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Abstract 
When sampling from a finite population the access to a good sampling 
frame is of vital importance. However, the statistician often has to 
confront the problem of estimation in the face of non-negligible frame 
imperfections, e.g. overcoverage and undercoverage. In this paper we 
discuss different approaches to deal with this problem. In particular, 
we address the situation when there exists a new up-to-date current 
register and the improvement this brings along. The paper is part of a 
project which eventually aims at developing approaches for handling 
the estimation problem when nonresponse and frame imperfection 
occur simultaneously. 
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@�|�Lht �ihi }��i?� ì ��**c �?_ih |�i @tt�4T|�L?t 4@_i �? |��t ti|�Tc

�b



i @4�?i ��i|�ih @?) Lu |�iti uL�h it|�4@|Lht @hi TLtt�M*i U@?_�_@|it uLh
it|�4@|�L? Lu | 4�5�1 �

W? Lh_ih |L u@U�*�|@|i |�i _�tU�tt�L? �? |��t @?_ uL**L��?} tiU|�L?t �i Mi}�?
M) hi�h�|�?} |�iti it|�4@|Lht �t�?} @ ?L|@|�L? |�@| Mi||ih �|t |�i t�|�@|�L?
��ihi |�i _L4@�? Lu �?|ihit| �t L - Lu t�3i � - @?_ ��ihi |�i @� �*�@h) �iU|Lh
�t  , � A��t }��it |�i uL**L��?} i Thitt�L?tG
E��

	| S TVU4�5�1�C
D�A ' � -
	� -

[
0 1 �+ 6 n

�[
5�1  , 6 � � -

	� -
[

0�1 � , 6
� @ e� e;_B0�_ E22�

��ihi � - �t !?L�?c 	� - ' S
0 1 �*Z , 6 c @?_

e� e;_:0�_ ' eA F =e;_�e;_:0�_ e| e;_�4�0 _
'

�[
0�_ S 6  , 6 � @ , 6

� F = [
0�_ S 6  , 6 �+ 6 E2��

�t |�i it|�4@|i_ hi}hitt�L? ULi�U�i?| �? L , �
E���

	| S TWTVU4�5�1�C
DOA '
[

0 1 �+ 6 n
�[

5�1  , 6 �[
0 1 � , 6 � @ e� e;_B0 _ E2e�

E����
	| S TWTWTVU4�5�1�C
D�A '

[
0�1 �+ 6 n

�[
5�_  , 6 �[

0�_ � , 6 � @ e� e;_:0�_�X 0�1 E2D�
��ihi e� e;_:0�_�X 0�1 ' eA F =e;_�e;_B0�_ e| e;_�4I0�1

'
�[

0�_ S 6  , 6 � @
, 6
� F = [

0 1 S 6  , 6 �+ 6 E2S�
E���

	| S TWY"U4�5�1 C�D�A '
[

0�1 �+ 6 n
�[

5�1  , 6 �[
0 1 � , 6 � @ e� ef_B0�1 E2.�

��ihi
e� e;_B0 1 ' eA F =e;_�e;_B0�1 e| e;_�4I0�1

'
�[

0�1 S 6  , 6 � @
, 6
� F = [

0�1 S 6  , 6 �+ 6 E2H�
�t |�i it|�4@|i_ hi}hitt�L? ULi�U�i?| �? L - �

2f



+i4@h! . `i �ti |�i e� �?_i  , |L �?_ih*�?i |�i _�gihi?Ui Mi|�ii? |�i
hi}hitt�L? ULi�U�i?| �?_ih |�i t|@?_@h_ it|�4@|�L? ti|�T @?_ �?_ih |�i �_i@*
t�|�@|�L?�

W| �t �44i_�@|i*) U*i@h |�@| ?L?i Lu |�i �ht| |�L it|�4@|Lht U@? Mi �ti_c
t�?Ui |�i) ML|� hi^��hi !?L�*i_}i Lu |�i _L4@�? |L|@* Lu |�i @� �*�@h) �iU|LhS

