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Purpose: The supply chain of cellophane includes an independent set of parts whose relationship has 

to be properly managed to ascertain efficiency, performance, and sustainability. This research aims to 

provide detailed information regarding the cellophane supply chain and, using the Supply Chain 

Operations Reference model, act as a benchmark to enhance the adaptability and growth of the supply 

chain. Therefore, it can help the cellophane supply chain to remove its performance gap. 

Design/methodology/approach: Interpretive Structural Modelling (ISM) has been used along with 

the Multi-Criteria Decision-Making (MCDM) approaches, supported by the Analytic Network 

Process (ANP). ISM has been applied to analyze the interdependencies among different components 

of the supply chain; DANP has been implemented to prioritize the processes of the supply chain and 

potential suppliers. An investigation has been also performed on the intensity of influence and 

dependence among various methods in the supply chain. 

Findings: Findings indicated that the current market, demand, and competition are the biggest known 

factors impacting supply chain management. While this is more about learning the present state of the 

market, it is also important to realize future trends, customer needs, and competition. It includes 

information on marketing research, customer surveys, and competitive studies. A five-level 

hierarchical structure of the supply chain processes is reported, with levels one and five as the key 

drivers. The first level is wherein the market understanding, customer demand, and competitor 
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practices are known. The fifth level involves the identification of potential risks and working out 

strategies to mitigate the risks. This level is all about active risk management. This involves 

developing ways through which contingency plans and strategies can be drafted to ensure the impact 

of the identified potential hazards is reduced. This level is so critical because it has a tremendous 

impact on performance and sustainability in the supply chain. Identifying potential risks and 

formulating strategies to reduce them are seen as independent variables with enormous impacts on 

other processes. These are very important processes as they could affect the effectiveness and 

efficiency of the entire chain. Both require careful management and continuous improvement to 

guarantee the smooth operation of the chain.  

Research limitations/implications: This study concentrated on possible constraints due to supply 

chain complexity and market changes. Since the cellophane supply chain is dependent on several 

factors, further research on optimization methods and improvement of decision-making processes can 

lead to more effective operational results. 

Practical implications: Findings are likely to give insight into the supply chain of cellophane, with 

an understanding of the market, customer demand, and competitive landscape. It also goes on to 

highlight potential risks, and the strategies formulated to reduce them. The use of the DANP 

technique helped rank the supply chain processes and identify potential suppliers, hence assisting in 

the effective allocation of needed resources such as materials, labour, and capital. This will assist 

those individuals concerned with the cellophane supply chain in the process of planning and making 

strategic decisions. This study contributes to the knowledge of SCM since it has elicited how much 

one needs to understand the market, manage risks, and ensure compliance. 

Social implications: Given the significance of sustainability and the need to lessen effects in the 

packaging sector, this study seeks to enhance procedures and mitigate risks, within the cellophane 

supply chain. Such efforts aim to safeguard the environment and uphold accountability. 

Originality/value: This study presented a comprehensive analysis and optimization of the cellophane 

supply chain using ISM and MCDM approaches. The new integrated approach of ISM and DANP 

helps to improve management processes and reduce supply chain risks. 

Keywords: Cellophane production supply chain, SCOR model, ISM-DANP, Identification of 

potential risks, Performance improvement 
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Table 2- The level and depth of the cellophane production supply chain based on the SCOR model (based on experts' opinions) 
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Fig. 1- The supply chain network of the cellophane factory based on the model of Harrison and Van Hoek (2008) 
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Table 3- The sub-sections of the score model at the third level of the cellophane supply chain sub-processes 
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Fig. 2- Research method 
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Table 4- Specifications of experts 
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Table 5- Results of fuzzy Delphi method 

�+�H�I  ���� ��I)L  ���� ��I)M  ���� ��I)U  �*A] ����  ���Q$�� �+�H�I S�*^�  FA��  

C1  5  5,586421  7  5,86214  �����  5  

C2  4  5,289657  7  5,429886  �����  10  

C3  3  4,935569  7  4,978523  �����  12  

C4  4  5,488275  7  5,496092  �����  8  

C5  2  3,522746  6  3,840915  #�  20  

C6  5  6,053588  7  6,017863  �����  1  

C7  5  5,679785  7  5,893262  �����  4  

C8  3  4,514533  7  4,838178  �����  13  

C9  4  5,530928  7  5,510309  �����  7  

C10  3  4,111138  7  4,703713  �����  14  

C11  3  4,145934  6  4,381978  #�  17  

C12  2  4,080738  7  4,360246  #�  18  

C13  2  3,828756  6  3,942919  #�  19  

C14  4  5,44001  7  5,480003  �����  9  

C15  4  5,856205  7  5,952068  �����  3  
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�+�H�I  ���� ��I)L  ���� ��I)M  ���� ��I)U  �*A] ����  ���Q$�� �+�H�I S�*^�  FA��  

