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Abstract 

With the expansion of industries, population growth and development of the 

transportation sector in the world, energy demand has increased sharply and today 

plays a very important role in the economies of countries. Today, energy shortages 

are a serious issue to achieve economic development, which is why demand 

management is an attractive concern for countries and Gasoline forecasting is also 

important as one of the economic variables for planning and managing gasoline 

demand. In Iran, the transportation sector has a major share of energy consumption, 

7/99  percent of which belongs to gasoline. The increasing trend of gasoline 

consumption in Iran, insufficient domestic production, significant growth of 

gasoline imports in recent years show the incremental importance of managing 

gasoline consumption in Iran, so, predicting the consumption process as accurately 

as possible can be very useful in achieving this. This study predicts gasoline 

consumption using monthly data by comparing the efficiency of three methods, 

neural networks with long short-term memory, recursive self-organizing maps, and 

the traditional method of seasonal autoregressive moving average. The results 

indicate that the use of 12-month time-frequency for data training had more accurate 
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results compared to other data frequencies, and the deep learning method of 

networks with long-term short-term memory was more efficient than the other two 

methods.  

Keywords: Gasoline Consumption Predicting, Deep Learning, Long Short-Term 
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machines models��= �� ( %�= @�'J $% @���� A�31 2���      �'7 -'#%�% &�'6# R��'	# � -'�	H�
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 I�'�% � @���� )�*�"� )��� )-1>$% � 2	��4        %�'B��$ 0� $�'7 @'�� n�'m#� )��'� .�'H�%�=
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3 .��/89 :#�  
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1.3 +H��1 =90 I�� �!9� �(��B I�"  
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'����  @�Q#�'�1 � 
d#��$���7��� �#�1�# /-�1�# 21 %�. .$% �
��"1 �� $�%��# )�� )�5 2#�10  �'#�1  �'7   '����  �'� 

&���# I�! 2L<� ���{ ��  �'�1�% )�  �'��{  �-'#$�%  �'��C� $%  q<'�  �'�  �'�1�% )  �&�'��# 0� 
�3�61 )�5 )�5$�%��# )�� )�5 2#�10 �#�1�# ��� .�M���1 $%   '�GL�  @�'�J  )�'�  2��'5 
�
�# �� /%�K	�� 0�  �-:� )�5 �l���1  &> �5 �$ �� )�� 2��5  �'�  @�Q#�'�1 �  d#�'�$��  �'��{ 
 �-:� �/%�7 dx� 0� I-1 �5 � ��$ )�5  �GL� )�� )�5  �'#�1  /%�K	'��  2'1  -'��7 . 2'B� 0� 
��$ )�5 %��$�7�= )��� A_! -#�$ $% )�� 2#�10 �  �'�:{  /-'��7 )  @�Q#�'�1 �  �d#�'�$�� 
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2G*�K�  &%�'7  ��'��  )��'�  @'��  $�'O�1  �'QG�9  2G'*�K�  �':��1 ) �I��   �'�  @'��  ,$�'� 
o����  21 %�. )d7�� � ����B�� 1970b� 142.(   

q&% = &% − &%� = 
1 − [�&%   )18(  

2#�10 �7 )�� )�5 2#�10 SARIMA  -'�� 0�  2G'*�K�  �&%�'7  $�'	�$  2���'�	1  �'� /$�% ) 
����� s 0� %�H &�6# �-�5% 2Q	
:�5 )�5 %��0 @�� ����9 )�� 2#�10 $% ��H�� s /�U9  �'� 

E5 2Q	
� )�5 I���1 -5��H %�� .$�	H�� @�� 2Q	
:�5 �5 ��  AU'H ��$  )�'5 ARMA 
$��
� v��	1 ��� 2?� 21 &��� �� t�7 ��%�"1  2Q	'
:�5%�H �  2Q	'
:�5%�H  2'D��  �'� 
/�U9 ��$ )�5 &�10> �<H � �
��"1 I-1 )�5 �oG	�1 �� I-1 l���1 ��% ����.  

