrw ehhq vshfl�hg1 Wkhuhiruh/
lw fdq wdnh dq| hohphqwdu| jrrgv dv frpsrqhqwv dqg dq djjuhjdwh uhsuhvhqwdwlrq ri wkh
sureohp lv dozd|v srvvleoh wkurxjk d frqyhqlhqw uhsdudphwhul}dwlrq ri wkh lqlwldo sureohp1
E| xvlqj/ iru h{dpsoh/ d wudqvirupdwlrq vxjjhvwhg e| Ohzeho ^4<<5`/ zh fdq uhzulwh=4

s E%c 5(k� ' s
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Ohw xv gh�qh yhfwruv ri wkh vkduhv ri wkh hohphqwdu| jrrgv lq wkh djjuhjdwh dv 4%� '

E%��* ��
� c 45& ' E5&�*3&�

� dqg 4R� ' ER��*T��
� c dqg ghqrwh zlwk 4%c 45 dqg 4R wkh fruuh0

vsrqglqj yhfwruv zlwk uhvshfwlyho| wkh 4%� c 45& dqg 4R� dv vxeyhfwruv1 Ixuwkhu/ irup wkh

4 Lq idfw/ Ohzeho frqvlghuv djjuhjdwlrq dfurvv ghflvlrq xqlwv1
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yhfwruv h c h3 dqg hT dffruglqj wr wkh iroorzlqj sdwwhuq iru h 
h ' E �c � � � c �� ~} �c

7%� whupv

 2c � � � c �c � � � c �� ~} �
7%� whupv

c � � � c a�
��

Wkhq/ wkh djjuhjdwh uhodwlrqv fdq eh zulwwhq rq wkh edvlv ri dydlodeoh lqirupdwlrq rq wkh
djjuhjdwhv=

s E%c 5(k� ' s Eh � 4%ch3 � 45(k� ' u@ E c 3(kc 4%c 45� c +:,
zkhuh wkh vljq � uhsuhvhqwv wkh Kdgdpdug surgxfw15 Wkh vxshuvfulsw @ ri u@ E c 3(kc 4%c 45�
lv lqwurgxfhg iru ghqrwlqj wkh djjuhjdwhg wudqvirupdwlrq +ru xwlolw|, ixqfwlrq/ zklfk
lv sdudphwhul}hg e| wkh whfkqrorjlfdo sdudphwhuv kc dqg e| wkh glvwulexwlrqv 4% dqg
45 ri hohphqwdu| jrrgv1 Zkhq rqo| gdwd rq  dqg 3 duh xvhg iru wkh hvwlpdwlrq ri
u@ E c 3(kc 4%c 45� c wkh djjuhjdwh sdudphwhuv k� duh lpsolflwo| gh�qhg dv d ixqfwlrq ri k/
4% dqg 45=

s E%c 5(k� ' s E c 3( @k Ek( 4%c 45�� ' u E c 3(k� � +;,
Uhpdun wkdw wkh deryh uhsuhvhqwdwlrq/ dowkrxjk edvhg rq qr uhvwulfwlrqv rq wkh plfur0
hfrqrplf ixqfwlrq s lv dovr h{dfw/ wkdw lv wr vd|/ lv wuxh iru dq| ydoxh ri wkh hohphqwdu|
jrrgv % dqg 51 Krzhyhu/ lv wkh djjuhjdwh sdudphwhu yhfwru k wdnhq wr eh frqvwdqw +wkh
dlp ri pdq| hpslulfdo phwkrgv,/ wkhq wkh uhsuhvhqwdwlrq zloo rqo| eh dssur{lpdwh16

Wkxv/ zh vhh iurp +;, wkdw dssurdfkhv qhjohfwlqj djjuhjdwlrq dqg vwduwlqj gluhfwo|
zlwk d ixqfwlrq u E c 3(k� dovr dgplw vrph irxqgdwlrqv lq wkh wkhru| ri djjuhjdwlrq1 Wkh
djjuhjdwlrq fulwhulrq +;, dsshduv dv dqwlsrgdo wr wkh zhdn vhsdudelolw| dssurdfk= qrz
djjuhjdwh jrrgv ghshqg vroho| rq hohphqwdu| jrrgv exw wkh djjuhjdwh sdudphwhuv k� duh
frpsoh{ ixqfwlrqv ri wkh hohphqwdu| sdudphwhuv dqg ri wkh vkduhv ri hohphqwdu| jrrgv1

Vxfk d wudqvirupdwlrq lv fohduo| srvvleoh iru dq| ixqfwlrqdo irup s� Lq rughu wr ehw0
whu xqghuolqh wkh lpsolfdwlrqv ri vxfk d wudqvirupdwlrq/ ohw xv frqvlghu d Free0Grxjodv
surgxfwlrq ixqfwlrq iru h{dpsoh/ dqg uhzulwh=

s E%c 5(k� � f /
g\
&'�

75
&\

�'�

E�5&��
k&� � % � f

/
g\
&'�

75&\
�'�

�
�5&�
3&

3&

�k&�

�  � f

/
g\
&'�

E�3&�k&

75
&\

�'�

�
5&�
3&

�k&�

�  � f

/ kf

g\
&'�

E�3&�k& �  � f

/ u E c 3(k� � fc

zkhuh 5&� � f duh wkh lqsxwv dqg % � f lv d vfdodu rxwsxw1 Qrwh wkdw lq wklv h{dp0
soh/ zh kdyh dvvxphg wkdw wkh hohphqwdu| frpprglw| % frlqflghv zlwk wkh djjuhjdwh  �

5 Wkh Kdgdpdug surgxfw ehwzhhq wzr yhfwruv x dqg y ri wkh vdph glphqvlrq x� y jlyhv d yhfwru ri wkh
vdph glphqvlrq djdlq dqg zlwk xlyl dv frpsrqhqwv1
6 Wkhuhiruh/ wkh sdudphwhu ghwhuplqdwlrq zloo lq odvw lqvwdqfh surfhhg wr djjuhjdwlrq e| h{suhvvlqj wkh
lqlwldo lqirupdwlrq lq d pruh frqghqvhg pdqqhu1
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Wkh hohphqwdu| jrrg % frxog dovr eh jurxshg dorqj zlwk vrph jrrgv 5& ri 51 Wkhq/
krzhyhu/ wkh djjuhjdwh ixqfwlrq ehfrphv qrqolqhdu lq doo yduldeohv1 Lq wklv h{dpsoh/ wkh
djjuhjdwh sdudphwhuv duh gh�qhg dv kf '

T
�
E5&�*3&�

k&� c k& '
S

� k&�/ iru & 9' f

dqg k 'Ekfck�
c � � � ckg�1 Djjuhjdwh sdudphwhuv kdyh gl�huhqw phdqlqjv iurp glvdjjuh0

jdwh rqhv1 Hyhq zkhq hdfk surgxfwlrq xqlw srvvhvvhv wkh vdph whfkqrorj| +l1h1/ k&� duh
lghqwlfdo iru hdfk surgxfwlrq xqlw/ ;&c �,/ wkh djjuhjdwh sdudphwhu kf fdq gl�hu dfurvv
surgxfwlrq xqlwv ehfdxvh ri gl�huhqw vkduhv ri hohphqwdu| jrrgv xvhg1 Wkhq/ gl�huhqfhv
lq kf gr qrw frqyh| gl�huhqfhv lq whfkqrorjlhv dorqh1 Vwxglhv dlphg dw phdvxulqj whfk0
qlfdo lqh!flhqflhv e| dqdo|}lqj krz kf ydulhv dfurvv surgxfwlrq xqlwv duh dovr lpsolflwo|
whvwlqj wkh vljql�fdqfh ri djjuhjdwlrq ryhu jrrgv +vhh h1j1 Fruqzhoo dqg Vfkplgw ^4<<9`
iru d uhfhqw vxuyh| ri wklv olwhudwxuh,1 Xqghu Ohzeho*v ^4<<5` phdq vfdolqj dvvxpswlrq/
kf lv lqghshqghqw ri 31 Wklv dvvxpswlrq fdq lq vrph fdvhv eh whvwhg zlwkrxw dq| gdwd
rq hohphqwdu| jrrgv= zlwk sdqho gdwd/ d Kdxvpdq w|sh whvw frxog eh xvhg iru wklv dlp1
Li wkh lqghshqghqfh dvvxpswlrq lv qrw vdwlv�hg/ wkh fkrlfh ri dq dghtxdwh phwkrg iru
wkh hvwlpdwlrq ri k lv uhtxluhg1 Wkxv/ hfrqrphwulf wrrov fdq eh xvhixo wr kdqgoh vrph
djjuhjdwlrq sureohpv1

Lq jhqhudo/ wkhuh lv dq lghqwl�fdwlrq sureohp suhfoxglqj wkh lqwhusuhwdwlrq ri wkh sd0
udphwhuv k dv uh hfwlqj vwulfwo| lqglylgxdo ehkdylru1 Wkxv/ d vlplodu gl!fxow| wr wkh rqh
dulvlqj lq wkh frqwh{w ri djjuhjdwlrq dfurvv djhqwv +vhh h1j1 Vwrnhu ^4<;7`, dovr fkdudf0
whul}hv djjuhjdwlrq dfurvv jrrgv1 Wkh pdujlqdo lpsdfw ri wkh djjuhjdwh yduldeoh fdq eh
ghfrpsrvhg lqwr d gluhfw dqg dq lqgluhfw vkliw zklfk fdqqrw eh lghqwl�hg lqghshqghqwo|
zkhq wkh ixqfwlrq u E c 3(k� lv uhwdlqhg1 Lqghhg/ vlqfh wkh djjuhjdwh uhsuhvhqwdwlrq rqo|
pdnhv vhqvh zkhq hohphqwdu| jrrgv ghshqg rq wkh djjuhjdwh/ 4% zloo dovr eh vkliwhg zkhq
 � ydu| +khqfh wkh qrwdwlrq 4%,=

