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Krxvhkrog Vdylqj/ Wlph Doorfdwlrq dqg
Wd{dwlrq

Sdwulfld Dssv
Xqlyhuvlw| ri V|gqh|

Ud| Uhhv
Xqlyhuvlw| ri Pxqlfk

Dxjxvw 4<<<

Devwudfw

Fxuuhqw glvfxvvlrqv ri wd{ srolf| dqg shqvlrq uhirup duh yhu| pxfk

frqfhuqhg zlwk wkh lpsolfdwlrqv ri srolf| fkdqjhv iru krxvhkrog vdy0

lqj1 Wklv sdshu dqdo|vhv wkhvh lvvxhv lq wkh frqwh{w ri d prgho zklfk

uhfrjqlvhv wkdw krxvhkrogv w|slfdoo| frqvlvw ri wzr lqglylgxdov zkr

mrlqwo| wdnh ghflvlrqv rq vdylqj dqg oderxu vxsso|/ dqg wkdw dq lpsru0

wdqw lvvxh lq hydoxdwlqj wkh lpsdfw ri srolf| fkdqjh dulvhv rxw ri wkh

idfw wkdw oderxu vxssolhv ri vhfrqgdu| hduqhuv ydu| vxevwdqwldoo| dfurvv

krxvhkrogv1 Zh vkrz wkdw/ zkhq zh wdnh dffrxqw ri wklv/ wkh frqyhq0

wlrqdo zlvgrp derxw wkh h�hfwv rq krxvhkrog vdylqj ri wd{ fkdqjhv

zklfk lqfuhdvh lqhtxdolw| ri diwhu0wd{ lqfrphv pd| qrw krog1 Jlyhq

fhuwdlq sodxvleoh vw|olvhg idfwv derxw oderxu vxsso| hodvwlflwlhv/ uhgxf0

wlrqv lq wkh kljkhu wd{ udwhv/ �qdqfhg e| lqfuhdvhv lq wkh orzhu wd{

udwhv/ fdq uhgxfh vdylqj/ dv zhoo dv zhoiduh ryhudoo1

Wklv lv d suholplqdu| gudiw1 Sohdvh gr qrw flwh zlwkrxw

uhihuhqfh edfn wr wkh dxwkruv1
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4 Lqwurgxfwlrq

Dq lvvxh ri vrph vljql�fdqfh iru sxeolf srolf| lq d qxpehu ri frxqwulhv lv wkdw
ri wkh h�hfwv ri fkdqjhv lq wd{ udwhv dqg shqvlrq duudqjhphqwv rq krxvhkrog
vdylqj1 Dprqj wkh fkdqjhv lq wd{ srolf| fxuuhqwo| xqghu frqvlghudwlrq lv d
 dwwhqlqj ri wkh surjuhvvlyh wd{ udwh vwuxfwxuh/ pdlqo| wkurxjk uhgxfwlrqv
lq wkh kljkhu pdujlqdo wd{ udwhv1 Jlyhq uhyhqxh qhxwudolw|/ wklv pxvw eh
dvvrfldwhg zlwk lqfuhdvhv lq wkh orzhu pdujlqdo udwhv ri wd{ ru lq lqgluhfw wd{
udwhv1 Ryhudoo/ wkhuhiruh/ vxfk uhirupv fdq eh h{shfwhg wr eh uhjuhvvlyh lq
lpsdfw/ exw wkh uhvxowlqj lqfuhdvh lq lqhtxdolw| ri glvsrvdeoh lqfrphv/ lqvridu
dv lw lv qrw lq lwvhoi uhjdughg dv ghvludeoh/ lv frqvlghuhg dq dffhswdeoh sulfh
wr sd| iru wkh h{shfwhg lpsuryhphqwv lq lqfhqwlyhv wr zrun dqg vdyh1 Wkh
uhvxowlqj lqfuhdvhv lq oderxu vxsso| dqg fdslwdo dffxpxodwlrq/ lw lv dujxhg/
zloo lqfuhdvh zhoiduh ryhudoo1 Lq dgglwlrq/ lq wkh oljkw ri wkh h{shfwhg lqfuhdvhv
lq wkh udwlr ri uhwluhg wr hfrqrplfdoo| dfwlyh krxvhkrogv lq wkh srsxodwlrqv
ri yluwxdoo| doo wkh ghyhorshg hfrqrplhv/ dq lvvxh ri frqvlghudeoh frqfhuq lq
pdq| ri wkhp lv wkh txhvwlrq ri zkhwkhu vwdwh shqvlrqv �qdqfhg e| �sd| dv
|rx jr� duudqjhphqwv/ wkdw lv/ rxw ri fxuuhqw wd{dwlrq/ vkrxog eh dw ohdvw
sduwo| uhsodfhg e| shqvlrq ixqgv exlow xs rxw ri sulydwh vdylqj1 Wr idflolwdwh
wkh odwwhu/ wd{ lqfhqwlyhv iru vdylqj duh riwhq dgyrfdwhg1

Wkh wkhruhwlfdo dqdo|vlv ri vxfk phdvxuhv dv wkhvh lv w|slfdoo| frqgxfwhg
lq wkh iudphzrun ri d wzr0shulrg prgho ri lqglylgxdo frqvxphu fkrlfh/ lq
zklfk fxuuhqw oderxu vxsso| dqg lqwhuwhpsrudo frqvxpswlrq doorfdwlrq gh0
flvlrqv duh pdgh rswlpdoo| lq wkh oljkw ri wkh suhydlolqj wd{ dqg shqvlrq
sdudphwhuv41 Wkxv oderxu vxsso| dqg vdylqj duh ghwhuplqhg mrlqwo| e| qhw
ri wd{ zdjh dqg lqwhuhvw udwhv1 Lq wklv sdshu zh zdqw wr lqwurgxfh d qhz
hohphqw lqwr wkh dqdo|vlv ri wkhvh ghflvlrqv/ wkdw zh wklqn lv ri frqvlghudeoh
uhohydqfh iru wkh hydoxdwlrq ri wkh srolf| sursrvdov lq sudfwlfh1 D fhqwudo
ihdwxuh ri wkh uhdo hfrqrp|/ h{foxghg iurp wkh vwdqgdug dqdo|vlv/ dqg |hw
srvlqj d ixqgdphqwdo sureohp iru wd{ srolf|/ lv wkh idfw wkdw krxvhkrogv w|s0
lfdoo| frqwdlq wzr dgxow phpehuv dqg wkdw/ dw ohdvw dv lpsruwdqwo|/ zkloh wkh
oderxu vxsso| ri wkh sulpdu| hduqhu +w|slfdoo| pdoh, lv idluo| frqvwdqw dfurvv
krxvhkrogv/ wkdw ri wkh vhfrqgdu| hduqhu +w|slfdoo| ihpdoh, ydulhv txlwh frq0
vlghudeo|1 Zh zdqw wr vkrz wkdw wklv/ lq frqmxqfwlrq zlwk zkdw dsshdu wr eh
hvwdeolvkhg idfwv derxw oderxu vxsso| dqg vdylqj ehkdylrxu/ kdv lpsruwdqw
lpsolfdwlrqv iru wkh dqdo|vlv ri wkh h�hfwv ri wd{dwlrq dqg shqvlrqv srolf|

4Iru d wkrurxjk dqg frpsuhkhqvlyh h{srvlwlrq ri wklv dqdo|vlv vhh Vdqgpr +4<;8,1
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rq vdylqj dqg rq lqglylgxdo zhoiduhv1 Lq rughu wr vkdushq wkh wkhruhwlfdo
uhvxowv/ zh pdnh frqvlghudeoh xvh ri hpslulfdo gdwd rq wzr0sduhqw idplolhv
zlwk hpsor|hg khdg ri krxvhkrog/ gudzq iurp wkh 4<<5 XN Idplo| H{shqgl0
wxuh Vxuyh|1 Udwkhu wkdq suhvhqwlqj wkh wkhruhwlfdo uhvxowv lq wkhlu ixoo/ exw
xvxdoo| lqfrqfoxvlyh/ jhqhudolw|/ zh xvh wklv gdwd wr ghulyh zkdw dsshdu wr eh
wkh hpslulfdoo| uhohydqw uhvxowv1

Zh �qg lw xvhixo wr pdnh d eurdg glvwlqfwlrq ehwzhhq zkdw zh whup �wud0
glwlrqdo� dqg �qrq0wudglwlrqdo� krxvhkrogv1 Lq wkh iruphu/ wkh vhfrqgdu|
hduqhu/ w|slfdoo| ihpdoh/ vshfldolvhv lq krxvhkrog zrun dqg vxssolhv yhu|
olwwoh oderxu wr wkh pdunhw/ zkloh lq wkh odwwhu wkhuh lv d vxevwdqwldo pdu0
nhw oderxu vxsso| e| wkh vhfrqgdu| hduqhu1 Rshudwlrqdoo|/ zh wdnh qrq0
wudglwlrqdo krxvhkrogv wr eh wkrvh lq zklfk wkh vhfrqgdu| hduqhu zrunv dw
ohdvw 43 krxuv shu zhhn rxwvlgh wkh krph dqg hduqv dq lqfrph ri dw ohdvw
Â73 shu zhhn1 Rq wklv edvlv wkh vhfrqgdu| hduqhu lq wkh dyhudjh wudglwlrqdo
krxvhkrog zrunv derxw 618 krxuv shu zhhn rxwvlgh wkh krph iru dq dyhudjh
lqfrph ri mxvw xqghu Â431 Lq rxu gdwd vdpsoh/ qrq0wudglwlrqdo krxvhkrogv
uhsuhvhqw 86( ri wkh wrwdo dqg wudglwlrqdo krxvhkrogv wkh uhpdlqghu1

Lw grhv qrw dsshdu wr eh jhqhudoo| uhfrjqlvhg wkdw pxfk wkh juhdwhu sur0
sruwlrq ri krxvhkrog vdylqj lq wkh hfrqrp| lv lq idfw grqh e| qrq0wudglwlrqdo
krxvhkrogv1 Zh hvwlpdwh wkdw wkh pdujlqdo surshqvlw| wr vdyh rxw ri wkh vhf0
rqgdu| hduqhu*v lqfrph lv derxw kdoi dv odujh djdlq dv wkdw rxw ri sulpdu|
hduqhu*v lqfrph1 Wkxv/ lq vslwh ri wkh idfw wkdw wkhuh zloo qrupdoo| eh ��{hg
frvwv ri zrun� vxfk dv wudyho frvwv/ dvvrfldwhg zlwk wkh vhfrqgdu| hduqhu*v
oderxu vxsso|/ wklv vhfrqg lqfrph pdnhv d frqvlghudeoh frqwulexwlrq wr wkh
vdylqj ri wkh krxvhkrog dqg ri wkh hfrqrp| dv d zkroh1

