
��������	 ���
��� � 
������ ������ ���� �
� ��� �
�! �"#����
��$%& '
()* ��"&�+,+ 

������ ����	 :��/��/��������� ����� ����	:��/��/���� 

��������	 ��
���� ������ ��� ����� ���� ��� !	 
������ �	�
�

��	
 ����

��	��
� 	!"#$%& '�()�*+ ���, �-� .!� "/�0��+�,)1�+� 234 5(�6 78	 - �(�9:& '!�(�)$-+ !"

", �;+ �-7 & "#$%& 7/< ",�%=)+ "6 �, "#$%& 7/< >!�:?�9:& �+�� >!�(�)$-+ !@%	 +� "!"
�A��7.+ ���C�, "D$�E& >���&F G�HI?& )J"�K�; ���, L%A3& '&�M N�3�O ��M "�K�; ���, 

�(O-� �+7D	)�+��, �P�Q, J�	�, ���, �8R� JS�; �� "�+O-� ���, >!?!"�K�; ���, L%A3& ", "/
	�HI?& -�8T O+ !D& U+� �+ '!V$%< J���?6 J!W7�& J!V��!& O+ U+� �+ X�E& �7T >!V��!- >

&!��V!9	 X�E& �7T >!!�����)+�, "��(�& ���, O+ "6 "�K�; )��W "8;� & S�; �( �Y�D& �� 7
� 	!"#$%& '�()�*+ ����W �+�T .�:��& "#$%& ���< �, "6 �+� N�?� Z�, N+%	!O+ 5�[O+ 7*�� 
9	!!0%	 +� "�K�; ���, G+�!�+� \.�	K�, "6 S-+ "#$%&�1�+� �+�� >�()�/^�7*�� (+�8	!!>
&��A� J7/6�`C�M - "�K�; ���, 17/�()9	 X�E& !!�����)NF�/D�D& U+� �+ !& J��!V��!�7T >

& O+ U+� �+ X�E&!V��!& - >!V��!9	 X�E& �7T >!!�����)& "�K�; �7M�, .�A� a-� "#$%&�17/
`C�M�()O%	 'bM ��+-+�� c�)V$%<�?6 -!W7�(�A� a%; "#$%& J����, 17/�(),!?!�� - "/

�����A� a���< "#$%& ���(O-� �+7D	 17/)�+��, �&�7M�, .� 	!"#$%& G+�A� 7�-� '"6 �+� N�?� �(
"#$%& G+�A��()	�	 ", a���< - S-+ !+�+� d)/D& 7�-� �?(�6 �+� �+Q�+ -�?�S%4 �+� eC .

��&F 1�-� S%= �� ���, 5(�6 O+ N�?� "6 7��+�)O+ "D$�E& ��%& �U�= .-�N7M �C+%/b
O%	���&O c���+� NF .

�� ������	��:� 	!"#$%& '�()�*+ �N�3�O ��M J���, J7�-� J.

1f2!�T+ ��!?�+� N�3�O 1�V?�+� �;�/M.ir.ac.znu@asakereh:Email 

2f2!�T+ 7M�+ �;�/M��6 MN�3�O 1�V?�+� O+ �;�/ .com.yahoo@86alibayat:Email 



��� �"��?�"&���, - �!�+�9@ �?(-g� f �A�h J)Q�� 1��AMij

����� 

�H/h ���,)�T+ !A�� N�&O - N�b& �� NF �+7k& "6 �;+ !9	 ":;%!!& ��7/6 .+�,)S�l& 
+ ���m� 1�O+-� N+���A:& ���, 2�� Q�& 17��%M .W7/6+����+�9@ !���-�A�T +�m� >�2�(

& N�?��m� G-�#	 "6 7(���( 2)+ ���, �:& n�	7Ah N+�o�+�9@ Y�h O+ �p!����;+ 
)�%DR&�-�6 - N�����J��qr :q�.(��b& ��:�� �C�/M�s��&O �� - ���, ��T+ �*�/h �V!A�

R, "@%	 N%��6 ��!��)�T+ O+ !2�;+ 1�%, N�;�/M .+�,)4�� S�l& !"7/,)�T+ !A�- ", ��, 1g
���� 	 "!"#$%& '�()�*+ �� 	 -!"M%C '+)�+-+�� ", ��;+ 17M a�3�+ ./b	!�( .)

