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Devwudfw

Lq wklv sdshu/ zh exlog xs d jhqhudo htxloleulxp prgho h{solflwo| lqfrusrudwlqj
Vfkxpshwhuldq jurzwk �d od Djklrq dqg Krzlww +4<<5, dqg d ylqwdjh fdslwdo
vwuxfwxuh lq olqh zlwk Vrorz +4<93,1 Lq wklv vhw0xs/ zh vkrz wkdw wkh lqyhvwphqw
udwh lv d ixqgdphqwdo ghwhuplqdqw ri wkh sur�wdelolw| ri U)G1 Zh fkdudfwhul}h
wkh edodqfhg jurzwk sdwkv1 Zh vkrz wkdw/ dowkrxjk wkh prgho fdq jhqhudwh
pxowlsoh htxloleuld gxh wr wkh suhvhqfh ri vwudwhjlf frpsohphqwdulwlhv/ wkh xqltxh
vwdeoh htxloleulxp lv lqghhg grplqdwhg e| vwudwhjlf vxevwlwxdelolwlhv1 Dw wklv
htxloleulxp/ wkh kljkhu lv wkh lqyhvwphqw udwh/ wkh pruh uhvrxufhv duh ghyrwhg
wr U)G/ wkh idvwhu wkh hfrqrp| jurzv/ wkh orzhu lv wkh dyhudjh djh ri fdslwdo
dqg wkh kljkhu lv wkh udwh ri ghfolqh ri wkh uhodwlyh sulfh ri fdslwdo1 Vxevlgl}lqj
erwk fdslwdo dqg uhvhdufk vwlpxodwhv jurzwk1 Wkh hperglphqw ri whfkqrorjlfdo
surjuhvv grhv qrw qhfhvvdulo| d�hfw qhjdwlyho| wkh h�flhqf| ri fdslwdo vxevlg|
wkurxjk wkh w|slfdo revrohvfhqfh frvwv ehfdxvh ri wkh prghuql}dwlrq h�hfw ri
lqyhvwphqw lq vxfk d frqwh{w1

Nh|zrugv= Ylqwdjh fdslwdo/ U)G/ Fuhdwlyh ghvwuxfwlrq/ Hperglphqw/ Revr0
ohvfhqfh/ Prghuql}dwlrq ri fdslwdo1

Mrxuqdo ri Hfrqrplf Olwhudwxuh= H55/ H65/ R73/ F961

�Fruuhvsrqglqj dxwkru1 Xqlyhuvlw�h fdwkroltxh gh Orxydlq dqg LUHV/ Sodfh Prqwhvtxlhx/ 6/ E0467;
Orxydlq0od0Qhxyh +Ehojltxh,1 H0pdlo= erxfhnnlqhCluhv1xfo1df1eh1

|Xqlyhuvlgdgh gh Vdqwldjr gh Frpsrvwhod1 H0pdlo= dhghoulrCxvf1hv
}IHGHD1 H0pdlo= olfdqgurCihghd1hv1
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^��hit @ t�Mt|@?|�@* @_@T|@|�L?� ì @h}�i �? |��t T@Tih |�@| @ 4�U� t�4T*ih @?_ 4Lhi
4i@?�?}u�* �@) |L �?|hL_�Ui U@T�|@* @UU�4�*@|�L? �?|L �}��L? @?_ OL��||<t Uhi@|��i
_it|h�U|�L? 4L_i* UL?t�t|t �? UL4M�?�?} |�i *@||ih ��|� @?L|�ih 5L*L�<t u�?_@4i?|@*
UL?|h�M�|�L?c ?@4i*) ��t ��?|@}i U@T�|@* 4L_i* E�bSf�� 5�?Ui ��?|@}i U@T�|@* 4L_i*t
@hi M) UL?t|h�U|�L? UL?t�t|i?| ��|� Uhi@|��i _it|h�U|�L?c UL4M�?�?} |�i4 ��|� 5U��4�
Ti|ih�@? +:# tTiU��U@|�L?t tii4 ?@|�h@* @?_ i�i? _it�h@M*i�

A�ihi @hi tL4i i TiU|i_ }@�?t uhL4 |��t UL4M�?@|�L? �? |ih4t Lu |�i i T*@?@|Lh)
TL�ih Lu |�i |�iLh)� W? UL?|h@t| |L |�i M@t�U Uhi@|��i _it|h�U|�L? 4L_i*c L�ht ��**
hiThL_�Ui |�i u�?_@4i?|@* t|)*�3i_ u@U|t *�?!i_ |L i4ML_�4i?|� W?_ii_c �i ��** t�L�
|�@| |�i h@|i Lu _iU*�?i Lu |�i hi*@|��i Th�Ui Lu U@T�|@* �t ?i}@|��i*) ULhhi*@|i_ ��|�
|�i }hL�|� h@|i Lu |�i iUL?L4) @*L?} |�i M@*@?Ui_ }hL�|� T@|�� A�i Thi_�U|�L?t Lu
L�h |�iLh) hi}@h_�?} |�i i�L*�|�L? Lu |�i �?�it|4i?| |L L�|T�| h@|�L @?_ �LM hi@**LU@�
|�L? @UhLtt T*@?|t @hi @*tL UL4T*i|i*) UL?t�t|i?| ��|� |�i i4T�h�U@* t|�_�it 4i?|�L?i_
@ML�i� witt �44i_�@|i }@�?t uhL4 L�h |�iLh) UL?Uih? |�i TL|i?|�@* 4�*|�T*�U�|) Lu *L?}
h�? i^��*�Mh�@� W| �t �i** !?L�? t�?Ui �LLTih @?_ aL�? E�bHH� |�@| |�i Thiti?Ui Lu
t|h@|i}�U UL4T*i4i?|@h�|�it u@�Lht |�i i4ih}i?Ui Lu 4�*|�T*i i^��*�Mh�@� W? L�h 4L_i*c
|�i t|h@|i}�U UL4T*i4i?|@h�|) LTih@|it @UULh_�?} |L |�i uL**L��?} 4iU�@?�t4� � h�ti
�? +:# igLh| �?Uhi@tit *@MLh hi@**LU@|�L? @| |�i i Ti?ti Lu |�i L*_it| T*@?|tc ���U�
h�tit |�i 4@h}�?@* hi|�h? uhL4 �?�it|�?} @?_ �?Uhi@tit �?�it|4i?|� �?i Lu |�i 4Lt|
t@*�i?| U�@h@U|ih�t|�U Lu L�h 4L_i*c @t �i ��** i T*@�? *@|ihc �t |�@| 4@h}�?@* hi|�h?
|L +:# _iTi?_t TLt�|��i*) L? |�i �?�it|4i?| h@|i� Oi?Ui @ _hLT �? �?�it|4i?| ��**
t|�4�*@|i +:# �?_�U�?} @ u�h|�ih �T�@h_ t��u| �? +:# igLh|� A��t �t |�i �@) |�i
t|h@|i}�U UL4T*i4i?|@h�|) LTih@|it �? L�h 4L_i* @?_ |�@| �t ��) �| 4@) )�i*_ 4�*|�T*i

4Wkh �uvw dwwhpsw dw surylglqj d Vfkxpshwhuldq dssurdfk wr hqgrjhqrxv jurzwk wkhru| lv lqghhg
gxh wr Vhjhuvwurp hw do1 +4<<3,1

5Vhh dovr Djklrq dqg Krzlww +4<<7, iru wkh lpsolfdwlrqv ri fuhdwlyh ghvwuxfwlrq lq wkh oderu pdunhw1
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� ' ĥ3�} E��

1 '
k

�� k
} E��

6 '
�

}

�� k
n B

�
3�

E��

r '
#

� 6
&k E5�

,^�@|�L? Ek� �t LM|@�?i_ uhL4 E�D� @?_ E2e�c �| t|@|it |�i i^�@*�|) Mi|�ii? |�i �tih
ULt| Lu U@T�|@* @?_ �|t 4@h}�?@* ThL_�U|���|)� ,^�@|�L? EB� �t |�i @hM�|h@}i UL?_�|�L?
�? |�i +:# tiU|Lh E2f� @*L?} |�i �B�� ,^�@|�L? E+� �t |�i u@4�*�@h 6�t�ih i^�@|�L?
t�L��?} �T �L� |�i �?|ihit| h@|i _iTi?_t L? |�i }hL�|� h@|i Lu UL?t�4T|�L?� ,^�@|�L?
E�� _itUh�Mit |�i hi*@|�L?t��T Mi|�ii? |�i h@|i Lu |iU�?�U@* ThL}hitt � @?_ |�i }hL�|�
h@|i } �? |�i �B�� ,^�@|�L? E�� t|@|it |�@| �? |�i *L?} h�? |�i LMtL*itUi?Ui h@|i Lu
U@T�|@* �t ThLTLh|�L?@* |L |�i }hL�|� h@|i� A��t hi*@|�L?t��T t�4T*) UL4it uhL4 |�i u@U|
|�@| |�i LMtL*itUi?Ui h@|i �t |�i h@|i Lu _iU*�?i Lu |�i hi*@|��i Th�Ui Lu U@T�|@* �gE|�c
���U� �t i^�@* M) _i�?�|�L? |L #

�3k
'E|�3

k
�3k � ,^�@|�L? E��c ULhhitTL?_�?} |L i^�@|�L?

E��� �? |�i �B�c �4T*�it |�@| |�i @�ih@}i @}i Lu U@T�|@* �t @ _iUhi@t�?} u�?U|�L? Lu |�i
}hL�|� h@|i �? |�i *L?} h�?� 6�?@**)c i^�@|�L? E5� i Thitt�?} |�i t|i@_) t|@|i t@��?}
h@|i �? |ih4t Lu |�i *L?} h�? �@*�it Lu |�i @�ih@}i @}i Lu U@T�|@* @?_ U@T�|@* �?|i?t�|)
�t LM|@�?i_ uhL4 i^�@|�L?t E�f� @?_ E��� �t�?} E���

A�i 4Lt| t@*�i?| ui@|�hi Lu L�h 4L_i* �t |�i Uh�U�@* hL*i Lu �?�it|4i?| �? |�i }hL�|�
ThLUitt� �t 4i?|�L?i_ MiuLhic L�h 4L_i* Thi_�U|t |�@| |�i �?�it|4i?| h@|i �t @ Uh��
U�@* _i|ih4�?@?| Lu |�i hiti@hU� igLh| @t U@T|�hi_ M) |�i |L|@* @4L�?| Lu hitL�hUit
_i�L|i_ |L +:#� A��t |h@?tT�hit uhL4 |�i u�?_@4i?|@* i^�@|�L? EB�� Oi?Uic @ h�ti �?
|�i �?�it|4i?| h@|i t|�4�*@|it |�i �??L�@|�L?c ���U� �?Uhi@tit |�i }hL�|� h@|ic @?_
*L�iht |�i @�ih@}i @}i Lu U@T�|@* M) i^�@|�L? E��� ì ��** hiuih |L |��t ThLTih|) @t |�i
4L_ih?�3@|�L? igiU| Lu �?�it|4i?|� W? L�h 4L_i*c |iU�?L*L}�U@* ThL}hitt �t i4ML_�i_c

