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Abstract: In this paper, the problem of scheduling jobs with non-identical sizes has been studied on a 

single-batch processing machine, in order to minimize the makespan. Using new lower bounds, a 

branch and bound algorithm has been proposed to solve the problem. In this algorithm, two new 

methods have been used to generate lower bounds and results have been compared with the existing 

lower bound in literature. In order to evaluate the performance of the proposed method, test problems 

have been randomly generated and branch and bound algorithm has been tested with different lower 

bounds on these cases. Findings indicated that when the size of the jobs is large compared to the 

capacity of the machine, the branch and bound algorithm with the new lower bound has the best 

performance. When the size of the jobs is small compared to the capacity of the machine (up to half 

the capacity of the machine), the algorithm with existing lower bound has better performance. In 

addition, when the size of the jobs is neither large nor small, the lower bounds provide the best 

performance. 

Introduction: Based on predictions, services are a key component of the growth of the global 

economy in future (Arnold et al. 2011). Acording to Jane and Kumar (2012), services play a critical 

role in a supply chain. Also, according to Wang et al. (2015), a "product" or "service" must exist in 

each supply chain which is produced by the upstream sectors and delivered to downstream. Recently 

due to increasing customer expectations, companies’ competition has been replaced by the supply 

chains competition and as a result, competition has been increased in the simultaneous supply of 

products and services. This has led to challenges in integrating companies and in coordinating the 

materials, information and financial flow that were previously overlooked. Accordingly, a new 

managerial philosophy has been developed known as Product-Service Supply Chain (PSSC) (Stanley 

& Wisner, 2002). This study seeks to develop a performance evaluation model for the product-service 

supply chain in the home appliance industry, which is finally solved using Adaptive Neuro-Fuzzy 

Inference System (ANFIS).  

Design/Approach: In this paper, performance evaluation constructs and criteria of service supply 

chain are identified by reviewing the literature and exploratory and confirmatory factor analysis and 

then, the performance evaluation of service supply chains in Iran's home appliance industry has been 

performed using these constructs, criteria and ANFIS. 

Findings and Discussion: Based on the findings, ten main extracted constructs can be suggested for 

the performance evaluation of the supply chain. They include "Operational Performance (OP)", 

"Strategic Performance (SP)", "Financial Performance (FP)", "Performance of Information and 
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Communication Technology (PICT)", “Return Performance” (REP), “Risk Performance (RIP)”, 

“Logistic Performance (LP)”, “Market Performance (MP)”, “Internal Structure Performance (PIS)” 

and “Growth and Innovation Performance (PGI)”, among which, the Strategic Performance (SP) and 

Return Performance (REP) are the most important and the least important constructs, respectively. 

Conclusions 

Based on the findings, the following practical recommendations are suggested to the companies: 

• Enhancing the demand forecasts performance and utilizing more appropriate methods and 

software to improve forecasts in demand and order management areas. 

• Improving the return management status by increased attention and more investment in return 

management processes. 

• Effective investment in service development management to enhance the R&D services 

performance. 

• Utilizing risk management approaches and methods to identify and take preventive actions on 

the risks in the companies’ service supply chain. 

 

Keywords: Product-service supply chain, Performance evaluation, Fuzzy neural network, Factor 

analysis, Home appliance industry 
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R ��:���. � 0��; �� ���� ��89 �. 	� @�.�9�09 m3��    �U��9 ��U	
�� @�. �� (�;)@	��� �. ���� E�.��9

�� 5��	6 F- ���	
�� �.�� Z�. $. �L3[�. .��� ��89 �. 	� >- ��9>9 ��2	9 E�.   <U	
- ��	
�� K�L3. ���� Z;�- �0k�
>9 ��) �;��-  �.?� g��k� ��jCmax@	��� �9 ( FG.H ���1
�� ��	k� ��6. �;  ���-Cmax  .�6.  

  
B��#� �&��+# � �&  

j  ��- �:3�23 :j �K.j=1,2,…,n )n ���� E.�9 �;��- F- �.k� .(E09  
�� ��- (�.��� ���� :j.K.  
�� ��- (�.��� ���� :j.K.  
B.@	��� �	$�^ �a-.H :   

  
>���L� .�; 

S.�;��- 4�.3. <���L� :  
P.�;��- (�.��� ���� <���L� :  

���, �� :]� 9 �83[ 4�.3. >- ���;��- >���L�  �. ��u _`�- �  �9 E���� �� ��v .�6.  
S���, �� :]� 9 �83[ 4�.3. >- ���;��- >���L�  �9 E���� �� ��u _`�- �  �9 E���� �� ��v .�6.  
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����� � C�� ���
  

