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2 - Technique for Order Preference by Similarity to an 
Ideal Solution (TOPSIS) 
3 - Multi-Attribute Utility Theory 
4 - Analytic Hierarchy Process 
5 - Fuzzy Logic 
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 ��� ��� 	����  

        :��; 1<��	� �� �� -�; �,� ���3     ."/ �"/�/ �%2��  :1 (
������������������������������������������������������������
1- Degree of Possibility 
2- Consistency Ratio 
3- Consistency Index 
4- Random Consistency Index 
5- Center of area 

   1�%>?� $��9�2 (   1���� =��/�	�3 (         �"��9� � �"! �"��(� ���� ����
���� ���(� .  

 ���� ��# ��! ��� �� �%2�� ��  � �"!���9���� 1�!���9� 1K�� 
               ��"g� @A ��"��� �"� ���� ����� V��� �%?%/ � 1���9� :�8E (�#

����� .        �� �"!���9� 1�� G4"/ �� F�"! 1-�"; �,� V��� �%?%/ ��
             �"��(� � k��+3 G4/ �� :�8E 1k8/ G4/ �� �!���9���� 1k�� G4/

      �#��� �� ��P �g�J G4/ �� �! . ���9� k�� �%2�� ��  � �"!���9���� 1�!
            �#��� ��! 7���� � -��N&/ �� � �� �� �� =�8b �� :�8E6    ���"� � 

       ���"M �� -�"; �,�3          �"�&��� ��"P �?"���� ��8"� 1)24 .(   �"�� ��
              �"� :"��E �"� ��"�9���� �"! �"� .�?# ���� ��# $%&'� ��!���A��

      @(�� � -����� �?���� �_��6������      ��N&"/ �"� ��_�� �� �� �!  -
     �; �,� ���� �s%s� ��E � .          ��"! �?"���� ������"/ �"��e� � xJ

                :"�%	� � -��N&"/ �"� �"��(� � :��E 1���9���� 1���9� �! @�� 1�M��
           �("� k�"# ��
 �� � O#�3 � �9/8�Excel       ��"P ��"/�	� ��8"� 

.��� .                1�"!���9� )�"'&# :"2�� �"�%
 �� �"
 ."/ G�v8� �� k�R
  �8E � �!���9����   1@�"/��;��
 =�"I# � �! @A �M�� �?���� (�# � :

        -��N&"/ ��"��	� ���"/ ��"! �&��� � � ����C/�J K��&# ���� L�M
 �����)5 � 16 .(

         �"��� �"�# $%&'� ��!���A�� ���+# ���� ���� k8/ �%2�� ��
                �"��� ���(� � �,� 1k�� �%2�� �� -��A ./� �� ���+# @�� �� �M8� ��

 �; ���9� .  ��              �"��� �"� �"!���9� @�� �"���� ��oe"� ������ ��� .��+#
               ��"P �"/��� ��8"� ��"�� ����"� ���A�� .�/�?2 1�! ���(� ����

.��� .          ���� ��# ��� ���&+� )�'&# ��� -�; �,� ��� k�����
 :6; ��2./ -�; �,�  .

  
 ���!" # �$������� %�$����� %�$ 	��&' (����  

    ������ �8I�� ��        ���&+� ���9� � ���� ��# $%&'� ��! ���A��
              �� -�"; �",� ��� � 1�����2 .��� �������� )A L���� ��N�� ���A��

   :�P Z'� �; -��N&/ .          (�"/ :��"; ���� ��# K�� ��! ��� c5
  7869�)RO(   (�5�����&65 1)ED(      �#�"+��# �"�4�� 1)MSF(   �"�4�� 1

    � �%2�� ��3)MED(     ��"'� �
�� 1)VC(       �#8"� ���"�� � )IE(   �"� 1
        ��8� 1���� ����� V��� �%?%/ G4/ ���� ����J @8�E   ��"P �M8� 

��&��� .            � � ����C"/�J K��&# ���� L�M 1����'&� �I# �� �M8� ��
  � �""#�'��&
 L��""�� �� -�""; �"",� K��"&#)5 111 112 � 15( ���""��� 1

���          �"�� mB�; �/ ����� �� �8
c� ��!)C1(   �	� .?"�� 1  �"4
)C2 ( ����&P �)C3 (.���cJ k�g#.  