5�1  , 6 @?_ t�?Ui |�i�h UL44L? e� ef_B0�_ hi^��hit + 6 ��@*�it uLh i�ih) & 5 r , �
A�i �ht| it|�4@|Lh @*tL hi^��hit !?L�*i_}i Lu � - � �L?i Lu |�iti hi^��hi4i?|t
@hi u�*�**i_�

A�i |��h_ it|�4@|Lh �t @ TL|i?|�@* U@?_�_@|ic t�?Ui �| �t M@ti_ L? @�@�*@M*i
) �?uLh4@|�L? L?*)� OL�i�ihc uLh hi@tL?t }��i? �? tiU|�L? ��2c �| ��** L?*)
ThL_�Ui *�||*i Lh ?L }@�? �? ThiU�t�L? _�i |L hi}hitt�L?c @?_ �i?Ui �i _L ?L|
tii |��t it|�4@|Lh @t @ �tiu�* @*|ih?@|��i |L |�i t�4T*i _L4@�? Z it|�4@|Lhc	| 4�5�1�K �

Oi?Uic |�i L?*) it|�4@|Lh |�@| 4�}�| Mi @ TL|i?|�@* U@?_�_@|i �t |�i
uL�h|� it|�4@|Lh� OL�i�ihc *�!i |�i �ht| |�L it|�4@|Lhtc �| hi^��hit !?L�*i_}i
|�@| �t ?L| @| �@?_c @*|�L�}� ?L| |L |�i t@4i i |i?|� A�i L?*) �?uLh4@|�L?
�i ?L� *@U! �t |�i �@*�i Lu S 5 1  , 6 ' | ^H_ 5 1 � A��t t�}}it|t @? it|�4@|Lh
|�@| 4�}�| Mi �ti_ �? tL4i t�h�i)t�

5�TTLti |�@| �ic �t�?} i |ih?@* �?uLh4@|�L?c U@? UL4i �T ��|� @ hi@�
tL?@M*) U*Lti @TThL �4@|�L? |L | ^H_ 5 1 c t@) �| ^H_ 5 1 � Nt�?} |��t @TThL �4@|�L?
�?t|i@_ Lu S 5�1  , 6 ' | ^ _B5�1 �? |�i uL�h|� it|�4@|Lh }��it |�i uL**L��?} @*|ih�
?@|��i it|�4@|Lh uLh | 4�5�1 G

�| 4�5�1�C
DOA ' [
0 1 �+ 6 n

�
�| ^ _B5�1 �[

0�1 � , 6 � @ e� e;_B0�1 E2b�
+i4@h! H �? @*|ih?@|��i i Thitt�L? Lu �| 4�5�1�C
D�A �t

�| 4�5�1�C
D�A ' [
0�1 �� - 6 + 6 ' [

0�1 �� - 6 �+ 6 E�f�
��ihi �� - 6 ' �� - 6 *Z , 6 @?_

�� - 6 ' � n S 6
��| ^ _B5�1 �[

0�1 � , 6 � @ �[
0�1 S 6  , 6 � @

, 6
� F =

 , 6 E���
A�i i TiU|i_ �@*�i Lu �| 4�5�1 C�D�A �t }��i? M) EuLh @ ThLLuc �t�?} A@)*Lh *�?�

i@h�3@|�L?c tii @TTi?_� ����
. ��| 4�5�1�C
DOA � �' | 4�5�1 n ��| ^ _L5�1 � | ^ _L5�1 � @ � e;_L5�1 E�2�

2�



��ihi � e _ 5 1 ' A F =e;_�e;_L5�1 | e _ 4�5 1 ' �S
5�1 S 6  , 6  @ , 6 � F = S

5�1 S 6  , 6 + 6 � Oi?Uic
�|t M�@t �t }��i? M)

� ��| 4�5�1�C
D�A � �' ��| ^ _L5�1 � | ^ _L5�1 � @ � e;_L5�1 E���
A�i @TThL �4@|i �@h�@?Ui Lu �| 4�5�1�C
D�A �t }��i? M) E@}@�?c uLh @ ThLLuc tii @T�
Ti?_� ����

�T ��| 4�5�1�C
D�A � ' [[
5�1 { , 6�< �. g 1, 6 �. g 1, < E�e�

��ihi { , 6"< ' Z , 6"< � Z , 6 Z , < @?_
. g 1, 6 ' E� n� @

- S 6  , 6 �. , 6

��|� � @ - ' ��| ^ _L5�1 � | ^ _L5�1 � @ A F =e;_�e;_L5�1 @?_ . , 6 ' + 6 �  @ , 6 � e;_L5�1 �
� �@h�@?Ui it|�4@|Lh �L�*_ Mi

	T ��| 4�5�1�C
D�A � ' [[
0�1 �{ , 6�< �e h

g 1, 6 �e h
g 1, < E�D�

��ihi e h
g 1, 6 ' E� n 	� @

- S 6  , 6 � e , 6 ��|� 	� @
- ' ��| ^H_ 5 1 �S

0 1 � , 6 � @ eA F =e;_�e;_B0 1 @?_
e , 6 ' + 6 �  @ , 6 e� e _ 0 1 �
+i4@h! b �? @*|ih?@|��i |L e h

g 1, 6 �L�*_ Mi e g 1, 6 � �| Thiti?| �| �t ?L| U*i@h
���U� U�L�Ui �t |�i Mi||ih @?_ tL4i u�h|�ih �Lh! �t ?ii_i_ �? _iU�_�?} ��i|�ih
|L �ti � @ - Lh 	� @

- �? |�i �@h�@?Ui it|�4@|Lh�
�L�c i�i? �u �i �@�i 4@?@}i_ |L UL4i �T ��|� @? it|�4@|Lh �| 4�5�1�C
DOA |�@| �?

tL4i U�hU�4t|@?Uit 4�}�| Mi }LL_ uLh | 4�5 1 E�u �| ^H_ 5 1 �t @ U*Lti @TThL �4@|�L?
|L | ^ _L5�1 @?_ �u |�ihi �t @ t|hL?} *�?i@h hi*@|�L?t��T Mi|�ii? + @?_  , � �i
@hi ?L| �?�t�i_c t�?Ui ��@| �i @hi *LL!�?} uLh �t @ }LL_ it|�4@|Lh uLh | 4�5 '
| 4�5�1 n | 4�5:9;3 � Oi?Uic �t�?} �| 4�5�1�C
D�A uLh | 4�5 �t *�!i*) |L *i@_ |L �?_ihit|�4@|�L?
Et�?Ui + 6 : f�c ���U� ��** Mi t�Mt|@?|�@* �?*itt | 4�5:9;3 �t �ih) t4@** UL4T@hi_
|L | 4�5 1 � 5�?Ui �i �@�i ?L �?uLh4@|�L? L? |�i i*i4i?|t & 5 L 5#/ c ?i�|�ih
uhL4 |�i uh@4ic ?Lh uhL4 |�i t@4T*ic �i �@�i |L hitLh| |L 4Lhi Lh *itt
tTiU�*@|��i @TThL@U�it� 6Lh i @4T*ic *LL!�?} @| |�i it|�4@|Lh �| 4�5�1 C�D�A @ML�i
@t @? it|�4@|Lh uLh | 4�5 ' | 4�5�1 n | 4�5:9;3 c �|t M�@t �t @TThL �4@|i*) }��i? M)��| ^ _L5�1 � | ^ _L5�1 � @ � e;_L5�1 � | 4�5�9�3

22



@?_c �i?Uic �i t�L�*_ ?L| |h) |L �?_ @? @TThL �4@|�L? �| ^ _L5�1 U*Lti |L | ^ _B5�1 �
W?t|i@_ �i t�L�*_ |h) |L �?_ @ �iU|Lh �| t�U� |�@|��|� | ^ _L5�1 � @ � e;_L5�1 � | 4�5:9;3
Wu t�U� @ �iU|Lh �| UL�*_ Mi uL�?_c �i 4�}�| @t @? it|�4@|Lh uLh | 4�5 |@!i

�| 4�5 ' [
0�1 �+ 6 n

��|�[
0�1 � , 6 � @ e� e;_B0 1 E�S�

W? |�i uL**L��?} tiU|�L? �i ��** _�tU�tt |�L t�U� 4Lhi Lh *itt tTiU�*@|��i
@TThL@U�it�

��2 ,t|�4@|�L? Lu ||X
��2�� � t�4T*�t|�U @TThL@U�
�?i t�4T*i @TThL@U� �? @_��t|�?} uLh |�i �?_ihUL�ih@}i �t M@ti_ L? |�i uL*�
*L��?} hi@tL?�?}� 5�TTLti �)TL|�i|�U@**) |�@| �i !?L� |�i hi*@|�L? Mi|�ii?
|�i TLT�*@|�L? |L|@* | 4�5 @?_ |�i _L4@�? |L|@* | 4�5�1 @?_ |�@| �| 4@) Mi i �
Thitti_ @t | 4�5 ' B 4 | 4�5 1 c ��ihi B 4 �t @ !?L�? UL?t|@?|�
+i4@h! �f 5�?Ui | 4�5 ' | 4�5�1 n | 4�5:9;3 �i U@? @*|ih?@|��i*) i Thitt |��t hi*@�
|�L? @t | 4�5�9;3 ' EB 4 � �� | 4�5�1 �

W? |��t �)TL|�i|�U@* t�|�@|�L? �i UL�*_ @t @? it|�4@|Lh uLh | 4�5 �ti B 4 	| 4�5�1 c
��ihi 	| 4�5�1 �t @? it|�4@|Lh uLh | 4�5�1 � �M��L�t*)c t�?Ui B 4 �t �?!?L�?c �| �t
?L| TLtt�M*i |L �ti B 4 	| 4�5 1 � ��| t�TTLti |�@| |�i t|@|�t|�U�@?c �t�?} Th�Lh
�?uLh4@|�L?c �@t @UUitt |L @ }LL_ @TThL �4@|�L? Lu B 4 c t@) �B 4 � A��t �L�*_
4@!i �| TLtt�M*i |L �ti |�i it|�4@|Lh

	| 4�5�ij
k ' �B 4 	| 4�5�1 E�.�
Wu 	| 4�5�1 �t E@TThL �4@|i*)� �?M�@ti_ uLh |�i |L|@* | 4�5�1 c |�i E@TThL �4@|i� hi*�
@|��i M�@t Lu 	| 4�5�ij�k �t

-�
�	| 4�5 ij k

�
' �B 4 | 4�5�1 � | 4�5

| 4�5 '
ij kj
k B 4 | 4�5�1 � | 4�5

| 4�5
' �B 4

B 4 � � E�H�

2�



���*i |�i @TThL �4@|i �@h�@?Ui �t }��i? M)
�T

�	| 4�5 ij k
�
' �B

J
4 �T �	| 4�5 1 � E�b�

��ihi �T �	| 4�5 1 � _iTi?_t L? |�i U�L�Ui Lu 	| 4�5 1 �
�?) Lu |�i it|�4@|Lht ThLTLti_ @ML�i uLh | 4�5�1 @hi TLtt�M*i |L �ti �? 	| 4�5�ij
k �

OL�i�ihc ?L|i |�@| �| 4�5�1 C�D�A ��** Mi M�@ti_ uLh | 4�5�1 �u �| ^ _B5�1 �t ?L| U*Lti |L | ^ _B5�1 c
*i@_�?} |L @ 4Lhi UL4T*i i Thitt�L? uLh |�i hi*@|��i M�@t �? E�H��
��2�2 � 4Lhi i*@MLh@|i @TThL@U�
+iU@** uhL4 |�i i?_ Lu tiU|�L? ��� |�@| ��|� @ t��|@M*i U�L�Ui Lu |�i �iU|Lh �|
�? E�S�c ��i� �?

