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Purpose: Today, the efficient management of supply chains plays a fundamental role in the market 

and economy. The supply chain is a network of facilities working together to make and move 

products from upstream to downstream to provide customers with highly qualified products and 

services. Nowadays, construction has become a growing and huge industry sector worldwide. One of 

the supply chains that needs proper management is related to the construction industry. The purpose 

of this article is to optimize this type of supply chain by minimizing its total costs.   

Design/methodology/approach: An attempt has been made to develop an optimization model for the 

construction supply chain, considering all the important elements involved in the construction 

process, i.e. contractors, designers, suppliers of materials and construction materials, as well as three 

important and basic flows in the construction industry, i.e. the flow of manpower, the flow of 

equipment and machinery, and the flow of materials. All indices, parameters, decision variables, 

objective functions and constraints have been introduced and presented in the proposed model. 
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Findings: The model proposed by GAMS optimization software was solved and the obtained results 

included the lowest construction cost as well as the optimal amount of construction materials and 

materials, labour, equipment, and machinery based on the required construction size. 

Research limitations/implications: The application of the supply chain in the construction industry 

is a relatively new topic. In the classic supply chain, the flow of materials and output at the end of the 

chain includes the manufactured product, while in the construction supply chain, the final output 

includes a building or a structure. Individuals, industries and even countries incur a lot of construction 

costs to meet their needs in the field of construction. The current study was influenced by limitations 

such as access to real data and the impossibility of handling a real case study, because the problem of 

designing the construction supply chain has wide dimensions and requires access to all dimensions of 

the construction industry chain, from upstream to downstream. 

Practical implications: With the definition and expansion of the concept of supply chain and the use 

of supply chain management in manufacturing industries and the positive results it brought in various 

manufacturing industries, supply chain management emerged in the construction industry. 

Meanwhile, researchers, major contractors, and large construction companies are trying to find 

methods to take advantage of the supply chain management approach. Also, the stakeholders of the 

construction industry can enable active decision-making and agile responses to market fluctuations by 

continuously monitoring and updating the results of cost sensitivity analysis. 

Social implications: Optimizing the construction supply chain can lead to reduced costs, improved 

project timelines, and enhanced sustainability. However, it may also impact local communities 

through job displacement, environmental concerns, and social inequality. Balancing efficiency with 

social responsibility is crucial to ensure equitable outcomes in construction projects. 

Originality/value: By now, there has been no reference available in the literature in the field of 

construction supply chain considering the designer, the flow of manpower and the flow of drawings 

and technical documents. The proposed model is comprehensive and includes the construction chain, 

considering all aspects such as the flow of required materials and materials, the flow of labour, the 

flow of required equipment and machinery, the flow of plans and documents, and designers and 

contractors. 

Keywords: Construction supply chain, Supply chain mathematical modelling, GAMS optimization 

software, Flow of drawings and documents 
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Fig. 1- The presented construction supply chain 
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O0�P� ��	Ko  B>�< K�< @��G� � �.�� N.� ��6��!� b  ����g6. ^���S �	 ��E96��   c �E#   �!�.��E�b

cMP  ���E�6 
��.� ��  ���6��!K�< @��G� � �.�� h��A� .� QF!0�  >. ��C	�D�  �001    �E	{!� �E# ���g6. J#b

acXS  UE�  B>�E<  �E� 
<.� .Q;�N j�V �	{!� �� B���!�.��� �J0�P� O0�P� ��	Ko  B>�< �.�� � @��G� �6��!K�< �� .� ��g6.   �56 �� ��.  

O0�P� uN �NP�.O C	�D� 6B����	  ��1B�< >. �	 .��96��:  
)12( h h

c cp cp

c p h

MN X B DH∑∑∑ 

O0�P� C	�D� 6 >���p6 ��B��	  h�6 ��1h >. B�< �	��96�� c �# �!�.���h

cMN ����6 ��.�  �E�   ��E�  h�E�A� .
B����	6 ��1 ���96��	 �K�< Q?�  �>�<��#.�# �<. �# Q;�N j�V �	{!� ^.�!� �K�< >�<� �� Q?� �K�<  >�E<� 

 p B�< >. �	��96�� Qw�� c �	{!� �# J1cpXB U� B>�<  ��  ����j�V  �V�F� ��B >���p6 6B��	  h�6 ��1h 

 ��Q?� �K�<  >�<�p .>. J#B  :#���!� �� �K�<B�< >. �	��96�� c � � �# �!�.��h

cpDH ��6�� � ��.��  ��E� .
0�P� j�VO #J 3��1B�	 �� >���p6 6B��	  �� ��1>���p6 6B��	 # ��1J 3��1B�	 P� ���O0� #J  3��E1B�	  B��E	6  ��E1 

� .��96��	 �K�< Q?� �� ��  �	# .� >�<� 01g<�?� B.�# .O P� h��A�O0� #J  3��E1B�	  B��E	6  ��E1 �  .��E96��	  ��
�K�< Q?� .�<. �� ���p!<. ��4	< ���6 J< >. >�<�  

O0�P� C	�D� =A��.P	 ��� �C	 �Z7 B�< >. � .��96��	:  
)13(  e e

c cp cp

c p e

MO X B DE∑∑∑  

O0�P� C	�D�  ��>���� =A� �.PE	  E��� �C	 �Z7   h�E6e  B�E< >. �	 ��E96�� c  �E#  �!�.��E�e

cMO  ���E�6 ��.� 
��  ��� h��A� .�.P	=A� � C	��� �Z7 ���96��	 �K�< Q?�   �>�E<� �E#.�#  �E<.  �E#  QE;�N  j�EV  �E	{!�  ̂ .�E!� 

�K�< >�<� �� Q?� �K�< >�<�  p n<�� �	��96�� Qw�� c  �	{!� �# J1cpXB �U  B>�E<  �E�  ���E�  j�EV  ��
�V�F�B >���p6 6B��	  h�6 ��1e  ��Q?� �K�<  >�<�p .>. J#B   � nE<�� :E#���!� �� �K�<	 ��E96�� c �   �E#

 �!�.���e

cp
DE ��6�� � ��.�� ���0�P� j�V .O  E#J  3��E1B�	   �E� �E�>�� =A� �.PE	  E��� �C	 �Z7  �E� ��>�� 

=A��.P	 ��� �C	 �Z7 #J 3��1B�	 P� ���O0� #J 3��1B�	 �.P	=A� � C	��� �Z7 � .��96��	  �K�E< Q?�   .� >�E<�
��  �	# 01g<�?� B.�# .O P� h��A�O0� #J 3��1B�	 �.P	=A� � C	��� �Z7  .��96��	� Q?�  �K�E<  �>�E<� >.  JE< 

6��� ��4	< ���p!<. �� �<..  
:#�� . s�C� F?��u	 QH.N >�<B P� h��A�J0� B�� .C� 9g�O A6>��	 C	�D�  :�R >. J1 �<.�Z��L� ( )1 �� 

