
Hqylurqphqwdo Srolf| lq d Wzr Vhfwru
Hqgrjhqrxv Jurzwk Prgho �

Iudqn Khwwlfk| dqg Plqqd Vhohqh Vydqh }

Dsulo 56/ 4<<;

Devwudfw

Wklv sdshu dqdo|vhv srolf| phdvxuhv zlwklq d wzr vhfwru hqgrjhqrxvo|

jurzlqj hfrqrp| zlwk srooxwlrq1 Srooxwlrq lv hlwkhu jhqhudwhg e| surgxf0

wlrq ru e| wkh xvh ri sk|vlfdo fdslwdo lq surgxfwlrq/ dqg fdq eh uhgxfhg

e| sxeolf dedwhphqw dfwlylwlhv1 Lq wklv jhqhudol}hg X}dzd�Oxfdv prgho/

wkh h�hfwv ri �vfdo srolf| duh ghulyhg iru doo fruh yduldeohv dqg udwlrv1 Lq

dgglwlrq/ wkh rswlpdo wd{dwlrq uxohv duh ghulyhg1 Li d srooxwlrq wd{ lv qrw

dydlodeoh lw wxuqv rxw wkdw d �uvw ehvw vroxwlrq pd| eh uhdfkhg e| xvh ri

idfwru lqfrph wd{dwlrq1 Dgglwlrqdoo|/ wkh h�hfwv dqg wkh srvvlelolw| ri hq0

ylurqphqwdo srolf| duh frpsohphqwhg iru d vpdoo rshq hfrqrp|1

MHO fodvvl�fdwlrq= G95/ R74/ H95/ T5;/ I76

Nh|zrugv= Hqgrjhqrxv jurzwk/ hqylurqphqwdo h{whuqdolw|/ rswlpdo wd{d0

wlrq/ lqwhuqdwlrqdo fdslwdo prelolw|

�Ilqdqfldo dvvlvwdqfh e| wkh Gdqlvk Vrfldo Vflhqfh Uhvhdufk Frxqflo dqg wkh Ghxwvfkh
Iruvfkxqjvjhphlqvfkdiw duh judwhixoo| dfnqrzohgjhg1 Zh duh lqghewhg wr Ehuqg Jhqvhu/ Oxfdv

Euhwvfkjhu/ Nqxg Mûujhq Pxqn/ dqg Shwhu Elufk Vûuhqvhq iru khosixo frpphqwv dqg glvfxvvlrqv1

Doo gh�flhqflhv dqg huuruv duh rxuv1
|Pdlolqj dgguhvv= Iudqn Khwwlfk/ Vrqghuiruvfkxqjvehuhlfk 4:;/ Xqlyhuvlwçw Nrqvwdq}/

Er{ G 466/ G�:;78: Nrqvwdq}/ Jhupdq|1 Hpdlo= iudqn1khwwlfkCxql0nrqvwdq}1gh
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41 Lqwurgxfwlrq

E| dqdo|}lqj wkh h�hfwv ri hqylurqphqwdo srolf| rq jurzwk wklv sdshu frqvlghuv dq
lqfuhdvlqjo| lpsruwdqw wrslf wkurxjkrxw wkh lqgxvwuldol}hg zruog1 Lw frqwulexwhv
wr wkh olwhudwxuh e| dqdo|vlqj wkh h�hfwv ri hqylurqphqwdo srolf| lq d idluo| jhqhudo
wzr vhfwru hqgrjhqrxv jurzwk prgho1 Wklv lv lpsruwdqw/ vlqfh wkh uhvxowv fuxfldoo|
ghshqg rq wkh prgho vshfl�fdwlrq1 Rxu prgho lv dq h{whqvlrq ri wkh jhqhudol}hg
X}dzd�Oxfdv prgho4 xvhg e| ^43` Nlqj ) Uhehor +4<<3,/ zklfk dgglwlrqdoo| do0
orzv iru glvxwlolw| ri srooxwlrq dqg sxeolf dedwhphqw dfwlylwlhv wkdw duh �qdqfhg
e| wd{ uhyhqxhv1 Wr nhhs wkh dqdo|vlv jhqhudo/ zh lqyhvwljdwh wzr vrxufhv ri jurvv
srooxwlrq/ qdpho| srooxwlrq jhqhudwhg e| �qdo jrrgv surgxfwlrq dqg srooxwlrq
jhqhudwhg e| wkh xvh ri sk|vlfdo fdslwdo lq �qdo jrrgv surgxfwlrq1 Wkh hplvvlrq
ri jurvv srooxwlrq fdq eh uhgxfhg e| sxeolf dedwhphqw dfwlylwlhv1 Wkh srvlwlyh
dqdo|vlv lq wklv sdshu qrw rqo| h{dplqhv wkh orqj whup jurzwk h�hfwv ri wd{hv
rq frqvxpswlrq/ jurvv srooxwlrq/ fdslwdo dqg oderxu lqfrph dqg wkhlu fkdqqhov/
exw dovr wkhlu lq xhqfh rq doo fruh yduldeohv dqg udwlrv1 Wkh qrupdwlyh dqdo|vlv
dgguhvvhv wkh txhvwlrq ri wkh rswlpdo wd{dwlrq vfkhph1 Ixuwkhupruh/ zh lqyhvwl0
jdwh wkh h�hfwv dqg wkh srvvlelolw| ri hqylurqphqwdo srolflhv lq d forvhg hfrqrp|
dqg d vpdoo rshq hfrqrp| vhwwlqj1 Wkh dqdo|vlv ri wkh forvhg hfrqrp| lv d g|0
qdplf jhqhudo htxloleulxp dqdo|vlv/ zkhuhdv wkh lqyhvwljdwlrq ri wkh vpdoo rshq
hfrqrp| vwduwv rxw iurp frqyhqwlrqdo dvvxpswlrqv lq lqwhuqdwlrqdo wudgh prghov/
wkhuhe| vlpsoli|lqj wkh dqdo|vlv e| dq h{rjhqrxvo| jlyhq zruog lqwhuhvw udwh/ exw
eurdghqlqj wkh dqdo|vlv e| dvvxplqj shuihfw lqwhuqdwlrqdo fdslwdo prelolw|1

Lq wkh iroorzlqj/ wkh olwhudwxuh rq �vfdo srolf|/ hqylurqphqwdo srolf|/ dqg lqwhu0
qdwlrqdo fdslwdo prelolw| lq kxpdq fdslwdo jurzwk prghov lv uhylhzhg1 Vhyhudo dx0
wkruv/ ^43` Nlqj ) Uhehor +4<<3,/ ^54` Uhehor +4<<4,/ ^9` Ghyhuhx{ ) Oryh +4<<7,/
dqg ^49` Plohvl�Ihuuhwwl ) Urxelql +4<<8,/ dqdo|vh wkh frqvhtxhqfhv ri wd{ udwh
fkdqjhv iru hfrqrplf jurzwk zlwk surgxfwlrq vshfl�fdwlrqv vlplodu wr wklv sdshu1
Krzhyhu/ wkh| gr qrw frqvlghu wkh hqylurqphqw dqg uhglvwulexwh wkh wd{ uhyhqxhv
oxps vxp wr frqvxphuv1 E| lqfrusrudwlqj wkh hqylurqphqw/ wklv sdshu lv deoh
wr dqdo|vh d eurdghu vhw ri wd{ lqvwuxphqwv/ qdpho| d wd{ rq jurvv srooxwlrq lq
dgglwlrq wr wkh ydoxh dgghg wd{ dqg wkh wd{hv rq oderxu dqg fdslwdo lqfrph1 Olnh
lq ^4:` Qlhovhq hw do1 +4<<8,/ wkh wd{ uhyhqxhv duh xvhg wr �qdqfh sxeolf dedwhphqw
dfwlylwlhv1

Wkh h�hfwv ri hqylurqphqwdo srolf| rq hfrqrplf jurzwk duh dpeljxrxv lq wkh

4Wkh uhsurgxfleoh lqsxw idfwruv kxpdq fdslwdo dqg sk|vlfdo fdslwdo duh xvhg dv lqsxw idfwruv

erwk lq wkh hgxfdwlrq vhfwru dqg lq wkh �qdo jrrg vhfwru1
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olwhudwxuh ri hqgrjhqrxv jurzwk zlwk kxpdq fdslwdo15 Lq wkh vlpsohvw hqgrjh0
qrxv jurzwk prgho/ wkh �g prgho/ wkh jurzwk h�hfw ri hqylurqphqwdo srolf| lv
qhjdwlyh1 Wklv lv vkrzq erwk e| ^;` Judgxv ) Vpxoghuv +4<<6, iru d fhqwudoo|
sodqqhg hfrqrp| e| ydu|lqj wkh zhljkw rq srooxwlrq lq wkh xwlolw| ixqfwlrq dqg
e| ^44` Oljwkduw ) ydq ghu Sorhj +4<<7, iru d ghfhqwudolvhg hfrqrp|1 Krzhyhu/
^;` Judgxv ) Vpxoghuv +4<<6, vkrz lq d yduldqw ri wkh wzr vhfwru X}dzd�Oxfdv
prgho wkdw hqylurqphqwdo srolf| grhv qrw d�hfw orqj whup jurzwk1 Ixuwkhupruh/
^<` Khwwlfk +4<<;, vkrzv lq d X}dzd�Oxfdv prgho zlwk srooxwlrq dqg ohlvxuh wkdw
wkh jurzwk h�hfw ri d wljkwhu hqylurqphqwdo srolf| ghshqgv rq wkh srooxwlrq vshfl0
�fdwlrq1 Li srooxwlrq lv fdxvhg e| wkh sk|vlfdo fdslwdo vwrfn/ wkhq kljkhu dedwhphqw
dfwlylwlhv vwlpxodwh jurzwk6/ zkhuhdv li srooxwlrq lv frpsohphqwdu| wr wkh rxwsxw
ohyho/ kljkhu dedwhphqw dfwlylwlhv grhv qrw d�hfw orqj whup jurzwk1 Wklv sdshu
vkrzv wkdw d wljkwhu hqylurqphqwdo srolf| kdv d qhjdwlyh h�hfw rq jurzwk lq d
jhqhudol}hg X}dzd�Oxfdv prgho luuhvshfwlyh ri wkh srooxwlrq vshfl�fdwlrq1

Ilqdoo|/ ^43` Nlqj ) Uhehor +4<<3, dqg ^48` Plohvl�Ihuuhwwl ) Urxelql +4<<7,
frqvlghu wkh h�hfwv ri wd{ udwhv rq jurzwk lq vpdoo rshq hfrqrplhv zlwk lqwhuqd0
wlrqdo fdslwdo prelolw|17 Lq wkhlu prghov/ lqwhuqdwlrqdo jurzwk udwh gl�huhqwldov
fdq eh h{sodlqhg lq d uhvlghqfh�edvhg fdslwdo wd{ v|vwhp/ exw qrw lq d vrxufh�
edvhg v|vwhp18 Wkh surgxfwlrq surfhvvhv duh vlplodu wr wkrvh lq wklv sdshu/ exw
wkhvh frqwulexwlrqv gr qrw frqvlghu dq hqylurqphqwdo h{whuqdolw|1

Luuhvshfwlyh ri wkh fkrvhq srooxwlrq vshfl�fdwlrq wkh pdmru frqfoxvlrqv ri rxu
sdshu duh �uvwo| wkdw idfwru lqfrph wd{hv dqg wkh srooxwlrq wd{ duh jurzwk uh0

5Lq wkh iroorzlqj/ zh irupdoo| qhjohfw wkdw d ehwwhu hqylurqphqw lq sulqflsoh frxog kdyh d

srvlwlyh h�hfw rq wkh surgxfwlylw| ri lqsxwv1 Hqylurqphqwdo txdolw| lq vxfk fdvhv qrw rqo| dfwv dv
d sxeolf frqvxpswlrq jrrg/ exw dovr dv d surgxfwlyh sxeolf fdslwdo jrrg1 Lw kdv ehhq vkrzq wkdw

d ehwwhu hqylurqphqwdo txdolw| pd| kdyh d vwlpxodwlqj jurzwk h�hfw lq wkh suhvhqfh ri srvlwlyh

hqylurqphqwdo vslooryhuv lq surgxfwlrq/ vhh ^6` Eryhqehuj ) Vpxoghuv +4<<8,/ ^:` ydq Hzlmn )
ydq Zlmqehujhq +4<<8,/ dqg ^58` Vpxoghuv ) Judgxv +4<<9,1 Vxfk surgxfwlylw| vslooryhuv duh

fhuwdlqo| frqfhlydeoh lq wkh �hog ri djulfxowxuh dqg wrxulvp/ exw lw lv txhvwlrqdeoh zkhwkhu wkh|
h{lvw lq dq djjuhjdwh surgxfwlrq ixqfwlrq1

6D kljkhu srooxwlrq wd{ jlyhv ulvh wr pruh dedwhphqw zklfk furzgv rxw frqvxpswlrq1 Wklv

pdnhv ohlvxuh ohvv vfdufh zklfk vwlpxodwhv vwxg|lqj dqg wkhuhiruh jurzwk1
7 ^55` Uhehor +4<<5, dqg ^45` Orqj )Zrqj +4<<:, vxuyh| wkh olwhudwxuh rq hqgrjhqrxv jurzwk

lq rshq hfrqrplhv1
8Lq ryhuodsslqj jhqhudwlrq prghov ri wkh X}dzd�Oxfdv w|sh ^8` Exlwhu ) Nohw}hu +4<<8,

h{sodlq shuvlvwhqw jurzwk udwh gl�huhqwldov lqghshqghqwo| ri wkh lqwhuqdwlrqdo wd{dwlrq v|vwhp1

