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XN frpsdqlhv dqg wkhlu vkduhkroghuv kdyh lqfuhdvlqjo| rswhg wr kdyh qhzo| lvvxhg vkduhv

sulydwho| sodfhg udwkhu wkdq vhoolqj wkhp yld d uljkwv lvvxh1 Zh suhvhqw d prgho ri wkh fkrlfh

ehwzhhq wkhvh wzr phwkrgv1 Zh ylhz d uljkwv lvvxh dv vlplodu wr wkh w|sh ri lvvxh hqylvdjhg e|

P|huv dqg Pdmoxi +4<;7,/ lq zklfk lqirupdwlrq dv|pphwu| shuvlvwv xqwlo diwhu wkh vkduhv duh vrog1

Lq frqwudvw/ wkh sodfhphqw surfhvv lv dvvxphg wr hqdeoh srwhqwldo sodfhhv wr lqyhvwljdwh wkh ydoxh

ri wkh lvvxhu/ dqg wr uhyhdo wkh wuxh ydoxh yld wkh sodfhphqw sulfh/ dv lq Khuw}ho dqg Vplwk +4<<6,1

Wkh prgho |lhogv vhyhudo whvwdeoh suhglfwlrqv zklfk duh vwurqjo| vxssruwhg e| hylghqfh iurp d

odujh vdpsoh ri vhdvrqhg htxlw| r�huv�
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@ h�}�|t �tt�i� ì ��i� @ h�}�|t �tt�i @t itti?|�@**) |�i t@4i @t @? 5,� @t 4L_i**i_ M) �)iht
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U*Lti Lu |�i Lgih� ì h�? @** |�i |it|t �t�?} UL?�i?|�L?@* 4@h!i| 4L_i* @M?Lh4@* hi|�h?t

@?_ |�i hit�*|t @hi �ih) t�4�*@h |L |�Lti hiTLh|i_�

A�i �@h�@M*it �? |�i 4L_i* |�@| �i ?ii_ |L 4i@t�hi @hi Uc 0c bc S @?_ B� N?uLh|�?@|i*)

�i _L ?L| �@�i @ t��U�i?|*) hi*�@M*i Lh �?UL?|hL�iht�@* ThL ) uLh B �? L�h _@|@ ti|� W? |�i

UL?|i | Lu @?) hi}hitt�L?c �i @tt�4i i�|�ih |�@| B �t UL?t|@?| Lh |�@| @?) 4L�i4i?| Lu B

@UhLtt �h4t �t ?L| ULhhi*@|i_ ��|� |�i 4i@t�hi_ hi}hittLht�2� ì 4i@t�hi 0 �? @ tU@*i�uhii
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i U*�_i �h4t ��|� ?i}@|��i MLL! �@*�it� ì ��t|�u) |��t L? |�i M@t�t |�@| |�L �h4t ��|�c

hitTiU|��i*)c t4@** TLt�|��i @?_ t4@** ?i}@|��i MLL! �@*�it ThLM@M*) �@�i @ t�4�*@h i |i?|

Lu �?|@?}�M*i @tti|t ���*t| |�i�h hitTiU|��i 4i@t�hi_ 6*K h@|�Lt �L�*_ Mi *@h}i @?_ LTTLt�|i

t�}?i_� #hLTT�?} �h4t ��|� ?i}@|��i MLL! �@*�i uhL4 |�i t@4T*i hi�iU|t L�h ��i� |�@| |�i

6*K h@|�L _Lit ?L| hiThiti?| @ 4i@?�?}u�* ThL ) uLh �?|@?}�M*it �? |�Lti U@tit�

e���� �@h!i| hi@U|�L? |L |�i |)Ti Lu �tt�i

A�i 4L_i* Thi_�U|t |�@| |�i 4@h!i| hi@U|�L? |L T*@Ui4i?|t t�L�*_ Mi TLt�|��ic @?_ |�@| |�i

hi@U|�L? |L T�hi h�}�|t �tt�it t�L�*_ Mi *itt u@�L�h@M*i� A@M*i e Thiti?|t U�4�*@|��i @�ih@}i