_u@

_ �
'

Yu@

Y �
n

Yu@

Y4�

%

Y4%
Y �

c

zkhuh wkh odvw whup uhsuhvhqwv wkh vkliw lq wkh glvwulexwlrq ri wkh hohphqwdu| jrrgv
Y4%*Y � frqvhfxwlyho| wr d yduldwlrq lq wkh djjuhjdwh1 Lq wzr h{wuhph fdvhv/ wkh glvwulex0
wlrqdo lpsdfw ydqlvkhv1 Wkh dvvxpswlrq ri zhdn vhsdudelolw| zrxog lpso| wkdw Yu@*Y4% '
f17 Vwulfw +ru dssur{lpdwh, sursruwlrqdolw| ri doo hohphqwdu| jrrgv ri d jlyhq sduwlwlrq
zlwk wkh fruuhvsrqglqj djjuhjdwh zrxog lpso| Y4%*Y � ' f� Wkhvh frqglwlrqv dsshdu
krzhyhu pruh uhvwulfwlyh wkdq qhfhvvdu| vlqfh wkh lqgluhfw lpsdfw Yu@*Y4�

% dY4%*Y �o ydq0
lvkhv xqghu wkh zhdnhu frqglwlrq ri ruwkrjrqdolw| ehwzhhq erwk yhfwruv1 Wkxv/ uhvwulfwlrqv
rq erwk ixqfwlrqdo irup dqg glvwulexwlrq ri wkh hohphqwdu| jrrgv pd| dsshdu khosixo iru
dyrlglqj glvwulexwlrqdo lpsdfwv lq wkh �uvw ghulydwlyh1

D ixuwkhu dowhuqdwlyh lv wr lpsrvh uhvwulfwlrqv/ qrw rq wkh frpsrqhqwv ri wkh prgho
+ixqfwlrqdo irupv/ glvwulexwlrq ri hohphqwdu| jrrgv,/ exw rq wkh lqwhusuhwdwlrq ri wkh
hvwlpdwhv1 Lqghhg/ li rqo| wkh wrwdo lpsdfw ri d vkliw lq wkh djjuhjdwh  � fdq eh hvwlpdwhg
exw qrw wkh lpsdfw ri  � iru d jlyhq glvwulexwlrq ri %/ lw vx!fhv wr frqwhqw rxuvhoyhv zlwk
zkdw lv dydlodeoh= _u@*_ �1

7 Xqghu zhdn vhsdudelolw|/ i +{> }>�, fdq eh zulwwhq dv izv +{> }>�, zkhuh � lv d vxeyhfwru ri �= Wklv
djjuhjdwh ixqfwlrq izv +{> }>�, lv qrw sdudphwhul}hg e| wkh glvwulexwlrq ri hohphqwdu| jrrgv lq wkh
djjuhjdwh1
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D vlplodu wudqvirupdwlrq fdq dovr eh dssolhg wr djjuhjdwh sur�wv/ vr wkdw zh fdq uhzulwh
R�% dv

R�% ' Z ERc %�'
�hT�4R��

Eh � 4%� ' Z@
�
Tc (4%c 4R

�
� +<,

D pruh vwulqjhqw djjuhjdwlyh fulwhulrq wkdq +<, lv riwhq uhtxluhg= wkh surgxfw ri wkh
djjuhjdwh sulfh dqg txdqwlw| vkrxog htxdo wkh frvwv +ru uhyhqxhv, ri doo hohphqwdu| jrrgv/
l1h1/ R�

�%� ' T� �� Li zh doorz wkdw sulfh djjuhjdwruv iru wkh vxevhw M� pd| ghshqg rq
hohphqwdu| txdqwlwlhv ri wklv vxevhw +lq zklfk fdvh/ @R� kdv dovr %� dprqj lwv frpsrqhqwv,/
wklv odvw htxdolw| fdq dozd|v eh dfklhyhg e| gh�qlqj T� dv wkh xqlw ydoxh ri wkh jrrgv
%�/ l1h1/ T�

� '
S

� R��%��* ��
8 Wkxv/ sur�wv fdq dovr eh uhsuhvhqwhg lq dq djjuhjdwh zd|/

exw zloo eh vxemhfw wr vlplodu lqfrqyhqlhqfhv wkdq wkrvh rffxuulqj lq wkh wudqvirupdwlrq
ixqfwlrq1 Lqghhg/ wkh pdujlqdo sur�w ri jrrg  � lv qrw htxdo wr lwv xqlw sulfh lq jhqhudo1
Zkhq Z@ ' T�� iru h{dpsoh/

YZ@

Y �
' T�

�n
YT��

Y �
 �

Wr vxppdul}h/ lq wklv vhfwlrq zh kdyh vhhq wkdw dq djjuhjdwh uhsuhvhqwdwlrq ri wkh
lqlwldo uhodwlrqvklsv zklfk ghshqg rq hohphqwdu| jrrgv dqg sulfhv lv srvvleoh zlwkrxw
uhvwulfwlqj plfurhfrqrplf ehkdylru/ e| dghtxdwho| gh�qlqj djjuhjdwh txdqwlwlhv/ sulfhv
dqg sdudphwhuv1

71 Iluvw rughu rswlpdolw| frqglwlrqv zkhq djjuhjdwlrq

lv qhjohfwhg

Erwk djjuhjdwh ixqfwlrqv u@ dqg Z@ ghshqg rq wkh glvwulexwlrq ri hohphqwdu| jrrgv dqg
sulfhv1 Lq vxfk d frqwh{w/ lw vhhpv lqwhuhvwlqj wr vhh xqghu zklfk frqglwlrqv/ wkh uhjxodulw|
surshuwlhv yhul�hg e| wkh plfurhfrqrplf ixqfwlrqv duh lqkhulwhg lq wkh djjuhjdwh1 Fdq
wkh plfurhfrqrplf rswlpl}dwlrq iudphzrun eh dgrswhg iru djjuhjdwh ixqfwlrqvB Zklfk
surshuwlhv gr wkh djjuhjdwh rswlpl}hg uhodwlrqvklsv yhuli|B Lq wkh suhvhqw vhfwlrq/ zh
vkrz wkdw zkhq djjuhjdwlrq lv qhjohfwhg dqg zkhq d wudqvirupdwlrq +ru xwlolw|, ixqfwlrq
u E c 3(k� lv frqvlghuhg zlwkrxw ixuwkhu mxvwl�fdwlrq lq djjuhjdwlrq wkhru|/ wkh xvxdo �uvw
rughu rswlpdolw| frqglwlrqv krog iru wkh prgho uho|lqj rq u E c 3(k� � Iru wklv dlp/ wkh suh0
fhglqj prgho lv dgdswhg wr d frqwh{w zkhuh vrph jrrgv duh rswlpdoo| doorfdwhg1 Ehvlghv/
zh zloo vhh krz djjuhjdwh sulfhv vkrxog eh gh�qhg wr eh frkhuhqw zlwk wkh wkhru|1

Xvlqj wkh wudqvirupdwlrqv +:, dqg +<,/ wkh lqlwldo pd{lpl}dwlrq sureohp fdq eh h{0
suhvvhg dv

s W ERc 5c K(k� ' 4@ 
%

is E%c 5(k� G R�% � Kj

' 4@ 
 

�
4@ 
4%

�
s Eh � 4%c 5(k� G R� Eh � 4%� � K a @%� E%�� '  �c � ' �c � � � c a

��
+43,

' 4@ 
 

�
4@ 
4%

�
u@ E c 3(kc 4%c 45� G Z

@
�
Tc (4%c 4R

� � K
��

�

Wkxv/ wkh lqlwldo rswlpl}dwlrq sureohp fdq eh zulwwhq htxlydohqwo| lq wkh irup ri d wzr
vwdjh rswlpl}dwlrq sureohp1 Lq wkh vhfrqg vwdjh/ wkh rswlpdo ohyho ri wkh hohphqwdu| jrrgv

8 Ru uhflsurfdoo|/ zh frxog gh�qh djjuhjdwh txdqwlwlhv dv {m @
S

k smk{mk@sm =

:



duh fkrvhq iru wkh jlyhq ydoxh  � ri wkh djjuhjdwhv> lq wkh �uvw vwdjh/ wkh rswlpdo ohyhov
ri wkh djjuhjdwh jrrgv duh fkrvhq jlyhq wkh djjuhjdwh sulfhv dqg wkh rswlpdo ohyhov ri wkh
hohphqwdu| jrrgv fkrvhq lq wkh vhfrqg vwdjh19 Wkh vroxwlrq ri wkh vhfrqg vwdjh jlyhv wkh
rswlpdo fkrlfhv ri wkh vkduhv ri hohphqwdu| jrrgv lq wkh djjuhjdwhv dv 4% ERc 5c c K(k�/ dqg
ghshqgv h{solflwo| rq wkh ohyho  ri wkh djjuhjdwh jrrgv1 Wkxv/ fkdqjhv lq wkh djjuhjdwh
 � kdyh d gluhfw lpsdfw rq wkh djjuhjdwh remhfwlyh dqg dq lqgluhfw lpsdfw wkurxjk fkdqjhv
lq wkh zd| hohphqwdu| jrrgv dqg sulfhv duh glvwulexwhg=

Yu@

Y �

Y 

Y �
n

Yu@

Y4�

%

Y4%
Y �

' bs
YZ@

Y �

Y 

Y �
n bs

YZ@

Y4�

%

Y4%
Y �

n bs
Y�

Y �
c +44,

zkhuh bs ghqrwhv wkh Odjudqjh pxowlsolhu dqg Y�*Y � uhsuhvhqwv wkh fkdqjh lq wkh sulfh
dqg lq wkh glvwulexwlrq ri uhodwlyh sulfhv lpsolhg e| d fkdqjh lq wkh djjuhjdwh txdqwlw|=

Y�

Y �
'