�| 4�5 ' [
0�1 �+ 6 n

�
�|�[

0�1 � , 6 � @ e� e;_B0 1

|��t it|�4@|Lh ��** Mi @ }LL_ U@?_�_@|i it|�4@|Lh uLh | 4�5 � �L�*_ t�U� @ �iU|Lh
Mi uL�?_q �?i �@) Lu hi@tL?�?} uLh �?_�?} @? @?t�ih �t @t uL**L�t�

�� A�i it|�4@|Lh �| 4�5�1�C
D�A �t T@h|*) M@ti_ L? |�i @TThL �4@|i *�?i@h hi*@|�L?
+ 6 �  @ , 6 � ^ _L5�1 uLh & 5 L -

5�TTLtic �)TL|�i|�U@**)c |�@| |�i t@4i |)Ti Lu @� �*�@h)  , ��?uLh4@|�L?
@t |�i L?i �ti_ uLh �| 4�5�1�C
D�A �ihi @�@�*@M*i uLh i�ih) & 5 L 5#/ @t �i**c @?_
*i|

+ 6 �  @
, 6 � ^ _L5:9;3 uLh & 5 L 5#/

2� 6�h|�ih4Lhi t�TTLtic t|�** �)TL|�i|�U@**)c |�@| � ^H_ 5 9;3 ' � ^`_ 5 1 c ��i�
|�@|

+ 6 �  @
, 6 � ^ _L5�1 uLh & 5 L 5#/

Wu ML|� |�itic 4Lt| �)TL|�i|�U@*c @tt�4T|�L?t �ihi ULhhiU|c �| �L�*_ Mi hi@�
tL?@M*i |L �ti 	+ 6 '  @ , 6 e� e _ 0 1 E& 5 L 5#/ � @t Thi_�U|�L?t uLh |�i �?!?L�?
+ 6 ��@*�it� Oi?Uic @t @? it|�4@|Lh uLh | 4�5:9;3 ' S

5�9�3 + 6 c �i 4�}�| �ti
	| 4�5:9;3 ' [

5:9;3 	+ 6 ' [
5:9;3  

@
, 6 e� e;_B0�1

' | @^ _L5�9;3 e� e;_B0 1 Eef�
2e



�L�c �?uLh|�?@|i*)c �i _L ?L| �@�i @UUitt |L | ^ _L5:9;3 c @?_ �i?Ui 	| 4�5:9;3 U@??L|
Mi �ti_�

�� OL�i�ihc t�TTLti |�@| �ic @}@�? �t�?} tL4i i |ih?@* _@|@c U@? �?_ @
U*Lti @TThL �4@|�L? |L | ^ _L5:9;3 c t@) �| ^ _L5:9;3 � Wu tLc @ TLtt�M*i it|�4@|Lh
uLh | 4�5:9;3 �L�*_ Mi

�| 4�5 9;3 ' �| @^ _L5:9;3 e� e _ 0 1 Ee��
A�i @ML�i hi@tL?�?}c �?@**)c t�}}it|t |�i uL**L��?} it|�4@|Lh uLh | 4�5

�| 4�5�C
D�A ' �| 4�5�1�C
D�A n �| 4�5�9;3
' [

0 1 �+ 6 n
��| ^ _B5�1 �[

0�1 � , 6 � @ e� e;_B0�1 n�| @^ _B5:9;3 e� e;_:0�1

' [
0 1 �+ 6 n

���| ^ _L5�1 n�| ^ _L5�9;3 ��[
0�1 � , 6 � @ e� e;_B0�1

' [
0 1 �+ 6 n

��| ^ _B5 �[
0�1 � , 6 � @ e� e;_B0 1 Ee2�

��ihi �| ^ _L5 �t @? @TThL �4@|�L?c �t�?} i |ih?@* �?uLh4@|�L?c |L |�i �U|�|�L�t
| ^ _L5 �
+i4@h! �� �? @*|ih?@|��i �@) Lu hi@tL?�?} @ML�| |�i �)TL|�i|�U@* *�?i@h
hi*@|�L?t��T Mi|�ii? + @?_  , �? L 5#/ �L�*_ Mi |�i uL**L��?}G t�TTLtic �)�
TL|�i|�U@**)c |�@| |�i *�?i@h TLT�*@|�L? hi*@|�L?t��T Mi|�ii? + @?_  , �ihi
|�i t@4i uLh i*i4i?|t �? L 5#/ @t uLh i*i4i?|t �? L - c M�| uLh |�i u@U|Lh \ , c
��ihi \ , �t @ '�' _�@}L?@* 4@|h� ��|� �@*�it b ,l= c � � � c b ,�E L? |�i 4@�?
_�@}L?@*� W�i� �i @tt�4ic �)TL|�i|�U@**)c |�@|

