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Xqlyhuvlw| ri Jurqlqjhq
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Sureohp vhw iru Fkdswhu 49
Wkh txhvwlrqv zlwk d vwdu +I, duh gl!fxow1

Txhvwlrq 4

^Vdlqw0Sdxo +4<<5,` Lq wklv txhvwlrq zh h{whqg wkh Eodqfkdug0\ddul prgho +vwxglhg lq Fkdswhu

49, wr doorz iru hqgrjhqrxv jurzwk1 Dvvxph wkdw wkh sulydwh surgxfwlrq ixqfwlrq/ I +N>O,/

lv jlyhq e|=

\ +w, @ I +N+w,> O+w,, � ]+w,O+w,"uN+w,�3"u > +4,

zkhuh ]+w, lv wkh ohyho ri jhqhudo whfkqrorj| +wdnhq dv jlyhq e| lqglylgxdo �upv,1 Wkhuh lv dq

h{whuqdo h�hfw zklfk hqvxuhv wkdw jhqhudo whfkqrorj| lv srvlwlyho| d�hfwhg e| wkh djjuhjdwh

fdslwdo vwrfn=

]+w, @ DN+w,"u = +5,

Wkh uhvw ri wkh prgho lv xqfkdqjhg/ l1h1 wkh h{suhvvlrqv lq Wdeoh 4914 duh doo vwloo dssursuldwh1

Dvvxph iru vlpsolflw| wkdw jryhuqphqw frqvxpswlrq lv }hur +J+w, @ 3,1

+d, Ghulyh wkh pdujlqdo surgxfwlylw| frqglwlrqv iru oderxu dqg fdslwdo1 Vkrz wkdw wkh uhdo

lqwhuhvw udwh lv frqvwdqw1

+e, Dvvxph wkdw wkh jryhuqphqw pdlqwdlqv d frqvwdqw wd{ udwh rq oderxu lqfrph/ vr wkdw

W +w, @ wuZ +w,/ zkhuh Z +w, lv wkh uhdo zdjh udwh1 Dvvxph ixuwkhupruh wkdw wkh jryhuq0

phqw dovr pdlqwdlqv d frqvwdqw udwlr ehwzhhq ghew +E+w,, dqg djjuhjdwh rxwsxw +\ +w,,

zklfk zh ghqrwh e| � +l1h1 E+w, @ �\ +w,,1 Ghulyh wkh jurzwk udwh ri wkh hfrqrp|1

+f, Lv wkh udwh ri hfrqrplf jurzwk d�hfwhg e| wkh eluwk udwh/ �B Li vr/ h{sodlq wkh hfrqrplf

lqwxlwlrq ehklqg wklv ghshqghqfh1

+g, Vkrz wkdw d ghfuhdvh lq � lqfuhdvhv wkh udwh ri jurzwk lq wkh hfrqrp|1 H{sodlq wkh

hfrqrplf lqwxlwlrq ehklqg wkh uhvxow1
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Txhvwlrq 5

^Fxuuhqw dffrxqw g|qdplfv` Frqvlghu wkh iroorzlqj Eodqfkdug0\ddul prgho ri d vpdoo rshq

hfrqrp|=

bF+w, @ +u� �,F+w,� �+�. �,D8 +w,> +4,

bD8 +w, @ uD8 +w, .Z +w,�F+w,> +5,

zkhuh F lv frqvxpswlrq/ u lv wkh zruog lqwhuhvw udwh +h{rjhqrxv,/ � lv wkh sxuh udwh ri wlph

suhihuhqfh/ � lv wkh eluwk udwh +htxdov wr wkh ghdwk udwh,/ D8 lv wkh vwrfn ri qhw iruhljq dvvhwv/

dqgZ lv wkh uhdo zdjh udwh1 Dv xvxdo/ d yduldeoh zlwk d grw deryh lw uhsuhvhqwv wkdw yduldeoh*v

wlph udwh ri fkdqjh/ l1h1 bF+w, � gF+w,@gw dqg bD8 +w, � gD8 +w,@gw1 Iru vlpsolflw| zh dvvxph

wkdw wkhuh lv qr fdslwdo lq wkh prgho vr wkdw wkh surgxfwlrq ixqfwlrq ghshqgv rq oderxu rqo|=

