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Devwudfw

Wklv sdshu h{dplqhv wkh h�hfwv ri fdslwdo dqg oderu lqfrph wd{dwlrq

lq d wzr vhfwru prgho ri hqgrjhqrxv jurzwk1 Wkhuh lv dq hgxfdwlrq h{whu0

qdolw| lq wkh �qdo jrrgv vhfwru dqg d sxeolf lqsxw lq wkh hgxfdwlrq vhfwru1

Wkh pdlq uhvxow lv wkdw oderu lqfrph wd{dwlrq dv zhoo dv vxevlgl}dwlrq ri

hgxfdwlrqdo h�ruw kdyh srvlwlyh h�hfwv rq wkh edodqfhg jurzwk udwh lq wkh

pdunhw hfrqrp|/ fhwhulv sdulexv1 Lq dgglwlrq/ fdslwdo lqfrph wd{dwlrq kdv

qr h�hfw rq wkh jurzwk udwh lq wkh vwhdg| vwdwh1 Ixuwkhupruh/ wkh rswlpdo

vxevlg| udwh lv xqdpeljxrxvo| srvlwlyh/ zkhq wkh sxeolf dqg sulydwh lqsxw

idfwruv lq hgxfdwlrq duh vxevwlwxwhv1 Oderu lqfrph vkrxog eh wd{hg dw d

orzhu udwh wkdq fdslwdo lqfrph dv orqj dv wkhuh lv d srvlwlyh hgxfdwlrq h{0

whuqdolw| lq �qdo jrrgv surgxfwlrq1 Wkh eljjhu wkh h{whuqdolw| lv/ wkh eljjhu

lv wkh gl�huhqfh ehwzhhq wkh wzr wd{ udwhv1 Ilqdoo|/ zhoiduh pd{lpl}dwlrq

lv qrw htxlydohqw wr jurzwk pd{lpl}dwlrq1

MHO fodvvl�fdwlrq=
Nh|zrugv= Hqgrjhqrxv jurzwk/ hgxfdwlrq h{whuqdolw|/ rswlpdo wd{dwlrq/ sxe0

olf vshqglqj rq hgxfdwlrq

� L zrxog olnh wr wkdqn wkh Gdqlvk Vrfldo Vflhqfh Uhvhdufk Frxqflo/ wkh Gdqlvk Uhvhdufk

Dfdghp| dqg wkh Gdqlvk Qdwlrqdo Uhvhdufk Irxqgdwlrq iru �qdqfldo vxssruw1 Frpphqwv iurp

Nlpehuoh| D1 Vfkdui duh judwhixoo| dfnqrzohgjhg1



41 Lqwurgxfwlrq

Wklv sdshu dqdo|}hv wkh h�hfwv ri idfwru lqfrph wd{dwlrq lq d wzr vhfwru prgho ri
hqgrjhqrxv jurzwk zlwk sxeolf lqyhvwphqw lq hgxfdwlrq dqg d srvlwlyh hgxfdwlrq
h{whuqdolw| lq �qdo jrrgv surgxfwlrq1

Wkh uhohydqfh ri vxfk dq dqdo|vlv lv vxssruwhg e| wzr uhfhqw hpslulfdo sdshuv1
Iluvwo|/ Phqgr}d/ Plohvl0Ihuuhwwl dqg Dvhd +4<<8, vkrz wkdw wkhuh duh vljql�fdqw
qhjdwlyh lqyhvwphqw h�hfwv iurp idfwru lqfrph wd{dwlrq dqg wkdw wkhvh duh frq0
vlvwhqw zlwk vpdoo qhjdwlyh jurzwk udwh h�hfwv1 Vhfrqgo|/ Kdqvvrq dqg Khquhnvrq
+4<<7, vkrz wkdw hgxfdwlrqdo h{shqglwxuh e| wkh jryhuqphqw kdv d srvlwlyh h�hfw
rq surgxfwlylw| jurzwk/ zkloh iru lqvwdqfh jryhuqphqw wudqvihuv dqg frqvxpswlrq
kdyh qhjdwlyh jurzwk udwh h�hfwv1

Wkh suhvhqw sdshu lv lqvsluhg e| irxu sdshuv/ qdpho| Urxelql dqg Plohvl0
Ihuuhwwl +4<<7d/e,/ Shfrulqr +4<<6, dqg Vûuhqvhq +4<<6,1 Wkh �uvw wkuhh sdshuv
suhvhqw prghov wkdw ghdo zlwk rswlpdo wd{dwlrq lq hqgrjhqrxv jurzwk prghov/
zkhuh wkh wd{ uhyhqxh lv uhglvwulexwhg oxps0vxp wr frqvxphuv1 Wkh odvw sd0
shu suhvhqwv d prgho/ zklfk lqfrusrudwhv jryhuqphqw vshqglqj rq hgxfdwlrq dqg
wudlqlqj1 Wkxv lq frqwudvw wr wkh �uvw wkuhh sdshuv/ wkh Vûuhqvhq +4<<6, prgho
xvhv wkh wd{ uhyhqxh iru d surgxfwlyh sxusrvh1

Wkh �uvw wkuhh sdshuv uhdfk gl�huhqw frqfoxvlrqv derxw wkh jurzwk pd{lpl}lqj
wd{ vwuxfwxuh1 Wkh Urxelql dqg Plohvl0Ihuuhwwl prghov kdyh wkuhh vhfwruv> d �qdo
jrrgv vhfwru wkdw surgxfhv erwk frqvxpswlrq jrrgv dqg fdslwdo jrrgv> dq hgx0
fdwlrq vhfwru> dqg d ohlvxuh vhfwru1 Zlwk uhvshfw wr wkh odwwhu vhfwru/ wkh dxwkruv
frqvlghu gl�huhqw prghov ri ohlvxuh/ qdpho| krph surgxfwlrq/ ohlvxuh dv txdolw|
wlph dqg qr ohlvxuh dw doo1 Wkh| dvvxph wkdw idfwru lqfrph rqo| dulvhv lq wkh �qdo
jrrgv vhfwru/ zklfk lpsolhv wkdw wkh rswlpdo wd{dwlrq uxoh lv wr vhw wkh fdslwdo
lqfrph wd{ htxdo wr wkh oderu lqfrph wd{ lq d yhuvlrq ri wkhlu prgho zlwk qr
ohlvxuh dqg d edodqfhg jryhuqphqw exgjhw1 Wkh uhdvrq ehklqg wklv uhvxow lv wkdw
wkh vhfwrudo doorfdwlrq ri idfwruv lv xqd�hfwhg e| wd{dwlrq dv orqj dv erwk lqsxw
idfwruv duh wd{hg dw d frpprq udwh1 Wkh rqo| lpsolfdwlrq ri d frpsuhkhqvlyh wd{
lv wkdw wkh lqwhuhvw udwh lv uhgxfhg e| rqh plqxv wkh wd{ udwh dqg wkdw wkh jurzwk
udwh lv uhgxfhg e| wkh idoo lq wkh lqwhuhvw udwh pxowlsolhg e| wkh lqwhuwhpsrudo
hodvwlflw| ri vxevwlwxwlrq1

Wkh Shfrulqr prgho dovr kdv wkuhh vhfwruv> d frqvxpswlrq jrrg vhfwru> d
sk|vlfdo fdslwdo vhfwru> dqg dq hgxfdwlrq vhfwru1 Exw lq frqwudvw wr Urxelql dqg
Plohvl0Ihuuhwwl kh dvvxphv wkdw surgxfwlrq lq doo wkuhh vhfwruv jlyh ulvh wr idfwru
lqfrph1 Dv d frqvhtxhqfh/ wkh idfwru lqfrph iurp doo wkuhh vhfwruv lv wd{hg1 Wkh
lpsolfdwlrq ri wklv dvvxpswlrq lv wkdw wkh rswlpdo fdslwdo lqfrph wd{ lv gl�huhqw
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iurp wkh rswlpdo oderu lqfrph wd{ h{fhsw/ zkhq wkh idfwru lqwhqvlw| lq wkh wzr
fdslwdo jrrgv vhfwruv dv d zkroh htxdov wkh idfwru lqwhqvlw| lq wkh frqvxpswlrq
jrrg vhfwru1 Wkxv/ wkh rswlpdo wd{dwlrq uxoh jlyhq d edodqfhg exgjhw lq wkh
Shfrulqr +4<<6, prgho ghshqgv rq wkh uhodwlyh idfwru lqwhqvlw| lq wkh wkuhh vhfwruv1
Wkxv/ d fulwlfdo dvvxpswlrq lv zkhwkhu idfwru lqfrph dulvhv lq doo wkuhh vhfwruv ru
mxvw lq wkh �qdo jrrgv vhfwru1

Erwk wkh Urxelql dqg Plohvl0Ihuuhwwl +4<<7d/e, prghov dqg wkh Shfrulqr +4<<6,
prgho duh sureohpdwlf lq wkh vhqfh wkdw wkhuh lv qr pdunhw idloxuh ru h{whuqdolw| wr
mxvwli| wkh xvh ri idfwru lqfrph wd{dwlrq1 Wkh rqo| uhdvrq iru lqwurgxflqj idfwru
lqfrph wd{dwlrq lv wkdw wkh jryhuqphqw kdv wr udlvh d uhyhqxh lq rughu wr �qdqfh
d oxps0vxp wudqvihu wr frqvxphuv1

Wkh Vûuhqvhq prgho kdv wzr vhfwruv> d �qdo jrrgv vhfwru dqg dq hgxfdwlrq
vhfwru1 Dv lq wkh Urxelql dqg Plohvl0Ihuuhwwl prghov/ idfwru lqfrph lv dvvxphg
rqo| wr dulvh lq wkh �qdo jrrgv vhfwru1 Frpsduhg zlwk wkh rwkhu wkuhh prghov/
wkh Vûuhqvhq prgho kdv wkh dgydqwdjh wkdw wkh udlvhg wd{ uhyhqxh lv xvhg wr
�qdqfh d sxeolf lqsxw lq hgxfdwlrq/ zklfk lv d jrrg uhdvrq iru lqwurgxflqj idfwru
lqfrph wd{dwlrq1 Wkh rswlpdo wd{dwlrq ri fdslwdo lqfrph htxdov wkh iudfwlrq
ri rxwsxw zklfk lv xvhg rq sxeolf h{shqglwxuh rq hgxfdwlrq1 Ixuwkhupruh/ wkh
rswlpdo wd{dwlrq ri oderu lqfrph ghshqgv rq wkh vxevlg| jlyhq wr hgxfdwlrqdo
h�ruw dqg lv frqvhtxhqwo| gl�huhqw iurp wkh rswlpdo wd{dwlrq ri fdslwdo lqfrph1
Dqg �qdoo|/ wkh rswlpdo vxevlg| wr kxpdq fdslwdo lqyhvwphqw lq hgxfdwlrq fdq
hlwkhu eh srvlwlyh ru qhjdwlyh1 Xqiruwxqdwho|/ wkhvh uhvxowv ghshqg wr d odujh
h{whqw rq wkh vshfl�fdwlrq ri wkh surgxfwlrq ixqfwlrq lq wkh hgxfdwlrq vhfwru/
zklfk lv dvvxphg wr eh ri wkh Ohrqwlhi irup zlwk frpsohphqwdulw| ehwzhhq wkh
sxeolf dqg wkh sulydwh lqsxw lq hgxfdwlrq1

Wkh prgho suhvhqwhg lq wklv sdshu lv dq h{whqghg yhuvlrq ri wkh Oxfdv +4<;;,
prgho ri d forvhg hfrqrp| zklfk doorzv iru surgxfwlyh xvh ri wkh froohfwhg wd{
uhyhqxh1 Vhyhudo dvvxpswlrqv duh pdgh1 Iluvw/ wkh uhsuhvhqwdwlyh krxvhkrog lv
dvvxphg wr doorfdwh lwv hqwluh wlph ehwzhhq zrun dqg hgxfdwlrq/ zklfk phdqv
wkdw wkhuh lv qr oderu0ohlvxuh fkrlfh lq wkh prgho1 Vhfrqg/ wkh jryhuqphqw lv
dvvxphg wr eh uhvwulfwhg lq lwv delolw| wr eruurz dqg ohqg/ zklfk phdqv wkdw lw
edodqfhv lwv exgjhw hyhu| shulrg1 Wklug/ idfwru lqfrph lv dvvxphg rqo| wr dulvh
lq wkh �qdo jrrgv vhfwru/ ehfdxvh wkh kxpdq fdslwdo lqsxw lq hgxfdwlrq xvxdoo|
lv ohiw xqwd{hg1 Irxuwk/ d srvlwlyh h{whuqdolw| gxh wr wkh ohyho ri hgxfdwlrq lv
dvvxphg wr eh suhvhqw lq wkh �qdo jrrgv vhfwru1 Iliwk/ wkh wd{ uhyhqxh lv xvhg wr
�qdqfh d sxeolf lqsxw lq hgxfdwlrq dqg d vxevlg| wr kxpdq fdslwdo lqyhvwphqw lq
hgxfdwlrq1

