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Devwudfw

Lq wklv sdshu zh xvh djhqf| wkhru| wr vwxg| wkh dfwlyh uroh ri wkh

fklhi h{hfxwlyh lq wkh irupxodwlrq ri frusrudwh vwudwhj|1 Xqolnh wud0

glwlrqdo dssolfdwlrqv ri djhqf| wkhru|/ zh doorz wkh djhqw +FHR, wr

sod| d uroh lq gh�qlqj wkh sdudphwhuv ri wkh djhqf| sureohp1 Zh

dujxh wkdw FHRv zloo kdyh dq lqfhqwlyh wr sursrvh gl�fxow/ dpel0

wlrxv vwudwhjlhv iru wkhlu frusrudwlrqv1 Wkh h�hfw dulvhv ehfdxvh lq

htxloleulxp/ wkh djhqw pd| eh ryhufrpshqvdwhg lq wkh vhqvh wkdw wkh

sduwlflsdwlrq frqvwudlqw lv qrw elqglqj lq ghwhuplqlqj klv frpshqvd0

wlrq1 Wkh djhqw fdq h{sorlw wklv e| sursrvlqj dpelwlrxv frusrudwh

vwudwhjlhv/ wkhuhe| lq�xhqflqj wkh sdudphwhuv ri wkh frqvwudlqwv lq

wkh djhqf| sureohp1 Wkh sulqflsdo +wkh rzqhuv ri wkh frpsdq|, fdq

plwljdwh wklv e| suhfrpplwwlqj wr sd| kljk frpshqvdwlrq uhjdugohvv

ri wkh pdqdjhu*v fkrvhq vwudwhj|/ exw pd| rswlpdoo| suhihu qrw wr gr

vr1 MHO qxpehuv= J63/ J67/ M66/ G;51 Nh|zrugv= djhqf| wkhru|/

h{hfxwlyh frpshqvdwlrq/ iuhh0fdvk0�rz wkhru|/ vwudwhjlf frpsoh{lw|

�Suholplqdu| gudiw1 Vxssruwhg e| wkh HX0WPU Uhvhdufk Qhwzrun Frqwudfw IPU[0

FW<933871 Iluvw suhvhqwhg dw wkh HVVIP/ Jhu}hqvhh/ Mxo| 53331 Frpphqwv zhofrph1

Zh wkdqn Euxqr Eldlv dqg Frolq Pd|hu iru frpphqwv rq hduolhu gudiw1
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|�i�h �Lh!*L@_� ì ��i� |��t @t Mi�?} MhL@_*) UL4T@|�M*i ��|� uhii�U@t��

�L� |�iLh) @?_ ThL��_�?} @ |�iLhi|�U@* uL�?_@|�L? uLh |�i L�ih�?�it|4i?|

�)TL|�it�t�

��h @?@*)t�t �t @*tL UL?t�t|i?| ��|� |�i i��_i?Ui |�@| 4@?) |@!iL�iht

_L ?L| Uhi@|i �@*�i uLh |�i t�@hi�L*_iht Lu |�i M�__�?} �h4� 6Lh i @4T*ic

a@hhi** @?_ �L�*ti? E�bHb� t|�_) |�i t�@hi Th�Ui hi@U|�L? |L @ *@h}i ?�4Mih Lu

|@!iL�iht @?_ �?_ |�@|c �TL? @??L�?Ui4i?| Lu @ |@!iL�ihc @M?Lh4@* hi|�h?t

|L M�__�?} t�@hi�L*_iht @hi U*Lti |L 3ihL Lh ?i}@|��i� 5�4�*@h hit�*|t @hi uL�?_

�? L|�ih t|�_�itc i�}� ai?ti? @?_ +�M@U! E�bH��c a@hhi**c �h�U!*i) @?_ �i||ih

E�bHH�c �h@_*i)c #it@� @?_ k�4 E�bHH�c w@?} @?_ 5|�*3 E�bbe�c �ih}ih @?_

�ui! E�bbD� @?_ 5ih�@it E�bbS�� `��*i tL4i t|�_�it �?_ t4@** TLt�|��i }@�?t

uLh M�__iht �? tL4i Tih�L_t @?_ uLh tL4i U*@ttit Lu |@!iL�ihc |�i Thi_L4�?@?|

UL?U*�t�L? �t |�@| |@!iL�iht u@�* |L Uhi@|i �@*�i uLh M�__ihtc itTiU�@**) ��i?