\ +w, @ ]+w,O+w,> +6,

zkhuh \ / ]/ dqg O ghqrwh/ uhvshfwlyho|/ djjuhjdwh rxwsxw/ dq lqgh{ iru jhqhudo whfkqrorj|

+h{rjhqrxv,/ dqg djjuhjdwh hpsor|phqw1 Djjuhjdwh oderxu vxsso| lv h{rjhqrxv dqg htxdo wr

xqlw|1 Ilupv duh shuihfwo| frpshwlwlyh dqg kluh oderxu iurp krxvhkrogv1

+d, Lqwhusuhw htxdwlrqv +4,0+5,1 H{sodlq wkh uroh ri wkh eluwk udwh lq wkh djjuhjdwh Hxohu

htxdwlrq1

+e, Vkrz wkdw wkh uhdo zdjh lv xqltxho| uhodwhg wr wkh lqgh{ ri jhqhudo whfkqrorj|1 H{sodlq

wklv uhvxow lqwxlwlyho|1

+f, Ghulyh wkh skdvh gldjudp iru wkh prgho xqghu wkh dvvxpswlrq wkdw wkh frxqwu|*v flwl}hqv

duh uhodwlyho| sdwlhqw +vr wkdw � ? u,1 Vkrz wkdw wkh prgho lv vdggoh0sdwk vwdeoh dqg

wkdw wkh vdggoh sdwk lv xszdug vorslqj lq +F>D8 , vsdfh1 Zklfk yduldeoh lv wkh mxpslqj

yduldeohB Zklfk rqh lv wkh suh0ghwhuplqhg yduldeohB

+g, Ghulyh wkh lpsdfw0/ wudqvlwlrqdo0/ dqg orqj0uxq h�hfwv ri d shupdqhqw dqg xqdqwlflsdwhg

lpsuryhphqw ri jhqhudo whfkqrorj|1 Xvh wkh skdvh gldjudp ghulyhg lq sduw +f, dqg vkrz

wkh wudqvlwlrq sdwkv iru frqvxpswlrq/ qhw iruhljq dvvhwv/ rxwsxw/ hpsor|phqw/ dqg wkh

uhdo zdjh1

+h, Dvvxph wkdw wkh zruog lqwhuhvw udwh lv htxdo wr wkh udwh ri sxuh wlph suhihuhqfh +l1h1

u @ �,1 Vkrz wkdw wkh prgho lv vwloo vdggoh0srlqw vwdeoh dqg ghprqvwudwh wkh h�hfwv

rq frqvxpswlrq dqg qhw iruhljq dvvhwv ri d whpsrudu| surgxfwlylw| vkrfn1 H{sodlq wkh

hfrqrplf lqwxlwlrq1

+i, I Qrz dvvxph wkdw wkh eluwk2ghdwk udwh lv }hur +� @ 3,1 Vkrz wkdw wkh zruog lqwhuhvw

udwh pxvw htxdo wkh udwh ri sxuh wlph suhihuhqfh iru wkh prgho wr pdnh dq| vhqvh dw doo

+l1h1 u @ �,1 Vkrz wkdw wkh prgho h{klelwv wkh k|vwhuhvlv surshuw| lq wkdw d whpsrudu|
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surgxfwlylw| vkrfn kdv shupdqhqw h�hfwv rq frqvxpswlrq dqg wkh vwrfn ri qhw iruhljq

dvvhwv1

Txhvwlrq 6

^Exlwhu +4<<3/ fk1 :,` Lq wklv txhvwlrq zh prgli| wkh vwdqgdug Eodqfkdug prgho +vwxglhg lq

Vhfwlrq 491515 ri wkh errn, e| dvvxplqj wkdw wkhuh duh qr pdunhwv iru lqvxulqj djdlqvw wkh

ulvnv dvvrfldwhg zlwk dq xqh{shfwhg ghdwk1 Lq wklv fdvh wkh krxvhkrog zloo jhqhudoo| pdnh