�-� O+ �%,Q&�()9:& 7/< !� 	 �� 1�!'�()��b& �&�7/M�, .+�,)$-+ !�:;+ ��, >��/�

)���[ :��� (9:& 1�Q��M t�;+ �,!�T+ "��(�& �,%=� - �&� �!+ 2�1��#:;+ �, +� 17 :& GK�
� 	 �-� O+!'�&�h �� 	 -!"M%C '+)4�� !"7/,)��6 .-�G%A��)��rq :�rq (1��#:;+ �,
� 	 �-� O+!"#$%& '�()�*+ �M��, X=�/& �$�6 !��#!1-�W +� �7/,)�%A� .N%	-�)��qq :

�[[ (9	!!�����)T�M u%/@ ���, �$+�:;+ !� 	 �, +� �!"#$%& '�()�*+ �;��, ��%& ��+�T 
�+� .� O+��(��6 �V)+&O �� 17M a�3�!/b	 O+ 1��#:;+ �, ���, "D$�E& "/!� 	 .!"#$%& '�()
�*+�&��/;+ ", N+%	�N+��bA( - O� )��q� :���(i	%�K�, J!vj)���� :��(	�:;+ -!- v

N+��bA(w)���� :^r� (��6 1��M+.

�T+!2+ N�;�/M��+���!"/�� ", Q7/,)�T+ !A�R, "@%	 !":M+� ��7�+ .+�,)S�l& �%DR&�N�
)��q� :�r� (;��, ���4+%� ��T+ !A�+��� �, JN+���T+ '&�h 5M "!A�4�� 1�Q��� !+�, ")
+��;�/M N+����%A� .2x��N+��bA( - G+��R$+ )��q� :��(W7���,��()N�:;+ "; "��:R&O 

b�6 - t��� J��M%,!%��%, - "�� 	 �-� 1��#:;+ �, +� 7A4+�!"#$%& '�()�*+ �"/�� 7/,)
7��%A� .y!�z:/& - �%))��q� :��(m���&� 2��+�"#$%& �, +� N+��()�*+ �� 	 -!'
"M%C+)"/�� ��%& 7/,)�*+ -�A�T "; - 7��+� �+�T �m���&� 2��7���6 `I?& +� �%?6 

1- Stiner 
2- Wilmot  
3- Whetton  
4- Sneyers et al. 
5- Balafoutis  
6- Stathis et al 



"#$%& '!� 	HI?& ��*+ )�(N�3�O ��M "�K�; ���, G� ���� 

��:R(%6 -�A�T O+ 7/	��8h "6��{(%6 -�A�T J�"+)u%/@ -�A�T - J�R� -.�%DR&�- N�
�Eh��)��q^ :�(,� 	 a�3�+ �!"M%C '+)-� �, )�Q� �� ", .!"��(�& ���, N�T 2+�N+�

4�� Z/�!"M��, ��;�/M ��1��6 7�+ .�%DR&�N�)��q� :^r(m��2�()+ ���, ��-� ", +� N+�
� 	!"M%C '+);��, ��%& �:� - �+� �+�T !+ �� "6 ���W "3�m� "; N+���*+ ���, 2�

�;�/M ',�T��+ 7/	��8h "6 �;+ m� O���:R&O ���, 2�m� J���:R&O ���, 2�f���, )-
m���� ���, 2!�Q)./|A(!O%	 "6 �+� N�?� >���&O c��+�9@ Y�h �, ���, !���}�8	�+ 
��+� .0�!~�Qh -�Q))��q� :��(���,�()� 	 O+ 1��#:;+ �, +� �%?6 u�y !"#$%& '�()
�*+�"kE/& 7/,)7��%A� .�;!N+��bA( - "k )��qr :��� (, O+ 1��#:;+ �,!9:& �R!�T+ �!A�

� 	 �-� ", -!�&�h '�� 	 -!"M%C '+)�T+ J!; 2!"/�� +� N�:R<%�, - N�:R7/,)7��%A� 
�T+ "6 7��+� N�?� -!	�	 ", "6 �;+ '&�h Z/� ":C�; N�:;+ 2!A(+ d!O+ 7/	��8h �:'&+%h