Lw lv qrw kdug wr xqghuvwdqg zk| vdylqj e| qrq0wudglwlrqdo krxvhkrogv
zrxog eh vr pxfk kljkhu wkdq wkdw e| wudglwlrqdo krxvhkrogv1 Wkh odwwhu duh
vshfldolvlqj pruh lq wkh surgxfwlrq ri jrrgv wkdw duh lqkhuhqwo| qrq0vdyhdeoh/
zkhuhdv pdunhw lqfrph fdq eh vdyhg1 E| wkhlu oderxu vxsso| dqg vdylqj
ehkdylrxu qrq0wudglwlrqdo krxvhkrogv duh vxevwlwxwlqj ixwxuh frqvxpswlrq
ri pdunhw jrrgv iru fxuuhqw frqvxpswlrq ri krxvhkrog jrrgv/ wudglwlrqdo
krxvhkrogv duh grlqj wkh uhyhuvh1

Wdeoh 4 derxw khuh

Wkh hpslulfdo edvlv iru wkhvh sursrvlwlrqv lv looxvwudwhg lq Wdeoh 41 Krxvh0
krogv duh fodvvhg lqwr txduwlohv rq wkh edvlv ri wrwdo shuvrqdo lqfrph ri wkh
�khdg ri krxvhkrog� +vxevhtxhqwo| uhihuuhg wr dv �sulpdu| hduqhu�,1 Rq wkh
edvlv ri d uhjuhvvlrq dqdo|vlv ri krxvhkrog vdylqj/ vhw rxw lq wkh Dsshqgl{
wr wklv sdshu/ zh fdq vkrz wkdw/ frqwuroolqj iru qhw glvsrvdeoh lqfrph ri wkh
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sulpdu| hduqhu dv zhoo dv iru ghprjudsklf fkdudfwhulvwlfv5/ uhsodflqj wkh dyhu0
djh vhfrqgdu| lqfrph lq d wudglwlrqdo krxvhkrog zlwk wkh dyhudjh vhfrqgdu|
lqfrph lq d qrq0wudglwlrqdo krxvhkrog pdnhv d yhu| odujh gl�huhqfh wr wkh
krxvhkrog*v vdylqj/ erwk lq devroxwh whupv dqg lq whupv ri wkh vdylqj udwh1
Ryhudoo/ d qrq0wudglwlrqdo krxvhkrog vdyhv pruh wkdq wzlfh dv pxfk dv d wud0
glwlrqdo krxvhkrog zlwk wkh vdph sulpdu|0hduqhu lqfrph dqg ghprjudsklf
fkdudfwhulvwlfv/ dqg vdylqj udwhv duh dovr vljql�fdqwo| kljkhu1 Wkh uhjuhvvlrq
dqdo|vlv vxjjhvwv wkdw wkh pdujlqdo surshqvlw| wr vdyh rxw ri sulpdu| hduqhu
lqfrph lv derxw 315/ zkloh wkdw rxw ri vhfrqgdu| hduqhu lqfrph lv doprvw 3161

Lw iroorzv iurp wkhvh hpslulfdo revhuydwlrqv wkdw wd{ dqg shqvlrq srolflhv
wkdw kdyh d vljql�fdqw lpsdfw rq vhfrqgdu| hduqhu oderxu vxsso| dovr kdyh
lpsruwdqw lpsolfdwlrqv iru vdylqj lq wkh hfrqrp|/ dqg wkh sxusrvh ri wklv
sdshu lv wr h{soruh wkhvh lvvxhv1 Lq wkh qh{w vhfwlrq zh vhw rxw wkh edvlf
prgho ri lqwhuwhpsrudo fkrlfh ri frqvxpswlrq/ krxvhkrog surgxfwlrq dqg
oderxu vxsso| iru wkh 50shuvrq krxvhkrog1 Zh xvh wklv lq vhfwlrq 6 wr dqdo|vh
wkh h�hfwv ri ydulrxv nlqgv ri wd{ uhirup dqg shqvlrq uhirup srolflhv rq
krxvhkrog zhoiduhv dqg vdylqj1 D fhqwudo ihdwxuh ri wklv dqdo|vlv/ zklfk lv
ri frqvlghudeoh dqdo|wlfdo xvhixoqhvv/ lv wkh dvvxpswlrq wkdw doo lqglylgxdov
idfh wkh vdph pdunhw zdjh udwh1 Vhfwlrq 7 frqvlghuv wkh h{whqw wr zklfk wkh
uhvxowv ri wkh dqdo|vlv duh urexvw lq wkh pruh uhdolvwlf fdvh lq zklfk wkhuh lv
d glvwulexwlrq ri pdunhw zdjh udwhv1 Vhfwlrq 8 frqfoxghv1

5 Wkh Krxvhkrog Prgho

Wkh krxvhkrog pd{lplvhv lwv lqwhuwhpsrudo xwlolw|6

� ' �f n B�� +4,

zkhuh
�| ' �E%|c +|c 5�|c 52|� | ' fc � +5,

5Lq sduwlfxodu wkh qxpehu ri |rxqj fkloguhq dqg idplo| vl}h1
6Zh ghsduw iurp rxu suhylrxv zrun lq wklv duhd e| wdnlqj d vlqjoh krxvhkrog xwlolw|

ixqfwlrq udwkhu wkdq vhsdudwh lqglylgxdo xwlolw| ixqfwlrqv iru hdfk krxvhkrog phpehu1 Dv
zh kdyh vkrzq hovhzkhuh/ vhh Dssv dqg Uhhv +4<;;,/ wklv lv lqqrfxrxv dv orqj dv zh duh
qrw lqwhuhvwhg lq zlwklq krxvhkrog glvwulexwlrqdo h�hfwv/ dv lv wkh fdvh lq wklv sdshu1 Lw lv
htxlydohqw wr dvvxplqj wkdw wkh srolf|0pdnhu dqg wkh krxvhkrog kdyh lghqwlfdo suhihuhqfhv
ryhu wkh glvwulexwlrq ri lqfrph zlwklq wkh krxvhkrog1
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%| lv pdunhw jrrg frqvxpswlrq lq shulrg | ' fc �> +| lv frqvxpswlrq ri wkh
krxvhkrog jrrg surgxfhg e| wkh vhfrqgdu| hduqhu lq shulrg |> 5�| lv �*v sxuh
ohlvxuh lq shulrg |> B 5 Efc �� lv d wlph suhihuhqfh glvfrxqw idfwru1

Krxvhkrog surgxfwlrq lv ghvfulehg e| wkh surgxfwlrq ixqfwlrqv

+f ' &EA � ,2 � 52f� +6,

+� ' EA � 52�� +7,

zlwk A dv wrwdo wlph/ dqg ,2 dv wkh vhfrqgdu| hduqhu*v pdunhw oderxu vxsso| lq
shulrg 31 Wkh surgxfwlylw| sdudphwhuv pd| ydu| ryhu wlph/ ehlqj qrupdolvhg
dw � lq wkh vhfrqg shulrg/ zlwk & U � lq wkh �uvw shulrg1 Lq shulrg �/
wkh uhwluhphqw shulrg/ pdunhw oderxu vxsso| lv frqvwudlqhg wr eh }hur1 Wkh
exgjhw frqvwudlqw lq shulrg 3 lv=

%f ' kn
2[

�'�

q���,� � r +8,

zkhuh r lv vdylqj dqg k dqg q� duh wkh sdudphwhuv ri d olqhdu wd{ v|vwhp/
wkh pdujlqdo udwhv/ E� � q��/ ri zklfk pd| gl�hu dfurvv wkh lqglylgxdov lq
wkh krxvhkrog1 Xqghu dq lqglylgxdo surjuhvvlyh pdujlqdo udwh wd{ v|vwhp zh
zrxog w|slfdoo| wklqn ri wkh sulpdu| hduqhu/ zkr kdv d zdjh udwh ��c dv idflqj
d kljkhu pdujlqdo udwh wkdq wkh vhfrqgdu| hduqhu/ zkr hduqv wkh zdjh udwh
�2 8 ��/ wkdw lv/ q� 	 q2/ exw li zh duh frqvlghulqj d mrlqw wd{dwlrq v|vwhp/
lq zklfk lqfrph vsolwwlqj wdnhv sodfh/ wkhq wkh udwhv zrxog eh htxdo1 Jlyhq
wkh surgxfwlrq ixqfwlrq +6, zh fdq zulwh wkh ixoo lqfrph shulrg 3 exgjhw
frqvwudlqw dv

%f n R+f n
[

�

q���5�f ' kn A
[

�

q��� � r +9,

zkhuh R ' q2�2*& lv wkh lpsolflw sulfh ri wkh krxvhkrog jrrg lq shulrg 31
Lq shulrg 4 wkh exgjhw frqvwudlqw lv=

%� ' � n rE� n wo� +:,

zkhuh � lv wkh +xqwd{hg, vwdwh shqvlrq sd|phqw/ o wkh pdunhw lqwhuhvw udwh
dqg ��w lv wkh wd{ udwh rq lqwhuhvw lqfrph1 Qrwh wkdw wkhuh lv qr zdjh lqfrph
lq wklv shulrg1 Vxevwlwxwlqj iru r lq +8, wkhq jlyhv wkh zhdowk frqvwudlqw

%f n R+f n
[

�

q���5�f n
%�

� n wo
' kn A

[

�

q��� n
�

� n wo
+;,
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Wkh krxvhkrog*v sureohp lv wkhq wr pd{lplvh wkh lqwhuwhpsrudo xwlolw|
lq +4, vxemhfw wr wkh zhdowk frqvwudlqw +;, dqg wkh surgxfwlrq frqvwudlqw
+7,1 Qrz qrwlfh wkdw li %� lv �{hg/ zh fdq vroyh wkh sureohp ri pd{lplvlqj
�E%�c +�c 5��c 52�� vxemhfw wr wkh frqvwudlqw lq +7, wr rewdlq rswlpdo ydoxhv ri
+� dqg 5�� dv ixqfwlrqv ri %�1 Zh fdq zulwh wkh rswlplvhg shulrg 4 xwlolw| dv
�E%�� dqg vr wkh krxvhkrog*v sureohp ehfrphv/ e| wkh Hqyhorsh Wkhruhp/

