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Devwudfw

Zh frqvlghu d glvfuhwh0wlph/ lq�qlwh0krul}rq/ rqh0jrrg vwrfkdvwlf jurzwk prgho/

dqg zh vroyh wkh fhqwudo sodqqhu*v rswlpl}dwlrq sureohp e| dsso|lqj d vwrfkdvwlf

yhuvlrq ri Srqwu|djlq*v pd{lpxp sulqflsoh iru Pdunry frqwurov1 Dq dssur{lpd0

wlrq phwkrg lv xvhg lq rughu wr h{whqg wr dq lq�qlwh krul}rq d vwrfkdvwlf pd{lpxp

sulqflsoh ghulyhg e| Dunlq dqg Hyvwljqhhy +4<;:, iru wkh �qlwh0krul}rq fdvh1 Zh

rewdlq h�flhqf| frqglwlrqv zklfk duh h{suhvvhg lq whupv ri vwrfkdvwlf pxowlsolhuv/

l1h1/ _vkdgrz%0sulfh ixqfwlrqv/ dqg d wudqvyhuvdolw| frqglwlrq1

Zh lqwhusuhw wkhvh frqglwlrqv e| wuhdwlqj xqfhuwdlqw| dv d vrxufh ri khwhurjhqh0

lw|/ l1h1/ e| frqvlghulqj gl�huhqw uhdol}dwlrqv ri wkh fdslwdo vwrfn dv gl�huhqw w|shv

ri fdslwdo1 D frqqhfwlrq fdq wkhq eh hvwdeolvkhg ehwzhhq wkh vwrfkdvwlf rqh0jrrg

prgho dqg d ghwhuplqlvwlf prgho zlwk khwhurjhqhrxv fdslwdo jrrgv/ zkhuh wkh gl0

phqvlrq ri wkh vwdwh vsdfh lqfuhdvhv ryhu wlph uh�hfwlqj wkh klvwru| ri wkh vwrfkdvwlf

vkrfn1 Lq vxfk d frqwh{w/ wkh yduldwlrqv ri wkh sulfhv ri wkh uhdol}dwlrqv/ zklfk fdq

eh lqwhusuhwhg dv fdslwdo jdlqv/ duh vkrzq wr sod| dq h{solflw uroh/ ehvlghv uhqwdov/

lq wkh frqglwlrqv iru h�flhqf|/ erwk dorqj wkh rswlpdo sdwk dqg lq wkh vwrfkdvwlf

vwhdg| vwdwh> lq dgglwlrq/ vxfk fdslwdo jdlqv uh�hfw qrw rqo| lqwhuwhpsrudo/ exw dovr

lqwhuvwdwh sulfh yduldwlrqv/ fdswxulqj lqvxudqfh hohphqwv uhodwhg wr wkh suhvhqfh ri

ulvn1

Lqwurgxflqj jhqhudwlrqv/ zh vkrz krz wkh lqvxudqfh wkhph dsshduv qrw rqo| lq

wkh frqglwlrqv iru h�flhqf| lq wkh lqwhuwhpsrudo doorfdwlrq ri uhvrxufhv/ exw dovr lq

wkh frqglwlrqv iru Sduhwr rswlpdolw| lq wkh glvwulexwlrq ri djjuhjdwh frqvxpswlrq

ehwzhhq jhqhudwlrqv/ zklfk duh vwdwhg lq whupv ri d vwrfkdvwlf pdujlqdo udwh ri

vxevwlwxwlrq1
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�4�4 Th�?U�T*i� ì t�@** ThLUii_ �? |�L t|iTt� 6�ht|c �i @TT*) @ hit�*| _ih��i_ M)
�h!�? @?_ ,�t|�}?ii� E�bH.� |L @ |h�?U@|�L? Lu |�i 4L_i* _itUh�Mi_ @ML�ic |L LM|@�? @
ti| Lu ?iUitt@h) LT|�4@*�|) UL?_�|�L?t uLh @ �?�|i��Lh�3L? ThLM*i4� 5iUL?_*)c �i �ti @?
@TThL �4@|�L? @h}�4i?| |L t�L� �L� t�4�*@h UL?_�|�L?t )�i*_ @ t�MLT|�4@* TL*�U) uLh
@? �?�?�|i��Lh�3L? 4L_i*( |��t t�MLT|�4@* TL*�U) U@? Mi U�Lti? |L }�@h@?|ii @ *i�i* Lu
�i*u@hi @hM�|h@h�*) U*Lti |L |�i LT|�4@* L?i�

2�2 A�i �T|�4�3@|�L? �hLM*i4G 6�?�|i OLh�3L?

6Lh @ �?�|i��Lh�3L? Ac |�i �i*u@hi u�?U|�L? MiUL4it

A3�[

|'f

.fq
|�ES|� E2�e�

|L Mi 4@ �4�3i_ t�M�iU| |L |�i hitL�hUi UL?t|h@�?|

&|n� ' s E&|c w|�� S| E2�D�

uLh | ' fc �c ���c A � �c @?_ |L |�i ?L?�?i}@|���|) UL?t|h@�?|t

S|c &| � f E2�S�

uLh | ' fc �c ���c Ac }��i? @? �?�|�@* UL?_�|�L? &f : f @?_ @ �?@* UL?_�|�L? &A � f�
A�i ThLM*i4 _itUh�Mi_ @ML�i ��** Mi U@**i_ |�i UL?t|h@�?i_ LT|�4�3@|�L? ThLM�

*i4� Wu �i hi4L�i |�i TLt�|���|) UL?t|h@�?| E2�S�c �i }i| @ t�4�*@h EM�| ?L| �_i?|�U@*�
ThLM*i4c ���U� ��** Mi U@**i_ |�i �?UL?t|h@�?i_ LT|�4�3@|�L? ThLM*i4�

wi| �t UL?t�_ih tL4i ThLTih|�it Lu |�i tL*�|�L? |L |�i UL?t|h@�?i_ LT|�4�3@|�L?
ThLM*i4� 6�ht| Lu @**c M) t|h�U| UL?U@��|)c |�ihi �t @*�@)t @ �?�^�i tL*�|�L?c uLh @?)
&f : f( t�U� tL*�|�L? �t }��i? M) @? LT|�4@* UL?t�4T|�L? TL*�U) iS|j

A3�
|'f c ��ihi i@U�

S| �t M@ti_ L?*) �TL? |�i �?uLh4@|�L? @�@�*@M*i @| |�4i |� A�i LT|�4@* UL?t�4T|�L?
S| U@? Mi �h�||i? �? |�i uLh4

S| ' SE&|c w|� E2�.�

D



@?_ �| �t @ttLU�@|i_ ��|� @? LT|�4@* �?�it|4i?| &|n� }��i? M)

&|n� ' sE&|c w|�� SE&|c w|� � �E&|c w|� E2�H�

A�i �@*�it S| @?_ &|n� @hi h@?_L4 �@h�@M*itc @?_ |�i ti^�i?Ui Lu U@T�|@* t|LU!t i&|jA|'f
�t @ �ht|�Lh_ih �@h!L� ThLUitt�2
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