Lq d odujh sduw ri wkh wkhruhwlfdo olwhudwxuh rq rswlpdo wd{dwlrq lq hqgrjh0
qrxv jurzwk prghov/ wkh wd{ uhyhqxh lv uhglvwulexwhg oxps0vxp wr frqvxphuv/
vhh Urxelql dqg Plohvl0Ihuuhwwl +4<<7d/e, dqg Shfrulqr +4<<6,1 Wkxv/ wklv sdshu
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�uvwo| frqwulexwhv wr wkh h{lvwlqj olwhudwxuh e| doorzlqj wkh rewdlqhg wd{ uhyhqxh
wr eh xvhg surgxfwlyho|/ qdpho| wr �qdqfh d sxeolf lqsxw lq hgxfdwlrq dqg d
vxevlg| wr kxpdq fdslwdo lqyhvwphqw lq hgxfdwlrq1 Vhfrqgo|/ wkh sdshu frqvlg0
huv wkh fdvh zkhuh jryhuqphqw vshqglqj d�hfwv wkh surgxfwlylw| ri wkh hgxfdwlrq
vhfwru/ zkhuh suhylrxv prghov w|slfdoo| uhvwulfw jryhuqphqw vshqglqj wr eh dq
lqsxw lq wkh �qdo jrrgv vhfwru14 Wklugo|/ wkh sdshu doorzv iru d eurdghu vhw ri wd{
lqvwuxphqwv/ qdpho| d vxevlg| wr hgxfdwlrqdo h�ruw lq dgglwlrq wr idfwru lqfrph
wd{dwlrq1 Ilqdoo|/ wkh sdshu h{whqgv wkh Vûuhqvhq +4<<6, prgho e| doorzlqj iru
vxevwlwxwlrq srvvlelolwlwhv ehwzhhq wkh sxeolf dqg sulydwh lqsxw lq hgxfdwlrq1

Wkh pdmru frqfoxvlrqv gudzq lq wklv sdshu duh �uvwo| wkdw wkh jurzwk udwh lq
wkh pdunhw hfrqrp| lv kljkhu/ wkh kljkhu wkh vxevlg| udwh wr hgxfdwlrqdo h�ruw lv
dqg wkh kljkhu wkh oderu lqfrph wd{ udwh lv/ fhwhulv sdulexv1 Lq dgglwlrq/ fdslwdo
lqfrph wd{dwlrq kdv qr h�hfw rq wkh jurzwk udwh lq wkh vwhdg| vwdwh1

Vhfrqgo|/ wkh rswlpdo vxevlg| udwh lv xqdpeljxrxvo| srvlwlyh/ ehfdxvh wkh
sxeolf dqg sulydwh lqsxw idfwruv lq hgxfdwlrq duh vxevwlwxwhv1 Dqg �qdoo|/ oderu
lqfrph vkrxog eh wd{hg dw d orzhu udwh wkdq fdslwdo lqfrph dv orqj dv wkhuh lv d
srvlwlyh hgxfdwlrq h{whuqdolw| lq �qdo jrrgv surgxfwlrq1 Uhfdoo wkdw wkh rswlpdo
wd{dwlrq uxoh lq wkh Urxelql ) Plohvl0Ihuuhwwl prghov lv wr vhw wkh udwh ri fdslwdo
lqfrph wd{dwlrq htxdo wr wkh udwh ri oderu lqfrph wd{dwlrq1

Wkh edvlf prgho lv suhvhqwhg lq Vhfwlrq 51 Vhfwlrq 6 dqg 7 ghulyh wkh edo0
dqfhg jurzwk htxloleulxp lq d vrfldoo| sodqqhg hfrqrp| dqg lq d pdunhw hfrq0
rp|/ uhvshfwlyho|1 Vhfwlrq 8 �qgv wkh rswlpdo wd{0vxevlg| vwuxfwxuh dqg Vhfwlrq
9 frqfoxghv wkh sdshu1 Lq wkh Dsshqgl{ wr wkh sdshu/ wkh h�hfwv ri idfwru lqfrph
wd{dwlrq duh dqdo|}hg lq dq htxlydohqw prgho/ zkhuh wkh kxpdq fdslwdo lv dvvxphg
wr jlyh ulvh wr lqfrph lq wkh hgxfdwlrq vhfwru1

51 Wkh prgho

Wklv vhfwlrq suhvhqwv d wzr vhfwru hqgrjhqrxv jurzwk prgho ri d forvhg hfrqrp|1
Wkh surgxfwlrq vlgh ri wkh hfrqrp| frqvlvwv ri d odujh qxpehu ri lghqwlfdo dqg
shuihfwo| frpshwlwlyh �upv1 D �qdo jrrgv vhfwru surgxfhv frqvxpswlrq jrrgv
dqg sk|vlfdo fdslwdo/ zkloh dq hgxfdwlrq vhfwru surgxfhv kxpdq fdslwdo1 Kxpdq
fdslwdo lv dvvxphg wr eh hperglhg lq shrsoh dqg lv frqvhtxhqwo| d sulydwh jrrg/
zklfk lv erwk ulydo dqg h{foxgdeoh1 Wkh �qdo jrrgv vhfwru xvhv sk|vlfdo fdslwdo
dqg kxpdq fdslwdo dv lqsxw idfwruv/ zkloh wkh hgxfdwlrq vhfwru xvhv kxpdq fdslwdo
dqg d frqjhvwhg sxeolf jrrg1 Kxpdq fdslwdo lv dvvxphg wr pryh iuhho| ehwzhhq
wkh wzr vhfwruv zlwklq hdfk shulrg1

Wkh jryhuqphqw lv dvvxphg wr wd{ idfwru lqfrph lq rughu wr �qdqfh wkh sxeolf

4Vhh iru lqvwdqfh Eduur dqg Vdod0l0Pduwlq +4<<8,1
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lqsxw lq hgxfdwlrq dqg wkh vxevlg| wr hgxfdwlrqdo h�ruw1 Ixuwkhupruh/ wkh jry0
huqphqw lv dvvxphg wr edodqfh lwv exgjhw hyhu| shulrg vxfk wkdw wrwdo wd{ uhyhqxh
htxdov wrwdo jryhuqphqw h{shqglwxuh1

Wkh frqvxpswlrq vlgh ri wkh hfrqrp| frqvlvwv ri d odujh qxpehu ri lghqwlfdo
lq�qlwho| olyhg krxvhkrogv wkdw rzq wkh lqsxw idfwruv dqg uhqw wkhp rxw wr �upv1
Krxvhkrogv duh dvvxphg wr fkrrvh frqvxpswlrq dqg wkh doorfdwlrq ri kxpdq fds0
lwdo ehwzhhq vhfwruv lq rughu wr pd{lpl}h wkhlu olihwlph xwlolw|1

Lq wkh iroorzlqj/ wlph vxevfulswv duh ohiw rxw iru frqyhqlhqfh1

5141 Wkh �qdo jrrgv vhfwru

Ilup � surgxfhv �qdo jrrgv t� e| xvh ri erwk sk|vlfdo dqg kxpdq fdslwdo dffruglqj
wr wkh iroorzlqj Free0Grxjodv surgxfwlrq ixqfwlrq=

t� ' �Sg
k
� E�SM��

�3kM0 +514,

zkhuh f 	 k 	 � lv wkh fdslwdo vkduh/ 0 � f uh hfwv d srvlwlyh h{whuqdolw| lq
surgxfwlrq wkdw dulvhv iurp wkh zrun irufh*v dyhudjh ohyho ri hgxfdwlrq M/ zklfk
�upv gr qrw wdnh lqwr dffrxqw/ �S lv d surgxfwlylw| sdudphwhu/ g +M, lv wkh vwrfn
ri sk|vlfdo fdslwdo +kxpdq fdslwdo, dqg �S lv wkh iudfwlrq ri kxpdq fdslwdo wkdw lv
ghyrwhg wr wkh surgxfwlrq ri �qdo jrrgv1 Wkurxjkrxw wkh sdshu/ ghsuhfldwlrq ri
wkh sk|vlfdo fdslwdo vwrfn lv qhjohfwhg iru h{srvlwlrqdo frqyhqlhqfh1 Qrwh wkdw gxh
wr wkh suhvhqfh ri wkh srvlwlyh hgxfdwlrq h{whuqdolw|/ wkhuh duh frqvwdqw uhwxuqv
wr vfdoh dw wkh �up ohyho/ exw lqfuhdvlqj uhwxuqv wr vfdoh ã od Pduvkdoo dw wkh
djjuhjdwh ohyho1 Vlqfh doo �upv duh lghqwlfdo/ wkh vxevfulswv � pd| eh gursshg lq
wkh iroorzlqj1

Lq rughu wr surgxfh �qdo jrrgv/ �upv uhqw sk|vlfdo fdslwdo iurp krxvhkrogv dw
wkh lqwhuhvw udwh o dqg kluh kxpdq fdslwdo dw wkh zdjh udwh �1 Ilupv duh dvvxphg
wr pd{lpl}h wkhlu sur�wv=

o ' k�S

�
�SM

g

��3k

M0 +515,

� ' E�� k��S

�
g

�SM

�k
M0 +516,

Dffruglqj wr htxdwlrq +515, dqg +516, sur�wv duh pd{lpl}hg/ zkhq wkh pdu0
jlqdo frvw ri hdfk idfwru htxdov lwv pdujlqdo surgxfw1 Erwk idfwru uhzdugv duh vhhq
wr lqfuhdvh zlwk wkh vl}h ri wkh hgxfdwlrq h{whuqdolw|1 Qrwh wkdw wkh sulydwh uhwxuq
wr kxpdq fdslwdo lv orzhu wkdq lwv vrfldo uhwxuq1 Wkxv/ wkh vpdoohu wkh oderu vkduh
lq �qdo jrrgv surgxfwlrq dqg wkh juhdwhu wkh hgxfdwlrq h{whuqdolw|/ wkh eljjhu lv
wkh gl�huhqfh ehwzhhq wkh sulydwh dqg wkh vrfldo uhwxuq wr kxpdq fdslwdo1
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5151 Wkh hgxfdwlrq vhfwru

Surgxfwlrq lq wkh hgxfdwlrq vhfwru lv dvvxphg wr xvh wzr nlqgv ri lqsxw idfwruv1
Wkhvh idfwruv duh uhvshfwlyho| kxpdq fdslwdo uhsuhvhqwlqj vwxghqwv* wlph5 dqg d
sxeolf jrrg uhsuhvhqwlqj exloglqjv dqg surihvvruv16 Wkh sxeolf jrrg lv frqjhvwhg
lq wkh vhqvh wkdw lw kdv wr lqfuhdvh uhodwlyh wr wrwdo rxwsxw lq rughu wr udlvh wkh
ohyho surgxfwlylw| lq hgxfdwlrq1

Lq wklv sdshu/ wkh surgxfwlrq whfkqrorj| lq hgxfdwlrq lv dvvxphg wr eh ri
wkh X}dzd0Oxfdv w|sh zlwk frqvwdqw uhwxuqv wr kxpdq fdslwdo1 Ixuwkhupruh/
wkh surgxfwlrq ixqfwlrq dvvxphv wkdw wkhuh lv d fhuwdlq ghjuhh ri vxevwlwxwdelolw|
ehwzhhq wkh h�hfwlyh oderu lqsxw +�M, dqg wkh sxeolf lqsxw +},1 Wklv lpsolhv
wkdw d vpdoo h�hfwlyh oderu lqsxw/ h1j1 ohvv txdol�hg vwxghqwv/ dqg d odujh sxeolf
lqsxw/ h1j1 d odujh qxpehu ri surihvvruv ohdg wr wkh vdph dffxpxodwlrq ri kxpdq
fdslwdo dv zrxog d odujh h�hwlyh oderu lqsxw/ h1j1 zhoo txdol�hg vwxghqwv/ dqg d
vpdoo sxeolf lqsxw1

