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Abstract 

One of the new approaches to purchasing and procuring goods and materials in the supply 
chain is the use of reverse auction. With the rapid and ever-expanding development of 
information technology and the Internet around the world, the use of Internet platforms for 
this type of procure has also been taken into account and has created online reverse auction 
method. In this paper, a new framework for the online reverse auction process is provided 
that takes both sides of the procurement process (buyer and seller). The proposed auction 
process is a multi-attribute semi-sealed multi-round online reverse auction. In this process, 
an online market-maker, with the prediction of the buyer scoring function, facilitates the 
seller's bidding process. To fit the function, a multi-layer perceptron neural network model 
is used. In this case, in addition to hiding the seller's scoring function, information is 
provided to sellers to improve the bid. Also, the methods of scoring by the buyer are 
defined Additive, Multiplicative and risk aversion, which is based on the theory of 
perspective. Within this framework, sellers improve their bids in each round using an 
optimization model. By simulating the auction process, the proposed framework was 
evaluated in comparison with an open auction, taking into account seller scoring criteria, 
seller profits, and number of auction rounds. 
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1WY"� 0� �� 1� )�!� ��+ 
� �
	  .()!*
�+
    �	�/ -�	 
 1�>/�*  .��
� ���4
 �
)

 ()!*
�+�  ��
��# ��$!%�& -	 R
�
� = ��
1� , … , �
�� �   
 �
��� 0�	�& R�B
 �� �
� �� �� 
�

 ����� /
 �� .()����# �������OASP ���� 1���	��q# ��
b��=�
�� .� 1��>/�* �����
 ���$!��%�& �
()!*
�+ ��  �
� �� R
�  ��� �
�� R
  �
� �� .)�*�#      1�# ��!# 0�=)!�*
�+ �
 -�	 ��� .O



��W#�F1�5

 ��$!%�& ��/ ���  R��P W& �� 
� �
OASP   ��� ��Dg     C�'�� ��$!�%�& ��	
 .)�!!�
OASP�� �
�F �
)	�/ ��� /
 �� ..���=  .15�6� �	
 ��1# ��:!�  1D�'�n�   0�=)!�*
�+ ���� �
 �

 �:� �� �	��!' 1' .�
)	�/ C'��1 +�= ()*  W9��"� 1�
�
 �� .�'
   .�
)�	�/ 1�� �OASP  

�� 14
�� 0� �# ()!*
�+�� u	�%� .)!*�#.���=  

  
3 .1 ��@��S B�Y�#  

�
)	�/  �
 j& .�
� �� ���+�	��  �����$!%�&�
� = ��
1� , … , �
�� �   1�# 14�� �# .0�=)!*
�+

1>/�* 0��# �P!� �	 �Dh�O���� 
� �����$!%�& �	��6� .��  ����' ���  )�!!�   1�q#
�)1   �
��#
1>/�* �� 1q#
� 
 �Dh� �2 1>/�* �
�#     ������� �
 @#��� �
 (��P �'
 ��# jH' .(�P!� ���

�� 1D'�n� 
� 0�=)!*
�+ �
 -	 �� ��� �
 .��/ �T!	
 �� .)	�8�3    �
��# ������� �
 @#�� i��
 1"	�6� ���� �
)	�/1 +�=�
�F  :�'
 �
 @#��  
 �#��L ������� �
 @#�� .��84 ������   @#���

M	�= -"	� ������ �
  
)1(  �́
�� = �
��max	 ��

١�� , �
٢�� , … , ���� � 		� !	� = ١, … , 		, �
= ١, … , 
	, �	"	# $�%�&'	�%%!�()%'$ 

)2(  �́
�� = *+,	-.
١/0 ,.