C16  4  5,407906  7  5,407906  �����  11  

C17  5  6,038105  7  6,012702  �����  2  

C18  4  5,521909  7  5,521909  �����  6  

C19  2  4,634159  7  4,54472  �����  15  

C20  2  4,486306  7  4,495435  #�  16  
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Table 6- Final processes and sub-processes of supply chain performance evaluation based on supply chain operations reference 

model (SCORE) in cellophane manufacturing plant 
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C13  F��2�# �5�V�' D��8 � #�EF �E�� ��� D9�� ;. _�9�� �!1� F#8 �� ;���L .�-. ��559 R�b � !":� � RX2�@ 
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C14  

.�> V�'��5 ��4' R����� ��8 !1��2�A� �!1�8 �S ;. c��	� ;. -� F�E�7��  	
_.|- F#

n.�.B -� 	N�TI� 
��qJ.�7�� �3� F#�
� �� �17�# �J. � ��� �5 �a� ;.�� �!1�8 

.�-. 

!1� � 
���S�2�A� 

�!1�8 

�4��M  
 

 
C15  

.�> �� R��� �5�V�'���� �!1� ;. _�9 �17;�#� � �-. �9�� F#� .�> -� R����7��  F#

R�b � �� 	RX2�#�� �� ���'� !17�# [qZ.� .�-. 
!":��@ W�34� 

 

S�-���  

  

(R�# R�- ����  ���V �-� F#�c 2��� {#.�� 8��!S�-� ~!����� )SSIM(24  : �7�AS �9��  ��559V�' ��  �M5�

ISM `�Q� 
_.|- F# z-�� �� �� <>�# {#.�� >��4� 8.�# e�' �5�V�'  8����=��  "��X� �� �� ���B �E�;	  ;. �3�

F2�12  8��F# .� ��; F!'�7��9 �2.:  

1 ;. F'�J @� d�A��. :i  F#j�         

1- ;. F'�J @� d�A��. :j  F#i� 

2 >�# F'�J�� d�A��. :i  �j� 

0 >�# �J�A��. p�� :i  �j .�"�2  

 %��.7- ���d� #�3 �*�� ) )��$3�!SSIM( 

Table 7- Structural self-interaction matrix (SSIM) 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 

C1 - 1 1 1 2 0 2 1 0 1 -1 2 1 1 2 

C2 1- - 2 1- 1- 0 1 2 1- 1- 1- 1- 2 0 1- 

C3 1- 2 - 2 1- 0 1- 0 1- 1 1 1 1 1- 1- 

C4 1- 1 2 - 1- 1- 1- 1 1- 1 1- 1 1 1 1 

C5 2 1 1 1 - 1 1 0 1 1 1 0 1 0 1 

C6 0 0 0 1 1- - 0 1 1 1 1 0 1 1 1 

C7 2 1- 1 1 1- 0 - 2 1- 2 0 1 0 1 1 

C8 1- 2 0 1- 0 1- 2 - 1 2 1 2 1 1 1 

C9 0 1 1 1 1- 1- 1 1- - 1 1 0 0 1 1 

C10 1- 1 1- 1- 1- 1- 2 2 1- - 1- 1 1 0 1 

C11 1 1 1- 1 1- 1- 0 1- 1- 1 - 1 1 0 1 

C12 2 1 1- 1- 0 0 1- 2 0 1- 1- - 2 1 2 

C13 1- 2 1- 1- 1- 1- 0 1- 0 1- 1- 2 - 1 1 

C14 1- 0 1 1- 0 1- 1- 1- 1- 0 0 1- 1- - 1 

C15 2 1 1 1- 1- 1- 1- 1- 1- 1- 1- 2 1- 1- - 

  

:R��b, R�- �����c !-��#�� `q6. ��� F9 �����c �/2 ����!-���  D�2� F!S�5�� � N���. �# 	����7��   	LM�E

 �6�5�  V �� F9i  �j  F#��3��0 /!5�� �� 31� 	�2���R �� Q#.� � ���B #�> �5�V�'  ��F#   
��M61*   �.�MZ�# d�MA��.

�� ���!- .�59 ��7;�- ��8 ���� �#�c 6.� �  �12 .�� �5��.  
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Table 8- Final achievement matrix 

  

(&�+� R�-  N��ISM ���. � ]Q-�� �5#8 �5�V�' �� 4� �# .���> -�!-�� F���:� � ��8 ��1�> .�#8  M�@   L2�M�

4���> ��  .�59�@  ]Q- �� F���:� �� �� �# L2��I � F!'�7 �l2 ��� -� ;. c� � ���� � . F#�>  �.�3� 	]QM-  �M�

.�#8 4���> � F�.�. N�. ]Q- ;. L2.�� k*b � L2�� �� `�Q-� ��#�  )8�X� ��' �  .��3�� 25 	1402 .(  

%��. 9- *����  F�A!�+�H�I �� 

Table 9- Explanation of the levels of indicators 

�+�H�I  N��$E� ;?�'�  R�� ;?�'�  ���$!# ;?�'��  JA!  