4@ �f n B�E%�� +<,

vxemhfw rqo| wr wkh zhdowk frqvwudlqw lq +;,1 Wkh sdudphwhuv ri wklv sure0
ohp duh o/w/ R/ q���/ k/ dqg � / exw zh duh lqwhuhvwhg lq wklv sdshu rqo| lq
fkdqjhv lq wkh pdujlqdo wd{ udwhv dqg shqvlrq sd|phqw � 1 Khqfh zh zulwh
wkh krxvhkrog*v lqgluhfw xwlolw| dv

� ' �Ewc q�c q2c � � +43,

dqg dssolfdwlrq ri wkh Hqyhorsh Wkhruhp jlyhv

Y�

Yw
' boE%� � � �*E� n wo�2 ' bor*E� n wo� +44,

Y�

Yq�
' �b��E5�f � A � ' b��,� +45,

Y�

Yq2
' �bd�2E52f � A � n �2+f*&fo ' b�2,2 +46,

Y�

Y�
' b*E� n wo� +47,

zkhuh b lv wkh pdujlqdo xwlolw| ri krxvhkrog zhdowk1
Lq zkdw iroorzv zh vkdoo eh frqvlghulqj krxvhkrogv zlwk gl�huhqw oderxu

vxssolhv ri wkh vhfrqgdu| hduqhu1 Lq wkh suhvhqw prgho/ li suhihuhqfhv dqg
zdjh udwhv idflqj krxvhkrogv duh lghqwlfdo/ vxfk gl�huhqfhv fdq rqo| eh jhq0
hudwhg e| doorzlqj &/ wkh surgxfwlylw| ri wkh vhfrqgdu| hduqhu lq krxvhkrog
surgxfwlrq/ wr ydu| dfurvv krxvhkrogv1 Krzhyhu/ dv zh vkrz hovhzkhuh7/ wkh
h�hfwv ri ydu|lqj & rq vhfrqgdu| hduqhu pdunhw oderxu vxsso| duh dpeljxrxv1
Rq wkh rqh kdqg/ udlvlqj wklv surgxfwlylw| uhgxfhv wkh lpsolflw sulfh ri wkh
grphvwlf jrrg/ lqfuhdvhv lwv ghpdqg dqg vr lqfuhdvhv wkh ghpdqg iru wlph
zlwklq wkh krxvhkrog dqg uhgxfhv pdunhw oderxu vxsso|1 Rq wkh rwkhu kdqg/
wklv lqfuhdvh lq surgxfwlylw| dovr uhgxfhv wkh dprxqw ri wlph wkdw kdv wr

7Vhh Dssv dqg Uhhv +4<<<e,1
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eh vxssolhg zlwklq wkh krxvhkrog wr phhw dq| jlyhq ohyho ri ghpdqg iru wkh
grphvwlf jrrg1 Wkh qhw h�hfw rq pdunhw oderxu vxsso| frxog wkhuhiruh eh
srvlwlyh ru qhjdwlyh1 Wklv lv lpsruwdqw ehfdxvh/ rq wkh rqh kdqg/ wkh dprxqw
ri oderxu wkh vhfrqgdu| hduqhu vxssolhv wr wkh pdunhw ghwhuplqhv wkh h�hfw
rq wkh zhoiduh ri wkh krxvhkrog ri d fkdqjh lq wkh pdujlqdo wd{ udwh= dq
lqfuhdvh lq wkh pdujlqdo wd{ udwh rq wkh vhfrqgdu| hduqhu uhgxfhv krxvhkrog
xwlolw| pruh/ wkh juhdwhu wkh vhfrqgdu| hduqhu*v pdunhw oderxu vxsso|1 Dqg/
rq wkh rwkhu kdqg/ wkh kljkhu lv &/ rwkhu wklqjv ehlqj htxdo/ wkh kljkhu duh
wkh xwlolw| srvvlelolhv ri wkh krxvhkrog/ dqg vr wkh uhodwlrqvkls ehwzhhq & dqg
vhfrqgdu| hduqhu pdunhw oderxu vxsso| ghwhuplqhv zkhwkhu ehwwhu0 ru zruvh0
r� krxvhkrogv duh pdgh zruvh r� e| dq lqfuhdvh lq wkh pdujlqdo wd{ udwh
rq vhfrqgdu| hduqhuv1 Xqiruwxqdwho|/ qrwklqj lv nqrzq hpslulfdoo| derxw
wkh uhodwlrqvkls ehwzhhq surgxfwlylw| lq krxvhkrog surgxfwlrq dqg pdunhw
oderxu vxsso|1 Lq zkdw iroorzv wkhuhiruh zh vkdoo frqvlghu doo srvvlelolwlhv1

6 Wd{ Uhirup18

Wkhuh duh wzr krxvhkrog w|shv/ gl�huhqwldwhg dffruglqj wr wkh ydoxh ri &/
zklfk ghwhuplqhv wkh vhfrqgdu| hduqhu*v pdunhw oderxu vxsso|1 Iru frqfuhwh0
qhvv zh dvvxph9

,��
,2�

:
,�2
,22

� � +48,

dqg vr zh uhihu wr krxvhkrog 4 dv wkh �wudglwlrqdo krxvhkrog�/ wkh rqh zlwk
uhodwlyho| orzhu oderxu vxsso| iurp wkh vhfrqgdu| hduqhu/ dqg krxvhkrog 5
dv wkh �qrq0wudglwlrqdo� krxvhkrog1

Zh qrz jr rq wr frqvlghu wkh dfurvv0krxvhkrog zhoiduh h�hfwv dqg wkh
h�hfwv rq krxvhkrog vdylqj ri vhyhudo w|shv ri uhyhqxh0qhxwudo wd{ uhirup1
Zh uhjdug wkh lqlwldo srvlwlrq dv rqh ri sursruwlrqdo wd{dwlrq/ lq zklfk doo
lqglylgxdov duh wd{hg dw wkh vdph udwh1 Zh wkhq frqvlghu �uvw d pryh lq
wkh gluhfwlrq ri lqglylgxdo surjuhvvlyh wd{dwlrq/ zklfk lqyroyhv udlvlqj wkh
wd{ udwh rq sulpdu| hduqhuv +vlqfh wkh| zrun orqjhu krxuv dqg srvvleo| kdyh

8Wkh jhqhudo wkhru| ri wd{ uhirup lv vhw rxw frpsuhkhqvlyho| dqg uljrurxvo| lq lwv prvw
prghuq irup lq Jxhvqhulh +4<<8,1 Dq lpsruwdqw hduo| ghyhorsphqw dqg dssolfdwlrq ri
wkh wkhru| lv jlyhq lq Dkpdg dqg Vwhuq +4<;7,1

9Zh qrz qhhg wr lqwurgxfh d vxevfulsw iru wkh krxvhkrog w|sh1 Wklv lv k @ 4> 5= Wkhq
olk lv oderxu vxsso| ri lqglylgxdo l lq krxvhkrog ri w|sh k> vk lv krxvhkrog vdylqj/ dqg vr
rq1
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kljkhu zdjh udwhv/ dqg wkhuhiruh kdyh kljkhu zdjh lqfrph, dqg orzhulqj
wkdw rq vhfrqgdu| hduqhuv1 Dffruglqjo|/ sulpdu| hduqhuv fdq eh dvvxphg wr
eh wd{hg dw wkh pdujlqdo udwh +� � q�� dqg vhfrqgdu| hduqhuv dw wkh udwh
+�� q2�/ zkhuh wkhvh duh htxdo lqlwldoo|1 Zh zdqw wr h{soruh wkh frqglwlrqv
xqghu zklfk vxfk d pryh/ dzd| iurp wkh nlqg ri mrlqw wd{dwlrq v|vwhp wkdw
suhydlov lq wkh XVD dqg Jhupdq|/ dqg wrzdug wkh nlqg ri v|vwhp suhydlolqj
lq wkh XN/ Fdqdgd dqg Dxvwudold/ zkhuh sulpdu| dqg vhfrqgdu| hduqhuv lq
d krxvhkrog pd| eh wd{hg dw gl�huhqw udwhv/ fdq lqfuhdvh erwk djjuhjdwh
krxvhkrog vdylqj dqg krxvhkrog zhoiduhv1

Iru wkh vhfrqg w|sh ri wd{ uhirup/ zh wdnh wkh fdvh ri d pryh lq wkh
gluhfwlrq ri mrlqw surjuhvvlyh wd{dwlrq/ lq zklfk erwk krxvhkrog phpehuv duh
wd{hg dw wkh vdph udwh dqg wklv udwh lqfuhdvhv zlwk wrwdo krxvhkrog lqfrph1
Lw iroorzv wkdw/ uhodwlyh wr wkh lqlwldo vlwxdwlrq ri sursruwlrqdo wd{dwlrq/ wud0
glwlrqdo krxvhkrogv h{shulhqfh d uhgxfwlrq lq wkhlu wd{ udwh/ vlqfh wkh| kdyh
d orzhu mrlqw lqfrph/ dqg qrq0wudglwlrqdo krxvhkrogv dq lqfuhdvh1 Lq wklv
fdvh wudglwlrqdo krxvhkrogv fdq eh dvvxphg wr eh wd{hg dw wkh pdujlqdo udwh
+��q�� dqg qrq wudglwlrqdo dw wkh udwh +��q2�/ zkhuh wkhvh duh htxdo lqlwldoo|1
Wkh h�hfwv rq krxvhkrog zhoiduhv duh lq wklv fdvh reylrxv/ dqg wkh srlqw ri
lqwhuhvw lv wr h{dplqh wkh h�hfwv rq vdylqj ri lqfuhdvlqj wkh wd{ exughq rq
qrq0wudglwlrqdo krxvhkrogv zkloh uhgxflqj wkdw rq wudglwlrqdo krxvhkrogv1

Dv wkh �qdo nlqg ri uhirup frqvlghuhg lq wklv vhfwlrq/ zh wdnh d uhgxfwlrq
lq wkh shqvlrq sd|phqw � / uhsuhvhqwlqj d pryhphqw dzd| iurp wkh �sd|
dv |rx jr� w|sh ri vfkhph1 Zh frpsduh wkh h�hfwv ri xvlqj wkh surfhhgv
ri wklv/ rq wkh rqh kdqg/ wr uhgxfh wkh wd{ udwh +sd| d vxevlg| rq, lqwhuhvw
lqfrph/ dqg/ rq wkh rwkhu kdqg/ wr uhgxfh wkh pdujlqdo wd{ udwh rq vhfrqgdu|
hduqhuv* lqfrph1 Wkh lghd khuh lv wr lghqwli| wkh uhodwlyh h�hfwv rq vdylqj
dqg krxvhkrog zhoiduhv ri wkhvh wzr phdvxuhv1

