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Devwudfw

Wklv sdshu vxjjhvwv rshudwlrqdo surfhgxuhv wr frqvwuxfw vlplodu whvwv iru
wkh dxwruhjuhvvlyh sdudphwhu iru erwk wkh g|qdplf uhjuhvvlrq prgho dqg
wkh olqhdu uhjuhvvlrq prgho zlwk dxwrfruuhodwhg huuruv1 Iru erwk prghov/
zh fkdudfwhul}h vlplodu whvwv iru wkh qxoo k|srwkhvlv wkdw wkh dxwruhjuhvvlyh
sdudphwhu lv xqlw|/ dqg frqvwuxfw _rswlpdo% whvwv lq fdvhv zkhuh xqlirupo|
prvw srzhuixo vlplodu whvwv gr qrw h{lvw1 Zh wkxv vkrz wkdw fodvvlfdo
vwdwlvwlfdo sulqflsohv fdq eh vxffhvvixoo| xvhg hyhq lq duhdv ri hfrqrphwulfv
dqg vwdwlvwlfv zkhuh wkh| kdyh vhogrp ehhq dssolhg ehiruh +l1h1 wlph vhulhv
prghov,1 Pruhryhu/ zh ghulyh vdggohsrlqw dssur{lpdwlrqv iru wkh ghqvlw|
dqg glvwulexwlrq ixqfwlrqv ri vrph ri wkh whvwv vwdwlvwlfv ghulyhg/ dqg wkxv
surylgh dq dowhuqdwlyh wr qxphulfdo ru dv|pswrwlf phwkrgv1 E| irfxvlqj
xsrq wkh �qlwh vdpsoh/ udwkhu wkdq dv|pswrwlf/ surshuwlhv/ nh| ihdwxuhv ri
wkh whvwlqj sureohp ehfrph pxfk pruh dssduhqw1

�Wkdqnv duh gxh wr Ndulp Dedglu/ Judqw Kloolhu/ Fkulv Ruph/ Vlprq Shwhuv/ Mdq Srglylqvn|/

Urehuw Wd|oru dqg sduwlflsdqwv dw d Xqlyhuvlw| ri \run lqwhuqdo vhplqdu dqg dw wkh HVUF vwxg|

jurxs phhwlqj/ Eulvwro/ X1N1/ Mxo| 4<<;1 Frpphqwv e| Shwhu Skloolsv dqg wzr dqrq|prxv

uhihuhhv kdyh khoshg lpsuryh wkh h{srvlwlrq ri wklv sdshu/ dqg zhuh judwhixoo| uhfhlyhg1
|Vxssruwhg e| HVUF uhvhdufk ihoorzvkls xqghu judqw qr1 U33356995:1
}Ohyhukxoph uhvhdufk ihoorz lq Hfrqrplfv dqg Pdwkhpdwlfv1

�



� W?|hL_�U|�L?

Ait|�?} uLh @ �?�| hLL| �? |�4i tih�it �@t MiUL4i |�i uLU�t Lu @||i?|�L? uLh 4�U� Lu

@TT*�i_ @?_ |�iLhi|�U@* iUL?L4i|h�Ut� A�i ThLM*i4 �@t �|t L�? �?|h�?t�U �?|ihit|

|L |�iLh�t|t _�i |L |�i �@h�L�t @t)4T|L|�U �4T*�U@|�L?t L? |�i ThLTih|�it Lu it|��

4@|Lht @?_ |it|t� �Lhi �4TLh|@?|*)c uLh @TT*�i_ �Lh! it|@M*�t��?} |�i Thiti?Ui

Lu �?�| hLL|t hi4@�?t |�i ULh?iht|L?i Lu |�i @?@*)t�t Lu TLtt�M*) UL�?|i}h@|i_ t)t�

|i4tG �ht| @t @ Thi*�4�?@h) |LL* |L |it| uLh �?|i}h@|�L? �? |�i �@h�@M*it Lu �?|ihit|c

@?_ tiUL?_ @t @ |it| uLh UL�?|i}h@|�L? �|ti*u�

W? |��t T@Tih �i _i�i*LT @? LT|�4@*�|) |�iLh) uLh |it|t uLh @ �?�| hLL| �? �?�|i

t@4T*it� A��t �t @U��i�i_ �TL? @TT*�U@|�L? Lu U*@tt�U@* |it|�?} ThLUi_�hit �? |�i