( )13J#  �<� �� �7 .Ot#.�( )14� � U� s� :#��B��=05	 ��6 .��� �� ��:   

)14(  

        

 b b

ac ac

a c b

b b h h

cp cp cp cp cp cp a a C c C c p p

c p b c p h a c c p

b b b b h h

p cp dp dp ac ac c ac c cp cp

c p d p a c b a c b c p h

e e

c cp cp

c p e

min Z TC XS

TD XB DM TE XB DH R ES V EP U EP Q GB

G XB T XM MC XS MP XS MN XB DH

MO XB DE

=

+ + + + +

+ + + +

+

+

+

∑∑∑

∑∑∑ ∑∑∑ ∑ ∑ ∑ ∑

∑∑ ∑∑ ∑∑∑ ∑∑∑ ∑∑∑

∑∑∑                         
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:#�� �s� J0�P�  B�� 
1� A6>S�	 C	�D� �K�< � QH.N .� >�<�� 01 .J90�. J# JR�� �#  �^��E� ��   B�E�  �ELH.� 
J# ��Y 8��� � C	0]�� �^���  B�� �K�< >�<� 6.���)� ( JE#  ��EY  �,�EK  JE0�P�   ���E�  JE1  E��#  �EK.���  �6�E� 
�� ���=6 B.�# '��1��� � ��96��	� >. ��?� �� Q1  �
g�)Q1 (X=� 6. � T�  h�E6  OE0�P�    U�E�� B.�E# �,�EK  OE0�P� 

B��	6 �6�"6. �� Q#�F� T� h�6 O0�P� �B�4�� Q�� O0�P� ��K �.�� �J	��. �����. �� 6�.� B���#  �E�  �	E�  B�E��#  
6�.6 �  ��� J1 B��Y �1o �� �
g� Q1 X=� �<. .C�.�#�0# �� C�. 	F?�u �# C�.  ��E'  UE�  B>�E<  :#�E�  sE� 

J# ���; :�R ���< w)�	 6>�� (J\.�. �.  

4-2-5 (�5P*!  ��   

)15(     
cp

c p

X B DG≥∑∑  

C	��. X=� � ��C� ��?��� Jt#.� ��� > ^.�!� �# �<�0#��t#.� �# J1O ( )15 � ��.�  �56�  z�� �0L� h��A� ^.�!� 
�K�<  <�B��>� 8�A6. S�    .��96��	� �� Q?� ��B �K�< >�<���# � l�P# �� �� B��"� ^.�!�  B�E0#��>  ���E�  >�E	6 

Q1 B.�# �K�< >�<� ��#.  
)16(     dp cp

d c

XM XB p= ∀∑ ∑  

n#.�G ( )16 ���C	 �� 01 �K�< ^.�!�     EN.�Y ^.�E!� �E# QE?� �� �� >�<��     �E#.�# QE?� �E� �� . .E��# CE� 
��?��� N.�Y ^.�!� ���p� >.� 8�A6. �� �K�< ^.�!� �# 8�A6. >�<� ��� 3�
RB�	 �� 01.  

)17(  *    cp p

c

XB GB pρ≤ ∀∑  

)18(     cp p

c

XB GB p≥ ∀∑ 

Ot#.�( )17 �  �56�  ��  �K�< >�<� nF' �� Q?� B�� �K�< B>�<� 8�A6. �� ��� J1 C	�> �� �A67 B�.��K  
� �.��.�H ��K C	�> FL0� �� ��# .�� ����; J1 �.��.�H ��K C	�> FL0� �56  �E��#  �K�E<  B>�E<� ��  7 

8�A6. ��6 ��� .�� ��< �<.� �Jt#.� �3. �	{!� B�0��# �#.�# �# T� ���� �0L�  �.��.�EH  E��K  C	E�>  �.�EH�#  �E� 
�<. � ��< �<.� �Jt#.� �#.�# �T �� l�P# ��  z��� .�#�0#C�  ^.�!� 8����K�< ����>�<� J1 �� O�� Q?� B�� 

�K�< >�<� 8��� B�< >.  .��96��	� 8�A6. �� ���	3  �� �.F� �<. �g�� .��. �3. B�	{!� B�0��#  �E#.�#  �pE;  ���E� 
�0L� �0	�> B�.��K �56 �<. � ��< �c � �<.� Jt#.� �#.�# �# �p; ��  z��5 �.�#�0#C �	� �K�< B>�<� �� 

 7 Q?� 8�A6. ��6  ��� .Ot#.�( )18 t#.� Q�9�O ( )17�<. � C	��� ��  01 J1 ����; �� �0	�> B�.��K  ���E� 
}��!N ��# �K�< >�<� ��  7  8�EA6.  ��E� .��  ���E;  ��ER�  C!E�.6   OEt#.�)18  E�> �E3. �(C	 �K B�.E�   � ��E�

1pGB = 6	P �� �!'. ��p�. ���; �J1 0cpXB = �> ��467 ����	0� �K J1 ��.� ��R���.B �<. ��� � ��.	� 
�R� � �K�< >�<�B   .��.6 ��R� Q?�  7 �� 

)19(  *    
cp c

p

X B EP cρ≤ ∀∑  

)20(     
cp c

p

X B EP c≥ ∀∑ 
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Ot#.� ( )19 �56 ��  ��  �K�< �>�<� C	�D� �.�� � @��G� ��6��!K�< S�	Ko �.�� �  @��EG�  ��6��!K�E<  C	�DE� 
B��	6 ���1 �.P	=A� � C	��� .� �Z7 nF'  �6.��96��	� 8�A6. �� J1 0�� j�f!6. �� 6. �  �E#  �E=67  �.��.�EH  �.�EH�# 

�� �<. .�� ����; J1 B��96��	� j�f!6. 6�5 ���# �K�< B>�<�  7 B�< >.  ��E96��	�  8�EA6.  �E�6  ��E� .�� 
��< �<.� �3. �Jt#.� �	{!� B�0��# �#.�# �# T� ���� �0L� �.��.�H �# ��96��	� �.�H�# ��  �E<. �  ��E<  �E<.� 
�Jt#.� �#.�# T� �� l�P# ��  z��� C�.�#�0# 8��� ^.�!� �K�< ����>�<� J1 �� O�� Q?� B�� �K�< >�<� . uE��Y> 

��96��	� 8�A6. �� ���	3 �� 6.�� �� �.F� �!g�� ��# .��. �3. B�	{!� B�0��# �#.�# �p; ����  �.��.�EH  �.�EH�#  �E56 
�<. � ��< �c Jt#.� �#.�# �# �p; ��  z��5 C�.�#�0# �	� �K�< B�< >. B>�<�  7  ��E96��	�  8�EA6.  �E�6  ��E� .
Ot#.�( )20 �.� Q�9�t#O( )19 �<. � C	��� ��  01 J1 ����; �� B��96��	� j�f!6. ���� }��!N ��# �K�< >�<� 

�. B�< >. 8�A6. ��� .�� ���; ��R� C!�.6 Ot#.�( )20� � �3.��96��	  � ��� j�f!6.1cEP = 6 E	P    �E!'. ��Ep�.
�� ���;� J1 0cpXB = � ��467 ����	��96��B �<. �� j�f!6. J1 ��.� ��R�� � ��.	� �K�< >�<�B B�< >. 