Lq d yduldqw ri wkh X}dzd�Oxfdv prgho dxjphqwhg zlwk hqgrjhqrxv srsxodwlrq ^53` Ud}lq )
\xhq +4<<9, �qg wkdw wkh jurzwk udwh h�hfw ri wd{hv ghshqgv rq wkh sulqflsoh ri lqwhuqdwlrqdo

wd{dwlrq dqg wkh suhihuhqfh eldv ehwzhhq fklog txdqwlw| dqg fklog txdolw|1
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gxflqj/ zkhuhdv wkh frqvxpswlrq wd{ lv d oxps vxp wd{1 Vhfrqgo|/ wkh pdunhw
doorfdwlrq zlwkrxw jryhuqphqw lqwhuyhqwlrq lv lqh!flhqw gxh wr wkh suhvhqfh ri
wkh hqylurqphqwdo h{whuqdolw|1 Wkxv/ wkhuh lv wrr pxfk srooxwlrq/ wrr olwwoh dedwh0
phqw dqg h{fhvvlyh hfrqrplf jurzwk lq dq xquhjxodwhg pdunhw hfrqrp|1 Wkh
�uvw ehvw vroxwlrq fdq eh dfklhyhg e| vhwwlqj dq rswlpdo srooxwlrq wd{ htxdo wr
wkh pdujlqdo gdpdjh ri srooxwlrq1 Lw wxuqv rxw wkdw dq rswlpdo vroxwlrq lqvwhdg
pd| eh uhdfkhg e| fhuwdlq frpelqdwlrqv ri idfwru lqfrph wd{hv/ li wkh srooxwlrq
wd{ lv xqdydlodeoh dv dq lqvwuxphqw1 Wklugo|/ xqghu d uhvlghqfh�edvhg wd{ v|vwhp/
d vpdoo rshq hfrqrp| fdq fkrrvh lwv rzq �vfdo srolf| dqg khqfh ghwhuplqh lwv
orqj whup jurzwk udwh1 Dv orqj dv wkh hqylurqphqwdo sureohp lv d qdwlrqdo rqh/
wkh jryhuqphqw fdq fkrrvh wkh ohyho ri srooxwlrq dqg khqfh wkh hqylurqphqwdo
txdolw|1 Krzhyhu/ xqghu d vrxufh�edvhg wd{ v|vwhp/ d vpdoo rshq hfrqrp| lv sdu0
wldoo| uhvwulfwhg lq lwv �vfdo srolf| dqg fdq dv d frqvhtxhqfh rqo| ohdg d vhfrqg
ehvw hqylurqphqwdo srolf|1

Wkh sdshu lv rujdql}hg dv iroorzv1 Wkh prgho lv odlg rxw lq vhfwlrq 5 dqg
wkh �uvw rughu frqglwlrqv ri wkh uhsuhvhqwdwlyh djhqw sureohp dqg fhqwudo sodqqhu
sureohp duh ghulyhg1 Vhfwlrq 6 ghwhuplqhv wkh rswlpdo wd{ udwhv1 Ixuwkhupruh/
wkh edodqfhg jurzwk udwh lv ghulyhg dqg wkh h�hfwv ri wd{ dqg sdudphwhu fkdqjhv
rq doo fruh yduldeohv dqg udwlrv duh ghwhuplqhg1 Ilqdoo|/ wkh vpdoo rshq hfrqrp|
yhuvlrq ri wkh prgho lv dqdo|vhg1 Vhfwlrq 7 frqvlghuv dq dowhuqdwlyh srooxwlrq
vshfl�fdwlrq dqg vhfwlrq 8 frqfoxghv wkh sdshu1

51 Wkh prgho

Wklv vhfwlrq suhvhqwv d wzr vhfwru hqgrjhqrxv jurzwk prgho ri d forvhg hfrqrp|
dqg ghulyhv wkh �uvw rughu frqglwlrqv ri wkh uhsuhvhqwdwlyh djhqw sureohp dqg wkh
vrfldo sodqqhu sureohp1 Wkh �uvw vhfwru surgxfhv xqlyhuvdo jrrgv zklfk fdq eh
xvhg iru frqvxpswlrq/ dedwhphqw dfwlylwlhv/ dqg sk|vlfdo fdslwdo dffxpxodwlrq/
zkloh wkh vhfrqg vhfwru lv dq hgxfdwlrq vhfwru lq zklfk kxpdq fdslwdo lv dffxpx0
odwhg19 Kxpdq fdslwdo lv dvvxphg wr eh hperglhg lq shrsoh dqg lv frqvhtxhqwo|
d sulydwh jrrg/ zklfk lv erwk ulydo dqg h{foxgdeoh1 Erwk vhfwruv xvh sk|vlfdo dqg
kxpdq fdslwdo dv lqsxw idfwruv dqg idfwruv pryh iuhho| ehwzhhq wkh wzr vhfwruv1
Wkh surgxfwlrq ri wkh �qdo jrrg fdxvhv d qhjdwlyh hqylurqphqwdo h{whuqdolw| lq
irup ri srooxwlrq1 Wkh jryhuqphqw lv dvvxphg wr hqjdjh lq sxeolf dedwhphqw
dfwlylwlhv/ zklfk duh vroho| �qdqfhg e| wd{ uhyhqxhv1 Wkh hfrqrp| frqvlvwv ri d

9Wkh vshfl�fdwlrq ri wkh wzr surgxfwlrq vhfwruv lv vlplodu wr ^43` Nlqj ) Uhehor +4<<3, dqg

^54` Uhehor +4<<4,1
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odujh qxpehu ri lghqwlfdo dqg lq�qlwho| olyhg krxvhkrogv wkdw rzq wkh idfwruv ri
surgxfwlrq dqg uhqw wkhp wr �upv1 Krxvhkrogv duh dvvxphg wr pd{lplvh wkhlu
glvfrxqwhg olihwlph xwlolw| dqg �upv duh dvvxphg wr pd{lplvh wkhlu pdunhw ydoxh1

5141 Whfkqrorj|

Lq wkh �uvw vhfwru/ �qdo jrrgv t duh surgxfhg zlwk d frqvwdqw uhwxuqv wr vfdoh
whfkqrorj| xvlqj sk|vlfdo fdslwdo g dqg kxpdq fdslwdo M dv lqsxwv1 Wkh whfk0
qrorj| lv dvvxphg wr wdnh wkh Free�Grxjodv irup

t| ' � E�|g|�
k E�|M|�

�3k c +514,

zkhuh �/ M/ g/ t : f/ f 	 kc�c � 	 �� Sdudphwhu � uh hfwv wkh h{rjhqrxv
ohyho ri wkh whfkqrorj|/ k lv wkh h{rjhqrxv sk|vlfdo fdslwdo vkduh lq �qdo jrrgv
surgxfwlrq/ dqg � dqg � duh wkh hqgrjhqrxv vkduhv ri sk|vlfdo dqg kxpdq fdslwdo
ghyrwhg wr �qdo jrrgv surgxfwlrq/ uhvshfwlyho|1 Kxpdq fdslwdo lv dvvxphg wr eh
d sulydwh jrrg/ zklfk lv hperglhg lq shrsoh1: Lq wkh iroorzlqj/ E�M� lv uhihuuhg
wr dv wkh h�hfwlyh oderxu irufh1

Wkh  rz uhvrxufh frqvwudlqw ri wkh forvhg hfrqrp| lv;

t| ' �| n �g| n ~|c +515,

zkhuh �/ ~ : f� Ilqdo rxwsxw t lv d xqlyhuvdo jrrg vlqfh lw fdq eh xvhg hlwkhu
iru frqvxpswlrq �/ lqyhvwphqw lq sk|vlfdo fdslwdo �g/ ru iru sxeolf dedwhphqw
dfwlylwlhv ~1<

Wkh vhfrqg vhfwru lv dq hgxfdwlrq vhfwru wkdw surgxfhv kxpdq fdslwdo e| xvh
ri sk|vlfdo fdslwdo uhsuhvhqwlqj idflolwlhv olnh vfkrro exloglqjv dqg kxpdq fdslwdo
uhsuhvhqwlqj hgxfdwlrq wlph dqg nqrzohgjh1 Wkh kxpdq fdslwdo dffxpxodwlrq
ixqfwlrq lv dvvxphg wr eh d frqvwdqw uhwxuqv wr vfdoh whfkqrorj|

�M| ' � dE�� �|�g|o
q dE�� �|�M|o

�3q c +516,

zkhuh � : f uh hfwv wkh h{rjhqrxv ohyho ri wkh whfkqrorj| dqg f 	 q 	 �
lv wkh h{rjhqrxv sk|vlfdo fdslwdo vkduh lq hgxfdwlrq1 Wkh vshfl�fdwlrq ri wkh

:Xqolnh ^46` Oxfdv +4<;;,/ zh qhjohfw wkh srvvlelolw| ri dq h{whuqdolw| iurp wkh dyhudjh vwrfn

ri kxpdq fdslwdo wr �qdo jrrgv surgxfwlrq1
;Iru vlpsolflw|/ kxpdq dqg sk|vlfdo fdslwdo duh dvvxphg wr ghsuhfldwh dw d }hur udwh1 Krz0

hyhu/ wklv dvvxpswlrq grhv qrw fkdqjh wkh txdolwdwlyh uhvxowv1
<D grw deryh d yduldeoh lqglfdwhv lwv ghulydwlyh zlwk uhvshfw wr wlph1
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�qdo jrrgv surgxfwlrq ixqfwlrq +514, dqg wkh kxpdq fdslwdo dffxpxodwlrq ixqf0
wlrq +516, hqvxuh wkdw glplqlvklqj uhwxuqv gr qrw dulvh/ zkhq sk|vlfdo dqg kxpdq
fdslwdo jurzwk dw wkh vdph udwh1 Vlqfh erwk lqsxwv M dqg g fdq eh dffxpxodwhg
lq�qlwho|/ wkh udwhv ri uhwxuq uhpdlq frqvwdqw dorqj d edodqfhg jurzwk sdwk dqg
xqolplwhg jurzwk lv lq sulqflsoh srvvleoh1

Ilqdo jrrgv surgxfwlrq lv dvvxphg wr fdxvh d qhjdwlyh hqylurqphqwdo h{whu0
qdolw| dv d vlgh surgxfw/ zklfk kdupv xwlolw|143 Wkh h{whuqdolw| lv dvvxphg wr
d�hfw lqglylgxdo xwlolw| rqo| dqg qrw wr kdup wkh surgxfwlrq surfhvvhv/ l1h1 wkhuh
lv qr srvlwlyh vslooryhu ri d ehwwhu hqylurqphqw wr surgxfwlrq ri jrrgv ru kxpdq
fdslwdo dffxpxodwlrq1 Ri frxuvh/ lw lv frqfhlydeoh wkdw srooxwlrq gluhfwo| d�hfwv
wkh surgxfwlylw| lq wkh �qdo jrrgv ru wkh hgxfdwlrq vhfwru1 Krzhyhu/ wklv lv dq
dvshfw qrw ehlqj dqdo|vhg irupdoo| lq wklv sdshu/ exw wkhuh lv d glvfxvvlrq ri wkh
lvvxh dw wkh hqg ri vhfwlrq 6151 Djjuhjdwh srooxwlrq � lv d sxeolf cedg*/ zklfk
fdq eh uhgxfhg e| phdqv ri sxeolf dedwhphqw dfwlylwlhv ~ wkdw frqvxph d sduw
ri rxwsxw/ lq olqh zlwk wkh  rz uhvrxufh frqvwudlqw +515,1 Sxeolf dedwhphqw fdq
eh lqwhusuhwhg dv nqrzohgjh derxw fohdq surgxfwlrq phwkrgv1 Erwk � dqg ~ duh
prghoohg dv  rz txdqwlwlhv/ zklfk lv mxvwl�hg dv orqj dv wkh edodqfhg jurzwk sdwk
lv dqdo|vhg1 Li sxeolf dedwhphqw ~ lqfuhdvhv/ wkh rxwsxw srooxwhv ohvv1 Wkh qhw
srooxwlrq ixqfwlrq � lv dvvxphg wr eh jlyhq e| wkh iroorzlqj ixqfwlrqdo irup

�| '
�
t|
~|

��
c +517,

zkhuh � : f lv wkh h{rjhqrxv hodvwlflw| ri srooxwlrq � zlwk uhvshfw wr wkh rxwsxw�
dedwhphqw udwlr t*~1 Dffruglqj wr htxdwlrq +517, srooxwlrq lv lqfuhdvlqj lq �qdo
jrrgv surgxfwlrq dqg ghfuhdvlqj lq sxeolf dedwhphqw dfwlylwlhv1 Vhfwlrq 7 dqdo|vhv
dq dowhuqdwlyh vshfl�fdwlrq ri wkh srooxwlrq ixqfwlrq/ zkhuh srooxwlrq lqvwhdg lv
jhqhudwhg e| wkh xvh ri sk|vlfdo fdslwdo lq �qdo jrrgv surgxfwlrq1