Iru vlpsolflw| zh dw �uvw vhw w ' �/ dqg ljqruh wd{dwlrq ri lqwhuhvw lqfrph/
dqg dovr dvvxph lqlwldoo| qr zdjh glvshuvlrq dfurvv krxvhkrogv1 Wkh zdjh
udwh � phdvxuhv wkh h{rjhqrxv oderxu surgxfwlylw| lq pdunhw zrun ri doo
lqglylgxdov1 Wkh lqwhuhvw udwh o lv dovr h{rjhqrxvo| jlyhq1 Diwhu frqvlghulqj
wkh uhvxowv iru wklv fdvh/ zh wkhq doorz srvlwlyh wd{dwlrq ri vdylqj1 Lq wkh
iroorzlqj vhfwlrq zh lqwurgxfh zdjh glvshuvlrq/ wkrxjk rqo| iru rqh ri wkh wd{
uhirupv mxvw gh�qhg/ vlqfh wklv lv hqrxjk wr eulqj rxw wkh jhqhudo lpsolfdwlrqv
ri doorzlqj wklv1

;



614 Wd{ uhirup zlwk qr wd{dwlrq ri lqwhuhvw lqfrph=

iurp sursruwlrqdo wr lqglylgxdo surjuhvvlyh wd{d0

wlrq

Lq wkh �uvw fdvh ri wd{ uhirup/ lq zklfk wkhuh lv d pryh iurp d sursruwlrqdo
wr dq lqglylgxdo surjuhvvlyh wd{ v|vwhp/ wkh jryhuqphqw exgjhw frqvwudlqw
fdq eh zulwwhq dv

2[

�'�

?�

2[

�'�

E�� q���,�� � ?Ekn � � ' - +49,

zkhuh - lv d jlyhq uhyhqxh uhtxluhphqw dqg ? '
S

� ?� lv wkh wrwdo qxpehu
ri krxvhkrogv1 Qrwlfh wkdw wkh shqvlrq/ � / sod|v wkh vdph uroh dv d oxps
vxp wudqvihu lq wkh jryhuqphqw exgjhw frqvwudlqw/ wkrxjk lq wkh krxvhkrog
exgjhw frqvwudlqw lw lv glvfrxqwhg ehfdxvh wkh krxvhkrog uhfhlyhv lw lq wkh
vhfrqg shulrg1

Xvlqj +45, dqg +46,/ wkh h�hfwv rq krxvhkrog xwlolwlhv ri dq lqfuhdvh lq
wkh wd{ udwh rq sulpdu| hduqhuv dqg uhgxfwlrq ri wkdw rq vhfrqgdu| hduqhuv/
lpso|lqj _q� 	 f 	 _q2/ duh jlyhq e|

_�� ' b��
2[

�'�

,��_q� U f � ' �c 2 +4:,

Wkh vljq ri wklv h{suhvvlrq ghshqgv rq wkh uhodwlyh vl}hv ri wkh wd{ udwh
fkdqjhv dqg wkh uhodwlyh oderxu vxssolhv ri sulpdu| dqg vhfrqgdu| hduqhuv1
Lw vlpso| vd|v wkdw krxvhkrog xwlolw| ulvhv li dqg rqo| li diwhu0wd{ krxvhkrog
lqfrph/ hydoxdwhg dw wkh suh0wd{0fkdqjh oderxu vxssolhv/ lqfuhdvhv:1 Wr fkdu0
dfwhulvh wkh uhodwlyh vl}hv ri wkh wd{ udwh fkdqjhv zh qhhg wr gl�huhqwldwh wkh
jryhuqphqw exgjhw frqvwudlqw1

Wkh edodqfhg exgjhw uhtxluhphqw lpsolhv

_q2 ' >_q� +4;,

zkhuh

> � �

S
� ?�d�,�� �

S
�E�� q���

Y,��
Yq�

o
S

� ?�d�,2� �
S

�E�� q���
Y,��
Yq2

o
+4<,

:Iru ixuwkhu lqwhusuhwdwlrq ri wklv dsshdolqjo| vlpsoh frqglwlrq vhh Dssv dqg Uhhv
+4<<<d,1

<



Wklv h{suhvvlrq uh hfwv wkh idfw wkdw wkh h�hfw ri d fkdqjh lq d wd{ udwh
rq wkh jryhuqphqw exgjhw frqvwudlqw ghshqgv �uvw ri doo rq wkh vl}h ri wkh
wd{ edvh wr zklfk lw lv dssolhg/

S
?��,��/ dqg vhfrqgo| rq wkh fkdqjhv lq

lqfrphv lqgxfhg e| wkh uhvxowlqj fkdqjhv lq pdunhw oderxu vxssolhv/ zklfk
fdq eh h{suhvvhg lq whupv ri oderxu vxsso| hodvwlflwlhv1 Lqwxlwlyho|/ wkh wd{
edvh fruuhvsrqglqj wr sulpdu| hduqhuv lv pxfk odujhu wkdq wkdw ri vhfrqgdu|
hduqhuv/ zkloh wkh oderxu vxsso| hodvwlflwlhv ri vhfrqgdu| hduqhuv duh jhqhudoo|
khog wr eh pxfk odujhu wkdq wkrvh ri sulpdu| hduqhuv1 Wklv phdqv wkdw/ lq
devroxwh ydoxh/ _q2 zloo whqg wr eh pxfk odujhu wkdq _q�/ dqg wklv gulyhv wkh
pdlq uhvxowv ri wklv vhfwlrq1 Zh qrz jr rq wr pdnh wklv pruh suhflvh1

Lw lv uhdvrqdeoh wr dvvxph > 	 f/ vr wkdw d uhgxfwlrq lq rqh pdujlqdo
wd{ udwh uhtxluhv dq lqfuhdvh lq wkh rwkhu;1 Wkxv/ jlyhq _q� 	 f/ krxvhkrog
� ' �c 2 lv zruvh r� li dqg rqo| li

,�� n >,2� : f +53,

ru
,��
,2�

: �> +54,

Qrz ohw

B�� ' ��
�

�,��

2[

�'�

E�� q���
Y,��
Yq�

+55,

' ��
�� q�

q�

q��

,��

Y,��
Yq��

�
�� q�

q�

q��

,��

Y,��
Yq��

�c �c � ' �c 2 � 9' � +56,

Zh zloo qrz dujxh wkdw rq wkh vw|olvhg idfwv derxw oderxu vxsso| hodvwlflwlhv
ri sulpdu| dqg vhfrqgdu| hduqhuv/ zh fdq pdnh

Dvvxpswlrq 4= B�� : B2�/ iru �c � ' �c 21
Lq zrugv/ wkh h{suhvvlrq lq +56, lv odujhu iru dq| sulpdu| hduqhu wkdq iru

dq| vhfrqgdu| hduqhu/ uhjdugohvv ri krxvhkrog1 Wr vxssruw wklv dvvxpswlrq/
zh uho| rq wkh iroorzlqj vw|olvhg idfwv=

� oderxu vxsso| hodvwlflwlhv ri vhfrqgdu| hduqhuv duh vxevwdqwldoo| odujhu
wkdq oderxu vxsso| hodvwlflwlhv ri sulpdu| hduqhuv/ uhjdugohvv ri krxvh0
krog/ vr wkdw

�� q2
q2

q2�

,2�

Y,2�
Yq2�

:
�� q�
q�

q��

,��

Y,��
Yq��

�c � ' �c 2 +57,

;Rwkhuzlvh d uhgxfwlrq lq erwk wd{ udwhv frxog lqfuhdvh zhoiduh1 Zh duh wkhuhiruh
dvvxplqj wkdw wkh wd{ udwhv duh h!flhqw lq wkh vhqvh wkdw wklv lv uxohg rxw1
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� wkh ghulydwlyh ri wkh sulpdu| hduqhu*v oderxu vxsso| zlwk uhvshfw wr wkh
vhfrqgdu| hduqhu*v qhw zdjh lv mxvw derxw }hur/ lpso|lqj

�� q�
q2

q2�

,2�

Y,��
Yq2�

� f � ' �c 2 +58,

� wkh ghulydwlyh ri wkh vhfrqgdu| hduqhu*v oderxu vxsso| zlwk uhvshfw wr
wkh sulpdu| hduqhu*v qhw zdjh lv forvh wr }hur dqg qhjdwlyh/ vr wkdw

�� q2
q�

q��

,��

Y,2�
Yq��

	 f � ' �c 2 +59,

Lw lv hdv| wr vhh wkdw wkhvh vw|olvhg idfwv lpso| Dvvxpswlrq 41 Wkhq zh
kdyh

Sursrvlwlrq 4 Jlyhq Dvvxpswlrq 4/ dw zruvw rqo| wudglwlrqdo krxvhkrogv

duh pdgh zruvh r� e| wkh wd{ uhirup dqg rwkhuzlvh erwk krxvhkrog w|shv duh

pdgh ehwwhu r�1

Surri = Li doo krxvhkrogv duh pdgh zruvh r�/ wkhq iurp +4<,/ +53, dqg
+55, zh kdyh S

� ?��,��S
� ?��,2�

: �> '

S
� ?��,��B��S
� ?��,2�B2�

+5:,

Exw jlyhq Dvvxpswlrq 4 wklv lv d frqwudglfwlrq dqg vr qrw doo krxvhkrogv fdq
eh zruvh r�1

Vlqfh
,��
,2�

:
,�2
,22

+5;,

li dq| krxvhkrog lv zruvh r� lw pxvw iurp frqglwlrq +54, eh d wudglwlrqdo
krxvhkrog1 Krzhyhu vlqfh e| Dvvxpswlrq 4/ �> : �/ lw lv srvvleoh/ iru ,2�
vx!flhqwo| forvh wr ,��/ wkdw

�> :
,��
,2�

:
,�2
,22

+5<,

vr wkdw doo krxvhkrogv duh pdgh ehwwhu r�1

Wkh lqwxlwlrq iru wklv uhvxow lv vlpso| wkdw li wkh oderxu vxsso| hodvwlflwlhv
ri vhfrqgdu| hduqhuv duh vx!flhqwo| kljkhu wkdq wkrvh ri sulpdu| hduqhuv/ dqg
wkhlu wd{ edvh vx!flhqwo| vpdoohu/ wkhq wkh lqfuhdvh lq wkh pdujlqdo wd{ udwh
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ri wkh sulpdu| hduqhuv kdv wr eh vr pxfk orzhu wkdq wkh uhgxfwlrq lq pdujlqdo
wd{ udwh ri wkh vhfrqgdu| hduqhuv/ lq rughu wr uhsodfh wkh orvw wd{ uhyhqxh/
wkdw dw ohdvw wkh krxvhkrogv zlwk wkh kljkhu vhfrqgdu| hduqhu oderxu vxsso|
kdyh kljkhu qhw lqfrph/ dqg lw lv srvvleoh wkdw doo krxvhkrogv kdyh kljkhu
qhw lqfrph1 Wklv/ lq wkh frqwh{w ri wd{ uhirup/ lv edvlfdoo| vlplodu wr wkh
Udpvh| uhvxow rq wkh uhodwlrq ehwzhhq pdujlqdo wd{ udwhv dqg oderxu vxsso|
hodvwlflwlhv1 Uhgxflqj wd{ rq wkh pruh hodvwlf oderxu vxsso| dqg udlvlqj lw rq
wkh ohvv hodvwlf vr lqfuhdvhv wkh djjuhjdwh wd{ edvh wkdw/ zlwk d jlyhq uhyhqxh
uhtxluhphqw/ dw ohdvw vrph krxvhkrogv dqg srvvleo| doo krxvhkrogv duh pdgh
ehwwhu r�1