Wkh surgxfwlrq whfkqrorj| lq wkh hgxfdwlrq vhfwru lv jlyhq e| wkh iroorzlqj
ixqfwlrq=7

�M ' ����M}
�
C

t

�
+517,

zkhuh d grw deryh d yduldeoh lqglfdwhv lwv ghulydwlyh zlwk uhvshfw wr wlph/ �� lv
d surgxfwlylw| sdudphwhu/ �� lv wkh iudfwlrq ri kxpdq fdslwdo wkdw lv ghyrwhg wr
hgxfdwlrq/ C lv wkh sxeolf h{shqglwxuh rq hgxfdwlrq/ }EC*t � lv wkh dprxqw ri
sxeolf lqsxw lq hgxfdwlrq/ zkhuh }� : f dqg }�� 	 f1 Ghsuhfldwlrq ri wkh kxpdq
fdslwdo vwrfn lv qhjohfwhg iru h{srvlwlrqdo frqyhqlhqfh18

Dffruglqj wr htxdwlrq +517,/ wkhuh lv d fhuwdlq qhhg iru lqiudvwuxfwxuh vxfk
dv vfkrro exloglqjv lq wkh hgxfdwlrq vhfwru1 Lq wkh suhvhqw prgho/ wklv lqsxw lv
dvvxphg wr eh sxeolfo| �qdqfhg/ exw lw frxog mxvw dv zhoo kdyh ehhq sulydwho|
�qdqfhg1

Htxdwlrq +517, uhyhdov wkdw d frqvwdqw jurzwk udwh ri oderu vnloov dqg wkhuhe|
hqgrjhqrxv jurzwk lv rewdlqhg/ zkhq wkh wlph iudfwlrq vshqw lq hgxfdwlrq �� dqg
wkh sxeolf lqsxw lq hgxfdwlrq }

�
C

t

�
duh frqvwdqw1

Qrwh wkdw wkh iroorzlqj uhvrxufh frqvwudlqw dssolhv wr wkh xvh ri kxpdq fdslwdo=

5Uhfdoo wkdw kxpdq fdslwdo lv hperglhg lq kxpdq ehlqjv dqg wkhuhiruh lv erwk ulydo dqg

h{foxgdeoh1
6Wkh sxeolf vhfwru lv dvvxphg wr uhqw wkh vhuylfhv iurp vfkrro exloglqjv/ zklfk lpsolhv wkdw

wkh sxeolf jrrg lq wklv sdshu lv d  rz yduldeoh1 Vrph dxwkruv kdyh orrnhg dw wkh uroh ri d sxeolf

jrrg dv d vwrfn yduldeoh/ vhh h1j1 Wxuqryvn| +4<<9,1
7Wkh Oxfdv +4<;;, prgho lv rewdlqhg e| vhwwlqj j

�
J

\

�
@ 41

8Vlqfh roghu jhqhudwlrqv duh uhsodfhg e| |rxqjhu jhqhudwlrqv dqg vlqfh fhuwdlq vnloov ghwhulr0
udwh/ li wkh| duh qrw xvhg rq d uhjxodu edvlv/ lw lv fohduo| pruh uhdolvwlf wr dvvxph wkdw wkh vwrfn

ri kxpdq fdslwdo ghsuhfldwhv1

9



�S n �� ' � +518,

5161 Wkh jryhuqphqw

Wkh jryhuqphqw wd{hv krxvhkrogv* idfwru lqfrph dqg vxevlgl}hv kxpdq fdslwdo
lqyhvwphqw lq hgxfdwlrq lq rughu wr �qdqfh erwk wkh sxeolf lqsxw lq hgxfdwlrq dqg
d oxps0vxp wudqvihu wr frqvxphuv1 Wkh jryhuqphqw lv dvvxphg wr eh uhvwulfwhg
lq lwv delolw| wr eruurz dqg ohqg/ zklfk lpsolhv wkdw lw uxqv d edodqfhg exgjhw lq
hyhu| shulrg1 Wkxv/ wrwdo jryhuqphqw h{shqglwxuh htxdov wrwdo wd{ uhyhqxh=

Cn r����M@ n A ' �&og n ����SM +519,

zkhuh C lv sxeolf h{shqglwxuh rq hgxfdwlrq/ r� lv wkh vxevlg| udwh rq wkh dyhudjh
ohyho ri oderu lqfrph ���M@ lq wkh hfrqrp| zklfk lv iruhjrqh zkhq krxvhkrogv
lqyhvw lq hgxfdwlrq/ A lv d oxps0vxp wudqvihu wr frqvxphuv dqg � & +��, lv wkh idfwru
lqfrph wd{ udwh rq sk|vlfdo fdslwdo +kxpdq fdslwdo,19 Wkh vxevlg| wr hgxfdwlrqdo
h�ruw lv dvvxphg wr ghshqg rq wkh dyhudjh ohyho ri oderu lqfrph ���M@/ ehfdxvh
lw suredeo| lv wkh hdvlhvw srolf| wr lpsohphqw1 Zkhq wkh vxevlg| wr hgxfdwlrqdo
h�ruw ghshqgv rq wkh dyhudjh zdjh ohyho/ wkh lqglylgxdo krxvhkrog grhv qrw wdnh
lqwr dffrxqw wkdw lwv fkrlfh ri wlph vshqw rq hgxfdwlrq d�hfwv wkh vxevlg| udwh
lw idfhv lq wkh ixwxuh1 Dowhuqdwlyho|/ wkh vxevlg| lv dvvxphg wr ghshqg rq wkh
lqglylgxdo zdjh ohyho ���M1

Wkh uhvrxufh frqvwudlqw ri wkh hqwluh hfrqrp| lv jlyhq e|=

t � � �C� �g � f +51:,

zklfk vwdwhv wkdw lqfrph vkrxog eh htxdo wr ru h{fhhg sulydwh dqg sxeolf
frqvxpswlrq h{shqglwxuhv dqg lqyhvwphqw lq sk|vlfdo fdslwdo1

5171 Krxvhkrogv

Krxvhkrogv fkrrvh frqvxpswlrq � dqg wkh doorfdwlrq ri kxpdq fdslwdo ehwzhhq
wkh wzr vhfwruv �� lq rughu wr pd{lpl}h wkhlu olihwlph xwlolw|=

L '

"]
f

#
��3w

�� w
� �

$
e34|_| +51;,

9Dq lpsolflw dvvxpswlrq lq wkh kxpdq fdslwdo dffxpxodwlrq ixqfwlrq lv wkdw wd{deoh lqfrph
hduqhg e| wkh sxeolf lqsxw lv vr vpdoo lq frpsdulvrq zlwk wkh lqfrph iruhjrqh e| vwxghqwv wkdw

lw lv vdih wr ljqruh1 Lq dsshqgl{ D/ kxpdq fdslwdo lv wuhdwhg dv d pdunhw jrrg wkdw jlyh ulvh wr

lqfrph lq wkh hgxfdwlrq vhfwru1

:



zkhuh w lv wkh lqyhuvh ri wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ dqg 4
lv wkh udwh ri wlph suhihuhqfh1 Qrwh wkdw wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq lv
dvvxphg wr wdnh wkh Frqvwdqw Lqwhuwhpsrudo Hodvwlflw| ri Vxevwlwxwlrq +FLHV,
irup/ dqg wkdw wkhuh lv qr �ohlvxuh dfwlylw|� lq wkh prgho1:

Krxvhkrogv pd{lpl}h wkhlu olihwlph xwlolw| +51;, vxemhfw wr wkh kxpdq fdslwdo
dffxpxodwlrq ixqfwlrq +517, dqg wkhlu lqvwdqwdqhrxv exgjhw frqvwudlqw=

E�� �&�og n E�� �����SM n r����M@ n A � � � �g � f +51<,

zklfk vd|v wkdw frqvxpswlrq dqg lqyhvwphqw lq sk|vlfdo fdslwdo kdyh wr eh
�qdqfhg e| wkh qhw fdslwdo dqg oderu lqfrph/ wkh vxevlg| rewdlqhg e| lqyhvwlqj
wlph lq hgxfdwlrq dqg wkh oxps0vxp wudqvihu1

Wklv vhfwlrq kdv eulh | ghvfulehg wkh prgho/ zklfk lv xvhg lq wkh iroorzlqj
dqdo|vhv1 Ehiruh wkh jurzwk udwh h�hfwv ri wd{dwlrq dqg vxevlgl}dwlrq duh fdofx0
odwhg/ lw suryhv frqyhqlhqw wr vroyh erwk wkh vrfldo sodqqhu*v dqg wkh uhsuhvhqwdwlyh
djhqw*v sureohp1 Wklv lv grqh lq vhfwlrq 6 dqg 7/ uhvshfwlyho|1

61 Wkh sodqqhg hfrqrp|

Wklv vhfwlrq irfxvhv rq wkh vrfldo sodqqhu*v sureohp dqg ghulyhv wkh �uvw rughu frq0
glwlrqv iru dq rswlpdo jurzwk sdwk jlyhq wkh kxpdq fdslwdo dffxpxodwlrq ixqfwlrq1

Wkh vrfldo sodqqhu pd{lpl}hv wkh olihwlph xwlolw| ri wkh uhsuhvhqwdwlyh krxvh0
krog +51;, vxemhfw wr wkh frqvwudlqw rq kxpdq fdslwdo dffxpxodwlrq +517, dqg wkh
uhvrxufh frqvwudlqw ri wkh hfrqrp| +51:,1 Wkh �uvw rughu frqglwlrqv zlwk uhvshfw
wr �/ g/ M/ C dqg �� duh jlyhq e|=

�3we34| ' >& +614,
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' >& +617,

:Lq wkh Urxelql dqg Plohvl0Ihuuhwwl sdshuv +4<<7d/ 4<<7e dqg 4<<8, vhyhudo gl�huhqw vshfl�0

fdwlrqv ri ohlvxuh dfwlylw| duh frqvlghuhg1
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zkhuh >& +>�, lv wkh vkdgrz sulfh ri sk|vlfdo fdslwdo +kxpdq fdslwdo, lq wkh
vrfldo sodqqlqj sureohp1 Qrwh wkdw htxdwlrqv +614,0+618, ghvfuleh wkh �uvw ehvw
rswlpdo jurzwk sdwk ri wkh hfrqrp|1

Htxdwlrq +614, lpsolhv wkdw wkh pdujlqdo xwlolw| ri frqvxpswlrq lq hyhu| shulrg
vkrxog htxdo wkh vkdgrz sulfh ri frqvxpswlrq +sk|vlfdo fdslwdo,1 Htxdwlrq +615,
lpsolhv wkdw wkh udwh ri fkdqjh ri wkh vkdgrz sulfh ri sk|vlfdo fdslwdo vkrxog htxdo
wkh pdujlqdo surgxfw ri fdslwdo1 Htxdwlrq +616, lpsolhv wkdw wkh udwh ri fkdqjh ri
wkh vkdgrz sulfh ri kxpdq fdslwdo vkrxog htxdo wkh pdujlqdo surgxfw ri kxpdq
fdslwdo lq wkh hgxfdwlrq vhfwru1 Htxdwlrq +617, ghvfulehv wkh rswlpdo doorfdwlrq
ri uhvrxufhv ehwzhhq sxeolf h{shqglwxuh rq hgxfdwlrq dqg surgxfwlrq ri sk|vlfdo
fdslwdo1; Wkxv/ li wkh ydoxh ri wkh pdujlqdo surgxfw ri sxeolf h{shqglwxuh rq
hgxfdwlrq zhuh kljkhu wkdq wkh vkdgrz sulfh ri sk|vlfdo fdslwdo/ wkhq lw zrxog
eh rswlpdo wr uhdoorfdwh uhvrxufhv wrzdugv wkh hgxfdwlrq vhfwru xqwlo htxdolw|
ehwzhhq wkh wzr lv rewdlqhg1 Htxdwlrq +618, ghvfulehv wkh rswlpdo doorfdwlrq ri
kxpdq fdslwdo ehwzhhq wkh hgxfdwlrq vhfwru dqg wkh �qdo jrrgv vhfwru1 Wkxv/ wkh
ydoxh ri wkh pdujlqdo surgxfw ri kxpdq fdslwdo vkrxog eh wkh vdph lq wkh wzr
vhfwruv1 Li wkh pdujlqdo surgxfw ri kxpdq fdslwdo zhuh kljkhu lq wkh hgxfdwlrq
vhfwru wkdq lq wkh �qdo jrrgv vhfwru/ wkhq lw zrxog eh rswlpdo wr uhdoorfdwh kxpdq
fdslwdo wr wkh hgxfdwlrq vhfwru xqwlo wkh pdujlqdo surgxfwv lq wkh wzr vhfwruv zhuh
htxdol}hg1

