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1. Interpolation 
2. Kriging 
3. Krige 
4. Variogram 
5. Indicator Kriging 
6. Threshold 
7. Binary 
8. Soft Indicator Kriging 
9. Probability Distribution 
10. Genetic Algorithm 
11. Quantile 
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1. Genetic assisted Sofi Indicator Kriging 
2. Conditional Cumulative Dirstribution Function 
3. Ordinary Kriging 
4. Kriging with a Trend 
5. Fuzzy Membership Grade Kriging 
6. Particular Matter witth a mass median aerodynamic 

diameter of less than 10 �m 
7. Semi-Statistical Membership Function 
8. Fuzzy Membership Grade 
9. Fuzzy Membership Grade Variogram 
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1. Fuzzy Genetic Membership Kriging 
2. Root Mean Square Error 
3. Thiessen 
4. Cokriging 
5. Kriging with an external drift 
6. Orographic 
7. Auto-Searched Orographic and Atmospheric Effects 

DetrendedKriging 
8. Thiessen Polygons 
9. Inverse Distance Weighting 
10. spline 
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ẑ(x) z(x )
�

� 
	
1

  
   /fL�� �')3 (  �+'�B�z       � �A�
<�&M� `�B� /L `$L�� 
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1. MATLAB® 
2. Geostatistics 
3. Semivariance 
4. Random Variable 
5. Experimental Variogram 
6. Theoretical Variogram 
7. unbiased 
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1. Indicator Variogram 
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ẑ (x) z . F(x;z | (n)) F(x;z | (n))��

�	 11�  
  

 ��
MMB� /MMfL�� �MM+� �'kz  �+'�MMB� ��8��MM�� �MML��L
  7��MML �' /��)MM!� '�
MM�k, kz z �� �� �1 � K  '�
MM6A �MML��L 

7��L              �+'�MB� �M=�� ���� /ML /M# ?!� �+�<Kz   /�M!��� 
��  
�'�> .    ]L�MA ��"z�<F        ]L�MA /ML /M*$L�� CCDF 
/L  ?!'  7
��           
M� �' ���ML X5�M� U"�%+�# G�� �� 

 /��)MM!�kz � kz �1?MM!�  . 
MM"+��@ �� SMM�B�A �MM+� �'
��8����   K�� ���>        �A��!��� ��
B� N+ '����L ���L ��'

 ��CCDF 
MM+'�> 7'�V)MM!�  .  :��MM�� 
MM"+��@ �MM+� �'
k k

k k

F(x, z ) F(x, z )
dF(x, k)

z z
�

�

�
�

�
1

1
    ���L /# K   
� ��� 

  /��)!�kz   � kz �1  
M+'�> /�!��� �>
���L /L `$L��   �
    ]L�A S)&� K��<CCDF)   ���)�� �,�8^ ]L�A1 (  ?M!�

      
� /)@�> �m� �' K�� K�$"� /L .      /MfL�� SL�Mf� q{M!
)11(  K�� �+�         �>
���L �A��!��� ��
B� '����L ���L �<

 �$=%� /fB� ���Lx
")@� ��# /L  .  
  

 /fL��)11(  

  
K

kk
K

k

z dF(x,k)
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1. Probability Density Function (PDF) 



�� ���� �	
� �
� ����� ����� !����"#� 
 $%� &'�	 (��)�%� ��� �� ������� ������� ����

 � ��� �� ��	
GIS� ���  
��
 ��
 � ��
 ����� �  �����1390  

25 

  
 Q9�3 .P��>$+���  �,$�6� U"�%+�# G�� ��=^ ���L ��m� � �L�%A ��<)OK( X5�� U"�%+�# )IK(P�� X5�� U"�%+�# )SIK ( �

/"�=L P�� X5�� U"�%+�#  N�)�Z ()+�$8,� �L 7
�)GSIK(   
  

   /fL�� �')11(  Kz      �)M!� 
M� �' ��8����   /�kz  � 
kz �1       ���� x���L S�B�A �+� �' /# ?!�      ?M!� �M)� .

       ��8��M�� G�� �M+� �ML �+��L�"L    K�� ��M�>     �+'�MB� ��'
      7�8)�M+� ���ML �>
M���L �A��!���          �$Mm"� /ML /M# �M<

  K��' ?�' /�!���    K� /L �L�+            ?M!' /ML '$ML ��M�� �M<

�
�� .  
  