5151 Ilupv

Wkh hfrqrp| frqvlvwv ri d odujh qxpehu ri lghqwlfdo dqg frpshwlwlyh �upv1 Wkh|
uhqw sk|vlfdo fdslwdo iurp krxvhkrogv dw wkh lqwhuhvw udwh o dqg kluh kxpdq fdslwdo
dw wkh zdjh udwh �1 Ilupv xvh wkhvh lqsxw idfwruv wr surgxfh �qdo jrrgv zlwk

43Olnh ^4<` ydq ghu Sorhj ) Zlwkdjhq +4<<4,/ ^;` Judgxv ) Vpxoghuv +4<<6, dqg ^44` Oljwk0
duw ) Sorhj +4<<7, srooxwlrq lv prghoohg dv dq *rxwsxw* idfwru lq wklv sdshu1 Dowhuqdwlyho|/

srooxwlrq frxog eh prghoohg dv dq lqsxw idfwru/ vhh ^4:` Qlhovhq hw do1 +4<<8, dqg ^5` Eryhq0
ehuj ) gh Prrlm +4<<:,1 Erwk prghoolqj dssurdfkhv duh htxlydohqw/ vhh ^56` Vlhehuw hw do1 +4<;3,1

9



wkh whfkqrorj| ghvfulehg e| htxdwlrq +514,1 Ilupv pxvw sd| d srooxwlrq wd{ � R
dffruglqj wr wkhlu jurvv srooxwlrq1 Vlqfh srooxwlrq lv frpsohphqwdu| wr rxwsxw/ d
srooxwlrq wd{ lv htxlydohqw wr d wd{ rq rxwsxw1 Ilupv duh dvvxphg wr pd{lplvh
wkhlu fdvk  rz e| fkrrvlqj �M dqg �gc jlyhq wkh srooxwlrq wd{ �R ohylhg rq wrwdo
surgxfwlrq t 1 Wkh uhsuhvhqwdwlyh �up*v fdvk  rz lv jlyhq e|=

Z| ' E�� �R�t| � �| E�|M|�� o| E�|g|� +518,

Wkh fdvk  rz lv pd{lplvhg zkhq wkh pdujlqdo frvw ri hdfk idfwru htxdov lwv diwhu�
wd{ pdujlqdo surgxfw=

�| ' E�� � R� E�� k��
�
�|g|

�|M|

�k
' E�� � R� E�� k�

t|
�|M|

+519,

o| ' E�� � R�k�
�
�|g|

�|M|

�k3�
' E�� � R�k

t|
�|g|

+51:,

5161 Krxvhkrogv

Krxvhkrogv duh dvvxphg wr eh lghqwlfdo/ dwrplvwlf djhqwv zlwk shuihfw iruhvljkw
ryhu dq lq�qlwh wlph krul}rq1 Suhihuhqfhv duh uhvwulfwhg wr hqvxuh wkh h{lvwhqfh
ri d vxvwdlqdeoh edodqfhg jurzwk sdwk1 Wkh qhfhvvdu| frqglwlrqv lpso| d vsh0
fl�f ixqfwlrqdo irup ri wkh xwlolw| ixqfwlrq/ zkhuh frqvxpswlrq lv pxowlsolfdwlyho|
vhsdudeoh iurp qhw srooxwlrq144 Iru vlpsolflw|/ zh dvvxph dq dgglwlyho| vhsdudeoh
lqvwdqwdqhrxv xwlolw| ixqfwlrq145 Wkh fruuhvsrqglqj glvfrxqwhg olih wlph xwlolw| lv
jlyhq e|

Lf '
]
"

f
E*?�| � # *?�|� e

34|_|c +51;,

zkhuh � lv frqvxpswlrq/ � lv djjuhjdwh qhw srooxwlrq/ # lv wkh srvlwlyh h{rjh0
qrxv pdujlqdo glvxwlolw| ri srooxwlrq/ dqg 4 lv wkh srvlwlyh h{rjhqrxv udwh ri wlph
suhihuhqfh1 Xwlolw| lv vhhq wr eh lqfuhdvlqj lq frqvxpswlrq dw d ghfuhdvlqj udwh/
L� : f dqg L�� 	 f/ zkloh lw lv ghfuhdvlqj lq djjuhjdwh srooxwlrq dw dq lqfuhdvlqj

44Iru wkh qhfhvvdu| frqglwlrqv rq wkh xwlolw| ixqfwlrq/ vhh ^58` Vpxoghuv ) Judgxv +4<<9,1

45D pruh jhqhudo xwlolw| ixqfwlrq lv X @
+FS��,

4��
�4

4�� / zkhuh � lv wkh lqyhuvh ri wkh lqwhuwhp0

srudo hodvwlflw| ri vxevwlwxwlrq1 Vlqfh wklv ixqfwlrq grhv qrw fkdqjh wkh txdolwdwlyh uhvxowv frq0
fhuqlqj wkh jurzwk udwh h�hfwv/ exw frpsolfdwhv wkh dqdo|vlv/ zh xvh wkh vlpsol�hg ixqfwlrq +51;,/

zkhuh wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq lv htxdo wr rqh1

:



udwh/ L� 	 f dqg L�� : f146 Krxvhkrogv fkrrvh frqvxpswlrq dqg wkh doorfdwlrq
ri kxpdq dqg sk|vlfdo fdslwdo ehwzhhq wkh wzr vhfwruv lq rughu wr pd{lplvh wkhlu
olih wlph xwlolw| +51;, vxemhfw wr wkh kxpdq fdslwdo dffxpxodwlrq frqvwudlqw +516,
dqg wkh  rz exgjhw frqvwudlqw

�g| ' E�� �&� o|�|g| n E�� ����|�|M| � E� n � S��|c +51<,

zkhuh � S lv wkh wd{ rq frqvxpswlrq +ydoxh dgghg wd{,/ �� lv wkh  dw�udwh wd{ rq
oderxu lqfrph/ �& lv wkh  dw�udwh wd{ rq fdslwdo lqfrph/ � lv wkh zdjh udwh/ dqg o
lv wkh udwh ri uhwxuq wr sk|vlfdo fdslwdo1 Hgxfdwlrq lv dvvxphg wr eh d qrq�pdunhw
vhfwru zklfk grhv qrw jlyh ulvh wr gluhfw lqfrph/ lw fdq frqvhtxhqwo| qrw eh wd{hg
e| phdqv ri lqfrph wd{hv147

5171 Jryhuqphqw

Wkh jryhuqphqw ohylhv d srooxwlrq wd{48 rq �qdo jrrgv surgxfwlrq/ d fdslwdo lq0
frph wd{/ d oderxu lqfrph wd{ dqg d frqvxpswlrq wd{ lq rughu wr �qdqfh sxeolf
dedwhphqw dfwlylwlhv1 Sxeolf vshqglqj kdv wr eh �qdqfhg vroho| e| wd{hv/ vlqfh wkh
jryhuqphqw grhv qrw lvvxh erqgv1 Khqfh/ wkh jryhuqphqw lv dvvxphg wr uxq d
edodqfhg exgjhw lq hyhu| shulrg/ zklfk lv jlyhq e|=

� &o|�|g| n ���|�|M| n � S�| n �Rt| ' ~| +5143,

Lq wkh iroorzlqj/ wlph lqglfhv ri yduldeohv duh qhjohfwhg zkhuh xqqhfhvvdu|1

5181 Wkh Pdunhw Vroxwlrq

Wkh uhsuhvhqwdwlyh krxvhkrog fkrrvhv lwv frqvxpswlrq dqg wkh doorfdwlrq ri lwv
sk|vlfdo dqg kxpdq fdslwdo wr �qdo jrrgv surgxfwlrq dqg hgxfdwlrq/ uhvshfwlyho|/
lq rughu wr pd{lplvh lwv olih wlph xwlolw| +51;, vxemhfw wr wkh kxpdq fdslwdo dffxpx0
odwlrq ixqfwlrq +516, dqg wkh exgjhw frqvwudlqw +51<, wdnlqj wkh wd{ udwhv � Sc ��c � &/
dqg �R dv jlyhq1 Vlqfh srooxwlrq lv d sxeolf cedg*/ hfrqrplf djhqwv ljqruh lw lq

46D pruh uhdolvwlf xwlolw| ixqfwlrq zrxog doorz iru lqfuhdvlqj pdujlqdo glvxwlolw| ri srooxwlrq

XSS ? 3/ exw wklv rqo| fkdqjhv wkh rswlpdo doorfdwlrq ri uhvrxufhv ehwzhhq dedwhphqw dqg �qdo
jrrgv surgxfwlrq +5155,1 Doo rwkhu �uvw rughu frqglwlrqv ri wkh fhqwudo sodqqhu duh xqd�hfwhg

dqg vr duh wkh rewdlqhg uhvxowv1
47Iru kxpdq fdslwdo dv d pdunhw jrrg/ vhh ^49` Plohvl�Ihuuhwwl ) Urxelql +4<<8, lq d vlplodu

prgho zlwkrxw hqylurqphqw1
48Lq idfw/ wkh srooxwlrq wd{ lv d wd{ rq rxwsxw/ vlqfh srooxwlrq lv dvvxphg wr eh frpsohphqwdu|

wr rxwsxw1

;



wkhlu pd{lplvdwlrq sureohp1 Wkh �uvw rughu frqglwlrqv zlwk uhvshfw wr �/ g/ M/
�/ dqg � ehfrph

�

�
e34| ' b& E� n � S� , �

�b&
b&

'
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�
n 4 +5144,

�

�b&
b&

' E�� �&� o +5145,

�

�b�
b�

' E�� q��

%
E�� ��g

E�� ��M

&q
+5146,

b& E�� � &� o ' b�q�

%
E�� ��g

E�� ��M

&q3�
+5147,

b& E�� ���� ' b� E�� q��

%
E�� ��g

E�� ��M

&q
+5148,

zkhuh b& dqg b� duh wkh vkdgrz sulfhv ri sk|vlfdo fdslwdo dqg kxpdq fdslwdo
lq wkh pdunhw vroxwlrq/ uhvshfwlyho|1 Htxdwlrq +5144, lpsolhv wkdw wkh pdujlqdo
xwlolw| ri frqvxpswlrq lq hyhu| shulrg vkrxog htxdo wkh diwhu�wd{ vkdgrz sulfh ri
sk|vlfdo fdslwdo1 Wkh �uvw Hxohu frqglwlrq +5145, lpsolhv wkdw wkh udwh ri fkdqjh lq
wkh vkdgrz sulfh ri sk|vlfdo fdslwdo vkrxog htxdo wkh diwhu�wd{ pdujlqdo surgxfw
ri fdslwdo lq wkh �qdo jrrgv vhfwru1 Wkh vhfrqg Hxohu frqglwlrq +5146, vd|v wkdw
wkh udwh ri fkdqjh lq wkh vkdgrz sulfh ri kxpdq fdslwdo vkrxog htxdo wkh pdu0
jlqdo surgxfw ri kxpdq fdslwdo lq wkh hgxfdwlrq vhfwru1 Ilqdoo|/ htxdwlrqv +5147,
dqg +5148, ghvfuleh wkh rswlpdo doorfdwlrq ri sk|vlfdo dqg kxpdq fdslwdo ehwzhhq
wkh wzr vhfwruv1

Wkh wudqvyhuvdolw| frqglwlrqv wr wkh pd{lplvdwlrq sureohp duh=49

*�4
|<"

b&g ' f dqg *�4
|<"

b�M ' f +5149,

Htxdwlrqv +5147, dqg +5148, |lhog wkh vhfwrudo doorfdwlrq ri uhvrxufhv dv d
ixqfwlrq ri wkh wd{ udwhv dqg wkh sdudphwhuv ri wkh prgho

�

�
'

#
k

�� k

�� q

q

$�
�� �&
�� ��

�
�� �

�� �
c +514:,

49Wkhvh frqglwlrqv uxoh rxw h{sorvlyh sdwkv e| uhtxlulqj wkdw wkh suhvhqw glvfrxqwhg ydoxh ri
hdfk fdslwdo jrrg htxdov }hur lq wkh orqj uxq1 Wklv lv d uhdvrqdeoh 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
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zkhuh htxdwlrqv +519, dqg +51:, kdyh ehhq xvhg1 Dffruglqj wr htxdwlrq +514:,/
wkh diwhu�wd{ udwhv ri whfkqlfdo vxevwlwxwlrq ehwzhhq fdslwdo dqg oderxu pxvw eh
htxdolvhg dfurvv vhfwruv lq rughu wr dfklhyh dq rswlpdo lqwhuvhfwrudo doorfdwlrq ri
fdslwdo dqg krxuv1 Wkh lqfrph wd{hv rq fdslwdo dqg oderxu d�hfw wklv doorfdwlrq lq
gl�huhqw zd|v1 Dffruglqj wr htxdwlrq +514:,/ wkh fdslwdo�oderxu udwlr lq wkh �qdo
jrrgv vhfwru �*� lqfuhdvhv uhodwlyh wr wkh fdslwdo�oderxu udwlr lq wkh hgxfdwlrq
vhfwru E�� �� * E�� ��/ zkhqhyhu wkh fdslwdo lqfrph wd{ ghfolqhv ru wkh oderxu
lqfrph wd{ lqfuhdvhv1 Lq dgglwlrq/ dq lqfuhdvh +d ghfolqh, lq wkh fdslwdo vkduh
lq �qdo jrrgv surgxfwlrq +hgxfdwlrq, ohdgv wr dq lqfuhdvh lq wkh fdslwdo�oderxu
udwlr lq �qdo jrrgv surgxfwlrq uhodwlyh wr wkh hgxfdwlrq vhfwru1 Qrwh wkdw wkh
vhfwrudo doorfdwlrq ri uhvrxufhv lv xqd�hfwhg e| lqfrph wd{dwlrq/ zkhq wd{dwlrq lv
frpsuhkhqvlyh � & ' ��1 Lq dgglwlrq/ wkh vhfwrudo doorfdwlrq ri idfwruv lv xqd�hfwhg
e| d fkdqjh lq wkh srooxwlrq wd{/ vlqfh lw d�hfwv wkh uhwxuq wr wkh wzr lqsxw idfwruv
lq wkh vdph zd|1