C1 C-1C-2C-3C-4C-5C-6C-7C-8C-
9C-10C-11C-12C-13C-14C-15 

C-1C-2C-3C-4C-5C-6C-7C-8C-9C-
10C-11C-12C-13C-14C-15 

C-1C-2C-3C-4C-5C-6C-7C-8C-9C-10C-
11C-12C-13C-14C-15 1 

C2 C-1C-2C-3C-4C-7C-8C-9C-10C-

11C-12C-13C-14C-15 
C-1C-2C-3C-4C-5C-6C-7C-8C-9C-

10C-11C-12C-13C-14C-15 
C-1C-2C-3C-4C-7C-8C-9C-10C-11C-12C-

13C-14C-15 1 

C3 C-1C-2C-3C-4C-7C-8C-10C-

11C-12C-13C-14C-15 
C-1C-2C-3C-4C-5C-6C-7C-8C-9C-

10C-11C-12C-13C-14C-15 
C-1C-2C-3C-4C-7C-8C-10C-11C-12C-

13C-14C-15 1 

C12 C-1C-2C-3C-4C-5C-7C-8C-9C-

10C-11C-12C-13C-14C-15 
C-1C-2C-3C-4C-5C-6C-7C-8C-9C-

10C-11C-12C-13C-14C-15 
C-1C-2C-3C-4C-5C-7C-8C-9C-10C-11C-

12C-13C-14C-15 1 

C13 C-1C-2C-3C-7C-8C-12C-13C-

14C-15 
C-1C-2C-3C-4C-5C-6C-7C-8C-9C-

10C-11C-12C-13C-14C-15 C-1C-2C-3C-7C-8C-12C-13C-14C-15 1 

C14 C-1C-2C-3C-4C-10C-11C-12C-

13C-14C-15 
C-1C-2C-3C-4C-5C-6C-7C-8C-9C-

10C-11C-12C-13C-14C-15 
C-1C-2C-3C-4C-10C-11C-12C-13C-14C-

15 1 

C15 C-1C-2C-3C-4C-5C-7C-8C-10C-

11C-12C-13C-14C-15 
C-1C-2C-3C-4C-5C-6C-7C-8C-9C-

10C-11C-12C-13C-14C-15 
C-1C-2C-3C-4C-5C-7C-8C-10C-11C-12C-

13C-14C-15 1 
C4 C-4C-7C-8C-9C-10C-11 C-4C-5C-6C-7C-8C-9C-10C-11 C-4C-7C-8C-9C-10C-11 2 
C7 C-4C-5C-7C-8C-9C-10C-11 C-4C-5C-6C-7C-8C-9C-10C-11 C-4C-5C-7C-8C-9C-10C-11 2 
C8 C-4C-7C-8C-9C-10C-11 C-4C-5C-6C-7C-8C-9C-10C-11 C-4C-7C-8C-9C-10C-11 2 

C10 C-4C-7C-8C-9C-10C-11 C-4C-5C-6C-7C-8C-9C-10C-11 C-4C-7C-8C-9C-10C-11 2 
C11 C-4C-5C-7C-8C-10C-11 C-4C-5C-6C-7C-8C-9C-10C-11 C-4C-5C-7C-8C-10C-11 2 
C9 C-9 C-5C-6C-9 C-9 3 
C6 C-6 C-5C-6 C-6 4 
C5 C-5 C-5 C-5 5 

 
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 f��� L��] 

C1 1 1 1 1 1 1* 1 1 1* 1 1* 1 1 1 1 15 

C2 1* 1 1 1* 0 0 1 1 1* 1* 1* 1* 1 1* 1* 13 

C3 1* 1 1 1 0 0 1* 1* 0 1 1 1 1 1* 1* 12 

C4 1* 1 1 1 0 0 1* 1 1* 1 1* 1 1 1 1 13 

C5 1 1 1 1 1 1 1 1* 1 1 1 1* 1 1* 1 15 

C6 1* 1* 1 1 0 1 1* 1 1 1 1 1* 1 1 1 14 

C7 1 1* 1 1 1* 0 1 1 1* 1 1* 1 1* 1 1 14 

C8 1* 1 1* 1* 0 0 1 1 1 1 1 1 1 1 1 13 

C9 1* 1 1 1 0 0 1 1* 1 1 1 1* 1* 1 1 13 

C10 1* 1 1* 1* 0 0 1 1 1* 1 1* 1 1 1* 1 13 

C11 1 1 1* 1 1* 0 1* 1* 0 1 1 1 1 1* 1 13 

C12 1 1 1* 1* 1* 0 1* 1 1* 1* 1* 1 1 1 1 14 

C13 1* 1 1* 0 0 0 1* 1* 0 0 0 1 1 1 1 9 

C14 1* 1* 1 1* 0 0 0 0 0 1* 1* 1* 1* 1 1 10 

C15 1 1 1 1* 1* 0 1* 1* 0 1* 1* 1 1* 1* 1 13 

�g$>��� ��V� 15 15 15 14 6 3 14 10 14 11 14 15 15 15 15  
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!-��#�� �/2��	 ��!S�- N��8 "?���8 -���G �� ����/2 N�� .��  R3� ��3 � ����1�� ���. .�> N��	  ;.5   ]QM-