(�� Zr9 @�. �� ���� <
=�� E.�9 ��B�� Ep�9 � @	��� H 	��� E�;   C�U$ �9 >���D3. 43�.��� @	��� _� E09
�� �6��9 ���1��	A 4�.3. �9 ���;��- ��B�  >9 H � >P�� (�� <39 �� k9 Zr9 �� � ��� �� >�$�R ��- .���  

  
���
 C��  

5����:�. �� �. Z;�u� @�. �� FFLPT38  �E���.)1994� ( BFLPT39    �Ep�UB � �U3����)1998   U	��� E.�U9 (
.�6. �� ��\� p�9 H E.�9 >
=�� FH FH.�� �� �� @�. @	9 �. �.?� @����- � �6. �� ���Q�6. p�9 ��H  

  

����� ���
  

58� >
�B�.  ���Q�6. �@	��� ��H E�;��9��- @���5����:�. <39 �� �83[ �.      UH � >P�U� (�� U03�� SU	G� E�;
�6. @	��� ��H �. �6. �� (}� >��?� @�. �� .��� �E���.) �1994�(	��� ����   ��U���- � ��U��-) �2012 (

 5����U:�. >�.�.�� .��� >���?� T���3 � ���Q�6. �.�- � >P�� 5����:�. �� @	��� H 	��� E.�9    ��-)U� E�U;  ���U2�
�� .���  

  
 �������� !"  

>9 5����:�. @�. �� ��- (�� :�6. �� >+}P ��� ���+  
'� 1>9 .� �;��- <	
- .�9. . (�.��� ���� X��� 3 l	���.	0- l��� ���  

'� 2>���D3. �80� �� .� ��- @	��r3 ���	� E.�9. �. {��� �9 .>9 >- 	;� �.�G E.  �U	$�^) �6. �23 �� F��- ��j
���Q�6.  �. �[ 423B >���D3. <�; �R. .(�6. ���- >���D3. �	$�^ �0k�    _U� 0U��9 �	U6� ��P �	$�^ Ep�9 H >9 �;

      >U- .� ��U- �. ���U�G ���.U3 ��UB� ��-)� <���D3. �� ��- ��.��.�G E.�9 K�p E�w$ �R. � 	;� F	12� �B <���D3.
�D3. ���P �	$�^>9 .� >�� �� g���. F��- ��j         � F	1U2� U�B <�U��D3. _U� ~�U6 .U	;� �.�UG >�U��D3. ���� ���6
��P ��- 43��	G�9   .	;� �.�G �[ �� .� ��  

'� 3z	; >- 	0- �.�1� �3��� �� .� 0�[�$ @�. .    >�U��D3. �.Uk� lU	��� @�9 .��9 �3��3 �G�9 ��	� �� E��-  E�U;
 �9.�9 F+�H#∑ ��/�&�'� ( .�6.  

����. 5����:�. E�0D�    �U;��- �U�1� ���D3��L� C�$ �[ �� >- l	��� @�9 .�6. E��6�.�[ /�6.�9 p�9 �� ��
���:0; .�6. �� �.�[ �. B. >9     dU6��� ��U1
�� ��U6. _`�- @	��� �	$�^ >9 �D�3 �;��- 4�.3. >-���   ��UP

�� �?
� _`�- @	��� �	$�^ >9 �D�3 �;��- 4�.3. �?`�; �6. �� �9�s 7G.��� m���     ��U1
�� ��U� �U����  ��
�� ��89 ���H @���9    �DU�3 �U;��- 4�.3. �83[ �� >- �
V��� �. E��	�9 E.�9 �6. �� �9�s  	3 >9�L� /�6.�9 .���

	��� @	��� H �.?� ��6. _`�- @	��� �	$�^ >9>9 ��  <
	6����   �.U?� �9�∗      ��U1
�� �U�. m�U6. �U9.�9��� 
�� F	
?� �3���  .��9 ]� 9 �D�3 >9 �;��- 4�.3. >- 9��  �U���- � ����-)2012(       U	��� E.�U9 bkU| >Ui?3 @U�. �.

 @	��� H � ���Q�6. �B @	��� ��H���  ���� ���- �$�k� .� .3.  



>9 FG.H <
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 ��������* ! 

�6� E.�9 �.?� E�� @	��� H _� >9 �9���∗ >9    bU
�r� ����U?� W�.�.ε )ε ≤ B/2   �U� ��.� ���UB. �U80� (   ��U�
��1� ���;��-  <0�.� �� �83[ 4�.3. >- ��9 ��)�[ε, B- ε]    U	0- C�U$ .��9���, �� = ,-	|	� < �0 ≤ �, - ⋲

34 ]� 9 �83[ 4�.3. >- ��9 >��.� ���;��- >���L� �9 ��p�  �. ��u _`�- �  �9 E���� �� ��v >9 .�6.  >9�2� ��j
�� b��k�  ���S���, �� = ,-	|	� ≤ �0 ≤ �, - ⋲ 34 �.�0� �9 ��� (�� .NLB  �.?� E�� .� �D�k� @	��� H _�

�∗ �� �6� >9.;�  
'� 1 .>9  W�.�.�	 ∈ [0, �/2] �.?� E�� .� @	��� H _� ��∗ >9 .	0- >D6�\� ��� ���+  

 <i9.�1  �:;<= = > ?�
�@A�<BC,<�

+	�E̅�C	,<BC�;<G  

�[ �� >-	�E̅�C	,<BC�;<G >9 @	��� H �.?� �6� >9 ��[  <
	6����    �U83[ ~�U3. >- �6. ���;��- >���L� /�6.�9
 <���L� >9 S
k���̅��	, � − �� .�6.  

