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Purpose: The increasing complexity of omnichannel retailing has necessitated retailers to redesign 

processes and forecasting methods and accept new approaches based on machine learning and 

artificial intelligence. Improving the accuracy of demand forecasting and managing customer needs 

from different channels due to reducing demand uncertainty are the most important challenges in 

omnichannel retailing that retailers should deal with. A better understanding of consumer behaviour 

patterns leads to more accurate demand forecasting, which in turn helps gain insight into 

transportation flows, improves distribution management, and enables better planning and execution of 

supply chain operations. This study aims to reduce the uncertainty of demand in omnichannel retailing 

by improving the accuracy of demand forecasting by considering customers buying behaviour through 

using machine learning methods. 

Design/methodology/approach: In this study to forecast future sales based on customers buying 

behaviour, a cosmetics retailer’s historical data on the monthly sales from February 2020 to June 2022 
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is used. The ID of eight products has been selected to analyze the performance of proposed methods 

and the method that the company applied to forecast demand. Clustering has been implemented using 

the dynamic time-warping algorithm due to the unequal length of the products’ time series. Initially, 

the nonlinear autoregressive neural network (NAR) has been applied to the time series in each cluster 

and later, the nonlinear autoregressive neural network with exogenous input (NARX) has been 

applied to the time series. The performance of the methods has been evaluated by testing R-squared 

and all R-squared coefficients and root mean square error (RMSE) to analyze the accuracy measure. 

Findings: The forecasting methods comparison, moving average (MA), the nonlinear autoregressive 

neural network (NAR), and the nonlinear autoregressive neural network with exogenous input 

(NARX) concerning testing R-squared coefficient, and also all R-squared and RMSE indicated that 

the nonlinear autoregressive neural network with exogenous input presented a good performance for 

all the products, so it confirmed that the application of the clustering to identification customers 

buying behaviour through the sales history of the products, integrated with artificial neural networks, 

to conduct demand forecasting, could be considered a good method for forecasting demand of 

omnichannel retailing supply chain products. 

Practical implications: The proposed method of this study leads to uncertainty reduction in 

omnichannel retailing by understanding the buying behaviour of customers, identifying patterns and 

using its analysis in the processes and operations, and its integration with machine learning methods 

improves distribution management and provides better planning and implementation of supply chain 

operations. Managers can use the proposed method to accurately predict complex demand patterns in 

the retailing industry. Using business data in demand planning provides an extra advantage to 

managers to include important variables based on their judgments. 

Social implications: Knowing the factors affecting the sale of a specific category of a product helps 

to effectively design promotions, advertising campaigns, the optimal combination of category displays 

and optimization of shelf space in retail stores. Also, accurate demand forecasts lead to better ordering 

policies, thus minimizing the cost of inventory management and optimal distribution and logistics 

planning to meet future demand. 

Originality/value: The proposed method presents a predictive approach for an omnichannel retailing 

supply chain that leads to uncertainty reduction in omnichannel retailing by understanding the buying 

behaviour of customers, identifying patterns, and using its analysis in the processes and operations 

and its integration with machine learning methods to improve distribution management, and provides 

better planning and implementation of supply chain operations. 

Keywords: Artificial neural networks, Demand forecasting, Dynamic time warping algorithm, 

Machin learning, Omnichannel 
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1  BODS 1478  0  13  

2  '���4  1057  7  427  

3  ?�7*>  1278  6  207  

X/�B
  3813  13  647  
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Figure 3- Sales chart of selected product in cluster #1 
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Figure 4- Sales chart of selected product in cluster #2 
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Figure 5- Sales chart of selected product in cluster #3 

4 -2 - 	��- ��65    

6� /;�� ��Z0�E 29�E 9_�� ��0_��� 9/GE  �+S�+ntstool  H+Matlab2018 +�� � ���Q,;+' +H�����  ��DG�  sqD�	� 

 8��� �y�_m� �9w��@ � �� 6��C	I �	0� �5�� �y�_m�� 8  F�K,*+ <�_m�
�   29D� ��D2
�� ��E  9D_�� 