3-3-$%� &'�	 (��)�%�   
           Q+
�A �� ?W! �+ ��"+�L Q+
�A ��0 /L G�� �+� �'

  P�� ��!� �L     �� 7'�V)!� ����� ]+�$A ]L�A   '$� . �+��L�"L
           dM+�6A ��M��� ]+�$A ]L�A N+ �A�
<�&� /fB� �< ���L


� .   ��8���� ��
B� ���L)� (   �A�
<�&M� ��
MB� ]+�$A
 � �' /fB� �< ?M!� 7
� /)@�> �m .     /M9"+� /ML /M0$A �ML

7�8)MM!' ��MM!� ��MMf5  ���MML �>
MM���L i%"MM! ��MM<
     �ML��L /��<�� :�
<�&�1  �M���        ?M!� �M)�)   7��'� 7�M8L�

  'T+ K�)!� �!�"��$<(   �)����I �    �L��L (< 1 ����     �M)�
 ?@�> ���� .             '�
M� �M<�)����I �M+� /ML /M0$A �ML q{!
  � � /��)!�  /fL�)8(       ��L �+'�B� /L :�
<�&� Q+
�A 0  � 

1  ?@�+HI P�%��  .   /L '�
�� ���L r�'
%�  ?M!'      /ML � 7
M��

P��>$MM+��� /��)MM!� 
MM� �MM< ����  � 
�
MM� /�MM!��� �MM<
K��'      ?M@�> P�%�� U"�%+�# �L�+ .     QM�� G�� 
M"���<

          ]L�MA NM+ /MfB� �< ���L �0��5CCDF     �' � ?M!� 
       L �' /Mz�� /L�&� ���� /L K�+�I   iMW3-2     
M� K�M�L 

       K��' ?�' /�!��� ���L ]L�$A �+� �� '����L    P�M%�� �L�+
?@�> .  
  

3-4-       �C��D� $%C� &'�C	 (��)�%�      �C� ��C	
 ����� !����"#�  

               ?M!� /M)@�> ���M� 7'�V)M!� '�$M� /M# �M��� �+�5�
            ()+�$M8,� 7��M�< /ML P�M� X5�� U"�%+�# �� 7'�V)!�

 ?!� N�)�Z .          �MA /M# /��)M!� '�
M� G�� �+� �' ���e
   K��' 
"+��@ �' (�B)��       ��<���)� K�$"� /L 
���' �L�+
    N�)�Z ()+�$8,� �'���)  P��$���# K��< �+  �< (  [�MW)��


� .          /ML /M# /��)!� '�
� �� ���#�A �< ���� /L    /��M!�
    P��>$+��� 
+'�> '�%+� N�)�Z ()+�$8,�       /ML `$ML�� ��<

            iMWL SL�Mf� � 
M� /�!��� x�#�A K� /��)!� '�
�
3-3 ' K��          :�$M� P�� X5�� U"�%+�# G�� /L �L�+



����*�� 
 -�.�
� �/����0 

 � ��� �� ��	
GIS� ���  
��
 ��
 � ��
 ����� �  �����1390  

26 

?@�> .          ���ML �A��M!��� �+'�B� K'��� ?!' /L �� qI
         xM�#�A ?M�' ���L ��
B� N+ /��)!� '�
� x�#�A K�

 
� '����L .   x�#�A ���L 
��� �+�        '�
M� dM�)W� ��M<
      /"�=L l��)!� '�
� �A 
� ���9A /��)!�      ���� /L /# 7
�

K��' ?MM�' K�  �+�MM)=L /MML �L�MM+ NMM+ �' '$MM5 ��
MMB�
  
MM+'�> ��MM�6A 
�MM!� ?MM�6�0 .  xMM�#�A P�%���MM!

l"�=L          � �A��M!��� �+'�MB� 7��M�< /L /��)!� '�
� Y
�
          /R��� ���#�A G�� �0��5 K�$"� /L K� /L `$L�� ?�'

7
� 
�� .  
  S��' �!��L ���L          �ML ?,�� /! �' �$#H� G�� �A

 7'�' ���     
M� P�%�� �< .          lMfB� �M< ���ML ��� ?M,�� �'
&�  7'�' ����A �A�
<�            '��� �Mm� '�$M� lMfB� T0 /L �<