'� 2 . K�R �.�1� �91 >9  W�.�.����?� ����� ε]� 9 � >9 �.?� @��� �6�    E.�U9 �U�[�:;<=     E�� @	��U� UH _U�
 �.?��∗ :�0k� m�6.  

 <i9.�2   �:;< = H�IC	@[J,</�],�:;<=4 
 �.?� E�� �D�k� @	��� H _� 5����:�. @�.�∗ �� �6� >9     X@	��U� UH �.U?� �U6. �� �9�s @	0c�; .;�

 5����:�. �. F+�H��� 	��� @	��� H �. ��2	9 >9 ��  5����:�. <
	6����  m�U6.     UH >U�.�.�� �U�.���   �U$�k�
��  5����:�. �� �; �. �[ ��1
�� >- ������  ����     UH E.�U9 �[ �. UH @�. �$�k� �. ~� @�.�9�09 m�6. ��89
���� ���Q�6. �.�- � >P�� (�� �� @	�.���  

  
�������� !K    

 �L3[�.  4��9 �� �83[ 4�.3. >- E��- �� >-[� 2⁄ , � − ℰ] �� �.�G    ���U:0; �0U��9 >�U��D3. _� �� ��D3 ��	R   >U-
�E̅�C,<BC�;<G < ∑ ?��∈E�</�	,<BC� H �.?� �6. @1�� ��:;< E�G   @U�.�. m��U� ��   UH ���;<N  >U9    �U�� ���U+

�� b��k�  .���  

 <i9.�3  
�;<N = maxC	@[J,</�] R∑ ?��@A�<BC,<� +H�I S∑ ?��∈E�</�	,<BC� , �E̅�C,<BC�;<G 	TU =
maxC	@[J,</�] R∑ ?��@A�</�,<� +H�I S0, �E̅�C,<BC�;<G − ∑ ?��∈E�</�	,<BC� 	TU =
H�I,�E�</�,<�,∗ maxC	@[J,</�],�:;<=44 

 �[ �� >-�E�</�,<�,∗ = ∑ ?��@A�</�,<� 

  
�������� !V   

4�. �. ���Q�6. �9  @	��� H �>���L� >6 l��G�� �;��- _	1Q�LB3 >9 .�6. �� >V.�. ��� ���+  
 <i9.�4  �;<W = H�I R�E�</�,<�,∗ maxC	@[J,</�],�:;<=4U 

 ��[ �� >-�E�</�,<�,∗  <0	89 �.?�Cmax  ��>
=����� ]� 9 4�.3. �9 E�;��- d?$ >- �6. �
+. <
=�� �. E.   �. �U�
�/3 �� >�$�R �M3 ��  .�6.  
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 <���L� �� �83[ ~�3. >- ���;��- >���L� �b��k� SDjS(B/3,B)   _U	1Q� >���L���� >6 l��G�� ��.� �.�G
�� >9 >���L���� @	��r3 m���  ���+��2�/3, ��  >U9 >U���L���� @	��� �   ���U+��� 2Y , 2� 3Y �   @	��U6 �

>UU9 >UU���L����  ���UU+���/3, �/2�  <UU���L� @	UU0c�; .�UU6.x >UU9 @UU�. �UU� bUU��k� ���UU+  m��UU�Z =
���/3, �/2� ∪ \  �[ �� >-\ >���L� �� � �6. K�� <���L���� �. E.   K�U6 <U���L� E�;��- �. �1� �9 3.��

���R>B���9 l	��� @�9 .3�� E09 l	-�� >9 >9 �;��- E09 �� p�9 ���+  �.���E�</�,<�∗ >9 .�    �U�� <Ui9.� ���+
.��- >V.�.  