٢/0 ,…,.1/0 2
.3/0 		� !	� = ١, … , 		, � =

١, … , 
	, �	"		'4�%�&'	�%%!�()%'$  
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3 .1 .1 ����	
 ��	
 � ���� ��������� ���� 

��84 ������ �
 @#�� �� )Additive�� �
 .(�    �	���6� 0
���� @�84 ��'
 �# 0�=)!*
�+ ���
1>/�*) ��1q#
� 3�� �
 @#�� �� 
 (��L ���) �#Multiplicative ��'
 �# . ( A�K��  2��L 

1>/�* 0
���) ��1q#
� 4( �� J��K ��	b&)Huang et al., 2016(   1�q#
� ��	
 �� .5�  0�

1>/�* �� �� .R
.)*�#  

)3(  �6 !'
� = ∑ 5��́
��8�9١
  

)4(  �6 !'
� = ∏ (١ + 5��́
��8�9١
) − ١  

3 .1 .2  ��������� �������� 	��� ����	
  
 �� +� �	��!' �	
 ���	-" �=	M) �Risk-Aversion  V�%, ����Y� ���D� ��'
 �# �
)	�/ ( -

�� N	��� �
)�
 ���=)Kahneman & Tversky, 2013(   -�	 ��� �
�# �
)	�/ .�5�� �	
 �� .

1>/�* �
 �
)6� .��
	() O� �
�∗ = ��
1�∗, … , �
��∗�   ��� N�	��� 
�     �
 -�	 ��� 
)� #
 .)�	�8�

1q#
� C'�� �����$!%�& �4 ��$!%�& -	 1# .�	-" �= �	M   ��� A	)�D�  ���*)Huang et al., 

2016(:  

)5(  @
�� = AB�́
�� − �́
��∗C�							�́
�� − �́
��∗ ≥ ٠	
−DB�́
��∗−�́
�� CE		�́
�� − �́
��∗ < ٠

  

 1q#
� ��4. 0 < G < 1  
0 < H < 1  ) ���' �# CD��� ���� �
��& m���� 1# ��M�#  ��� 
 �
)6� �
 1>/�* �
)6� 0��#
	() O�) 0�	� 
 (-,�� ��     �
 1�>/�* �
)�6� 0���#
 �	() O� (

�� � �
��& .)*�#D �� �
)	�/ ��"	� �� +� �X���# .)*�#D > 1   ���!�� 1#�	 -�" �= �	M .�
0 < D < 1 .�	-" b&	� 
 �D = 1 �h!/ -"	� ��1q#
� �# 1#�%� .)*�# �3   1��5

 ��� �


 1q#
� �
6 �'� 1# ��:)	�  
)6(  ��6 !'
� = ∑ 5�@
��8�9١

  

�T���
�	 1� 1q#
� �
 .��
� ��4
 ��� �
 0)* �P!� 0���
 �7  ��� 1D�'�n� �	�$� ��� �
 . -

:���=  
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)7(  �6 !'
� =
J��6 !'
� −minM��6 !'
� , � = ١, . . , 	O + ١ 				minM��6 !'
� , � = ١, . . , 	O <
��6 !'
� +minM��6 !'
� , � = ١, . . , 	O + ١ 				minM��6 !'
� , � = ١, . . , 	O >

  

  

3 .2  B�Y�#OASP 

�
 j& 1D'�n�1D�� 
 0�=)!*
�+ �
 -	 �� ��� �
 � 0� �)�!#     ���� /
 �� J��B�E
 ��	
 .���
OASP �� �
�F .���=OASP  �
 (��P '
 �#O)� ��'1�D* �!, 0
� H'�& �D>B �)   @#��� 1�	�

�� ��83� 
� �
)	�/ ������ �
      �
 (��P �'
 ��# �
)�	�/ ������� �
 @#��� ��83� �� /�' .)��
 �D>B 1�D*1# �KJ�  A�*2 ��  ��
�
 �� /��' ��	
 �� .)*�#    �����$!�%�& .O)�� ����

(�
� �� 0�=)!*
�+ �� �� R
   ��� �����$!�%�& �
 -�	 �� ������ �
 .p)� �	��6� 
 )*�# -

 .)*�#OASP    1�D�* G����� ��#   @#��� .�D�>B �	'%�B�
�C   �& ���D$# ��$4 
�  �����$!�%
 ��� /
 �� .0�=)!*
�+0� �� ��.��
b=  

 

 $V/2 : �	�S	* (^�7� R2	� �#�7�
_	� �S���@ 	2 �
	=�*� _� BVC/ C���  
 

3 .3 �@�/��� B�Y�#  

  ?��& �
 ���/ )	)4 ��$!%�& �	��6� ����� �
�# .()!*
�+      C�'�� 1�� ������� �
 @#��� ��!�#
OASP R�T�
 ()*P '
 .�� (��1WY"� .)	�8�  (�
� �� ()!�*
�+ �
��# )	)4 ��$!%�& ����� � �

�  R
1# J��K 1WY"� �8 ��11 �
�E� .�'
 ()*  
)8(    P
� = �
١� − QB�
�C  R�S   

)9(    "
 = T	'%�B�
�C −
	'%� U�
�∗VT  

R�	   
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)10(  � !	� = ١, … , � − ١  
	'%�B�
�C ≥	'%�B�
�W�C  

$. %   

)11(  � !	� = ١, … , 
  
�
�� ≤ �
�� ≤ �Y�Z[[[[    

 1�!	
 ��+ �#�
1�1>/�* .(�
� �� �8�F � �� �� R
    1�q#
� p)�� @#��� �� .)*�#8  .

 ��'P
�  �
)	�/� �h�
)� R
 �� 1�	��q# ���=QB�
�C 1!	M� @#�� ��$!%�& ��
� ��  �� .)�*�#
 1q#
� p)� @#��9 1WK�+ .    ()�	
 ��$!�%�& ���� �
 ��83� 
 �W�+ ��$!%�& ��� �
 ��83� 0��� �

O��
�∗ �� AF
)� �
)	�/ )	� �
   ��$!�%�& .����=
 �	() O� �
�∗     �# )�� �
 ��'
 J���DB ���
1>/�* ��
�� 1>/�* �
�# 
 �Dh� ����& )��	� 1>/�* �
�#  .��P!� ��� ����K���  1�� 

 �	��6� �
)	�/
	() O�       �	���6� ��	
 �
 0�=)!�*
�+ .)��� ��$!�%�& 1>/�* �� �
�# 
� ��/
�� (��P '
 ��o �� )!	�8�
	� J��K �
 ()!*
�+ �� .&�? #� �!    �
)�6� �
��# ���/ �
 �	() O� 


)	�/�� (��P '
 �  1�q#
� �	�
)n� .)	�8�10   ��� u	��>�      �
��# ��!�83� ���� �
 1�� )�!�
  1�q#
� �	�
)n� .)*�# �WDF ����
� �����$!%�& �!�83� ��� �
 �
 ����# .�W�+ ��$!%�&11 .

1L�B �� 
� �
)	�/ �	��
�� �
)�  ��� s3�%� 1>/�* -	 �   1��	��q# )�	�8��
��   )��
 
 ��	�&�Y�Z[[[[ 1>/�* ���# )� ��
��   .)*�# ��  
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)�	�/ A���B -�	 
 ()!*
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 ���:!� �	)�# .��'
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MATLAB 13"� �2016 (��P '
 ()* )� .�'
1�D* �WK
 p   O)�� �	
���� �#�	��
 .���'
���L
 ���� NW 3� ��� ��� �
 @#�� 0��# R�W�� �5�� 
� �� �#�	��
 .)*�#�  �
)�	�/ ���

 C'�� ������ �
 @#�� ��83� .(��# �5��)OAS  �5��)��18 1 "# �:� �� (1 +�=  ()�*   .��'

@#�� i�� 1' .�5�� 
� �
 -	 �� �
�#    
 �#��L .���84 ������ �
�	 -�" �= �	M   ��:� ��

1 +�= ()* .�'
  
1WY"� O)� ��# �5�� ��1WY"� 1# A	)D� ()!*
�+ � �11 -14 ��.���= 
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 ��!I8�� �	� �������1# 0
�!B s/�* ���� 1 +�= �:� �� O)� �#�	��
 �$4 �	.��*  
1 .�# �P� J
��� �
 ��X����()�  
2 .()��# �P� ��' ��X����  
3 . �� �� �
� �
)��
�+	)! �
�� 


�+	)! 1�D* �W� �5�� �� ���'1# J��K  )� 1D*19
�
 ()*  ��  O
)�44   ��� J���K -

.��	b&  

 )�@E4 :BC/ @` \���@� B7C/ <_	* B�Y�# 

�	G  a�/  

1  (
�
��
)�  
2  1�D* �
��� �
)�����' =I 

3  0�=)!*
�+ �
)�� =n 

4  =��D$# 1�� '�\]  
5  S=1  
6   ������� 1� S<I R�= ���5 -15 ()# R�T�
 
�  
7  �
� )�=(1  

8   �
)�� 1#	  �+��>� ��$!%�&�
� = ^�
1� , … , �
�� _ �� )�5�����=  

9   �� �
�#	  ��$!%�&�6 !'
� �� 1D'�n����=  
10   �	����#�6 !'
�  
� �� (��/t 1E�#�����=  