%@ �,%=�)�7/	 - ��, - 5,�	 JG�+�4 J���, J.+ ���/b	 >!.9:& 7/< �(!9	 �� $ ", �!!�
)����)(& �+�T "@%	 Y�D& ���W!7�� .�b��(��,��6 O+ )/b	 !9:&7/< .!�%?6 �� "6 1�

- ", �&�"D$�E& ��%& "kE/& �� 1g�/D�� 	 1�%, "@%	 Y�D& �� �:A6 N�3�O !9:&7/< '!1�
�;)�()��&O ��;+ .+ ���/b	 O+ 5(-g� >!.�()+�, �%� )� 	 !9	 '!!"HI?& G+��()

�;+ 17M ":��W 1��, N�3�O ��M ���, .

���� �! ��"

+ ���1�+� O+ 5(-g� >�()�(O-� �+7D	 J���, L%A3& '&�M N�3�O ��M ���, )�+��, �J
P�Q,�	�, ���, �8R� J"�+O-� ���, >!?!	�HI?& - "�K�; ���, L%A3& ", "/�8T O+ !'

D& U+� �+!V$%< J���?6 J!W7�& J!V��!& O+ U+� �+ X�E& �7T >!V��!>�)AMD ( -
&!V��!9	 X�E& �7T >!!�����)"�K�; �)MAIV (-� O+ "6)+�, "��(�& ���, )S�; �( 

��W "8;� &��;+ 17M 1��#:;+ J7 .+�k 	 >!�/8& �, X)+ G+7(�?& �; 1�V:R!:�%/!��M .
", N�3�O G7&[�S�; )����f��[r (7M 1���� �/,.G�H:I& �+�9@!���+�1�V:R ;!:�%/!.
N�3�O L�#	�+ ", �ww� �:& ",��M O��&�7M�,:

1- Absolute Mean Deviation 
2- Mean Absolute Interannual Variability  



��i �"��?�"&���, - �!�+�9@ �?(-g� f �A�h J)Q�� 1��AMij

1436: ′oN

9248: ′oE

+�k 	 >!1��, �, X7/&)� 	 O+ !"#$%& '�()�*+ ���W a�3�+ �7.� 	 �-�!'
"#$%&�()�*+ �1�+%��C O+ �(�+��,)-�N+%/h ", n�	7Ah "6 �;+ 1g�� �-� .�0��+�, )
(�6f1�+� 234 5& ":��W ��6 ", �(f��%M .+�9:& "h%A3& �-� >!�(�)�*+ �", +� 
&f.<%6 "h%A3�	)78	 �& 'f�", 7/6�%=)+ "6 �& >f<%6 "h%A3f, .!�:?��+�� >

1�+� �� �%@%&@%	 +� �(f!�A� "�7.	 O+ U7(f� !"#$%& '�()�*+ ��+�� "6 �;+ NF 
1�+� �� �%@%&�()7/< �9:& >!"#$%& ", +� ��(��78	 �& 'f�$-+ "6 7/6!�@ NF �	 "#$%& >

, �;+ >bA& "6!f�:?�� >f& �+�f1�+� �� �%@%&-� J�(!, "#$%& >!�:?�� >f>bA& �+�
& O+ 7D,f$+ - S-+ "#$%�CFf@%	 +� �!�A� "�7)�fJ����M���q^ :��� .(,f+ �� 1-�h "�>

� "#$%& O+ 'k:R& "#$%& �( �-��, - �;+ �V!#$%& >"V:R8A( �(���+7� �%@- .+�,�/,�>
W+f& �f:9!(�f�)1XJX 2J...JXp& +� f;��, ��%f�Tf(� �+�ff!,�	 J2fC cfE�
PP XaXaXaPC 12211111 ... +++=$-+ +� !�*+ "#$%& >�%W�7/.A( ",!	�	 >!d
&-�!�*+ "#$%& >�O G�%* ", ��%, 7(+%C �:

PP XaXaXaPC 22221122 ...+++=

$+ -�", �CF �%=)9:& �+7D	 ", "6 !(+%C "#$%& �(�!�M+� 2)+�,)(�WF ���8& O+ �
�z�)� 	 a�3�+ '4+�& -!"#$%& '�()�*+ �����M�� ", )��q^(/6 "D@+�& !7.(�( 1O+7�+

"#$%& �� G+7(�?& O+ a+76�()7@�& G+�A� N+%/h �, 7"#$%& "8;� & �(�:� �� �%M!", "3
�@)"#$%& �� ���F G+�A� JG+7(�?& 1O+7�+ �()7@�;��, ��%& 7�& �+�T �W!��.