31��R N�. ]Q- F9 �-. ���	 �}=����.*7��>  ]Q- �G:5� }=�  V��*������> `�Q- �2..  

  
M6E3- ��$3�! %�) >����) H�I��+ ��) ���� ������ +$D� �� %� ��6!� 

Fig. 3- Interpretive structural model of supply chain processes based on SCORE model 

) �g$>��� � f��� L�E M� 4� ( hMICMAC( 

 N��E) ��;�-�5�2.�� ;. @��� �0!"#.� � i�?2 
�� ;. ���?!-. �#SSIM	(  �5�V�'   RM�I� )�� ;. ���?!-. �# ��

@�� @�  ���7 �� 8�5#  R3�) ���4.(  

 
 M6E4- g$>��� � f��� L��] ��#�'�� 

Fig. 4- Diagram of power of influence and dependence 
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 Y�� (iDANP 

 )��DANP (DEMATEL-based ANP) 9���A� 53� �� ;.�@ ;�b �� k��4�<  �MT��G 7 M��8  4� �M5U M�	��� 

�54�  )��DEMATEL  )�� �ANP . .�-.�> F# )�� �I� ��l5�R ��C�7�� �� # R#�X!� {#.�� ��> 4�� �M���8 

f!g�  ���@ -�G!" � ���?!-.� ��� )-�  .��3�� �26 	2018.(  )��DANP  ME��S ;. ���?!-. �#�  �M�8  )��

DEMATEL 	����8 ��8  )��ANP� 	�C�7�� �� # R#�X!� {#.�� ��> 4������ �� R�I� .� .�59  

� �#�-�5�� 4��E B�����	 ��.� ��8 L�E��V8���   )�� ;. ���?!-. �#DEMATEL D:��F I� ��R  �M�  ��M� .

 ��F�.�.  �� �-. ��� )q�V�'��5 ��8 ]Q- �@ � �� N�� ;�-8 "?���8 F9  ��.�� #��!18 ;. 	�2�.�    �M� N�. [�M7

 )�� Rb.�� W�-.�# G:5�DEMATEL D:��F I� ��R   �� .��M� [�M7  �M�8  GM1�  �M�  GM/2  �M#   �M!2 ;. ���?!M-.�^ 

DEMATEL  ��ANP�MM-�5� {MM#.�� FMM# FMME�� �MM# FjMM"� .�MM!#. 	��  �� ��MM�DEMATEL ����!S�MM-�  �cvMM-  

�X��F" ��8 E�;� [�:2. �������- � ����c }=� {#.�� F# FE�� �#� �.*M7� }=� �� *M����  3M1��R  M��  ��M��� . �/2 M�	� 

 ;� ��8 �/2�� 4������  ;. ���?!-. �#ANP �� FA-�I� ���. 

%��. 10- �+�H�I )�� � j� ���� ������  �+$D�� JA! R�! ��6!� %� 

Table 10- The main supply chain processes based on the third level of the score model 

#�'�  �+�H�I  #�'�  �+�H�I  

C1 4' �.;�# Y���	 F!-.�S �!1� 8��8 G1U � !#�Z� ;.�2.�  C7   �5�V�'�A�  �?- F# [�S�.��  V �� F9 �S�-�R �� �2��  

C2  
��� �a�X� �5�#8 �V� .�#8 �"�� ��� ]Q-  ��9��  �

��E��8  
C8  �.�/028 �� ����� >���� Gl5� /:� � 
_V�
.D  

C3  4���> '�\�� ����� .�# [;_8 �=��> �a�X�8 ��� �5�# ���  C9  ������ )��?- 8�� �!1�8 �� ;.��'� );.��� ��  

C4  
Tg��h �|2���� L#�5� �}�;� 2 	�.�� �52�����8  � ��9

���-�F  
C10  

F��2�# �5�V�' D��8 #�E �F �E�� ��� D9�� ;. _�9�� �!1� F#8 �� 

;���L ��559  

C5  XI��s �-�5� ��� �=>�� ��X��#  �7�559   C11  ��4'�� ��b F# d�#�� 8���� �!1� ;.� � �S ;. c���  

C6  
�� ��9.*�<��# ��.��.�Z��� Z R��� F9��� �.*78	  ��; �5#8 

�I��	R ����.�2�!-.8 9�?�� � �0�� .���{ �� ���  
C12  ������ �!1� ;. _�9 �17;�#� � �9�� F#  

  

 ��� ) N��E �� F9 ��J10�� ����1� (  s�XI� >�. �� 	���12  �M6. �5�V�' :2; M��<  �=M��>      N�M� �M# �M5!A�

�-. ��� ���-�5� ��3-.  .�-�� F��2 8�� �����  >�#10  ���0M12.� � �!456 <�AS   � )�� ;. ���?!M-. �M# RM!�� 

��.� R�I� � F�D:� � R�I� � F�D:� 8.�# L�E 8�� 8��V  ���.�� ���?!-.  