�  7	��96�� �6 8�A6.� ���  .  
)21( *                    b

ac c

p

X S EP cρ≤ ∀∑ 

)22(    b

ac c

p

X S EP c≥ ∀∑  

Jt#.�  B ( )21 �  �56�  ��  �K� �� ��'�� �.�� � @��G�  �6��!K�< nF' �6.��96��	� u��Y>. 8�A6. �� ��� J1 
j�f!6. �� 6. � �# �=67 �.��.�H �.�H�# �� �<. .�� ����; J1 B��96��	� j�f!6. �56  �E��#  E��K �  �E'���� 

�.�� � @��G� B�< >. �6��!K�<  7 ��96��	� 8�A6. ��6 ��	3 .�� ��< �<.� �Jt#.� �3. !��	{ B�0��# �#.�#  �E#  TE� 
���� �0L� �.��.�H �# ��96��	� �.�H�# �� �<. � ��< �<.� �Jt#.� �#.�# T� �� l�P# ��   z��E�  C�.�#�E0#  8�E�� 
��K � �'���� �.�� � @��G� �6��!K�< u��Y>.  7 ���96��	� ��# Tc�1 �� �� B��"�  7 �� ��� l�P# .��.  �E3. 

B�	{!� B�0��# �#.�# �p; ���.��.�H �� �.�H�# �56 �<. � ��< �c Jt#.� �#.�# �# �p;  �E�   z��E�  C�.�#�E0#  �	E� 
��K � �'���� �.�� � @��G� B�< >. �6��!K�<  7 ��96��	� 8�A6. ��6 ��	3 .Ot#.� ( )22 t#.� Q�9�O ( )21 �<. 

� C	��� ��  01 J1 ����; �� 6��	�B��9 j�f!6.  }�E�!N ����  E��#  E��K �  �E'����  �.�E� �  @��EG�   �6��!K�E<
u��Y>.  7 ��96��	� 8�A6. ��� .�� ���; ��R� C!�.6 Ot#.� ( )22� � �3. ��E96��	    � ��E� j�Ef!6.1cEP = 6 E	P 

�� �!'. ��p�. ���; �J1 0b

acXS = � ��467 ����	��96��B  �E<. �� j�f!6. J1 ��.� ��R��   E� �E�.	� �K E�  �
����'� 6��!K�< @��G� � �.��� B�< >. �  7	��96�� �6 8�A6.� ���  .  

)23(  *    b

ac c

p

X S EP cρ≤ ∀∑ 

  *    b

ac c

b a

XS EP cρ≤ ∀∑∑ 

  *    b

ac a

c b

XS ES aρ≤ ∀∑∑ 

     b

ac c

p

X S EP c≥ ∀∑ 

     b

ac c

a b

XS EP c≥ ∀∑∑ 
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)24(     b

ac a

c b

XS ES a≥ ∀∑∑ 

Ot#.�( )23 �  �56�  ��  *��' � U�<�. �.�� � @��G�  �6��!K�< nF' B�< >. C	�D�   �3E001  �.�E� �  @��EG� 
�6��!K�< 8�A6. �� ��� J1 j�f!6. �� 6. � �# �=67 �.��.�H �.�H�# �� �<. .�� ���;�  J1C	�D� �001 B.   j�Ef!6.

 @��G� � �.�� U�<�. � *��' ���# �56 B�< >.   7C	�D� �001 �6 8�A6.� ��	3Jt#.� �<.� ��< �� . �{!� �3.�	 
�#B�0�  �# �#.�#T� ���� �0L�  �# �.��.�HC	�D� �001 �.�H�# �� �<. � ��< �<.� Jt#.�  �E#.�#  TE�  �E�  l�PE# 

��  z��� .�#�0#C� 8��� 6��!K�< @��G� � �.�� U�<�. � *��'�  7 B�< >. C	�D� �001 ��# Tc�1 �� ��  B��E"�  7 
�� l�P# ��� .��. �3. B�	{!� B�0��# �#.�# �p; ���� �.��.�H �.�H�# �56 �<. � ��< �c Jt#.� �#.�# �#  �pE; 
��  z��� .�#�0#C� ��	 6��!K�< @��G� � �.�� U�<�. � *��'�  B�< >.  7�D�C	 �001 8�A6. ��6 ��	3 .  OEt#.�( )24 

t#.� Q�9�O ( )23 � �<. C	��� ��  01 �� ���;J1 � C	�D� �001 B. ��� j�f!6.�  �# }�E�!N E�    U�E<�. � *��E'
6��!K�< @��G� � �.��� B�< >.   7C	�D� �001 ��R� ���; �� .��� 8�A6.  C!�.6.�Ot#( )24�   �E3. C	�DE�  �E001 

 � ��� j�f!6.1aES = 6	P �� �!'. ��p�. ���; �J1 0b

acXS = ���� C	�D� �001 B.  �� j�f!6. J1 ��.� ��R�
�<.� � ��.	� 6��!K�< @��G� � �.�� U�<�. � *��'�  B�< >.   7C	�D� �001 �6 8�A6.� ���  .  
)25(     ,b b

cp cp ac

p a

X B DM X S b c= ∀∑ ∑  

Ot#.� ( )25 ��?��� ��� ��<. U��L�C	 ��  01  �EV�F� Q1 J1B    6��!K�E< @��EG� � �.�E�� b  �^��E�  �E�B 
Q?� B�� �K�< >�<� ��96��	� c � � �.�� Q1 �#6��!K�< @��G� b �#.�# �<.  E�� >. J1O  C	�DE�    �3E001  �.�E�  �

6��!K�< @��G�� J# � �^��� ��g6.	��96�� c���!<�' ��  ��.�  
)26(     b

cp cp C

p b

X B DM W Q c≤ ∀∑∑  

����?� '���	 ^��� ��g6.S ���96��	 t#.� �#O ( )26   E� ��.�  �E56�   ��E� .��  ���E;  >�E#   ��E#  ��Eg6.  S^��E� 
��96��	�c �� .P	 Ko  7 �� J1 �Z�G?� Q1��	 ��  ���� '�� >.�	 ^��� ��g6.S ���96��	  ��.�'��6 z��� �0L� � .P	 