Thiti?Ui Lu ?��t@?Ui T@h@4i|iht E|�i UL?t|h�U|�L? Lu t�4�*@h |it|t�c @?_ Lu |�i

�i)4@?��i@htL? *i44@� A�iti �_i@t �@�i Mii? t�UUittu�**) @TT*�i_ i*ti��ihic

M�| ?L| )i| u�**) �? |�4i tih�it @?@*)t�t� Oi�h�t|�U@**)c ��@| �i tii! �t @ ThLUi_�hi

���U� ThL��_it UL?|hL* L�ih |�i t�3i Lu |�i |it|c @?_ _i*��iht *@h}i TL�ih �?_ih

|�i @*|ih?@|��i�

A�L UL44L?*) �ti_ 4L_i*t @hi |�i _)?@4�U *�?i@h hi}hitt�L? 4L_i*c @?_ |�i

hi}hitt�L? 4L_i* ��|� @�|LULhhi*@|i_ ihhLht� A�i uLh4ihc UL?t�_ihi_ M) @4L?}t|

L|�ihtc #�U!i) @?_ 6�**ih E�b.b� @?_ E�bH��c ,�@?t @?_ 5@��? E�bH�� @?_ E�bHe�c

���**�Tt @?_ �ihhL? E�bHH�c 6@�t| E�bbS� @?_ #�uL�h @?_ k���i| E�bbH�c |@!it |�i

uLh4

+� ' 5��q n 4+�3� n 0�

� ' �c ��c�c

��ihic 5� �t @ & � � �iU|Lh Lu i T*@?@|Lh) �@h�@M*it @?_ |�i 0� @hi �t�@**)

�U(Efc j2�� 6Lh @t)4T|L|�U |hi@|4i?|t Lu |�i ThLM*i4 |�i 0� 4@) uL**L� tL4i

4Lhi }i?ih@* ThLUittc @t �? ���**�Tt @?_ �ihhL? E�bHH�� A�i �)TL|�it�t Lu �?�

|ihit| �t 4 ' �c Lu|i? ��|� |�i hit|h�U|�L? q ' qf E�t�@**) f�� Ait|t uLh |��t

�)TL|�it�t �@�i }i?ih@**) Mii? @t)4T|L|�U@**) 4L|��@|i_� �L?|i �@h*L t|�_�it

EuLh �?t|@?Ui #�U!i) @?_ 6�**ih E�bH��� �@�i t�L�? |�@| |�i) hi|@�? hi@tL?@M*i

TL�ih ThLTih|�it i�i? �? t4@** t@4T*it E@*|�L�}� Lu|i? |��t �t MiU@�ti |�i t�4�

�*@|i_ 4L_i*t �@�i u@h 4Lhi t�4T*i t|h�U|�hic |�@? |�i 4L_i* �?_ih ���U� |�i

2



|it|t �ihi _i�i*LTi_�� OL�i�ihc 6@�t| E�bbS� �@t t�L�? |�@| |�i t�3i Lu Uih|@�?

|it|�?} ThLUi_�hit �? |��t 4L_i* 4@) |i?_ |L L?ic �u |�i ?�4Mih Lu ?��t@?Ui T@�

h@4i|iht }hL�t @t)4T|L|�U@**)� +iUi?|*)c |�i �?�|i t@4T*i ThLTih|�it Lu |it|t �?

_)?@4�U 4L_i*t �@�i Mii? �?�it|�}@|i_ M) #�uL�h @?_ k���i| E�bbH�� OL�i�ihc

|�i�h @?@*)t�t �@t *�4�|i_ |L |�i _i4L?t|h@|�L? |�@| @ T@h|�U�*@h |it| t|@|�t|�U �@t

_�t|h�M�|�L? uhii Lu ?��t@?Ui T@h@4i|iht �?_ih |�i ?�** �)TL|�it�t� �L @||i4T|

|L U�@h@U|ih�3i |�i U*@tt Lu t�4�*@h |it|t �@t 4@_ic ?Lh |L U�LLti @? �LT|�4@*< |it|

uhL4 ��|��? |��t U*@tt�

+i}hitt�L?t ��|� @�|LULhhi*@|i_ ihhLhtc UL?t�_ihi_ M) 5@h}@? @?_ ��@h}@�@

E�bH��c #�uL�h @?_ k�?} E�bb�� @?_ ,**�L||c +L|�i?Mih} @?_ 5|LU! E�bbS�c U@?