  
  
  

������������������������������������������������������������
6- Linguistic 
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 �
��2 - '���67 9��7�� ���%&�$�# ;<��   

N  1  2  3  4  5  6  7  8  9  10
RI  0  0  58/0  9/0  12/1  24/1  32/1  41/1  45/1  49/1  

  
 �
��3 -'�
& C�D���� �� ���E�$	 ���� �&�� 
 '#�F& G���� ) 14 (  

'#�F& G�������H� '2�2� �&�� ��II G��H����H� '2�2� �&�� ��  
@�?6� .��!(1 , 1 , 1)(1 , 1 , 1)
$�9v �����(1 , 3/2 , 2)(1/2 , 2/3 , 1)
y/8&� �����(3/2 , 2 , 5/2)(2/5 , 1/2 , 2/3)

�8P �����(2 , 5/2 , 3)(1/3 , 2/5 , 1/2)
�8P ���?� �����(5/2 , 3 , 7/2)(2/7 , 1/3 , 2/5)

<%4� �����(3 , 7/2 , 4 )(1/4 , 2/7 , 1/3)
  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  

 4��2-'�	�& J�# �
� !���KF *�L�#	 ��� M	�%��� 
  

              �"! ��"� 1�"! ���(� ������ �� .P� Z�(� �8I�� �� ���H�!
  �; �&��� �I# �� ���!���9���� }8� ��!���9� � �� .   V"���� �"� ��

 L"�� ��!���9���� 1�4�	� .?�� ���9� ��� �
 )�8"; )SC11 ( �
   8! ���85A)SC12(        ��"! ���(! ��!���9���� 1����&P ���9� ��� 1

  ���M)SC13 (      ����� -�+� ��! ���(! �)SC14(    ��� k�g#�/ � 1
       m�'� �� ���# k�E ��!���9���� 1��� ���9�)SC1(   �_&?"�� k�"E 1

    �M��B ��!�8C
 ��)SC2(         ���"� � x"J =���"B 1)SC3(   k�"E 1
����H�J) SC4(     ��"�# ��8"� ��u� 1 )SC5(      �9"/8� ."�%��P 1)SC6( 1

+�/�� 
 �;��*<���� ��;��*<� =**<%

 8�/'� >�� �; �;�����: =**<%

8�
� �5��?� �; @��%�� +*A�%��:  �

8,%/�� ��5�7 ��B	�7 +*A�%�

 C��D / �<7�% +*�$%�

�5��?��; ���EF 

8���� ��" �,%� =**<%

F ��GB�/�%�" ���E�

�

�

��H5� I��<% 

J�,7�$� 
Fuzzy AHP 

�

 ���EF ��" �,%�
 8:�<� 
 �;
�%�" ���EF 
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     �&?�/ ����
 ���&E .�%��P)SC7(       )A .�N�
 � .��
 �� ������/ 1
 k�""B)SC8( )A .""������ Y�""# 1)SC9 ( -�""; ��N�""� )A .""�N�
 �

)SC10 ( ����� �8I�� .              ����&?"� :"�5� �"� �"
 ."/ �"
| �� k�R
     ��� � �� �! 1����&P ��!���9� !���9�        � �"��M ��"! �"��(! ��

        ��&638
 ��!���9���� �� ����� -�+� ��! ���(!):�8E (   :"��P �
 �t�""# �""��(!)SSC2( ���""+_# �""��(! 1)SSC4( �8""� �""��(! 1

  ������;)SSC6(    �%�/�J ���(! 1)SSC7(     .B�"/ �"��(! 1)SSC1( 1
   =(�+g� ���(!)SSC3 (    ���� .��P �)SSC5 ( ����� ��6N� . xJ

 ���9� �          ����� V��� �%?%/ 1:�8E � �!���9���� 1�!���9� 1�! ���(� 
 :6; <��4� ����3�; ��g� .  