|�i T�hTLti �t _��iht��U@|�L?�

O@4Mh�U! @?_ 6�?!i*t|i�? E�bH.� @?_ 6�?!i*t|i�? @?_ �L)_ E�bbH� _�t�

U�tt |�i hL*i Lu �,� _�tUhi|�L? �? �h4 TihuLh4@?Ui @?_ �|t hi*@|�L?t��T ��|�

i iU�|��i UL4Ti?t@|�L?� w�!i |�i4 L�h @?@*)t�t t|hittit R|�i �_i@ � Ui?|h@*

|L |�i 4@?@}ih�@* _�tUhi|�L? UL?UiT| � |�@| t|h@|i}�U *i@_iht��Tc itTiU�@**)

e



@t i4ML_�i_ �? |�i hL*i Lu |�i �,�c �t T��L|@* |L |�i t�UUitt Lh u@�*�hi Lu

@ �h4� E6�?!i*t|i�? @?_ �L)_ E�bbH��� �?i _�gihi?Ui �t |�@| �i i T*�U�|*)

uLU�t L? |�i �?Ui?|��it uLh 4@?@}iht |L Uhi@|i UL4T*i i?��hL?4i?|t ��|�

|�i hit�*|�?} ��}� UL4Ti?t@|�L?� �*tLc @t ��** Mi tii? Mi*L�c �i @ttLU�@|i

UL4T*i i?��hL?4i?|t ��|� L�ihUL4Ti?t@|�L? Ei^��*�Mh��4 i TiU|i_ �|�*�|)

Lu T@) @ML�i |�i _�t�|�*�|) Lu igLh|� ���*i 6�?!i*t|i�? @?_ �L)_ E�bbH� hi}@h_

��}� UL4Ti?t@|�L? @t Lgti||�?} }hi@|ih h�t! uLh |�i 4@?@}ih�

A�i MhL@_ L�|*�?i Lu L�h 4L_i*c @?_ |�i 4@�? �_i@t Lu L�h @?@*)t�tc @hi

@t uL**L�t�

A�i U��iu i iU�|��i uh@4it |�i _�tU�tt�L? ��|� |�i ML@h_ L�ih t|h@|i})

@?_ UL4Ti?t@|�L?c M) i T*Lh�?} TL|i?|�@* t|h@|i}�U LT|�L?t uLh |�i UL4T@?)

@?_ Thiti?|�?} ��t @?@*)t�t Lu |�Lti LT|�L?t |L |�i ML@h_ E|L t�4T*�u)c �i _L

?L| _�t|�?}��t� Mi|�ii? |�i ML@h_ @?_ |�i t�@hi�L*_iht @*|�L�}� �? hi@*�|)c

|��t _�t|�?U|�L? �t �|ti*u @ uh��|u�* @hi@ uLh hiti@hU� E�_@4t E2fff���� A�i)

@}hii L? @ t|h@|i}) |L �4T*i4i?| @?_ |�i ML@h_ @TThL�i @ UL4Ti?t@|�L?

UL?|h@U| |�@| �?_�Uit |�i 4@?@}ih |L U�LLti |�@| t|h@|i}) @?_ |L �Lh! �@h_

|L �4T*i4i?| �| t�UUittu�**) E��hT�) E�bbb� _itUh�Mit |�i |)T�U@* �@) |�@|

|LT 4@?@}i4i?|<t UL4Ti?t@|�L? T@U!@}i �t ti| M) |�i ML@h_�� �i�|�ih |�i

igLh| ?Lh |�i _itUh�T|�L? Lu |�i t|h@|i}) �|ti*u @hi UL?|h@U|�M*ic tL |�i UL?|h@U|

tTiU��it T@) UL?|�?}i?| L? |�i �?@?U�@* TihuLh4@?Ui Lu |�i �h4�
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ì �@�i t�}}it|i_ @ 4L|��i uLh L�ih*) @4M�|�L�t t|h@|i}�it M@ti_ L? |�i