+ 6 �  @
, 6 � e;_L5�9�3

'  @
, 6 \ , � e _ 5 1 uLh & 5 L 5#/

A�i @tt�4T|�L? �? �|i4 2 @ML�i �t @ tTiU�@* U@ti Lu |��t hi@tL?�?}c ��i� ��i?
\ , ' W , c |�i �_i?|�|) 4@|h� �

�L4T@h�?} |�i i Thitt�L?t uLh �| 4�5�C
D�A @?_ �| 4�5 c �i tii |�@| |�i L?*) _�gih�
i?Ui �t |�@| �| �@t Mii? hiT*@Ui_ M) �| ^H_ 5 c @?_ �i �@�i |��t }��i? @? i @4T*i
Lu ��@| 4�}�| Mi ?ii_i_ |L @hh��i @| @ �tiu�* �| �iU|Lh� �_4�||i_*)c |�i t�}�
}it|i_ it|�4@|Lh �| 4�5�C�D�A hi*�it �i@��*) L? ti�ih@* @tt�4T|�L?t� OL�i�ihc @t
��** Mi tii? *@|ih �? tiU|�L? ec |�ihi @hi t�h�i) ti|�Tt ��ihi �i U@? }i| h�_
Lu tL4i Lu |�iti @tt�4T|�L?t�

2D



+i4@h! �2 �? @*|ih?@|��i i Thitt�L? uLh �| 4�5�C
D�A �t
�| 4�5�C
DOA ' [

0 1 �� 6 + 6 ' [
0�1 �� 6 �+ 6 Ee��

��ihi �� 6 ' �� 6 *Z , 6 @?_

�� 6 ' � n S 6
�
�| ^ _L5 �[

0�1 � , 6 � @ �[
0�1 S 6  , 6 � @

, 6
� F =

 , 6 Eee�
uLh & 5 r -
A�i M�@t Lu �| 4�5�C
DOA ��|� hitTiU| |L | 4�5 �t }��i? M)

� ��| 4�5�C
DOA � �' ��| ^ _L5 � | ^ _L5�1 � @ � e;_L5�1 � | 4�5�9�3 EeD�
6�h|�ih4Lhic |�i @TThL �4@|i �@h�@?Ui �t }��i? M)

�T ��| 4�5LC
D�A � ' [[
5�1 { , 6�< �. g, 6 �. g, < EeS�

��ihi
. g, 6 ' E� n� @ S 6  , 6 �. , 6

��|� � @ ' ��| ^ _L5 � | ^ _L5�1 � @ A F =e;_�e;_B5�1 @?_ . , 6 ' + 6 � @ , 6 � e;_L5�1 � �L|� |�i M�@t
@?_ |�i @TThL �4@|i �@h�@?Ui Lu �| 4�5�C
D�A uL**L�t uhL4 A@)*Lh *�?i@h�3@|�L? Lu�| 4�5�C
D�A � A�iti hit�*|t uL**L�t i@t�*) uhL4 |�i ThLLu Lu |�i A@)*Lh *�?i@h�3@|�L?
Lu �| 4�5�1�C
D�A ���U� �t }��i? �? @TTi?_� ����
� �@h�@?Ui it|�4@|Lh �L�*_ Mi

	T ��| 4�5LC
D�A � ' [[
0�1 �{ , 6�< �e h

g, 6 �e h
g, < Ee.�

��ihi e h
g, 6 ' E� n 	� @ S 6  , 6 � e , 6 ��|� 	� @ ' ��| ^ _L5 �S

0 1 � , 6 � @ eA F =e _ e _ 0 1 @?_
e , 6 ' + 6 �  @ , 6 e� e;_B0�1 �

+i4@h! �� �? @*|ih?@|��i |L e h
g, 6 �? 	T ��| 4�5LC
D�A � �L�*_ Mi e g, 6 � �| Thiti?|