 >�# ��g6. �� >. J1 �Z�G?� Q1c � J#���� � M�F6Q? �K�< >�<�  �# � QF!0�b

cp cpXB DM L�	C ��  ���� �# E� 
Tc�1  ���� ��"�B �	'��  ��g6.c �0L� C

WQ .��#  
)27(    ,b b

ac a

c

XS SC a b≤ ∀∑ 

����?� '���	 C	�D�  S009 6��!K�< @��G� � �.��� t#.� �#O ( )27 � ��.�  �56�  �0L� z���  JE# .>.B  S��E� b 
 �� >. J1C	�D�  �001 a #.�B ����� ����g6.B  � �^��E�	 �E���96��B   2Ef!0� �DE�	C      ��E�6 �E# �b

acXS  �E�6��  ��.�
��  ���� �#� Tc�1  ���� ��"�B �	'�� �D�	C  009O a �0L� b

aSC .��#  
)28(     cp p

c

XB GC p≤ ∀∑

  
����?� '���	 �> ^.�!� ��1.NC	  C9��B.�# �K� �K�< �   �� >�E<� QE?�  �K�E<   >�E<�p   Et#.� �E#O 

( )28 � ��.�  �56�  z��� �0L� �� C�. �Q?� ��1.N C�. ^.�!� C	�> B.�# ��K ��R�� �<..  
)29(     cp p

c

XB CMA p≤ ∀∑  
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����?� ��1.N ^.�!� �K�< >�<� �K�< Q?�    2Ef!0� >�E<�p   Et#.� �E#O ( )29  �  �E56 E� ��.�   ��E� �� .
�K�< Q?� j�f!6. ���;  >�<�p ^.�!� �0	�> J1 B�.��K ��  ��� �  �K�E<  >�E<� ��  7  8�EA6.  �E�  ���E�   >.

��1.N ^.�!� �K�< >�<� Q?� �K�< >�<� 2f!0�p  ��.�'��6 z��� �0L� �K�< h��A� >�<�B  JE1  �  .��E96��	 
 8�A6.��  �0� �#� Tc�1�� �� ��"�B ��1.N ^.�!� �K�< >�<� �� Q?� �K�<  2f!0� >�<�p �0L� pCMA 
.��#  
)30(     cp p p

c

XB GB CMI p≥ ∀∑  

����?� QH.N  ^.�!��K�< >�<� Q?� �K�< >�<� 2f!0�  p�# t#.�O ( )30 � ��.�  �56�  z���  �E0L�  �E3. 
Q?� �K�< >�<� p j�f!6. �� QH.N .�C ^.�!� �K�< >�<� 8�A6. ���. �K�< Q?� j�f!6. ���; ��   >�E<�

p� ^.�!� �0	�> J1 B�.��K ��  ��� � �K�< >�<� ��  7 8�A6.  �E�  ���E�  >. QH.EN  ̂ .�E!�  �K�E<  >�E<�   QE?�
�K�<  2f!0� >�<�p X1  ��z�"	6 �0L�  Q?� �3. p �K�< ���� j�f!6. >�<�B J1  � .��96��	  8�A6.��  �0� 

�#� #	�!5 �� QH.N �#.�# �# QH.N  ^.�!��K�< >�<� �� Q?� <�K�  2f!0� >�<�p �0L� pCMI .��#  
)31(     cp p

c

XB CMIH p≥ ∀∑  

����?� QH.N  ^.�!��K�< >�<� Q?� �K�< >�<�  p�# t#.�O ( )31   E� ��.�  �E56�   z��E�  �E0L�  E�!N}� �� 
Q?� <�K� >�<� p QH.N .�C ^.�!� �K�< >�<� 8�A6. ���.   �K�< >�<�B  JE1  � ��E96��	   8�EA6. E��  �E�� �# E� 

#	�!5 �� QH.N �#.�# �# QH.N  ^.�!��K�< >�<� �� Q?�  �K�E<   >�E<�p � E0L� pCMIH   . ���Ep� .E��# E�C 
��?��� ��?� �#�� ��gR. �� �QgHB �K�< ^.�!� QH.N  ��#   .�<. >�<�  

)32(  *    ,cp cpXB NN c pρ≤ ∀  

)33(     ,cp cpXB NN c p≥ ∀ 

Ot#.� ( )32 �  �56�  �� J1 �K�< >�<� nF' �� Q?� B�� �K�< >�<�  �6.��96��	� 8�A6.  �E�  ��E�  JE1  B.�E# 
�K�<  7 Q?� j�f!6. �� 6. .�� ����; J1 B��96��	� B.�# �K�< >�<� �
?� j�f!6. �56  �E��#  �K�E<   �

>�<  ��  7 B�< >. Q?�  7 ��96��	� 8�A6. ��6 ��	3 .�� ��< �<.� �3. �Jt#.� �	{!� B�0��#  �E#.�#  �E#  TE�  ���E� 
�0L� ��96��	� B.�# �K�< Q?� j�f!6. �� z�<. C�.�#�0# ^.�!� K�<� B>�<�  JE1 ��  7  QE?�   �K�E<  >�E<�  >.
B�< ��96��	� 8�A6. �� ���	3 ��# Tc�1 �� �� B��"�  7 �� l�P# ��� .��. �3. B�	{!� B�0��# �#.�#  �pE;  ���E� 
�0L� ��96��	� B.�# �K�< Q?� j�f!6. �56 �<. � ��< �c  JEt#.�  �E#.�#  �E#  �pE;  �E�  �E�z�  C�.�#�E0#  �	E� 

�K�< B>�<� ��  7  >. Q?�B�<  7 ��96��	� 8�A6. ��6  ��� .Ot#.� ( )33   Et#.� QE�9�O ( )32  �E<. �  C	�E�� 
��  01 J1 ����; �� B��96��	� B.�# �K�< �
?� j�f!6. ���� }��!N ��# �K�< >�<�  B�E< >.  7  ��E96��	� �� 

 7 Q?� 8�A6. ��� .�� ���; ��R� C!�.6 #.�Ot ( )33� � �3.B��96��	 .�#B �K�< Q?� �K�< >�<�B  j�f!6.
 � ���1cpNN = 6	P  ��p�.p	#�� �! ���; �J1 0cpXB =   ��E467 ����0 ρ<  E��     z��E�  .�#�E0#�C �	 ��E96��B 

.�# J1 ��.� ��R�B �K�< 
?� �� >�<��  �E<. �� j�f!6.�   E� �E�.	�  �K�E<  >�E<�B   QE?�  7 �� B�E< >.   7
�	��96�� �6 8�A6.� ���  .  
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( )34  1   cp

c

NN p≤ ∀∑

  

Ot#.� ( )34 ��1.N �.L�  .��96��	� �� Q?� �K�< >�<� .�  �56 ��  z�� �0L�  �.EL� 6��	�  .��E9  �E�  QE?� 
�K�< �>�<� ��1.N T� ��96��	� �<..  

)35(  { }0,1    
a

ES a= ∀ 

{ }0.1     cEP c= ∀ 

  { }0.1    
p

GB p= ∀ 

  { }0.1    ,
cp

NN c p= ∀ 

Ot#.� ( )35 ���C	 ��  01 J1 ���	{!� B�0��# 6.. 

)36(  0b

acXS ≥  
0cpXB ≥  

  0dpXM ≥ 

Ot#.� ( )36C	��� ��  01 J1 ���	{!� �p0��	w 6..  