Li zh dvvxph wkdw wkh wudglwlrqdo krxvhkrogv duh wkh rqhv zlwk orzhu
grphvwlf surgxfwlylw| dqg khqfh orzhu xwlolw| srvvlelolwlhv/ zh zrxog fkdudf0
whulvh wkh wd{ uhirup dv uhjuhvvlyh li lw pdnhv rqo| qrq0wudglwlrqdo krxvhkrogv
ehwwhu r�1 Rq wkh rwkhu kdqg zh kdyh qr sduwlfxodu hpslulfdo edvlv iru wklv
dvvxpswlrq1 Wkh frqyhuvh fdvh/ lq zklfk qrq0wudglwlrqdo krxvhkrogv kdyh
orzhu grphvwlf surgxfwlylw|/ lv d sulrul mxvw dv srvvleoh/ lq zklfk fdvh wkh
wd{ uhirup zrxg lpsuryh wkh zhoiduh srvlwlrq ri wkh zruvh r� krxvhkrogv1
Wklv xqghuolqhv wkh lpsruwdqfh ri wkh hpslulfdo uhodwlrqvkls ehwzhhq gr0
phvwlf surgxfwlylw| dqg vhfrqgdu| hduqhu pdunhw oderxu vxsso|/ vrphwklqj
derxw zklfk yluwxdoo| qrwklqj vhhpv wr eh nqrzq1

Zh qrz wxuq wr wkh h�hfwv rq djjuhjdwh vdylqj/ dqg vkrz wkdw/ rq wkh
dvvxpswlrqv vr idu pdgh/ wkh sursrvhg wd{ uhirup lqfuhdvhv djjuhjdwh qhw
oderxu lqfrph1 Dv zh kdyh mxvw vhhq/ lw dovr fhuwdlqo| lqfuhdvhv wkh qhw
lqfrph ri wkh qrq0wudglwlrqdo krxvhkrogv1 Lq wkh oljkw ri wkh hpslulfdo hyl0
ghqfh suhvhqwhg hduolhu/ lw grhv qrw vhhp sodxvleoh wr dujxh wkdw wkh vdylqjv
surshqvlw| ri wudglwlrqdo krxvhkrogv lv vx!flhqwo| kljkhu wkdq wkdw ri qrq0
wudglwlrqdo krxvhkrogv wkdw/ lq wkh fdvh lq zklfk qhw lqfrph ri wkh wudglwlrqdo
krxvhkrogv idoov/ djjuhjdwh vdylqj zrxog idoo1 Zh pdnh wklv h{solflw lq

Dvvxpswlrq 5= Djjuhjdwh vdylqj ydulhv srvlwlyho| zlwk djjuhjdwh krxvh0
krog diwhu0wd{ lqfrph iru doo wd{ uhirupv frqvlghuhg lq wklv sdshu1

Wkhq zh kdyh=

Sursrvlwlrq 5 Jlyhq Dvvxpswlrqv 4 dqg 5/ d uhyhqxh qhxwudo wd{ uhirup

wkdw udlvhv wkh pdujlqdo wd{ udwh rq sulpdu| hduqhuv dqg uhgxfhv wkdw rq

vhfrqgdu| hduqhuv lqfuhdvhv djjuhjdwh vdylqj1

Surri= Jlyhq Dvvxpswlrq 5/ zh mxvw kdyh wr vkrz wkdw wkh wd{ uhirup
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lqfuhdvhv djjuhjdwh qhw lqfrph1 Wkdw lv/ zh kdyh wr vkrz wkdw

2[

�'�

?�

2[

�'�

E�,�� n

2[

�'�

q��
Y,��
Yq�

�_q� : f +63,

Djdlq xvlqj +4<,/ +53, dqg +56, wklv ehfrphv wkh frqglwlrq

S
� ?��,�����S
� ?��,2��2�

	 �> '

S
� ?��,��B��S
� ?��,2�B2�

+64,

zkhuh

��� � � n
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�'�

q��

,��

Y,��
Yq��

�c � ' �c 2 +65,

Exw rxu hduolhu dvvxpswlrq derxw hodvwlflwlhv lpsolhv wkdw

�2� : ��� �c � ' �c 2 +66,

Wklv lq wxuq lpsolhv wkh lqhtxdolwlhv

���
�2�

	 � 	
B��
B2�

�c � ' �c 2 +67,

zklfk duh vx!flhqw wr jlyh wkh frqglwlrq lq +64,1 Wr vhh wklv ohw

#�� ' ?��,�� �c � ' �c 2 +68,

dqg qrwh wkdw furvv0pxowlso|lqj lq +64, jlyhv

2[

�'�

2[

�'�

#��#2�E���B2� � �2�B��� 	 f +69,

dv uhtxluhg/ vlqfh hyhu| eudfnhwhg whup lv qhjdwlyh1

615 Wd{ uhirup zlwk qr wd{dwlrq ri lqwhuhvw lqfrph=

iurp sursruwlrqdo wr mrlqw surjuhvvlyh wd{dwlrq

Zh qrz wxuq wr wkh fdvh ri d pryh iurp sursruwlrqdo wd{dwlrq lq wkh gluhf0
wlrq ri mrlqw surjuhvvlyh wd{dwlrq/ zklfk lpsolhv d uhgxfwlrq lq wkh wd{ udwh
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sdlg e| wudglwlrqdo dqg dq lqfuhdvh lq wkdw sdlg e| qrq0wudglwlrqdo krxvh0
krogv/ wkdw lv/ _q� : f : _q2 +qrwh wkdw wkh wd{ udwhv duh qrz lqgh{hg rq
krxvhkrogv,1 Wkh dfurvv0krxvhkrog zhoiduh h�hfwv duh ri frxuvh reylrxv/ dqg
wkh txhvwlrq ri lqwhuhvw lv wkh h�hfw rq djjuhjdwh vdylqj1 Lq idfw zh vkrz
wkdw rq wkh suhylrxv dvvxpswlrqv/ dxjphqwhg e| wkh vlpsoli|lqj dvvxpswlrq
wkdw doo vhfrqgdu| hduqhuv* oderxu vxsso| hodvwlflwlhv duh htxdo/ dv duh wkrvh
ri doo sulpdu| hduqhuv/ djjuhjdwh vdylqj idoov1

Wkh jryhuqphqw exgjhw frqvwudlqw lv qrz zulwwhq dv

2[

�'�

?�E�� q��

2[

�'�

�,�� � ?Ekn � � ' - +6:,

jlylqj/ iurp wkh uhyhqxh qhxwudolw| uhtxluhphqw/

_q2 ' 	>_q� +6;,

zkhuh
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Qrz gh�qh
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+74,

Zh qrz uhsodfh Dvvxpswlrq 4 e|
Dvvxpswlrq 4*= 	B�� ' 	B�2 : 	B2� ' 	B22
zklfk h{whqgv Dvvxpswlrq 4 e| dvvxplqj wkdw doo sulpdu| hduqhuv kdyh

wkh vdph hodvwlflwlhv/ dv gr doo vhfrqgdu| hduqhuv1 Zh wkhq kdyh

Sursrvlwlrq 6 Jlyhq Dvvxpswlrqv 4* dqg 5/ d wd{ uhirup zklfk udlvhv wkh

mrlqw pdujlqdo wd{ udwh rq qrq0wudglwlrqdo krxvhkrogv dqg uhgxfhv wkdw rq

wudglwlrqdo krxvhkrogv uhgxfhv djjuhjdwh vdylqj1

Surri = Djdlq/ jlyhq Dvvxpswlrq 5/ zh mxvw kdyh wr vkrz wkdw djjuhjdwh
lqfrph idoov/ wkdw lv/ zh kdyh wr vkrz wkdw
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�'�
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2[

�'�

E�,�� n q��
Y,��
Yq�

�_q� 	 f +75,
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Gh�qlqj qrz

	��� � � n
q��

,��

Y,��
Yq��

�c � ' �c 2 +76,

dqg xvlqj +6<,/ wklv uhtxluhv xv wr vkrz wkdw
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S
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+77,

Qrz Dvvxpswlrq 4* dovr lpsolhv

	�
2�
' 	�

22
: 	�

��
' 	�

�2
+78,

Xvlqj wklv lq +77,/ furvv0pxowlso|lqj/ uhduudqjlqj dqg fdqfhoolqj whupv wkhq
jlyhv