Mi �h�||i? @t

+� ' 5��q n ��

�� ' 4��3� n 0�c

��|� |�i t@4i tTiU��U@|�L?t @t @ML�i� A�i ?�** �)TL|�it�t �t @}@�?c 4 ' �� �L|�Ui

|�@| |��t 4L_i* 4@) Mi �h�||i? @t @ _)?@4�U hi}hitt�L? 4L_i* ��|� hit|h�U|�L?t

L? |�i ULi�U�i?|t Lu |�i i T*@?@|Lh) �@h�@M*it Etii #i�L?} i| @* E�bb2��� W? |��t

U@ti t4@** t@4T*i ThLUi_�hit �@�i Mii? it|@M*�t�i_c }i?ih@**) uL**L��?} |�Lti Lu

5@h}@? @?_ ��@h}@�@ E�bH��c M�| hi*) �TL? @TThL �4@|�?} |�i ThLUitt i�j�c M)

@ U�hU�*@h @�|Lhi}hitt�L? E|�i ��?_ihtL? E�beH� @TThL �4@|�L?<�� 6Lh |��t 4L_i*c

#�uL�h @?_ k�?} E�bb�� _ih��i *LU@**) Mit| �?�@h�@?| @?_ TL�?|�LT|�4@* �?�@h�@?|

|it|t� �*|ih?@|��i*)c ,**�L||c +L|�i?Mih} @?_ 5|LU! E�bbS�c _i�i*LT @t)4T|L|�U

LT|�4@*�|) Uh�|ih�@ uLh |��t U*@tt Lu 4L_i*tc @?_ t�}}it| |it|t �@��?} @t)4T|L|�U

TL�ih U*Lti |L |�i @t)4T|L|�U TL�ih i?�i*LTi� OL�i�ihc |�ihi �t ?L }�@h@?|ii

|�@| |�i |it|t |�i) ThLTLti hi|@�? |�i�h �LT|�4@*< ThLTih|�it �? �?�|i t@4T*it�

� hiUi?| _i�i*LT4i?| �? |�i |�iLh) Lu |it|�?} uLh @ �?�| hLL| �t _�i |L

�*LMih}ih E�bbb�� A�ihic �?_ih |�i @tt�4T|�L? Lu @ *LU@**) ^�@_h@|�U *�!i*��LL_c

@ RUL4T*i|i U*@tt� Lu |it|t �t U�@h@U|ih�ti_c ��i� |�Lti |it|t ?L| �@��?} TL�ih

u�?U|�L?t _L4�?@|i_ M) @?) L|�ih |it|� N?uLh|�?@|i*)c @t )i|c �| �@t ?L| Mii? it�

|@M*�t�i_ ��i|�ih @?) Lu |�i t|@?_@h_ �?�| hLL| |it|tc �? T@h|�U�*@h |�i *�!i*��LL_

h@|�Lc @hi 4i4Miht Lu |��t U*@tt�

�



W? MhL@_ L�|*�?i L�h t|h@|i}) �t @t uL**L�t� N|�*�t�?} |�i hit�*|t Lu �L @?_

O�?!*i) E�b.e� @?_ O�**�ih E�bH.� �i U�@h@U|ih�ti |�i U*@tt Lu t�4�*@h |it|t uLh

|�i �?�| hLL| �)TL|�it�t� 5�?Uic @t �t �i** !?L�?c |�ihi @hi ?L �?�uLh4*) 4Lt|

TL�ihu�* EN��� |it|t �i �i@!i? |�i LT|�4@*�|) Uh�|ih�@ �? |�L _�t|�?U| �@)t�

6�ht|*)c �i UL?t�_ih |�i UL?t|h�U|�L? Lu TL�?| LT|�4@* E��� |it|t @?_ *LU@**) 4Lt|

TL�ihu�* Ew��� |it|tc @?_ tiUL?_*)c t�}}it| @TThL �4@|�?} |�i Uh�|ih�L? uLh |�i

N�� |it|t� A��t *@||ih U*@tt Lu |it|t t@|�t�it �i@!ihc t��U�i?| UL?_�|�L?t uLh |�i

TL�ih |L Mi *@h}ic h@|�ih |�@? |�i t|h�?}i?| ?iUitt@h) @?_ t��U�i?| UL?_�|�L?t

hi^��hi_ uLh N�� |it|t� �L?|i �@h*L t�4�*@|�L?t t�L� |�@| |�iti @*|ih?@|��i |it|t