5 .	�-F� � ����P 

.�#B <��#� R��K� A6>	�S �D�	C �K�<  J\.�. >�<�  ����# ���0� J# J90�. P1��� C�. J��F� >. ��?� ��7�6B �#  
�3��� B�� �R O
_"� A6>S�	 C	�D� �K�< U�R) >�<�  10]�� � (C	 ���c  B��  UE�  B>�E<  ��EV���  7  ���E# 

C�.�#�0# ��<. �� C�. ��f# ����� �'��G� �� n	?� J��6�#  �"��6 ��A�. � .�L< C	0]�� ��  �E� �<.  �E��!�.��� 
�� �>�#  ���� ���	 Ft0� U��� J1 6��� .�.� �B ���6��� ��# �0���� �0. .C� U��� �# 3 �D�	C 001S   @��EG� � �.��

6��!K�<�� 3 �	���96�� 3 �Q? �K�< � >�< �� �W6 J!'�3 0]�� .�	C .�C U���  2  �|.�Y8  6��!K�E< @��G� h�6�� 
6 6	��B  � ��13 =A�	P ��� �	C � ��.� B�0#��> ���� >�	6 Q1 �#.�# 990 :#���!� �<. .�.F� !�.���� ����B   Q��E�

P��0O � U�F!6.  �K� 6��!K�< @��G� � �.���  >.�D�	C ����g6. J#  �3001B ^���S �	 .��96��  U�R ��2    �E56 ��.�
 .�<. ��0]��	C P��J0 �V�F� �B 6��!K�< @��G� � �.�� J# M�#��� >. ��g6. ��96��	� S^��� J# �K�< Q?�  >�<�
 U�R ��3   �56Y. .�<. �� ��.�
;. ���m� � J# M�#��	��96�� P� Q����J0 �V�F� �B 6����	>�    �E# M�Eg��. ��

6	��B �K�< Q?� �� ��1  �>�<�O0�P� � �# �.��.�H �#�d���96��	 P�O0�  �#�d���	
�� ���p!<. >. ��g6. ^���S �	 ��E96�� 
�� � �=6�� '���	 ^��� ��g6. S�	��96��  U�R ��4   �56   .�E<. �E� ��.� U�ER 5   
1 ��E�mY. JE# E	B   QE?�

�K�<  ��>�<�M�#�� �<. �� .U�R 6 6	P  O0�P�Ko��	 >�<B � ��g6. �� @��G� N.� �����96��	 P�O0�  C	�DE�   �E�
6 >�� �p6B��	 P� � ��1O0� C	�D� =A� >�� �� ��B�< >. �.P	 ���96��	      JE# M�E#�� ��E�mY. .�E<. �� ����7

'���	 C	�D�  @��G�>. u��Y C	�D� 010]�� �  �30C	 P�O0�   7 �# �.��.�H �#�dC	�D�  U�R ��  �30017  �� �1o
 .�<.���=6�� ���mY. M�#�� J# B�V�F� �.P	=A� � C	��� �Z7 �� ?�Q ��B �K�<  .>. JE# >�<�B    �E� �K�E<

 :#���!�B�< >. �	 .��96��� J#  �.���O0�P� X	� ��B N.�Y�  U�R ��8 �� ��.� .6.  
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J�5+ 2- �2��* �")/(J��#�,)5*) ()-�6� J�*')/()-�6� J�*' ((,- ��F#"�� /
�0 ��  �,� ��  )�%5��B �� ��'���,� A��� ���),'����F   
Table 2- The cost (transportation)/(buy)(Million Rials/ Million Rials) of material and building materials from suppliers to 

subcontractors’ project warehouse 

� �� ?5��B  ��'����F  
(,- � /
�0 ���F#"��  

1  2  3  4  5  6  7  8  

1  
1  )2)/(1(  )3)/(3(  )1)/(3(  )1)/(1(  )1)/(2(  )1)/(4(  )2)/(1(  )1)/(2(  
2  )3)/(1(  )5)/(2(  )2)/(4(  )3)/(1(  )5)/(1(  )2)/(4(  )5)/(1(  )2)/(2(  
3  )2)/(1(  )3)/(3(  )2)/(2(  )2)/(1(  )4)/(2(  )2)/(2(  )4)/(1(  )2)/(1(  

2  
1  )4)/(1(  )5)/(3(  )3)/(3(  )4)/(1(  )3)/(2(  )2)/(4(  )2)/(1(  )1)/(2(  
2  )1)/(1(  )2)/(2(  )1)/(4(  )1)/(1(  )2)/(1(  )1)/(4(  )2)/(1(  )1)/(2(  
3  )3)/(1(  )4)/(3(  )3)/(2(  )3)/(1(  )4)/(2(  )3)/(2(  )4)/(1(  )3)/(1(  

3  
1  )2)/(1(  )2)/(3(  )3)/(2(  )2)/(1(  )2)/(2(  )2)/(4(  )2)/(1(  )3)/(2(  
2  )2)/(1(  )1)/(2(  )2)/(3(  )2)/(1(  )1)/(1(  )2)/(4(  )2)/(1(  )2)/(2(  
3  )1)/(1(  )2)/(3(  )1)/(1(  )1)/(1(  )2)/(2(  )1)/(2(  )2)/(2(  )1)/(1(  

J�5+ 3- 2�*�� )J��#�,) (�L�� )/(�6�)- '*J�� )/(A� ((,- #"�� /
�0 ���F� �, '���, ?A��� ��'����F �� OP !"�� ����  

Table 3- The cost (transportation)/(demand) (Million Rials / Tons) of material and building materials from subcontractors’ project 

warehouse to construction site 

� �� ?5��B  ��'����F  
(,- � /
�0 ���F#"��  

1  2  3  4  5  6  7  8  

1  
1  )1)/(3(  )1)/(2(  )2)/(2(  )1)/(1(  )2)/(1(  )1)/(2(  )2)/(2(  )1)/(1(  
2  )2)/(3(  )4)/(2(  )1)/(2(  )2)/(1(  )3)/(1(  )1)/(2(  )2)/(2(  )2)/(1(  
3  )1)/(3(  )3)/(2(  )1)/(2(  )1)/(1(  )2)/(1(  )1)/(2(  )2)/(2(  )2)/(1(  

2  
1  )3)/(3(  )4)/(2(  )2)/(2(  )3)/(1(  )5)/(1(  )3)/(2(  )5)/(2(  )3)/(1(  
2  )1)/(3(  )1)/(2(  )1)/(2(  )1)/(1(  )1)/(1(  )1)/(2(  )2)/(2(  )1)/(1(  
3  )2)/(3(  )3)/(2(  )2)/(2(  )2)/(1(  )2)/(1(  )2)/(2(  )2)/(2(  )2)/(1(  

3  
1  )2)/(3(  )1)/(2(  )2)/(2(  )1)/(1(  )1)/(1(  )1)/(2(  )2)/(2(  )2)/(1(  
2  )1)/(3(  )1)/(2(  )1)/(2(  )1)/(1(  )1)/(1(  )2)/(2(  )1)/(2(  )1)/(1(  
3  )1)/(3(  )1)/(2(  )1)/(2(  )1)/(1(  )1)/(1(  )2)/(2(  )2)/(2(  )1)/(1(  