Wkh wudqvyhuvdolw| frqglwlrqv wr wkh pd{lpl}dwlrq sureohp duh=

*�4
|<"

>&g ' f

*�4
|<"

>�M ' f

Wkhvh frqglwlrqv uxoh rxw h{sorvlyh sdwkv e| uhtxluhulqj wkdw wkh suhvhqw glv0
frxqwhg ydoxh ri hdfk fdslwdo jrrg htxdov }hur lq wkh orqj uxq1 Wklv lv d uhdvrq0
deoh uhtxluhphqw vlqfh rswlpl}lqj djhqwv gr qrw zdqw ydoxdeoh dvvhwv dw wkh hqg
ri wkhlu sodqqlqj krul}rq1 Frqvhtxhqwo|/ wkh �uvw wudqvyhuvdolw| frqglwlrq uhtxluhv
wkdw wkh uhdo lqwhuhvw udwh vkrxog eh srvlwlyh1

Wklv vhfwlrq vroyhg wkh vrfldo sodqqhu*v sureohp1 Wkxv/ wkh iroorzlqj vhfwlrq
vroyhv wkh uhsuhvhqwdwlyh djhqw*v sureohp1

;Wkh pdujlqdo frvw ri J lq whupv ri iruhjrqh rxwsxw lv 41
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71 Wkh pdunhw hfrqrp|

Wklv vhfwlrq irfxvhv rq wkh uhsuhvhqwdwlyh djhqw*v sureohp1 Iluvwo|/ wkh �uvw rughu
frqglwlrqv iru d edodqfhg jurzwk sdwk lq d pdunhw hfrqrp| duh ghulyhg1 Vhfrqgo|/
wkh edodqfhg jurzwk udwh lv ghwhuplqhg1

Wkh uhsuhvhqwdwlyh krxvhkrog fkrrvhv lwv frqvxpswlrq � dqg wkh doorfdwlrq ri
kxpdq fdslwdo �� lq rughu wr pd{lpl}h lwv olihwlph xwlolw| +51;, vxemhfw wr wkh kx0
pdq fdslwdo dffxpxodwlrq ixqfwlrq +517, dqg lwv lqvwdqwdqhrxv exgjhw frqvwudlqw
+51<, wdnlqj wkh sdwkv ri � &/ ��/ r� dqg } dv jlyhq1

Wkh �uvw rughu frqglwlrqv zlwk uhvshfw wr �/ g/ M dqg �� duh jlyhq e|=

�3we34| ' D& +714,
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D���} ' D&E�� �� � r��� +717,

zkhuh D& +D�, lv wkh vkdgrz sulfh ri sk|vlfdo fdslwdo +kxpdq fdslwdo, lq wkh
uhsuhvhqwdwlyh krxvhkrog sureohp1

Htxdwlrq +714, lv lghqwlfdo wr htxdwlrq +614,1 Htxdwlrq +715, lpsolhv wkdw wkh
udwh ri fkdqjh ri wkh vkdgrz sulfh ri sk|vlfdo fdslwdo vkrxog htxdo wkh diwhu0wd{

pdujlqdo surgxfw ri fdslwdo1 Htxdwlrq +716, lpsolhv wkdw wkh udwh ri fkdqjh ri
wkh vkdgrz sulfh ri kxpdq fdslwdo vkrxog htxdo wkh pdujlqdo surgxfw ri kxpdq
fdslwdo lq wkh hgxfdwlrq vhfwru dgmxvwhg iru wkh oderu lqfrph wd{ dqg wkh hgxfdwlrq
vxevlg|1 Htxdwlrq +717, ghvfulehv wkh rswlpdo doorfdwlrq ri kxpdq fdslwdo ehwzhhq
wkh wzr vhfwruv1 Wkxv/ kxpdq fdslwdo lv rswlpdoo| doorfdwhg ehwzhhq wkh wzr
vhfwruv/ zkhq wkh ydoxh ri lwv pdujlqdo surgxfw htxdov lwv wd{ dqg vxevlg| dgmxvwhg

udwh ri uhwxuq1
Lq wkh iroorzlqj/ wkh edodqfhg jurzwk udwh lq wkh pdunhw hfrqrp| lv fdofx0

odwhg lq wkuhh vwhsv1 Iluvwo|/ wzr vwhdg| vwdwh uhodwlrqvklsv duh ghulyhg1 Wkhq/ d
vhpl0uhgxfhg h{suhvvlrq ri wkh edodqfhg jurzwk udwh lv ghwhuplqhg lq zklfk wkh
jurzwk udwh lv d ixqfwlrq ri wkh iudfwlrq ri kxpdq fdslwdo doorfdwhg wr �qdo jrrgv
surgxfwlrq1 Dqg �qdoo|/ wkh vwhdg| vwdwh iudfwlrq ri kxpdq fdslwdo lq �qdo jrrgv
surgxfwlrq dqg wkhuhe| wkh edodqfhg jurzwk udwh lv rewdlqhg1

Wkh �uvw vwhs lv wr ghulyh wzr vwhdg| vwdwh uhodwlrqvklsv/ zklfk duh xvhg lq wkh
ghulydwlrq ri wkh edodqfhg jurzwk udwh1 Qrwh �uvwo| wkdw doo hqgrjhqrxv yduldeohv
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vkrxog jurz dw d frqvwdqw udwh lq wkh vwhdg| vwdwh1 Dffruglqj wr htxdwlrq +714,
dqg +715,/ wklv lpsolhv wkdw d frqvwdqw vwhdg| vwdwh jurzwk udwh ri frqvxpswlrq
uhtxluhv d frqvwdqw lqwhuhvw udwh1

Wkxv/ orjdulwplf gl�huhqwldwlrq ri htxdwlrq +515, |lhogv d uhodwlrqvkls ehwzhhq
wkh jurzwk udwh ri kxpdq fdslwdo dqg sk|vlfdo fdslwdo/ zklfk krogv lq wkh vwhdg|
vwdwh=

�M

M
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�� kn 0

� �g

g
+718,

Dffruglqj wr htxdwlrq +718,/ kxpdq fdslwdo jurzv dw d vorzhu sdfh wkdq sk|v0
lfdo fdslwdo dv orqj dv wkhuh lv dq hgxfdwlrq h{whuqdolw| lq wkh �qdo jrrgv vhfwru1
Lq devhqfh ri wkh h{whuqdolw|/ wkh wzr w|shv ri fdslwdo jurz dw wkh vdph udwh1 D
ixuwkhu vwhdg| vwdwh uhodwlrqvkls lv rewdlqhg e| orjdulwplf gl�huhqwldwlrq ri +717,
dqg xvh ri +718,=

�
�D&
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' �
�D�
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n
0

�� k

�M

M
+719,

Htxdwlrq +719, lpsolhv wkdw wkh vkdgrz sulfh ri sk|vlfdo fdslwdo pxvw ghfolqh dw
wkh vdph udwh dv wkh vkdgrz sulfh ri kxpdq fdslwdo soxv wkh jurzwk udwh ri wkh
zdjh udwh1 Ru htxlydohqwo|/ wkdw wkh diwhu0wd{ pdujlqdo surgxfw ri fdslwdo vkrxog
htxdo wkh pdujlqdo surgxfw ri kxpdq fdslwdo lq hgxfdwlrq dgmxvwhg iru wkh oderu
lqfrph wd{ dqg wkh hgxfdwlrq vxevlg| soxv wkh jurzwk udwh ri zdjhv dw hdfk vnloo
ohyho1

Wkh vhfrqg vwhs lv wr ghulyh d vhpl0uhgxfhg h{suhvvlrq iru wkh edodqfhg jurzwk
udwh lq wkh pdunhw hfrqrp|1 Wklv lv grqh e| qrwlqj wkdw frqvxpswlrq dqg sk|vlfdo
fdslwdo pxvw jurz dw wkh vdph udwh lq wkh vwhdg| vwdwh/ zkloh kxpdq fdslwdo
jurzv dw d gl�huhqw udwh gxh wr wkh h{whuqdolw|1 D vhpl0uhgxfhg h{suhvvlrq iru wkh
edodqfhg jurzwk udwh ri frqvxpswlrq dqg sk|vlfdo fdslwdo lq wkh pdunhw hfrqrp|
lv wkhq rewdlqhg e| orjdulwplf gl�huhqwldwlrq ri htxdwlrq +714,=
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+71:,

dqg lqwurgxfwlrq ri htxdwlrq +719,/ +716, dqg +517,=
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Dv fdq eh vhhq iurp htxdwlrq +71;,/ wkh edodqfhg jurzwk udwh ghshqgv rq
wkh iudfwlrq ri kxpdq fdslwdo/ zklfk lv doorfdwhg wr wkh �qdo jrrgv vhfwru lq
wkh vwhdg| vwdwh1 Lw lv lpphgldwho| vhhq wkdw dq lqfuhdvh lq wkh iudfwlrq ri kxpdq
fdslwdo doorfdwhg wr hgxfdwlrq kdv d srvlwlyh lq xhqfh rq wkh jurzwk udwh dv orqj dv
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�3kS
/ zklfk kdsshqv wr eh wkh fdvh zkhqhyhu wkh vxevlg| wr hgxfdwlrqdo

h�ruw dqg wkh wd{ rq oderu lqfrph duh vpdoohu wkdq wkhlu rswlpdo ohyhov1< Lq wklv
fdvh/ wrr pxfk kxpdq fdslwdo lv doorfdwhg wr �qdo jrrgv surgxfwlrq/ zklfk phdqv
wkdw dq lqfuhdvh lq wkh wlph iudfwlrq vshqw lq hgxfdwlrq lv jurzwk hqkdqflqj1
Htxlydohqwo|/ dq lqfuhdvh lq �W� kdv d qhjdwlyh jurzwk udwh h�hfw/ zkhqhyhu wkh
vxevlg| wr hgxfdwlrqdo h�ruw dqg wkh wd{ rq oderu lqfrph duh odujhu wkdq wkhlu
rswlpdo ohyhov1

Wkh wklug vwhs lv wr ghulyh �WS dqg wkhuhe| wkh edodqfhg jurzwk udwh1 Lq wkh iro0
orzlqj/ wkh iudfwlrq ri kxpdq fdslwdo doorfdwhg wr wkh �qdo jrrgv vhfwru lv ghulyhg
e| xvh ri wkuhh vwhdg| vwdwh surshuwlhv1 Iluvwo|/ wkh lqwhuhvw udwh pxvw eh frqvwdqw
lq wkh vwhdg| vwdwh/ zklfk lpsolhv wkdw wkh jurzwk udwh ri / � g�3kM3E�3kn0�

pxvw eh }hur1 Vhfrqgo|/ frqvxpswlrq dqg sk|vlfdo fdslwdo jurz dw wkh vdph udwh
lq wkh vwhdg| vwdwh/ zklfk lpsolhv wkdw wkh jurzwk udwh ri � � �*g pxvw eh
}hur1 Ilqdoo|/ wkh iudfwlrq ri kxpdq fdslwdo xvhg lq wkh �qdo jrrgv vhfwru pxvw
eh frqvwdqw lq wkh vwhdg| vwdwh/ vlqfh f 	 �S 	 �1 Wkhvh vwhdg| vwdwh surshuwlhv
|lhog wkuhh htxdwlrqv lq // � dqg �S/ zklfk ghwhuplqh wkh vwhdg| vwdwh iudfwlrq ri
kxpdq fdslwdo doorfdwhg wr �qdo jrrgv surgxfwlrq dv=43
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+71<,