%�� R�-  :�g���� ����d A: .�> �����c 9���A� z-�� ;.    W�M-.�#  V 
.��MA� � �-.  �7�AS 8��  BM���4�2 

�� FA-�I�  ���� H  �7�AS �.�4�  �xij ��X���8  �AM"2 �/2V F9 �-.   zM-��  V FM#  �M�  � .�M5�� M�02��>  ���M��c 

z-��  �-�5���9 8��	  N��E ��11 .�-. ��� ��.�  �12  

)2(  aij = 
�
� × ∑ ���

(�)����  
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 %��.11- ��g��� d���� 

Table 11- Average matrix 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

C1 0 4 4 3 4 3 3 2 3 3 3 3 

C2 4 0 4 4 3 4 3 3 4 3 2 1 

C3 4 3 0 3 3 2 3 2 2 2 1 2 

C4 3 4 3 0 4 3 3 2 3 2 3 2 

C5 2 2 3 3 0 2 2 2 1 2 2 3 

C6 4 3 2 3 3 0 3 3 2 2 2 1 

C7 3 3 4 3 4 3 0 3 3 2 2 1 

C8 1 2 2 2 3 2 1 0 1 2 1 2 

C9 3 3 2 3 2 3 3 2 0 2 2 2 

C10 2 2 3 3 2 2 1 2 3 0 3 2 

C11 4 3 2 3 2 3 2 3 1 3 0 2 

C12 3 2 2 3 2 3 2 3 2 3 2 0 

  

 .R�# R�- Dk!�4	  ���k�d  g$k>D'��   �$k> )�k��& D:  ���M��c A   
_��M4�3  �4   M��. FM# .��>  ���M��c 

0!"A��� X!"� 8���G ���� [�2 F#�c D �A��R �� 59�. F# .�> �����  �� N��E  12���� 	�c Q#.�B ���.�Z�#<   {M#.��

X!"��G # F��2 N�� �� � ���V �-��� � ��.�� .���  

)3(  D= m×A  

)4(  m= min � �
��� 		∑ |���|"#$%

	 , �
���# 		∑ |���|" $%

	'  

%��. 12- ���d� %��� U�����E� �$> U����&� D>� L�E)� �$> U���� �� &9�/&�( 

Table 12- Matrix of normalized relationships of direct relationship (relative intensity governing direct relationships) 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

C1 0 1143/0 1143/0 0857/0 1143/0 0857/0 0857/0 571/0 0857/0 0857/0 0857/0 0857/0 

C2 1143/0 0 1143/0 1143/0 0857/0 1143/0 0857/0 0857/0 1143/0 0857/0 0571/0 0286/0 

C3 1143/0 0857/0 0 0857/0 0857/0 0571/0 0857/0 0571/0 0571/0 0571/0 0286/0 0571/0 

C4 0857/0 1143/0 0857/0 0 1143/0 0857/0 0857/0 0571/0 0857/0 0571/0 0857/0 0571/0 

C5 0571/0 0571/0 0857/0 0857/0 0 0571/0 0571/0 0571/0 0286/0 0571/0 0571/0 0857/0 

C6 1143/0 0857/0 0571/0 0857/0 0857/0 0 0857/0 0857/0 0571/0 0571/0 0571/0 0286/0 

C7 0857/0 0857/0 1143/0 0857/0 1143/0 0857/0 0 0857/0 0857/0 0571/0 0571/0 0286/0 

C8 0286/0 0571/0 0571/0 0571/0 0857/0 571/0 0286/0 0 0286/0 0571/0 0286/0 0571/0 

C9 0857/0 0857/0 0571/0 0857/0 0571/0 0857/0 0857/0 0571/0 0 0571/0 571/0 0571/0 

C10 0571/0 0571/0 0857/0 0857/0 0571/0 0857/0 0286/0 0571/0 0857/0 0 0857/0 0571/0 

C11 1143/0 0857/0 0571/0 0857/0 0571/0 0857/0 0571/0 0857/0 0286/0 0857/0 0 0571/0 

C12 0857/0 0571/0 0571/0 0857/0 0571/0 0857/0 0571/0 0857/0 0571/0 0857/0 0571/0 0 
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��� 	D!�4 .R�! R�-�d )M�9 Z�D���T( : .�#8 A-�I�B �����c R��9 d�A��.	  ���M� .�!#.�c  2�M���  3M1��R 