YZ@

YT�

YT

Y �
n

YZ@

Y4�

R

Y4R
Y �

�

Zkhq wkh sulfh djjuhjdwru lv shuihfw +l1h1 ghshqgv vroho| rq hohphqwdu| sulfhv dqg qrw
rq hohphqwdu| txdqwlwlhv ru wkhlu glvwulexwlrq,/ wkh lpsdfw ri wkh fkdqjh ri dq djjuhjdwh
txdqwlw| rq sulfhv dqg sulfh glvwulexwlrq ydqlvkhv lq +44,= Y�*Y � ' f� Lw lv lqwhuhvwlqj
wr qrwh wkdw hyhq zkhq djjuhjdwruv duh lpshuihfw/ Y�*Y � ' f krogv xqghu udwkhu zhdnhu
frqglwlrqv1

Sursrvlwlrq 41 Y�*Y � ' f li dqg rqo| li EYR*Y ��
� Eh � 4%� ' f1

Surri1 Vlqfh e| +<,/ sur�wv R�% fdq eh zulwwhq dv R� Eh � 4%� c lw iroorzv wkdw Y�*Y �
fruuhvsrqgv wr Y�*Y � ' EYR*Y ��

� Eh � 4%� �
Wkh frqglwlrq vwdwhg lq Sursrvlwlrq 4 lv dq ruwkrjrqdolw| frqglwlrq ehwzhhq wkh ho0

hphqwdu| txdqwlwlhv % dqg wkh vkliw lq hohphqwdu| sulfhv lqgxfhg e| wkh fkdqjh lq wkh
djjuhjdwh txdqwlw|  �1 Wklv uhtxluhphqw lv yhul�hg zkhq shuihfw frpshwlwlrq rffxuv/ iru
h{dpsoh1 Wkh pdlq lqwhuhvw ri wklv uhvxow lv wkdw lw shuplwv wr uhod{ wkh dvvxpswlrq ri shu0
ihfw sulfh djjuhjdwruv zlwkrxw frpsolfdwlqj wkh sureohp1 Lq wkh iroorzlqj zh dvvxph wkdw
Y�*Y � ' f dqg irfxv rqo| rq wkh uhpdlqlqj glvwulexwlrqdo h�hfwv rffxuulqj lq htxdwlrq
+44,1

Zkhq rqo| djjuhjdwh gdwd rq h{shqglwxuhv/ sulfhv dqg jrrgv duh dydlodeoh/ lw vhhpv
lpsrvvleoh wr prgho wkh glvwulexwlrq h�hfwv rffxuulqj lq +44, h{solflwo|1 H{dfw djjuhjdwlrq
surylghv frqglwlrqv xqghu zklfk wkhvh h�hfwv gr qrw hphujh1 Lqghhg/ zkhq wkh remhfwlyh
s lv zhdno| vhsdudeoh lq M / 4% grhv qrw dsshdu dv dq dujxphqw ri wkh djjuhjdwh wudqviru0
pdwlrq ixqfwlrq1 Xqghu zhdn krprjhqhrxv vhsdudelolw| ri s lq M / wkh whup Y4%*Y � ' f

+vhh h1j1 Nrheho ^4<<;`, dqg +44,/ wkh �uvw rughu frqglwlrq iru rswlpdolw|/ ehfrphv

Yu��r E c5(k�

Y �
' bs

[
�M[�

R��
%��
 �

� T�� c

zkhuh wkh vxshuvfulsw ��r ghqrwhv d ixqfwlrq ehlqj zhdno| krprjhqhrxv vhsdudeoh lq
M 1 Lq wkh suhvhqw fdvh/ wkh zd| hohphqwdu| jrrgv %�� duh fkrvhq d�hfwv wkh �uvw rughu
frqglwlrqv rqo| wkurxjk wkh djjuhjdwh txdqwlw|  � dqg sulfh T�� zklfk fdq wkhq eh vhhq

9 Vhh Nrheho ^4<<;` iru d irupxodwlrq lq wkh h{dfw djjuhjdwlrq iudphzrun

;



dv vx!flhqw vwdwlvwlfv iru prgholqj djjuhjdwh �uvw rughu frqglwlrqv1
Krzhyhu/ qrwklqj hqvxuhv wkdw wkh wudqvirupdwlrq ixqfwlrq yhul�hv vxfk uhvwulfwlrqv

dqg wkdw wkh �uvw rughu frqglwlrq fdq eh vlpsol�hg dv ghvfulehg deryh1 Krz gr wkh �uvw
rughu frqglwlrqv orrn olnh zkhq wkh zhdn krprjhqhrxv vhsdudelolw| uhvwulfwlrq grhv qrw
krogB Krz vkrxog wkh djjuhjdwh sulfhv dulvlqj lq wkh gh�qlwlrq ri djjuhjdwh sur�wv +<,
eh vshfl�hgB Lq rughu wr �qg wkh djjuhjdwh sulfh fruuhvsrqglqj wr wkh uljkw kdqg vlgh ri
+44,/ ohw xv zulwh wklv htxdwlrq lq whupv ri hohphqwdu| jrrgv dqg sulfhv e| xvlqj +:, dqg
+<, dqg wkh idfw wkdw Y�*Y � ' f=

Ys E%c 5(k�

Y%�

�
Yh 
Y �

� 4% n h � Y4%
Y �

�
' bs

�hT�4R��

�
Yh 
Y �

� 4% n h � Y4%
Y �

�
+45,

' bs

5
7[
�M[�

R��%��
 �

n R�
�h � Y4%

Y �

�68 �

Wkh lpsdfw ri d yduldwlrq lq djjuhjdwh txdqwlw|  � lv ghfrpsrvhg lqwr wzr h�hfwv lq +45,1
D �uvw h�hfw frqyh|v wkh lpsdfw ri d pdujlqdo fkdqjh lq wkh djjuhjdwhv/ wkh glvwulexwlrq
ri wkh hohphqwdu| jrrgv uhpdlqlqj xqfkdqjhg/ dqg d vhfrqg h�hfw lv lpsolhg e| wkh vkliwv
lq wkh glvwulexwlrq ri hohphqwdu| jrrgv iroorzlqj d fkdqjh lq wkh djjuhjdwh  �1 Wkh uljkw
kdqg vlgh ri +45, uhsuhvhqwv wkh pdujlqdo uhodwlyh sulfh ri d fkdqjh lq wkh djjuhjdwh  ��
Xvlqj wkh htxdolw|

R� Eh � Y4%*Y �� ' R�Y%R*Y � �
[
�M[�

R��%
R

��* �c

wkh uljkw kdqg vlgh ri +45, fdq eh uhzulwwhq bsR
�Y%R*Y �� Wklv uhvxow whoov xv wkdw zlwkrxw

zhdn vhsdudelolw| dqg dgglwlyh djjuhjdwlrq dvvxpswlrqv/ wkh pdujlqdo ydoxh ri wkh jrrg
 � fruuhvsrqgv wr wkh zhljkwhg vxp ri hohphqwdu| pdujlqdo ydoxhv/ zlwk Y%R�*Y � dv
zhljkwv1 Wkxv/ wkh djjuhjdwh sulfh frqiruplqj zlwk hfrqrplf wkhru| vkrxog eh gh�qhg
dv R�Y%R*Y �c zklfk lv qrw frpprqo| dydlodeoh iurp vwdwlvwlfdo r!fhv1: Qrwlfh wkdw zkhq
wkh zhdn krprjhqhrxv vhsdudelolw| lv yhul�hg/ R�Y%R*Y � ' R��%

R
�* � +vhh Nrheho ^4<<;`,

dqg xqlw ydoxhv R��%
R
�* � fdq eh uhwdlqhg iru prgholqj �uvw rughu frqglwlrqv +lq zklfk fdvh

wkhvh xqlw ydoxhv duh dovr shuihfw djjuhjdwruv,1
Lv wkhuh qr rwkhu srvvlelolw| iru uhsuhvhqwlqj djjuhjdwh �uvw rughu frqglwlrqv wkdq wr

pdnh vwurqj uhvwulfwlrqv rq s E%c 5(k� ru wr uhwdlq cprqvwhuv* dv djjuhjdwh sulfhvB E|
xvlqj wkh rswlpdolw| frqglwlrqv iru wkh hohphqwdu| jrrgv/ zh vhh wkdw wkh lpsdfw ri wkh
fkdqjh lq wkh glvwulexwlrq ri hohphqwdu| jrrgv uhodwhg wr d fkdqjh lq  � fdq eh qhwwhg
rxw iurp wkh ohiw dqg uljkw vlgh ri +45,/ zklfk fdq eh zulwwhq dv[

�M[�

Ys E%c 5(k�

Y%��

%��
 �

' bs
[
�M[�

R��
%��
 �

� +46,

Wkxv/ gh�qlqj xqlw ydoxhv dv T�
� � R��%�* �/ wkh htxdwlrqv +46, fdq eh xvhg iru hvwlpdwlqj

wkh sdudphwhuv ri wkh remhfwlyh ixqfwlrq u@ E c 3(kc 4%c 45�1 Qrwh wkdw xqlw ydoxhv fdq eh
uhwdlqhg iru wkh hvwlpdwlrq/ zlwkrxw uhtxlulqj zhdn krprjhqhrxv vhsdudelolw| +ru dgglwlyh
sulfh djjuhjdwlrq, lv qrw uhtxluhg1 Eulh |/ zh kdyh vkrzq wkdw wkh djjuhjdwh pdujlqdo