��$ )�5 �2�����. �0��� � 2���0$� I-1 )�5 SARIMA  ��:'. ��$  )�'5  |�'��1  �'� 
I-1 )�5 ARIMA ��� .��  $�'N  ��'�UH $%  �-'	��  )��'�  @�'���  �':��1  )�'5 d �  D  $�'	�$ 

2Q	
:�5%�H )�5 2D�� �$ 2���0$� 21 E��7 .2?��#  ��'�1  0�'�#  �'�  2G'*�K�  &%�'7  )%�'9 �$ 
&�6#  21 -5% � 2?��# �	
5> � ����	1 0��# �� 2G*�K� &%�7 2G3� �$ .��� @��  y��'6�  �'5 
&�B1� ��_= -.�:# �� ��� 0�  t'�  I-'1  2D�'���.  �%�'.  2'1  &��'� 0�  yH�'.  )�'5  �'<H � 
PU1 )�5 vUN� )��� y��6� I-1 2��(# 0� @�� -�J I-1 23��6� /%�K	�� %�7.  

  

4�*�*89 <
��$ . 

1.4 O#�P �� Y9�, I�9K
�� V�� �
 �+9+X� Z��
( �(R*S 1-��*Q $8�  

 �'6"# )���%�� ��$ �% 0� ���� @�� $%    2	'6�0�� /-#�10�'�%�H )�'5(RSOM)  ��$ �
/���7 2#M�N �O��! �� F��9 )���%��  ,-'1(LSTM)   ��'= )��'�    $% @��'�� A�'31 2'���

/%�% .-. /%�K	�� $�67 F�"L� @�� $% /%�K	�� %$�1 )�5192     $% @��'�� A�'31 �'#�5�1 /%�%
/$�% �� |���1 $�67    I�'� )�-'	�� 0� 2#�101381     I�'� )�'(	#� �'�1396  2'1   0� �'7 -'.��

/-. p���	�� &���� )+�#� �1�#0���/�1 $% �#�0�$ A�31 j��	1 ��%�"1 @�� .-#�  o'G	�1 )�5
&��� �$  21 &> $�%��# �7 -#$�%  B. $% �53      ��$ �% 2��'�0$� )��'� .�'�� /-'. /%�% &�6#

/%�% �-	�� �I���% ��
4 �% �� �5/%/%�% � �0�1> )�521 E�
"� �
� )�5 /%�% .-#�'.  )�'5
 �0�1>5/87  /%�%  '7 -�$%   2'��� ��'514   /%�% � 2��-'	�� I�'�   �'
� )�'512.5   -'�$%

 7 /%�%  /-'. �	��� �O# $% 2#���= I�� �% 2��� �5     $% ,�-5�'61 I�� %�'B��$ �% )��'� .-'#�
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/0��	r0,1s	�	��� $��4 /%�K	�� %$�1 � /-. I�1�##�I�1�# @�� .-  E	�$�'Q?� )�'<H �)0��  )�'5
&> ����
! �5�7 �� �$ )���%�� Y�'�"1 �� �:
# �5 /%�% )��_'=    s'9�� � /%�% �5�'7 �'5

21 )���%�� -��>�� $% %�:(�.%�.  

 

 �M�3-
	
 �Q . ��� B	 �*.Q �
 ?�@!� >��� J(�"�� I�"1381  ��1396�
9& �*9+9� �  
Y92X� $�N��X� :\N!�  

�
��"1 �(� ��$ R��	#    �'5�<H 
'��1 @�Q#�'�1 �6�$ $���1 �% �5(RMSE)   @�Q#�'�1 �
  �''5�<H )-''�$% FG<1$-''4(MAPE)  &> j''���$ �''1�%� $% �''7  ��''�� /-''. /%$�> �''5