 <i9.�5  �A]< �Y 	,<^'∑ _``∈a�b/N,b� cde∗B∑ _``∈f
∗  

 �.?� <D6�\� �9 @�.�9�09�g∗ ��  �.?� >9 �.���;<W   �U��83�� .	6��;<W  >U9      ��.� Z��U�3 �U�� <Ui9.� ���U+
�� .���  

 <i9.�6  

�;<W = H�IC	∈[J,</�] R∑ ?��∈E�<BC,<� +H�I S∑ ���∈A�h/�,<BC� + �g∗ −
∑ ���∈i , �E̅�C,<BC�;<G TU 					= H�IC	∈[J,</�] j∑ ���∈A�</�,<� + �g∗ −∑ ���∈i +
H�I R0, k�E̅�C,<BC�;<G − ∑ ���∈AlmN,<BCn − �g∗ +∑ ���∈i oUp  

  
 �.?� >-�g∗ ���� <
=�� F�D� S��j�.   >�P�0U� FV�U�� �. �1� >9 >j�9�� E09      <
=U��) I.�UR <U��M3 �� �U�

�� �6� >9 (�3�� S9�i� �a-.H  5����:�. <D6�\� �� �6. �-o >9 K�p .�[���      S9�Ui� �a-.UH <
=U�� _U� ��9
Z;�u� �� >- ��� FH �3��  >0	89 <DkB �. FDG K�3 �� ��B�� E��6 �� �. $.�0�D� � �6. �� ���Q�6. l
   (�� �U9

�� F�� H � >P���9�R) 3���. 5����:�. �. Z;�u� @�. �� ��. m0-40 �1976   �U� ���Q�U6. >
=�� @�. FH E.�9 (
>
�B0` ���� �� �6. ���G 5����:�. @�. .�6.   ��UD89 5����U:�. FH ���� �� @�.�9�09 m0- FH .� �M3� <
=�� E.

.�6. �� F+�H  
  

�
 � ���� I��  

FG.H <D6�\� E.�9 Zr9 @�. �� �	
� ���� <
=�� ��        E�U;��- 4�.U3. �U9 >�U��D3. 4U3�.��� @	U��� _� E09
 ��	
	$ � �3���� (�� E�0D��9 >- �6. �� >�$�R ��- >9 �3.�- � >P�� 5����:�. ����1��	A)2002  E.�U9 .�6. (

>P�� � �; �� ��.�- � >P�� 5����:�. �� ���    <�U��D3. >U9 U��9 �9�r�3. ��- ��r3 m��� >�$�R 5	�Y� �� ��9 >
H�
      .��U� >$�U|. >�U��D3. >U9 U��9 ��- K.- ��� *r2� >10�. K�� � ��	:9 �.�G �B <���D3. �� �� ��� >$�|. E��B

>$�|. E.�9 (�� �� @	0c�; ) �V B �.�B >9 �B ��- _� ���-p:�. 0���D� >- ��.� ��B� (  
1- �� �.�G �B <���D3. _� �� �B ��- �{�3 @�. �� :_� {�3   .��	R  
2-  �� ��B�� <���D3. >9 �B ��- �{�3 @�. �� :�� {�3P �� >$�|. >9 ���� E��j  ��- (��)� �	$�^ >���D3. >-

.��9 >��.� .� �B  
 �V B �.�B �; �� ��.�- � >P�� �P�� �. ��r3 �i6 ��P� ��- _� ��?	G� �   �U� �.�UG >�U��D3. _� �   .��U	R

�3��� >P�� E.�9 ��R _� >- �� ��r�3. ���  ��U�� ��0; >- ��B�� E�;��- �. ��6�8$ ����   �U23 EU09    E.�U9 U3.
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>$�|.  >9 ��P �� >�$�R �M3 �� >P�� 4�\3 �. g�a� _� .���   �.Uk� �9 >
=�� _� ���3n=      � _U� 4�.U3. �U9 ��U-
3B=  �� F1�1 �6. �� ����[. ��R F��� �80� �P�� �. ��r3 �i6    �� ��U- �U; 7G.��� >- �6. _� {�3 E�;

�� �.�G ��P >9 v�9�� <���D3. ��R ��P�� Ek9 �i6 �� .��	R  .0�U�; 	��� �� {�3 � _� {�3 E�;    >U- ���U;��-
��23 3�.� �.�G  �3.�� _� �� 5; �9 �� (�.��� 5; �9 >���D3. _� �� >- �6. ���;��- 40;� >B���9 .3��    >U10�. >U9
>���D3. �� �;��- @�$�R�.�G l	���   >U9 >�U��D3. _� �� ��B�� E�;��- � ��.3 ��	�;. �;   5U; ���U+    (�.��U� ��U��

��  �3��1� ����� � {��� ���� � 3����L�. �V B E�; �.�B �. E���� �.k� �3�.�      E.�U9 m0�U�; E�.�U1� �U�
)) �V B �.�B �� g�a�23)(1)) � ((32)(1    ���U�. <U�13 >U6 �. 5����U:�. ��.��- Z�. $. E.�9 .0��; �1� ((   �U�

��- ��0�B. �.�- � >P�� 5����:�. �� �;�.�1� @�. �. �� ��� ���Q�6. >�.�.��  ���	
	$ � �3����)2002:(  
>9)���- >9 ��2	9 �. ��2��.��� ���� /�6.�9 .� �;��- .�9. (b�. .	0- l��� (��� 3 ���+  

>P�� E.�9 (� ����+�� ����     >U9 �U6. �.�UG >- E�B ��- (�.��� ���� ��9 ��9 K�� {�3 �. 3��$ ��R >-
��- >���D3. �� ��B�� XE�;��- �?9�� (�.��� ���� �. ��� >$�|. >���D3..��9 E���� �� �  

�.�B @�$�:3 �M3 �� (y �V B E�;  >���D3. >-   )) �UV B �.�UB �� g�a� E.�9 m3�.� ���1� E�;��- �9 ���;1 (
)32)) � ((32)(1�� � 0��; �1� (( .�$�:3 �M3 �� .� �83[ �. �1� �.��  

  

  
 F1�1- >P�� 4�\3 �.�- � >P�� �P�� �� ��� 

  
(�� ��    ��UH @U�. �.?� >`�; .�6. y�	�H. @	��� � p�9 ��H >9 >0	89 �.�B >9 �	6� E.�9 �.�- � >P��

_�� 3 �:�1� >9 @	��� � p�97��6 (�� @�. ���9 �� �� �.�B >9 ����R �.k� � 6�   �U� �U6��9 E�U��- E�;-

 E��1�9. (�� �� �; �. >	��. �.?� <D6�\� E.�9 �L0�. �� .���FFLPT  �BFLPT     @��U��- � �U6. �U� ���Q�6.

�� ���Q�6. >
=�� �� p�9 H _� E.�9 �83[ @	9 �. �.?�      E�U;��- >U���L� �UR. �5����U:�. @U�. b	+�� E.�9 .���

���� E09  <���L� �23j  >9 E.�9 ���� �	��3   <U���L� E�� @	��U� H _� ����[ �6�j  �U�   5����U:�. �. �.�U�

�-o @	��� ��H 	���  <���L� E�� @	��� H �.?� .��- ���Q�6. FDG Zr9 �� ��j �BInf(j) �� �	��3   �UR.) ���

j  �9 @	��� H @�. ���9 �;��- F- <���L�Cmin �� ��.� ��23  U	0- C�$ .(���Valbest     �.�UB @��U�89 �.U?�

>�P�0�  � ��Valsol <
=�� �V B �.�B ����  @U�.�� ���9 �
k$ <���D3. �� ��r3 <���D3. E�� E09    �UR. ���U+
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��q�rq + �stu�v� ≥ ��qxy�z�UU� �   �UU�3 UU	��� E�UU�89 �.�UUB ��UU` m��UU- 7UUiG .� ��UUR @UU�. �.�UU� mUU0-

@�.�	A��  <���L� E�� �3� �9.�B >3�Y��H 5����:�. _� �. ���Q�6. �9 ���+j    .� �[ � U	0- U	���valgreedy 

K�3  �. �L0�. ��) 	0- E�.)RFFlPT ����+�� .(�6. �� ���Q�6.   >U-��q�rq + ��q-�yy�{ ≤ ��qxy�z   �U��9

 �R. @	0c�; .�6. ��[ �6� >9 �B �.�B @���89 _� 7G.����H|t = ��q�rq + ��q-�yy�{   >U0	89 �.�B

 E��j  >9 ���9 ��[ �6���    >U9 5����U:�. ���H �� �� �
- ���H �� .3�6� ����� >9 ��R @�. �� .� ��	
�� �.��

�� ����� ����� >9 >
=�� FH E.�9 �� >�$�R �M3 �� ���� �� � ��� .	� >
=�� E.�9 >0	89 �.�B >10�. ��r3 m6�

.6�9 5����:�. �. @	��� H 	��� E.�9 �|�H (�� �� E�;���  ����  ����     >U���?� 5U; �U9 �83[ T���3 � ���Q�6.

5����:�. @�. �6. ���- �9�s >9�L� .�6. �� �.�B � 0��; 7��6 ��	�9 �; �� 	��� .� >0	89 >9 _�� 3 E�;  .00-

�.�B �	Q	- �6��9 E.�9 >�.�.�� F+�H E�;   @	��U� ��H �. ���Q�6. ���+�� ������  ����  ����   K�UL3. �

K�3 �� E���	���- <��3�9 _� ������?� Z����[ � >���3 l
�� �. $.  �9 >3��.� _� E�� �;RAM 4 Gb  �CPU 40/2 

GHz .�6. �� K�L3.  
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>V.�. @	��� ��H ��1
�� �9����. E.�9 � <
=�� E.�9 >0	89 �.�B ����[ �6� >9 � �� >�6� ��M3   >U3��3 �. E.
>9 FV��� K�3 �� �$��Y� ���+ �6. �� 	��� l
�� �. $.  (�� � >V.�. E�;    ��.� @U�. E�� FUDG ZUr9 �� ��   �U;