 8�
� � ��8��� �	A,� +H �Y��63 +
,�+ �� .���� 29�E 9_��    H+ ���Q,D;+ 8�
D�  8��D� �D	A,� +H   �D; 6D�'   �D='  �*�D�H 

 �<�_m�NAR  �`N; 29�E 9_��  H+ ���Q,;+ ��A,�8��� �	  � +H  �9D_� E29�NARX   <�D��+ 
D� .  �y�D_m�

 <�_m� 6; b��� �;��� '+�� LK,0�272 �388  �1417  6��C 8��= �� <�*�- 6; �= H+ "��  6- @� E��C H+

 <�_m� 6; ��;+1 �942  �1140  � ?�7*> "��  6-BODS  E��C �� ��*> '���4 "��  � �� E��C �� ��*>

 <�_m� �� � 6;180  �1358  E��C �� ��*> ?�7*> "��  � �� E��C �� ��*> '���4 � ?�7*> "��  6- �;+

  .��+� �+�\ 6;  

��+� �= L	-�� ��80"H��> 
1��  �208��H> 
1��� '+�� S(��6 
m� �	b  ̂ 	D3Y�  
D�
* +�D� .'  /D;��E  29D�E 

9_�� +��' �	I �	0� y �+
/� �<�_m� �=�6 �='  y �D� 8��0� D�6  �D=' 1 �5 �10  �15  �D4�'     8���D* �+
D/� 8�D�=

����' G��C �� ��H>�I  �� .
�NAR �@ yE� ����� ' 29�E  ��+
*�,;+NARX �@ 29�E �K)	�� y ���6   �D�

; <�Y,*+ ]���	M��5	
 y ��E�  � 8��0��@ XC <�Y,*+ ]���� y ��E� G��C
� 6, �. �Z* �� ���Y� .��  D�qC	� ����' 

 H+ ���CH�� �1  ��12 +��' ��*�I ���p @�  6��;��H>�I +�� �' ��5�+ "H��>�^,  f�9*�D�  ��+�-��D�48   F�DK,*+

.
� 8��� �	A,� +H + ���? ����� �;' �=' �*��H y�_m��   .
� 6, �. �Z* �� �5�� 

  

0

200

400

600

800

1000

1200

0 5 1 0 1 5 2 0 2 5 3 0 3 5

V
O

L
U

M
E

DATE

CLUSTER #3

1-off 180-bops 942-off 1140-off 1358-bops



��� ������ ������ ��� ����� ������ ���   ,�-�
 ���!��� "# $��%&'# �  (�)��*�� 	���+- �-/0 �1� ...  /A#����� � ���78' 3��
 /135 

4 -3 - �B�'���&5#  

 '+�� �+
Y� ?��,�� u�;+�� c��,* ��,C�;B�  � �3�B�    ) �DXC ��#D(� ?	5*�D	� �+
Y� ?��,�- �b-MSE � (

 ?��,�-)�� �+
Y�E ) �XC ��#(� ?	5*�	�RMSE<�_m� �= '+�� (  <�
G ��3   .�;+ �
� "�+S.  

 ��1+3- K�� T��&� 	I���
 ��� ��� [\&�
 NO/6<
 ���   
Table3-Comparison of forecasting method for selected products 

�/
6

<

 	

'�
�-

 

K
��

  

A�
�/

�
 

A�
]��

 	
�O

 �
��

  

��
��

� 
��0

M�
  ��

/0
"�

  �
�0

M�
  

MSE  

R
M

S
E

 

R2 

K
"/


:
 

�
��


":
  

J�  K
"/


:
  �

��

":

  

J�  

1  MA - - - - - - 25 - - - 

1 NAR 10 1 1 104 79 88 4/9 669/0 908/0 807/0 

1 NARX 15 12 1 85 82 82 9 961/0 943/0 947/0 

180 MA - - - - - - 3/119 - - - 

180 NAR 10 12 12 43 45 60 8/7 684/0 945/0 938/0 
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388 MA - - - - - - 32 - - - 
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