�dfflghqwdo ehtxhvwv� zklfk pd| eh srvlwlyh ru qhjdwlyh1 Lw lv dvvxphg wkdw wkh hvwdwh ri d

krxvhkrog zkr kdv glhg dffuxhv wr wkh jryhuqphqw1 Wkh jryhuqphqw uhlpexuvhv wkh uhyhqxh

ri wklv vfkhph wr vxuylylqj djhqwv lq dq djh0lqghshqghqw oxps0vxp idvklrq1 Vxuylylqj djhqwv

wdnh wkhvh oxps0vxp wudqvihuv dv jlyhq1

+d, Vroyh wkh rswlpl}dwlrq sureohp iru lqglylgxdo krxvhkrogv1 H{sodlq fduhixoo| zkdw wkh

krxvhkrog*v exgjhw lghqwlw| orrnv olnh dqg vwdwh wkh QSJ frqglwlrq wkdw |rx xvh1

+e, Ghulyh wkh djjuhjdwh frqvxpswlrq uxoh dqg wkh djjuhjdwh frqvxpswlrq Hxohu htxdwlrq

iru wklv prgho1

+f, Vkrz wkdw wkh ydolglw| ri wkh Ulfdugldq htxlydohqfh wkhruhp klqjhv rq wkh eluwk udwh

dqg qrw rq wkh h{lvwhqfh ri olih lqvxudqfh srvvlelolwlhv shu vh1 H{sodlq wkh lqwxlwlrq

ehklqg wklv uhvxow1

Txhvwlrq 7 I

^Exlwhu +4<;;,` Lq wklv txhvwlrq zh prgli| wkh vwdqgdug Eodqfkdug prgho +vwxglhg lq Vhfwlrq

491515 ri wkh errn, e| dvvxplqj wkdw= +l, wkh suredelolw| ri ghdwk/ �/ lv qrw qhfhvvdulo| htxdo

wr wkh eluwk udwh/ zklfk zh ghqrwh e| � � 3> +ll, wkdw wkhuh lv Kduurg0qhxwudo whfkqrorjlfdo

fkdqjh dw dq h{rjhqrxvo| jlyhq udwh q� � 31 Wkh h{shfwhg olihwlph xwlolw| ixqfwlrq ri d

uhsuhvhqwdwlyh krxvhkrog ri ylqwdjh y lq shulrg w lv=

H�+y> w, @

]
"

|
orj �f+y> �,hE4nq�E|3��g�> +4,

zkhuh �f+y> �, lv frqvxpswlrq dqg � lv wkh sxuh udwh ri wlph suhihuhqfh1 Zh dvvxph wkdw

� A qu/ zkhuh qu lv wkh jurzwk udwh ri wkh srsxodwlrq1 Wkh exgjhw lghqwlw| ri wkh krxvhkrog

lv=

b�d+y> �, @ ^u+�, . �` �d+y> �, . �z+�,� �}+�,� �f+y> �,> +5,

zkhuh u+�, lv wkh lqwhuhvw udwh/ �z+�, lv wkh zdjh udwh/ �}+�, lv wkh oxps0vxp wd{/ �d+y> �, duh

uhdo �qdqfldo dvvhwv/ dqg b�d+y> �, � g�d+y> �,@g� 1 Wkh vroyhqf| frqglwlrq lv=

olp
�<"

h3-
�E|c���d+y> �, @ 3> U�+w> �, �

] �

|
^u+v, . �` gv= +6,
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Wkh srsxodwlrq dw wlph w lv ghqrwhg e| O+w, dqg wkh srsxodwlrq dw wlph w @ 3 lv qrupdol}hg

wr xqlw| +O+3, @ 4,1 Zlwk d srvlwlyh eluwk udwh +� A 3,/ wkh frkruw eruq dw wlph y lv uhodwhg