�� Z����[ ��.� .�9. .3. ���Q�6. E�; 6 � �6��9 �� � g�.B l��G�� ��D6�\� T���3 ~�F1� �;   Uk9 ZUr9 �� 
�� >V.�.   .3��  

Z����[ K�L3. E.�9  ����D6�\� E�;6  �. �i6 �� >
=�� >3��3 �; E.�9 .�6. �� >�$�R �M3 �� >
=�� >���L�
 � (�.��� ����5 �� �6��9 �;��- 4�.3. �. �i6    �>U���L� �U; E.�9 @	0c�; .���10    >U9 >
=U�� >U3��3   ���U+

����[ Zr9 �; �� >- �
V��� �.k� >L	�3�� m�6. �� 	��� �$��Y��� Z   �U9.�9 ���600     �� FV�U�� @U�. .�U6.
 g�B1 >9 .�6. �� ����[ F	YQ�  

  
 g�B1 - >�6� FV��� E09  

����� $��+� �&��! $%��#�  M�NO����� �&��! $%��#� 

1 ]10-1[ 10 100�80�60�40�20=n 

2 ]8-4[ 10 100�80�60�40�20=n 

3 ]5-1 [ 10 100�80�60�40�20=n 

4 ]4-2[ 10 100�80�60�40�20=n 

5 ]5-1 [ 5 100�80�60�40�20=n 

6 ]4-2[ 5 100�80�60�40�20=n 

  
Z����[ K�L3. E.�9 h�i� FV��� >���L� ����D6�\� E�;  �� �� g�B1  >U0	89 �.�B ����?� � >�$�R �M3 �� (
�� ���H �83[ E.�9   ��D6�\� T���3 >�.�.�� .�6.l��G��  g�B2 �� 5 �� ����[ 3��  .  
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 g�B2 -  �.�- � >P��,pj∈[1,10] B=10  
B&B (LB3) B&B(LB�) B&B(LB1)  

Lb3 
Gap 
(%) 

Avg 
.times 

Avg 
.node 

#Op
t 

Lb2 
Gap 
(%) 

Avg 
.times 

Avg. 
nodes 

#Opt Ub Lb1 
Gap 
(%) 

Avg 
.times 

Avg. 
nodes 

#Opt t �� 
66 0 13/0 44 10 90/65 0 07/0 44 10 50/67 50/62 0 21/0 173 10 20 

]10 -1[ 

70/134 0 59/10 1304 10 10/134 0 10/5 185 10 81/138 40/130 0 09/67 28572 10 40 

90/182 0 22/121 12999 10 00/182 0 48/63 21657 10 00/191 90/179 0 80/1103 490190 5 60 

90/259 05/1 20/736 69984 7 80/259 08/1 82/471 116600 8 50/265 00/248 63/6 30/1793 518580 0 80 

70/334 72/0 60/876 34505 7 70/333 97/0 61/657 117600 8 00/9 70/322 48/5 10/1795 452462 0 100 

86 0 04/0 3 10 10/85 0 02/0 5 10 62/86 40/72 0 06/0 46 10 20 

]8-4[ 

20/166 0 75/0 20 10 70/164 0 29/0 85 10 30/168 80/139 0 43/1 657 10 40 

30/243 0 94/3 23 10 10/241 0 77/0 97 10 71/246 20/202 0 42/100 33002 10 60 

3/318 0 18/7 35 10 90/314 0 30/15 2252 10 00/321 60/269 01/18 60/356 91892 9 80 

50/415 0 12/20 50 10 80/411 0 16/153 22651 10 22/419 40/346 92/19 14/680 190190 8 100 

60/36 0 17/0 29 10 60/36 0 07/0 29 10 10/37 60/36 0 05/0 29 10 20 

]5-1[ 

60/69 0 47/3 141 10 60/69 0 43/0 141 10 51/70 60/69 0 33/0 141 10 40 

107 0 88/13 271 10 00/107 0 71/1 271 10 43/108 00/107 0 23/1 271 10 60 

70/135 0 22/137 1620 10 70/135 0 85/9 1620 10 90/136 70/135 0 67/6 1620 10 80 

60/167 0 69/66 534 10 60/167 0 69/5 534 10 45/168 60/167 0 85/3 534 10 100 

10/36 0 15/0 27 10 10/36 0 09/0 31/27 10 92/36 10/36 0 07/0 27 10 20 

]4-2[ 

90/70 0 77/8 1565 10 90/70 0 55/4 1568 10 81/73 90/70 0 55/3 1568 10 40 

50/103 0 69/148 4633 10 50/103 0 97/23 4633 10 20/107 50/103 0 68/19 4633 10 60 

30/136 03/2 18/624 89332 7 30/136 50/0 17/579 159890 7 91/139 30/136 50/0 94/568 208160 7 80 