�� ��� ����� cv-�c 2����)I(  �/5�8 �����c ���� cv- � N���2�c �� W�34� R6�b  ����� . �/2��  ���M��c 

���� �� N���2�c a W�34��� �� .��� 

%��. 13- d���� U���� � 9 

Table 13- General relationship matrix 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

C1 4155/0 4977/0 5005/0 494/0 512/0 4566/0 4165/0 393/0 4025/0 4077/0 3748/0 3514/0 

C2 5177/0 3972/0 5008/0 5172/0 4905/0 4805/0 4181/0 4161/0 4283/0 4059/0 3506/0 3017/0 

C3 4323/0 3944/0 3187/0 4088/0 4076/0 3551/0 3485/0 3228/0 3137/0 3155/0 2655/0 2716/0 

C4 4633/0 4688/0 4467/0 3838/0 4823/0 4289/0 3919/0 3677/0 378/0 358/0 3526/0 3057/0 

C5 3438/0 3298/0 3558/0 3682/0 2865/0 3175/0 2891/0 2911/0 2543/0 284/0 2608/0 2702/0 

C6 4404/0 4028/0 3806/0 4169/0 4162/0 3085/0 3546/0 3552/0 3189/0 3222/0 2966/0 2519/0 

C7 4457/0 4295/0 4559/0 4458/0 4681/0 4125/0 2998/0 3781/0 3647/0 3438/0 3152/0 2711/0 

C8 2559/0 2698/0 2719/0 2823/0 3042/0 2609/0 2132/0 1865/0 2056/0 2347/0 1913/0 2048/0 

C9 4086/0 3938/0 3701/0 408/0 3807/0 38/0 3479/0 3235/0 2585/0 3149/0 2899/0 2691/0 

C10 355/0 3406/0 364/0 3787/0 3489/0 3273/0 2731/0 2987/0 3121/0 238/0 2939/0 2521/0 

C11 4403/0 4015/0 3785/0 4162/0 3893/0 3868/0 3277/0 3553/0 2935/0 3479/0 2428/0 2764/0 

C12 3991/0 3609 3614/0 3999/0 3725/0 3718/0 3146/0 3422/0 3051/0 3344/0 2851/0 2119/0 

R��b, R�- .�
� * � ? ��#�'� #���� : .�#8 A-�I�B Q#.� F1X2B ��2 �# .� F2�!-V 
�� 	F3A����    {M#.�� >!'�M7

nDE� -�� ��G F3A� .8 54� {#.�� ;.� 59 FA-�I� �.���Q#.�� {X' .�  ��MX� �# .��� #� �!M1    M1X2 �� F2�!M-V �.�MX� ;.B 

Q#.�B T ��2�� ���� �� �B ��X��� @U�9 59 �?6 .� ����. 

%��. 14- d���� U���� � 9 - %�'?��/ ;��$!H 

Table 14- Matrix of general relationships-threshold limit applications 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

C1 4155/0 4977/0 5005/0 494/0 512/0 4566/0 4165/0 393/0 4024 4077/0 3748/0 0 

C2 5177/0 3972/0 5008/0 5172/0 4905/0 4805/0 4181/0 4161/0 4283/0 4059/0 0 0 

C3 4323/0 3944/0 0 4088/0 4076/0 3551/0 0 0 0 0 0 0 

C4 4633/0 4688/0 4467/0 3838/0 4823/0 4289/0 3919/0 3677/0 378/0 358/0 0 0 

C5 0 0 3558/0 3682/0 0 0 0 0 0 0 0 0 

C6 4404/0 4028/0 3806/0 4169/0 4162/0 0 0 3552/0 0 0 0 0 

C7 4457/0 4295/0 4559/0 4458/0 4681/0 4125/0 0 3781/0 3647/0 0 0 0 

C8 0 0 0 0 0 0 0 0 0 0 0 0 

C9 4086/0 3938/0 3701/0 408/0 3807/0 38/0 0 0 0 0 0 0 

C10 355/0 0 364/0 3787/0 0 0 0 0 0 0 0 0 

C11 4403/0 4015/0 3785/0 4162/0 3893/0 3868/0 0 3553/0 0 0 0 0 

C12 3991/0 3609/0 3614/0 3990/0 3725/0 3718/0 0 0 0 0 0 0 
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 %��.15-  )��l���[�� � S�'��I�+�H� ��  
Table 15- Importance and effectiveness of processes 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