t|@?_@h_ �?@?U�@* �?Ui?|��it UL?t�_ihi_ �? @}i?U) |�iLh) @?_ �? iUL?L4�Ut

4Lhi }i?ih@**)� OL�i�ihc L|�ih �h�|iht �@�i ?L|i_ @ |i?_i?U) |L�@h_t @4M��

|�L�t Lh i T@?t�L?@h) t|h@|i}�itc @?_ @||h�M�|i_ |��t |L ?L?��?@?U�@* 4L|��it�

��gi|| E�bH��c UL44i?|�?} L? |�i |i?_i?U) uLh �@*�i hi_�U�?} |@!iL�ihtc

hi4@h!t |�@| R*i@_ihtc M�t�?itt Lh L|�ih��tic ti*_L4 @hi _i�U�i?| �? @?�4@*

tT�h�|t @?_ Lu|i? hi*�t� �?Uhi@ti_ @U|���|) @?_ U�@**i?}i�� Oi @*tL t�}}it|t

|�@| R�@?) 4@?@}i4i?|t @TT@hi?|*) �ihi L�ih�i TLti_ �? �4Thitt�L?@M*i

U��*_�LL_ )i@ht |L |�i t|Lh) �? ���U� |�i �4Th�tL?i_ �@?_tL4i Th�?Ui �t hi�

*i@ti_ uhL4 |�i |L@_<t ML_) M) @ !�tt uhL4 @ Mi@�|�u�* Th�?Uitt� �L?ti^�i?|*)

|�i) @hi Uih|@�? |�i�h 4@?@}ih�@* !�tt ��** _L �L?_iht�� �t ,�ti?�@h_| E�bHb�

�@t TL�?|i_ L�| �? �ih Uh�|�U@* t�h�i) Lu |�i @TT*�U@M�*�|) Lu @}i?U) |�iLh)c

|�i i |i?| |L ���U� 4@?@}ih�@* Mi�@��L�h U@? Mi i T*@�?i_ M) T�hi*) �?@?�

U�@*c h@|�ih |�@? Tt)U�L*L}�U@*c 4L|��it �t LTi? |L _iM@|i� ì _L ?L| _i?)
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Mi|�ii? � @?_ � |�@| �t LT|�4@* uLh |�i 4@?@}ih �t @*tL LT|�4@* uLh |�i

t�@hi�L*_iht� A�i @?t�ih �t ?LG |�i�h �?|ihit|t 4@) _��ih}i� 5�?Ui |�ihi

@hi 4@?) T@h@4i|iht �? |�i 4L_i* |�@| UL�*_ �@h)c L?i UL�*_ �?_ i @4T*it

��ihi |�i 4@?@}ih Thiuiht � ���*i |�i t�@hi�L*_iht Thiuih � @t �i** @t ��Ui

�iht@� AL T�| tL4i t|h�U|�hi L? |�i UL4T@h�tL?c t�TTLti |�@| R� ' R�

@?_ e� ' e�� A�i? |�ihi �t @ t)t|i4@|�U _�hiU|�L? |L |��t _��ih}i?UiG |�i

4@?@}ih |i?_t |L U�LLti �� Wu |�i t�@hi�L*_iht �L�*_ Thiuih � L�ih �c |�i?

tL _Lit |�i 4@?@}ih� ��| |�i UL?�ihti �t u@*tiG |�i 4@?@}ih 4@) Thiuih �

���*i |�i t�@hi�L*_iht Thiuih ��

�hLTLt�|�L? � 5�TTLti |�@| R� ' R� @?_ e� ' e�� E��A�i 4@?@}ih 4@)

Thiuih @? @4M�|�L�t t|h@|i}) L�ih ULt|�U�||�?}c i�i? �u |��t �t ?L| �? |�i t�@hi�

�L*_iht< �?|ihit|t� E�����| �i ��** ?i�ih U�LLti ULt|�U�||�?} ��i? |�i t�@hi�

�L*_iht �L�*_ Thiuih |�i @4M�|�L�t t|h@|i})�

�hLLuG 6Lh E���c �i ?ii_ |L t�L� |�@| �u |�i t�@hi�L*_iht Thiuih �c |�i? |�i

4@?@}ih ��** |LLG

R�Z�ET �

e�

Z� � Z�

� n E� � R��Z�ET �

e

Z�

� � R�.�Z�ET �

e�

Z�� � Z�

� n

E�� R��Z�ET �

e

Z�

� E�D�

, R�E.�Z�
e�

Z�� � Z�

� e� e�� � R�EZ�
e�

Z� � Z�

� e� e�� E�S�

��



A�i �ht| �?i^�@*�|) U@? @*tL Mi i Thitti_ @tG

R�Z�ET �
e�

Z� � Z�

� n E�� R��Z�ET �
e

Z�

�

� R�.�Z�ET �

e�

Z�� � Z�

� n E� � R��Z�ET �

e

Z�

�

/

R�Z�ET �

e�

Z� � Z�

� n E�� R��Z�ET �

e

Z�

�

� R�.�Z�ET �
e�

Z�� � Z�

� n E� � R��Z�ET �
e

Z�

�

/ Z�ET �

e�

Z� � Z�

� � .�Z�ET �

e�

Z�� � Z�

�E��

�i |c |�i tiUL?_ �?i^�@*�|) U@? @*tL Mi �h�||i? @tG

R�E.�Z�
e�

Z�� � Z�

� e� e�� � R�EZ�
e�

Z� � Z�

� e� e��

/ .�Z�
�

Z�� � Z�

� Z�

�

Z� � Z�

E���

AL t�L� t|@|i4i?| E��� �? |�i ThLTLt�|�L?c �i ?L� t�L� |�@| |�i hi�ihti

Lu �?i^�@*�|) E88� �4T*�it |�i hi�ihti Lu E8�G

Wu .�Z�
�

Z��3Z�
	 Z�

�
Z�3Z�

c |�i? .�Z�
Z�3Z�
Z��3Z�

	 Z� � 5LG

Z�ET �

e�

Z� � Z�

� : .�Z�
Z� � Z�

Z�� � Z�

ET �

e�

Z� � Z�

� : .�Z�ET �

e�

Z�� � Z�

�

E�.�

��ihi |�i *@t| �?i^�@*�|) uL**L�t uhL4 |�i @tt�4T|�L? Z� � Z���

AL t�L� t|@|i4i?| E��c �i ?ii_ |L t�L� |�@| E88� U@? �L*_ E4@?@}ih

Thiuiht �� @t �i** @t E8� Mi�?} hi�ihti_ Et�@hi�L*_iht Thiuih ��G

.�Z�
�

Z�� � Z�

� Z�

�

Z� � Z�

c

Lh i^���@*i?|*)G

.�Z� � Z�

Z�� � Z�

Z� � Z�

@?_

Z�ET �

e�

Z� � Z�

� : .�Z�ET �

e�

Z�� � Z�

�

�e



��i�c
T �

e�
Z�3Z�

T �
e�

Z��3Z�

Z� : .�Z�

6Lh ML|� �?i^�@*�|�it |L �L*_c �i ?ii_G

T �
e�

Z�3Z�

T �
e�

Z��3Z�

Z� : Z�

Z�� � Z�

Z� � Z�

T �
e�

Z�3Z�

T �
e�

Z��3Z�

:
Z�� � Z�

Z� � Z�

T EZ� � Z��� e�

T EZ�� � Z��� e�

: �

���U� �L*_t t�?Ui Z� � Z��c ThL��?} E����

� � Bi?ih@* �L_i*
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ì U@? ?L� _i�?i |�i T@)4i?|t 6� |�@| @hi LT|�4@* uLh i@U� t|h@|i})

7�c �u Thiti?|i_ @| |�i ML@h_ 4ii|�?}� A��t ��** |�i? @**L� �t |L U�@h@U|ih�3i

|�i 4@?@}ih<t U�L�Ui Lu t|h@|i})�

�| |�i ML@h_ 4ii|�?}c |�i �,� Thiti?|t |�i @�@�*@M*i t|h@|i}) U�L�Uit�

Wu |�i t|h@|i}) �i �?�it|�}@|i_ |�h?i_ L�| ?L| |L Mi @TT*�U@M*ic |�i L?*)

@�@�*@M*i t|h@|i}) �t �c L|�ih��ti �i U@? @*tL Thiti?| h7� @t @? @*|ih?@|��i
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M) UL?t�_ih�?} @ t4@** U�@?}i |L |�i @TThLTh�@|i T@h@4i|iht Lu |�i t|h@|i})�

�b



A�i �ht| ThLTLt�|�L? t�L�t |�@| |�i 4@?@}ih ��** |i?_ |L Thiuih 4Lhi

_i4@?_�?} t|h@|i}�itc i�i? ��i? |��t �t ?L| �? |�i t�@hi�L*_iht< �?|ihit|t�

�hLTLt�|�L? D B��i? |�L �@h_ t|h@|i}�it U�@h@U|ih�3i_ M) t*�}�|*) _�gihi?|

igLh| *i�i*t M�| L|�ih��ti �_i?|�U@* U�@h@U|ih�t|�Ut R�c��c^�c t�U� |�@| |�i

t�@hi�L*_iht @*�@)t U�LLti |L T@) 6�� @?_ �?_�Ui U�L�Ui Lu 7� h@|�ih |�@?

�c |�i 4@?@}ih ��** Thiuih |L �?�it|�}@|i |�i L?i ��|� ��}�ih igLh|� A�i

t�@hi�L*_iht �@�i |�i LTTLt�|i Thiuihi?Ui�

�hLLuG Y

Ye�
iR�dE

e�
Z��3Z�

�.hZ� � e � e�oj ' R�d
.hZ�

Z��3Z�
� �o ' R�d

.hZ�3Z��nZ�
Z��3Z�

o :

f( A��t t�L�t |�i 4@?@}ih<t Thiuihi?Ui� O�}�ih igLh| �4T*�it *L�ih |L|@*

t�hT*�tc �i?Uic t�?Ui |�i 4@?@}ih<t t�hT*�t �t �?Uhi@ti_c |�i t�@hi�L*_ih 4�t|

Mi �Lhti Lg��

A�i tiUL?_ ThLTLt�|�L? t�L�t |�@| |�i 4@?@}ih ��** t)t|i4@|�U@**) |i?_

|L Thiuih 4Lhi �??L�@|��ic @4M�}�L�t t|h@|i}�it ��ihi |�i ThLM@M�*�|) Lu t�U�

Uitt �t 4Lhi �?Uih|@�?�

�hLTLt�|�L? S B��i? |�L �@h_ t|h@|i}�itc L?i ��|� @ _�t|h�M�|�L? Lu hZ� |�@|
tiUL?_�Lh_ih t|LU�@t|�U@**) _L4�?@|it |�i L|�ihc M�| L|�ih��ti �_i?|�U@* U�@h�

@U|ih�t|�Ut R�c e�c t�U� |�@| |�i t�@hi�L*_iht @*�@)t U�LLti |L T@) 6�� @?_

�?_�Ui U�L�Ui Lu 7� h@|�ih |�@? �c |�i 4@?@}ih ��** Thiuih |�i L?i ��|� |�i

4Lhi _�tTihti_ _�t|h�M�|�L? Lu hZ� ���*i |�i t�@hi�L*_iht ��** �@�i |�i LTTLt�|i

Thiuihi?Ui�

�hLLuG � 4i@?�Thitih��?}�tThi@_ Lu |�i _�t|h�M�|�L? Lu hZ� ��** i�|�ih hi_�Ui
Z�� Lh *i@�i �| �?U�@?}i_c ���*i *i@��?} @** L|�ih �@h�@M*it �?U�@?}i_ �? |�i

i Thitt�L? Lu |�i 4@?@}ih<t t�hT*�tG R�dE
e�

Z��3Z�
�.hZ� � e� e�o�

W? |�i uLh4ih U@ti EZ�� hi_�Ui_� |�i 4@?@}ih ��** Mi t|h�U|*) Mi||ih Lg(

�? |�i *@||ih U@ti �i ��** L?*) �@�i @ �i@! Thiuihi?Ui� 5�?Ui |�i |L|@* t�hT*�t

�t �?U�@?}i_ �? i�|�ih U@tic t�@hi�L*_iht ��** �@�i |�i LTTLt�|i Thiuihi?Ui |L

|�i 4@?@}ih��

�L|i |�@| �i �@�i @tt�4i_ |�i _�t|h�M�|�L? Lu hZ �t _�tUhi|i @?_ �i?Ui |�i

t�@hi�L*_ih u@Uit @? �?|i}ih�ThL}h@44�?} ThLM*i4� ì UL�*_ @*|ih?@|��i*)
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