$� ",!�-Q� '�`C�M �()� - ���F ��:�� L%/	 J���, !$� ", Q!V:R8A( �%@- '�R,!��
K�,)C�, �+ O+ �`C�M >/|A( - �(!$� ", >!O G-�#	 '��� �� ��k&��( ��9:& O+ .!�(� 

)Xij("E,+� O+ 1��#:;+ �, J�78	 ��+7��:;+ G+�A� ", ���W '�7)JN+��bA( - %6-����� :
��[r :( 



"#$%& '!� 	HI?& ��*+ )�(N�3�O ��M "�K�; ���, G� ���j 

)�(
S

XZ
j

jij

ij

X −
=

"E,+� �� �%� Xij��k&�9:& �!J�(�X j&!V��!- >S jD& U+� �+ !9:& �( ��!& ��7M�, .

"&+�+ ����	�& .���D,+ ", ��+7��:;+ G+�A� O+ v�×[� +�F �,�5Pb?	 !7M ')- O7����(
(fN+��bA�J���� :��� .(+ ���/f�3[�S�; �+7D	 �()���f��()�	�& �v(-�	f�+7D

N%:;�()&�	����&F G�HI?& '&�M "6 �;+ v)& N�3�O ��M ���, �7M�, .7M ��k&
"#$%&�(��, "6 !O+ 5[�+�� O+ 7*�� )9	!!G+� (8	 +�!!"#$%& N+%/h ", J7//6 >�()
@%	!", 17//6!?!7�%M u�I:�+ �+�� "/ .

"#$%& nK-+�, �(�:R�"M%C 7/�+%:, 7/,)9:& !", +� �(� O+ 'k:R& n�&�6 % ��7b�a�3�+ �V
+ a-� 7/(��%W��, �;+ >bA& "b/�"�()9:& !"#$%& �, �(��()�7D:& )	�%* �� 7/M�, K�, �

�, �O+��� "6�"�%W ", 7+)9:& "6 7M�, !�, �(���	K�, "#$%& .�%W��, >�/D& "�":M+� +� �+�
+�, J7/M�,)C+ 'b?& c�� !:� S%H4 - �!"3"#$%& nK%AD& u%�E& �+� 5C�< �(& 1�7�%M .

�	�& u�0 '*�4 O+��	�& �� 5/6+�� v��	�& J�(��, v�"#$%& G+�A� v& �;� ", �(�F�7.
�	�&�"#$%& G+�A� v& "E,+� cT+- �� �(!"#$%& - G+7(�?& N�& a%�D& +� �(��O�; .G��8h ",
��"#$%& G+�A� �V"#$%& �� G+7(�?& O+ a+76 �( �O�+ �(�()7@�� ��M ", - 1�%, 7�'

& "8;� &��%M )�h!��3�J��q[ :�q[ :( 

)�(ik

p

i
jijk ZWF ∑

=

=
1

ˆ

NF �� "6ikZ17(�?& 17M ��+7��:;+ �+7k&k9:& O+ a+ !�i- a+ jiW�0 �G+�A� d
9:&!�i"#$%& �� a+ j�;+ a+ .& �+7D	9:!O+ �(�i=1 �	 i=p�;+ .7,�	�	 >!5(�6 �, d

�@ ", JG+7(�?&);��, �9:& a�A	 !+�, �(�)*%	 !�; O+ J���, �)��&O �7/< G+�A� 
�A� "6 �-7 & "#$%&�& G+7(�?& 17/���W 1��#:;+ 7/M�,�7.+ ���+�, 5(-g� >)

1- Hernandez et al. 