��



@?_ �?�it|4i?| �t |�i �?�^�i U�@??i* |�hL�}� ���U� |iU�?L*L}�U@* @_�@?Uit @hi �?ULh�
TLh@|i_ �?|L |�i ThL_�U|��i @U|���|�it� A�i �?�it|4i?| @U|���|) �t ?L| 4ihi*) uLh U@T�|@*
@UU�4�*@|�L? �? |�i |h@_�|�L?@* ti?tic �| �t @*tL |�i �?�^�i �@) |L i?uLhUi |iU�?L*L}�U@*
�4ThL�i4i?|t @?_ |L 4L_ih?�3i |�i ThL_�U|��i iUL?L4)� �@h_�@? @?_ �h�@*i E�bbb�c
_i* +�>L E�bbb� @?_ Ot�i� E2fff� �@�i @*hi@_) 4i?|�L?i_ |��t hL*i Lu �?�it|4i?| ��i?
|iU�?L*L}�U@* ThL}hitt �t i4ML_�i_c @t i T*@�?i_ �? |�i �?|hL_�U|�L? tiU|�L?� W? |��t
T@Tihc �i �ht| }��i @ UL4Thi�i?t��i @?_ �?i _itUh�T|�L? Lu |�i 4iU�@?�t4t @| |�i M@�
t�t Lu |�i @ML�i 4i?|�L?i_ 4L_ih?�3@|�L? igiU|t� � ��}�ih �?�it|4i?| h@|i r h�tit |�i
ThL�|@M�*�|) Lu +:#c |��t t|�4�*@|�?} hiti@hU� igLh|t @?_ �?_�U�?} 4Lhi *�!i*) ^�@*�|)
�4ThL�i4i?|tc ���U� �*|�4@|i*) �?Uhi@tit |�i }hL�|� h@|i @?_ *L�iht |�i @�ih@}i @}i
Lu U@T�|@*�

��h 4L_i* |�h?t L�| |L Mi UL?t�t|i?| ��|� 4@?) hiUi?| ��i�t @?_ i4T�h�U@* UL?|h��
M�|�L?t L? |�i hL*i Lu �?�it|4i?| @?_ i4ML_�i_ |iU�?L*L}�U@* U�@?}i �? |�i }hL�|�
ThLUitt� �? |�i i4T�h�U@* t�_ic L�h t|Lh) �t uLh i @4T*i UL?t�t|i?| ��|� #iwL?} @?_
5�44iht E�bb�� i��_i?Ui @UULh_�?} |L ���U� |�i UL�?|h�it ��|� |�i ��}�ih }hL�|� h@|it
@hi |�Lti ��L i Tih�i?Ui_ ��}�ih �?�it|4i?| h@|it �? i^��T4i?| @?_ u@t|ih _iU*�?it
�? |�i hi*@|��i Th�Ui Lu U@T�|@*� +iUi?|*)c �UBh@||@? E�bbH� hi��t�|i_ |�i @h}�4i?|t
T�| uLh�@h_ M) aL?it E�bbD� |L ^�it|�L? |�i |�}�| ULhhi*@|�L? Mi|�ii? �?�it|4i?| @?_
}hL�|� h@|it @t �4T*�i_ M) |�i �k 4L_i*t� W? T@h|�U�*@hc t�i t�L�i_ |�@| �u *L?}ih |�4i
tih�it @?_ 4Lhi UL�?|h�it @hi UL?t�_ihi_ �? |�i _@|@c |��t |�}�| ULhhi*@|�L? �t _i�?�|i*)
Thitih�i_� 6Lh @ t@4T*i Lu ti�i? �,�# UL�?|h�itc L̀*g E�bb�� uL�?_ |�@| U@|U���T
�? |L|@* u@U|Lh ThL_�U|���|) �t ��}�*) ULhhi*@|i_ ��|� U@T�|@* @UU�4�*@|�L?c @?_ |�@|
i4ML_�4i?| T*@)t @ Ui?|h@* hL*i �? |��t hi*@|�L?t��T�

�t i TiU|i_c L�h 4L_i* �t @*tL @M*i |L hiThL_�Ui |�i 4@�? i4T�h�U@* u@U|t *�?!i_ |L i4�
ML_�4i?|c @t TL�?|i_ L�| Thi��L�t*) M) Bhii?�LL_c OihUL��|3 @?_ kh�ti** E�bb.� @?_
Bhii?�LL_ @?_ vLh�!L}*� E�bb.�� A�i h@|i Lu _iU*�?i Lu |�i hi*@|��i Th�Ui Lu U@T�|@*
@?_ |�i }hL�|� h@|i Lu |�i h@|�L i�U�i?| U@T�|@* |L L�|T�| @hi i^�@* @?_ 4Lhi �4TLh�
|@?|*)c ThLTLh|�L?@* |L |�i h@|i Lu |iU�?L*L}�U@* ThL}hitt }� W?_ii_c M) i^�@|�L? E�f�c
|�i i�U�i?| U@T�|@* Tih U@T�|@ �?Uhi@tit @| @ h@|i }