: Iru wkh djjuhjdwh sulfh sy
m @ s3C{s@C{m / wkh surgxfw sy

m{m zloo jhqhudoo| eh gl�huhqw iurp wkh sur�w
s3

m{m ri frpprglwlhv lq jurxs m=

<



frqglwlrqv +44, fdq eh prghoohg lqgluhfwo| e| +46,/ dv lw lv xvxdoo| grqh lq vwxglhv qhjohfw0
lqj frpsohwho| wkh sureohp ri djjuhjdwlrq1 Krzhyhu/ wkh ixqfwlrq u@ zloo qrw qhfhvvdulo|
ixo�oo wkh vhfrqg rughu frqglwlrqv iru d pd{lpxp zlwk uhvshfw wr  1 Lqghhg/ wkh pd0
wul{ ri vhfrqg ghulydwlyh ri u@ zlwk uhvshfw wr  qhhg qrw wr eh qhjdwlyh gh�qlwh rq wkh
k|shusodqh EYu@*Y �z=

_2u@

_ _ �
'

_

_ 

�
Yu@

Y �
n

Y4�

%

Y 

Yu@

Y4%
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'
Y2u@

Y Y �
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Y4�
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n
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Yu@

Y4%
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Lq idfw/ rqo| wkh qhjdwlyh gh�qlwhqhvv ri wkh pdwul{ dY2u@*Y Y �o rq wkh k|shusodqh
EYu@*Y �z fdq eh lqihuuhg iurp wkh txdvl0frqfdylw| ri s lq %c exw wkh uhpdlqlqj pd0
wul{hv pd| r�vhw wklv h�hfw li wkh lpsdfw ri d fkdqjh lq wkh djjuhjdwh frpprglw| rq 4%
lv lpsruwdqw hqrxjk1 Wkhvh uhvxowv duh vxppdul}hg lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 51 +l, Wkh �uvw rughu rswlpdolw| frqglwlrqv ri sureohp +43, fdq eh
uhsuhvhqwhg e| Yu@*Y � ' bsT

�
� zkhuh T�

� ' R��%�* � dqg T�� ' K�

+ll, Wkh vhfrqg rughu frqglwlrqv iru d pd{lpxp lq  duh qrw qhfhvvdulo| yhul�hg e|
u@ E c 3(kc 4%c 45� �

Wkxv/ qhlwkhu vhsdudelolw| qru dgglwlyh sulfh djjuhjdwlrq/ qru wkh uhtxluhphqw ri shuihfw
djjuhjdwruv/ qru wkh dvvxpswlrq wkdw wkh glvwulexwlrqv ri hohphqwdu| jrrgv eh lqghshq0
ghqw iurp wkh djjuhjdwh rqhv/ lv uhtxluhg lq rughu wr prgho lpsolflwo| wkh �uvw rughu
rswlpdolw| frqglwlrqv ri u@1 Wkh �uvw sduw ri wklv uhvxow fdq eh xvhixo iru vhyhudo sxusrvhv1
Vroylqj wkh djjuhjdwh �uvw rughu frqglwlrqv lq  � shuplwv xv wr ghulyh wkh rswlpdo vroxwlrq
 @� ET

�c 3c K(kc 4%c 45� ri wkh �uvw vwdjh ri wkh rswlpl}dwlrq sureohp/ zklfk fdq eh prghoohg
zlwk djjuhjdwh sulfhv/ jrrgv dqg sur�w K dv h{sodqdwru| yduldeohv1 Ixuwkhu/ wkh uhvxow dovr
whoov xv wkdw wkh djjuhjdwh pdujlqdo surgxfwlylw| +xwlolw|, Yu@*Y � lv d zhljkwhg dyhudjh
ri wkh hohphqwdu| pdujlqdo surgxfwlylwlhv +xwlolwlhv, ri wkh jrrgv zlwklq wkh vxevhw M��

Wkxv/ zkhq wkh djjuhjdwh sulfh lv gh�qhg dv d xqlw ydoxh/ wkh Krwhoolqj0Zrog lghqwlw|
krogv lq wkh djjuhjdwh/ l1h1/

T�
�

K
'

Yu@*Y �Sa
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 �Yu@*Y �
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Lqghhg T�
�'

S
�M[�

R��%��* �c
Sa

�'� T� � ' K dqg Yu@*Y � ' bsT
�
� �

Wkh uhvxow +ll, ri Sursrvlwlrq 5 pd| dsshdu ri shvvlplvwlf frqwhqw1 Qrwh krzhyhu wkdw
wkh dvvxpswlrq uhtxluhg iru vwulfw txdvl0frqfdylw| wr krog lq wkh djjuhjdwh duh zhdnhu
wkdq wkh frqglwlrqv xqghu zklfk dq h{dfw djjuhjdwh uhsuhvhqwdwlrq zrxog eh srvvleoh1

Doo wklv glvfxvvlrq ri wkh lpsdfw ri d fkdqjh lq  � rq wkh glvwulexwlrq ri hohphqwdu|
jrrgv frxog/ lq idfw/ eh vsduhg e| lpphgldwho| uhpdunlqj wkdw wkh zd| wkh glvwulexwlrqv
ri hohphqwdu| jrrgv dqg sulfhv duh d�hfwhg e| d fkdqjh lq  � lv luuhohydqw iru wkh vroxwlrq
 @W� ri wkh sureohp1
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81 Qhjohfwlqj djjuhjdwlrq lq rswlpl}hg uhodwlrqvklsv

Zh frqvlghu djjuhjdwlrq zlwklq erwk wkh sulpdo dqg wkh gxdo rswlpl}dwlrq iudphzrunv/
fkdudfwhul}hg e| +4, dqg +5,1 Zh zloo vkrz/ wkdw wkh xvxdo uhjxodulw| frqglwlrqv ri hoh0
phqwdu| rswlpdo wudqvirupdwlrq dqg sur�w ixqfwlrqv s W ERc 5c K(k� dqg ZW ERc 5(k� pd| qrw
eh wudqvplwwhg wr u W ETc 3(Kck� dqg ZW ETc 3(k� zkhq djjuhjdwlrq lv qhjohfwhg1 Dqrwkhu
remhfwlyh ri wklv vhfwlrq lv wr ghwhuplqh krz djjuhjdwh sulfhv dqg txdqwlwlhv vkrxog eh
vshfl�hg lq rughu wr eh frkhuhqw zlwk wkh wkhru|1

814 Wkh sur�w ixqfwlrq

Xqghu rswlpdolw| frqglwlrqv/ vlplodu uhvxowv wr wkrvh ghulyhg deryh fdq eh rewdlqhg iru
wkh gxdo rswlpl}dwlrq sureohp +5, dqg wkh fruuhvsrqglqj �uvw rughu frqglwlrqv1 Khuh/ zh
gluhfwo| frqvlghu wkh djjuhjdwh sur�w ixqfwlrq zklfk lv uhodwhg wr wkh hohphqwdu| sur�w
ixqfwlrq ZW ERc 5(k� e| wkh iroorzlqj wudqvirupdwlrqv=

ZW ERc 5(k� ' 4@ 
%

iR�% G s E%c 5(k� � fj

' 4@ 
 

�
4@ 
4%

q�hT � 4R
�
�

Eh � 4%� G s Eh � 4%c 5(k� � f a @%� E%�� '  �c � ' �c � � � c a
r�

' 4@ 
 

q�hT�4R�� �h �4_%� G u@
�
 c 3(kc 4_%c 45

� � f
r

' ZW@
�
Tc 3(kc 45c 4R

�
� +47,

Qrz/ wkh vroxwlrq ri wkh vhfrqg vwdjh ri wklv rswlpl}dwlrq sureohp lv jlyhq e| 4_%
�
Tc c 3(kc 45c 4R

�
�

Qrwlfh wkdw wkh djjuhjdwh sur�w ixqfwlrq lv qrw sdudphwhul}hg e| wkh vdph sdudphwhuv dv
u@= 4% qr orqjhu dsshduv lq wkh h{suhvvlrq ri ZW@c zklfk ghshqgv lqvwhdg rq wkh glvwule0
xwlrq ri wkh hohphqwdu| sulfh udwlrv 4R� Wkh deryh uhsuhvhqwdwlrq pdnhv rqo| vhqvh zkhq
hohphqwdu| sulfhv dqg �{hg jrrg jrrgv ghshqg rq wkh djjuhjdwhv= wkhq 45 ' 45 E3c �� dqg
4R ' 4R ETc �� �

Wkh plfurhfrqrplf sur�w ixqfwlrq ZW ERc 5(k� lv olqhduo| krprjhqhrxv dqg frqyh{ lq
sulfhv1 Vlqfh ZW ERc 5(k� ' ZW@

�
Tc 3(kc 45c 4R

�
c wkh odvw ixqfwlrq zloo dovr eh olqhduo|

krprjhqhrxv dqg frqyh{ lq R� Exw zklfk surshuwlhv grhv ZW@ yhuli| zlwk uhvshfw wr
djjuhjdwh sulfhv TB Xvlqj +:, dqg +<,/ zh vhh wkdw iru jlyhq uhodwlyh sulfhv/ ZW@ zloo dovr
eh olqhduo| krprjhqhrxv dqg frqyh{ lq T1 Olqhdu krprjhqhlw| lq T uhvxowv iurp wkh idfw
wkdw=
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�
VTc 3(kc 45c 4R

�
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�
Tc 3(kc 45c 4R
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�

Frqyh{lw| ri ZW@ lq T +iru jlyhq 4R, lv rewdlqhg lq d vlplodu pdqqhu dv frqyh{lw| ri ZWERc

5(k� lq R +vhh h1j1 Glhzhuw ^4<;5`,= wdnh wzr sulfh yhfwruv Tf : fc dqg T� : f dqg gh�qh
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Iru f � V � �c gh�qh TV ' VTf n E�� V�T�� Wkhq

ZW@
�
TVc 3(kc 45c 4R

�
' 4@ 

 

q�hTV�4R
�
�

Eh �4%� G u@ E c 3(kc 4%c 45� � f
r

'
�hTV�4R

�
�

Eh @V�4V%�
' V

�hTf�4R
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Eh @V�4V%� n E�� V�
�hTf�4R

�
�

Eh @V�4V%�
� V

�hTf�4R
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�
�h @f�4f%�n E�� V�

�hT��4R
�
�
�h @��4�%�

' VZW@f n E�� V�ZW@��

Krzhyhu/ qrwklqj hqvxuhv d sulrul wkdw wkh glvwulexwlrq ri hohphqwdu| sulfhv lv vwdeoh
dqg grhv qrw vkliw zkhq T dqg 3 ydu|1 Wkhuhiruh/ wkh olqhdu krprjhqhlw| dqg frqyh{lw|
lq T pd|/ lq idfw/ qrw eh yhul�hg1 Wklv ohdgv wr wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 61 Wkh djjuhjdwh sur�w ixqfwlrq ZW@ lv qrw qhfhvvdulo| olqhduo| krpr0
jhqhrxv dqg frqyh{ lq wkh djjuhjdwh sulfhv T1

Zh nqrz wkdw ZW@
�
Tc 3(kc 45c 4R

�
lv olqhduo| krprjhqhrxv lq R= l1h1 zkhq R lv pxowlsolhg

e| d vfdodu Vc wkh sur�wv duh pxowlsolhg e| V� Krzhyhu/ wklv lv qrw vx!flhqw wr lpso| wkdw
ZW@

�
Tc 3(kc 45c 4R

�
lv olqhduo| krprjhqhrxv lq T� Lqghhg/ zkhq T lv pxowlsolhg e| wkh

vfdodu V lw grhv qrw jhqhudoo| lpso| wkdw doo hohphqwdu| sulfhv duh dovr pxowlsolhg e| V

+hyhq lq wkh fdvhv zkhuh T lq olqhduo| krprjhqhrxv lq R,1 Vlploduo|/ wkh frqyh{lw| lq
djjuhjdwh sulfhv lv qrw hqvxuhg/ vlqfh wkh vhfrqg rughu wrwdo gl�huhqwldwlrq |lhogv
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YTYT�

YZW@

Y4R
c +48,

zkhuh rqo| wkh pdwul{ dY2ZW@*YTYT�o lv hqvxuhg wr eh srvlwlyh vhpl0gh�qlwh1 D pdujlqdo
yduldwlrq lq wkh djjuhjdwh �{hg jrrgv 3& dovr kdv d glvwulexwlrqdo h�hfw lq jhqhudo/ lqghhg

_ZW@
�
Tc 3(kc 45c 4R

�
_3&

'
YZW@

Y3&
n

YZW@

Y4�5

Y45
Y3&

n
YZW@

Y4�R

Y4R
Y3&

� +49,

Lq vxppdu|/ xs wr qrz zh kdyh irxqg wkdw qhlwkhu olqhdu krprjhqhlw| lq sulfhv qru
frqyh{lw| lv hqvxuhg wr krog lq wkh djjuhjdwh1 Ri frxuvh/ uhvwulfwlrqv olnh wkrvh pdgh e|
h{dfw djjuhjdwlrq pd| hqvxuh vrph uhjxodulwlhv1 Dowhuqdwlyho|/ iroorzlqj Ohzeho ^4<<6e/
4<<9`/ dqg dvvxplqj wkdw wkh vkliw lq wkh glvwulexwlrq ri sulfhv lv }hur dovr shuplwv xv
wr uhwulhyh wkh olqhdu krprjhqhlw| dqg wkh frqyh{lw| ri ZW@ lq T� Lw vhhpv lqwhuhvwlqj/
krzhyhu/ wr qrwh wkdw frqyh{lw| lq T fdq eh yhul�hg xqghu ploghu frqglwlrqv1 Lqghhg/ lw
vx!fhv iru wklv wkdw wkh lpsdfwv ri 4R rq sur�wv eh vpdoo hqrxjk iru qrw ghvwur|lqj wkh
srvlwlyh vhpl0gh�qlwhqhvv ri wkh �uvw pdwul{ Y2ZW@*YTYT��

Duh uhdoo| doo surshuwlhv ri wkh sur�w ixqfwlrq orvwB Zh vkrz wkdw Krwhoolqj*v ohppd
fdq vwloo eh xvhg iru ghulylqj wkh rswlpdo djjuhjdwh vxsso| dqg ghpdqg ixqfwlrqv1

Sursrvlwlrq 71 Wkh djjuhjdwh sur�w ixqfwlrq ZW@ yhul�hv Krwhoolqj*v ohppd lq wkh
vhqvh wkdw=
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'
[
�M[�

R��%
_
��

T�

c +4:,
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zkhuh %_�� ghqrwhv wkh hohphqwdu| vroxwlrq ri wkh gxdo rswlpl}dwlrq sureohp1 E|
gh�qlqj djjuhjdwh sulfhv dv T�

� � S
�M[�

R��%
_
��* 

@
� c lw iroorzv wkdw ZW@ ' T�

� 
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�
eh wkh vroxwlrq ri wklv rswlpl}dwlrq surjudp1 Iru

duelwudu| hohphqwdu| sulfhv R dqg wkh fruuhvsrqglqj djjuhjdwh sulfh Tc zh kdyh

ZW@
�
Tc 3(kc 45c 4R

� � �hT�4R�� �h @f � 4f%� c
zkhuh 4f% '
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%_f
�
* @f

�
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�
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R�� Wkxv/ wkh ixqf0
wlrq gh�qhg dv

ZW@
�
Tc 3(kc 45c 4R

�� �hT�4R�� �h @f � 4f%�
lv srvlwlyh dqg plqlpl}hg dw T ' Tf> wkh fruuhvsrqglqj �uvw rughu frqglwlrqv duh
jlyhq e|=
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zklfk |lhogv +4:,1 E| vshfli|lqj T� dv T�
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�M[�
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_
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@
� / lw iroorzv wkdw wkh

rswlpdo sur�w ixqfwlrq lv=
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T�c 3(kc 45c 4R
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Tc c 3(kc 45c 4R
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Wklv sursrvlwlrq whoov xv wkdw Krwhoolqj*v ohppd krogv zlwk uhvshfw wr djjuhjdwh sulfhv
T�1 Wkh htxdolw| +4:, dovr glfwdwhv krz djjuhjdwh txdqwlwlhv pxvw eh gh�qhg lq rughu wr
�qg Krwhoolqj*v ohppd lq wkh djjuhjdwh= hlwkhu  � �

S
�M[�

R��%��*T�c iru dq| vshfl�fdwlrq
ri wkh djjuhjdwh sulfh T�/ ru T� ' T�

� � S
�M[�

R��%��* �c iru dq| vshfl�fdwlrq ri wkh
djjuhjdwh txdqwlw|  �1 Wkhq/ YZW@*YT�

� '  @� lv uhwulhyhg dw wkh djjuhjdwh ohyho1 Krzhyhu/
wklv lv qrw vx!flhqw wr lpso| wkdw ZW@

�
T�c 3(kc 45c 4R

�
lv olqhduo| krprjhqhrxv lq T��

Dowkrxjk e| Sursrvlwlrq 7/ T��YZW@*YT� ' ZW@c wkh wrwdo gl�huhqwldwlrq ri ZW@ |lhogv
T��_ZW@*_T� ' ZW@ n

�
YZW@*Y4�R

�
Y4R*YT

�c zklfk pd| gl�hu iurp ZW@1 Wkh xvhixoqhvv
ri wklv djjuhjdwh Krwhoolqj*v ohppd iru hpslulfdo dqdo|vlv lv qrw reylrxv> lqghhg/ wkh
revhuydwlrq ri wkh frpsohwh glvdjjuhjdwh lqirupdwlrq rq 45 dqg 4R lv uhtxluhg iru lwv
dssolfdwlrq1 Zkhq qrw dydlodeoh/ wkh prghohu pd| eh ohg wr uhwdlq d sur�w ixqfwlrq
vshfl�hg dv Z ET�c 3(k� iru hvwlpdwlqj d sdudphwhu yhfwru k zklfk lv frqvwdqw ryhu wkh
vdpsoh1 Wkhq/ wkh ydolglw| ri Krwhoolqj*v ohppd lv fdoohg lqwr grxew dv vrrq dv 45 ru 4R
duh qrw vwdeoh1

Eulh |/ zh kdyh vkrzq wkdw lpsruwdqw surshuwlhv ri sur�w ixqfwlrqv/ olqhdu krprjhqhlw|
dqg frqyh{lw| lq djjuhjdwh sulfhv T� duh orvw zkhq jrrgv dqg sulfhv duh djjuhjdwhg1
Wkhvh surshuwlhv/ zklfk duh xvxdoo| xvhg iru frpsdudwlyh vwdwlf dqdo|vhv dqg iru vshfli|lqj
v|vwhpv ri ghpdqgv dqg vxssolhv lq hpslulfdo vwxglhv/ vkrxog/ wkhuhiruh/ qrw eh lpsrvhg
zlwkrxw suhfdxwlrq1
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815 Wkh lqgluhfw remhfwlyh ixqfwlrq

Wkh djjuhjdwh lqgluhfw remhfwlyh ixqfwlrq fdq eh rewdlqhg iurp lwv plfurhfrqrplf frxq0
whusduw dv

sW ERc 5(kc K� ' 4@ 
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' 4@ 
 

�
4@ 
4%

q
s Eh � 4%c 5(k� G

�hT � 4R
�
�

Eh � 4%� � K a @%� E%�� '  �c � ' �c � � � c a
r�

' u W@
�
Tc 3(kc Kc 45c 4R

�
�

Lw lv hdv| wr vhh wkdw zkhq wkh udwlrv ri hohphqwdu| wr djjuhjdwh sulfhv vwd| frqvwdqw/ wkh
xvxdo surshuwlhv duh yhul�hg iru u W@

�
Tc 3(kc Kc 45c 4R

�
zlwk uhvshfw wr T dqg K� Lq jhqhudo

krzhyhu/ iru ydu|lqj 45 dqg 4Rc wkhvh surshuwlhv pd| ydqlvk1 Wkh sursrvlwlrq dqg lwv
surri duh ohiw wr wkh lqwhuhvwhg uhdghu1