��w �"��?�"&���, - �!�+�9@ �?(-g� f �A�h J)Q�� 1��AMij

O�;��bMF)"#$%& G+�A� 7�-� �:&+��� �-� O+ �(�� .!+�, - N%;�)7&SO�;)O+ 7�-� 
;�W� �-�!�:&+����� N%�7M ":��W 1��, ..

S-+7:&�	�O�;��bMF `C�M >)�0 J7�-� �V:R8A( d��-�:?W )�!, N%;�!>�.
9:&!��`C�M ��()NF)F j(N�&O -)t(O G�%* ", "6 �;+�& ��-F�, ���%M )+-�JP�,Q

���[ :��(�:

)�(

∑ ∑

∑

= =

=

−−

−−
=

n

i

n

j
jji

n

i
jji

Ft

FF

FF

tt

tt
r

1 1

22

1

)()(

))((

:T-���k& �N�&O �)t(Z/;+�� -)F j+ ����*+ "#$%& �@ >�ja+(9	 2( �,!!J7//6 �
�	K�,��0 >�>bA& d)�7h `C�M)�(+�0 -�V:R8A( d�, �8l& - '&�6 !9:& >!�(�

& '*�4��%M .�0�V:R8A( d�)�s(N�?�6 "E,+� 17/(�#/& - '&���;+ .�0 �W+�d
V:R8A(��A� - N�&O �& ":#W J7M�, �#* "�9:& -� NF �%M !7/:R( ":R8A(�� �.

"#$%& O+ ���&O )�; �� �EC N%!;�W� )%V$+ F j�& N�!, ��O G�%* ", �%M
)�K N�W�O�,)J��q[ :�:(

)^(ebtaF tj ++=

�3/�+ ��aJ�78&O+ Y�h beC d!M )N�&O )+O+ ", �!!9	 (-e t�EC )�� 17��A!T�,
U+� �+(�& 17�+%C ��-F�, )�(�%M .�EC J�3��7	 G+�!!9	 ��%H	 �%z/& ", %V$+ >�+

1�+� N�!& O+ �;+��& �O+�, �(7(� .&�+7kb���&O 74+- �( )+O+ ", �!!9	 e;%:& )7�-� (+�
�& N�?�7(� .a�A	 d!M J)�:&+����� �-� t�;+ �, N%!;�W� eC d!M "8;� & )+�,

 
1- Weisberg 



"#$%& '!� 	HI?& ��*+ )�(N�3�O ��M "�K�; ���, G� ���� 

�-O >�A& )�()
TT
FFb

kj

kj
jk −

−
=(d!M >�+ "��!& - "8;� & ���&O )�; d!M N+%/h ", �(

�& ��AM ", 7�F)1���RhJ��qr :�:(

)[(
TT
ZZmedianb

ji

ji

−

−
=

�;+ )�-F��� N���M ":�� -� �3/�+ �� :�-O O+ "� >�+ S-+ ���F )+�, "� ���(TT kj =

2?< �;+�& �M%��%M .1�+� �#@ d!M �l�+74 >�+�,�/, �, �,+�, J"8;� & ',�T )�(
( )

2
1−nn�;+ ."� >�+ a-�kj f�;+ .��O '4+�& N%&OF 1��&F '!�?	 )+�,

& )�-�0�7M�, .

�s�EC "8;� & )D&!��SE(U)��O G�%* ", :

)�(( )
∑ 






 −

+
=

−
=

n

i
TT

nnUSE i
1

2

12
1)(

�s�(�!9:& O+ �� �( "8	� N��� �%z/& ( )( )Frank j1��&F �� UJ�/D� 

)r(( )∑ 






 +−
=

=
n

J
jT

n
FrankU j

1 2
1

�sN%&OF 1��&F "8;� & t o�8��k	 c�O%	 )+�+� "�t)�+OF "@�� �, n-2�;+ :

)q(
( )USE

U
to

=

�+7k&aO '�M ", )�:&+����� �-� �� �%M �& ��-F�, �� :