 K��' 
"+��@         �%"!���)�� ?,�� o;f�� /L � 
�
� �L�+
  ?@�> P�%�� QL�B)� .          �� 7'�V)M!� �ML �
M6L ?,�� �' �'

        7'�' �� �A�
<�&M� /MfB� /! d+�"90 G��      \HM� �M<
   A��M!��� ��
MB� � 
�
M�      �+'�MB� �ML /MfB� /M! �M+� �

    /�+�B� �=�� �A�
<�&�
� .     ?,�� �� 7'�V)!� ��L�' Q�,'
  d+�"90           �' ��M)"# /MfB� /! [�W)�� ��e�A /# '$L �+�

       '�M�> ���� �!��L '�$� (< �+�=� p+�)� .    xM�#�A ���ML
          iMWL �+'�MB� K�M�< /��)!� '�
� l�,��3-2  �Mm� �' 


�$� /"�=L N�)�Z ()+�$8,� �' �A 
�
� /)@�>.  
 N�)�Z ()+�$8,� ���>��# /L �')��� �L /# '�
�� 

?@�> :�$� �B�B�(?�6�0 '�
6A 1 �L��L 20 ��� 
/�W� K�
���@2�� QB)"� �
6L ?�6�0 /L /#   
�$�

 �L��L2�� �+
,�� S�V�A �� /# ���
���@ ?��� �  
�$�3 
 �L��L8/0
� 7'�' ���� .  

�
�� ��"z�<4/"�=L �' /#   '�$� N�)�Z ���!
?@�> ���� 7'�V)!� .'�
� /# '$L :�$� �+� /L /��)!� 

i(T ) 
�'$L �&+�T@� x�A�A ����' ) /fL��12.(  
  

 /fL��)12(  T T T T T T� � � � �1 2 3 5 6 7  
  

   G�� ����A �=)�� �'   �#c ��<      /�$�%� ��� �L 7
�
7'�'   
MM� P�MM%�� '$MM0$� ��MM< . ��
MM0 �'2 p+�MM)� 

/L  ?!'  7
��  7
� '���   
�� .       ?M,�� /ML `$L�� ��
0 �+�

�)��        7'�' ���M�A �� /M# ?!� QL�B)� �%"!��      K� �' �M<
?!� 7
� 7'�V)!�. 1234  

   /"�=L l��)!� '�
� �+'�B�       �M��#�A G�� ���L 7
�
    �M+� :�$� /L N�)�Z ()+�$8,� � P�� X5�� U"�%+�#

?&> /�!��� .  
  

 =)7
� /"�=L (T  

� �/ / / / / / /� 35 951 59 172 67 221 87 015 113 385 125 969 132 453  
  

          �8)�M+� /M! ��� ?��M� �' d+�"90 ?,�� ���L 7
             /M! P�' ?��M� �' � '�L����� �
"L � �$%# 
�V! QI

    7��! � �!��# Q�� 7�8)�+�        ��M)"# `�B� K�$"� /L /&�L
   
�
� /)@�> �m� �' .       ?M,�� �+� �' �f5 /�!��� ���L

  /fL��)9 (       '$� /)@�> �m� �' /fB� /! ���L 
+�L . p+�)�
��
0 �'  ��<3 � 47
� 7'���  
��.  

    � ��L �)=L /�+�B� ���L       �� G�� �M< �� Q��� p+�)
  7����R 2   
� 7'�V)!� (<  .     `��A�� �!��L ���L 7���� �+�

 �8)���< �5     �� d+�6A ���)� �' ��L       K� ��
B� � ''�>
   �V� ��+)   �8)�M��< P
M� (  �1) (   QM��# �8)�M��< (

?!� .    ���)� �' ���Ly   � yfit       /MfL�� SL�Mf� 7���� �+� 
)13 (�� d+�6A ''�>:  

n

i
i

TSS (y mean(y))
�

� �	 2

1
  

n

i i
i

RSS (y yfit )
�

� �	 2

1
  

 /fL��)13(  RSSR
TSS

� �2 1  
  

             �)&M�L G�� NM+ ���ML 7��M�� �+� /^ �< �+��L�"L
  S��' �8���L 
��L      ?!� G�� K� K'$L �A .    ��
M0 �'5 

  �+'�B�R 2  G�� ���L      P�M%�� d�)W� ��<  
M�    �M+� �' 7
 �%"!���)�� ?,�� �' S�B�AQL�B)�?!� 7
� 7'��� .   