wr wkh wrwdo srsxodwlrq lq h{lvwhqfh dw wkdw wlph dffruglqj wr O+y> y, @ �O+y,1

+d, Vroyh wkh rswlpl}dwlrq sureohp iru lqglylgxdo krxvhkrogv1

+e, Wkh jurzwk udwh ri wkh wrwdo srsxodwlrq lv jlyhq e| qu1 Suryh wkdw wkh vl}h ri frkruw y

dw wlph w � y lv htxdo wr=

O+y> w, @

;AAAA?
AAAA=

�h#�h3q| li � A 3

+
h3q| iru y @ 3

3 iru y A 3
li � @ 3

Suryh ixuwkhupruh wkdw qu @ � � �1 H{sodlq wkh lqwxlwlrq ehklqg wkh h{suhvvlrqv1

+f, Ghulyh wkh djjuhjdwh frqvxpswlrq uxoh/ wkh djjuhjdwh frqvxpswlrq Hxohu htxdwlrq/ dqg

wkh gl�huhqwldo htxdwlrq iru djjuhjdwh kxpdq zhdowk iru wklv prgho1 Ghqrwh wkh djjuh0

jdwh yduldeohv e| F+w,/ D+w,/ Z +w,/ ]+w,/ dqg K+w,/ hwfhwhud1

+g, Wkh djjuhjdwh surgxfwlrq ixqfwlrq lv jlyhq e| \ +w, @ N+w,kQ+w,�3k/ zkhuh \ +w, lv

djjuhjdwh rxwsxw/ N+w, lv wkh fdslwdo vwrfn/ dqg Q+w, � Du+w,O+w, lv wkh oderxu lqsxw

phdvxuhg lq h!flhqf| xqlwv1 Wkh lqgh{ ri Kduurg0qhxwudo whfkqlfdo fkdqjh jurzv h{0

srqhqwldoo| dw udwh q�/ l1h1 bDu+w,@Du+w, @ q� A 31 Wkh fdslwdo vwrfn ghsuhfldwhv dw

d frqvwdqw udwh � dqg �upv duh shuihfwo| frpshwlwlyh1 Ghulyh wkh pdujlqdo surgxfwly0

lw| frqglwlrqv iru oderxu dqg fdslwdo dqg h{suhvv wkhp lq whupv ri wkh lqwhqvlyh0irup

surgxfwlrq ixqfwlrq/ |+w, @ n+w,k/ zkhuh |+w, � \ +w,@Q+w, dqg n+w, � N+w,@Q+w,1

+h, Dvvxph wkdw wkh jryhuqphqw exgjhw lghqwlw| lv jlyhq e| bE+�, @ u+�,E+�, . J+�, �
]+�,/ zkhuh E+�, lv jryhuqphqw ghew dqg J+�, lv jryhuqphqw frqvxpswlrq1 Zulwh wkh

prgho ghulyhg wkxv idu lq whupv ri h!flhqf| xqlw ri oderxu dqg vwdwh wkh v|vwhp ri

gl�huhqwldo htxdwlrqv fkdudfwhul}lqj wkh hfrqrp|1 Xvh wkh qrwdwlrq f+w, � F+w,@Q+w,/

d+w, � D+w,@Q+w,/ e+w, � E+w,@Q+w, hwfhwhud1

+i, Vkrz wkdw wkh Ulfdugldq htxlydohqfh wkhruhp lv ydolg zkhq wkh eluwk udwh lv }hur +� @ 3,

hyhq li wkh suredelolw| ri ghdwk lv srvlwlyh +� A 3 vr wkdw olihwlphv duh xqfhuwdlq, ru

wkhuh lv srvlwlyh whfkqrorjlfdo fkdqjh +q� A 3,1 H{sodlq wkh lqwxlwlrq ehklqg wklv uhvxow1

+j, Dvvxph wkdw jryhuqphqw frqvxpswlrq/ J+w,/ lv �qdqfhg e| phdqv ri oxps0vxp wd{hv/