Ilqdoo|/ wkh Nh|qhv�Udpvh| uxoh ghvfulelqj wkh rswlpdo frqvxpswlrq sdwk iru
wkh pdunhw hfrqrp| lv ghulyhg e| xvh ri htxdwlrqv +5144, dqg +5145,/ zkhuh o lv
uhsodfhg e| htxdwlrq +51:,=4:

	� ' E�� � &� E�� �R�k
t

�g
� 4 � -� 4 +514;,

Iru ixuwkhu dqdo|vlv lw vhhpv wr eh xvhixo wr gh�qh - dv wkh uhwxuq wr fdslwdo
lqyhvwphqw qhw ri wd{1

Lw lv reylrxv wkdw wkh frqvxpswlrq wd{ � S lv d oxps vxp wd{/ vlqfh lw lv devhqw
lq wkh �uvw rughu frqglwlrqv ri wkh pdunhw vroxwlrq +5144, � +5148, dqg khqfh grhv
qrw glvwruw wkh hfrqrp|1 Krzhyhu/ doo rwkhu wd{hv kdyh h�hfwv rq wkh hfrqrp|1
Wkh wd{hv rq fdslwdo lqfrph dqg srooxwlrq d�hfw wkh lqwhuwhpsrudo lqfhqwlyh wr
lqyhvw lq sk|vlfdo fdslwdo/ ghvfulehg e| htxdwlrq +514;,1 Lq dgglwlrq/ erwk idfwru
lqfrph wd{hv d�hfw wkh vhfwrudo doorfdwlrq ri idfwruv/ ghvfulehg e| htxdwlrq +514:,1

5191 Wkh Sodqqhg Vroxwlrq

Lq frqwudvw wr wkh uhsuhvhqwdwlyh krxvhkrog/ d ehqhyrohqw fhqwudo sodqqhu wdnhv
wkh qhjdwlyh vlgh h�hfwv ri surgxfwlrq lqwr dffrxqw1 Frqvxpswlrq/ wkh dprxqw
ri sxeolf dedwhphqw dfwlylwlhv/ dqg wkh doorfdwlrq ri sk|vlfdo dqg kxpdq fdslwdo
ehwzhhq wkh wzr vhfwruv duh fkrvhq/ lq rughu wr pd{lplvh wkh glvfrxqwhg olih
wlph xwlolw| ri wkh uhsuhvhqwdwlyh krxvhkrog +51;, vxemhfw wr wkh kxpdq fdslwdo

4:D kdw deryh d yduldeoh lqglfdwhv lwv udwh ri jurzwk1
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dffxpxodwlrq ixqfwlrq +516, dqg wkh uhvrxufh frqvwudlqw ri wkh hfrqrp| +515,1
Wkh �uvw rughu frqglwlrqv zlwk uhvshfw wr �/ g/ M/ ~/ �/ dqg � ehfrph
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E�� ��M
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+5157,

zkhuh >& dqg >� duh wkh vkdgrz sulfhv ri sk|vlfdo fdslwdo dqg kxpdq fdslwdo lq wkh
vrfldo sodqqhu vroxwlrq/ uhvshfwlyho|1 Qrwh wkdw htxdwlrqv +514<, � +5157, ghvfuleh
wkh �uvw ehvw vroxwlrq ri wkh hfrqrp|1 Htxdwlrq +514<, lpsolhv wkdw wkh pdujlqdo
xwlolw| ri frqvxpswlrq lq hyhu| shulrg vkrxog htxdo wkh vkdgrz sulfh ri sk|vlfdo1
Wkh �uvw Hxohu frqglwlrq +5153, lpsolhv wkdw wkh udwh ri fkdqjh ri wkh vkdgrz sulfh
ri sk|vlfdo fdslwdo vkrxog htxdo wkh pdujlqdo surgxfw ri fdslwdo lq wkh �qdo jrrgv
vhfwru1 Wkh vhfrqg Hxohu frqglwlrq +5154, lv lghqwlfdo wr htxdwlrq +5146,1 Htxd0
wlrq +5155, ghvfulehv wkh rswlpdo doorfdwlrq ri uhvrxufhv ehwzhhq sxeolf dedwhphqw
dqg surgxfwlrq ri sk|vlfdo fdslwdo1 Dffruglqj wr htxdwlrq +5155,/ wkh pdujlqdo
xwlolw| ri sxeolf dedwhphqw dfwlylwlhv vkrxog htxdo wkh vkdgrz sulfh ri sk|vlfdo
fdslwdo1 Ilqdoo|/ htxdwlrqv +5156, dqg +5157, ghvfuleh wkh rswlpdo doorfdwlrq ri
sk|vlfdo dqg kxpdq fdslwdo1

Diwhu holplqdwlqj wkh vkdgrz sulfhv/ htxdwlrqv +5156, dqg +5157, |lhog wkh
rswlpdo vhfwrudo doorfdwlrq ri uhvrxufhv lq wkh vrfldoo| sodqqhg hfrqrp|=
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Ilqdoo|/ wkh Nh|qhv�Udpvh| uxoh iru wkh vrfldoo| sodqqhg hfrqrp| lv rewdlqhg e|
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xvh ri htxdwlrqv +514<, dqg +5153,
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t

�g
� 4 � -7 � 4c +5159,

zkhuh -7 lv gh�qhg dv wkh vrfldo uhwxuq wr fdslwdo lqyhvwphqw1 Dv fdq eh vhhq/ wkh
vrfldo uhwxuq htxdov wkh sulydwh uhwxuq wr fdslwdo lqyhvwphqw k Et*�g� fruuhfwhg
e| wkh rswlpdo pdujlqdo gdpdjh ri srooxwlrq ~*t / zklfk lv h{whuqdo wr �upv lq
wkh pdunhw hfrqrp|1

61 Wkh Edodqfhg Jurzwk Sdwk

Lq wklv vhfwlrq/ wkh rswlpdo wd{ udwhv duh ghulyhg1 Ixuwkhupruh/ wkh uhgxfhg irupv
ri wkh edodqfhg jurzwk udwh dqg doo fruh yduldeohv dqg udwlrv duh ghulyhg1 Ilqdoo|/
wkh vpdoo rshq hfrqrp| yhuvlrq ri wkh prgho lv frqvlghuhg1

Dorqj d edodqfhg jurzwk sdwk/ wkh yduldeohv �/ M/ g/ t / dqg ~ jurz dw
wkh vdph frqvwdqw udwh/ zkhuhdv � dqg � duh frqvwdqw ryhu wlph1 Wkhuhiruh/ wkh
edodqfhg jurzwk udwh } fdq eh gh�qhg dv iroorzv

} � 	� ' 	M ' 	g ' 	t ' 	~ ' �	>
W
� 4 ' �	bW � 4 +614,

f ' �� ' ��

zkhuh d kdw deryh d yduldeoh lqglfdwhv lwv udwh ri jurzwk1 Dffruglqj wr frqgl0
wlrq +614,/ wkh udwlrv �*g/ �*t / g*M/ ~*g/ dqg ~*t duh frqvwdqw dorqj d
edodqfhg jurzwk sdwk1 Wklv lpsolhv wkdw wkh ohyho ri qhw srooxwlrq � lv frqvwdqw
dorqj wkh edodqfhg jurzwk sdwk1 D frqvwdqw ohyho ri � lv lq dffrug zlwk vxvwdlq0
deoh hqylurqphqwdo ghyhorsphqw li wkh hfrv|vwhp lv dvvxphg wr eh d uhqhzdeoh
uhvrxufh dqg wkh ohyho ri srooxwlrq grhv qrw h{fhhg wkh qdwxudo uhjhqhudwlrq14;

6141 Rswlpdo Wd{ Udwhv

Wklv vhfwlrq ghulyhv wkh rswlpdo wd{ udwhv lq wkh prgho1 Lq rughu wr ghulyh wkh �uvw
ehvw wd{ udwhv/ wkh �uvw rughu frqglwlrqv ri wkh pdunhw vroxwlrq duh frpsduhg zlwk
wkh fruuhvsrqglqj �uvw rughu frqglwlrqv ri wkh fhqwudo sodqqhu vroxwlrq1 Frpsdu0
lvrq ri htxdwlrqv +5148, zlwk +5157, dqg +5145, zlwk +5153, xvlqj htxdwlrq +519,

4;Vhh ^57` Vpxoghuv +4<<8, iru d vxuyh| rq hqylurqphqwdo vxvwdlqdelowl| lq hqgrjhqrxv jurzwk
prghov1
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dqg +51:, uhyhdov wkh iroorzlqj wzr frqglwlrqv iru d �uvw ehvw vroxwlrq=

E�� ��� E�� �R� ' E�� �&� E�� �R� ' ��
�
~

t

���7
+615,

zkhuh wkh vxshuvfulsw ��7 ghqrwhv wkh fhqwudo sodqqhu vroxwlrq1 Uhfdoo wkdw wkh
dedwhphqw�rxwsxw udwlr lv frqvwdqw dorqj d edodqfhg jurzwk sdwk1 Qrwh wkdw
wkhuh duh pruh wkdq rqh srvvlelolw| wr dfklhyh d �uvw ehvw vroxwlrq lq d pdunhw
hfrqrp|1 Frqglwlrq +615, fdq eh ixo�oohg lq dw ohdvw wkuhh zd|v/ vhh wdeoh 6141
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Wdeoh 614= Rswlpdo wd{ udwhv/ zkhq � ' Et*~��

Fdvh 4= D �uvw ehvw vroxwlrq fdq eh uhdfkhg e| vhwwlqj wd{ udwhv rq oderxu
dqg fdslwdo htxdo wr }hur dqg wkh srooxwlrq wd{ htxdo wr wkh rswlpdo pdujlqdo
gdpdjh ri srooxwlrq1 Lq wklv fdvh/ wkh srooxwlrq wd{ fruuhvsrqgv wr d Sljrxyldq
wd{1 Qrwh wkdw wkh �uvw ehvw vroxwlrq fdq eh uhdfkhg zlwkrxw wkh xvh ri d oxps
vxp lqvwuxphqw lq doo wkuhh fdvhv1 Khqfh/ lq fdvh 4 wkh srooxwlrq wd{ ixo�oov
wzr wdvnv dw wkh vdph wlph1 Lw fruuhfwv wkh lqh!flhqw lqsxw udwlr dqg jhqhudwhv
wkh h{dfw dprxqw ri sxeolf uhyhqxhv wr surylgh wkh rswlpdo ohyho ri dedwhphqw1
Exw dgglwlrqdoo|/ wkhuh duh dw ohdvw wzr rwkhu zd|v wr uhdfk d �uvw ehvw vroxwlrq
zlwkrxw vhwwlqj wkh srooxwlrq wd{ dw lwv Sljrxyldq ohyho1 Fdvh 5= D �uvw ehvw
vroxwlrq fdq eh uhdfkhg e| vhwwlqj erwk idfwru lqfrph wd{hv htxdo wr wkh rswlpdo
pdujlqdo gdpdjh ri srooxwlrq dqg wkh srooxwlrq wd{ htxdo wr }hur1 Khqfh/ d
frpsuhkhqvlyh lqfrph wd{ E�� ' � &� zrunv lq wkh vdph zd| dv d srooxwlrq wd{1
Wkhuhiruh/ vhwwlqj d frpsuhkhqvlyh lqfrph wd{ htxdo wr wkh rswlpdo dedwhphqw�
rxwsxw udwlr lv htxlydohqw wr d Sljrxyldq wd{1 Fdvh 6= D �uvw ehvw vroxwlrq fdq eh
uhdfkhg lq pdq| rwkhu zd|v e| vhwwlqj d frpsuhkhqvlyh lqfrph wd{ dqg xvlqj d
srooxwlrq wd{ lq dgglwlrq1 Rqh ri wkhp lv uhsuhvhqwhg lq wdeoh 614 iru �� ' �& ' � R1
Lq doo wkuhh fdvhv/ wkh rswlpdo wd{ vwuxfwxuh krogv erwk dorqj dqg rxwvlgh wkh
edodqfhg jurzwk sdwk1 Rxwvlgh wkh edodqfhg jurzwk sdwk/ wkh wd{ udwhv fkdqjh
ryhu wlph vlqfh wkh rswlpdo dedwhphqw�rxwsxw udwlr lv qrw frqvwdqw1 Krzhyhu/
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dorqj wkh edodqfhg jurzwk sdwk wkh wd{ udwhv duh frqvwdqw/ vlqfh wkh dedwhphqw�
rxwsxw udwlr lv frqvwdqw1 Ilqdoo|/ lw fdq eh vwdwhg wkdw wkh qrq�oxps vxp lqfrph
wd{hv pd| eh h!flhqw/ zkhq wkh wd{ uhyhqxhv froohfwhg e| wkh jryhuqphqw duh
vshqw rq dedwhphqw dfwlylwlhv1