/%�K	��  /-. .-#�  

ghet = u∑ 
Xw�Xxw�yzw{|
� .   )18(  

hfjt = �
�∑ }Xw�XxwXw }�%~� .   )19(  

 j���$ @�� $%T /%�%  7 %�-�� ��
� )�5yJ   � F'�4% $�-'"1 �x%   ��'= $�-'"1   /-'. 2'���
�
� /%�% )��� E	�$�Q?� j��� t         0� �{�'	1 @��'�� A�'31 )�'Q?� �'7 2��'m#> 0� .�'�� n�

    ��$ )���$�'B� )��'� ��'�� 2'G�<�� n��� � 2G3� � 2���5 � �> j���. )�'5 RSOM  


LSTM  0�3  oG	�1 2#�10 /$�%12�3�6 k= �B:. �0�1> $% �5�1 �'5     � �'�� /-'. /%�K	'��
/-''. /%$�> �''#���-� ,$�''� �''� R��''	#$�-''"1 .-''#� k ''�5) �''<��$ $% �''7 $�<#�1 /%$�> (

/-.  ����  Y�'�� �� @���� A�31 2#�10 )�� $% �G�� t� $�-"1 �7 ��� 2��1 @�� �� k 

   �B:'. �'� �%�'H 0�  :4 �G��    2'1 /%�% �0�'1> /-'#���%�� )�'5    ��%�'"1 @�'�i�5 .%�'.
���	#� ��� /-.    ��$ @'�� 0� n�-'7 �'5 )�'5�	1�$�= )   I�-'� $% �'51    .�'�� /-'. /%$�>
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n0M ��  /%�% /0�-'#� �� ���� �� �5�	1�$�= @�� �7 ��� �7z      �'��= �'� @�'�i�5 � 2'.0�1> )�'5
/-. ���	#� �<H � 2�� &�10>21 @���� ��$ �5 )��� ���(� ,$�� �� �7 -#�.-#�.  

 ��8F1. V�� �
 -8� -
�A
�	 I�"�
�	��0 ��
�2� I�"RSOM  �LSTM  
Y92X� $�N��X� :\N!� 

J.2( V�� -8(��B��
*L I�"
) �
.KB��RSOM(  

�B:. /0�-#�   )-�� �% EO�1 �B:.20 × 20  


9>, ., ?@'�ℎ� 
1, 0.7,40� 

-��*Q �(R*S JO#�P V�� - $8�
LSTM 

��M %�-�� %�-�� � 2K�1 )�5
&��#�5  

20 � &��#  ��M t�  

Epoch    /0�-#�batch Epoch=30   %�-��batch  �����2  

�B:. �7 2��m#> 0� @��i�5)���%�� ���= �� )���%�� )�5  2'1  '�9 2�%�3� )�5  �-'��7
��$ @�� 0� n�-7 �5 �/-. �$��� R��	# 0� �	6�� &����N� )��� )��� �525    )��'� � ��'�� $��

)�5$���1 ���� $�� �5 RMSE  
MPEA       @�Q#�'�1 $�-'"1 � @���-'� �@��'	(� � /-'. �:��L1
&>  I��-� $% .��� /-. �$��� �52 �3  �4    ��$ �% �'5 )��'� R��'	# l���� �� RSOM  


LSTM )��� 3=k� 6=k 
12=k /-. �D�$� B. @��i�5 .-#� )�54 �5 � 6��= )�5$�%��# �  2'���
��$ @�� )��� �$ �524 /%�% 2#���= /�121 &�6# Y�	�% $% )�5   |�'��1 �'5$�%��# @�� .-�5%

@��	(� @��5%���) �#��1 )���� �� RMSE   �'
�� &��1 0�     ���'�# � ��'�	#� (��'�� R�'= �
/%�% /-..-#� 

 ��8F2.  B	 J���2� I�"��9%�25 V�� 	�F	 I�"RSOM  �LSTM  I	��� = �  
Y92X� $�N��X� :\N!� 

MAPE RMSE 

 
Stdev. Mean Max Min Stdev. Mean Max Min 

687035/0  128195/8  221164/9  460925/6  757952/0  915629/7  42733/10  077071/7  RSOM 
633501/0  479882/5  583488/6  42309/4  488075/0  247256/5  413315/6  505549/4  LSTM 