@M?Lh4@* hi|�h?t E��+t� uLh uL�h i�i?| Tih�L_t uLh T�hi h�}�|t �tt�it @?_ �tt�it �?�L*��?}

T*@Ui4i?|� A�i hit�*|t t�L� @ U*i@h _�gihi?Ui Mi|�ii? |�i ��+t uLh |�L |)Tit Lu Lgihtc �?

|�i _�hiU|�L? Thi_�U|i_� A�i |�L _@) @??L�?Ui4i?| ��+ �t ���2I uLh T�hi h�}�|t �tt�it @?_

��DI uLh �tt�it ��|� T*@Ui4i?|c @ _�gihi?Ui ���U� �t ��}�*) t�}?��U@?| E| ' S�S�� 5�44�?}

|�i ��+t uLh |�i uL�h i�i?| Tih�L_tc �i �@�i �2�DI uLh h�}�|t UL4T@hi_ ��|� 2�DI uLh �tt�it

��|� T*@Ui4i?|�

5i�ih@* Thi��L�t t|�_�it @UhLtt �@h�L�t t|LU! 4@h!i|t �@�i uL�?_ @M?Lh4@* hi|�h?t U*Lti

|L 3ihL L? @??L�?Ui4i?| Lu h�}�|t �tt�it EuLh i @4T*ic ��}i**�c �bbH�� OL�i�ihc L�h @?�

?L�?Ui4i?| ��+ �t t�4�*@h |L |�i ����I hiTLh|i_ M) 5*L��?c 5�t�!@ @?_ w@� E2fff� uLh @

d�eo



t@4T*i Lu 22f Nk h�}�|t �tt�it 4@_i _�h�?} �bHS�be� A�i TLt�|��i ��+ uLh �tt�it ��|� T*@Ui�

4i?| iU�Lit |�i TLt�|��i ��+t uLh t|@?_�@*L?i Th��@|i T*@Ui4i?|t hiTLh|i_ M) �hL?^��t|

@?_ ��**tL? E2fff�c Oih|3i* @?_ 54�|� E�bb��c 5*L��? i| @* E2fff� @?_ h̀�U! E�bHb��

e���2 +i*@|�L? Mi|�ii? hi�@h_t �? T*@Ui4i?|t @?_ ThL �it uLh �?�it|�?} ULt|t

,^�@|�L? E��b� �? 5iU|�L? ��� t�L�t |�@| |�i _�tUL�?| |L |�i 4@h!i| Th�Ui �? T*@Ui4i?|t

i Thitti_ @t @ ThLTLh|�L? Lu |�i Lgih Th�Ui E��3�R
�R

�c �?U*�_�?} @?) U@t� uii uLh T*@Uiitc

ThL��_it @ _�hiU| it|�4@|i Lu |L|@* �?�it|�?} ULt|t _���_i_ M) ThLUii_tc ���U� �i _i?L|i @t

eA
U
� Wu �i |@!i |�i ��i� Lu �?�it|�?} ULt|t T�| uLh�@h_ �? 5iU|�L? ��ec eA

U
t�L�*_ Mi *L}*�?i@h*)

@?_ TLt�|��i*) hi*@|i_ |L S @?_ b� Wu �?�it|�?} ULt|t @hi *�?i@h*) �L4L}i?L�t �? ThLUii_t |�i?

ThLUii_t t�L�*_ ?L| @__ i T*@?@|Lh) TL�ih |L |�i hi*@|�L?t��T� �tt�4�?} |�@| *? S �t *�?i@h*)

hi*@|i_ |L |�i ThL �it *?6*Kc *?b @?_ *?6S@Rc �i 4@) i @4�?i |�i hi*@|�L?t��T Mi|�ii?