91 Dq hpslulfdo lqyhvwljdwlrq= khwhurjhqhrxv vnloov

dqg djjuhjdwh oderu ghpdqg

Lqsxw sulfh fkdqjhv/ zdjh yduldwlrqv/ jurzwk dqg whfkqlfdo fkdqjh kdyh udwkhu glvvlpl0
odu lpsdfwv rq wkh ghpdqgv iru gl�huhqw vnloov ri oderu1; Wkhuhiruh/ zkhq rqo| djjuhjdwh
lqirupdwlrq rq wkh djjuhjdwh txdqwlw| ri oderu dqg djjuhjdwh zdjh lv dydlodeoh/ vrph lqwhu0
hvwlqj lqirupdwlrq rq wkh ghpdqg iru gl�huhqw oderu vnloov lv orvw1 D ixuwkhu frqvhtxhqfh
ri qhjohfwlqj glvdjjuhjdwh lqirupdwlrq pd| eh eldv lq wkh hvwlpdwhv uho|lqj rq djjuhjdwh
gdwd1 Lq wklv vhfwlrq/ zh vwxg| wkh lpsruwdqfh dqg wkh lpsdfw ri wklv eldv1 Pruh suhflvho|/
zh vwxg| djjuhjdwlrq ri oderu dqg wkh frqvhtxhqfhv ri uhsuhvhqwlqj wkh fdwhjrulhv ri oderu
�|c r| dqg �|/ zklfk ghqrwh uhvshfwlyho| ckljk0vnloohg*/ cvhpl0vnloohg* dqg cxqvnloohg* oderu/
e| d vfdodu txdqwlw| ri oderu  �|� Wkh vxevfulsw | lv lqwurgxfhg iru fkdudfwhul}lqj wlph1
Wkh rwkhu dujxphqwv ri wkh wudqvirupdwlrq ixqfwlrq duh pdwhuldov 6|c fdslwdo &|/ zklfk
duh dvvxphg wr eh  h{leoh lqsxwv zkhuhdv rxwsxw +| dqg wlph | duh h{rjhqrxv> wkhuhiruh
%| � E�|c &|c 6|c r|c �|� dqg 5| � E+|c |� lq wkh h{suhvvlrq ri s E%|c 5|(k� � f� Wkh gdwdvhw
frqvlvwv ri �yh djjuhjdwh vhfwruv ri hfrqrplf dfwlylw| lq Zhvw Jhupdq|= pdqxidfwxulqj>
hqhuj|/ zdwhu ) plqlqj> frqvwuxfwlrq> zkrohvdoh ) uhwdlo wudgh> edqnlqj ) lqvxudqfh1 Doo
gdwd duh dydlodeoh vhpl0dqqxdoo| iurp 4<:: wr 4<<71 Lq 4<<7/ dssur{lpdwho| 93 shufhqw ri
doo zrunhuv sd|lqj vrfldo vhfxulw| frqwulexwlrqv zhuh hpsor|hg lq wkhvh �yh vhfwruv1 Wkhvh
gdwd duh ixoo| ghvfulehg lq Idon dqg Nrheho ^4<<:`1

Wkh djjuhjdwh oderu lqsxw lv gh�qhg dv wkh vxp ri hohphqwdu| oderu lqsxwv/ dv frp0
prqo| gh�qhg e| vwdwlvwlfdo r!fhv dqg uhwdlqhg lq hpslulfdo vwxglhv=  �| ' �| n r| n �|�

Djjuhjdwh zdjhv duh jlyhq e| wkh xqlw zdjh T�| ' ER�|�| n Rr|r| n R�|�|� * �|� Iru wkh xvh
ri vxfk djjuhjdwhv wr eh srvvleoh/ wkh ch{dfw djjuhjdwlrq* dssurdfk zrxog uhtxluh wkdw dq
djjuhjdwh ixqfwlrq u r h{lvwv vxfk wkdw=

s E%|c 5|(k� ' u r E&|c 6|c �| n r| n �|c +|c |(k� �

; Vhh iru h{dpsoh Idon dqg Nrheho ^4<<<` iru vxfk hpslulfdo �qglqjv zlwk wkh vdph gdwdvhw dv wkh rqh
xvhg lq wklv vhfwlrq1
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Lq wklv fdvh krzhyhu/ d udwlrqdo surgxfwlrq xqlw zrxog xvh rqo| rqh oderu lqsxw= wkh
fkhdshvw rqh1 Wklv odvw vlwxdwlrq lv fohduo| qrw phw zlwk rxu vhfwruldo gdwd dqg wkhuhiruh
h{dfw djjuhjdwlrq fdqqrw eh dfklhyhg1 Wklv vkruw uhdvrqlqj ohdgv wr uhmhfw wkh vwudwhj|
uho|lqj rq h{dfw djjuhjdwlrq wkhru| iru prghoolqj djjuhjdwh oderu ghpdqg1 Lv wkhuhiruh
dq| hpslulfdo vwxg| xvhohvvB Qrw qhfhvvdulo|/ ehfdxvh wkh surgxfwlrq surfhvv fdq eh
uhsuhvhqwhg dssur{lpdwho| e| u@ E&|c 6|c �|c 5|(k|c 4%|� c zlwk 4%| ' E�|* �|c r|* �|c �|* �|�

�1

914 Hpslulfdo lqyhvwljdwlrq ri sulfh sursruwlrqdolw|

Vlqfh lq dssolhg surgxfwlrq dqdo|vlv/ wkh ghwhuplqdqwv ri lqsxw ghpdqg ixqfwlrqv duh
riwhq ri lqwhuhvw/ zh ehjlq zlwk d glvdjjuhjdwh v|vwhp %W ER|c 5|(k� c iurp zklfk wkh djjuh0
jdwh uhodwlrqvklsv  @

�
T|c +|c |(kc 4R|

�
zlwk T| � ERe|c R&|c R6|cT�|�

� duh rewdlqhg e| xvlqj wkh
deryh uhsdudphwhul}dwlrq1 Zkhq qrw revhuydeoh/ 4R| lv qhjohfwhg lq wkh hpslulfdo hvwlpd0
wlrq1 Lq wklv fdvh/ wkh xqghuo|lqj frvw dqg ghpdqg ixqfwlrqv qrwhg U ET�|c R6|c R&|c +|c |(k�

dqg  ET�|c R6|c R&|c +|c |(k� zloo qrw qhfhvvdulo| yhuli| wkh plfurhfrqrplf uhjxodulw| surs0
huwlhv1 Wkh frqglwlrqv xqghu zklfk U dqg  yhuli| wkh plfurhfrqrplf surshuwlhv duh jlyhq
lq vhfwlrq 6 dqg 71 Vwrfkdvwlf sursruwlrqdolw| ri sulfhv lv d vx!flhqw frqglwlrq iru wklv> lq
zklfk fdvh/

4R�| �
R�|
T�|

' h��f n h/�|c � ' �c rc �c +4;,

zkhuh h��f lv d frqvwdqw sdudphwhu dqg h/�| d udqgrp whup zlwk }hur phdq dqg frqvwdqw
yduldqfh1 Wkh ydolglw| ri wklv dvvxpswlrq lv whvwhg e| Ohzeho ^4<<9`/ zkr lqyhvwljdwhv wkh
vwdwlrqdulw| dqg frlqwhjudwlrq surshuwlhv ri uhodwlyh sulfhv lq wkh frqvxphu frqwh{w1 Khuh/
ehlqj lqwhuhvwhg lq wkh surshuwlhv ri  ET|c +|c |(k� c zh whvw wkh devhqfh ri fruuhodwlrq eh0
wzhhq 4R| dqg rwkhu h{sodqdwru| yduldeohv T|c +| dqg | ri wkh djjuhjdwh ghpdqg ixqfwlrqv1
Lq wkh fdvh zkhuh 4R| lv fruuhodwhg zlwk T�|/ wkh vx!flhqw frqglwlrq iru wkh ixo�oophqw
ri plfurhfrqrplf uhjxodulwlhv lq wkh djjuhjdwh lv uhmhfwhg1 Wkh surfhgxuh wkhuhiruh vxj0
jhvw wr frpsduh wkh vshfl�fdwlrq +4;, zlwk d pruh jhqhudo rqh/ kdylqj T|c +| dqg | dv
dujxphqwv dqg fkrvhq dv

4R| �
R�|
T�|

' ��f n ���T�| n ��6R6| n ��&R&| n ��++| n ��||n /�|c +4<,

zkhuh � ' �c rc � dqg /�| lv d uhvlgxdo whup zlwk }hur phdq frqglwlrqdo rq uhjuhvvruv dqg
frqvwdqw yduldqfh1 Wklv odvw uhodwlrqvklsv duh yhu| vlplodu wr wkh dx{loldu| htxdwlrqv lq0
wurgxfhg e| Wkhlo ^4<87/ 4<:4` lq wkh dqdo|vlv ri djjuhjdwlrq/ iru vwxg|lqj wkh uhodwlrqvkls
ehwzhhq wkh hvwlpdwhv iru k dqg k1