  



80   ����� 	 
��
�	 �������	��  ���8 ����� �1 ��
���� � ���� �1400  

 

 

�M� 4. =90 I�"�	
*�(� B	 -8� �!9�V� I�"RSOM  �LSTM  I	��� = � J� ]*��� �	
*�( ?�	 .
 ��9%� J� TN�( J(�9� I	�F	RMSE ��.8!���  

Y92X� $�N��X� :\N!�  

 ��8F3.  B	 J���2� I�"��9%�25 V�� 	�F	 I�"RSOM  �LSTM  I	��� = �  
Y92X� $�N��X� :\N!� 

MAPE RMSE 
 

Stdev. Mean Max Min Stdev. Mean Max Min 

454069/0  869264/6  561446/7  865099/5  558476/0  731323/6  947329/7  910734/5  RSOM 
549159/0  233125/4  080811/6  379607/3  500884/0  981427/3  8471/4  22328/3  LSTM 

  

 

 �M�5. =90 I�"�	
*�(� B	 -8� �!9�V� I�"RSOM  �LSTM  I	��� = � J� ]*��� �	
*�( ?�	 .
 ��9%� J� TN�( J(�9� I	�F	RMSE ��.8!���  

Y92X� $�N��X� :\N!�  
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 ��8F4.  B	 J���2� I�"��9%�25 V�� 	�F	 I�"RSOM  �LSTM  I	��� = ��  
Y92X� $�N��X� :\N!� 

MAPE RMSE  

Stdev. Mean Max Min Stdev. Mean Max Min  

454259/0  399885/5  086115/6  631672/4  471245/0  177181/5  886165/5  142343/4  RSOM 
556795/0  5511/3  717017/4  541159/2  539251/0  461736/3  561297/4  667805/2  LSTM 

  

 

 �M�6. =90 I�"�	
*�(� B	 -8� �!9�V� I�"RSOM  �LSTM  I	��� = �� J� ]*��� �	
*�( ?�	 .
 ��9%� J� TN�( J(�9� I	�F	RMSE ��.8!���  

Y92X� $�N��X� :\N!�  

 ��$ �% �5RSOM  �LSTM �1�#�� &��0 $%  ��$ � /-'. -7 &�	��= 2
��#SARIMA 
 $���� n�# $%R    ,�'3�61 �'� 2'3�. ����x1�7 t� )�$ �� �CPU Intel(R) Core(TM) i5-

2500k @ 3.30GHz and 4 GB RAM  /-'. ����    ��$ )��'�� j'��	1 .-'#�RSOM   %�-'!
21   ��$ )���� j��	1 � ��#�{LSTM   %�-'!39   &�'10 �'�#�{     -'�J �'5 .�'�� �'�RSOM 


���  �� 0�LSTM  2'1 g�� I��-� 0� �7 $�<#��5 �1� ����  �'m�	# &��'�   ��$ �%�'7 )�'��
 F��9 )���%��LSTM        E'5 .�'�� �	'.�% �'<H $�'��1 �% �'5 $% �$ )�'	(� %�BG�9   @�'�J

&��5          F'��9 )���%�'� E	�$�'Q?� �% �'5 ��'�� y�'61 g�'� R��'	# 0� �7 $�NLSTM  �
 )���%�''�RSOM   �''?�! )��''�12=k   �''
��"1 $%3k=  �6=k  F''�4% R��''	# �$ )�''�

�� ��%  /%$�>      $% A�'31 &��'�1 0� �{�'	1 /�'1 �5 $% @���� A�31 )�Q?� l���� @�� �� .-#�
21  :4 I�� 0� /�1 &��5@�� 0� �$�� �m�	# @�� .-.��   ��'= )��'� )���%�� ��$ �J �7  2'���

21 $�7 �� @���� A�31 )�Q?�21 &�6# � ��� /-1> ��-� �%�$     @	��'� �'O# $% �'7 -'5%
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/0�� 2#�10 )�512 ��= �� �m�1 @���� A�31 $% �5�1F�4% 2��� 2'1 )��   n�'m#� 0� -��.%�'.
�
� �?�! $% F��9 )���%�� E	�$�Q?� �7 2��m#> 0� �g�� )�512=k     2?-'1 %�'m�� �� $%�4
E7 �� ��= )��� ���� /%�� �<H @���   �'4 /%�K	'�� %$�'1 @���� A�31 �#�5�1 2���  .�'��� $�

 ��$ �-	�� $�7 @�� )���LSTM   )�$ �'� g�� )�5���� 0� /-1> ��-� ,���O�� @��	(� �� �$
 n���192    ��'= �'� &> t'�7 �� �)���%�� �G!�1 0� d= � /%��# ���� Y�	�% $% /%�%  2'���

 $% @��''�� A�''3110 �''�� /-''. �''	H�%�= 2''�> I�''�  B''. .7  �$ /-''1> �''�-� R��''	#
&�6# 21 .-5%  

 

 �M�7. =90 Z��
( V�� B	 -
�A
�	 �� ?�@!� >��� J(�"�� �!9�LSTM  
 I	��10  B	) ���1397  ��1406(  

F�"L� ,�:��L1 :
:�1  

     � '�<�� n�'�� � 2'<�L1 � 2���'5 � �> j���. 0� @���� A�31 )��_=��{�� �� ���� ��
��$ )���$�B� )��� )�5RSOM  �LSTM  0�3    o'G	�1 2#�'10 /$�%3�6�12=k   $% �'5�1

�B:. �0�1> �7 -#%�% &�6# R��	# .-. /%�K	�� �512=k     R��'	# �'Q�% �'���� �% �� �
��"1 $%
F�4%   � �'5�<H 
'��1 @�Q#��1 �6�$ )�<H $���1 �% �� %��	�� �� @�� �� /�U9 � �	.�% �$ )��

 ��$ ��5�<H -�$% @�Q#��1LSTM    )�'��� �'� ���� �� �m�	# $% .�.�% �$ )�	(� %�BG�9
��$ @�� �R��	# ��= )���/%�% 2��� I�� �� @���� �#�5�1 )�51406    R��'	# � -'. �	��� $�B�

��= 0� �7 ��� @�� �Q#��� 2���1397  I�� ��1406  )-.$ @���� )�*�"�10   �'�15   -'�$%
-5��H /���5 �$    )�(?�'� 2'N $% �#���:.�H �?�! $% 2�$�:9 �� �.�%1396   �'�1406  �'� �

��� A�31 &���1 @�10      �'?�! @���-'� $% � -'. -'5��H /%���� -�$%15    -'.$ -'�$%
          I�'��5 $% � �	'.�% 2G'3� ,�#�'��# -'.$ @'�� �'7 �'�� @'�� l?�� �	B# .%�7 -5��H
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��� 21 I�:#% �$ )��	
1 )�5��H� @�Q#��1 $�N �� .-�7     I�'��5 $% @��'�� -'.$ ��'#1   �'�
1.5  $�-"1 @�� �7 �-.�� 21 -�$%50 #��1 0� �	6�� -�$%��= @�Q    A�'31 -'.$ /-'. 2���

.��� 2#�(� )+�#�  
 

2.4 V�� �+9+X� Z��
( �+�# �*9��K�
*L W�X
� ?9 (�9�  

I-1 �  �GL� �� ��� @�� $%  ,�-5�'61 )0��       &��'���$%�H P�'L	1 @�Q#�'�1 ��$ �'�
21 2G3�  %�B��$ ���61 .E�0�%�=��$ ��7�       �'
�# n�'� $% t�'�U7 2m�'�%�3	4� )�'5

$ ,�-5�61 2��#�121 $��4 2�$�� %$�1 �  �'6�$ &�10> �-	�� $�7 @�� )��� .E�5%    �'� -'!�� )
,��0 ��$ -21 n�m#� �$ �$-#�  �� ����� ��$ @�� &�10> /$�1> .E�5%646/5 -   -'��1 �7 ���

  2'��1 q<'� $% �7 ��� �GX
1 @��  )$�%05/0  �'6�$ �   � %$�% %�'�� -'!�� )   ,�-5�'61
�#�1�#   �G!�1 t� -�10��# � -�	
5.-�	
5 &-. 2G*�K�  

�� �1�%� $%  &> l���1 )�5�	1�$�= � I-1 y��6� $�O�1 �'��m� )�5$�%��# E�$ ��   /-'.
  2'1 ,�-5�'61 2D�� 2Q	
:�5%�H � 2Q	
:�5%�H )�5$�%��# � ,�-5�61   $% .E�0�%�'=

�� 2G3� ,����C� � -#�$ %��� �,�-5�61 /-. ���m� )�5$�%��#  2'1 /-5�61 ;�*�   %�'.
�1 %�H @�� �7 ��$ 0� /%�K	�� -�SARMA .��� 

���m� $�%��# $% @��i�5        ;�'*� �'� 2G'3� ,��'��C� � -'#�$ %�'�� �,�-5�61 /-.
21 /-5�61       2'��� ,�-5�'61 &%�'7 2G'*�K� �':��1 t� �� I-1 �0��� ����K� @�� �� � %�.
SARIMA ���	��  �'� .��� ��_=�#   /�U'9    2Q	'
:�5%�H � 2Q	'
:�5%�H )�'5$�%��# $%

 ��� -�7 $��
� 2?��# -#�$ �2G�� ,�-5�61 2D��      )�'5�	1�$�= y��'6� �'� 2'B�7 �'7
I-1  2�#       2'1 E'�$ 2G'*�K� ,�-5�'61 )��'� �$ �'5$�%��# @�� @������� �-�7  .E�'�7   ��%�'"1

    2G'*�K� ,�-5�'61 )��'� 2'D�� 2Q	
:�5%�H � 2Q	
:�5%�H )�5$�%��#   0� -'�� /-'. 
/-. ��J�# $��
� I�� ��H��     � ��'���$��� )�'5�	1�$�= )��'� �$ t� %-9 ���*� @�� �7 -#�

21 &�6# l���1 P�L	1 @�Q#��1     �'� � /%�'� 2':��"� y��'6� @�� �	:?� .-�5%    �'4% $�'O�1
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��"1 %$�1 �$   @��'�

��	#� %$�% �$ �<H21 � .E��7   



84   ����� 	 
��
�	 �������	��  ���8 ����� �1 ��
���� � ���� �1400  

 

  

 �M�8.  J� $	8"�.� -8� J�@^� �	
*�(3  �#��� � �+�# �8(�� T&�P  
Y92X� $�N��X� :\N!�  
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�� �$�� �� ����2 )�5  �g��)���  I-1SARIMA� 4    �'5�	1�$�= �'� I-'1)  �'D�$�  /-'. $% 
I�-�  �z �6�y� -. /%�%/ -#� �7 �� �
��"1 @�� I-1 �5 21 E�0�%�= .)��� �
��"1 &>  �'5  0�

 yH�'''. �%RMSE  �MAPE   &> �'''� �'''��� �'''� �'''7 �'''�� /-'''. /%�K	'''��  ��'''5
-1I  SARIMA
1,1,1�
0,0,0��� �	�7@� %�"1�� � $% �$@� yH�.   I-'1 &���9 �� � �	.�% �5
(���� 1 ���	#�2 %�..   