J�5+ 4- 1�^_R, 2�*.�� �L��  � $�`�! a-�� �� ��),'����F 

Table 4- The information of cost and capacity related to subcontractors 

�	��96��  
Q?� 
�K�< >�<�  

2�)��*�L�� ) / (� (����� '�B ))-�6� J�*'  '(��' /�G�-��'(  
O0�P� �#�d 

�.��.�H �# 
��96��	�  

O0�P�  �#�d
���	
�� ���p!<. 
>. ��g6.  
^��� S�	��96��  

�	'��  ��g6.
^���S 

�	��96��  
1  2  3  4  5  6  

1  
1  )1) /(3(  )1) /(2(  )1) /(2(  )1) /(1(  )1) /(1(  )2 /()2(  

1100000  2000000  1011  2  )2) /(3(  )2) /(2(  )2) /(2(  )2) /(1(  )2) /(1(  )3) /(2(  
3  )2) /(3(  )2) /(2(  )2) /(2(  )2) /(1(  )2) /(1(  )3) /(2(  

2  
1  )2) /(3(  )2) /(2(  )2) /(2(  )2) /(1(  )2) /(1(  )3) /(2(  

1000000  3000000  1011  2  )1) /(3(  )1) /(2(  )1) /(2(  )1) /(1(  )1) /(1(  )1) /(2(  
3  )2) /(3(  )2) /(2(  )2) /(2(  )2) /(1(  )2) /(1(  )3) /(2(  

3  
1  )2) /(3(  )2) /(2(  )2) /(2(  )2) /(1(  )2) /(1(  )2) /(2(  

1000000  2500000  1011  2  )2) /(3(  )2) /(2(  )2) /(2(  )2) /(1(  )2) /(1(  )2) /(2(  
3  )1) /(3(  )1) /(2(  )1) /(2(  )1) /(1(  )1) /(1(  )2) /(2(  
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J�5+ 5- 1�^_R, 2�*�� � $�`�! a-�� �� OP ��� !"�� ���� 

Table 5- The information of cost and capacity related to construction sites 

2�*��  �� � $�`�!  ��  
��� OP !"�� ����  

1  2  3  

O0�P� �#�d �.��.�H ��K C	�> Q?� �K�< >�<�  5000000  1000000  2000000  
O0�P� ��K �� :#���!� C	�> Q?� �K�< >�<�  5000000  1000000  2000000  

�	'�� �> ^.�!� ��1.NC	  C9��B.�# �K�K�< � � >�<�  ��Q?� �K�< >�<�  2000000  5000000  1000000  
��1.N ^.�!� �K�< >�<� Q?� �K�< >�<� 2f!0�  50000  50000  50000  
QH.N ^.�!� �K�< >�<� Q?� �K�< >�<� 2f!0�  200  200  200  
QH.N ^.�!� �K�< >�<� Q?� �K�< >�<�  0  0  0  

J�5+ 6- ��*2� ?��"c  ���� � '���, '( /
�0 57,� ��.'����F� 2���* ���  �G� ����' ����� 2� � '�B��* ���  ��  ��' (5^ ��1,2�  d�- 

��'����F 

Table 6- The cost of storage per a unit of material in subcontractor’s warehouse, the cost of work force per a person-day, and the 

cost of machines per number-day by subcontractor 

��'����F  
(,- � /
�0 ��F#"��� )�6�)- '*J� '( ��'(  ����� '�B )�6�)- '*J� '( ��'(  

����1Se )�6�)- '*J� 

(��' '(  

1  2  3  4  5  6  7  8  1  2  3  4  5  6  1  2  3  
1  1  2  1  2  1  1  2  1  15  30  50  10  100  10  1  5  30  
2  1  2  1  2  1  1  2  1  15  32  50  11  95  10  1  4  29  
3  1  2  1  2  1  1  2  1  16  28  49  10  90  10  1  6  31  

J�5+ 7- $�` �� a-�� 1�^_R,!� ���  )�%5��B (,- � /
�0 � 2�*�	 !��g (,(',�h �� ���e 

Table 7- The information related to capacity of suppliers of materials and the fixed cost of contract with them 

� �� 5��B� 

 /
�0

��F#"���  

/
�0 ��F#"��� (A�� )  	�*2�  !��g(,(',�h 

�� � �� 5��B� (,- �  

/
�0 ��F#"���  
1  2  3  4  5  6  7  8  

1  106*9  106*9  106*9  106*1  106*2  106*2  106*1  106*6  200000  
2  106*9  106*9  106*9  106*2  106*1  106*4  106*1  106*6  250000  
3  106*9  106*9  106*9  106*2  106*1  106*2  106*1  106*1  190000  

J�5+ 8 .1�^_R, a-�� �� ��L��  1,2���  � ���� 1Se '( �� PO !"�� ,�, �� ����� [���# �� !"�� �-� �, � ���'����F � 2�*�	 

 �H 7,�R� 

Table 8- The information related to demand for equipment and machines in construction site per a squared meter construction by 

subcontractor and the cost of design 

�� �1,2 � ���� 1Se  ��'����F  
OP !"�� ����  

1  2  3  

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

2  
1  1  1  1  
2  4  4  4  
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�� �1,2 � ���� 1Se  ��'����F  
OP !"�� ����  

1  2  3  

3  3  2  2  

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

P��J0 �	X N.�Y� �)	
	 � 
��U� (>�� ��  

1  1200  1100  1000  
2  1100  1200  1200  

6- �#�*j 

v� �K�< :��R U� QN >. J\.�. >�<� . �� ���C  J��F��# 8�6  �.P'.GAMS ��!6�r {!� J# M�#��	���B =#	J0   JE#
> |���� �7 �<� J#: �� J< �K�< Q?�  U�L' >�<�� � >. #	C � J<	 ��E96�� ��	  .��E96��    j�Ef!6. 8�E< � 8��
 6�J1 �?6S Gf�	q �	 .��96�� Q?� J# ��B �K�< # >�<��. JC �K�< Q?� J1 �<. J6�3    ����E� >�E<�2   JE#

�	��96�� �K�< Q?� � 8�� ����� >�<� ��B 1  �3 � J#	��96�� 8�< Gf�	q ��'��K�< ^.�!� .    �E��N �� >�E<�
=#	J0 .�#B �	��96�� �K�< Q?� �� 8�� ���� >�<�S 2  �# �#.�#590 .�# � :#���!�B �	��96��  .�E# 8�<B  QE?�  �E�B 

����S 1  �3 ��� J#	2    �E# �E#.�#200  �200   :E#���!� �E<. E0]�� .	C 590   � :E#���!�200 !�  QE?� :E#���  �E�B 
�K�< ��� J# >�<�	2 ���S� 2  �3 �# ���� |.�YS 1  �200 ���� Q?� :#���!�S 1    ����E� |.�EY n<��2   8�EA6.