�| �t ?L| U*i@h ���U� U�L�Ui �t |�i Mi||ih @?_ tL4i u�h|�ih �Lh! �t ?ii_i_ �?
_iU�_�?} ��i|�ih |L �ti � @ Lh 	� @ �? |��t �@h�@?Ui it|�4@|Lh�

2S



W? @ ui�c ThLM@M*) h@hic U@tit �| 4@) Mi hi@tL?@M*i |L @tt�4i |�@| |�i
!?L�? | ^ _L5�_ UL�*_ tih�i @t @TThL �4@|�L? |L |�i �U|�|�L�t | ^ _L5 � W? |�iti
U@tit @ �@h�@?| Lu |�i 4Lhi i*@MLh@|i @TThL@U� �L�*_ Mi |L �ti |�i !?L�?
| ^ _L5�_ @t @? @TThL �4@|�L? |L |�i �?!?L�? | ^ _L5 � A��tc uLh i^�@|�L? Ee2�
|��t ��** hit�*| �?

	| N < [4�5�C
D�A '
[

0 1 �+ 6 n
�
| ^ _B5�_ �[

0�1 � , 6 � @ e� e;_B0 1 EeH�
�t @? i @4T*ic t�TTLti |�@|  , 6 �t tU@*@hc ��i�  , 6 ' % , 6 c @?_ S 6 ' �� A�i?

	| N < [4�5�C
DOA ' [
0�1 �+ 6 n

�
| ^ _L5�_ �[

0�1 �% , 6 � S
0 1 �+ 6S
0 1 �% , 6

' | ^ _L5�_S
0 1 �% , 6

[
0�1 �+ 6

���U� �t M�@ti_ ��|� M�@t }��i? M)
� �	| N < [4�5�C
D�A

� �' | ^ _L5�_ | 4�5�1
| ^ _L5�1 � | 4�5

6Lh |�i tTiU�@* U@ti % , 6 ' � uLh i�ih) & 5 L , c |�i M�@t �t }��i? M)

� �	| N < [4�5�C
DOA
� �' � , | 4�5�1� - � | 4�5 ' � , 7+ 5

� 7+ 5�1
7+ 5 � �

� ,
�

�M��L�t*)c |�i M�@t U@? Mi TLt�|��i @t �i** @t ?i}@|��i� Wuc uLh i @4T*ic
7+ 5 1 	 7+ 5 c �| ��** @*�@)t Mi ?i}@|��i �u � : � , c ���*i �u 7+ 5 1 : 7+ 5 c �| ��**
@*�@)t Mi TLt�|��i �u � 	 � , �

��� �L?U*�t�L?
W? |�i t|@?_@h_ it|�4@|�L? ti|�T |�ihi i �t|t ?L �?uLh4@|�L? L? |�i �?_ihUL��
ih@}i� W? U@tit ��ihi �| tii4t hi@tL?@M*i |L @tt�4i |�@| |�i �?_ihUL�ih@}i
�t ?i}*�}�M*i �| 4@) t��Ui |L �ti 	| 4�5�1 @t @? it|�4@|Lh Lu | 4�5 � OL�i�ihc �u |��t
�t ?L| |�i U@tic |�i t|@|�t|�U�@? u@Uit @ 4Lt| _i*�U@|i t�|�@|�L?c ��ihi �i%t�i
�@t |L �?_ @ �@) |L @_��t| uLh |�i ?i}@|��i M�@t |�i �?_ihUL�ih@}i Mh�?}t
@ML�|� 5�?Ui ?L �?uLh4@|�L? i �t|t L? |�i �?_ihUL�ih@}i |��t @_��t|4i?| ��**
hi*) L? 4Lhi Lh *itt tTiU�*@|��i hi@tL?�?} ���U� 4@) �@�i |L Mi @TT*�i_ |L
4@?) t|�_) �@h�@M*it tiT@h@|i*)�

2.