Wkh hvwlpdwhv ri wkh frh!flhqwv ri +4<, duh olvwhg lq Wdeoh 91 D Ilvkhu whvw iru wkh mrlqw
qxoolw| ri doo vorshv uhmhfwv lq doo fdvhv +iru doo txdol�fdwlrqv dqg vhfwruv, wkh dvvxpswlrq
ri vwrfkdvwlf sursruwlrqdolw| ri wkh sulfhv iru gl�huhqw txdol�fdwlrqv ri oderu1 Wklv uhmhf0
wlrq pd| dsshdu vxusulvlqj lq wkh oljkw ri wkh yhu| kljk fruuhodwlrqv ehwzhhq wkh wkuhh
hohphqwdu| sulfhv ri oderu= ryhu doo �yh vhfwruv uhwdlqhg/ wkh orzhvw frh!flhqw ri fruuhod0
wlrq revhuyhg zdv 31<;91 Ghvslwh wklv idfw/ wkh Ilvkhu whvw xqdpeljxrxvo| uhmhfwv wkh qxoo
k|srwkhvlv ri vwdeoh uhodwlyh sulfhv R�|*T�| ryhu wkh shulrg1 Qrwh wkdw wkh uhmhfwlrq pd|
eh duwl�fldo= e| xvlqj dq lqvwuxphqwdo yduldeoh uhjuhvvlrq/ wkh suhflvlrq ri wkh hvwlpdwhv
pd| idoo dqg wkh 8 0whvw vwdwlvwlf ghfuhdvh1
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Wdeoh 4= Whvwlqj wkh frqvwdqf| ri uhodwlyh sulfhv iru gl�huhqw vnloov

h{sodlqhg Frh!flhqw hvwlpdwhv +dqg |0ydoxhv lq sduhqwkhvlv,
Vhfwru yduldeoh ��f ��� ��6 ��&

R�|*T�| 4154 +571;, 03163 +091<, 3133 +313, 3137 +418,
Pdqxidfwxulqj Rr|*T�| 31<; +::14, 3138 +715, 03134 +0417, 3133 +314,

R�|*T�| 31<< +6918, 03138 +0513, 3137 +517, 03135 +0415,
Zdwhu/ R�|*T�| 415: +4914, 03169 +0<18, 3137 +514, 03136 +0419,
Hqhuj| Rr|*T�| 31;; +591<, 3146 +;16, 03134 +0417, 03133 +0317,

dqg Plqlqj R�|*T�| 4167 +441;, 03168 +0917, 3135 +318, 3136 +414,
R�|*T�| 4164 +<14, 03198 +0;1:, 313: +316, 0313; +0319,

Frqvwuxfwlrq Rr|*T�| 31;< +6715, 3138 +61;, 3136 +31:, 3135 +413,
R�|*T�| 4157 +4:1:, 03138 +0417, 03139 +0318, 03139 +0413,

Zkrohvdoh R�|*T�| 415; +451;, 03149 +0817, 3135 +318, 03133 +0314,
dqg Uhwdlo Rr|*T�| 4134 +4914, 03137 +0514, 3134 +317, 03134 +031<,
Wudgh R�|*T�| 31;4 +61<, 3153 +614, 03134 +0315, 3134 +317,
Edqnlqj R�|*T�| 4146 +6<1:, 0313: +0519, 0313; +0515, 3134 +415,
dqg Rr|*T�| 4134 +;514, 03133 +0317, 03135 +0414, 3134 +616,

Lqvxudqfhv R�|*T�| 31<4 +5314, 3139 +417, 313< +418, 03137 +0617,

Frh!flhqw hvwlpdwhv +dqg |0ydoxhv lq sduhqwkhvlv,
��+ ��| -2 8 0WhvwE��

03133 +0817, 3134 +4314, 31<; 59:13
3133 +31;, 03133 +0819, 31<6 ::15
3133 +514, 3133 +513, 3196 4315
03133 +031<, 3134 +:16, 31;: 6;18
3133 +41<, 03133 +0:14, 31;5 5919
03133 +041<, 3134 +81:, 31:5 4815
3133 +414, 3134 +:1:, 31:9 4<18
3133 +614, 03133 +081<, 31:4 4719
03133 +0615, 3133 +617, 318< ;19
03133 +0613, 3134 +71;, 31:9 4<14
3133 +315, 3133 +31;, 3173 61<
3133 +318, 03133 +0419, 318; ;17
03133 +0719, 3134 +4617, 31<; 5:<1<
3133 +31<, 03133 +041<, 31;5 5:16
03133 +0316, 03133 +0415, 3173 713

E�� 8 0Whvw iru wkh k|srwkhvlv wkdw wkh �yh sdudphwhuv ���/ ��6/ ��&/ ��+ dqg ��| duh }hur iru � ' �/ r/ �1 Wkh vwdwlvwlf 8

iroorzv wkh Ilvkhu0Vqhghfru glvwulexwlrq zlwk 8 dqg 63 ghjuhhv ri iuhhgrp1 Wkh fulwlfdo ydoxh dw wkh 4( vljql�dqfh ohyho lv

61:
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Wkxv/ zkhq gdwd rq hohphqwdu| oderu txdol�fdwlrqv dqg sulfhv duh qrw dydlodeoh/ wkh
ixo�oophqw ri plfurhfrqrplf surshuwlhv lv qrw hqvxuhg lq wkh djjuhjdwh1 Iurp Wdeoh 9/ zh
fdq vhh wkdw lq doo vhfwruv R�|*T�| ghfuhdvhv zlwk T�| dqg lqfuhdvhv zlwk |1 Wkhuhiruh/ dq|
fkdqjh lq wkh h{sodqdwru| yduldeohv ri  ET|c +|c |(k� fdqqrw eh lqwhusuhwhg fhwhulv sdulexv/
vlqfh wkh| dovr phdvxuh fkdqjhv lq wkh glvwulexwlrq ri wkh rplwwhg hohphqwdu| sulfhv1 Wklv
lv wkh uhdvrq zk| plfurhfrqrplf surshuwlhv qhhg qrw wr krog iru  ET|c +|c |(k� hyhq zkhq
wkh| duh yhul�hg zlwk uhvshfw wr %W ER|c +|c |(k� �

Qrwh wkdw wkh uhmhfwlrq ri wkh vx!flhqw frqglwlrq iru wkh plfurhfrqrplf frqglwlrq wr
krog lq wkh djjuhjdwh grhv qrw lpso| wkhlu uhmhfwlrq= wkh gl�huhqw glvwulexwlrqdo h�hfwv
pljkw frpshqvdwh hdfk rwkhu dqg ydqlvk lq wkh djjuhjdwh1 Iurp Wdeoh 9 rqh fdq vhh wkdw
zlwklq hdfk lqgxvwu|/ qr sdudphwhu hvwlpdwh kdv d frqvwdqw vljq iru wkh gl�huhqw oderu
txdol�fdwlrqv1 Ixuwkhu hpslulfdo lqyhvwljdwlrqv duh qhhghg iru vwxg|lqj li wkh qhfhvvdu|
frqglwlrqv iru wkh plfurhfrqrplf surshuwlhv duh dovr uhmhfwhg1 Krzhyhu/ wkh uhmhfwlrq ri
vwrfkdvwlf sursruwlrqdolw| douhdg| vx!fhv wr fdvw vrph grxewv rq wkh ydolglw| ri wkhvh
uhvwulfwlrqv1

915 Wkh djjuhjdwlrq eldvhv

:1 Frqfoxvlrq

Lq wklv sdshu/ zh vkrz wkdw vrph vwxglhv qhjohfwlqj djjuhjdwlrq lvvxhv pd| dgplw irxq0
gdwlrq lq djjuhjdwlrq wkhru|= lw lv qrw sxuh qrqvhqvh wr frqvlghu d uhodwlrqvkls kdylqj
vrph djjuhjdwhv dv dujxphqwv1 Ehvlghv/ dq djjuhjdwh uhsuhvhqwdwlrq ri wkh lqlwldo sure0
ohp lv srvvleoh zlwkrxw uhvwulfwlrqv rq wkh dgplvvleoh plfurhfrqrplf ixqfwlrqdo irupv1
Vxfk d uhsuhvhqwdwlrq h{lvwv zkhwkhu jrrgv duh rswlpdoo| doorfdwhg ru qrw1 Wkhvh �qglqjv
frqwudvw zlwk wkh shvvlplvwlf frqfoxvlrqv ri wkh h{dfw djjuhjdwlrq dssurdfk iru zklfk dq
djjuhjdwh uhsuhvhqwdwlrq lv rqo| srvvleoh xqghu udwkhu lpsodxvleoh uhvwulfwlrqv rq plfur0
hfrqrplf uhodwlrqvklsv1

Krzhyhu/ zh dovr vkrz wkdw wkh djjuhjdwh sdudphwhuv gr qrw lq jhqhudo uh hfw rqo|
hfrqrplf ehkdylru exw dovr vkliwv lq wkh glvwulexwlrq ri hohphqwdu| jrrgv dqg sulfhv1
Vxfk d ihdwxuh zdv xqghuolqhg e| h1j1 Vwrnhu ^4<;7` lq wkh frqwh{w ri djjuhjdwlrq dfurvv
lqglylgxdov1 Wkhuhiruh/ vhyhudo uhjxodulw| surshuwlhv ri lqglylgxdo ehkdylru pd| eh orvw
dw wkh djjuhjdwh ohyho= olqhdu krprjhqhlw| dqg frqyh{lw| lq wkh djjuhjdwh sulfhv duh
qrw qhfhvvdulo| yhul�hg e| sur�w ixqfwlrqv/ iru h{dpsoh1 Wkhuhiruh wkh lpsrvlwlrq ri
plfurhfrqrplf uhjxodulwlhv dw wkh djjuhjdwh ohyho +dfurvv jrrgv, pd| ohdg wr hvwlpdwlrq
eldv1