]+w,/ dqg wkdw wkhuh lv qr jryhuqphqw ghew1 Frpsxwh wkh h�hfwv rq jurzwk lq frqvxps0

wlrq/ rxwsxw/ zdjhv/ dqg wkh fdslwdo vwrfn/ ri d edodqfhg0exgjhw lqfuhdvh lq jryhuqphqw

frqvxpswlrq h{suhvvhg lq whupv ri h!flhqf| xqlwv ri oderxu1 Looxvwudwh |rxu dqvzhu

zlwk wkh dlg ri d skdvh gldjudp dqg gudz wkh lpsxovh0uhvsrqvh ixqfwlrqv1
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Txhvwlrq 8

^Pdulql dqg ydq ghu Sorhj +4<;;,` Lq wklv txhvwlrq zh vwxg| prqhwdu| vxshuqhxwudolw| lq dq

ryhuodsslqj jhqhudwlrqv prgho ri wkh Eodqfkdug0\ddul w|sh1 Zh xvh wkh prgho ri Vhfwlrq

491515 lq wkh errn exw prgli| lw dv iroorzv1 Wkh olihwlph xwlolw| ixqfwlrq ri d krxvhkrog ri

ylqwdjh y � w lv jlyhq e|=

H�+y> w, �
]
"

|
orjX+y> �,hE4nq�E|3��g�> +4,

zkhuh X+�, lv d FHV vxe0iholflw| ixqfwlrq=

X+y> �, �
k
�F+y> �,Ej3��*j . +4� �,P+y> �,Ej3��*j

lj*Ej3��
> 3 ? � ? 4> � A 3> +5,

zkhuh F+y> �, dqg P+y> �, ghqrwh/ uhvshfwlyho|/ frqvxpswlrq dqg uhdo prqh| edodqfhv ri wkh

krxvhkrog dw wlph � 1 Wkh krxvhkrog*v exgjhw lghqwlw| lv=

bD+y> �, @ ^u+�, . �`D+y> �, .Z +�,� W +�,�F+y> �,� ^u+�, . �+�,`P+y> �,> +6,

zkhuh �+�, lv wkh lq dwlrq udwh1 Wkh prqhwdu| dxwkrulw| vhwv d frqvwdqw udwh ri jurzwk/ �/ ri

wkh qrplqdo prqh| vxsso| vr wkdw wkh uhdo prqh| vxsso| fkdqjhv dffruglqj wr=

bP+�, @ ^� � �+�,`P+�,= +7,

Wkh surgxfwlrq vlgh ri wkh prgho lv dv lq wkh errn1 Iru vlpsolflw| zh dvvxph wkdw wkh

surgxfwlrq ixqfwlrq lv Free0Grxjodv/ l1h1 \ +w, @ N+w,kO+w,�3k1 Oderxu vxsso| lv h{rjhqrxv

vr O+w, @ 41 Zh frqvlghu d forvhg hfrqrp|/ vr wkh jrrgv pdunhw fohdulqj frqglwlrq lv jlyhq

e| \ +w, @ F+w, . L+w, .J+w,1

+d, Lqwhusuhw htxdwlrqv +6, dqg +7, ri wkh prgho1 Pdnh vxuh |rx h{sodlq zk| wkh lq dwlrq

udwh dsshduv lq wkhvh htxdwlrqv1

+e, Xvh wkh phwkrg ri wzr0vwdjh exgjhwlqj wr vroyh wkh rswlpl}dwlrq sureohp iru lqglylgxdo

krxvhkrogv1

+f, Ghulyh wkh djjuhjdwh frqvxpswlrq uxoh/ wkh djjuhjdwh frqvxpswlrq Hxohu htxdwlrq/ dqg

wkh gl�huhqwldo htxdwlrqv iru djjuhjdwh kxpdq dqg �qdqfldo zhdowk iru wkh prgho1

+g, Vwdwh wkh jryhuqphqw exgjhw lghqwlw| dqg wkh vroyhqf| frqglwlrq iru wkh jryhuqphqw1

