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Lq wklv sdshu zh dqdo|}h wkh h�hfwv ri zhdowk lqhtxdolw| rq wkh surylvlrq
ri sxeolf jrrgv dqg pdqdjhphqw ri frpprq0surshuw| uhvrxufhv +FSU, zkhq
wkhuh duh pdunhw lpshuihfwlrqv lq lqsxwv wkdw duh frpsohphqwdu| lq surgxf0
wlrq wr wkh froohfwlyh jrrg1 Zh vkrz wkdw iru sxeolf jrrgv lqhtxdolw| lpshghv
h�flhqf|/ zkloh iru xvh ri FSUv wkhuh lv dq lqyhuvh X0vkdshg uhodwlrqvkls eh0
wzhhq lqhtxdolw| dqg h�flhqf|1 Zh glvfxvv wkh lpsolfdwlrqv ri wkhvh wkhruhwlfdo
uhvxowv iru uhglvwulexwlyh srolflhv vxfk dv odqg uhirup1
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4Vrph ri wkh frqwulexwlrqv wr wkh wkhruhwlfdo olwhudwxuh uhodwhg wr wklv uhvxow duh Zduu +4<;6,/
Fruqhv dqg Vdqgohu +4<;7,/ Ehujvwurp/ Eoxph dqg Yduldq +4<;9,/ Ehuqkhlp +4<;9, dqg Lwd|d/ gh
Ph}d dqg P|ohv +4<<:,1

5Vhh dovr Whpsoh dqg Mrkqvrq +4<<;,1 Sxwqdp*v +4<<6, zhoo nqrzq vwxg| ri uhjlrqdo glvsdulwlhv
lq Lwdo| kdv dovr hpskdvl}hg wkh lpsruwdqfh ri vrfldo fdslwdo dqg krz _krul}rqwdo% vrfldo qhwzrunv
+l1h1/ wkrvh lqyroylqj shrsoh ri vlplodu vwdwxv dqg srzhu, duh pruh h�hfwlyh lq jhqhudwlqj wuxvw dqg
qrupv ri uhflsurflw| wkdq _yhuwlfdo% rqhv1
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6Lq d wzr0shulrg prgho ri frqvhuydwlrq rq wkh orfdo frpprqv e| sod|huv zlwk gl�huhqwldo dvvhwv/
Gd|wrq0Mrkqvrq dqg Edugkdq +4<<<, dovr jhw d X0vkdshg uhodwlrqvkls ehwzhhq dvvhw lqhtxdolw| dqg
frqvhuydwlrq/ exw wkhlu jhqhudo prgho lv gl�huhqw/ xvlqj olqhdu surgxfwlrq whfkqrorj| dqg frqfhq0
wudwlqj rq lqwhuwhpsrudo frqvhuydwlrq1 Vhh dovr Edodqg dqg Sodwwhdx +4<<:, iru dowhuqdwlyh h�hfwv
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Ehqkdele dqg Uxvwlfklql +4<<9,1

8Vhh Edugkdq +4<<6, iru d uhylhz ri wkh fdvh0vwxg| olwhudwxuh uhjduglqj wkh uhodwlrqvkls eh0
wzhhq lqhtxdolw| dqg iduphu frrshudwlrq lq orfdoo|0pdqdjhg luuljdwlrq v|vwhpv lq vrph ghyhorslqj
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frxqwulhv1
9Wkhuh lv vrph frqqhfwlrq ehwzhhq rxu surgxfwlrq ixqfwlrq dqg wkrvh xvhg lq wkh olwhudwxuh rq

hqgrjhqrxv jurzwk vxfk dv Urphu +4<<3,1 Wkh pdlq gl�huhqfh lv wkdw lq rxu prgho shrsoh sduwo|
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�� ì ?ii_ |L t�L� |�@|

�� i}2E�� n 0cf� n }2E�2 � 0cf�j : f� E.�

AL|@**) _�gihi?|�@|�?} T*@)ih �<t �ht|�Lh_ih UL?_�|�L?c �i }i|

}2E��cf� ' �
�2E%�c f�

��E%�c f�

Oi?Ui |��t UL?_�|�L? U@? Mi hi�h�||i? @t

� n
�2E%�c f�

��E%�c f�
n
�2E%2c f�

��E%2c f�
: f

Lhc
��E%�c f���E%2c f� n �2E%�c f���E%2c f� n �2E%2c f���E%�cf� : f� EH�

A��t |�h?t L�| |L Mi |�i t@4i @t |�i t|h@|i}�U t|@M�*�|) UL?_�|�L? �? |�i �L�h?L|��@t�
4L_i* G

Y2Z�

Y%2�

Y2Z2

Y%22
�

Y2Z�

Y%�Y%2

Y2Z2

Y%�Y%2
: f

@t |�i *iu|��@?_ t�_i Lu |��t i Thitt�L? �t

i��E%�c f� n �2E%�c f�j i��E%2c f� n �2E%2c f�j � �2E%�cf��2E%2c f�

' ��E%�c f���E%2c f� n �2E%�c f���E%2c f� n �2E%2c f���E%�c f��

W? |�i @TTi?_� �i t�L� |�@| |�i t|h@|i}�U t|@M�*�|) UL?_�|�L? �t �?_ii_ t@|�t�i_�
�L� �i UL?t�_ih |�i igiU| Lu hi_�t|h�M�|�L? uhL4 2 |L � E��ihi �2 : ��� L? �L�?|

ThL�|t � ' fqE�3w�
�
�k
�%

qw
� n �k

2%
qw
2

�
�f�A��t �tc �t�?} |�i i?�i*LTi |�iLhi4c

_�

_0
' kfqE�3w�

#
%
qw
�

��3k
�

�
%
qw
2

��3k
2

$
nqEw���fqE�3w�3�

�
�k
�%

qw
�

�
�
_%2

_0

�
� �k

2%
qw
2

_%�

_0

�
�

�2



5�?Ui �i �@�i @*hi@_) it|@M*�t�i_ |�@| _f
_0

: fc �| 4�t| Mi |�@| _%�
_0

:
�
�_%2

_0

�
�

A��t 4i@?t |�i tiUL?_ i Thitt�L? �t ?i}@|��i Et�?Ui �i !?L� |�@| %� �t �?Uhi@t�?} �?
��c �

k
2%

qw
2 : �k

�%
qw
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