?��
S

� ,��	���

?2�
S
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,2�

:
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+79,

dv uhtxluhg1

616 Wd{ Uhirup zlwk Wd{dwlrq ri Lqwhuhvw Lqfrph

Ehjlqqlqj zlwk d vlwxdwlrq ri surjuhvvlyh lqglylgxdo wd{dwlrq/ lq zklfk sul0
pdu| hduqhuv sd| d kljkhu pdujlqdo udwh ri wd{ wkdq vhfrqgdu| hduqhuv/ dqg
zlwk lqwhuhvw lqfrph qrz wd{hg dw d qrq0}hur udwh � � w/ zh frqvlghu wkh
h�hfwv ri d uhgxfwlrq lq wkh udwh ri wd{ rq lqwhuhvw lqfrph/ �qdqfhg e| dq
lqfuhdvh lq wkh wd{ udwh rq vhfrqgdu| hduqhuv1 Wkxv _w : f : _q21 Zh vkrz
wkdw/ xqghu uhdvrqdeoh dvvxpswlrqv/ dw ehvw rqo| wudglwlrqdo krxvhkrogv duh
pdgh ehwwhu r� dqg rwkhuzlvh doo krxvhkrogv duh zruvh r�/ dqg wkdw djjuhjdwh
vdylqj +jlyhq Dvvxpswlrq 5 hduolhu, zloo idoo1 Wkhvh uhvxowv duh hvvhqwldoo| gxh
wr wkh idfw wkdw wkh dgyhuvh oderxu vxsso| h�hfwv ri wkh wd{ uhirup rxwzhljk
wkh qhw lqwhuhvw udwh h�hfwv1 Wkh srlqw ri wklv dqdo|vlv lv wr vkrz wkdw wkh
vlpsoh lqwxlwlrq/ wkdw zrxog ohdg rqh wr h{shfw d uhgxfwlrq ri wd{dwlrq rq
+lqfuhdvhg vxevlg| wr, lqfrph iurp vdylqj wr lqfuhdvh vdylqj/ ljqruhv wkh
idfw wkdw wklv pxvw eh �qdqfhg e| dq lqfuhdvh lq wd{dwlrq vrphzkhuh1 Vlqfh/
jlyhq wkh fxuuhqw wkuxvw ri wd{ uhirup srolf|/ wklv lv xqolnho| wr wdnh wkh irup
ri lqfuhdvhv lq wkh kljkhu wd{ udwhv/ lw lv olnho| wr uhvxow lq lqfuhdvhv lq wkh
orzhu wd{ udwhv/ sdlg e| vhfrqgdu| hduqhuv1 Wkh uhvxowlqj fkdqjhv lq oderxu
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vxsso| dqg krxvhkrog lqfrph wkhq fdxvh vdylqj wr idoo/ frqwudu| wr wkh lqlwldo
lqwxlwlrq1

Wkh h�hfw ri wkh wd{ uhirup rq krxvhkrog zhoiduh lv qrz jlyhq e|

_�� ' b�E�,2�_q2 n
or�

� n wo
_w� U f � ' �c 2 +7:,

Wkxv/ wkh odujhu wkh oderxu vxsso| ri wkh vhfrqgdu| hduqhu/ wkh pruh olnho| lv
zhoiduh wr idoo/ zkloh wkh kljkhu wkh krxvhkrog vdylqj/ wkh ohvv olnho| lv zhoiduh
wr idoo1 Vlqfh qrq0wudglwlrqdo krxvhkrogv kdyh wkh odujhu vdylqjv dv zhoo dv
wkh odujhu vhfrqgdu| hduqhu oderxu vxssolhv/ zh pljkw wklqn wkdw wkh h�hfwv
rq wkhlu zhoiduh zrxog eh dpeljxrxv/ zkloh wudglwlrqdo krxvhkrogv/ dv orqj
dv wkh| vdyh/ zrxog eh fohduo| ehwwhu r�1 Krzhyhu wklv lqwxlwlrq lv lqfruuhfw1
Wdnlqj dffrxqw ri h�hfwv rq wkh jryhuqphqw exgjhw frqvwudlqw/ dqg djdlq
dsso|lqj wkh vw|olvhg idfwv/ zh �qg wkdw qrq0wudglwlrqdo krxvhkrogv duh zruvh
r�/ dqg wudglrqdo krxvhkrogv pd| dovr eh1

Wkh jryhuqphqw exgjhw frqvwudlqw lv qrz zulwwhq dv

2[

�'�

?�d

2[

�'�

E�� q���,�� n E�� w�or�o� ?Ekn � � ' - +7;,

dqg vr wkh fkdqjhv lq wd{ udwhv duh uhodwhg/ wkurxjk wkh uhyhqxh qhxwudolw|
uhtxluhphqw/ e|

_q2 ' >2_w +7<,

zkhuh
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o
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Wkh zhoiduh h�hfwv duh wkhq jlyhq e|
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�_w U f � ' �c 2 +84,
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dqg

B� � ��
�

�,2�
d
[

�

E�� q���
Y,��
Yq2

n E�� w�o
Yr�
Yq2

o +87,
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E�� w�

q2
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�,2�

q2�
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Yr�
Yq2�

o � ' �c 2+88,

Wkxv wkh ydoxh ri j� ghshqgv rq wkh hodvwlflw| ri oderxu vxssolhv zlwk uhvshfw
wr wkh diwhu0wd{ lqwhuhvw udwh dqg rq wkh lqwhuhvw hodvwlflw| ri vdylqj/ zkloh B�
ghshqgv rq wkh hodvwlflwlhv ri oderxu vxssolhv dqg vdylqj zlwk uhvshfw wr wkh
vhfrqgdu| hduqhu*v qhw zdjh1 Zh qrz pdnh=

Dvvxpswlrq 6= j� ' j2 dqg B� ' B2
Wkxv dv d vlpsoli|lqj dvvxpswlrq zh wdnh wkh h�hfwv ri d fkdqjh lq wkh qhw

lqwhuhvw udwh wr eh wkh vdph dfurvv krxvhkrogv ri gl�huhqw w|shv/ dqg vlploduo|
d fkdqjh lq wkh qhw zdjh ri wkh vhfrqgdu| hduqhu kdv wkh vdph h�hfw dfurvv
krxvhkrogv1 Wkrxjk wklv lv vshfldo/ zh gr qrw uhjdug lw dv fuxfldo wr wkh
uhvxowv1 Zh ghqrwh wkh frpprq ydoxhv ri j� dqg B� e| j dqg B uhvshfwlyho|1

Ilqdoo|/ lw lv hpslulfdoo| sodxvleoh wr pdnh
Dvvxpswlrq 7= Lw lv wkh fdvh wkdw

?2r2S
� ?�r�

	
?2,22S
� ?�,2�

+89,

Wkdw lv/ wkh gdwd vkrz wkdw dowkrxjk qrq0wudglwlrqdo krxvhkrogv dffrxqw iru
d odujh sursruwlrq ri wkh wrwdo vdylqj lq wkh hfrqrp|/ wkh| dffrxqw iru dq
hyhq odujhu sursruwlrq ri wkh wrwdo vhfrqgdu| hduqhu oderxu vxsso|1

Zh wkhq kdyh

Sursrvlwlrq 7 Jlyhq Dvvxpswlrqv 6 dqg 7/ li jE� n wo� : B wkhq d uhy0

hqxh qhxwudo wd{ uhirup wkdw uhgxfhv wkh wd{ udwh rq lqwhuhvw lqfrph dqg

lqfuhdvhv wkdw rq zdjh lqfrph ri vhfrqgdu| hduqhuv dw ehvw pdnhv rqo| wud0

glwlrqdo krxvhkrogv ehwwhu r�/ dqg rwkhuzlvh pdnhv doo krxvhkrogv zruvh r�1

Surri = Iurp +84,/ wkh frqglwlrq xqghu zklfk d krxvhkrog lv ehwwhu r� lv
jlyhq e|

or�*E� n wo�

�,2�
: �>2 '

S
� ?�or�jS
� ?��,2�B

+8:,

ru
r�*

S
� ?�r�

,2�*
S

� ?�,2�
:

jE� n wo�

B
+8;,
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Exw iurp Dvvxpswlrq 7 zh nqrz wkdw wklv fdqqrw krog iru qrq wudglwlrqdo
krxvhkrogv li jE� n wo�*B : �/ dqg pruhryhu pd| qrw krog iru wudglwlrqdo
krxvhkrogv/ li jE� n wo�*B lv vx!flhqwo| juhdwhu wkdq 41

Wkh frqglwlrq lq wklv sursrvlwlrq/ jE�nwo� : Bc lv hvvhqwldoo| d frqglwlrq
rq wkh uhodwlyh ydoxhv ri wkh lqwhuhvw hodvwlflw| ri vdylqj rq wkh rqh kdqg
dqg wkh zdjh hodvwlflw| ri vhfrqgdu| hduqhu oderxu vxsso| rq wkh rwkhu/ dv
d frpsdulvrq ri +86, dqg +88, vkrzv1 Li wkh vhfrqgdu| hduqhu oderxu vxsso|
hodvwlflw| lv odujhu wkdq wkh lqwhuhvw hodvwlflw| ri vdylqj/ zklfk vhhpv uhdvrq0
deo| wr eh wkh fdvh/ wkhq wklv frqglwlrq lv doprvw vxuh wr eh vdwlv�hg/ vlqfh
wkh furvv hodvwlflwlhv duh olnho| wr eh vpdoo/ dqg wkh h�hfw ri wkh qhw lqwhuhvw
udwh rq oderxu vxsso| frxog zhoo eh qhjdwlyh/ gxh wr dq lqfrph h�hfw rq
frqvxpswlrq ri wkh grphvwlf jrrg iru krxvhkrogv zlwk srvlwlyh vdylqj1 Lq
rwkhu zrugv lw lv sodxvleoh wr wdnh +B*j� 	 ��

Ilqdoo|/ zh frqvlghu irupdoo| wkh h�hfwv ri wkh frqwhpsodwhg wd{ uhirup
rq djjuhjdwh krxvhkrog vdylqj1 Uhjduglqj krxvhkrog vdylqj vlpso| dv d
ixqfwlrq ri wkh wd{ udwhv q2 dqg w/ zh kdyh
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?�E
Yr�
Yq2

_q2 n
Yr�
Yw

_w� +8<,

Qrz gh�qh wkh hodvwlflwlhv

l� �
q2�

r�

Yr�
Yq2�

+93,

)� �
wo

r�

Yr�
_wo

+94,

dv wkh hodvwlflhv ri vdylqj zlwk uhvshfw wr wkh qhw ri wd{ zdjh udwh dqg wkh
qhw ri wd{ lqwhuhvw udwh uhvshfwlyho|1 Dv d ehqfkpdun fdvh/ vxssrvh wkh l�
duh htxdo dfurvv krxvhkrogv/ dv duh wkh )�1 Ilqdoo|/ gh�qh

4 �

S
� ?�wor�S

� ?�q2�,2�
+95,

dv wkh udwlr ri wrwdo qhw lqwhuhvw lqfrph wr wrwdo vhfrqgdu| hduqhu qhw zdjh
lqfrph1 Wkhq xvlqj +8<, zh fdq zulwh wkh frqglwlrq xqghu zklfk wkh wd{
uhirup dfwxdoo| uhgxfhv djjuhjdwh vdylqj dv

) 	 4
j

B
l +96,

4;