�� ���=# j.�R �� .	0O  �U��D�	C   �3001 6��!K�< @��G� � �.��� ����� ��B 2  �3 � j�f!6.� � .6��	 .P  �.��
 @��G� ��D�	C �� B�< >. �D�	C  �3001  J# � s�Y	 .��96��� =# ���N ��	J0   U�ER u#�t�9  �E<. . Q9E� 2 6 E	P 

j.�R =#	J0 .� ��6�� ��  �� .���5� �� ��� :#�� s� QH.N P�� E0O  QE1  �K�E<  >�E<�  U��EL� 2007512210 
�� ��� .u#�t� �<�� � R��K� ��B U� �# �9��4 � �# ���!�.���B ����B� e�� �?; U� �<..  

J�5+ 9-  (,-J��#�, /
�0 �*�#$�  �,� ��  )�%5��B �� ��),'����F '( !
�7 ����� 

Table 9- The transferred material from suppliers to subcontractors in optimal state 

� �� ?5��B  ��'����F  
(,- � /
�0 ���F#"��  

1  2  3  4  5  6  7  8  

2  2  1770  0  1180  590  0  1180  0  590  

3  
2  0  1180  0  0  590  0  1180  0  
3  1200  800  800  400  400  800  800  400  
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O�� 2- �?��� �5�� ��	�� ������ ���  -F� '( ?5e !�( ��	� �Bc ?5� 

Fig. 2- The optimal topology of achieved supply chain in mentioned case 

7 - lP�  

�� .�C �f# �<�"N	� � ��67	P R��K���B U� �<��# .�K .� ��� 
?�	Q <�"N	�� ��  �!�.��E� ��  >�E#S 
#	C 50- %�� 50 %{�		� ��.� ��  ���. .�C  ���!�.���J# ��=c !<�O P��J0   �E�B  �U�EF!6. P�� JE0   �E�B  ��E#�d  ���EV�F� � 

'��	�  �� "F�	X ��  6. � > ��.�� Q�����  :6  
2�*��  ��� J��#�,   

• P��0 O6��!K�< @��G� � �.�� U�F!6.�  >.��D	C   �3001 J# ��g6. ^���S �	 .��96��z  
• O0�P� U�F!6. �.�� � @��G� 6��!K�<� >. ��g6. ^��� S�	 .��96�� J# Q?�  ��B �K�< >�<�z  
• O0�P� U�F!6. �� �p6 >�� 6	��B ��1 �	 .��96�� J# Q?�  ��B �K�< >�<�. 

2�*��  ��� !��g   

• O0�P�  �# �.��.�H �#�d�D�	C   �3001 �.�� � G�@�� 6��!K�<z�  
• O0�P� �#�d �.��.�H �# �	 .��96��z  
• O0�P� �#�d 
��	��� ���p!<. >. ��g6. ^���S �	 .��96��z  
• O0�P� �#�d �.��.�H �K� �>	C Q?�  ��B �K�< >�<�. 

���L��    

• �V�F�B ^.�!� �K�< >�<� ���� 6	>� Q1z  
• �V�F�B �.�� � @��G� 6��!K�<� �� Q?�  ��B �K�< >�<� B�< >. �	 .��96��z  
• �V�F�B 6	��B ��1 �� Q?�  ��B �K�< >�<� B�< >. �	 .��96��z 

• �V�F�B =A�	�.P � ���	C �Z7 �� Q?�  ��B �K�< >�<�  B�< >.�	 .��96��. 

$�`�!  �� 

• '��	� �D�	C 6��!K�< @��G�� B�< >. �D�	C   �3001z  
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• '��	� ��g6. ^���S �	 .��96��z  
• '��	� �>	C C9�� B.�# �K� � �K�< >�<� �� Q?�  ��B �K�< >�<�.  
�� �=!6. �	 .P �Dd	� {�		�.� ���!�.��� �# :#�� s� U��� .�R.�� �# 8�6�.P'. =#	J0>�< B�P�3 �� U�R 10   JE\.�.

�� ���0]�� .	C {� 6��		�.� P� :#���J0 �#  . ��6�E<�6 2"N E�C    �E��!�.��� >. J!E<� ��E=c�    �.��E�6 �� 2E��H ��
Q9�)  ��B 3 � 4 (��6�� ��.� � . �����Y BJ1 ���5� ��  ���� �d. {�		�.� P��0 O=#	J0 �g"6  ��=c �� J#J!<� 

>. ���!�.��� P�)�J0  ��B U�F!6. � ��#�d ���V�F� � '��	� (F!"�	X �  ��LE;B  �E<. . E0]��	C  B.�E# L� 	E	C � E	 .P 
<�"N	� P��J0 J# .�C ��=c �!�.��� �� >.	2 �F��g� nK J# �� ���; >�� ���p!<. �� ���.  
)37( ����	
���	�50%� − ����	
���	�−50%�

100
 

.�C   ��� Jt#.��	2 �F��g� nK �<. J1 >. {�		�.� :#�� s� J# .>.B �� �.F� 50;�� �  Ep0�� 50 E;�� 
 ��?�)����B ("F�	X �# sm!K. 50;�� � p0�� 50;��� �0L� 100  ��?�) ��E��B ( E# J �E<�  E��  7 E�  JE1 

�F��g� tK� >. �	 .P <�"N	� :#�� P�� JE0  JE# ���!�.��� �E< . vE�   �JgE<�?� >. ��EF���  E<�"N	�  .�E#B  �!�.��E� 
P��J0  ��B  U�EF!6. 75977,8 � .�E#B P�� JE0   �E�B  �E#�d 159400 � .�E#B  ���EV�F� 9836440,22 �  .�E#B '�� E	�   �E� 

19900000 J# �<� ��7 �<.  �56 J1  0��S #	 �!E5�C N E<�"	�  .�E#B '�� E	�   �E� �  �E!�1�C  E<�"N	�  .�E#B 
P��J0  ��B U�F!6. �# :#�� P��0O Q1 �<.  .  

J�5+ 10- 6P �O ��37�! �� '��> �#�( �, ���#,'��� 2�*�	 .J��#�, 2�*�	 .!��g �L��  � $�`�!  
Table 10- Sensitivity analysis on transferring cost, fixed cost, demand and capacity 

�L*n Z ��1,�  
���#,'��� (�'��  

2�*��  ��� J��#�,  2�*��  ��� !��g  ���L��   $�`�!  ��  

50% -  2003238025 1999542210  1520034800 1012512210 

40% -  2003243688 2001136210 1616765160 1211512210 

30% -  2003249351  2002730210  1709930804  1410512210  

20% -  2007502536 2004324210  1809114726  1609512210  

10% -  2007507373 2005918210 1908308528  1808512210  

0%  2007512210 2007512210 2007512210  2007512210  

10%  2007516929 2009106210 2106725772  2206512210  

20%  2007521648 2010700210 2205949214  2405512210  

30%  2010826767 2012294210 2305182536  2604512210  

40%  2010831286 2013888210 2404425739  2803512210  

50%  2010835805 2015482210 2503678822  3002512210  
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O�� 3- ',(-F� 5��' O�6P  !���37 !�3� �� ��*2�  ��� J��#�, � !��g 