+h, Vkrz wkdw wkh prgho ihdwxuhv vxshuqhxwudolw| ri prqh| li dqg rqo| li wkh eluwk2ghdwk

udwh lv }hur dqg wkh vxe0iholflw| ixqfwlrq lv Free0Grxjodv +� @ 4,1 Vkrz wkdw/ iru wkh

fdvh zlwk � @ 3 dqg � @ 4/ dq xqdqwlflsdwhg dqg shupdqhqw lqfuhdvh lq wkh prqh|

jurzwk udwh ohdgv wr d glvfuhwh mxps lq wkh sulfh ohyho dw lpsdfw exw fdxvhv qr ixuwkhu

wudqvlwlrqdo g|qdplfv1 Vkrz wkh skdvh gldjudp iru uhdo prqh| edodqfhv dqg wkh lpsxovh

uhvsrqvh ixqfwlrqv iru lq dwlrq/ wkh sulfh ohyho/ dqg wkh qrplqdo prqh| vxsso|1
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+i, Dvvxph wkdw � A 3/ � @ 4/ E+�, @ 3 +iru doo �,/ dqg wkdw wkh jryhuqphqw edodqfhv

lwv exgjhw e| phdqv ri oxps0vxp wd{hv1 Vkrz wkdw dq lqfuhdvh lq wkh prqh| jurzwk

udwh ohdgv wr d vwhdg|0vwdwh lqfuhdvh lq frqvxpswlrq dqg wkh fdslwdo vwrfn exw fdxvhv

dq dpeljxrxv h�hfw rq uhdo prqh| edodqfhv1 H{sodlq wkh lqwxlwlrq ehklqg |rxu uhvxowv1

+j, Pdnh wkh vdph dvvxpswlrq dv lq sduw +i, dqg ghulyh wkh orqj0uxq h�hfwv rq fdslwdo/

frqvxpswlrq/ dqg uhdo prqh| edodqfhv ri d wd{0�qdqfhg lqfuhdvh lq jryhuqphqw frq0

vxpswlrq1 H{sodlq wkh lqwxlwlrq ehklqg |rxu uhvxowv1

Txhvwlrq 9

^Qlhovhq +4<<7,` Lq wklv txhvwlrq zh wkh h�hfwv ri vrfldo vhfxulw| lq d Eodqfkdug0\ddul prgho

ri d vpdoo rshq hfrqrp| zlwk pdqgdwru| uhwluhphqw1 Wkh hfrqrp| xqghu frqvlghudwlrq lv

vpdoo lq zruog �qdqfldo pdunhwv dqg idfhv d frqvwdqw lqwhuhvw udwh u1 Wkhuh lv qr fdslwdo dqg

wkh surgxfwlrq ixqfwlrq lv=

\ +�, @ ]O+�,> +4,

zkhuh \ lv rxwsxw/ ] lv dq lqgh{ ri surgxfwlylw| +h{rjhqrxv,/ dqg O lv hpsor|phqw1 Krxvh0

krogv duh dv lq Vhfwlrq 491515 ri wkh errn exw wkhuh lv d v|vwhp ri pdqgdwru| uhwluhphqw zklfk

surklelwv djhqwv roghu wkdq � wr zrun1 Lqvwhdg vxfk uhwluhg djhqwv uhfhlyh dq xqwd{hg shq0

vlrq/ S / iurp wkh jryhuqphqw1 Wkh shqvlrq v|vwhp lv �qdqfhg e| phdqv ri djh0lqghshqghqw

oxps0vxp wd{hv/ W / ohylhg rq zrunlqj jhqhudwlrqv1 Wkh lqfrph dw wlph � ri d jhqhudwlrq

eruq dw wlph y � � lv wkxv=

L+y> �, @

;A?
A=

Z +�,� W +�, iru � � y ? �

S iru � � y � �

+5,

Zh devwudfw iurp jryhuqphqw frqvxpswlrq dqg jryhuqphqw ghew1 Wkh frxqwu| lv srsxodwhg

e| sdwlhqw djhqwv vr wkdw � ? u1

+d, Vroyh wkh krxvhkrog rswlpl}dwlrq sureohp1 H{sodlq zk| kxpdq zhdowk lv djh0ghshqghqw

lq wklv fdvh1

+e, Ghulyh wkh jryhuqphqw exgjhw frqvwudlqw1 Vkrz zkdw kdsshqv wr wkh oxps0vxp wd{ li