Lw lv ri frxuvh hqwluho| dq hpslulfdo txhvwlrq zkhwkhu wklv lqhtxdolw| krogv/ exw
lw lv fhuwdlqo| d sulrul srvvleoh wkdw lw grhv1 Lq rwkhu zrugv lw lv txlwh srvvleoh
wkdw d uhgxfwlrq lq wd{dwlrq ri lqwhuhvw lqfrph dfwxdoo| uhgxfhv djjuhjdwh
vdylqj/ ehfdxvh lw lpsolhv dq lqfuhdvh lq wd{dwlrq ri vhfrqgdu| hduqhuv zlwk
vx!flhqwo| dgyhuvh h�hfwv rq qhw zdjh lqfrph wkdw vdylqj idoov dv d uhvxow1
Hpslulfdo hvwlpdwhv ri wkh lqwhuhvw hodvwlflw| ri vdylqj duh w|slfdoo| forvh wr
}hur/ zkloh zh vdz lq wkh lqwurgxfwlrq wkdw vhfrqgdu| hduqhu lqfrph dsshduv
wr kdyh d vwurqj srvlwlyh h�hfw rq vdylqj1 D uhdvrqdeoh hvwlpdwh ri 4 zrxog
eh derxw f��c zkloh zh vxjjhvwhg hduolhu wkdw j*B frxog uhdvrqdeo| eh wdnhq
wr eh juhdwhu wkdq �� Dq hodvwlflw| ri vdylqj zlwk uhvshfw wr vhfrqgdu| hduqhu
qhw zdjh wkdw lv urxjko| wkuhh wlphv dv kljk dv wkh lqwhuhvw hodvwlflw| ri vdylqj
zrxog wkhq vdwlvi| wklv frqglwlrq1

617 Shqvlrq dqg wd{ uhirup

Zh fdq prgho d +pdujlqdo, pryh dzd| iurp d �sd| dv |rx jr� shqvlrq
v|vwhp e| vhwwlqj _� 	 f1 Wkh txhvwlrq wkhq lv= krz vkrxog wkh uhvxowlqj
vdylqj lq sxeolf h{shqglwxuh eh xvhgB Dq reylrxv dvvrfldwhg srolf| zrxog
eh wr uhgxfh wd{dwlrq rq +sd| d vxevlg| wr, lqwhuhvw lqfrph iurp vdylqj/
lpso|lqj _w : f/ wr lqgxfh dq lqfuhdvh lq sulydwh vdylqj wkdw zloo krshixoo|
dw ohdvw frpshqvdwh iru wkh uhgxfwlrq lq wkh sxeolf shqvlrq1 D qrw vr reylrxv
dowhuqdwlyh zrxog eh wr uhgxfh wkh wd{ udwh rq vhfrqgdu| hduqhuv/ lpso|lqj
_q2 : f/ wkxv dfklhylqj dq lqfuhdvh lq vdylqj wkurxjk wkh lqgxfhg fkdqjhv
lq oderxu vxssolhv dqg krxvhkrog lqfrph1 Zh qrz frpsduh wkh h�hfwv rq
vdylqj ri wkhvh wzr srolflhv1

Wkh h�hfwv rq djjuhjdwh vdylqj ri wkh wzr dowhuqdwlyh srolflhv duh jlyhq
uhvshfwlyho| e|
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zkloh gl�huhqwldwlqj wkh jryhuqphqw exgjhw frqvwudlqw jlyhv wkh uhyhqxh qhx0
wudolw| frqglwlrq lq hdfk fdvh

_w ' >�_� +99,

_q2 ' >e_� +9:,
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Lw iroorzv wkdw wkh gl�huhqfh lq wkh h�hfw rq djjuhjdwh vdylqj lv jlyhq e|
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Exw qrwlfh wkdw >e*>� ' �>2c dv gh�qhg lq wkh suhylrxv vxevhfwlrq1 Wkxv/
xvlqj wkh vdph gh�qlwlrqv dqg dujxphqwv dv lq wkh suhylrxv vxevhfwlrq/ zh
fdq rewdlq +96, dv wkh frqglwlrq xqghu zklfk wkhuh lv d odujhu srvlwlyh h�hfw
rq vdylqj iurp uhgxflqj wkh wd{ udwh rq vhfrqgdu| hduqhuv dv iurp uhgxflqj
wkdw rq vdylqj1 Zh frqfoxgh wkdw li wkh hodvwlflw| ri vdylqj zlwk uhvshfw
wr wkh vhfrqgdu| hduqhu*v qhw zdjh lv dw ohdvw derxw wkuhh wlphv dv odujh
dv wkh lqwhuhvw hodvwlflw| ri vdylqj/ wkhq wkh surfhhgv ri d uhgxfwlrq lq wkh
vwdwh shqvlrq zrxog eh ehwwhu dssolhg wr uhgxflqj wkh wd{ udwh rq vhfrqgdu|
hduqhuv lqfrph1

7 Wd{ uhirup zlwk zdjh glvshuvlrq

Wkh dqdo|vlv lq wkh suhfhglqj vhfwlrq uholhg khdylo| rq wkh dvvxpswlrq wkdw
wkh orz0lqfrph orzhu0wd{ udwh jurxs frqvlvwhg hqwluho| ri vhfrqgdu| hduq0
huv/ zkr kdyh wkh kljkhu oderxu vxsso| hodvwlflwlhv/ zkloh wkh kljkhu0lqfrph
kljkhu0wd{ udwh jurxs frqvlvwhg rqo| ri sulpdu| hduqhuv zlwk pxfk orzhu
oderxu vxsso| hodvwlflwlhv1 Wklv zdv frqvlvwhqw zlwk wkh lghd wkdw wkhuh zdv
rqo| rqh pdunhw zdjh udwh/ vr wkdw d orzhu oderxu vxsso| qhfhvvdulo| lpsolhg
orzhu lqfrph1 Lq uhdolw| ri frxuvh wkhuh lv d glvwulexwlrq ri pdunhw zdjh
udwhv/ dqg lw lv txlwh srvvleoh wkdw kljk zdjh vhfrqgdu| hduqhuv frxog eh
hduqlqj kljkhu lqfrphv dqg sd|lqj kljkhu pdujlqdo wd{ udwhv wkdq orz zdjh
sulpdu| hduqhuv1 Lw lv wkhq hqwluho| dq hpslulfdo txhvwlrq/ dv wr zkhwkhu wkh
dfwxdo glvwulexwlrq ri sulpdu| dqg vhfrqgdu| hduqhu lqfrphv dqg pdujlqdo
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wd{ udwhv lv vx!flhqwo| forvh wr wkh srodu fdvh dqdo|vhg deryh iru wkh uhvxowv
wr eh uhdolvwlf1 Zh qrz vkrz wkdw/ iru wkh XN dw ohdvw/ wklv vhhpv wr eh wkh
fdvh1

Lq Wdeoh 5 zh vkrz wkh txduwloh glvwulexwlrq ri zdjh lqfrph iru wkh vdpsoh
ri XN krxvhkrogv xvhg wr frqwuxfw Wdeoh 41 Wkh orzhvw 58( ri lqglylgxdo
zdjh hduqhuv kdg dq dyhudjh zhhno| lqfrph ri Â48/ fruuhvsrqglqj forvho|
wr wkh ihpdoh lqfrph ri Â47 vlqfh <<( ri wkh lqglylgxdov lq wklv jurxs zhuh
zrphq1 Wkh kljkhvw 58( ri lqglylgxdov kdg dq dyhudjh zhhno| zdjh lqfrph
ri Â86</ zklfk lv forvh wr wkh pdoh zhhno| zdjh lqfrph ri Â885/ vlqfh rqo| <(
ri wklv jurxs zhuh zrphq1 Wkh odvw froxpq ri wkh wdeoh vkrzv wkh hvwlpdwhg
pdujlqdo wd{ udwhv sdlg rq dyhudjh e| hdfk phpehu ri wkh uhvshfwlyh lqfrph
txduwloh1 Zh fdq lqwhusuhw wkh �orz� wd{ udwh dv wkh 4;( sdlg e| wkh vhfrqg
txduwloh/ dqg wkh �kljk� wd{ udwh dv wkh 64( sdlg e| wkh kljkhvw wzr txduwlohv1
Wkh uhvxowv lq wkh suhylrxv vhfwlrq hvvhqwldoo| ghshqg rq wkh devroxwh ydoxh
ri > ehlqj zhoo deryh xqlw|1 Zh qrz fdofxodwh wkh ydoxh ri > lpsolhg e| wkh
�jxuhv lq Wdeoh 51

Wdeoh 5 derxw khuh

Wdnlqj wkh pdujlqdo wd{ udwhv lq Wdeoh 5 dv wkh wd{ udwhv � � q� lq d
olqhdu wd{ v|vwhp/ zh fdq irupxodwh d �jryhuqphqw exgjhw frqvwudlqw� e|
fdofxodwlqj wkh wd{ uhyhqxh A udlvhg iurp wkh lqglylgxdov uhfrughg lq wkh
wdeoh<1 Wkxv ohw ^ ' �c ��c e ghqrwh wkh txduwloh/ dqg � ' �c 2 wkh lqglylgxdo/
zlwk � ' � pdoh dqg � ' 2 ihpdoh1 ?�^ lv wkh qxpehu ri w|sh0� lqglylgxdov
lq txduwloh ^/ +�^ wkh fruuhvsrqglqj zdjh lqfrph/ �� q� ' f��� lv wkh kljkhu
pdujlqdo wd{ udwh dqg �� q2 ' f��H wkh orzhu1 Wkhq zh kdyh

A ' E�� q2�
2[

�'�

?�2+�2 n E�� q��
e[

^'�

2[

�'�

?�^+�^

zkhuh ri frxuvh +�^ lv wkh surgxfw ri d zdjh udwh dqg d oderxu vxsso|1 Li qrz
wkh pdujlqdo wd{ udwhv duh fkdqjhg vr wkdw zh kdyh

_q2 ' >_q� +:5,

zh fdq zulwh

> � �

Se
^'�

S2
�'� ?�^+�^B�^

S2
�'� ?�2+�2B�2

+:6,

<Wkhuh duh durxqg 6:3 lqglylgxdov lq hdfk txduwloh/ dqg vr wkhuh duh 599 zrphq lq wkh

vhfrqg txduwloh/ :3 lq wkh wklug/ dqg 6: lq wkh irxuwk1
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zkhuh/ dqdorjrxvo| zlwk wkh hduolhu gh�qlwlrq

B�^ ' ��
�� q�

q�

q���^

,�^

Y,�^
Yq���^

c ^ ' 2c �c ec � ' �c 2c +:7,

Zh kdyh ghsduwhg iurp wkh hduolhu gh�qlwlrq ri wkh B�r e| vhwwlqj wkh furvv0
hodvwlflwlhv wr }hur/ zklfk zloo voljkwo| uhgxfh wkh hvwlpdwhg ydoxh ri >� Sodx0
vleoh hpslulfdo ydoxhv iru pdoh dqg ihpdoh oderxu vxsso| hodvwlflwlhv duh uh0
vshfwlyho| f�� dqg f�D� Wklv jlyhv wkh iroorzlqj hvwlpdwhv=