Fig. 3- Trend chart for sensitivity analysis of transferring and fixed costs 

 
O�� 4- 6P  5��' ',(-F�O� ��37!� !�3� ���L��  � !�$�` 

Fig. 4- Trend chart for sensitivity analysis of demand and capacity 
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J90�. J# JR�� �# H� �� QN *��u	 8�6 >. ���p!<. �# �  �.P'.Gams ��<. j.�R  OE0	=#  B�E<.�<  JgE<�?�  �E� 
�<. J1 J"��H 8�� �# �� *�� ��4�  B���# �.�K ��.� .��.��1 S��#�� *�� �  ��>  �QEN   �Ec *��  �=#�E5� 
B.�# U� B��=05	� �� C�. u	F?� B�< >.  .�4�� JL<�� ��.� �56 �� �<. .� BP	c X	6.�!# �#  �E=67   �X	E01 JE"��F�  

C�.�#�0#  ��> QN 8��� ��.�R.  U���)�
;. J# �.��� Q	
?� �	<�"N �� (�gd � � 8���P1��  ��> QN ��N 5 J	6�d 
�7 �<� J#. 

8 .#����  %���  

�� .C� U� �J��F� A6>S�	 C	�D� �K�< K� X=� �;�0� 8��� C!'�3 �W6 �� �# >�<� QE	 .�' �� E0�  �K�E<  >�E<�� 
�0L� �� .��96��	  � �N.�YC	�D�  �3001 6��!K�< @��G� � �.��� 0]�� �C	 �R J< ��   E<�<. � XE=��   �L0E; ��

�K�< >�<�� �0L� �R �� 6B��	 6�"6.�� �R �� =A��.P	 ��� �C	 �R � �Z7 ��    6��!K�E< @��EG� � �.�E��   JE\.�.
6. 8��� .�v� ��� {!� ����!�.���B���	 �G��X	 ��?� � s� :#���� �� '�L�� �5� �@� � U� � 6�  B��=0E5	

�P	6  ��� .� J\.�.  J1 ��YJR�!� �X�� > U�C	�D� S�	A6 �K�< �<�J\.�. >  ���QH.N P�O0� �K�< Q1  >�<�.� 
#J  �<� 0]�� � ���7C	 ^.�!� �K�< � >�<� .��96��	  �9� �� ��B �K�<  ���F��# >�<�C	�D�  �3001 �.�� � @��G� 

��6��!K�<  �N.�Y �4�� � B���	{!� �K�< >�<� P	6 �<� J# ����7 �. >. ��3�� ��B 
;.� U� >�<B .�.\J  �E� 
J1 �� ?�F	��F 
gH� J#�5� J!�.6 �<.���g� � >. 6. :  
� {!�	���B �G�	X R�   
• ^.�!� �K�< >�<� �� Q?� �K�< z>�<�  
• ^.�!� N.�Y� Q?� �K�< >�<�z  
• j�f!6. �	 .��96��z 

• �K� �>	C Q?� �K�< >�<�.  

� ���!�.���B R�   
• �.L� �	 .��96��z  
• �.L� Q?� ��B �K�< >�<� ��F��# z  
• �.L�  �N.�Yz    
• P��0O U�F!6. �� >���p6 6	��B ��1z  
• P��0O �#�d �.��.�H �# �	��96��z  
• P��0 O�K� �>	C Q?� �K�< >�<�z  
• P��0 O�	X |.�Y �K�< >�<�z  
• �V�F�B ^.�!� �K�< >�<�. 

  
� ��?���  ��B R�   
• ��?��� �.��.�H �# �	 .��96�� 2f!0�z 

• ��?��� �.��.�H �#  �N.�Y 2f!0�z 

• ��?��� '��	� �	�96�� .�z 

• ��?��� ��1.N ^.�!� �K� �>	Cz 

• ��?��� �.L� �	 .��96�� �  �N.�Y �� /�!<� 

  

� P��J0  ��B R� �� :#�� s�  

• P��J0  ��B �.��.�H �# �	 .��96��z 

• P��J0  ��B �K� �>	Cz 

• P��J0  ��B N.�Y�.    
�   
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u	F?� �V�N �?� �	dD� ����?�  ����  �]�� �<�!<� J# ��.�  B�� LH.�� �  ��g6 <�!<�  �9�.�  J#T� L��t�O 
����B ���# �<.z >.�� O
_"� N.�Y� A6>S�	 C	�D� �K�< >�<�� <� ��L#.�L	 J!�.� �<.  � <�!<� J#�    ��EL#. 8�E�� J#
A6>S�	 �K�< �L0; �� �� �<�Z�# >. >�<�C	� A6> �<�>�	6 ��	  .��.�B����=05	� B.�# J# ��!����  E# 8�P�J  3��E1B�	 

=# U�;.J0	  B>�< � ����� A6>S�	 �C	�D� J#   .�0�T� ����9� � .�.���X� �R  ��!���E� ��  �L0E;  �K�E<  >�E<� 
����. �� J# z��� ���� J1 �� C�. �L0; J# Q	�� �	��� � ��L#.  ���!E"3  B.  JE1  ��ER� ���.�  XEAN  JE0�P�   �E�  ER��# �J 

Z�#�<  ��g=# �0c�� [6. �� J0�P�   J# ���.P'.�� .��1�� ���K� =R��� .�#B �0;:�  � i
!f���51  �A0�  E�.�K
 .��# �0��� J# =#	J0  >�<B P��0O  QE;�N  �E� �� . E�C F?� E	�u  E;��	J  E��   ��E�  E�� .�   �K�E< �L0E;   >. >�E<�

09�	T ��B =#	J0 >�<B .�#B P� �d�� ���1�J0 �� Gf� �#	q 2<�0� :#�0� .P'. ��� .��1��    .E001 ���p!E<.   .��E�   �E#
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oB �Lp6 �L0; �K�< >�<� J# � ��!"� ���W6 �# 6�<�>��� �!6�r 
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�K�< >�<� 6�.�. C�.�#�0# ;��	J ��  ���  �� .� �L0; �K�< >�<� ��  �!E<.�B  E����� =#	 E0 O   � ���EW6 �JER��#

F!"� U�!01	�� . �#�C !�.������ J!�.� 0��# � ���.�� ��K � �	X  �^��E� .�  �E# . E�C  .PER.  PE1��!�  E001. . [��� JE90 
{� J6�4c		�.� P� ���J0 ��B ����B P� �#�J0 ��B 
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B.�# F	F?��� ��7 � ��.�� ��> .� B.�# . *�!"3C� �����  �1o�� :���   
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• OL<�� A6> U�S�	 C	�D� �K�< ���� T� >. >�<� .B ���� 0c J# .zB  
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#  .��E96��	 �  C	�DE�   �3E001   A6> �� @��EG� � �.�E�  C	�DE� S�E	 

�K�< >�<�z 
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