                                                           
1. Population Size 
2. Elite count 
3. Crossover Fraction 
4. Constraint 
5. Correlation 
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 ��
02 .G�� /L `$L�� �A��!��� � �A�
<�&� �+'�B� 7�8)�+� ���L d�)W� ��< K��
���� K�)!� N�)I$"�! ��<  

�A��!��� ��
B�  
(SIK&GA) 

�A��!��� ��
B�  
(SIK) 

�A��!��� ��
B� 
(IK) 

�A��!��� ��
B�  
(OK) 

A�
<�&� ��
B�� 7�8)�+� P��  
92.8 85.9 82.7 84.7 115.5  �=�$�  
100.3  99.4  99.5  97.1  119.3  ���!  
102.1  98.9  97  101.7  88.6  Q�5���  
100.4  95.7  95.2  98.1  77.4  ���L�L  
119.2  114.2  111.1  118.4  106.1  ��� ?�'  
111.4  117.4  116.9  112.3  118.7  '�L����� �
"L  
113.1  104.9  105.2  107.2  130.7  �����  
79.5  79.5  81.5  76.1  79.6  Q��  
108.6  102.1  102.5  102.5  108.8  
�V! QI  
108  112.8  112.8  115.8  113.3  �!��#  
80.8  99.1  100  95.9  92.5  ?�t�  
115.7  105.6  104.4  115.6  122.8  7�>$�>  
77.7  76.8  84.5  68.8  78  7��! /&�L  
61.4  73.1  73  63.2  58.1  �$%#  
52.9  74.7  74.8  61.4  43  7
�L  

f=10.3 f=12.8 f=13.3 f=12.3   

  
 ��
03 .��� �L�W)�� 7�8)�+� /! ���L d+�"90 G�� �� Q��� p+�)�  

7�8)�+� P��  
��
B�  

�A�
<�&�  
�A��!��� ��
B�  

)OK(  
�A��!��� ��
B�  

)IK(  
�A��!��� ��
B�  

)SIK(  
�A��!��� ��
B�  

)SIK&GA(  

�V! QI  108.8  102.4 97.5  103.2  105.4  

�$%#  58.1  63.1  71.1  66.6  58.1  
'�L����� �
"L  118.7  112.2  115.4  118.2  115  

   f=5.9 f=9.2 f=4.8 f=2.4 

T( /"�=L 7
� ) = [41.225   51.434   67.843   92.71   112.114   121.18   131.121] 
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 ��
04 .P�' �L�W)�� 7�8)�+� /! ���L d+�"90 G�� �� Q��� p+�)�  

P��7�8)�+�   ��
B�  
�A�
<�&�  

�A��!��� ��
B�  
)OK(  

�A��!��� ��
B�  
)IK(  

�A��!��� ��
B�  
)SIK(  

�A��!��� ��
B�  
)SIK&GA(  

Q��  79.6 76.9 91.8  89.6  85.8  
�!��#  113.3  116.1  108.2  108.5  113.3  

/&�L 7��!  78  68.9  76.8  76.7  78  
   f=4.9 f=6.2 f=5.4 f=2 

T( /"�=L 7
� ) = [44.801   52.024   70.991   82.001   100.001   118.65   131.759] 
  

 ��
05 . 7���� �+'�B�2R  

G��  R2 

�,$�6� U"�%+�# 0.6346  
X5�� U"�%+�#  0.5369  

P�� X5�� U"�%+�#  0.5571  
N�)�Z ()+�$8,� � P�� X5�� U"�%+�#  0.7330  

  
4-�)��� 
 H5�  F%��  

K��<       ���
0 �' /# �$*2  3  4   � 5  �� 7
<�&�     '$M�
        N�)�Z ()+�$8,� � P�� X5�� U"�%+�# ���#�A G��

  K��' ?�' �+�)&�L     �� �L�+  �'  /)��' �	�� S�B�A   
M�� .
 ��
MM0 SL�MMf�2 ]L�MMA ��
MMB� f  ��MMf5 �8��MM�L /MM# 

K��'            ?M!� /M"��# ���#�A G�� �' ?!� �L�+   �M+� �
 K�&� y$	$�              ?M,�� �' G�� �M+� �At�ML ?M�' Y
M"<'