6151 Wkh Pdunhw Hfrqrp|

Lq wkh iroorzlqj/ zh dqdo|vh wkh h�hfwv ri wd{ dqg sdudphwhu fkdqjhv rq wkh
uhgxfhg irupv ri doo fruh yduldeohv dqg udwlrv1 Dw wkh hqg ri wkh vhfwlrq/ wkh
uhvxowv duh vxppdulvhg lq wdeoh 6151 Dorqj d edodqfhg jurzwk sdwk/ wkh �uvw
rughu frqglwlrqv ri wkh pdunhw hfrqrp| +5146, dqg +514;,/ wkh kxpdq fdslwdo
dffxpxodwlrq frqvwudlqw +516,/ dqg wkh uhvrxufh frqvwudlqw ri wkh hfrqrp| +515,
fdq eh uhzulwwhq e| xvh ri frqglwlrq +614,=
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Lq rughu wr ghulyh wkh uhgxfhg irup ri wkh sk|vlfdo wr kxpdq fdslwdo udwlr
lq wkh �qdo jrrg vhfwru E�g� * E�M�/ zh vxevwlwxwh wkh whup E�� �� * E�� �� lq
htxdwlrq +617, e| +514:, dqg vhw lw htxdo wr +616,=
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Dffruglqj wr htxdwlrq +61:,/ wkh sk|vlfdo wr kxpdq fdslwdo udwlr lq wkh �qdo jrrgv
vhfwru E�g� * E�M� ghshqgv srvlwlyho| rq wkh wd{ rq oderxu lqfrph dqg qhjdwlyho|
rq wkh wd{hv rq srooxwlrq dqg fdslwdo lqfrph1 Lw lv reylrxv wkdw d kljkhu oderxu
lqfrph wd{ ohdgv wr d pruh fdslwdo lqwhqvlyh �qdo jrrgv surgxfwlrq/ zkhuhdv vwxg|0
lqj ehfrphv pruh oderxu lqwhqvlyh1 Wkh rssrvlwh lv wuxh iru d kljkhu srooxwlrq
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wd{ dqg d kljkhu fdslwdo lqfrph wd{1 Wkh h�hfw ri d fkdqjh lq wkh frpsuhkhq0
vlyh lqfrph wd{ rq wkh sk|vlfdo wr kxpdq fdslwdo udwlr lv lghqwlfdo wr wkdw ri d
fkdqjh lq wkh srooxwlrq wd{1 Wklv lv wkh uhdvrq ehklqg wkh htxlydohqfh ri d frp0
suhkhqvlyh wd{ dqg d srooxwlrq wd{ iru lqwhuqdolvlqj wkh h{whuqdo h�hfw ri srooxwlrq1
Dowkrxjk/ wkh srooxwlrq wd{ lv htxlydohqw wr d wd{ rq rxwsxw lw grhv uhgxfh wkh
udwlr ri sk|vlfdo wr kxpdq fdslwdo lq �qdo jrrgv surgxfwlrq1 Wkh lqwxlwlrq ehklqg
wklv lv wkdw dq rxwsxw wd{ uhgxfhv wkh uhwxuq wr sk|vlfdo fdslwdo qhw ri wd{ udwh
gluhfwo|/ zkhuhdv wkh udwh ri uhwxuq wr lqyhvwphqw lq kxpdq fdslwdo lv ohiw xqdi0
ihfwhg/ ehfdxvh hgxfdwlrq lv d qrq�pdunhw dfwlylw|1 Vlqfh wkh uhwxuq wr fdslwdo
lqyhvwphqw vkrxog htxdo wkh uhwxuq wr kxpdq fdslwdo lqyhvwphqw/ �qdo jrrgv sur0
gxfwlrq pxvw ehfrph pruh kxpdq fdslwdo lqwhqvlyh lq rughu wr ohdyh wkh uhwxuq
wr fdslwdo lqyhvwphqw qhw ri wd{ xqd�hfwhg1

Wkh uhgxfhg irupv ri wkh uhwxuq wr fdslwdo lqyhvwphqw qhw ri wd{ dqg wkh jurzwk
udwh/ vhh htxdwlrq +514;,/ fdq qrz eh rewdlqhg e| lqwurgxfwlrq ri htxdwlrq +61:,
lq +616,=
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Dffruglqj wr htxdwlrq +61<,/ wkh edodqfhg jurzwk udwh lq wkh pdunhw hfrqrp|
ghshqgv srvlwlyho| rq wkh ohyhov ri wkh whfkqrorj| lq wkh �qdo jrrgv vhfwru �
dqg wkh hgxfdwlrq vhfwru �/ zkloh lw ghshqgv qhjdwlyho| rq wkh fdslwdo lqfrph
wd{ �&/ wkh oderxu lqfrph wd{ ��/ wkh frpsuhkhqvlyh lqfrph wd{ �� ' � &/ wkh
srooxwlrq wd{ � R/ dqg wkh udwh ri wlph suhihuhqfh 41 Lw fdq eh vhhq wkdw d wd{
rq frqvxpswlrq � S grhv qrw d�hfw wkh orqj whup jurzwk udwh1 Ixuwkhupruh/ wkh
ydoxh dgghg wd{ kdv wkh fkdudfwhulvwlfv ri d oxps vxp wd{/ vlqfh lw grhv qrw glvwruw
wkh hfrqrp|14< Wkh uhvxow wkdw qrq�hqylurqphqwdo wd{hv uhgxfh jurzwk kdv ehhq
douhdg| vkrzq e| ^49` Plohvl�Ihuuhwwl ) Urxelql +4<<8, lq d vlplodu prgho zlwkrxw

4<Lq fdvh wkh pruh jhqhudo xwlolw| ixqfwlrq X @
+FS��,

4��
�4

4��
lv xvhg/ wkh uhgxfhg irup ri

wkh jurzwk udwh +61<, fkdqjhv wr= j @ 4
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Reylrxvo|/ dq lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq 4@� xqhtxdo wr xqlw| grhv qrw dowhu wkh

txdolwdwlyh jurzwk udwh h�hfwv ri sdudphwhu dqg wd{ udwh fkdqjhv1
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srooxwlrq1 Ixuwkhupruh wkh| vwdwh wkdw jurzwk dqg zhoiduh duh pd{lpl}hg/ zkhq
idfwru lqfrph lv wd{hg dw d }hur udwh1 Khqfh/ lq wkhlu prgho wkh rxwfrph ri wkh
xquhjxodwhg pdunhw hfrqrp| lv d �uvw ehvw vroxwlrq1 Krzhyhu/ zh frqvlghu wkh
hqylurqphqw lq dgglwlrq dqg vkrz wkdw wkh orqj�whup jurzwk udwh dqg srooxwlrq
lq dq xquhjxodwhg pdunhw hfrqrp| lv wrr kljk iurp d zhoiduh shuvshfwlyh/ zkhq
srooxwlrq kdupv xwlolw|1

Lq wkh iroorzlqj/ wkh uhgxfhg irupv ri wkh iudfwlrqv ri kxpdq dqg sk|vlfdo
fdslwdo wkdw duh ghyrwhg wr �qdo jrrgv surgxfwlrq duh ghwhuplqhg1 Wkh iudfwlrq
ri kxpdq fdslwdo doorfdwhg wr �qdo jrrgv surgxfwlrq lv ghulyhg e| xvh ri htxd0
wlrqv +617, dqg +618, dqg lqwurgxfwlrq ri +61<,=
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Lw fdq eh vhhq lpphgldwho| wkdw wkh iudfwlrq ri kxpdq fdslwdo doorfdwhg wr �qdo
jrrgv surgxfwlrq ghshqgv srvlwlyho| rq erwk idfwru lqfrph wd{hv/ wkh frpsuhkhq0
vlyh lqfrph wd{/ dqg wkh srooxwlrq wd{1 Lw vhhpv frqwud�lqwxlwlyh wkdw dq lqfuhdvh
lq wkh oderu lqfrph wd{ lqgxfhv djhqwv wr vshqw pruh wlph dw zrun1 Krzhyhu/
wkh fdslwdo�oderxu udwlr �*� dqg qrw wkh devroxwh ydoxh ri � lv uhohydqw iru wkh
doorfdwlrq ri sk|vlfdo dqg kxpdq fdslwdo ehwzhhq wkh wzr surgxfwlrq vhfwruv1 Dv
zh zloo vhh ehorz/ d oderxu lqfrph wd{ dovr lqfuhdvhv wkh iudfwlrq ri sk|vlfdo
fdslwdo doorfdwhg wr �qdo jrrgv surgxfwlrq1 Krzhyhu/ � ulvhv pruh wkdq �/ vlqfh
d oderxu lqfrph wd{ lqfuhdvhv wkh fdslwdo�oderxu udwlr lq wkh �qdo jrrgv vhfwru
�*� uhodwlyh wr fdslwdo0oderxu udwlr lq wkh hgxfdwlrq vhfwru E�� �� * E�� ��/ vhh
htxdwlrq +514:,1

Qrz/ wkh iudfwlrq ri sk|vlfdo fdslwdo doorfdwhg wr �qdo jrrgv surgxfwlrq lv
ghulyhg e| xvh ri htxdwlrqv +514:, dqg +6144, dqg lqwurgxfwlrq ri +61<,
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zkhuh wkh iudfwlrq ri sk|vlfdo fdslwdo doorfdwhg wr �qdo jrrgv surgxfwlrq ghshqgv
srvlwlyho| rq wkh oderxu lqfrph wd{/ wkh frpsuhkhqvlyh lqfrph wd{/ dqg wkh sro0
oxwlrq wd{/ zkloh wkh h�hfw ri wkh fdslwdo lqfrph wd{ lv suhvxphg wr eh qhjdwlyh/
exw fdqqrw eh vljqhg xqdpeljxrxvo|1

Lq wkh iroorzlqj/ wkh uhgxfhg irup ri wkh dedwhphqw�rxwsxw udwlr lv ghulyhg1
Wkhuhiruh/ wkh exgjhw frqvwudlqw ri wkh jryhuqphqw +5143, lv uhzulwwhq dv=
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Lqwurgxfwlrq ri wkh uhvrxufh frqvwudlqw ri wkh hfrqrp| +619, lq htxdwlrq +6146,
|lhogv hlwkhu
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Lw fdq eh vhhq wkdw d frqvxpswlrq wd{ lqfuhdvhv wkh dedwhphqw�rxwsxw udwlr1 Krz0
hyhu/ wkh h{foxvlyh xvh ri wkh frqvxpswlrq wd{ fdqqrw |lhog d �uvw ehvw vroxwlrq/
vlqfh lw grhv qrw fruuhfw wkh vhfwrudo doorfdwlrq ri idfwruv1 Iru wkh ghulydwlrq ri wkh
rwkhu h�hfwv zh kdyh wr vhw wkh oxps vxp frqvxpswlrq wd{ htxdo wr }hur/ rwkhu0
zlvh wkh h�hfwv fdqqrw eh vljqhg1 Gxh wr wd{ lqwhudfwlrq h�hfwv/ d kljkhu srooxwlrq
wd{ hurghv wkh wd{ edvhv ri wkh qrq�hqylurqphqwdo wd{hv/ zklfk �qdoo| frxog ohdg
wr d orzhu dedwhphqw�rxwsxw udwlr dqg wkhuhe| wr kljkhu srooxwlrq1 Dq lqfuhdvh
lq wkh srooxwlrq wd{ udlvhv wd{ uhyhqxh gluhfwo|/ exw orzhuv wkh idfwru lqfrph wd{
uhyhqxh lqgluhfwo| wkurxjk d gurs lq wkh uhwxuqv wr fdslwdo dqg oderxu1 Krzhyhu/
dq lqfuhdvh lq wkh srooxwlrq wd{ lqfuhdvhv wkh dedwhphqw�rxwsxw udwlr dqg khqfh
uhgxfhv srooxwlrq dv orqj dv wkh wd{hv rq fdslwdo dqg oderxu duh ehwzhhq }hur dqg
rqh1 Wkh h�hfwv ri d frpsuhkhqvlyh lqfrph wd{ duh htxlydohqw wr d srooxwlrq wd{1
Lvrodwhg lqfuhdvhv lq hlwkhu wkh oderxu lqfrph wd{ ru wkh fdslwdo lqfrph wd{ udlvh
wkh dedwhphqw�rxwsxw udwlr zlwkrxw hurglqj dq| rwkhu wd{ edvhv1

Hyhq wkrxjk d frqvxpswlrq wd{ lv d oxps vxp wd{/ lw kdv d qhjdwlyh h�hfw
rq wkh frqvxpswlrq�rxwsxw udwlr/ vlqfh uhvrxufhv duh uhdoorfdwhg wrzdugv sxeolf
dedwhphqw dfwlylwlhv/ vhh htxdwlrq +6148,1 Krzhyhu/ wkh h�hfwv ri doo rwkhu wd{hv
dqg sdudphwhuv rq wkh frqvxpswlrq�rxwsxw udwlr fdqqrw eh vljqhg xqdpeljx0
rxvo|1 Wkh h�hfwv ri fkdqjhv lq wkh wd{ udwhv dqg wkh sdudphwhuv rq wkh fruh
yduldeohv dqg udwlrv duh vxppdul}hg lq wdeoh 615153