�@�i TL�ih �ih) U*Lti |L |�i TL�ih i?�i*LTi @UhLtt @ h@?}i Lu T@h@4i|ih �@*�it�

�@?) Lu |�i |it|t �i ThLTLti �@�i @ �ih) t�4T*i t|h�U|�hi �? |ih4t Lu |�i _@|@c

@?_ Lu|i? UL�?U�_i ��|� Thi��L�t*) t�}}it|i_ |it|t� �LhiL�ihc |�i t�4T*i t|h�U|�hi

Lu |�i |it| t|@|�t|�Ut u@U�*�|@|it |�i UL?t|h�U|�L? Lu @?@*)|�U @TThL �4@|�L?t |L |�i�h

�?�|i t@4T*i _�t|h�M�|�L?t ��@ |�i t@__*iTL�?| @*}Lh�|�4� A��tc �i ThL��_i @?

@*|ih?@|��i |L ?�4ih�U@* |iU�?�^�it �ti_ i*ti��ihi� A�i @?@*)t�t Lu |�i ?�** @?_

@*|ih?@|��i _�t|h�M�|�L?t Lu @ |it| )�i*_t tL4i �?t�}�| �?|L |�i t|@|�t|�U@* ?@|�hi

Lu |�i ThLM*i4 �|ti*u�

A�i T*@? Lu |�i T@Tih �t @t uL**L�t� A�i ?i | tiU|�L? t�44@h�tit |�i UL?�

t|h�U|�L? Lu t�4�*@h |it|tc @?_ hi��i�t |�i LT|�4@*�|) Uh�|ih�@ ���U� ��** Mi @TT*�i_

*@|ih� 5iU|�L? � _ih��it LT|�4@* t�4�*@h |it|t uLh @ �?�| hLL| uLh |�i *�?i@h hi}hit�

t�L? 4L_i* ��|� @�|LULhhi*@|i_ ihhLht� 5iU|�L? e _i@*t ��|� @?@*L}L�t |it|t uLh

|�i _)?@4�U hi}hitt�L? 4L_i*� A�L U@tit @hi UL?t�_ihi_ @UULh_�?} |L |�i ULiu�

�U�i?|t Lu |�i i L}i?L�t �@h�@M*it Mi�?} �?hit|h�U|i_ E5iU|�L? e��� Lh hit|h�U|i_

�?_ih |�i ?�** Ee�2�� 5iU|�L? D }��it @ t@__*iTL�?| @TThL �4@|�L? uLh |�i _i?t�|�it

@?_ _�t|h�M�|�L?t Lu tL4i Lu |�i |it|t t|@|�t|�Ut ThLTLti_� �L?|i �@h*L t�4�*@�

|�L?t _�hiU|i_ |L @ttitt |�i TihuLh4@?Ui Lu |�i |it|t @?_ Lu |�i @TThL �4@|�L?t

@hi UL?|@�?i_ �? 5iU|�L? S� 6�?@**) 5iU|�L? . UL?U*�_it�

e



2 Ait| Uh�|ih�@

A��t tiU|�L? t�44@h�tit |�i UL?UiT| Lu t�4�*@h�|) Ei @U| �?uihi?Ui� @?_ _�tU�ttit

|�i LT|�4@*�|) Uh�|ih�@ ���U� ��** Mi Lu �ti *@|ih� W? |�i �i)4@?��i@htL? @T�

ThL@U� �i ?ii_ |L �?_ ThLUi_�hit uLh ���U� |�i t�3i Lu |�i |it| �t !?L�? ELh @|

*i@t| �| �t ML�?_i_ M) @ UL?t|@?|� @?_ TL�ih �t *@h}i� A��t �?�L*�it |�L _�t|�?U|

t|@}it ���U� @hi _itUh�Mi_ Mi*L��

2�� Ait| Uh�|ih�@ �?_ih |�i ?�** �)TL|�it�t

W? Lh_ih |L UL?|hL* |�i t�3i Lu @ |it|c |�i Uh�|ih�L? Lu t�4�*@h�|) ��** Mi �ti_ EuLh

u�h|�ih i TLt�|�L? tiic uLh �?t|@?Uic �L @?_ O�?!*i) E�b.e� Lh O�**�ih E�bH.���

wi| sE+( w�c w2� _i?L|i |�i �L�?| _i?t�|) Lu tL4i ��� �iU|Lh Lu LMtih�@|�L?t +c

_iTi?_�?} �TL? |�i T@h@4i|iht w� @?_ w2c &��� @?_ &2�� �iU|Lhtc hitTiU|��i*)�
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