��8F 5. %�I�"��9 �2�J�� 4 � `+
a� �8�?9 (�9 ��K�*�	 W�X
�*9 +�#�  
Y92X� $�N��X� :\N!�  

bL��                   �8� RMSE MAPE 

efgnhf
1,1,0�
0,0,0��� 644628/3  306791/4  

efgnhf
1,1,1�
0,0,0��� 519532/3  260863/4  

efgnhf
0,1,1�
0,0,0��� 623909/3  33927/4  

efgnhf
0,0,0�
0,0,0��� 567261/8  34307/11  

 

3.4 ���2�1 
�M��� J�  

�� ���� �� �$��2 )�5 g��� 0� �% %�B��$ LSTM  �RSOM ���) k=12 ��  I-'1  )�'5  �'��(� 
�� @��	�7 �<H ��% E�	��� � $% %�B��$ SARIMA  I-'1SARIMA
1,1,1�
0,0,0���   I-'1
(���� �	�7 ��@� ) I�-� $% I�! .-.  ��! �<H6�"1 �� (�
� �@�   I-'1 � �	H�%�= I-1 ��

yH�. �� ���� �� �$ l���1 �5) RMSE  �MAPE 1 ���	#�2 E��7 .0� &>   E'7 �'7 ��  �'�@� 
��� $�-"1) �@�  $�'Q?� �� |���1 �yH�. �%E	� LSTM  ��'��  @'�� ��$  �'�  &��'�9 ��$ 
l�	�1 0� @�� �� ��$ @�� 1 ���	#� �5�f=2 %�. .�� $�N 2G7 	# �'m�  '12  E��'��  �'7  �'� 
l���� ��$ )�5 LSTM �SARIMA  �RSOM l���1 �4%  )�'� $%  ��'=  2'���   ,�-5�'61

.-#$�% �*�! �5�f=  
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 ��8F6. `+
a� 
�M��� J� B	 J!9�� �8� J� J���2� I�"��9%�  
Y92X� $�N��X� :\N!�  

bL��                   V��  LSTM RSOM SARIMA 

RMSE 461736/3  177181/5  519532/3  

MAPE 5511/3  399885/5  260863/4  

  

5.>��$ . �	��  

      w'#$�= �5%�'3	4� 21�'�� $% )+�'#� �'"# &�'10 $_� ��      �
'1��� ��'��� .�'�� /-'. �'�
-.$  2G�� 0� 2B� /��$ q<� ��"�$� � ����� ������  �M% @��� 2'1 )+�#� A�31  .-'.��

A�31 @��	�$�� 0� 2B� &���� $%  "# �  �! ���/-��7       '�?% �'� �'7 �'�� )+�'#� )�5
21 @���� A�31 �� 2B	1 �21��9 ��� $% )-� o�*     ����'��  '�?% �'� �?�'� �5 .-.��

  &-''6# p$�''H � -''�-� )�''5�$%�H -''�?�� ����''�� �2''3�. �''�G"#  ��''�� 0� /%�K	''��
 �:1��� 0� 2��-4 )�5    # A�'31 E'7 � '"# �  �! &����#     )�'5  '�:1��� )�'5$���1 &%�':

-�?��        &��'�1 ����'�� � 21�'�9  '"# �  '�! E	'
�� n0M ��'��� n-9 � 2�%���� �/-.
,���
1  &��'� %��� n-9  �?% �� �Q�% A�N 0� � ��� ������ I�! $% @���� )�*�"� ...�5

/�Q6�M�= n0M )-�?��31 � -�?�� @�� A�B. $�67 )�5   ,�%$�� F'��N 0� � /-'. %��0 A�
21 @�� 0� I�'� $%  �?% @��5 �� .%�$       %-'�$% &�'""L1 � &M�X'
1 0� )$��'
� �'�H� )�'5

�=� ��$ .-��>�� @���� A�31 -#�$ 2���I�� $% @�.�1 )���%�� )�5   &��'�9 �'� ��H� )�5
��$��= )��� -�-� �	:
# 2��5 2'1 $�7 �� )%�3	4� )�5��C	1 2��� ��$ .-'#�$   )���%�'�

&$-1 0� 2B� &���9 �� ��# F��9��$ @��� I�'� $% @�.�1 )���%�� �9��m1 ��0 )�5  )�'5
   ��$ @'�� .�'�� �'	��� $��4 ���� %$�1 ��H�      �'��1 n�'�� &%�'� �$�% �'� /�U'9 �'5  )�'5