E| phdqv ri wkh Nh|qhv�Udpvh| uxoh +616, dqg wkh uhvxowv lq wdeoh 615 +vhfrqg
dqg �iwk urz,/ wkh fkdqqhov wkurxjk zklfk wd{hv d�hfw orqj whup hfrqrplf jurzwk
fdq eh vkrzq1 Wkh gluhfw h�hfw ri kljkhu wd{hv rq fdslwdo dqg srooxwlrq lv wr
uhgxfh wkh qhw lqwhuhvw udwh - iru d jlyhq sk|vlfdo wr kxpdq fdslwdo udwlr1 Iurp
htxdwlrq +616,/ zh nqrz wkdw wklv vlqjoh h�hfw uhgxfhv jurzwk1 Gxh wr wkh lqgluhfw

53Lq wdeoh 615/ wkh uhvxowv lqglfdwhg zlwk d c�* duh rewdlqhg e| vhwwlqj � f @ 3/ zkhuhdv cB*
fdqqrw eh vljqhg xqdpeljxrxvo|/ exw lv h{shfwhg wr eh qhjdwlyh1
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Wdeoh 615= Wkh h�hfwv ri fkdqjhv lq wd{hv dqg sdudphwhuv rq fruh yduldeohv

h�hfw ri wkhvh wd{hv/ �qdo jrrg surgxfwlrq ehfrphv pruh oderxu�lqwhqvlyh/ zklfk
fhwhulv sdulexv vwlpxodwhv jurzwk gxh wr d kljkhu pdujlqdo surgxfw ri sk|vlfdo
fdslwdo1 Wdeoh 615 vkrzv wkdw wkh gluhfw h�hfw grplqdwhv wkh lqgluhfw h�hfw1 D
kljkhu oderxu wd{ ohdgv wr d pruh fdslwdo�lqwhqvlyh �qdo jrrg surgxfwlrq/ zklfk
orzhuv jurzwk lqgluhfwo|/ vhh htxdwlrq +616,1

Lq wkh suhfhglqj dqdo|vhv/ wkh fdvh ri surgxfwlyh hqylurqphqwdo vslooryhuv kdyh
qrw ehhq wdnhq lqwr dffrxqw1 Krzhyhu/ dq lpsuryhphqw lq wkh txdolw| ri wkh hq0
ylurqphqw pd| lqfuhdvh wkh surgxfwlylw| lq wkh �qdo jrrgv surgxfwlrq ru lq wkh
hgxfdwlrq vhfwru154 Irupdoo|/ wkhvh fdvhv frxog kdyh ehhq dqdo|vhg lq wkh suhvhqw
vhwxs e| dgglqj d pxowlsolfdwlyh whup �3" rq wkh ohiw kdqg vlgh ri wkh surgxfwlrq
ixqfwlrq +514, ru wkh kxpdq fdslwdo dffxpxodwlrq ixqfwlrq +516,1 Krzhyhu/ lw lv
srvvleoh wr glvfxvv surgxfwlyh hqylurqphqwdo vslooryhuv zlwkrxw d irupdo dqdo|vlv1
Dorqj d edodqfhg jurzwk sdwk/ d ehwwhu hqylurqphqwdo txdolw| lv qdpho| htxly0
dohqw wr kljkhu ohyhov ri wkh whfkqrorj| � ru �/ ehfdxvh wkh ohyho ri srooxwlrq lv
frqvwdqw dorqj d edodqfhg jurzwk sdwk1 Iurp wdeoh 615/ dq lqfuhdvh lq surgxf0
wlylw| lv vhhq wr lqfuhdvh hfrqrplf jurzwk1 Khqfh/ hqylurqphqwdo lpsuryhphqwv
vwlpxodwh hfrqrplf jurzwk/ fhwhulv sdulexv1 Zkhwkhu/ wklv srvlwlyh jurzwk udwh
h�hfw grplqdwhv wkh deryh�phqwlrqhg qhjdwlyh jurzwk udwh h�hfw ghshqgv vroho|
rq sdudphwhu ydoxhv1

6161 Wkh Vpdoo Rshq Hfrqrp|

Vr idu zh kdyh dqdo|vhg wkh h�hfwv ri hqylurqphqwdo srolf| lq d forvhg hfrq0
rp| vhwwlqj1 Lq wklv vhfwlrq/ zh frpsohphqw wkh dqdo|vlv e| lqyhvwljdwlqj wkh
srvvlelolwlhv iru d vpdoo rshq hfrqrp| wr ohdg dq lqghshqghqw hqylurqphqwdo sro0
lf|1 Wkurxjkrxw/ wkh frqyhqwlrqdo dvvxpswlrqv ri lqwhuqdwlrqdo wudgh prghov duh

54Vrph hpslulfdo hylghqfh vxjjhvwv wkdw srooxwlrq pd| fdxvh surgxfwlylw| orvhv/ vhh h1j1

^47` Pdujxolv +4<<5,/ ^4` Edoodug ) Phghpd +4<<6,/ dqg ^7` Euhqghprhq ) Yhqqhpr +4<<7,1
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pdgh= Grphvwlf fdslwdo jrrgv dqg iruhljq dvvhwv 8 duh shuihfw vxevwlwxwhv/ wkhuh
lv lqwhuqdwlrqdo eruurzlqj dqg ohqglqj/ dqg lqwhuqdwlrqdo wudgh lq fdslwdo dqg
frqvxpswlrq jrrgv/ exw lqwhuqdwlrqdo lpprelolw| ri oderxu l1h1 kxpdq fdslwdo1
Wkh odwwhu dvvxpswlrq hqvxuhv wkdw wkh vpdoo rshq hfrqrp| zloo qrw vshfldolvh
ryhu wlph lq hlwkhu �qdo jrrgv surgxfwlrq ru hgxfdwlrq1 Ixuwkhupruh/ wkh zruog
lqwhuhvw udwh os fdqqrw eh lq xhqfhg e| d vpdoo rshq hfrqrp| dqg lv wkhuhiruh
h{rjhqrxv1 Wklv lpsolhv wkdw wkh diwhu�wd{ uhwxuq wr fdslwdo lqyhvwhg grphvwlfdoo|
dqg deurdg lv wkh vdph/ li d uhvlghqfh�edvhg +zruog zlgh, wd{ v|vwhp55 lv dvvxphg1
Lq dgglwlrq/ zh dvvxph wkdw wkh hqylurqphqwdo h{whuqdolw| lv qdwlrqdo lq vfrsh156

Jlyhq wkhvh dvvxpswlrqv/ wkh  rz uhvrxufh frqvwudlqw ri wkh vpdoo rshq hfrqrp|
ehfrphv

t n os8 ' � n �g n �8 n ~c +6149,

zkhuh os8 lv wkh lqwhuhvw sd|phqw hduqhg rq iruhljq dvvhwv dqg �8 lv lqyhvwphqw lq
iruhljq dvvhwv1 Lq wkh vpdoo rshq pdunhw hfrqrp|/ wkh �uvw rughu frqglwlrqv ri wkh
uhsuhvhqwdwlyh djhqw*v pd{lplvdwlrq sureohp duh vwloo jlyhq e| htxdwlrqv +5144,
� +5148,/ exw lq dgglwlrq wkh diwhu�wd{ uhwxuq wr grphvwlf fdslwdo vkrxog htxdo wkh
diwhu�wd{ uhwxuq wr lqyhvwphqw lq iruhljq dvvhwv=57

- ' E�� � &� o ' E�� � s� os +614:,

Wkh vpdoo rshq hfrqrp| fdq vwloo ghwhuplqh wkh grphvwlf lqwhuhvw udwh qhw ri wd{
e| xvh ri lwv wd{ srolf|1 Exw dw wkh vdph wlph wkh grphvwlf lqwhuhvw udwh qhw ri
wd{ vkrxog htxdo wkh qhw ri wd{ zruog lqwhuhvw udwh1 Dv d frqvhtxhqfh/ wkh rqo|
gl�huhqfh ehwzhhq wkh forvhg hfrqrp| dqg wkh vpdoo rshq hfrqrp| lv wkdw wkh
jryhuqphqw pxvw dffrpprgdwh wkh wd{ rq iruhljq fdslwdo lqfrph lq rughu wr ixo�o
htxdwlrq +614:,1 Wkxv/ wkh wd{ rq iruhljq fdslwdo lqfrph � s lv qrw d uhdo ghflvlrq
yduldeoh ri wkh jryhuqphqw1 Lq fdvh wkh diwhu�wd{ uhwxuq lv kljkhu rq iruhljq
dvvhwv/ wkhuh zloo eh d shupdqhqw rxw rz ri fdslwdo iurp wkh grphvwlf hfrqrp|1
Lq fdvh wkh diwhu�wd{ uhwxuq lv orzhu rq iruhljq dvvhwv/ wkhuh zloo eh shupdqhqw
lq rz ri fdslwdo1 Reylrxvo|/ erwk ri wkhvh fdvhv duh xqvwdeoh1 Wkh hqgrjhqrxv

55Wklv lv wkh suhydlolqj wd{dwlrq v|vwhp/ vhh h1j1 ^4;` RHFG +4<<4,1 Djhqwv sd| wd{hv lq wkhlu
krph frxqwu| rq fdslwdo lqfrph iurp iruhljq lqyhvwphqwv/ exw uhfhlyh d wd{ fuhglw iru dq| wd{hv

sdlg deurdg rq wklv lqfrph1
56Lq fdvh ri joredo hqylurqphqwdo sureohpv olnh wkh dqwkursrjhqlf juhhqkrxvh h�hfw ru wkh

ghvwuxfwlrq ri wkh r}rqh od|hu/ d vpdoo rshq hfrqrp| kdv qr lq xhqfh rq wkh srooxwlrq ohyho dw

doo1
57Qrwh wkdw lq d sxuh uhvlghqfh0edvhg wd{dwlrq v|vwhp grphvwlf dqg iruhljq fdslwdo lqfrph

zrxog eh wd{hg dw wkh vdph udwh1
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ghwhuplqdwlrq ri wkh wd{ rq iruhljq fdslwdo lqfrph lv ghulyhg e| lqwurgxfwlrq ri
wkh diwhu�wd{ lqwhuhvw udwh +61;, lq htxdwlrq +614:,=
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Lw fdq eh vhhq wkdw iru jlyhq wd{hv rq oderxu lqfrph/ fdslwdo lqfrph dqg srooxwlrq/
wkhuh h{lvwv d xqltxh ihdvleoh ydoxh ri wkh wd{ rq iruhljq dvvhwv wkdw htxdolvhv wkh
uhwxuqv wr grphvwlf dqg iruhljq lqyhvwphqw1 Vlqfh wkh htxloleulxp lqwhuhvw udwh
qhw ri wd{ - +61;, lv d qhjdwlyh ixqfwlrq ri wkh wd{hv rq fdslwdo/ oderxu dqg
srooxwlrq/ wkh wd{ rq iruhljq dvvhwv lv d srvlwlyh ixqfwlrq ri wkhvh wd{hv1 Wklv
uhvxow lv vlplodu wr wkh uhvxow rewdlqhg e| ^48` Plohvl�Ihuuhwwl ) Urxelql +4<<7,/
h{fhsw iru wkh h�hfw ri wkh srooxwlrq wd{1

Wkh nh| lqvljkw iurp wkh deryh dqdo|vlv lv wkdw d vpdoo rshq hfrqrp| xqghu d
uhvlghqfh�edvhg wd{ v|vwhp fdq ghwhuplqh wkh diwhu�wd{ uhwxuq hduqhg e| grphvwlf
uhvlghqwv dv orqj dv wkh wd{ udwh rq iruhljq fdslwdo lqfrph lv vhw dffruglqj wr
frqglwlrq +614;,1 Wkxv/ wkh diwhu�wd{ uhwxuqv rq grphvwlf fdslwdo htxdov wkh zruog
lqwhuhvw udwh qhw ri wkh wd{ rq iruhljq fdslwdo lqfrph ohylhg rq grphvwlf uhvlghqwv1
Khqfh/ d vpdoo rshq hfrqrp| fdq ghflgh lwv rzq jurzwk udwh wkurxjk wd{dwlrq ri
idfwru lqfrph1 Lq idfw/ wkh edodqfhg jurzwk udwh lv wkh vdph lq wkh vpdoo rshq
hfrqrp| dqg lq wkh forvhg hfrqrp| +61<,158 Ixuwkhupruh/ d vpdoo rshq hfrqrp|
fdq xvh h!flhqw lqvwuxphqwv wr lqwhuqdol}h wkh srooxwlrq h{whuqdolw|1