R 2222/5 2246/5 1545/4 8276/4 6511/3 2648/4 6301/4 8809/2 145/4 7824/3 2561/4 0558/4 

C 9175/4 6868/4 7049/4 9198/4 8586/4 4863/4 9949/3 0303/4 8352/3 907/3 5191/3 238/3 

C+R 14/10 9114/9 8594/8 7474/9 5098/8 7511/8 625/8 9112/6 9802/7 6894/7 7752/7 2967/7 

R-C 3047/0 5378/0 55/0- 092/0- 207/1- 222/0- 6353/0 149/1- 3099/0 125/0- 737/0 8208/0 

  

&�+� R�-. � ? ��#�'� &!�)�
� * � S ?:( �!2 �.���2�^ �����c #.������ {� �  �12 .��     ��MI� FM9 �M��

X'.� R+D hg1�  <�559��.��  �-���5�V�'���� ��I� �8 D-R  �M5�V�'  ���M7 FM# .� ��  �M�8   ��M4� � �M�� 

"X��G �� ��X� .�59��  �12 �A�� �5��< ��X� � ���� ?5��  �12 �5��< }=���.�2 

  
M6E 5- �
� * � S ? ��#�'�  

Fig. 5- Cause and effect diagram 

�X'. �.��# )D+R 	(� � ��}=�  .D��=� R��� �}� ��  �12 .� G!"�- �� �l2 �0�� 
��A� F# .���	 �.�X� FU�� D + 

R     �M# 8�!M1�# RM��4� RM���  V 	���# �!1�# ����  �M0��       M4' �.;�M# Y�� sM�XI� >M�. �� .��.� G!M"�- RM�.���	 

F!-.�S �!1� 8��8 G1U � !#�Z� ;.�2.� 	  ��}=� >��!1�#  8�.*7��.� .� ..�> XI��s  ;.�@  ��M�� �.��#8 )D-R .�M# (8 

 �12 }=�  �.��� � ���?!-. R�.���  F9 �59D-R  �12 �A�� �5��< ���  �D-R ?5��  �12 �5��< }=���   	�.;�M# Y�� .�-.

F!-.�S ��8 �!1�8	 ��� #�5� G1U !#�Z� ;.�2.�	 V�'����58 ����	� ������ �!1� )��?-8	 !1��2�A�  M1��!8   ��;�M# �

 .����� �� ��� .. N���> F# �����  R3� 
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Fig. 6- Map of network relationships 
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 .&�E R�-%��� ��� )��!�d U����   9� ������!)�d (������: . ���> �� �g# .�� ;. [.�9�F ��8  N��E

12 ����)�c 9 {#.����# (  � L�E"X� )�Q- ��G �� ��� �� F9!2F:� �������-c� 31�  �;���2R�   N��ME �� �

16 .�-. ��� ����V 

%��. 16- ������!d� ������  
Table 16- Unbalanced supermatrix 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

C1 0796/0 0953/0 0958/0 0946/0 0980/0 0874/0 0897/0 0753/0 0771/0 0781/0 0718/0 0673/0 

C2 0991/0 0760/0 0959/0 0990/0 0939/0 0920/0 0800/0 0796/0 0820/0 0777/0 0671/0 0577/0 

C3 01041/0 0949/0 0767/0 0984/0 0981/0 0855/0 0839/0 0777/0 0755/0 0759/0 0639/0 0654/0 

C4 0960/0 0971/0 0925/0 0795/0 0999/0 0888/0 0812/0 0762/0 0783/0 0742/0 0730/0 0633/0 

C5 0942/0 0903/0 0975/0 01008/0 0785/0 0870/0 0792/0 0797/0 0697/0 0778/0 0714/0 0740/0 

C6 01033/0 0944/0 0892/0 0978/0 0976/0 0723/0 0831/0 0833/0 0748/0 0755/0 0695/0 0591/0 

C7 0963/0 0928/0 0985/0 0963/0 01011/0 0891/0 0647/0 0817/0 0788/0 0743/0 0681/0 0586/0 

C8 0888/0 0936/0 0944/0 0980/0 01056/0 0906/0 0740/0 0647/0 0714/0 0815/0 0664/0 0711/0 

C9 0986/0 0950/0 0893/0 0984/0 0918/0 0917/0 0839/0 0780/0 0624/0 0760/0 0699/0 0649/0 

C10 0939/0 .900/0 0962/0 01001/0 0922/0 0865/0 0722/0 0790/0 0825/0 0629/0 0777/0 0667/0 

C11 01034/0 0943/0 0889/0 0978/0 0915/0 0909/0 0770/0 0835/0 0690/0 0718/0 0570/0 0649/0 

C12 0983/0 0889/0 0890/0 0985/0 0918/0 0916/0 0775/0 0843/0 0752/0 0824/0 0702/0 0522/0 

  

.G!?� [�7 d�������! M�6��  :�����������-�c ��2 �;�  N��E ��15 F#�E �E  ~� ;. c� � M���   � ���QM-

 �!- �����#. 	��c� ���4!��  N��E ��17 .��:� �� ���. 