�B:.         �'O��! � 2	'6�0�� $�	H�'� t'�7 �'� �29��'31 2:'39 )�'5    /�'�Hz )��'� 2��'5
 � 21��9 � 2GL1 )�5%�-��$        ��'= )��'� )�{�'1 $�'N �'� ��'(#> 0� 2':�7�� /%�K	'��  2'���

21 �	��� $�7 �� )%�3	4� )�5��C	1��= A-5 �� F�"L� @�� $% .-#�.    @��'�� A�'31 2'���
�� �6"# )���%�� ��$ �� 0� ��#�5�1 ,$��   �'� F'��9 )���%�� �2	6�0�� /-#�10��%�H )�5

/���7 �O��!�$%�H P�L	1 @�Q#��1 2	�� ��$ � ,-1   /%�K	'�� 2G'3� ����   .�'�� /-'.
     $�'��1 �% �'� �'��� �'� �7 ��� @�� 0� 27�! ��$ �� @�� R��	# �
��"1MAPE  �RMSE 

�,-1 /���7 2#M�N �O��! �� F��9 )���%�� ��$ LSTM   @'�� $% l'�4$ ��$ �% 0� �	(� �
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   )���%�'� ��$ 0� �'	(� ��# 2G3� �����$%�H P�L	1 @�Q#��1 ��$ � /%�7  �9 �5�f=
6"#� 2	6�0�� /-#�10��%�H )�5(RSOM)      @��'	(� F':N�� �'5 2'��� ��= .��� /%�7  �9

 2''��� �5�f''= @''�� $% ��$LSTM -''.$ 0� 27�''!  2'':��"�15  /0�''�  ''7 $% )-''�$%
��= 2���  @�� .%$�% ��# 2G3� ,�#���# )�Q?� �7 ���       0� &�'6# @��'�� A�'31 -'.$ ��'#
@��  j��	1 $�N �� �7 %$�%  �#M��5/1 % -�$%    �'7 %�'7 -'5��H -.$ @���� A�31 I�� $

31 /-. 2��� ��= &���1 0� ��M��@�� d#�+> j��� &�(� $% )+�#� A� +�#� 2GG�?�)   .�'��
          �  'H�% -'�?��  �'
#�	= ����'�� -'�10��# $�'67 A�'31 0� $�-'"1 @'�� F"L� ,$�� $%

���(�  �:1��� �H�� A�31 )0��     � @��'�� ,�%$�� &��'�1 �5�'7 )�	'��$ $% �5  2��1�-'4�
����� � 21��9  "# �  �! E	
�� ��"�$� )�	��$ $% )-����4 )�5  �'7 l���1 )$�_�

.-.�� 21 �-#%�� A�31 )�Q?� q�L3� �� �m�1  

  

?��' .��$ 

�-# ���) ,1397 �'6"# 0� /%�K	�� �� 0$� ��# 2��� ��= .(      �1��G'3� .2	'6�0�� /% &�10�'� %�'H )�'5
@��# ,$�m� � %�3	4�  265�f= 2�G9 /$��. �4�55 -84. 

)-''�!� � 2#�''��4 � $%�''# �&�''��(11388�(" �''�� $% @��''�� ,-''1 -''�G� � ,-''1 /�''��7 )�''*�"�
�!  � "#" /$��. �E6. I�� �  "#�  �! �1��65�f=4 y� �379 -367.  

) n�(?� 21Uu � �#�Q� �21�(� )���11395�(" 2:�7�� I-1  )�'Q?� �� 2:39 �B:�ARIMA   �'(�
$� �� ,��?�1 2��� ��= &��'�� $% @���� A�31 �� /%���� �0"  �5�f'= �1��G'3� )�'5   )%�'3	4�

 y� �n�% /$��. �($�-��= ����� � -.$)99 -116  . 

�1�#�� �	�% �)+�#� � g�� $�1� �#���1   � g�'� &U'7 %�3	4� � )��$     &��'�� )+�'#� �'1�#0��� �)+�'#�
I��  )�51381 - 1396.  
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