Dv d frqvhtxhqfh/ wkh rswlpdo wd{dwlrq uhvxowv ri vhfwlrq 614 duh vwloo ydolg1
Krzhyhu/ wkh jryhuqphqw lq wkh vpdoo rshq hfrqrp| rewdlqv dq dgglwlrqdo uhyhqxh
iurp wkh wd{ rq iruhljq dvvhwv1 Wklv wd{ uhyhqxh pxvw eh uhglvwulexwhg lq d oxps
vxp pdqqhu wr jxdudqwhh d �uvw ehvw vroxwlrq1 Wkh pdlq gl�huhqfh ehwzhhq
wkh forvhg dqg wkh rshq hfrqrp| lv wkdw wkh odwwhu zloo h{klelw qr wudqvlwlrqdo
g|qdplfv dv orqj dv wkhuh duh qr lqyhvwphqw frvwv suhvhqw1 Wkh grphvwlf fdslwdo
vwrfn fdq eh fkdqjhg lpphgldwho| e| eruurzlqj ru ohqglqj lq wkh lqwhuqdwlrqdo
fdslwdo pdunhwv1

Li lq frqwudvw fdslwdo lqfrph lv wd{hg dffruglqj wr wkh vrxufh�edvhg wd{ sulq0
flsoh/ wkh jryhuqphqw ehfrphv sduwldoo| uhvwulfwhg lq lwv wd{ srolf|1 Xqghu vxfk
d v|vwhp wkh qhw ri wd{ lqwhuhvw udwh lq wkh vpdoo rshq hfrqrp| pxvw htxdo wkh
zruog lqwhuhvw udwh

- ' E�� �&� o ' os c +614<,

58Wkh sdshuv e| ^43` Nlqj ) Uhehor +4<<3, dqg ^55` Uhehor +4<<5, dovr vkrz wkdw d uhvlghqfh�

edvhg wd{dwlrq v|vwhp doorzv iru d zhgjh ehwzhhq erwk grphvwlf dqg zruog lqwhuhvw udwhv dqg

jurzwk udwhv1
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Wkxv/ wkh jurzwk udwh ri wkh vpdoo rshq hfrqrp| lv ghwhuplqhg e| wkh zruog
lqwhuhvw udwh1 Li rq wkh rqh kdqg/ wkh whfkqrorj| ri wkh surgxfwlrq surfhvvhv duh
lghqwlfdo dw krph dqg deurdg/ wkh jryhuqphqw ri wkh vpdoo rshq hfrqrp| fdqqrw
ohy| srvlwlyh wd{hv rq erwk oderxu/ fdslwdo/ dqg srooxwlrq/ vlqfh wklv zrxog ylrodwh
frqglwlrq +614<, zklfk hqvxuhv d vwdeoh vroxwlrq1 Krzhyhu/ dq lqghshqghqw hqyl0
urqphqwdo srolf| fdq vwloo eh ohdg e| wkh vpdoo rshq hfrqrp| e| vhwwlqj wzr ri
wkh wd{ udwhv dqg w|lqj wkh odvw rqh dffruglqj wr htxdwlrq +614<, jlyhq wkdw erwk
wd{hv dqg vxevlglhv duh dydlodeoh159 Wkxv/ wkh uhyhqxhv ri fhuwdlq frpelqdwlrqv ri
wd{hv dqg vxevlglhv/ zklfk grhv qrw dowhu wkh uhwxuq wr fdslwdo qhw ri wd{ -/ dqg
wkh uhyhqxh ri wkh oxps vxp frqvxpswlrq wd{ fdq eh xvhg wr lqfuhdvh dedwhphqw
dfwlylwlhv dqg wkhuhe| orzhu srooxwlrq1 Exw qrwh wkdw wklv lv d vhfrqg ehvw hqyl0
urqphqwdo srolf|1 Khqfh/ vkrxog wkh HX ghflgh wr pryh wrzdugv d vrxufh�edvhg
lqfrph wd{ v|vwhp/ wkhq d frpprq HX hqylurqphqwdo srolf| pljkw eh qhfhvvdu|/
vlqfh lqglylgxdo phpehu vwdwhv qr orqjhu fdq ohdg dq h�hfwlyh hqylurqphqwdo sro0
lf|1 Li rq wkh rwkhu kdqg/ wkh whfkqrorjlhv duh gl�huhqw wkh jryhuqphqw pxvw xvh
dw ohdvw rqh ri wkh deryh�phqwlrqhg wd{ lqvwuxphqwv wr ixo�o frqglwlrq +614<,1 Dv
orqj dv wkh lqwhuhvw udwh ri wkh vpdoo rshq hfrqrp| o lv odujhu wkdq wkh zruog
lqwhuhvw udwh os wkhuh lv d srvvlelolw| iru hqylurqphqwdo srolf|1 Li wkh lqwhuhvw udwh
lv vpdoohu wkdq wkh zruog lqwhuhvw udwh/ wkh vpdoo rshq hfrqrp| pxvw vxevlgl}h
wkh lqwhuhvw udwh dqg �qdqfh lw e| d oxps vxp wd{1

71 Fdslwdo dv wkh Srooxwlqj Idfwru

Diwhu kdylqj glvfxvvhg wkh srvvlelolwlhv ri d vpdoo rshq hfrqrp| wr ohdg dq lq0
ghshqghqw hqylurqphqwdo srolf|/ zh qrz wxuq edfn wr d forvhg hfrqrp| vhwwlqj1
Lq wkh suhfhglqj vhfwlrqv/ srooxwlrq zdv dvvxphg wr eh d ixqfwlrq ri rxwsxw dqg
sxeolf dedwhphqw dfwlylwlhv dffruglqj wr htxdwlrq +517,1 Lq wklv vhfwlrq/ zh dv0
vxph dq dqrwkhu sodxvleoh srooxwlrq vshfl�fdwlrq1 Srooxwlrq lv qrz dvvxphg wr
eh d ixqfwlrq ri sk|vlfdo fdslwdo xvhg lq wkh �qdo jrrgv surgxfwlrq dqg sxeolf

59Li doo iruhljq wd{ udwhv duh }hur/ wkhq ui @ G
4

4��.� dqg wkh uhvwulfwlrq rq grphvwlf wd{ udwhv

ehfrphv=
+4� �s, @ +4� �k,

�+4��,
+4� �n,

��

vhh htxdwlrq +61;,1 Wkxv/ srooxwlrq fdq h1j1 eh wd{hg dw wkh udwh �s @ v@+4.v,/ li idfwru lqfrph lv
vxevlglhg dw wkh frpsuhkhqvlyh udwh �k @ �n @ �v1 Wkh uhyhqxh iurp vxfk d srolf| lv qhjdwlyh/

zklfk lpsolhv wkdw frqvxpswlrq kdv wr eh wd{hg dw dq dssursuldwh udwh lq rughu wr edodqfh wkh

jryhuqphqw exgjhw dqg vwloo hqjdjh lq sxeolf dedwhphqw dfwlylwlhv/ vhh htxdwlrq +5143,1
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dedwhphqw dfwlylwlhv1 Wkh dowhuqdwlyh vshfl�fdwlrq ri wkh qhw srooxwlrq ixqfwlrq lv
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+714,

zkhuh srooxwlrq lv vhhq wr eh lqfuhdvlqj lq wkh xvh ri wkh gluw| idfwru dqg ghfuhdvlqj
lq sxeolf dedwhphqw1 Lq frqwudvw wr wkh srooxwlrq ixqfwlrq +517,/ wkh dowhuqdwlyh
vshfl�fdwlrq doorzv iru d uhgxfwlrq lq srooxwlrq zlwkrxw orzhulqj rxwsxw/ wkurxjk
d vxevwlwxwlrq ri sk|vlfdo e| kxpdq fdslwdo lq surgxfwlrq1 Wklv zrxog ohdg wr d
fohdqhu dqg d pruh oderxu�lqwhqvlyh �qdo jrrgv surgxfwlrq1

Lq wkh iroorzlqj/ zh ghulyh wkh jurzwk udwh h�hfwv ri fkdqjhv lq wkh wd{ udwhv
dqg wkh sdudphwhuv dqg frpsxwh wkh rswlpdo wd{ udwhv iru wklv srooxwlrq vshf0
l�fdwlrq jlyhq wkdw doo rwkhu wklqjv duh htxdo wr vhfwlrq 5141 Lq frqwudvw wr wkh
vhwxs deryh/ wkh srooxwlrq wd{ lv qrz ohylhg rq wkh xvh ri sk|vlfdo fdslwdo lq wkh
�qdo jrrg surgxfwlrq1 Wkhuhiruh/ wkh diwhu�wd{ pdujlqdo surgxfwv ri oderxu dqg
fdslwdo fkdqjh dv iroorzv=
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Wkh zdjh udwh lv vhhq wr eh xqd�hfwhg e| d srooxwlrq wd{/ zkloh wkh lqwhuhvw
udwh lv d qhjdwlyh ixqfwlrq ri wkh srooxwlrq wd{1 Wkh �uvw rughu frqglwlrqv ri wkh
pdunhw vroxwlrq +5144, � +5148, duh xqfkdqjhg1 Exw gxh wr wkh fkdqjhv lq wkh
zdjh dqg lqwhuhvw udwh/ wkh vhfwrudo doorfdwlrq ri idfwruv lv qr orqjhu xqd�hfwhg
e| d srooxwlrq wd{
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zkhuh htxdwlrqv +5147,/ +5148,/ +715, dqg +716, kdyh ehhq xvhg1
Wkh dowhuqdwlyh vshfl�fdwlrq ri wkh srooxwlrq ixqfwlrq fkdqjhv wkh gl�huhqwldo

htxdwlrqv/ zklfk jryhuq wkh edodqfhg jurzwk sdwk1 Wkxv/ dorqj wkh edodqfhg
jurzwk sdwk htxdwlrqv +617, � +619, vwloo krog/ zkloh wkh Nh|qhv�Udpvh| uxoh
+616, ri wkh pdunhw hfrqrp| fkdqjhv wr=

} ' -� 4 ' E�� � &�
�
k

t

�g
� � R

�
� 4 +718,
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Lq rughu wr ghwhuplqh wkh jurzwk udwh h�hfwv ri fkdqjhv lq wkh wd{ udwhv dqg
wkh sdudphwhuv/ zh ghulyh wkh uhgxfhg irup ri wkh jurzwk udwh e| xvlqj htxd0
wlrqv +617,/ +717, dqg +718,1 Wkh lpsolflw ixqfwlrq ri wkh uhgxfhg irup lv fdoohg 8 =
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Wkh h�hfwv ri sdudphwhu dqg wd{ udwh fkdqjhv fdq eh ghulyhg e| xvlqj wkh lpsolflw
ixqfwlrq uxoh15: Wkh jurzwk udwh lv qhjdwlyho| d�hfwhg e| wd{hv rq oderxu lqfrph/
fdslwdo lqfrph5;/ dqg srooxwlrq/ dqg e| wkh udwh ri wlph suhihuhqfh1 Dovr lq wklv
vshfl�fdwlrq/ d frqvxpswlrq wd{ lv d oxps vxp wd{ dqg wkhuhiruh kdv qr h�hfw rq
hfrqrplf jurzwk1 Jurzwk lv vwlpxodwhg e| lqfuhdvhv lq wkh ohyhov ri whfkqrorj| lq
erwk vhfwruv/ � dqg �1 Wkhvh uhvxowv duh vlplodu wr wkh vhfrqg urz ri wdeoh 615 lq
vhfwlrq 6151

Lq wkh iroorzlqj/ wkh rswlpdo wd{ udwhv duh irxqg e| d frpsdulvrq ri wkh �uvw
rughu frqglwlrqv ri wkh uhsuhvhqwdwlyh djhqw sureohp +5144, � +5148, dqg wkh vr0
fldo sodqqhu sureohp +D16, � +D1;,15< Wklv frpsdulvrq |lhogv wkh iroorzlqj wzr
htxdwlrqv wkdw pxvw eh ixo�oohg lq rughu wr dfklhyh wkh �uvw ehvw rswlpxp=
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Htxdwlrq +71:, fdq eh ixo�oohg lq dw ohdvw wzr zd|v/ vhh wdeoh 7141 Dqg lqvshfwlrq
ri htxdwlrq +71;, lpphgldwho| uhyhdov wkdw wkh rswlpdo oderxu lqfrph wd{ lv }hur1

Fdvh 4= D �uvw ehvw vroxwlrq fdq eh uhdfkhg e| vhwwlqj wd{hv rq oderxu dqg
fdslwdo lqfrph htxdo wr }hur dqg wkh srooxwlrq wd{ htxdo wr wkh rswlpdo pdu0
jlqdo gdpdjh ri srooxwlrq1 Vxfk d srooxwlrq wd{ fruuhvsrqgv wr d Sljrxyldq wd{1
Fdvh 5= Dqrwkhu zd| wr dfklhyh d �uvw ehvw vroxwlrq lv wr vhw wkh oderxu dqg sroox0
wlrq wd{ htxdo wr }hur dqg wkh fdslwdo wd{ htxdo wr wkh rswlpdo pdujlqdo gdpdjh ri