_�tUL�?|t @?_ �?�it|�?} ULt| ThL �it M) hi}hitt�?} ��3�R

�R
L? *?6*Kc *?b @?_ *?6S@R� ì
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ì �@�i D2� T*@Ui4i?|t @?_ 2�S T�hi h�}�|t �tt�it �? |�i t@4T*i� A�i *L}�| hit�*|t uLh

|��t UL4M�?i_ t@4T*i @hi

� ' .Db �@__@,@ -2 ' �S�

�hER,@Se6e?|� '
eq

�

%

�� eq
�

%
��ihi q

�

% ' SJ?r|� e�b�e
iA
U
� �.2 *?

U

6S@R
n �f��S0

E�f�Se� E��ee� ES�b2�

�** ULi�U�i?|t �@�i |�i Thi_�U|i_ t�}? @?_ @hi ��}�*) t�}?��U@?|�

e���D A�i igiU| Lu @}i?U) ThLM*i4t

W? |�i |�iLh)c �| �@t @tt�4i_ |�@| 4@?@}iht @U| �? i �t|�?} t�@hi�L*_iht< �?|ihit|t @?_ |�@|

|�Lti �?|ihit|t @hi |L 4@ �4�ti @ �i�}�|i_ @�ih@}i Lu @ 4@h!i| @?_ @ u�?_@4i?|@* _i�?�|�L?

Lu �@*�i E���.� @?_ E���D�� OL�i�ihc a�?}c k�4 @?_ 5|�*3 E�bbS� Thiti?| i��_i?Ui |�@| |�ihi

�t @ t|hL?}*) ?i}@|��i hi@U|�L? |L @ 4�?Lh�|) Lu �tt�iht ���U� 4�}�| �@�i Mii? i TiU|i_ |L

d�Ho



�@�i h@�ti_ U@T�|@* M) MLhhL��?} h@|�ih |�@? ��@ @? 5,�� A�i) t�}}it| |�@| t�U� �tt�iht

@�L�_ |�i UL?t|h@�?|t Lu _iM| |L �?@?Ui }hL�|� ���U� _Lit ?L| 4@ �4�ti �@*�i� W| UL�*_

Mi @h}�i_c t�4�*@h*)c |�@| @ 4@?@}i4i?| tii!�?} }hL�|� h@|�ih |�@? �@*�i �L�*_ itU�i�

T*@Ui4i?| t�?Ui �| �4T*�it �?�it|�}@|�L? @?_ hi*@|��i*) UL?Ui?|h@|i_ L�?iht��Tc tL |�@| @

h�}�|t �tt�i UL�*_ t�}?@* @}i?U) ThLM*i4t h@|�ih |�@? @ *L� �_h@�< uLh �h4 �@*�i� `��*t|

|��t UL�*_ Mi @ hi@tL? uLh |�i 4Lhi ?i}@|��i hi@U|�L? |L h�}�|t �tt�itc �| �L�*_ Mi 4Lhi Lu @

U�@**i?}i |L ThL��_i @? @}i?U) i T*@?@|�L? uLh |�i hi}hitt�L? hit�*|t �i hiTLh|� ,�i? tLc �i

U�iU! ��i|�ih @}i?U) u@U|Lht @hi @giU|�?} L�h hit�*|t M) UL4T@h�?} |�i *L}�| @?_ @M?Lh4@*

hi|�h? hit�*|t LM|@�?i_ @ML�i ��|� |�Lti LM|@�?i_ uhL4 t�Mt@4T*it Lu b� T�hi h�}�|t �tt�it

@?_ �f� T*@Ui4i?|t M) �h4t |�@| �@�i _�tTihti_ L�?iht��Tc L? |�i �?_iht|@?_�?} |�@| �h4t

��|� _�tTihti_ L�?iht��T @hi 4Lhi *�!i*) |L t�gih @}i?U) ThLM*i4t� ì _i�?i L�?iht��T
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