 %��.17- ������!�d ����  
Table 17- Balanced supermatrix 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

C1 0796/0 0991/0 1041/0 0960/0 0942/0 1033/0 0963/0 0888/0 0986/0 0939/0 1034/0 0983/0 

C2 0953/0 0760/0 0949/0 0971/0 0903/0 0944/0 0928/0 0936/0 0950/0 0900/0 0943/0 0889/0 

C3 0958/0 0959/0 0767/0 0925/0 0975/0 0892/0 0985/0 0944/0 0893/0 0962/0 0889/0 0890/0 

C4 0946/0 0990/0 0984/0 0795/0 1008/0 0978/0 0963/0 0989/0 0984/0 1001/0 0978/0 0985/0 

C5 0980/0 0939/0 0981/0 0999/0 0785/0 0976/0 1011/0 1056/0 0918/0 0922/0 0915/0 0918/0 

C6 0874/0 0920/0 0855/0 0888/0 0870/0 0723/0 0891/0 0906/0 0917/0 0865/0 0909/0 0916/0 

C7 0798/0 0800/0 0839/0 0812/0 0792/0 0831/0 0647/0 0740/0 0839/0 0722/0 0770/0 0775/0 

C8 0753/0 0796/0 0777/0 0762/0 0797/0 0833/0 0817/0 0647/0 0780/0 0890/0 0835/0 0843/0 

C9 0771/0 0820/0 0755/0 0783/0 0697/0 0748/0 0788/0 0714/0 0624/0 0825/0 0690/0 0725/0 

C10 0781/0 0777/0 0759/0 0742/0 0778/0 0755/0 0743/0 0815/0 0760/0 0629/0 0817/0 0824/0 

C11 0718/0 0671/0 0639/0 0730/0 0714/0 0659/0 0681/0 0664/0 0699/0 0777/0 0570/0 0702/0 

C12 0673/0 0577/0 0654/0 0633/0 0740/0 0591/0 0586/0 0711/0 0649/0 0667/0 0649/0 0522/0 
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%��. 18- �����!d�� )�/  
Table 18- Limit supermatrix 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

C1 0961/0 0961/0 0961/0 0961/0 0961/0 0961/0 0961/0 0961/0 0961/0 0961/0 0961/0 0961/0 

C2 0919/0 0919/0 0919/0 0919/0 0919/0 0919/0 0919/0 0919/0 0919/0 0919/0 0919/0 0919/0 

C3 0921/0 0921/0 0921/0 0921/0 0921/0 0921/0 0921/0 0921/0 0921/0 0921/0 0921/0 0921/0 

C4 0963/0 0963/0 0963/0 0963/0 0963/0 0963/0 0963/0 0963/0 0963/0 0963/0 0963/0 0963/0 

C5 0950/0 0950/0 0950/0 0950/0 0950/0 0950/0 0950/0 0950/0 0950/0 0950/0 0950/0 0950/0 

C6 0876/0 0876/0 0876/0 0876/0 0876/0 0876/0 0876/0 0876/0 0876/0 0876/0 0876/0 0876/0 

C7 0783/0 0783/0 0783/0 0783/0 0783/0 0783/0 0783/0 0783/0 0783/0 0783/0 0783/0 0783/0 

C8 0784/0 0784/0 0784/0 0784/0 0784/0 0784/0 0784/0 0784/0 0784/0 0784/0 0784/0 0784/0 

C9 0749/0 0749/0 0749/0 0749/0 0749/0 0749/0 0749/0 0749/0 0749/0 0749/0 0749/0 0749/0 

C10 0764/0 0764/0 0764/0 0764/0 0764/0 0764/0 0764/0 0764/0 0764/0 0764/0 0764/0 0764/0 

C11 0690/0 0690/0 0690/0 0690/0 0690/0 0690/0 0690/0 0690/0 0690/0 0690/0 0690/0 0690/0 

C12 0640/0 0640/0 0640/0 0640/0 0640/0 0640/0 0640/0 0640/0 0640/0 0640/0 0640/0 0640/0 

 

.&b� R�- *���� �b� ����� �+�H�I��: .���F ��8 �������-�c �b	8 �/2  ;�  ����� �5�V�'��  M��  ��M�   �� FM9

 N��E19 2�D F# FA�� 
��6 �5#8 .�-. ��� ����V  

 %��.19- D�� � ���	 �b��� �+�H�I ��  
Table 19- weight and final rating of criteria 

_�#�  #�'�  ���b� ���  ;D��  

1  C1 0961/0  2  

2  C2  0919/0  5  

3  C3  0921/0  4  

4  C4  0963/0  1  

5  C5  0950/0  3  

6  C6  0876/0  6  

7  C7  0783/0  8  

8  C8 0784/0  7  

9  C9 0749/0  10  

10  C10 0764/0  9  

11  C11 0690/0  11  

12  C12 0640/0  12  
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