5:Vhh vhfwlrq D14 lq wkh dsshqgl{ iru wkh sduwldo ghulydwlyhv ri I 1
5;Zh fdqqrw vljq wkh jurzwk udwh h�hfw ri wkh fdslwdo lqfrph wd{/ exw zh h{shfw lw wr eh

qhjdwlyh1
5<Vhh vhfwlrq D15 lq wkh dsshqgl{ iru wkh �uvw rughu frqglwlrqv ri wkh fhqwudo sodqqhu vroxwlrq

zlwk wklv srooxwlrq vshfl�fdwlrq1
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Wdeoh 714= Rswlpdo wd{ udwhv/ zkhq � ' E�g*~��

srooxwlrq glylghg e| wkh rswlpdo pdujlqdo surgxfw ri fdslwdo1 Lw fdq eh vhhq wkdw
wkh h�hfwv ri d fdslwdo lqfrph wd{ duh vlplodu wr wkh h�hfwv ri d wd{ rq srooxwlrq1
Wklv lv qrw vxusulvlqj vlqfh wkh xvh ri sk|vlfdo fdslwdo lq �qdo jrrg surgxfwlrq lv
wkh gluw| lqsxw idfwru1 Krzhyhu/ wkhuh lv rqh gl�huhqfh= wkh wd{ edvh1 D wd{ rq
fdslwdo lv ohylhg rq wkh fdslwdo lqfrph zklfk frqvlvwv ri wkh pdujlqdo surgxfw ri
fdslwdo wlphv wkh xvh ri sk|vlfdo fdslwdo lq surgxfwlrq dkt* E�g�o �g/ zkhuhdv wkh
wd{ rq srooxwlrq lv ohylhg vroho| rq wkh xvh ri sk|vlfdo fdslwdo lq surgxfwlrq �g1
Wkhuhiruh/ lw lv qhfhvvdu| wr fruuhfw wkh rswlpdo pdujlqdo gdpdjh ri srooxwlrq e|
dkt* E�g�o3� lq rughu wr htxdwh wkh wd{ edvh gl�huhqfhv ri wkh wzr wd{hv/ zkhq d
fdslwdo lqfrph wd{ lv xvhg1 Qrwh wkdw erwk wkh srooxwlrq dqg wkh fdslwdo lqfrph
wd{ ohdg wr d pruh oderu lqwhqvlyh dqg wkhuhe| d fohdqhu �qdo jrrgv surgxfwlrq1
Ixuwkhupruh/ wkhuh lv d udwlrqdoh iru fdslwdo lqfrph wd{dwlrq/ zkhq fdslwdo lv wkh
gluw| lqsxw idfwru dqg wkh srooxwlrq wd{ lqvwuxphqw lv qrw dydlodeoh1

Frpsdulvrq ri wdeoh 614 dqg wdeoh 714 uhyhdov wkdw wkh rswlpdo oderxu lqfrph
wd{ ehfrphv }hur/ rqfh kxpdq fdslwdo ehfrphv d fohdq lqsxw idfwru lq surgxfwlrq1
Wkh glvfxvvlrq ri wkh vpdoo rshq hfrqrp| yhuvlrq iru wkh dowhuqdwlyh srooxwlrq
vshfl�fdwlrq lv vlplodu wr wkh rqh lq vhfwlrq 616 dqg lv wkhuhiruh qhjohfwhg1

81 Frqfoxvlrqv

Wklv sdshu kdv h{dplqhg wkh h�hfwv ri �vfdo srolf| lq d wzr vhfwru hqgrjhqrxv
jurzwk prgho zlwk srooxwlrq/ zkhuh wkh wd{ uhyhqxhv duh xvhg wr �qdqfh sxe0
olf dedwhphqw dfwlylwlhv1 Zh lqyhvwljdwhg wzr sodxvleoh srooxwlrq vshfl�fdwlrqv=
Srooxwlrq lv hlwkhu jhqhudwhg e| �qdo jrrgv surgxfwlrq ru e| wkh xvh ri sk|vl0
fdo fdslwdo lq �qdo jrrg surgxfwlrq1 Lq erwk fdvhv/ wkh ghfhqwudolvhg rxwfrph lv
lqh!flhqw zlwkrxw jryhuqphqw lqwhuyhqwlrq1 Iurp d zhoiduh shuvshfwlyh wkhuh lv
wrr pxfk srooxwlrq dqg hfrqrplf jurzwk lv wrr kljk lq dq xquhjxodwhg pdunhw
hfrqrp|/ vlqfh hfrqrplf djhqwv gr qrw wdnh wkh hqylurqphqwdo h{whuqdolw| lqwr
dffrxqw1 Erwk idfwru lqfrph wd{hv dqg wkh srooxwlrq wd{ uhgxfh hfrqrplf jurzwk
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zkhuhdv d frqvxpswlrq wd{ kdv wkh fkdudfwhulvwlfv ri d oxps vxp wd{1631 Wkh wd{
rq srooxwlrq lpsuryhv zhoiduh dv orqj dv wkh ohyho ri srooxwlrq lv deryh wkh rswlpdo
ohyho1 Li surgxfwlyh hqylurqphqwdo vslooryhuv duh frqvlghuhg dgglwlrqdoo| wkhuh pd|
eh d vwlpxodwlqj jurzwk h�hfw ri d wljkwhu hqylurqphqwdo srolf| ghshqglqj rq wkh
vwuhqjwk ri wkhvh vslooryhuv1 Dw ohdvw surgxfwlyh hqylurqphqwdo vslooryhuv sduwldoo|
r�vhw wkh qhjdwlyh jurzwk h�hfw ri surylglqj d ehwwhu hqylurqphqwdo txdolw|1

Zkhq srooxwlrq lv frpsohphqwdu| wr �qdo jrrgv surgxfwlrq/ wkh jryhuqphqw
fdq uhdfk d �uvw ehvw vroxwlrq hlwkhu e| vhwwlqj wkh srooxwlrq wd{ htxdo wr wkh
rswlpdo pdujlqdo gdpdjh ri srooxwlrq ru e| vhwwlqj d frpsuhkhqvlyh lqfrph wd{
dw wkh vdph ohyho1 Ixuwkhupruh/ d frpelqdwlrq ri wkh frpsuhkhqvlyh lqfrph wd{
dqg wkh srooxwlrq wd{ fdq eh xvhg wr uhdfk d �uvw ehvw vroxwlrq1 Wkh rswlpdo wd{
dqdo|vlv lpsolhv wkdw qrq�oxps vxp wd{hv pd| eh h!flhqw/ zkhq wkh wd{ uhyhqxh
lv vshqw rq sxeolf dedwhphqw dfwlylwlhv1 Frqfhuqlqj wkh jurzwk udwh h�hfwv ri
wd{hv rq fdslwdo lqfrph dqg srooxwlrq/ wkhuh duh wzr h�hfwv dw zrun= Erwk wd{hv
uhgxfh wkh jurzwk udwh gluhfwo| wkurxjk d gurs lq wkh qhw ri wd{ lqwhuhvw udwh/
exw vwlpxodwh jurzwk lqgluhfwo| wkurxjk dq lqfuhdvh lq wkh lqwhuhvw udwh/ ehfdxvh
�qdo jrrg surgxfwlrq ehfrphv pruh oderxu lqwhqvlyh1 Krzhyhu/ wkh gluhfw h�hfw
grplqdwhv wkh lqgluhfw h�hfw1 D kljkhu oderxu lqfrph wd{ ohdgv wr d uhgxfwlrq
ri wkh lqwhuhvw udwh vroho| wkurxjk wkh lqgluhfw h�hfw1 Dowkrxjk wkh srooxwlrq wd{
lv htxlydohqw wr d wd{ rq rxwsxw/ lw grhv d�hfw wkh sk|vlfdo wr kxpdq fdslwdo
udwlr lq �qdo jrrgv surgxfwlrq/ vlqfh hgxfdwlrq lv dvvxphg wr eh d qrq�pdunhw
dfwlylw|1 Ixuwkhupruh/ zh kdyh vkrzq wkdw d kljkhu srooxwlrq wd{ hurghv wkh
wd{ edvhv ri erwk idfwru lqfrph wd{hv1 Qhyhuwkhohvv lw lqfuhdvhv wkh jryhuqphqw
uhyhqxh dqg wkhuhe| wkh dedwhphqw�rxwsxw udwlr/ zklfk lv dffrpsdqlhg e| d
ehwwhu hqylurqphqwdo txdolw|1

Zkhq srooxwlrq lv fdxvhg e| wkh xvh ri sk|vlfdo fdslwdo lq surgxfwlrq/ wkh �uvw
ehvw vroxwlrq rqfh pruh fdq eh uhdfkhg e| vhwwlqj wkh srooxwlrq wd{ htxdo wr wkh
rswlpdo pdujlqdo gdpdjh ri srooxwlrq1 Krzhyhu/ wkh qhjdwlyh h{whuqdolw| fdq dovr
eh lqwhuqdolvhg e| d fdslwdo lqfrph wd{ wkdw htxdov wkh rswlpdo pdujlqdo gdpdjh ri
srooxwlrq glylghg e| wkh rswlpdo pdujlqdo surgxfw ri fdslwdo1 Wkh odwwhu fruuhfwlrq
lv qhfhvvdu| wr htxdwh wkh wd{ edvh gl�huhqfhv ehwzhhq wkh fdslwdo lqfrph wd{ dqg
wkh srooxwlrq wd{1 Wkxv/ fdslwdo lqfrph wd{dwlrq lv zhoo0irxqghg/ zkhq fdslwdo lv
d gluw| lqsxw idfwru/ ehfdxvh lw lqgxfhv �upv wr xvh pruh ri wkh fohdq lqsxw idfwru
lq surgxfwlrq1

Lq dgglwlrq/ zh lqyhvwljdwhg d vpdoo rshq hfrqrp| yhuvlrq ri wkh prgho zlwk

63Lq d prgho zlwk lghqwlfdo surgxfwlrq surfhvvhv exw dxjphqwhg e| ohlvxuh/ d frqvxpswlrq

wd{ lv jurzwk uhgxflqj dv zhoo/ vhh ^49` Plohvl�Ihuuhwwl ) Urxelql +4<<8,1
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shuihfw lqwhuqdwlrqdo fdslwdo prelolw|1 Zh irxqg wkdw xqghu d uhvlghqfh�edvhg
lqfrph wd{ v|vwhp wkdw glvfulplqdwhv ehwzhhq grphvwlf vrxufh dqg iruhljq vrxufh
lqfrph/ d vpdoo rshq hfrqrp| fdq ohdg dq lqghshqghqw �uvw ehvw hqylurqphqwdo
srolf|/ zkhuh lw fkrrvhv lwv rzq �vfdo srolf| dqg wkhuhe| ghwhuplqh lwv rzq jurzwk
udwh1 Krzhyhu/ lq rughu wr uxoh rxw d shupdqhqw lq rz ru rxw rz ri fdslwdo dqg
khqfh wkh xqvwdeoh vroxwlrq/ wkh wd{ rq iruhljq fdslwdo lqfrph lv qr orqjhu d
ghflvlrq yduldeoh ri wkh jryhuqphqw1 Lqvwhdg/ wkh jryhuqphqw pxvw dffrpprgdwh
dq| grphvwlf wd{ udwh fkdqjh e| fkdqjlqj wkh iruhljq lqfrph wd{ vxfk wkdw wkh
grphvwlf diwhu�wd{ lqwhuhvw udwh htxdov wkh diwhu�wd{ zruog lqwhuhvw udwh1

Xqghu d vrxufh�edvhg wd{ v|vwhp/ wkh jryhuqphqw lv sduwldoo| uhvwulfwhg lq lwv
wd{ srolf| vlqfh wkh odwwhu pxvw eh frqvwudlqhg lq vxfk d zd| wkdw wkh diwhu�wd{
lqwhuhvw udwh htxdov wkh zruog lqwhuhvw udwh1 Krzhyhu/ lq rughu wr ohdg d �uvw ehvw
hqylurqphqwdo srolf| wkh jryhuqphqw pxvw eh deoh wr ghwhuplqh lwv lqwhuhvw udwh1
Qhyhuwkhohvv/ wkhuh lv vwloo urrp iru dq lqghshqghqw vhfrqg ehvw hqylurqphqwdo
srolf|1 E| phdqv ri fhuwdlq wd{�vxevlg| frpelqdwlrqv dqg wkh xvh ri wkh oxps
vxp frqvxpswlrq wd{ wkh ohyho ri wkh dedwhphqw dfwlylwlhv dqg khqfh wkh ohyho ri
srooxwlrq fdq eh ydulhg zlwkrxw fkdqjlqj wkh lqwhuhvw udwh1

D1 Dsshqgl{

D141 Sduwldo Ghulydwlyhv ri 8

Sduwldo ghulydwlyhv ri wkh uhgxfhg irup ri wkh jurzwk udwh 8
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zkhuh wkh iroorzlqj gh�qlwlrqv duh xvhg=
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Wr vkrz wkdw wkh whup lq wkh vtxduh eudfnhw ri wkh vhfrqg dqg wklug olqh ri htxd0
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zkhuh lw kdv ehhq xvhg wkdw d srvlwlyh lqwhuhvw udwh lv d qhfhvvdu| frqglwlrq iru
wkh h{lvwhqfh ri d edodqfhg jurzwk sdwk1 Wkhq lw lv vwudljkw iruzdug wr vhh wkdw
wkh fxuo| eudfnhw lq olqh �iwk dqg vl{wk ri htxdwlrq +D14, lv srvlwlyh dv zhoo=
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D151 Iluvw Rughu Frqglwlrqv ri wkh Vrfldo Sodqqhu Vroxwlrq

Zkhq srooxwlrq lv fdxvhg e| wkh xvh ri sk|vlfdo fdslwdo lq �qdo jrrgv surgxfwlrq/
wkh �uvw rughu frqglwlrqv ri wkh fhqwudo sodqqhu sureohp ehfrphv=
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