Dffruglqj wr +71<,/ wkh iudfwlrq ri wlph vshqw dw zrun lq wkh vwhdg| vwdwh �WS
ghshqgv srvlwlyho| rq wkh hgxfdwlrq h{whuqdolw| 0/ wkh vkduh ri sk|vlfdo fdslwdo lq
�qdo jrrgv surgxfwlrq k dqg wkh udwh ri wlph suhihuhqfh 4/ zkloh lw ghshqgv qhj0
dwlyho| rq wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq �

w
/ wkh ohyho ri surgxfwlylw|

lq hgxfdwlrq ��/ wkh sxeolf lqsxw lq hgxfdwlrq }/ wkh wd{ rq oderu lqfrph �� dqg
wkh vxevlg| wr hgxfdwlrqdo h�ruw r�1

Frqvhtxhqwo|/ kxpdq fdslwdo lv uhdoorfdwhg iurp �qdo jrrgv surgxfwlrq wr0
zdugv hgxfdwlrq/ zkhqhyhu wkh pdujlqdo surgxfw ri kxpdq fdslwdo lq hgxfdwlrq
lqfuhdvhv gxh wr dq lqfuhdvh lq wkh ohyho ri surgxfwlylw| lq hgxfdwlrq ru lq wkh
sxeolf lqsxw lq hgxfdwlrq1 Htxlydohqwo|/ d uhgxfwlrq lq wkh �wd{ dqg vxevlg|�
dgmxvwhg udwh ri uhwxuq wr kxpdq fdslwdo lq wkh �qdo jrrgv vhfwru44 gxh wr dq lq0
fuhdvh lq wkh wd{ rq oderu lqfrph ru lq wkh vxevlg| wr hgxfdwlrqdo h�ruw dovr uhvxow
lq d uhdoorfdwlrq ri kxpdq fdslwdo iurp �qdo jrrgv surgxfwlrq wrzdugv hgxfdwlrq1
Ixuwkhupruh/ d uhgxfwlrq lq wkh hgxfdwlrq h{whuqdolw| ru dq lqfuhdvh lq wkh oderu
vkduh lq �qdo jrrgv surgxfwlrq ohdgv wr d ghfolqh lq wkh gl�huhqfh ehwzhhq wkh

<Wkh rswlpdo idfwru lqfrph wd{hv dqg wkh rswlpdo vxevlg| wr hgxfdwlrqdo h�ruw duh rewdlqhg

lq wkh iroorzlqj vhfwlrq1
43Vhh wkh dsshqgl{ E iru wkh ghulydwlrq ri x�

f
dqg wkh vwhdg| vwdwh ydoxhv ri " dqg $1

44Ru htxlydohqwo|/ wkh rssruwxqlw| frvw ri hgxfdwlrq/ qdpho| wkh zdjh udwh hduqhg lq wkh �qdo

jrrgv vhfwru uhgxfhg e| wkh oderu lqfrph wd{ dqg wkh vxevlg| zklfk lv iruhjrqh zkloh zrunlqj1
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sulydwh dqg wkh vrfldo uhwxuq wr kxpdq fdslwdo lq �qdo jrrgv surgxfwlrq1 Wkh
lpsolfdwlrq lv wkdw ohvv kxpdq fdslwdo pxvw eh doorfdwhg wr wkh �qdo jrrgv vhfwru
lq rughu wr h{sorlw wkh srvlwlyh h{whuqdolw| vwhhplqj iurp hgxfdwlrq1 Ilqdoo|/ wkh
iudfwlrq ri wlph vshqw lq hgxfdwlrq lv kljkhu/ wkh pruh zloolqj krxvhkrogv duh wr
vxevwlwxwh suhvhqw iru ixwxuh frqvxpswlrq dqg wkh pruh sdwlhqw wkh| duh1

Sursrvlwlrq 7141 Wkh iudfwlrq ri kxpdq fdslwdo doorfdwhg wr wkh �qdo jrrgv
vhfwru lq wkh vwhdg| vwdwh lv kljkhu/ wkh ohvv zloolqj djhqwv duh wr vxevwlwxwh suhvhqw
iru ixwxuh frqvxpswlrq/ wkh orzhu wkh ohyho ri surgxfwlylw| lq hgxfdwlrq/ wkh odujhu
wkh hgxfdwlrq h{whuqdolw|/ wkh vpdoohu wkh vkduh ri kxpdq fdslwdo lq �qdo jrrgv
surgxfwlrq/ wkh vpdoohu wkh sxeolf lqsxw lq hgxfdwlrq/ wkh orzhu wkh oderu lqfrph
wd{ udwh/ wkh orzhu wkh vxevlg| wr hgxfdwlrqdo h�ruw dqg wkh ohvv sdwlhqw djhqwv
duh1

Qrwh wkdw wkh wd{ rq fdslwdo lqfrph �& dqg wkh ohyho ri surgxfwlylw| lq wkh
�qdo jrrgv vhfwru �S kdyh qr lq xhqfh rq wkh wlph iudfwlrq vshqw lq �qdo jrrgv
surgxfwlrq lq wkh vwhdg| vwdwh1

Qrz/ wkh edodqfhg jurzwk udwh lq wkh pdunhw hfrqrp| fdq eh ghwhuplqhg e|
lqwurgxfwlrq ri +71<, lq +71;,=
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Ilqdoo|/ wkh jurzwk udwh h�hfwv ri fkdqjhv lq wkh wd{ udwhv/ wkh vxevlg| dqg
wkh sdudphwhuv ri wkh prgho duh ghwhuplqhg iurp htxdwlrq +7143,1 Lqvshfwlrq ri
wkh vhpl0uhgxfhg h{suhvvlrq iru wkh edodqfhg jurzwk udwh lq wkh pdunhw hfrqrp|
+71;, uhyhdov wkdw wkhuh duh wzr h�hfwv dw zrun/ qdpho| d gluhfw �jurzwk udwh
h�hfw� dqg dq lqgluhfw �kxpdq fdslwdo doorfdwlrq h�hfw�1 Wkhvh h�hfwv zrun lq
wkh vdph gluhfwlrq dv orqj dv wkh vxevlg| wr hgxfdwlrqdo h�ruw dqg wkh wd{ rq
oderu lqfrph duh vpdoohu wkdq wkhlu rswlpdo ohyhov/ zkloh wkh| zrun lq rssrvlwh
gluhfwlrqv zkhqhyhu r� dqg �� duh odujhu wkdq wkhlu rswlpdo ohyhov1

Lq jhqhudo/ wkh edodqfhg jurzwk udwh lq wkh pdunhw hfrqrp| ghshqgv srvlwlyho|
rq wkh hgxfdwlrq h{whuqdolw| 0/ wkh sk|vlfdo fdslwdo vkduh lq �qdo jrrgv surgxfwlrq
k/ wkh oderu lqfrph wd{ �� dqg wkh vxevlg| wr hgxfdwlrqdo h�ruw r�1

45

Zkhqhyhu wkh vxevlg| wr hgxfdwlrqdo h�ruw dqg wkh wd{ rq oderu lqfrph duh
orzhu wkdq wkhlu rswlpdo ohyhov/ wkh wzr h�hfwv zrun lq wkh vdph gluhfwlrq/ zklfk

45Wkxv lq wkhvh fdvhv/ wkh gluhfw �jurzwk udwh h�hfw� rxwzhljkwv wkh lqgluhfw �kxpdq fdslwdo

doorfdwlrq h�hfw�/ zkhqhyhu wkh vxevlg| dqg wkh oderu lqfrph wd{ duh juhdwhu wkdq wkhlu rswlpdo

ohyhov1
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lpsolhv wkdw wkh edodqfhg jurzwk udwh lq wkh pdunhw hfrqrp| lq dgglwlrq ghshqgv
srvlwlyho| rq wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq �

w
/ wkh ohyho ri surgxf0

wlylw| lq hgxfdwlrq �� dqg wkh sxeolf lqsxw lq hgxfdwlrq }/ zkloh lw ghshqgv
qhjdwlyho| rq udwh ri wlph suhihuhqfh 41

Zkhq wkh vxevlg| dqg wkh oderu lqfrph wd{ duh kljkhu wkdq wkhlu rswlpdo
ohyhov/ wkh �jurzwk udwh h�hfw� dqg wkh �kxpdq fdslwdo doorfdwlrq h�hfw� zrun lq
rssrvlwh gluhfwlrqv/ zklfk phdqv wkdw wkh jurzwk udwh h�hfwv ri �

w
/ 4/ �� dqg }

ehfrph dpeljxrxv1

Sursrvlwlrq 7151 Wkh edodqfhg jurzwk udwh lq wkh pdunhw hfrqrp| lv kljkhu/
wkh odujhu wkh hgxfdwlrq h{whuqdolw| lv dqg wkh odujhu wkh sk|vlfdo fdslwdo vkduh
lq �qdo jrrgv surgxfwlrq lv1 Lq dgglwlrq/ wkh edodqfhg jurzwk udwh lv odujhu/ wkh
pruh zloolqj djhqwv duh wr vxevwlwxwh suhvhqw iru ixwxuh frqvxpswlrq/ wkh kljkhu
wkh surgxfwlylw| lq wkh hgxfdwlrq vhfwru lv/ wkh odujhu wkh sxeolf lqsxw lq hgxfdwlrq
lv dqg wkh pruh sdwlhqw djhqwv duh/ zkhqhyhu wkh vxevlg| wr hgxfdwlrqdo h�ruw dqg
wkh oderu lqfrph wd{ udwh duh orzhu wkdq wkhlu rswlpdo ohyhov1

Uhwxuqlqj wr htxdwlrq +7143,/ lw lv lpphgldwho| vhhq wkdw wkh edodqfhg jurzwk
udwh h�hfw ri fdslwdo lqfrph wd{dwlrq lv }hur/ zkloh wkh jurzwk udwh h�hfwv ri
oderu lqfrph wd{dwlrq dqg vxevlgl}dwlrq ri hgxfdwlrqdo h�ruw duh xqdpeljxrxvo|
srvlwlyh iru doo ydoxhv ri �� dqg r�/ vhh htxdwlrq +E1:, dqg +E1;, lq Dsshqgl{ E151

Sursrvlwlrq 7161 D fkdqjh lq wkh wd{ rq fdslwdo lqfrph kdv qr h�hfw rq wkh
edodqfhg jurzwk udwh lq wkh pdunhw hfrqrp|/ fhwhulv sdulexv1 Krzhyhu/ erwk dq
lqfuhdvh lq wkh wd{ rq oderu lqfrph dqg dq lqfuhdvh lq wkh vxevlg| wr hgxfdwlrqdo
h�ruw ohdgv wr dq lqfuhdvh lq wkh edodqfhg jurzwk udwh lq wkh pdunhw hfrqrp|/
fhwhulv sdulexv1

Wkh uhdvrq ehklqg wkh }hur edodqfhg jurzwk udwh h�hfw ri fdslwdo lqfrph
wd{dwlrq lv wkdw sk|vlfdo fdslwdo lv qrw xvhg dv dq lqsxw idfwru lq hgxfdwlrq1 Wkxv/
dq lqfuhdvh lq wkh fdslwdo lqfrph wd{ ohdgv wr dq r�vhwwlqj lqfuhdvh lq wkh suh0wd{
lqwhuhvw udwh vxfk wkdw wkh diwhu0wd{ lqwhuhvw udwh dqg wkhuhe| wkh jurzwk udwh lv
ohiw xqdowhuhg1 Krzhyhu/ wkh sk|vlfdo fdslwdo lqwhqvlw| lq �qdo jrrgv surgxfwlrq
lv uhgxfhg e| dq lqfuhdvh lq wkh fdslwdo lqfrph wd{1