11  
1�D*��
�
 �
�# �D>B � (�1

�, … , ���, �1

�W1, … , ���W1, … , �
1

1, … , ��1)  p)� 


^�6 !'1
� , … , �6 !'�� , �6' !1�W1, … , �6 !'��W1, … , �6 !'

1

1, … , �6 !'�1_  
�� (�
� G������*  

)12(   P
� = �
1� − QB�
�C  R�S  

)13(   
"
 = T�6 !'B�
�C −
�6 !' U�
�∗VT  R�	  

)14(  � !	� = 1, … , � − 1 �6 !'B�
�C ≥ �6 !'B�
�W�C  $. %  
  �
1� − QB�
�C > 0   

)15(  � !	� = 1, … , 
 �
�� ≤ �
�� ≤ �Y�Z[[[[   
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12 � + 1 = � 
13 	  )	)4 ��$!%�&�
�`1 = ^�
1�`1, … , �
��`1_ �� �')# ()!*
�+ O)� A� �#.)	�  

14   �� �
�#n  ��$!%�&�6 !'
�`1
 �� 1D'�n����=  

15  ��# �	���6 !'
�  
� �� (��/t 1E�#�����=  

16   �=
\ = abcde30f1Wabcde30abcde30 ≥ \] 1# 
�# 11  1# 
�# J��>!	
 ��o ��17  

17  0�	�&  

]7&X� <
	A��7� )@# :RC�#  

 ��
�+	)! 1�D* 1�D�* �
��� �
)�� ���� �
��& �	��6� ���' ����' (I)   0�=)!�*
�+ �
)��� .
(n) �����D$# 1�� ���'� .(\)   ��������� �
 @#����� ������� �
��& 
�	-���" �=���	M  �
)���	�/

(θ.α.β)	1# J��K  O
)45  �:� ��1 +�= ()*   1�!	M� @#��� .�'
 1�q#
� � �5  1�#  J���K 
1>/�* ���
 m���� �:� �� ��1 +�= ()* �!�	 �'
 :QB�
�C = ∑ )��́
��8
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�@�/���  �@�/���  
B�S	/  B�S	/  B�S	/  

1 2 3 4 1 2 3 4 1  2  3  4  

1 6  5  1  2  850/2 449/2 934/9 946/0 084/2 162/7 875/2 024/6 976/9 081/0 259/1 464/8 876/2 497/6 

2 8  2  1  6  950/2 117/5 973/9 367/1 646/4 028/5 950/2 296/6 952/9 166/0 671/4 045/6 027/3 488/6 

3 8  2  6  3  300/3 614/2 985/9 155/7 145/0 389/7 688/3 186/6 991/9 814/5 100/0 331/8 689/3 368/6 

4 5  2  2  2  750/2 829/2 985/9 790/2 610/0 790/6 751/2 639/6 999/9 250/6 319/0 735/4 750/2 629/6 

5 8  5  2  5  500/3 067/5 000/10 212/7 597/1 480/6 786/3 684/6 944/9 759/4 519/1 193/8 803/3 663/6 

6 7  2  6  3  550/3 708/3 998/9 436/7 811/6 195/1 550/3 939/5 986/9 095/7 222/8 238/0 550/3 281/6 

\ - \ 066/0 \ 0046/0 
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B�S	/  B�S	/  

1 2 3 4 1 2 3 4 

1 6  5  1  2  00/7 449/2 889/5 005/0 014/0 816/9 035/7 682/2 

2 8  2  1  6  35/6 117/5 164/6 062/0 028/0 173/9 492/6 568/3 

3 8  2  6  3  98/8 614/2 011/4 011/0 003/0 980/9 004/9 653/1 

4 5  2  2  2  56/6 829/2 364/6 007/0 001/0 865/9 570/6 957/2 

5 8  5  2  5  25/10 067/5 000/8 000/5 000/2 000/5 25/10 067/5 

6 7  2  6  3  64/10 708/3 000/7 000/2 000/6 000/3 64/10 708/3 

\ - \ 0  
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B�S	/  B�S	/  B�S	/  