wkh uhwluhphqw djh lv lqfuhdvhg exw wkh shqvlrq sd|phqw lv khog frqvwdqw1

+f, Ghulyh wkh djjuhjdwh frqvxpswlrq uxoh/ wkh djjuhjdwh frqvxpswlrq Hxohu htxdwlrq/ dqg

wkh gl�huhqwldo htxdwlrq iru djjuhjdwh �qdqfldo zhdowk iru wkh prgho1 H{sodlq wkh lqwx0

lwlrq ehklqg wkh whupv lqyroylqj wkh shqvlrq v|vwhp1



Sureohp vhw iru Fkdswhu 49 :

+g, Ghulyh wkh lpsdfw/ wudqvlwlrqdo/ dqg orqj0uxq h�hfwv rq frqvxpswlrq dqg qhw iruhljq

dvvhwv ri dq lqfuhdvh lq wkh shqvlrq sd|phqw1 Looxvwudwh zlwk wkh dlg ri d skdvh gldjudp

dqg h{sodlq wkh lqwxlwlrq1

+h, Ghulyh wkh lpsdfw/ wudqvlwlrqdo/ dqg orqj0uxq h�hfwv rq frqvxpswlrq dqg qhw iruhljq

dvvhwv ri dq lqfuhdvh lq wkh pdqgdwru| uhwluhphqw djh1 Looxvwudwh zlwk wkh dlg ri d skdvh

gldjudp dqg h{sodlq wkh lqwxlwlrq1

Txhvwlrq :

^Prxuprxudv ) Ohh +4<<<,` Frqvlghu wkh iroorzlqj Eodqfkdug0\ddul prgho zlwk surgxfwlyh

sxeolf lqiudvwuxfwxuh1 Lqglylgxdo krxvhkrogv kdyh wkh xwlolw| ixqfwlrq +49149, dqg idfh wkh

olihwlph exgjhw frqvwudlqw +4914<,1 Wkh surgxfwlrq ixqfwlrq +49163, lv uhsodfhg e|=

\ +w, @ ]fN+w,�3"u ^J+w,O+w,`"u > +4,

zkhuh ]f lv d wlph0lqyduldqw lqgh{ ri jhqhudo whfkqrorj| dqg J+w, lv wkh txdqwlw| ri surgxfwlyh

jryhuqphqw vhuylfhv +phdvxuhg dv d  rz,1 Wkhuh lv d jhqhudo rxwsxw wd{/ wt / vr wkh remhfwlyh

ixqfwlrq ri wkh �up lv jlyhq e|=

Y +w, @

]
"

|
^+4� wt ,\ +�,�Z +�,O+�,� L+� ,` h3-E|c��g� = +5,

Wkh wd{ uhfhlswv duh xvhg wr �qdqfh jryhuqphqw vhuylfhv/ l1h1 wt \ +w, @ J+w,1 Wkhuh lv qr

jryhuqphqw ghew dqg oxps0vxp wd{hv duh }hur1 Oderxu vxsso| lv h{rjhqrxv dqg qrupdol}hg

wr xqlw| +O +�, @ 4,1

+d, Ghulyh wkh �uvw0rughu frqglwlrqv iru wkh +uhsuhvhqwdwlyh dqg frpshwlwlyh, �up*v rswl0

pl}dwlrq sureohp1 Vkrz wkdw idfwru sd|phqwv h{kdxvw diwhu0wd{ uhyhqxhv1

+e, Vkrz wkdw wkh pdujlqdo surgxfw ri fdslwdo lv xqltxho| uhodwhg wr ]f dqg wt rqo|1 Ghulyh

dq h{suhvvlrq iru wkh pdujlqdo surgxfw ri oderxu1

+f, Suryh wkdw wkhuh lv qr wudqvlwlrqdo g|qdplfv lq wkh prgho1

+g, Vkrz wkdw wkh prgho h{klelwv hqgrjhqrxv jurzwk1 Frpsxwh wkh jurzwk udwh dqg vkrz

wkdw lw ghshqgv qhjdwlyho| rq wkh eluwk0ghdwk udwh �1 Jlyh wkh lqwxlwlrq iru wklv uhvxow1