�3k
� �t �t�@*c _�i |L i4ML_�4i?|c

|�i }hL�|� h@|i Lu |�i U@T�|@* t|LU!c 4i@t�hi_ �? i�U�i?U) �?�|tc �t }hi@|ih |�@? |�i
}hL�|� h@|i Lu L�|T�|� A�i h@|�L i�U�i?| U@T�|@* |L L�|T�| t�L�*_ UL?ti^�i?|*) }hL�
@| @ h@|i k

�3k
} �? |�i �B�c ���U� �t �?U�_i?|@**) |�i h@|i Lu _iU*�?i Lu |�i hi*@|��i Th�Ui

Lu U@T�|@* }��i? M) i^�@|�L? E���

w@t| M�| ?L| *i@t|c @?_ @t @??L�?Ui_ �? |�i �?|hL_�U|�L?c L�h ��?|@}i t|h�U|�hi _Lit
@*tL @**L� �t |L Mh�?} L�| ti�ih@* *ittL?t @t |L LT|�4@* @**LU@|�L? Lu *@MLh hitL�hUit
�? |�i *L?} h�?� +i}@h_�?} |�i _�t|h�M�|�L? Lu *@MLh Tih T*@?|c L�h 4L_i* �t �ih)
t@|�tu@U|Lh)� W?_ii_c @*L?} @ �B�c |�i i�L*�|�L? Lu *@MLh L�ih |�4i @?_ �|t _�t|h�M�|�L?
@UhLtt |�i T*@?|t �t }��i? M)G ,E5c |� ' u

6
e3E }

�3k
nB� E|35�� A��t i^�@|�L? �t LM|@�?i_ M)

|h���@**) UL4M�?�?} i^�@|�L?t Ee� |L E.� @?_ E�� �? |�i �B�� +iU@** |�@| ,E5c |� �t |�i
@4L�?| Lu *@MLh _i�L|i_ |L LTih@|i @| | @ T*@?| UL?t|h�U|i_ @| 5 	 |� W? |�i �B�c @t
|�i T*@?|t }i| L*_ihc @ *L�ih @4L�?| Lu *@ML�h �t @tt�}?i_ |L |�i4� w@MLh hi@**LU@|�L?

�e



E?@4i*) Uhi@|�L? T*�t _itU|h�U|�L?�c Mi�?} i^�@* |L 2 u
6
c �t @*tL uL�?_ |L �?Uhi@ti ��i?

|�i }hL�|� h@|i } h�tit ��@ |�i @�ih@}i @}i Lu U@T�|@* �@h�@M*i� W? |��t ti?tic L�h 4L_i*
_Lit hiThL_�Ui |�i 4Lt| �4TLh|@?| t|)*�3i_ u@U|t hi*@|i_ |L �LM Uhi@|�L? @?_ _it|h�U|�L?
@t hiTLh|i_ �? #�??i i| @*� E�bHb�c #@��t @?_ O@*|��@?}ih E�bb2�c @?_ #@��t i| @*�
E�bbS��

AL t�44@h�3i |�i L�|UL4it Lu |��t �ht| *L?} h�? @?@*)t�tc L�h 4L_i* �4T*�it |�@| |�i
��}�ih �t |�i �?�it|4i?| h@|ic |�i 4Lhi hitL�hUit @hi _i�L|i_ |L +:#c |�i u@t|ih |�i
iUL?L4) ��** }hL�c |�i *L�ih ��** Mi |�i @�ih@}i @}i Lu U@T�|@*c |�i ��}�ih ��** Mi |�i
h@|i Lu _iU*�?i Lu |�i hi*@|��i Th�Ui Lu U@T�|@* @?_ |�i }hL�|� h@|i Lu |�i h@|�L i�U�i?|
U@T�|@* |L L�|T�|c @?_ |�i 4Lhi *@MLh hitL�hUit ��** Mi @tt�}?i_ |L |�i ?i�*) Uhi@|i_
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