  
NOF 
 P���#  

���!" # �$������� %�$����� ���) *��  
   ���M ��4          � ����"&P 1�"�� ��!���9� �M�� �?���� x����� 1

     ./ -�; -�� @�C# �4�	� .?�� .          )A ���e"� �"
 �"� �� �M8� ��
#����;A   �5�/ �)             �"4�	� .?"�� � ����"&P ��"! �"��M �d� �%E

���  ���� ��# ��! (    c"5 1."/ �#�?"# L�8M ��%
 ���# ���� �+�
���M               1k�"B )A ."�N�
 � .��
 �� ������/ :��P � [8v8� ��� ��!

           �_&?�� k�E 1���� � xJ =���B 1����H�J k�E 1)A .������ Y�#
     � �9/8� .�%��P 1�M��B ��!�8C
 ��      � �&?�/ ����
 ���&E .�%��P 

    ./ ���8B�� � -l�� .��! .           1�"� @�"/��;��
 �"I# ��"��� �"� c5
            ."/ -�; ��&C�� @�� (,�2 �! mB�; ���/ �� .�?# ��� mB�; .

            �����"
 �"� y���"� �"4�	� .?�� :,�?� �_�� F�X �    ��"! ��� 
            ���� ��! ��� ���E �� �! @A �s
 � -�8�# -��&?� ���� ��# 1�&�

              @�� 1�"�� � ����"&P ��!���9� �� .�?# c5 1��;�� �� ��&�
 :��P
��&�
�;�� �� �� � .  

  

  
  

  

 4��3 -'�	�& J�# �Q�)�� !���KF *�L�#	 ��RD� S7	�� ��D�$ 
  

 �
��4 - '�	�& J�# �Q�)�� !���KF *�L�#	 ������H� '�
& �D���� 9��7�� 
���H�C1 C2 C3
C1 (1 , 1 , 1) (5/4 , 7/4 , 9/4) (1 , 3/2 , 2) 
C2 (4/9 , 4/7 , 4/5) (1 , 1 , 1) (2/3 , 1 , 2) 
C3 (1/2 , 2/3 , 1) (1/2 , 1 , 3/2) (1 , 1 , 1) 

  
  

  ����*K L"�% ��� �� �"��� �/ 8�/'� >�� ���EF =��%�" =**<%

C3C2C1

SC1 SC2

SC4SC3

SC5 SC6

SC8SC7

SC9 SC10

SC11 SC12 SC13 SC14

SSC7

SSC6

SSC2

SSC4

SSC5

SSC1

SSC3

EDRO IEVCMEDMSF
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       ���9� (�# � �!���9� ��?# @�� ��/�	� .+M  �+"/  �"!  �"� � 

@A   �� �! )�'&# ���&+� ���(� ��#     y��� � ����1   �� 7   ��   =�8"b
-��N&/ :�|����� :

)713.0,448.0,259.0()
36.7
1,

49.9
1,

55.12
1()25.5,25.4,25.3(1 ���C  

)516.0,271.0,168.0()
36.7
1,

49.9
1,

55.12
1()8.3,57.2,11.2(2 ���C  

)476.0,281.0,159.0()
36.7
1,

49.9
1,

55.12
1()5.3,67.2,2(3 ���C  
1)21( �� CCV              1)31( �� CCV  

57.0)23( �� CCV              1)13( �� CCV  
59.0)12( �� CCV        97.0)32( �� CCV  

               ��!8"B ��"�9� �"! ��"� -�; ��/�	� @�6� =�M�� �� �M8� ��

.;�:  
)59.0,57.0,1(),,( 321 ������ CCC wwwW

 @��
 ����# � xJ W ���A �� ./�� :�| =�8b �� �!���9� @�� 1.  
TW )273.0,264.0,463.0(�  