e W4TihuiU| uh@4it � �4ThL�i_ it|�4@|�L? ti|�T
�t�?} @? �T�|L�_@|i U�hhi?| hi}�t|ih

e�� W?|hL_�U|�L? @?_ ?L|@|�L?
�L� �i �?|hL_�Ui |�i UL?UiT| Lu |�i hi}�t|ih TLT�*@|�L?c _i?L|i_ L m � A�i
hi}�t|ih TLT�*@|�L? �t |�i ti| Lu @** i*i4i?|t |�@| U@? Mi hi@U�i_ ��@ @? �T�
|L�_@|i U�hhi?| hi}�t|ih� A�i U�hhi?| hi}�t|ih �t ?L| @| �@?_ @| |�i t@4T*�?}
t|@}i Lu @ t�h�i)c M�| �| 4@) Mi @| �@?_ @| |�i it|�4@|�L? t|@}i� A�i U�hhi?|
hi}�t|ih UL�*_ Mi @? �T_@|i_ �iht�L? Lu |�i uh@4i� �h �| UL�*_ Mi @ hi}�t|ih
���U� �t UL4T*i|i*) _�gihi?| uhL4 |�i Lh�}�?@* uh@4ic ��i� @ ?i�*) _i�i*�
LTi_ hi}�t|ih� A�i hi}�t|ih TLT�*@|�L? @UUitt�M*i uhL4 |�i U�hhi?| hi}�t|ih
4@|U�it |�i |@h}i| TLT�*@|�L? Mi||ih |�@? |�i uh@4i TLT�*@|�L?� Oi?UiuLh|�
�i @tt�4i |�@| |�i U�hhi?| hi}�t|ih �t TihuiU| �? |�i ti?ti |�@| |�i hi}�t|ih
TLT�*@|�L? i^�@*t |�i |@h}i| TLT�*@|�L?c ��i�c L m ' L �
, @4T*i e�� � t�h�i) UL?_�U|i_ @| 5|@|�t|�Ut 5�i_i? �t |�i �kLh|Tih��
L_�t! �?_�t|h�i?!�@|�� A�i @�4 Lu |��t t�h�i) �t |L 4i@t�hi �@h�@M*it t�U� @t
Lh_ih �?|@!i @?_ Lh_ih _i*��ih�it i�ih) 4L?|� Lu |�i )i@h� A�i |@h}i| TLT��
*@|�L? UL?t�t|t Lu �?_�t|h�@* i?|ihTh�tit E��?_�t|h�u�Lhi|@}�� @?_ |�i ��t�?itt
+i}�t|ihE�+� �t �ti_ @t uh@4i� A�ihi �t @ U�|�Lg *�4�| @| �f i4T*L)iitc ��i�
i?|ihTh�tit ��|� *itt |�@? �f i4T*L)iit @hi _i*�Mih@|i*) i U*�_i_ uhL4 |�i
t@4T*i ti*iU|�L?� A�i t@4T*i �t _h@�? �? �@hU� @?_ |�i ^�it|�L??@�hi �t
ti?| L�| |L |�iti i?|ihTh�tit L?Ui @ 4L?|� �? �@hU� |L a�*)� � ?i� t@4T*i
�t _h@�? �? ��}�t| @?_ |�i ^�it|�L??@�hi �t ti?| L�| |L |�iti ?i� i?|ihTh�tit
�? ��}�t| |L 6iMh�@h)� �*|�L�}� |�i t@4T*i �t hi?i�i_ _�h�?} |�i )i@h �|
�t t|�** *�!i*) |L Mi @ Uih|@�? @4L�?| Lu �M�h|�t� @?_ �_i@|�t� �? uLh i @4T*i
|�i Tih�L_ Mi|�ii? ��}�t| @?_ 6iMh�@h)� OL�i�ihc t�?Ui |�i �+ �t �T_@|i_
_�h�?} |��t Tih�L_ |�ihi �t @ TLtt�M�*�|) |�@| |�i �T_@|i_ �+ �t @ Mi||ih 4@|U�
|L |�i |@h}i| TLT�*@|�L? |�i? |�i �+ �iht�L? �ti_ uLh t@4T*�?} uh@4i� A�i
�T_@|i_ �+ �t |��t @ TL|i?|�@* U@?_�_@|i |L tih�i @t @ U�hhi?| hi}�t|ih �?
|��t t�h�i)� �
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