 )� �%"!���)��   ?M!� QML�B .      G�� d+�M"90 ?M,�� �'
              ��M)"# `�MB� dM�)W� xM�#�A �' �� K� �' /# ���#�A
            SL�Mf� ��M+� O?M!� ��At�ML ?�' ����' 7
� 7'�V)!�

  ���
03   � 4   ��
B� f           �ML /�M+�B� �' G�� �M+� ���ML 
G��       ?M!� /M"��# �8+' ��< .      �M!��L ���ML ��M"z�<

    7���� �� �)&�L2R  ?M!� 7
� 7'�V)!� (<  .�)� �'  ��M�
      �=�� ���L 7���� �+� /#    �A�
<�&� �+'�B� 7
� /�!���

        ?M!� QL�B)� �%"!���)�� ?,�� �' `�B� �A��!��� � .
           �M� �� 7��M�� �M+� �)&M�L ��
MB� �+��L�"L      �8��M�L K�$MA

          �' � �A��M!��� � �A�
<�&M� �+'�B� �)&�L �8)���<
  K��' ?�' /%�)�    ?���' �At�L �L�+ .     ��
M0 SL�Mf�5 

  �MM+� ��
MB� G�� ���MML 7��M��  ?MM!� /"�&MM�L �M��#�A  .
   /%�)� (< ��L �+��L�"L   �� ���>        �M��#�A G�� /M# '$�

   G�� �L /�+�B� �'     �8+' ��<      S�B�A �+� �' /)@� ��# /L
K��' ?MM�' ����' ?MM!� ��At�MML �L�MM+ . iMMB� �+��L�MM"L

        K��' ?M�' '$M�=L �' NM�)�Z ()+�$8,�       SM+�* �� �L�M+
        QM�5' l��)M!� '�
� ��#'$5 G�$��    G�� Q+
M�A �'
       �M� XW&M� P�M� X5�� U"�%+�#   ''�M> .  �+��L�M"L

��    /%�)� ��"^ K�$A        (M< Y'�V)M!� /# '�# ���>   K�M��
    |MM��L NMM�)�Z ()+�$MM8,� � P�MM� X5�MM� UMM"�%+�#

�
�             X5�M� UM"�%+�# G�� ��Mf5 ]M�"� �' ���!
               �M+� �' �M��#�A G�� ?M�' /M# �$M�� /L ?!� 7
�

�)=L (< �,$�6� U"�%+�# G�� �� S�B�A?!� 7
� .  
    �M� �+� �L K�T@�            /M# ?M@�> /M%�)� ��M"^ K�$MA

   �' ?MM�' i+�TMM@� �' /MM9"+� ��MM	 NMM�)�Z ()+�$MM8,�
G��                ?M!� '
M� NM+ �M=�� �M0��5 /M# �+�<)  
M"���

 K���MM9�< � UMM��^ SMM�B�A)2005( K���MM9�< � '�MM� 
)2009 ( K���MM9�< � ��$-MM6� �)2011 ( ?MM!� �e�MM�

        X5�� U"�%+�# G�� �' ?�' i+�T@� |��L  P��) /#
 ]L�A K� �0��5CCDF?!�  (�� T�� ''�>.   

 K��' ?MM,�� /MM! �MM< �'   UMM"�%+�# G�� �L�MM+
            UM"�%+�# G�� �ML /�M+�B� �' ��At�ML ?�' �,$�6�
          G�� �8)�M��< ��MA�L Q�,' ��� ?!� /)��' X5��
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   UMM"�%+�# G�� �MML /�MM+�B� �' �,$MM�6� UMM"�%+�#
      ?�M�� �At�ML ?�' r�@�� X5�� .        �' �M+� �� P�
M# �M<

 � :$� `�B� G��V6	
���' � . U"�%+�# G�� /^ �>�
   ?!� ���$)!� G�� �,$�6�1     �ML G�� �+� ���   ��M"��

     �� Q�� :�
<�&� ]+�$A K'$L �����         ��$M� /ML � 
M"#
7'�'                 G�� �M+� �MA 
"M��L �M8�< ]M+�$A ����' 
M+�L �<