          ��!���9� @�� 1-�; k�g# �M�� =�?���� 7�/ �� 1V���� ����
 �&P 1���           ���"9� V"���� �"� �4�	� .?�� � ���463/0  1264/0  � 

273/0    ./ -��A ./� ��  .             � �"� �"! ��?"# @�� 1���C"� �8"X ��
   y"��� � -��N&/ �� 1�M�� =�?���� k�g# � xJ 1:�8E � �!���9����

���M �� @A K��&# �
 ����� ��/�	� �8
c� 5 �baB -�; ./.  

  
 �
��5 -
 �����H���& 'TD# (&
  4�	�I '�	�& J�# �
� !���KF *�L�#	 �Q�)�� �� ���E�$	 ����  

���H� ��&'TD# (&
���H���&'TD# (&
4��I'TD# (&

SC112/0SC819/0SSC112/0
SC202/0SC916/0SSC238/0
SC311/0SC10 17/0SSC388/0
SC408/0SC11 00/1SSC434/0
SC500/0SC12 00/0SSC500/0
SC604/0SC13 50/0SSC600/0
SC711/0SC14 50/0SSC728/0

 �
��6 -4�	�I 
 �����H���& �F UTD# �� �Q��% 'TD# (&
   
���H�4��I �� ���H���&ROEDMSF MED VCIE 

SC1 341/0242/0058/0065/0034/0259/0
SC2 265/0146/0133/0146/0146/0164/0
SC3 318/0197/0118/0121/0  092/0153/0
SC4 218/0112/0065/0065/0201/0340/0
SC5 313/0301/0000/0119/0000/0266/0
SC6 231/0145/0155/0145/0157/0166/0
SC7 286/0131/0126/0163/0163/0131/0
SC8335/0500/0000/0000/0000/0165/0
SC9196/0284/0107/0068/0108/0236/0

C1 

SC10 129/0000/0293/0284/0293/0000/0
SC11 209/0323/0113/0113/0081/0161/0

C2
SC12 224/0197/0096/0159/0126/0197/0
SSC1 424/0216/0042/0102/0042/0174/0
SSC2223/0266/0088/0058/0000/0365/0
SSC3304/0195/0049/0152/0131/0170/0
SSC4065/0000/0350/0183/0380/0022/0
SSC5331/0305/0073/0026/0028/0235/0
SSC6339/0180/0122/0122/0122/0115/0

C3

SSC7205/0239/0162/0098/0088/0208/0
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  =��/�	� 7�/ ��          x����"� ������"� � x"J 1-�"; k�g#    ��"! 

              ������"/�# Y�"# �s
�"2 1��"g� �!� @�� � �����/�# �M�� �?����
               ���"9� :"�8E � �"!���9���� 1�"!���9� �"M�� �?"���� ��! x�����

065/0)    � �&�
1/0 (             k�"g# ��"! =��u"P c"5 ."/ -��A ./� ��
      L#�"�a� )�"'&# ���A�� ��� �� �! @A � -��N&/ � -�8� �����/ �&���

./ . 8X @��!         ���M �� -�; �,� ������ � �
 �5      @�� 1�"�A �"� �� 
             �
 ./ -��A ./� �� �Nb ���9� :�8E � �!���9���� � �B�� ��?#
               :"�8E � �"!���9���� �"� �"
 ���?� .��! -��!� @�C# �%>?� ��

./ :�8E � ��!���9���� ���/ �� .�?#.  
  

 �$ 	��&' ���) +#  
     �� �?���� x����� :�6C� � xJ        �"! ��?"# @�� 1�! ���(� �M

              ���"M �� @A K��&# �
 ����� ��/�	� ���� ��# ��! ��� � ��
6./ -�; �,� .  