Lq dgglwlrq/ wkh edodqfhg jurzwk udwh h�hfw ri oderu lqfrph wd{dwlrq ehfrphv
}hur lq wkh devhqfh ri d vxevlg| wr hgxfdwlrqdo h�ruw +r� ' f,1 Wkh uhdvrq ehklqg
wklv uhvxow lv wkdw lq wklv fdvh wkh rssruwxqlw| frvw ri hgxfdwlrq htxdov iruhjrqh
zdjhv1 Wkxv/ wkh rssruwxqlw| frvw ri hgxfdwlrq dqg wkh diwhu0wd{ zdjh udwh duh
d�hfwhg e| d fkdqjh lq wkh oderu lqfrph wd{ e| wkh vdph dprxqw1 Wklv lpsolhv
wkdw wkh doorfdwlrq ri kxpdq fdslwdo ehwzhhq wkh �qdo jrrgv vhfwru dqg hgxfdwlrq
lv ohiw xqdowhuhg e| d fkdqjh lq wkh oderu lqfrph wd{/ zkhuhe| wkh jurzwk udwh lv
ohiw xqdowhuhg1
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Lq wkh suhvhqfh ri d vxevlg| wr hgxfdwlrqdo h�ruw +r� : f,/ wkh jurzwk udwh
h�hfw ri oderu lqfrph wd{dwlrq ehfrphv srvlwlyh/ ehfdxvh wkh rssruwxqlw| frvw ri
hgxfdwlrq lv uhgxfhg ohvv e| dq lqfuhdvh lq wkh oderu lqfrph wd{/ wkdq wkh diwhu0wd{
zdjh udwh hduqhg lq wkh �qdo jrrgv vhfwru1 Wklv ohdgv wr d uhdoorfdwlrq ri kxpdq
fdslwdo wrzdugv hgxfdwlrq dqg wkhuhe| wr dq lqfuhdvh lq wkh jurzwk udwh1

Qrwh wkdw fkdqjhv lq wkh wd{ dqg vxevlg| udwhv dqg lq sxeolf vshqglqj rq hg0
xfdwlrq uhvxow lq fkdqjhv lq wkh wd{ uhyhqxh/ zklfk duh fdswxuhg e| wkh oxps0vxp
wudqvihu wr frqvxphuv/ vhh htxdwlrq +519,1 Vhfwlrq 8 wkhuhiruh ghulyhv wkh rswlpdo
wd{ dqg vxevlg| udwhv1

Wklv vhfwlrq kdv rewdlqhg wkh edodqfhg jurzwk udwh lq wkh pdunhw hfrqrp|
dqg dqdo|}hg wkh edodqfhg jurzwk udwh h�hfwv ri fkdqjhv lq wkh wd{ dqg vxevlg|
udwhv dqg lq wkh sdudphwhuv ri wkh prgho1

Lq wkh iroorzlqj vhfwlrq/ wkh rswlpdo wd{0vxevlg| vwuxfwxuh lv ghulyhg1

81 Rswlpdo wd{ dqg vxevlg| udwhv

Wklv vhfwlrq ghulyhv wkh rswlpdo wd{ dqg vxevlg| udwhv lq wkh prgho1 Wkurxjkrxw
wkh vhfwlrq lw lv dvvxphg wkdw wkh jryhuqphqw uxqv d edodqfhg exgjhw hyhu| sh0
ulrg/ zkhuh wkh wd{ uhyhqxh lv vshqg vroho| rq wkh vxevlg| wr hgxfdwlrq dqg wkh
sxeolf lqsxw lq hgxfdwlrq/ vhh htxdwlrq +519,1

Wkh rswlpdo wd{ dqg vxevlg| udwhv duh ghulyhg e| frpsdulvrq ri wkh �uvw
rughu frqglwlrqv wr wkh vrfldo sodqqhu*v sureohp +614,0+618, dqg wkh uhsuhvhqwdwlyh
krxvhkrog*v sureohp +714,0+717,=
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zkhuh wkh rewdlqhg rswlpdo wd{ dqg vxevlg| udwhv duh zhoiduh pd{lpl}lqj1
Qrwh wkdw wkh ghulyhg rswlpdo wd{0vxevlg| vwuxfwxuh krogv erwk lq wkh vwhdg|
vwdwh dqg rxwvlgh wkh vwhdg| vwdwh1
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Lw lv lpphgldwho| vhhq wkdw � W& ' �W�n rW�1 Wklv lpsolhv wkdw lw lv rswlpdo
wr uhgxfh wkh vrfldo udwh ri uhwxuq wr sk|vlfdo dqg kxpdq fdslwdo e| wkh vdph
dprxqw lq wkh suhvhqfh ri d sxeolf lqsxw lq hgxfdwlrq/ qdpho| e| � � C

t
1 Wkxv/

wkh rswlpdo udwh ri fdslwdo lqfrph wd{dwlrq � W& htxdov wkh iudfwlrq ri rxwsxw/ zklfk
lv xvhg dv jryhuqphqw vshqglqj rq hgxfdwlrq1 Wkh rswlpdo udwh ri oderu lqfrph
wd{dwlrq � W� htxdov sxeolf h{shqglwxuh rq hgxfdwlrq uhodwlyh wr wrwdo rxwsxw ohvv
wkh rswlpdo vxevlg| wr hgxfdwlrq1 Wkh rswlpdo vxevlg| udwh rq hgxfdwlrq rW� lv
vhhq wr ghshqg qhjdwlyho| rq wkh sxeolf lqsxw lq hgxfdwlrq C*t / srvlwlyho| rq
wkh hgxfdwlrq h{whuqdolw| 0 dqg qhjdwlyho| rq wkh kxpdq fdslwdo vkduh lq �qdo
jrrgv surgxfwlrq E�� k�1 Ilqdoo|/ wkh rswlpdo iudfwlrq ri rxwsxw/ zklfk lv xvhg
dv jryhuqphqw vshqglqj rq hgxfdwlrq C*t lv ghwhuplqhg lq htxdwlrq +817,1 Lw
lv vhhq wkdw wkh pruh kxpdq fdslwdo lv doorfdwhg wr wkh hgxfdwlrq vhfwru ��/ wkh
kljkhu lv wkh pdujlqdo surgxfw ri sxeolf vshqglqj lq hgxfdwlrq dqg wkhuhe| wkh
eljjhu lv wkh rswlpdo iudfwlrq ri rxwsxw vshqw rq sxeolf lqsxw lq hgxfdwlrq1

Zkhq wkh sxeolf lqsxw lq hgxfdwlrq lqfuhdvhv lw ehfrphv srvvleoh wr orzhu
wkh vxevlg| wr hgxfdwlrqdo h�ruw/ ehfdxvh kxpdq fdslwdo lqyhvwphqw dqg sxeolf
lqyhvwphqw lq hgxfdwlrq duh vxevwlwxwhv1 Wkh kljkhu wkh kxpdq fdslwdo vkduh lq
�qdo jrrgv surgxfwlrq E� � k� lv dqg wkh orzhu wkh hgxfdwlrq h{whuqdolw| 0 lv/
wkh vpdoohu lv wkh gl�huhqfh ehwzhhq wkh sulydwh dqg wkh vrfldo pdujlqdo surgxfw
ri kxpdq fdslwdo lq �qdo jrrgv1 Frqvhtxhqwo|/ wkh vxevlg| wr hgxfdwlrqdo h�ruw
grhv qrw qhhg wr eh vr kljk lq rughu wr h{sorlw wkh srvlwlyh h{whuqdolw| vwhpplqj
iurp wkh dyhudjh ohyho ri kxpdq fdslwdo1

Sursrvlwlrq 8141 Wkh rswlpdo vxevlg| udwh rq hgxfdwlrq lv kljkhu/ wkh vpdoohu
wkh sxeolf lqsxw lq hgxfdwlrq lv/ wkh odujhu wkh kxpdq fdslwdo h{whuqdolw| lv dqg
wkh vpdoohu wkh kxpdq fdslwdo vkduh lq �qdo jrrgv surgxfwlrq lv1

Dffruglqj wr htxdwlrq +816,/ wkh rswlpdo vxevlg| wr hgxfdwlrqdo h�ruw lv xqdp0
eljxrxvo| srvlwlyh lq d prgho zlwk vxevwlwxwlrq srvvlelolwlhv ehwzhhq lqsxw idfwruv
lq hgxfdwlrq1 Lq frqwudvw/ wkh rswlpdo vxevlg| fdq hlwkhu eh srvlwlyh ru qhjdwlyh
lq dq htxlydohqw prgho zlwk qr vxevwlwxwlrq srvvlelolwlhv ehwzhhq wkh sxeolf dqg
wkh sulydwh lqsxw lq hgxfdwlrq/ vhh Vûuhqvhq +4<<6,1 Gxh wr wkh frpsohphqwdulw|
ehwzhhq wkh sxeolf dqg wkh sulydwh lqsxw lq hgxfdwlrq lq wkh Vûuhqvhq prgho/ d
kljk uhtxluhphqw ri wkh sxeolf lqsxw uhodwlyh wr kxpdq fdslwdo pdnhv lw rswlpdo
wr fkdujh d wxlwlrq ihh lq rughu wr �qdqfh wkh sxeolf h{shqvhv dvvrfldwhg zlwk
wkh lqsxw lq hgxfdwlrq1 Lq wkh suhvhqwhg prgho/ d kljk lqsxw ri wkh sxeolf jrrg
lq hgxfdwlrq mxvw ohdgv wr d orz vxevlg| wr hgxfdwlrqdo h�ruw gxh wr wkh vxevwl0
wxwdelolw| ehwzhhq wkh sxeolf dqg wkh sulydwh lqsxw lq hgxfdwlrq1 Frqvhtxhqwo|/ lw
lv qhyhu rswlpdo wr fkdujh wxlwlrq ihhv dv orqj dv wkhuh duh vxevwlwxwlrq srvvlelolwlhv
ehwzhhq lqsxw idfwruv lq wkh hgxfdwlrq vhfwru1
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Lpsohphqwdwlrq ri wkh rswlpdo srolflhv +814,0+817, phdqv wkdw wkh jryhuqphqw
kdv wr uhvruw wr oxps0vxp wd{dwlrq lq rughu wr dfklhyh wkh �uvw ehvw doorfdwlrq ri
uhvrxufhv/ vlqfh wkh rswlpdo idfwru lqfrph wd{hv fdqqrw ixoo| fryhu wkh h{shqvhv
rq wkh rswlpdo vxevlg| wr hgxfdwlrqdo h�ruw dqg wkh sxeolf lqsxw lq hgxfdwlrq1
Krzhyhu/ lq rughu wr dfklhyh wkh �uvw ehvw rswlpxp/ wkhuh lv vwloo d qhhg iru idfwru
lqfrph wd{dwlrq dqg vxevlgl}dwlrq ri hgxfdwlrqdo h�ruw hyhq lq wkh suhvhqfh ri d
oxps0vxp wd{ lqvwuxphqw1

Li wkh vxevlg| dowhuqdwlyho| lv dvvxphg wr ghshqg rq wkh lqglylgxdo zdjh ohyho
���M/ wkhq wkh rswlpdo vxevlg| zrxog eh jlyhq e| rW� lq htxdwlrq +816, pxowlsolhg
e| wkh iudfwlrq ri kxpdq fdslwdo ghyrwhg wr �qdo jrrgv surgxfwlrq �S1 Wkxv/ wkh
rswlpdo vxevlg| udwh lv orzhu/ zkhq krxvhkrogv wdnh lqwr dffrxqw wkdw lwv fkrlfh
ri wlph vshqw rq hgxfdwlrq d�hfwv wkh vxevlg| udwh lw idfhv lq wkh ixwxuh1 Lq
dsshqgl{ D/ wkh rswlpdo wd{ dqg vxevlg| udwhv duh ghulyhg lq dq htxlydohqw prgho/
zkhuh kxpdq fdslwdo lv wuhdwhg dv d pdunhw jrrg wkdw jlyh ulvh wr lqfrph lq erwk
vhfwruv1 Lq wklv fdvh wkh rswlpdo fdslwdo dqg oderu lqfrph wd{ duh xqdowhuhg/ exw
wkh rswlpdo vxevlg| wr hgxfdwlrqdo h�ruw lv qhjdwlyh1 Zkhq djhqwv hduq wkh vdph
zdjh udwh erwk lq �qdo jrrgv surgxfwlrq dqg lq hgxfdwlrq/ wkh| whqg wr doorfdwh
wrr vpdoo d iudfwlrq ri wkhlu wlph wr zrun lq wkh �qdo jrrgv vhfwru1 Wkxv/ lq
rughu wr h{sorlw wkh srvlwlyh hgxfdwlrq h{whuqdolw| lw ehfrphv rswlpdo wr fkdujh
d wxlwlrq ihh/ zklfk lqgxfhv djhqwv wr doorfdwh pruh kxpdq fdslwdo wr �qdo jrrgv
surgxfwlrq1 Krzhyhu/ wkh dvvxpswlrq wkdw kxpdq fdslwdo lv d pdunhw jrrg lv
xquhdolvwlf/ vlqfh wkh lpsolflw oderu lqfrph lq wkh surgxfwlrq ri kxpdq fdslwdo lv
xvxdoo| qrw wd{hg1