1 2 3 4 1 2 3 4 1  2  3  4  

1 6  5  1  2  507/2 449/2 984/9 095/0 044/0 027/8 007/3 301/7 984/9 095/0 044/0 027/8 007/3 301/7 

2 8  2  1  6  341/2 117/5 994/9 944/0 559/0 941/7 841/3 176/7 994/9 944/0 559/0 941/7 841/3 176/7 

3 8  2  6  3  464/2 614/2 976/9 351/8 007/0 727/3 964/3 809/6 976/9 351/8 007/0 727/3 964/3 809/6 

4 5  2  2  2  568/2 829/2 993/9 709/8 040/0 101/4 568/2 357/6 963/9 434/9 216/0 546/3 568/2 249/6 

5 8  5  2  5  536/2 067/5 000/10 040/8 001/0 741/4 036/4 874/7 000/10 040/8 001/0 741/4 036/4 874/7 

6 7  2  6  3  714/2 708/3 999/9 482/1 988/9 791/0 714/3 311/7 999/9 482/1 988/9 791/0 714/3 815/5 

\ - \ 486/0 \ 0 
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�@�/���  �@�/���  
B�S	/  B�S	/  B�S	/  B�S	/  

1 2 3 4 1 2 3 4 1  2  3  4  1  2  3  4  

1 6  5  1  2  852/2 449/2 000/10 327/0 846/0 604/8 358/5 584/6 980/9 493/1 245/8 989/9 851/7 546/1 980/9 493/1 245/8 989/9 851/7 546/1 

2 8  2  1  6  953/2 117/5 815/9 533/2 051/3 445/5 356/5 112/6 000/10 698/0 475/9 514/9 863/7 588/3 000/10 698/0 475/9 514/9 863/7 588/3 

3 8  2  6  3  301/3 614/2 968/9 652/4 399/0 544/7 785/5 642/6 968/9 652/4 399/0 544/7 785/5 642/6 968/9 652/4 399/0 544/7 785/5 642/6 

4 5  2  2  2  754/2 829/2 993/9 592/0 012/0 755/8 246/5 816/6 000/10 530/9 889/1 556/9 745/7 372/3 000/10 530/9 889/1 556/9 745/7 372/3 

5 8  5  2  5  502/3 067/5 991/9 370/7 078/0 731/6 010/6 498/7 995/9 760/8 307/5 769/9 508/8 581/3 995/9 760/8 307/5 769/9 508/8 581/3 

6 7  2  6  3  551/3 449/2 996/9 684/0 191/9 713/3 048/6 584/6 996/9 684/0 191/9 713/3 048/6 584/6 966/9 041/0 028/0 026/0 515/2 546/1 

\ - \ 703/0 \ 406/0 \ 0 
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B�S	/  B�S	/  B�S	/  B�S	/  

1 2 3 4 1 2 3 4 1  2  3  4  1  2  3  4  

1 6  5  1  2  000/7 449/2 870/9 822/4 524/1 222/6 965/25 744/4 870/9 822/4 524/1 222/6 965/25 744/4 870/9 822/4 524/1 222/6 965/25 744/4 

2 8  2  1  6  350/6 117/5 999/9 492/1 544/4 590/5 981/24 149/6 998/9 827/5 222/8 017/9 784/84 019/2 998/9 827/5 222/8 017/9 784/84 019/2 
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3 8  2  6  3  975/8 614/2 977/9 310/6 893/0 825/8 267/34 555/5 977/9 310/6 893/0 825/8 267/34 555/5 977/9 310/6 893/0 825/8 267/34 555/5 

4 5  2  2  2  560/6 829/2 989/9 113/5 616/2 208/4 468/25 969/5 988/9 245/9 749/5 506/8 249/85 913/1 988/9 245/9 749/5 506/8 249/85 913/1 

5 8  5  2  5  250/10 067/5 999/9 579/7 322/2 120/6 462/38 279/6 242/9 999/9 893/6 996/9 144/107 668/1 242/9 999/9 893/6 996/9 144/107 668/1 
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