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�Ot|iBW|� Lq \rxqj +4<<6/ 4<<;, djhqwv duh uhfxuuhqwo| pdwfkhg wr
sod| d �qlwh jdph dqg doprvw dozd|v sod| d p|rslf ehvw uhso| wr d iuhtxhqf|
glvwulexwlrq edvhg rq d vdpsoh iurp wkh uhfhqw klvwru| ri sod|1 Kh suryhv wkdw
lq d jhqhulf fodvv ri �qlwh q0sod|hu jdphv/ dv wkh pxwdwlrq udwh whqgv wr }hur/
rqo| vwudwhjlhv lq fhuwdlq plqlpdo vhwv forvhg xqghu ehvw uhsolhv zloo eh sod|hg
zlwk srvlwlyh suredelolw|1 Lq wklv sdshu zh dowhu \rxqj*v ehkdylrudo dvvxpswlrq
dqg doorz djhqwv wr fkrrvh qrw rqo| ehvw uhsolhv/ exw dovr ehwwhu uhsolhv1 Wkh
ehwwhu0uhso| fruuhvsrqghqfh pdsv glvwulexwlrqv ryhu wkh sod|hu*v rzq dqg khu
rssrqhqwv* vwudwhjlhv wr wkrvh sxuh vwudwhjlhv zklfk jlyhv wkh sod|hu dw ohdvw wkh
vdph h{shfwhg sd|r� djdlqvw wkh glvwulexwlrq ri khu rssrqhqwv* vwudwhjlhv1 Zh
suryh wkdw lq doo �qlwh q0sod|hu jdphv/ wkh olplwlqj glvwulexwlrq zloo sxw srvl0
wlyh suredelolw| rqo| rq vwudwhjlhv lq fhuwdlq plqlpdo vhwv forvhg xqghu ehwwhu
uhsolhv1 Wklv uhvxow lv frqvlvwhqw zlwk dqg h{whqgv Ulw}ehujhu*v dqg Zhlexoo*v
+4<<8, uhvxowv rq wkh htxlydohqfh ri dv|pswrwlfdoo| vwdeoh vwudwhj|0vhwv dqg
forvhg vhwv xqghu ehwwhu uhsolhv lq d ghwhuplqlvwlf frqwlqxrxv0wlph prgho zlwk
vljq0suhvhuylqj vhohfwlrq g|qdplfv1

Nh|zrugv= Hyroxwlrqdu| jdph wkhru|/ Pdunry fkdlq/ vwrfkdvwlf vwdelolw|/
ehwwhu uhsolhv

MHO fodvvl�fdwlrq= F:5/ F:6
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ì U@? 4@!i |�L }i?ih@* LMtih�@|�L?t M) UL4T@h�?} A�iLhi4 � ��|� A�iLhi4

e� 6�ht|c L�h hit�*| �t UL?t�t|i?| ��|� |�@| uLh 5�5 _)?@4�Ut �? |�i ti?ti |�@| |�i

*�4�|�?} _�t|h�M�|�L? Lu ��@_@T|��i T*@) T�|t TLt�|��i ThLM@M�*�|) L?*) L? ��t|Lh�it

��|� t�TTLh| �? ti|t ���U� @hi @t)4T|L|�U@**) t|@M*i �? 5�5 _)?@4�Ut� 5iUL?_c L�h

hit�*| ThL��_it @ |LL* uLh ti*iU|�L? @4L?} _�gihi?| @t)4T|L|�U@**) t|@M*i ti|t� A�i

�?Tih|�hMi_ ThLUitt ti*iU|t |�Lti @t)4T|L|�U@**) t|@M*i ti|t ���U� ULhhitTL?_ |L

4�?�4@* U*Lti_ ti|t �?_ih Mi||ih hiT*�it @?_ |�i Tih|�hMi_ ThLUitt |�Lti 4�?�4@*

U*Lti_ ti|Et� |�@| 4�?�4�3i |�i t|LU�@t|�U TL|i?|�@*�

W? �?|ihThi|�?} |�i @ML�i hit�*|t �| �t �4TLh|@?| |L !iiT �? 4�?_ |�i _�t|�?U|�L?