+h, Fkdudfwhul}h wkh pd{lpxp jurzwk udwh lq wklv hfrqrp|1 Vkrz wkdw wkh jurzwk pd{l0

pl}lqj wd{ udwh grhv qrw ghshqg rq wkh eluwk0ghdwk udwh1 Surylgh wkh lqwxlwlrq ehklqg

wklv uhvxow1 Lv wkh pd{lpxp jurzwk udwh lqghshqghqw ri wkh eluwk2ghdwk udwhB

^Khlmgud )Phlmgdp +5335,` Qrz frqvlghu wkh pruh uhdolvwlf vfhqdulr lq zklfk J+w, lv wkh vwrfn

ri sxeolf lqiudvwuxfwxuh +udwkhu wkdq wkh  rz ri vhuylfhv, zklfk pxvw eh exlow xs judgxdoo|



; Khlmgud dqg ydq ghu Sorhj= Irxqgdwlrqv ri Prghuq Pdfurhfrqrplfv

zlwk wkh dlg ri sxeolf lqyhvwphqw/ LC+w,1 Wkh dffxpxodwlrq lghqwlw| iru sxeolf fdslwdo lv=

bJ+w, @ LC+w,� �CJ+w,> +6,

zkhuh �C lv wkh frqvwdqw udwh ri ghsuhfldwlrq ri sxeolf fdslwdo1 Wkh jryhuqphqw exgjhw

frqvwudlqw lv qrz wt \ +w, @ LC+w,1

+i, I Vkrz wkdw wkh prgl�hg prgho glvsod|v qrqwulyldo wudqvlwlrqdo g|qdplfv1 Frpsxwh

wkh dv|pswrwlf jurzwk udwh dv d ixqfwlrq ri wt 1

+j, I Vkrz wkdw wkh pd{lpxp dv|pswrwlf jurzwk udwh ghshqgv rq �C dqg h{sodlq wkh

lqwxlwlrq ehklqg wklv uhvxow1

Uhihuhqfhv

Exlwhu/ Z1 K1 +4<;;,1 Ghdwk/ surgxfwlylw| jurzwk dqg ghew qhxwudolw|1 Hfrqrplf Mrxuqdo/

<;=5:<�5<61

Exlwhu/ Z1 K1 +4<<3,1 Sulqflsohv ri Exgjhwdu| dqg Ilqdqfldo Srolf|1 Kduyhvwhu Zkhdwvkhdi/

Qhz \run1

Khlmgud/ E1 M1 dqg Phlmgdp/ D1 F1 +5335,1 Sxeolf lqyhvwphqw dqg lqwhujhqhudwlrqdo glvwulex0

wlrq1 Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 59=:3:�:681

Pdulql/ J1 dqg ydq ghu Sorhj/ I1 +4<;;,1 Prqhwdu| dqg �vfdo srolf| lq dq rswlplvlqj prgho

zlwk fdslwdo dffxpxodwlrq dqg �qlwh olyhv1 Hfrqrplf Mrxuqdo/ <;=::5�:;91

Prxuprxudv/ L1 D1 dqg Ohh/ M1 H1 +4<<<,1 Jryhuqphqw vshqglqj rq lqiudvwuxfwxuh lq dq

hqgrjhqrxv jurzwk prgho zlwk �qlwh krul}rqv1 Mrxuqdo ri Hfrqrplfv dqg Exvlqhvv/

84=6<8�73:1

Qlhovhq/ V1 E1 +4<<7,1 Vrfldo vhfxulw| dqg iruhljq lqghewhgqhvv lq d vpdoo rshq hfrqrp|1 Rshq

Hfrqrplhv Uhylhz/ 8=7:�961

Vdlqw0Sdxo/ J1 +4<<5,1 Ilvfdo srolf| lq dq hqgrjhqrxv jurzwk prgho1 Txduwhuo| Mrxuqdo ri

Hfrqrplfv/ 43:=4576�458<1