Sursrvlwlrq 8151 Wkh rswlpdo vxevlg| udwh rq kxpdq fdslwdo lqyhvwphqw lq hg0
xfdwlrq lv xqdpeljxrxvo| srvlwlyh/ zkhq wkh sxeolf dqg wkh sulydwh lqsxw idfwru
lq hgxfdwlrq duh vxevwlwxwhv1

Sursrvlwlrq 8161 Lq wkh suhvhqfh ri d srvlwlyh hgxfdwlrq h{whuqdolw| lq �qdo
jrrgv surgxfwlrq/ oderu lqfrph vkrxog eh wd{hg dw d orzhu udwh wkdq fdslwdo
lqfrph1 Wkh eljjhu wkh h{whuqdolw| lv dqg wkh vpdoohu wkh oderu vkduh lq �qdo
jrrgv surgxfwlrq lv/ wkh eljjhu lv wkh gl�huhqfh ehwzhhq wkh udwh ri fdslwdo dqg
oderu lqfrph wd{dwlrq1

Lq wdeoh 4 ehorz/ wkh rswlpdo wd{ dqg vxevlg| udwhv duh jlyhq iru vhyhudo vshfldo
fdvhv ri wkh suhvhqwhg prgho1 Uhfdoo wkdw wkh Oxfdv +4<;;, prgho lv rewdlqhg/
zkhq wkhuh lv qr sxeolf lqsxw lq hgxfdwlrq } ' �1 Iluvwo|/ wdeoh 4 uhyhdov wkdw lw
lv rswlpdo qrw wr lpsrvh dq| wd{hv ru vxevlglhv lq wkh Oxfdv prgho zlwkrxw dq
hgxfdwlrq h{whuqdolw| lq wkh �qdo jrrgv vhfwru +0 ' f,1 Vhfrqgo|/ lq wkh Oxfdv
prgho zlwk d srvlwlyh hgxfdwlrq h{whuqdolw| +0 : f, lw lv rswlpdo wr vxevlgl}h
kxpdq fdslwdo lqyhvwphqw lq �qdo jrrgv surgxfwlrq dqg hgxfdwlrq dw wkh vdph
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udwh/ ehfdxvh lw ohdgv wr dq lqfuhdvh lq wkh pdujlqdo surgxfw ri kxpdq fdslwdo
dgmxvwhg iru wkh oderu lqfrph wd{ dqg wkh vxevlg|/ zkloh ohdylqj wkh rssruwxqlw|
frvw ri hgxfdwlrq xqd�hfwhg1 Lq wklv fdvh/ wkh �uvw ehvw rswlpxp fdq rqo| eh
dfklhyhg/ li wkhvh vxevlglhv duh �qdqfhg e| oxps0vxp wd{dwlrq A 	 f1 Wklugo|/ lq
d yhuvlrq ri wkh suhvhqwhg prgho zlwk d sxeolf lqsxw lq hgxfdwlrq +} 9' �, dqg qr
hgxfdwlrq h{whuqdolw| lq wkh �qdo jrrgv vhfwru+0 ' f,/ wkh rswlpdo wd{ vwuxfwxuh
lv wr vhw d frpsuhkhqvlyh wd{ rq idfwru lqfrph lq rughu wr �qdqfh sxeolf vshqglqj
dqg d }hur vxevlg| wr hgxfdwlrqdo h�ruw1 Lq wklv fdvh/ wkh �uvw ehvw rswlpxp lv
rewdlqhg zlwkrxw wkh xvh ri wkh oxps0vxp wd{ lqvwuxphqw1 Uhfdoo irxuwko| wkdw
wkh �uvw ehvw rswlpxp lq wkh suhvhqwhg prgho rqo| fdq eh dfklhyhg/ li d oxps0vxp
wd{ lv lpsrvhg lq dgglwlrq wr wkh rswlpdo idfwru lqfrph wd{hv1

Wdeoh 4 � W& � W� rW� A

} ' �/ 0 ' f f f f f
} ' �/ 0 : f f �rW�
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�3k
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} 9' �/ 0 ' f C

t
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t
f f

} 9' �/ 0 : f C

t

C

t
� rW�

�
�� C
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�
0

�3k
�

Wkxv/ wkh suhvhqfh ri surgxfwlyh sxeolf vshqglqj vxjjhvwv wkh h!flhqf| ri
qrq0oxps0vxp wd{hv1

Qrz wkh vwhdg| vwdwh jurzwk udwh lq wkh sodqqhg hfrqrp| ru htxlydohqwo| wkh
rswlpdo jurzwk udwh lv rewdlqhg e| lqwurgxfwlrq ri wkh rswlpdo srolflhv +814,0+817,
lq htxdwlrq +7143,=

�R '
�

w

�
��}

�
� n

0

�� k

�
� 4

�
+818,

zkhuh lw lv vhhq wkdw wkh rswlpdo jurzwk udwh ghshqgv srvlwlyho| rq wkh lqwhuwhp0
srudo hodvwlflw| ri vxevwlwxwlrq �

w
/ wkh hgxfdwlrq h{whuqdolw| 0/ wkh ohyho ri surgxf0

wlylw| lq hgxfdwlrq ��/ wkh sk|vlfdo fdslwdo vkduh lq �qdo jrrgv surgxfwlrq k dqg
wkh sxeolf lqsxw lq hgxfdwlrq }/ zkloh lw ghshqgv qhjdwlyho| rq wkh udwh ri wlph
suhihuhqfh 41

Frpsdulvrq ri wkh edodqfhg jurzwk udwh lq wkh vrfldoo| sodqqhg hfrqrp| dqg
wkh pdunhw hfrqrp| uhyhdov wkdw=

�6 	 �R/ zkhq r� 	 rW� dqg �� 	 �W�
�6 : �R/ zkhq r� : rW� dqg �� : �W� +819,

Vlqfh wkh vrfldo sodqqhu jurzwk udwh lv zhoiduh pd{lpl}lqj/ zhoiduh lv ulvlqj
+idoolqj, iru lqfuhdvlqj jurzwk udwhv ehorz +deryh, wkh rswlpdo jurzwk udwh +818,1
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Sursrvlwlrq 8171 Wkh edodqfhg jurzwk udwh lq wkh pdunhw hfrqrp| lv orzhu
+kljkhu, wkdq wkh rswlpdo jurzwk udwh/ zkhqhyhu wkh vxevlg| wr hgxfdwlrqdo hi0
iruw dqg wkh wd{ rq oderu lqfrph duh vpdoohu +eljjhu, wkdq wkhlu rswlpdo ohyhov1
Wkxv/ jurzwk pd{lpl}dwlrq lv qrw htxlydohqw wr zhoiduh pd{lpl}dwlrq h{fhsw lq
fdvhv zkhuh wkh edodqfhg jurzwk udwh lq wkh pdunhw hfrqrp| htxdov wkh rswlpdo
jurzwk udwh1

Wklv vhfwlrq ghulyhg wkh rswlpdo wd{ dqg vxevlg| udwhv/ zklfk vkrxog eh lp0
srvhg lq d pdunhw hfrqrp| lq rughu wr dfklhyh wkh �uvw ehvw rswlpxp1 Wkh
iroorzlqj vhfwlrq vxppdul}hv dqg frqfoxghv wkh sdshu1

91 Vxppdu| dqg frqfoxvlrq

Wklv sdshu kdv h{dplqhg wkh h�hfwv ri fdslwdo dqg oderu lqfrph wd{dwlrq lq d wzr
vhfwru prgho ri hqgrjhqrxv jurzwk/ zkhuh wkh wd{ uhyhqxh lv xvhg wr �qdqfh d
sxeolf lqsxw lq hgxfdwlrq dqg d vxevlg| wr hgxfdwlrqdo h�ruw1

Krxvhkrogv zhuh dvvxphg wr doorfdwhg wkhlu wlph ehwzhhq zrun lq wkh �qdo
jrrgv vhfwru dqg hgxfdwlrq1 Wkh dqdo|vlv uhyhdohg wkdw krxvhkrogv doorfdwh pruh
wlph wr hgxfdwlrq/ wkh kljkhu wkh pdujlqdo surgxfw ri kxpdq fdslwdo lq hgxfdwlrq
lv/ wkh orzhu wkh rssruwxqlw| frvw ri hgxfdwlrq lv/ wkh pruh zloolqj krxvhkrogv duh
wr vxevwlwxwh suhvhqw iru ixwxuh frqvxpswlrq dqg wkh pruh sdwlhqw wkh| duh1

Lq dgglwlrq/ wkh jurzwk udwh h�hfwv ri fkdqjhv lq wkh wd{0vxevlg| vwuxfwxuh zhuh
irxqg1 Lw zdv vkrzq rq wkh rqh kdqg wkdw d fkdqjh lq wkh wd{ rq fdslwdo lqfrph
kdv qr h�hfw rq wkh edodqfhg jurzwk udwh lq wkh pdunhw hfrqrp|/ hyhqwkrxjk lw
uhgxfhv wkh sk|vlfdo fdslwdo lqwhqvlw| ri wkh �qdo jrrgv surgxfwlrq1 Rq wkh rwkhu
kdqg/ wkh jurzwk udwh h�hfwv ri d oderu lqfrph wd{ dqg d vxevlg| wr hgxfdwlrqdo
h�ruw zhuh irxqg wr eh xqdpeljxrxvo| srvlwlyh1 Lq idfw wkhuh zhuh wzr h�hfwv dw
zrun ehklqg wkh odwwhu wzr uhvxowv1 Wkh �uvw h�hfw lv d gluhfw �jurzwk udwh� h�hfw/
zklfk lv srvlwlyh ehfdxvh erwk dq lqfuhdvh lq wkh oderu lqfrph wd{ udwh dqg wkh
vxevlg| udwh whqg wr lqfuhdvh wkh wd{ dqg vxevlg| dgmxvwhg pdujlqdo surgxfw ri
kxpdq fdslwdo lq hgxfdwlrq1 Wkh vhfrqg h�hfw lv d �kxpdq fdslwdo doorfdwlrq�
h�hfw/ zklfk lv srvlwlyh zkhqhyhu wkh oderu lqfrph wd{ dqg wkh vxevlg| duh ehorz
wkhlu rswlpdo ohyhov/ exw qhjdwlyh zkhq wkh| duh deryh1 Lq wkh odwwhu fdvh/ wkh
�jurzwk udwh� h�hfw grplqdwhv wkh �kxpdq fdslwdo doorfdwlrq� h�hfw/ zkhuhe|
wkh ryhudoo h�hfw ri d oderu lqfrph wd{ dqg d vxevlg| wr hgxfdwlrqdo h�ruw rq wkh
edodqfhg jurzwk udwh ehfrphv srvlwlyh1

Ixuwkhupruh/ wkh edodqfhg jurzwk udwh zdv vkrzq wr lqfuhdvh zlwk wkh jurzwk
udwh ri zdjhv dw hdfk vnloo ohyho wkdw lv zlwk wkh hgxfdwlrq h{whuqdolw| lq wkh �qdo
jrrgv vhfwru dqg wkh sk|vlfdo fdslwdo vkduh lq surgxfwlrq1

Wkh sdshu vkrzv wkdw wkh rswlpdo vxevlg| udwh rq hgxfdwlrq lv xqdpeljxrxvo|
srvlwlyh/ zkhq wkh sxeolf dqg sulydwh lqsxw idfwruv lq hgxfdwlrq duh vxevwlwxwhv1
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D eljjhu rswlpdo vxevlg| wr hgxfdwlrqdo h�ruw lv uhtxluhg/ wkh vpdoohu wkh sxeolf
lqsxw lq hgxfdwlrq lv/ ehfdxvh pruh kxpdq fdslwdo lv qhhghg dv dq lqsxw lq hgxfd0
wlrq lq rughu wr pdlqwdlq d fhuwdlq ohyho ri txdolw|1 Lq rughu wr jlyh krxvhkrogv wkh
uljkw lqfhqwlyhv wr doorfdwh hqrxjk kxpdq fdslwdo wr hgxfdwlrq/ d eljjhu rswlpdo
vxevlg| lv dovr uhtxluhg/ wkh kljkhu wkh jurzwk udwh ri zdjhv dw hdfk vnloo ohyho lv1