10/176 62/0 40/915 23291 6 10/176 50/0 64/754 86215 7 90/174 10/176 45/0 50/688 109200 7 100 

  
 g�B3 -  �.�- � >P�� (��,pj∈[1,10] B=5  

B&B (LB3) B&B(LB�) B&B(LB1)  

Lb3 
Gap 
(%) 

Avg 
.times 

Avg.node #Opt Lb2 
Gap 
(%) 

Avg 
.times 

Avg 
.nodes 

#Opt Ub Lb1 
Gap 
(%) 

Avg 
.times 

Avg. 
nodes 

#Opt t �� 
80/68 0 09/0 22 10 40/68 0 06/0 24 10 20/70 00/67 0 09/0 45 10 20 

]5  -1[ 

60/146 0 55/0 37 10 90/142 0 21/0 47 10 20/145 40/135 0 61/0 213 10 40 

205 0 54/10 406 10 90/203 0 43/3 588 10 10/211 60/201 0 72/68 22374 10 60 

60/263 0 29/109 4112 10 10/262 0 34/64 9917 10 00/269 00/260 09/1 40/394 106670 9 80 

60/327 04/1 48/466 6528 9 40/325 04/1 29/330 48965 9 00/334 80/321 69/2 1044 244840 5 100 

20/82 0 12/0 3 10 30/80 0 02/0 6 10 20/82 20/71 0 07/0 27 10 20 

]4 -2 [ 

90/159 0 79/0 9 10 00/158 0 17/0 31 10 10/163 10/139 0 64/0 224 10 40 

80/222 0 80/5 38 10 10/219 0 75/2 765 10 10/226 70/196 0 23/8 2974 10 60 

80/308 0 43/15 47 10 10/304 0 52/9 1405 10 30/314 10/270 0 91/45 13579 10 80 

30/394 0 69/24 50 10 80/390 0 84/15 3341 10 80/398 00/344 0 66/67 23998 10 100 

  
g�B 4 -  �.�- � >P�� (��B=5, pj∈[1,5]  

B&B (LB3) B&B(LB�) B&B(LB1)  

Lb3 
Gap 
(%) 

Avg 
.times 

Avg. 
node 

#Opt Lb2 
Gap 
(%) 

Avg. 
times 

Avg. 
nodes 

#Opt Ub Lb1 
Gap 
(%) 

Avg 
.times 

Avg. 
nodes 

#Opt t �� 
90/40 0 09/0 15 10 90/40 0 04/0 15 10 90/41 70/38 0 11/0 49 10 20 

]5 -1[ 

90/71 0 54/0 33 10 60/71 0 26/0 48 10 30/73 60/70 0 74/0 239 10 40 

10/115 0 62/4 143 10 80/114 0 41/1 214 10 10/118 40/110 0 60/99 24501 10 60 

20/152 0 23/24 458 10 40/151 0 74/14 1867 10 10/154 40/145 20/5 14/539 133070 8 80 

60/188 0 65/19 237 10 40/178 0 72/11 1590 10 00/192 30/181 46/4 70/984 230080 7 100 

90/42 0 07/0 2 10 30/42 0 02/0 5 10 20/43 50/37 0 07/0 27 10 20 

]4 -2[ 

20/88 0 32/0 4 10 70/87 0 15/0 33 10 90/88 20/77 0 66/0 234 10 40 

20/121 0 04/3 21 10 90/119 0 95/0 160 10 40/122 80/105 0 38/3 1135 10 60 

00/167 0 59/3 14 10 50/165 0 60/0 818 10 20/168 50/146 0 36/36 17718 10 80 

80/206 0 53/28 87 10 10/204 0 20/67 5775 10 40/210 50/180 40/14 17/493 103470 8 100 
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 g�B5 -  �.�- � >P�� (��pj∈[1,5],B=10  
B&B (LB3) B&B(LB�) B&B(LB1)  

Lb3 
Gap 
(%) 

Avg. 
times 

Avg. 
node 

#Op

t 
Lb2 

Gap 
(%) 

Avg. 
times 

Avg. 
nodes 

#Opt Ub Lb1 
Gap 
(%) 

Avg 
.times 

Avg. 

nodes 
#Opt t �� 

20/41 0 06/0 14 10 20/41 0 04/0 15 10 20/42 20/39 0 28/0 198 10 20 

]10 -1[ 

90/69 0 23/1 137 10 70/69 0 50/0 139 10 70/71 60/67 0 10/5 1961 10 40 

50/102 20/1 08/354 44285 9 20/102 40/1 80/302 92314 9 50/105 80/98 20/5 50/1552 516730 2 60 