B�2 ' f�bHb
B22 ' f�Hbf
B�^ ' f�bDD ^ ' �c e
B2^ ' f�..D ^ ' �c e

Wkhq/ xvlqj wkhvh ydoxhv wrjhwkhu zlwk wkh ydoxhv iru ?�^ dqg +�^ iurp
Wdeoh 5 jlyhv

> ' �
dE�fff2.S�nE���fDD2�of�bDDndE.ff2�2�nE�.fef.�of�..D

E�fef�Sb�f�bHbnE2SSf�fe�f�Hbf
' �S�SD

Wklv lpsolhv wkdw lq wkh vxevwdqwldo pdmrulw| ri qrq0wudglwlrqdo krxvh0
krogv/ zkhuh wkh sulpdu| hduqhu lv wd{hg dw wkh kljkhu pdujlqdo udwh dqg wkh
vhfrqgdu| hduqhu dw wkh orzhu/ d uhyhqxh qhxwudo fkdqjh lq wkh pdujlqdo wd{
udwhv/ uhgxflqj wkh orzhu dqg udlvlqj wkh kljkhu udwh/ zloo lqfuhdvh krxvhkrog
zhoiduh dqg vdylqj/ jlyhq wkdw/ uhfdoolqj wkh frqglwlrq lq +4:, hduolhu/ wkh sul0
pdu| hduqhu*v jurvv zdjh lqfrph lv qrw pruh wkdq derxw vl{ wr vhyhq wlphv
juhdwhu wkdq wkdw ri wkh vhfrqgdu| hduqhu1 Wklv vhhpv wr eh dq hplqhqwo|
uhdvrqdeoh frqglwlrq lq sudfwlfh431

8 Frqfoxvlrqv

Lq wklv sdshu zh kdyh wulhg wr ghulyh wkh h�hfwv rq krxvhkrog vdylqj dqg
zhoiduh ri vrph fxuuhqwo| dgyrfdwhg uhirupv wr wd{ dqg shqvlrq v|vwhpv1
Zh kdyh hpskdvlvhg wkdw wklv pxvw eh grqh lq wkh frqwh{w ri prghov ri
krxvhkrogv frqwdlqlqj wzr dgxow phpehuv/ wdnlqj lqwr dffrxqw dovr wkh idfw
wkdw wkhuh lv frqvlghudeoh yduldwlrq dfurvv krxvhkrogv lq wkh oderxu vxsso|

43Wr fkhfn wkh urexvwqhvv ri wklv/ zh kdyh fdofxodwhg wkh � 0ydoxhv iru pdoh oderxu

vxsso| hodvwlflwlhv lq wkh udqjh 313 0 315/ dqg iru ihpdoh oderxu vxsso| hodvwlflwlhv lq wkh

udqjh 315 0 4131 Wkh uhvxowlqj udqjh ri � 0ydoxhv lv 9154; wr :13;31
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ri wkh vhfrqgdu| hduqhu1 Wklv odwwhu idfw lv lpsruwdqw lq uhodwlrq erwk wr
wkh h�hfwv ri wd{ fkdqjhv dqg wr krxvhkrog vdylqj ehkdylrxu1 D fhqwudo
uhvxow lv wkdw d uhgxfwlrq lq wkh ghjuhh ri surjuhvvlylw| ri wkh lqglylgxdo wd{
v|vwhp/ lpso|lqj dq lqfuhdvh lq lqhtxdolw| ri lqglylgxdo diwhu0wd{ lqfrphv/
fdq eh h{shfwhg wr uhgxfh vdylqj1 Zh kdyh dovr dujxhg wkdw/ xqghu sodxvleoh
dvvxpswlrqv/ uhgxflqj pdujlqdo wd{ udwhv rq vhfrqgdu| hduqhuv fdq eh d pruh
h�hfwlyh zd| ri vwlpxodwlqj vdylqj wkdq uhgxflqj wd{ udwhv rq lqfrph iurp
vdylqj1 Wr rewdlq wkhvh uhvxowv zh kdyh pdgh d qxpehu ri dvvxpswlrqv derxw
hpslulfdo uhodwlrqvklsv/ zklfk zh kdyh wulhg wr vxevwdqwldwh e| wkh gdwd zh
kdyh suhvhqwhg dqg dqdo|vhg1 Wkh edvlf dqdo|wlfdo dssurdfk fdq krzhyhu
dovr eh xvhg wr ghulyh wkh lpsolfdwlrqv ri dq| dowhuqdwlyh vhw ri hpslulfdo
dvvxpswlrqv1
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Dsshqgl{

Lq wklv dsshqgl{ zh jlyh wkh ghwdlov ri wkh uhjuhvvlrq prgho xvhg wr frq0
wuro iru ghprjudsklf yduldwlrq dqg sulpdu| hduqhu glvsrvdeoh lqfrph lq wkh
frpsxwdwlrq ri vdylqj e| wkh wzr krxvhkrog w|shv uhsruwhg lq Wdeoh 41

Wkh prgho lv hvwlpdwhg rq d vdpsoh ri wzr0sduhqw idplolhv vhohfwhg iurp
wkh 4<<5 XN IHV rq wkh iroorzlqj fulwhuld= �khdg ri krxvhkrog� +uhihuuhg
wr lq wh{w dv �sulpdu| hduqhu�, zlwk xvxdo krxuv ri zrun ri dw ohdvw 43 s1z1
dqg hduqlqj d qrupdo jurvv zdjh2vdodu| lqfrph ri dw ohdvw Â73 s1z1 dqg
uhsruwlqj d qrq0qhjdwlyh wrwdo shuvrqdo lqfrph> dw ohdvw rqh fklog djhg 304:
|hduv> khdg ri krxvhkrog dqg �zlih ri khdg ri krxvhkrog� +uhihuuhg wr lq wh{w
dv �vhfrqgdu| hduqhu�, djhg 53093 |hduv1

Wkh ghshqghqw vdylqj yduldeoh lv frpsxwhg dv wkh gl�huhqfh ehwzhhq
glvsrvdeoh krxvhkrog lqfrph dqg wrwdo krxvhkrog h{shqglwxuh1

Uhjuhvvlrq prgho uhvxowv=
Uhjuhvvruv Sdudphwhuv Vwg1 huuruv
Qr ri fkloguhq 305 |uv 05<1989 45164
Qr ri fkloguhq 607 |hduv 0517:: <1;8
Krxvhkrog vl}h 071<:9 71:9
Djh ri sulpdu| hduqhu 51398 31899
Glvsrvdeoh lqfrph ri sulpdu| hduqhu Âsz 31543 31376
Glvsrvdeoh lqfrph ri vhfrqgdu| hduqhu Âsz 315<7 31389
Frqvwdqw 04481<9 651<<
U2 ' 314478
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Uhihuhqfhv

^4` Dkpdg/ H1 dqg Vwhuq/ Q1/ 4<;71 Wkh wkhru| ri uhirup dqg Lqgldq lqgluhfw
wd{hv1 Mrxuqdo ri Sxeolf Hfrqrplfv 58/ 58<05<;1

^5` Dssv/ S1 I1/ dqg Uhhv/ U1/ 4<;;1 Wd{dwlrq dqg wkh krxvhkrog1 Mrxuqdo
ri Sxeolf Hfrqrplfv 68/ 688069<1

^6` Dssv/ S1 I1/ dqg Uhhv/ U1/ 4<<<d1 Mrlqw yv lqglylgxdo wd{dwlrq lq prghov
ri krxvhkrog surgxfwlrq1 Mrxuqdo ri Srolwlfdo Hfrqrp| 43:/ 6<60736

^7` Dssv/ S1 I1/ dqg Uhhv/ U1/ 4<<<e1 Rq wkh wd{dwlrq ri wudgh zlwklq dqg
ehwzhhq krxvhkrogv1 Mrxuqdo ri Sxeolf Hfrqrplfv :6/ 57405961

^8` Jxhvqhulh/ U1/ 4<<81 D Frqwulexwlrq wr wkh Sxuh Wkhru| ri Wd{dwlrq/
Fdpeulgjh Xqlyhuvlw| suhvv/ Fdpeulgjh1

^9` Vdqgpr/ D1/ 4<;8/ Wkh h�hfwv ri wd{dwlrq rq vdylqj dqg ulvn wdnlqj1 Fk
8 ri Kdqgerrn ri Sxeolf Hfrqrplfv/ yro 4/ D1 V1 Dxhuedfk dqg P1 V1
Ihogvwhlq +hgv,/ Hovhylhu Vflhqfh Sxeolfdwlrqv/ Qruwk0Kroodqg1
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Wdeohv

Wdeoh 4

T*wloh WSL SGL VGL W VGL QW Vdy W Vdy QW Nlgv Kuv W Kuv QW
4 4<: 494 73 455 046146 431;: 41<< 8 5:
5 5<6 55: 73 463 41;7 5;15; 41<6 7 5:
6 6;< 5<7 76 47< 49139 7:16: 41;: 7 59
7 :55 853 83 4:: 9<199 43:133 41<: 5 59
Doo 733 633 77 457 4;16: 75134 41<7 6 5:

WSL= wrwdo shuvrqdo lqfrph ri khdg ri krxvhkrog/ Â s1z1

SGL= sulpdu| hduqhu qhw glvsrvdeoh lqfrph +lqfoxghv qrqzdjh lqfrph,
Â s1z1

VGL= vhfrqgdu| hduqhu qhw glvsrvdeoh lqfrph/ Â s1z1

W= wudglwlrqdo krxvhkrogv

QW= qrq0wudglwlrqdo krxvhkrogv

Vdy= vdylqj/ Â s1z1

Nlgv= qxpehu ri ghshqghqw fkloguhq lq krxvhkrog

Kuv= dyhudjh krxuv zrunhg shu zhhn1

Wdeoh 5

Txduwloh JZL JZLP FZLI (I DyPWU
4 48 9< 47 << 0
5 455 49< 437 :5 314;
6 59; 5:9 565 4< 3164
7 86< 885 73: < 3164
Doo 569 6;9 ;9 83 3156

JZL= jurvv zhhno| zdjh lqfrph/ Â s1z1

JZLP= jurvv zhhno| zdjh2vdodu| lqfrph/ Â s1z1/ sulpdu| hduqhu1

JZLI= jurvv zhhno| zdjh2vdodu| lqfrph/ Â s1z1/ vhfrqgdu| hduqhu

(I= shufhqwdjh ihpdoh

DyPWU= dyhudjh ri pdujlqdo wd{ udwhv +QL frqwulexwlrq soxv lqfrph
wd{,
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