Wkh rswlpdo fdslwdo lqfrph wd{ zdv vkrzq wr htxdo wkh iudfwlrq ri rxwsxw
zklfk wkh jryhuqphqw vshqwv rq wkh sxeolf lqsxw lq hgxfdwlrq/ zkloh wkh rswlpdo
oderu lqfrph wd{ zdv vkrzq wr eh orzhu wkdq wkh rswlpdo fdslwdo lqfrph wd{ gxh
wr wkh suhvhqfh ri wkh srvlwlyh hgxfdwlrq h{whuqdolw| lq wkh �qdo jrrgv vhfwru1

Li wkh rswlpdo srolflhv zhuh lpsrvhg/ wkh jryhuqphqw zrxog kdyh wr uhvruw wr
oxps0vxp wd{dwlrq lq rughu wr dfklhyh wkh �uvw ehvw doorfdwlrq ri uhvrxufhv/ vlqfh
wkh rswlpdo idfwru lqfrph wd{hv fdqqrw ixoo| fryhu wkh h{shqvhv rq wkh rswlpdo
vxevlg| wr hgxfdwlrqdo h�ruw dqg wkh sxeolf lqsxw lq hgxfdwlrq1

Ilqdoo|/ lw zdv irxqg wkdw lw lv qrw qhfhvvdulo| zhoiduh lpsurylqj wr dfklhyh
d kljkhu edodqfhg jurzwk udwh wkurxjk dq lqfuhdvh lq wkh oderu lqfrph wd{ dqg
wkh hgxfdwlrq vxevlg|1 Lq idfw lw lv rqo| zhoiduh lpsurylqj wr lqfuhdvh wkh oderu
lqfrph wd{ dqg wkh vxevlg| dv orqj dv wkh| duh vpdoohu wkdq wkhlu rswlpdo ohyhov1

Wkhuh duh vhyhudo zd|v lq zklfk wkh suhvhqw sdshu fdq eh h{whqghg1 Iluvwo|/
wkh jryhuqphqw frxog eh dvvxphg wr kdyh qr eruurzlqj frqvwudlqwv1 Wklv zrxog
suredeo| ohdg wr kljk wd{dwlrq lq wkh vkruw uxq lq rughu wr exlog xs vx!flhqw
dvvhwv wr �qdqfh jryhuqphqw vshqglqj lq wkh orqj uxq1 Vhfrqgo|/ wkh g|qdplf
dgmxvwphqw wr wkh edodqfhg jurzwk sdwk frxog eh ghulyhg lq fdvhv/ zkhuh wkh
lqlwldo sk|vlfdo wr kxpdq fdslwdo udwlr lq wkh �qdo jrrgv vhfwru hlwkhu lv kljkhu ru
orzhu wkdq lwv vwhdg| vwdwh ydoxh1

D1 Dsshqgl{

D141 Kxpdq fdslwdo dv d pdunhw jrrg

Wklv dsshqgl{ frqvlghuv wkh fdvh/ zkhuh kxpdq fdslwdo lv d pdunhw jrrg wkdw
jlyhv ulvh wr lqfrph erwk lq wkh �qdo jrrgv vhfwru dqg lq wkh hgxfdwlrq vhfwru1
Wklv dvvxpswlrq fkdqjhv wkh krxvhkrog exgjhw frqvwudlqw +51<, dv iroorzv=

E�� �&�og n E�� ����M n r����M n A � � � �g � f +D14,

Dq lpsolflw dvvxpswlrq lq htxdwlrq +D14, lv wkdw djhqwv wdnh lqwr dffrxqw wkdw
wkhlu fkrlfh ri wlph vshqw lq hgxfdwlrq d�hfwv wkh vxevlg| udwh wkh| idfh lq wkh
ixwxuh1

Wkh uhsuhvhqwdwlyh krxvhkrog pd{lpl}hv lwv olihwlph xwlolw| +51;, vxemhfw wr wkh
frqvwudlqw rq kxpdq fdslwdo dffxpxodwlrq +517, dqg lwv exgjhw frqwudlqw +D14,1
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Wkh �uvw rughu frqglwlrqv zlwk uhvshfw wr �/ g/ M dqg �� duh jlyhq e|=

�3we34| ' �& +D15,
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' E�� � &� o +D16,
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��} +D17,

����} ' �&E�r��� +D18,

zkhuh �& +��, lv wkh vkdgrz sulfh ri sk|vlfdo fdslwdo +kxpdq fdslwdo, lq wkh
uhsuhvhqwdwlyh krxvhkrog sureohp1

Qrz/ wkh rswlpdo wd{ dqg vxevlg| udwhv fdq eh ghulyhg e| frpsdulvrq ri wkh
�uvw rughu frqglwlrqv wr wkh vrfldo sodqqhu*v sureohp +614,0+618, dqg wkh uhsuhvhq0
wdwlyh krxvhkrog*v sureohp +D15,0+D18,1 Wkh uhvxowlqj rswlpdo srolflhv duh=
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Dv ehiruh/ wkh udwh ri fdslwdo lqfrph wd{dwlrq htxdov wkh iudfwlrq ri rxwsxw/
zklfk lv xvhg dv jryhuqphqw vshqglqj rq hgxfdwlrq dqg wkh rswlpdo oderu lqfrph
wd{ lv dovr xqdowhuhg1

Krzhyhu/ wkh rswlpdo vxevlg| wr hgxfdwlrqdo h�ruw ehfrphv qhjdwlyh/ zklfk
phdqv wkdw lw lv rswlpdo wr fkdujh d wxlwlrq ihh1

Wklv uhvxowv klqjhv rq wkh idfw wkdw krxvhkrogv hduq wkh vdph zdjh udwh lq
erwk vhfwruv1 Wkxv/ krxvhkrog pd{lpl}dwlrq ohdgv wr d wrr vpdoo iudfwlrq ri wlph
vshqw dw zrun lq wkh vwhdg| vwdwh jlyhq wkh srvlwlyh hgxfdwlrq h{whuqdolw| lq wkh
�qdo jrrgv vhfwru1 Wkxv/ lq rughu wr lqgxfh djhqwv wr doorfdwh pruh kxpdq fdslwdo
wr �qdo jrrgv surgxfwlrq lw ehfrphv rswlpdo wr fkdujh d wxlwlrq ihh1

E1 Dsshqgl{

E141 Ghulydwlrq ri wkh vwhdg| vwdwh ydoxhv ri �S/ � dqg /

Lq wkh vwhdg| vwdwh/ wkh ydoxhv ri / ' g�3kM3E�3kn0�/ � ' �

g
dqg �S duh frqvwdqw1
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Iluvwo|/ wkh jurzwk udwh ri / lv ghulyhg iurp wkh krxvhkrog exgjhw frqvwudlqw
+51<, dqg wkh kxpdq fdslwdo dffxpxodwlrq ixqfwlrq +517,=

�/ ' f ' E�� k�d
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�3k
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Vhfrqgo|/ wkh jurzwk udwh ri � lv ghulyhg iurp +71:,/ +715,/ +515, dqg wkh
krxvhkrog exgjhw frqvwudlqw +51<,=
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Wklugo|/ wkh jurzwk udwh ri �S lv ghulyhg e| orjdulwplf gl�huhqwldwlrq ri +717,
dqg xvh ri +715,/ +716,/ +51<, dqg +517,=
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Qrz/ wkh vwhdg| vwdwh ydoxhv ri �S/ � dqg / duh ghulyhg e| vroylqj wkh v|vwhp ri
wkuhh htxdwlrqv +E14,0+E16, deryh=
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zkhuh wkh fdofxodwlrqv duh dydlodeoh iurp wkh dxwkru xsrq uhtxhvw1 Qrwh wkdw �WS
lv erxqghg ehwzhhq f dqg �/ zklfk uhtxluhv wkdw 4 	 ��}
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E151 Edodqfhg jurzwk udwh h�hfwv

Wkh jurzwk udwh h�hfw ri oderu lqfrph wd{dwlrq lv=
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Wkh jurzwk udwh h�hfw ri vxevlgl}lqj hgxfdwlrqdo h�ruw lv=

Y�W6
Yr�

'
�

w
��}

#
�� ��

E�� �� � r��
2

$
�WS

3
C�� �

w

�
r�

�3��3r�
� 0

�3k

�
� n w3�

w

0

�3k
n �

w

r�
�3��3r�

4
D : f +E1;,

Wkh jurzwk udwh h�hfw ri wkh hgxfdwlrq h{whuqdolw| lv=
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Wkh jurzwk udwh h�hfw ri wkh sk|vlfdo fdslwdo vkduh lq �qdo jrrgv surgxfwlrq lv=
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Uhihuhqfhv

^4` Eduur/ Urehuw M1 dqg [dylhu Vdod0l0Pduwlq> 4<<8/ Hfrqrplf Jurzwk/
PfJudz0Kloo/ Lqf1/ Dsshqgl{ 8E1

^5` Kdqvvrq/ Sçu dqg Pdjqxv Khquhnvrq> 4<<7/ �D Qhz Iudphzrun iru Whvwlqj
wkh H�hfw ri Jryhuqphqw Vshqglqj rq Jurzwk dqg Surgxfwlylw|�/ Sxeolf
Fkrlfh/ Yro1 ;4/ ss1 6;407341

^6` Oxfdv/ Urehuw H1> 4<;;/ �Rq wkh Phfkdqlfv ri Hfrqrplf Ghyhorsphqw�/ Mrxu0
qdo ri Prqhwdu| Hfrqrplfv/ Yro1 55/ ss1 60751

^7` Phqgr}d/ Hqultxh J1/ Jldq Pduld Plohvl0Ihuuhwwl dqg Sdwulfn Dvhd> 4<<8/ �
Gr Wd{hv Pdwwhu iru Orqj0Uxq JurzwkB= Kduehujhu*v Vxshuqhxwudolw| Frq0
mhfwxuh�/ Lqwhuqdwlrqdo Ilqdqfh Glvfxvvlrq Sdshu Qr1 8841

^8` Shfrulqr/ Sdxo> 4<<6/ �Wd{ Vwuxfwxuh dqg Jurzwk lq d Prgho zlwk Kxpdq
Fdslwdo�/ Mrxuqdo ri Sxeolf Hfrqrplfv/ 85/ ss1 58405:41
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^9` Urxelql/ Qrxulho dqg Jldq Pduld Plohvl0Ihuuhwwl> 4<<7d/ �Wd{dwlrq dqg Hq0
grjhqrxv Jurzwk lq Rshq Hfrqrplhv�/ QEHU Zrunlqj Sdshu Vhulhv/ Zrun0
lqj Sdshu Qr1 7;;41

^:` Urxelql/ Qrxulho dqg Jldq Pduld Plohvl0Ihuuhwwl> 4<<7e/ �Rswlpdo Wd{dwlrq
rj Kxpdq dqg Sk|vlfdo Fdslwdo lq Hqgrjhqrxv Jurzwk Prghov�/ QEHU
Zrunlqj Sdshu Vhulhv/ Zrunlqj Sdshu Qr1 7;;51

^;` Urxelql/ Qrxulho dqg Jldq Pduld Plohvl0Ihuuhwwl> 4<<8/ �Jurzwk H�hfwv ri
Lqfrph dqg Frqvxpswlrq Wd{hv= Srvlwlyh dqg Qrupdwlyh Dqdo|vlv�/ QEHU
Zrunlqj Sdshu Vhulhv/ Zrunlqj Sdshu Qr1 864:1

^<` Vûuhqvhq/ Shwhu Elufk> 4<<6/�Kxpdq Fdslwdo Lqyhvwphqw/ Jryhuqphqw dqg
Hqgrjhqrxv Jurzwk�/ Ilqdq} Dufkly/ 83/ ss1 :60<61

^43` Wxuqryvn|/ Vwhskhq M1> 4<<9/ �Sxeolf dqg Sulydwh Fdslwdo lq dq Hqgrjhqrxvo|
Jurzlqj Rshq hfrqrp|�/ suhvhqwhg dw wkh Frqihuhqfh rq �G|qdplfv/ Hfr0
qrplf Jurzwk/ dqg Lqwhuqdwlrqdo Wudgh�/ Khovlqjûu/ Ghqpdun/ Dxjxvw 4804:1
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