20/141 71/1 60/615 40046 8 70/140 0 60/469 84071 10 30/146 60/137 34/5 80/1776 510399 0 80 

10/173 73/0 90/530 21209 8 50/172 06/1 80/475 73316 9 10/178 20/166 15/6 90/1799 510660 0 100 

70/43 0 18/0 10 10 50/43 0 06/0 20 10 70/44 00/36 0 17/0 88 10 20 

]8 -4[ 

40/87 0 79/0 17 10 70/86 0 36/0 79 10 40/88 40/73 0 49/7 3864 10 40 

60/135 0 55/1 16 10 30/135 0 14/0 20 10 136 10/113 0 05/3 1120 10 60 

40/170 0 57/6 26 10 20/169 0 13/90 11983 10 50/171 50/145 16/17 12/403 153160 8 80 

60/217 0 69/25 77 10 00/216 0 14/27 3281 10 50/220 60/183 57/18 04/765 200280 6 100 

90/20 0 15/0 12 10 90/20 0 04/0 12 10 00/21 90/20 0 02/0 12 10 20 

]5 -1[ 

50/40 0 69/3 142 10 50/40 0 54/0 145 10 10/41 50/40 0 39/0 145 10 40 

40/56 0 48/9 227 10 40/56 0 56/1 227 10 00/57 40/56 0 12/1 227 10 60 

10/72 0 80/28 281 10 10/72 0 63/2 281 10 70/72 10/72 0 78/1 281 10 80 

10/89 0 65/12 50 10 10/89 0 95/0 50 10 30/89 10/89 0 60/0 50 10 100 

70/19 0 03/0 6 10 70/19 0 01/0 6 10 90/19 70/19 0 00/0 6 10 20 

]4 -2[ 

10/37 0 12/1 83 10 10/37 0 48/0 83 10 20/38 10/37 0 37/0 83 10 40 

70/55 0 70/167 44993 10 70/55 0 40/155 67416 10 60/57 70/55 0 88/113 67416 10 60 

80/73 25/0 30/286 4952 9 80/73 25/0 65/193 19791 9 80/75 80/73 25/0 14/189 27558 9 80 

60/95 61/0 20/393 58823 8 60/95 61/0 20/363 157870 8 10/98 60/95 61/0 50/360 199980 8 100 

  
 g�.B @�. ���� ��23  � �;��- 4�.3. 40;�#opt   �. �U��- ���� �� �83[ <0	89 �.�B >- �6. �
V��� �.k� �:3����3

1800  >9 >	3�s @	0c�; .�6. ��[ �6�Avg. Nodes ��R �.k� @	:3�	� �6��9 E�;    >U0	89 �.�UB >9 �	6� E.�9 ��
 �Avg times        �U� ��UU23 .� >
=U�� >U3��3 �� E.�U9 >UU��3�9 E.�UB. ��U�� @	:3�U	�   .U;�Avg (LB1)  �Avg (	���) 
�Avg.(	���) >9   @	��U� ��H @	:3�	� �:3�23 l	������ ��������  �Avg (UB)       >U3��3 �� E.�U9 p�U9 UH @	:3�U	�

 ��6. �-o >9 K�p .0��; >
=��Gap �� �	��3 �:0	89 I�1� @	:3�	� >-    �U� >DU6�\� �
V�U�� E.�9 ����    >U- ��U�
 ���� �� >0	89 �.�B1800 ��3 �6� >9 >	3�s �� F+�H ��� <i9.� �. �:0	89 I�1� @	:3�	� .�[   :��� 

 <i9.�7  Gap = AVG��C��� − C�h�/C�h� ∗ 100 
 �� g�B2 �9.�9 >���D3. �	$�^ (10 >9 �;��- (�.��� ���� �   4��U9 �� �$��Y� ��j]10 -1[     �U� >U�$�R �UM3 ��
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�� .9�� ���:0;  @	��� H �. >-���    ���UL3[�. .�U�� m�U6. ��2	9 .�B. ���� Z�. $. ���� ���Q�6. 5����:�. ��    UH >U-

 @	������  >9 �D�3LB� �	���b	k| ��1�� ����H >9 �D�3 5����:�. E.�B. ���� ���.� E��      @	��U� UH �. >U-��� 
�	���>9 ��� ���Q�6.  ��j 52` �� .	� Z�. $. E�	R    5����U:�. @U�. E.�B. E.�9 �� >�$�R �M3 �� ���� @���2	9 .0-

1800 �� .	� .� >0	89 �.�B 5����:�. �� ���� @�. �� >- �6. >	3�s     .U	� �.�UB @��U�89 �U9 �� 0-     ��U�� @U�. �� �U�
�� bG���  >B���9 .��� �� >L	�3 g�B T���3 >9 ;��- 4�.3. ��G� ��� 4��9 �� �]10 -1[  �;��- �.k� � ��960   ��Ur�3.
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