Mi|�ii? @t)4T|L|�U t|@M�*�|) @?_ t|LU�@t|�U t|@M�*�|)� �t)4T|L|�U t|@M�*�|) hiuiht

|L hLM�t|?itt @}@�?t| t4@** L?i�|�4i t�LU!t� W| �t @ *LU@* ThLTih|) t�?Ui �| L?*)

@tt�hit |�@| ?i@hM) TL�?|t ��** UL?�ih}i |L |�i t|@M*i ti|� 5|LU�@t|�U t|@M�*�|) hiuiht

|L hLM�t|?itt @}@�?t| TihTi|�@* h@?_L4 t�LU!t� W| �t @ }*LM@* ThLTih|) �? |�i ti?ti

|�@| |�i Tih|�hMi_ ThLUittc �?_iTi?_i?|*) Lu |�i �?�|�@* t|@|ic �? |�i *L?} h�? ��**

tTi?_ 4Lt| Lu |�i |�4i �? |�i t|LU�@t|�U@**) t|@M*i t|@|it�



Vwrfkdvwlf Ehwwhu0Uhso| G|qdplfv lq Jdphv �e

F� .!B6V,jt

�L?t�_ih |�i 2�T*@)ih }@4i �? 6�}�hi �c |@!i? uhL4 vL�?} E�bbH�� A��t }@4i �@t

|�L U*Lti_ ti|t �?_ih Mi||ih hiT*�itc f @?_ i(j � i_jc Lu ���U� |�i *@||ih �t @

4�?�4@* ti|� A��t ti| �t @*tL |�i �?�^�i 4�?�4@* U*Lti_ ti| �?_ih Mit| hiT*�it� vL�?}

t�L�t |�@| |��t }@4i �t ?L?_i}i?ih@|i �? Mit| hiT*�it t�?Ui t|h@|i}) � �t @ Mit| hiT*)

|L @ ti| Lu _�t|h�M�|�L?t ���U� �t ?i�|�ih i4T|) ?Lh UL?|@�?t @ ti| LTi? �? �Ef2��

A�i �?Tih|�hMi_ �iht�L? Lu q�@_@T|��i T*@) �@t |�L hiU�hhi?| U*@ttitc L?i ��|� tT@?

i�c�j � i@c Sj @?_ L?i ��|� tT@? i(j � i_j� OL�i�ihc �| �t i@t) |L tii |�@| �

�t @ Mi||ih hiT*) |L ti�ih@* T�hi t|h@|i})�|�T*it @?_ M) A�iLhi4 � ��@_@T|��i T*@)

UL?�ih}it ��|� ThLM@M�*�|) L?i |L |�i t|@|i � ' EE(c _�c ���c E(c _��� �) A�iLhi4 ec

i(j � i_j �t @t)4T|L|�U@**) t|@M*i �?_ih 5�5 _)?@4�Ut�

@ K S _
� fc � fc f 2c f fcf
� 2*E� n

s
2�c f ��c �*2 2*E� n

s
2�c f fcf

� 2c f fc f fc � fcf
( fc f �c f fc f 2c2

8�}�ij 

A�i }@4i �? 6�}�hi e �t ?L?_i}i?ih@|i �? q� W| �@t uL�h ti|t U*Lti_ �?_ih qG fc

t ' i�j� iKj @?_ ~ ' i�c�j� i@c Kj @?_ A ' i�j� iSj� W| �@t |�hii ti|t U*Lti_

�?_ih �G fc t @?_ A � A�i |�L 4�?�4@* U*Lti_ ti|t �?_ih q @hi �_i?|�U@* |L |�i

|�L 4�?�4@* U*Lti_ ti| �?_ih �G t @?_ A � �UULh_�?} |L A�iLhi4 ec �Ef�c �Et �

@?_ �EA � @hi @t)4T|L|�U@**) t|@M*i �?_ih 5�5 _)?@4�Ut� �) A�iLhi4 � �| uL**L�t

|�@| |�i �?Tih|�hMi_ �iht�L? Lu ��@_@T|��i T*@) UL?�ih}it ��|� ThLM@M�*�|) L?i |L

i�|�ih t Lh A � �LhiL�ihc �| �t i@t) |L U�iU! |�@| A �@t 4�?�4�4 t|LU�@t|�U TL|i?|�@*

�4T*)�?} |�@| |�i t|@|i � ' EE�c S�c ���c E�c S�� �t t|LU�@t|�U@**) t|@M*i�



Vwrfkdvwlf Ehwwhu0Uhso| G|qdplfv lq Jdphv �D

@ K S

� 2c D 2c D fc f

� fc f �c � fc f

� �c � fc f ec e

8�}�ij g

U� .!|jAt�NAt

A�i Mi||ih�hiT*) @?_ |�i Mit|�hiT*) ULhhitTL?_i?Uit ML|� Mi*L?} |L |�i U*@tt Lu Mi�@��
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