)�(bTFmediana Jj −=



��� �"��?�"&���, - �!�+�9@ �?(-g� f �A�h J)Q�� 1��AMij

#�$	�%$ &	' (	)�

"C�<�())G���;%� (�.�;)��&O�O+1�+��(+�&�N+%	 ",;-!"�/b	!.� 	!'=!#�
�+�I:;+ ��6 -N�?� �+� "6"C�<�(�,"<1�-� :?WO�,�)-���,"<$�A:4+�(,!�:?�>
5k� +�7��+� .",�%= �6�,f+�)�+�I:;+ �<"C�(e;%	 � 	!'=!�'4+�& O��a�3�+ 
&��%M :

�s78	�'�;)��&O�",v��6�� :+�,)78	�'�;)��&O�",v��6�� -"8;� & 
�%&��(!.�(�,�:R�-��:&+��� +�u�R4 /6!2)#:<!J7�����:(

)��(
2

,...,2,1 nq =)2cos(2
1

t
n
qX

n
a

n

t
ti

π∑
=

=

)��(nt ,...,2,1=)2sin(2
1

t
n
qX

n
b

n

t
ti

π∑
=

=

�� "E,+� �%� q�+7D	 �%&��(!.�()�(O�RA( (&�J7M�, �,"@%	 ",+�>"6���.�;)
��&O��.O+�� -�.�-�� +��.u-�/	 %W�7/+�,�/,�>���.�;)��&O�1�-� S%= �W+
��&F))n(��&F 1�-� S%= �H� �(O�RA( �+7D	 1�V�F 7M�, �-O ))

2
nq =(�%, 7(+%C .

$-���&F 1�-� S%= �W+ ))n(7M�, ��� )�0�4 5(-g� ("E,+� O+ �(O�RA( �+7D	 1�V�F 
)

2
)1( −= nq(7&F 7(+%C �;� ",.

�f"8;� & �+�� +�,)v��6���(

�+�� �(�.O+v��6���()�%&�((�,1��#:;+ O+"E,+� O��"8;� & &��%M :

)��()(
2

)( 22
iii banfI += 



"#$%& '!� 	HI?& ��*+ )�(N�3�O ��M "�K�; ���, G� ���� 

�� "E,+� �%� :T-�)i=1(u�R4 &��%M �+�� �%& S-+ "6�.��+ -C!Q��+� 
)�+�� �v��6�� ('*�4 &��%M .",A(!>	�	!d�+�� -�Jv��6�� ";v��6�� -$+�

�CF �	qu�R4 &��%M.

�f;�	!2�+�%A� 1�-� ��V� =!�:�+�%A� ��V� 1�-� �+�%A�)k�+ �% & "6 �;+ �NF
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8	 +� �+��!!& >�/|A( - 7//6!�6 `C�M >��Qs"&��sb$-+ !>��,+�, �[/�7&F �;� ", 
& N�?� "6�"#$%& �+�& �(��A� 7/�+%	��M 17/�":R+)9:& O+ !7/M�, �(� .�6 `C�M�", �Q

 �+7k&)�[�/�=KMO (,!�#6 �V���"�%A� ��+��,)��	��, N%&OF "HI?& -��+7k& ", 
�r�/�[�& N�?� "6 �;+ �+��/D& J��	�& 7(��V:R8A( v�1�+� � �#* "D&�@ �� �(!�R.
+ �,�1��&F t�;+ >P* �,+�, 7M '*�4 �# .+�,�/,��#* Y�� >)V:R8A(�9:& !�(�)��%& 
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%W��,�"�()"#$%& "#$%& J�(�()��k& - 17M �+�I:;+ �- ��8	 �+�� - 1g!!�( e;%	 17M >

1- Kaiser – Meyer - Olkin 
2- Bartlett's Test 
3- Scree Plot 
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?6!W7�[����/���q��/�[����/�s�^[�[/�
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&!V��!9	 X�E& �7T >!!�����)"�K�; ���[�/�����[/�s��^[^/�s���r�/�s
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+�+�)%W��, ��	K�, ")7/:R( ., "E,+�!+ >�>9:& !"#$%& - �(�� ��bMF - \0+- �(!- �R
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17M `I?& �%M�( �,7�+ ., "6 S-+ "#$%&!O+ 5^�8	 +� �+�� O+ 7*�� !!�;+ 1��6 >
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1- Varimax 
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