 /L 
��$)L   
"# Q�� �L$5 .      X5�M� UM"�%+�# G�� ���
  i�I w�< /L   /�,�� v�@   �L ��   7'�' ]M+�$A ��      ��M�)�� �M<

     7'�' ����A ��� �L ��+� '��
�        �Mf5��� Q+
M�A N+ �<
 �� :�$�    '�+HI)    K$�"�9A� � 
+$,2001 .(  ��M"z�<

          Q+
M�A ��M�< ?�� /L X5�� U"�%+�# G�� /^�>�
7'�'               �M�� ?M!� �A
M"# �,$M�6� UM"�%+�# G�� �� �<
��                /MfB� �M< ���ML �� �M��� ��Mf5 �� �'����L 
��$A
/L  !�  /��CCDF   
<' ?!' /L  .     ?M�' Q�,' K�$)L 
+��

      G�� /MML ?��MM� X5�MM� UMM"�%+�# G�� �MM)�#
    '�
M6A K'$L (# �' �� S�B�A �+� �' �,$�6� U"�%+�#

 ?�0 :�
<�&�        /)��> /L /0$A �L ��+� '�# $0�   ���!
7'�'          �ML X5�M� UM"�%+�# G�� �' �<     '�
M� ��M!�

           G�� �M+� �' :�
<�&M� �
M�� '�
M6A ��e�A /��)!�  �'
?!� �)&�L �,$�6� U"�%+�# G�� �L /�+�B�.  

  UMM"�%+�# G�� ?MM�' K'$MML �At�MML �MM8+' /MM)9�
             X5�M� UM"�%+�# G�� �ML /�M+�B� �' P�M� X5��

?!� .      �ML ?M�' '$M�=L �+�         ��Mf5 K'�M# QM5�' �Me�
7��
��    /L :�
<�&� ���>         `�MB� ��M��� ]+�$A ]L�A /��!�

 K��' 
"+��@ �' �A�
<�&�  ?M!� �L�+ .   y$M� �M+�  Q+
M�A
    K��' �)&M�L n��f�� |��L         �M� ?M�6��� �ML �L�M+   ''�M> .

  7'�' P�� Q+
�A iB� �+��L�"L  �+ ?W! Q+
�A ��0 /L �<
 �
MM� �' �MM=�� lMM),���'  7��
MM�� ��MMf5 ���MM!  ��MM�>

�� ?L�e ?�' i+�T@� �' K� ����' /L � :�
<�&� ''�>.  
   /"�=L � G�$�� �L       /L X5�� U"�%+�# G�� ���!
  N�)�Z ()+�$8,� N�# ��          ?M�' �fM! �+�)=L /L K�$A
   G�� ����A K��� �'   �#c ��<        �M	�� i<�sMI �' 7
M�


�!� .         G�� /^�> /# ?!� ����	 /)9� �+� �#c /)�,�

                                                           
1. Robust 

       w�< �,� ?!� /)��' �� ?�' �+�At�L �'�="&�I    P�
M#
 G�� ��      
")��� �+t�L ?�' ����' �< .    �M� �Mm� /L    
M!�

         �M� :�
<�&M� '�
6A K'$L (# y$	$� �+� Q�,'   /ML ?�
   ��MM�� :;9&MM� �� �MM9+ /MM# ?MM!� /MMBf"� ?6MM!�

K��'     �� ���� /L �L�+  
+� .       �8�$M8^ /M9"+� �M8+' /)9�
           :�M��m"A 
M"��� NM�)�Z ()+�$M8,� ��M<�)����I (�m"A
             K�
M���@ ��M� iM=0 � SM�V�A ��M<�)����I /L `$L��
            (M< /M�,�� ?M�6�0 � '$�� �@�6� [�W)�� ]L�$A /�W�

    ��� �8�$8^ �' �+�T�L iB�    '��' N�)�Z ()+�$8,� '�9
             '�M# �M�����@ ?M�' 
M+�L �M=�� [�MW)�� �' /# .  �M!��L

       �� �+�=� p+�)� �' �<�)����I �+� [�W)�� :���e�A    /L 
��$A
'��> ���� �!��L '�$� 7
"+� �' 
+
0 ��$	$� K�$"�.  
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