Zkhq wkh frqglwlrqv iru dq h{dfw djjuhjdwlrq duh qrw yhul�hg krzhyhu/ wkh idfw wkdw
wkh sdudphwhuv wr eh hvwlpdwhg duh cfrpsolfdwhg frpelqdwlrqv ri whfkqrorjlfdo fkdudf0
whulvwlfv dqg wkh glvwulexwlrq ri lqsxwv* +Eodfnrue|/ Vfkzrup dqg Ilvkhu ^4<;9`, grhv qrw
rqo| lpso| d orvv ri vrph uhjxodulw| surshuwlhv lq wkh djjuhjdwh1 Dqrwkhu frqvhtxhqfh
lv wkdw wkh lqwhusuhwdwlrq ri wkh djjuhjdwh hvwlpdwlrqv pxvw eh hqodujhg= wkh pdujlqdo
lpsdfw ri djjuhjdwh yduldeohv pxvw eh wkrxjkw ri dv ehlqj frpsrvhg ri d gluhfw dqg dq
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lqgluhfw h�hfw rq wkh glvwulexwlrq ri hohphqwdu| frpsrqhqwv1 Ehvlghv/ wklv ghshqghqfh
ehwzhhq djjuhjdwh sdudphwhuv dqg wkh hohphqwdu| fkdudfwhulvwlfv ri wkh prgho dovr gh0
pdqgv ixuwkhu hfrqrphwulf frqvlghudwlrqv vlqfh wklv uhsuhvhqwv d ghsduwxuh iurp wkh xvxdo
dvvxpswlrqv uhtxluhg iru frqvlvwhqw dqg h!flhqw sdudphwhu hvwlpdwlrq1

Wkuhh pdlq uhfrpphqgdwlrqv iru hfrqrplf uhvhdufk fdq eh gudz iurp rxu dqdo|vlv1
Iluvw/ dq| uhvwulfwlrqv dw wkh djjuhjdwh ohyho zklfk lv qrw prwlydwhg e| hpslulfdo sxusrvhv
+dv lghqwl�fdwlrq/ froolqhdulw|/ sduvlprq| ri sdudphwhul}dwlrq hwf1, vkrxog eh dyrlghg/
ru dw ohdvw whvwhg1 Vhfrqg/ dv douhdg| xqghuolqhg e| Vwrnhu ^4<;7`/ wkh lqwhusuhwdwlrq ri
djjuhjdwh hvwlpdwhv lq whupv ri lqglylgxdo ehkdylru vkrxog eh jlyhq xs1 Wklug/ vlqfh
lq jhqhudo djjuhjdwh sdudphwhuv duh frpsoh{ ixqfwlrqv ri hohphqwdu| frpsrqhqwv ri wkh
prgho/ wkhlu vwdelolw| ryhu wkh vdpsoh vkrxog eh lqyhvwljdwhg1 Wkhvh vxjjhvwlrqv duh
qrw qhz= wkh| fdq eh irxqg lq vhyhudo wh{werrnv dqg duh vhhq dv erwk uhdvrqdeoh dqg
ydoxdeoh e| prvw hfrqrplvwv1 Vxusulvlqjo|/ wkhvh lvvxhv duh uduho| frqvlghuhg lq hpslulfdo
vwxglhv1 Dowkrxjk suhvhqwhg lq wh{werrnv +h1j1 Ehuqgw ^4<<3`,/ whvwv ri wkh ydolglw| ri
plfurhfrqrplf uhvwulfwlrqv ru ri wkh vwdelolw| ri sdudphwhuv duh qrw riwhq fduulhg rxw lq
hfrqrplf dqdo|vlv1

Dq dsshdolqj h{whqvlrq ri wkh prgho suhvhqwhg zrxog frqvlvw wr vwxg| zkhwkhu uhjx0
odulwlhv duh pruh olnho| wr eh yhul�hg lq wkh djjuhjdwh +dfurvv jrrgv, wkdq lq wkh ruljlqdo
iudphzrun1 Vxfk d prghoolqj dssurdfk lv dgyrfdwhg e| Kloghqeudqg ^4<<7` lq wkh frqwh{w
ri djjuhjdwlrq dfurvv djhqwv1

Uhihuhqfhv

Ehuqgw/ H1 U1/ 4<<3/ Wkh Sudfwlfh ri Hfrqrphwulfv= Fodvvlf dqg Frqwhpsrudu|/ Uhdglqj=
Dgglvrq0Zhvoh|1

Eodfnrue|/ F1/ Sulprqw/ G1/ dqg Uxvvhoo/ U1 U1/ 4<:;/ Gxdolw|/ Vhsdudelolw|/ dqg Ixqfwlrqdo
Vwuxfwxuh= Wkhru| dqg Hfrqrplf Dssolfdwlrqv/ Qhz \run= Qruwk0Kroodqg1

Eodfnrue|/ F1/ Vfkzrup/ Z1/ dqg Ilvkhu/ W1/ 4<;9/ cWhvwlqj wkh H{lvwhqfh ri Lqsxw Dj0
juhjdwhv lq dq Hfrqrp| Surgxfwlrq Ixqfwlrq*/ Glvfxvvlrq Sdshu Qr1 ;9059/ Xqlyhuvlw|
ri Eulwlvk Froxpeld/ Ydqfrxyhu1

Fruqzhoo/ F1/ dqg Vfkplgw/ S1/ 4<<9/ cSurgxfwlrq Iurqwlhuv dqg H!flhqf| Phdvxuhphqw*/
lq O1 Päw|äv dqg S1 Vhyhvwuh +hgv1,/ Wkh Hfrqrphwulfv ri Sdqho Gdwd/ Vhfrqg Hglwlrq/
Gruguhfkw= Noxzhu Dfdghplf Sxeolvkhuv1

Glhzhuw/ Z1 H1/ 4<;5/ cGxdolw| Dssurdfkhv wr Plfurhfrqrplf Wkhru|*/ lq N1 M1 Duurz
dqgP1 G1 Lqwuloljdwru +hgv1,/ Kdqgerrn ri Pdwkhpdwlfdo Hfrqrplfv/ yro15/ Dpvwhugdp=
Qruwk0Kroodqg1

Glhzhuw/ Z1 H1/ dqg Zdohv/ W1 M1/ 4<<8/ cIoh{leoh Ixqfwlrqdo Irupv dqg Whvwv ri Krpr0
jhqhrxv Vhsdudelolw|*/ Mrxuqdo ri Hfrqrphwulfv/ 9:/ ss158<06351
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Idon/ P1 dqg Nrheho/ E1/ 4<<</ Fxuydwxuh Frqglwlrqv dqg Vxevwlwxwlrq Sdwwhuq dprqj
Fdslwdo/ Hqhuj|/ Pdwhuldo dqg Khwhurjhqhrxv Oderu/ Glvfxvvlrq Sdshu Qr1 <<039/ ]HZ/
Pdqqkhlp1

Klfnv/ M1 U1/ 4<69/ Ydoxh dqg Fdslwdo/ R{irug= Foduhqgrq Suhvv1

Kloghqeudqg/ Z1/ 4<<7/ Pdunhw Ghpdqg= Wkhru| dqg Hpslulfdo Hylghqfh/ Sulqfhwrq=
Sulqfhwrq Xqlyhuvlw| Suhvv1

Norhn/ W1/ 4<94/ cQrwh rq Frqyhqlqhqw Pdwul{ Qrwdwlrqv lq Pxowlyduldwh Vwdwlvwlfdo Dqdo|0
vlv dqg lq wkh Wkhru| ri Olqhdu Djjuhjdwlrq*/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 5/
ss168406931

Nrheho/ E1 P1/ 4<<;/ cH{dfw Djjuhjdwlrq dfurvv Jrrgv iru d Jlyhq Pd{lpl}lqj Djhqw*/
Rwwr0yrq0Jxhulfnh0Xqlyhuvlwçw/ Pdjghexuj1

Ohrqwlhi/ Z1/ 4<69/ cFrpsrvlwh Frpprglwlhv dqg wkh Sureohp ri Lqgh{ Qxpehuv*/ Hfrqr0
phwulfd/ 7/ ss16<08<1

Ohrqwlhi/ Z1/ 4<7:/ cLqwurgxfwlrq wr d Wkhru| ri wkh Lqwhuqdo Vwuxfwxuh ri Ixqfwlrqdo
Uhodwlrqvklsv*/ Hfrqrphwulfd/ 48/ ss169406:61

Ohzeho/ D1/ 4<<5/ cDjjuhjdwlrq zlwk Orj0Olqhdu Prghov*/ Uhylhz ri Hfrqrplf Vwxglhv/
8</ ss196809751

Ohzeho/ D1/ 4<<6d/ cGlvwulexwlrq Pryhphqwv/ Pdfurhfrqrplf Uhjxodulwlhv/ dqg wkh Uhs0
uhvhqwdwlyh Frqvxphu*/ Ulfhufkh Hfrqrplfkh/ 7:/ ss14;<04<<1

Ohzeho/ D1/ 4<<6e/ cVwrfkdvwlf Klfnvldq Djjuhjdwlrq zlwk dq Dssolfdwlrq wr Jurxslqj
Jrrgv Zlwkrxw Vhsdudeoh Xwlolw|*/ Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxh/ 5</ ss14:0751

Ohzeho/ D1/ 4<<9/ cDjjuhjdwlrq Zlwkrxw Vhsdudelolw|= D Jhqhudol}hg Frpsrvlwh Frp0
prglw| Wkhruhp*/ Dphulfdq Hfrqrplf Uhylhz/ ;9/ ss185708761

Pdolqydxg/ H1/ 4<;4/ Wkìrulh Pdfurìfrqrpltxh/ Sdulv= Gxqrg1

Vwrnhu/ W1 P1/ 4<;7/ cFrpsohwhqhvv/ Glvwulexwlrq Uhvwulfwlrqv/ dqg wkh Irup ri Djjuhjdwh
Ixqfwlrqv*/ Hfrqrphwulfd/ 85/ ss1;;:0<3:1

Wkhlo/ K1/ 4<87/ Olqhdu Djjuhjdwlrq ri Hfrqrplf Uhodwlrqv/ Dpvwhugdp= Qruwk0Kroodqg1

Wkhlo/ K1/ 4<8:/ cVshfl�fdwlrq Huuruv dqg wkh Hvwlpdwlrq ri Hfrqrplf Uhodwlrqvklsv*/
Uhylhz ri wkh Lqwhuqdwlrqdo Vwdwlvwlfdo Lqvwlwxwh/ 58/ ss1740841
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