            �s
�"2 1:�8E � �!���9���� �� .�?# �! ���(� �M�� �?���� ��
    ���9� ������/ Y�#082/0 )   � �&�
1/0(   ��A ./� ��  .    @8"� �� c5

        �M�� ��! �?���� �
 .��� �g�&# ���3     :��P � ��4�� �&��� k�g#
��&?! �8�P.  

���, -.) ���/ 	��&' 7�89)� # ���:) +#  
                V"�
�� � L"P� �� �"
 ���(� �! ��� -��A ./� �� ���+# @��
           ��/�	� :�8E � �!���9���� 1�!���9� 1�! ���(� ��?# ��! @�� �4B

 :6; �� 1���� ��4./ -�; -�� @�C#   .  

  
  

 4��4 -'��K# (&
 4�	�I 
 �����H���& V�����H� ��� �F UTD# �� �Q��%   
) RO :7869� (�/ 1ED :��&65�(�5�� 1MSF :�#�+��# ��4��1 MED:� �%2�� ��3 ��4��  1VC :��'� �
��1 IE :�#8� �����(  

  

  
 4��5 -���% W��67 ��� U�$�D. 4��O7 �0��#   
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          65 ��� ��A �� �� �8
c� ��8�# � �
 �8X @��!(�5�����&) ED( 
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 ./ �5�2   ��!���A�� ���/    :��"; �"��� ��#     178"69� (�"/ 

 1�#8� �����   ��4��  �%2�� ��3 �4�� 1  � �#�+��# �  ��'� �
��   V���� �� 1 
      �C; �� k�� ��! ����      z��"&B �8B �� �  �"# -�� .      @8"� �"� c"5

3               ��N�"� ��"� ���C"d ��!�"��A�� � -��N&"/ �
 .��� �g�&# ���
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 $%&'� Q��# �� ���M

  ./ ���C� *�&�?# .g!  ��)12 (        �"�# $"%&'� ��! �&?�/ ������ ��
                  ��� �"
 �� @�C"# ���"� �"���� �%?"%/ :"�%	� �"�
 �� ����

           �"��� �"�# ��! ��� ���/ �� .�?# 7869� (�/ ���Cd   ��"� 
     ./ �� V/��� ���� )A ��N�� .         �"/8�g5 � �?"	� �"95�4� �"g�&#

)17 (            1��� ��!���9� �I# �4�# � �
 .;� @A �� .5R� (�# ����&P
            V"/��� � ���(� ���Cd ���� ��# ��! �&?�/ �4�	� .?�� �

./ ������� �8; V5 ��! )A ��N�� �� ��.   
 

����� <����=   
            K��&# .	b �� Q���� �� =��uP ��! mB�; ���� �+� � �6�

       ./ .�/�?2 :�%	� � -��N&/ 1-�; �,� ��� .   .�/�?2 :�%	� ��
     �9� @�� ���M �� �M ��oe�              ��8"� �"! �"��(� ��"�� �"��� �"���� �� �!��

   ���� �� ��P ������ .             ���"/ @�� �"� ��"�9� �"! @�� �8I�� �� ���
                   ���"+# @�� ��"/�	� �"� � -�"; �M �� �M �� �� �� =�8b �� �!���9�
                 ��8"� �"! @A ���"+# ��"�� �"��� �� �&��� =�8b =����� 1�! ���(�
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Abstract
In this research a fuzzy decision making model was presented to assess and rank various water desalination 

methods and ultimately select the best alternative. The desalination alternatives which were investigated 
included Reverse Osmosis, Electrodialysis, Multi-Stage Flash Distillation, Multi-Effect Distillation, Vapor 
Compression and Ion Exchange. The model was carried out in three steps: problem definition, fuzzy 
computations and ranking of alternatives. The hierarchy structure used for problem definition included 5 levels 
of: goal, main criteria, sub-criteria, factors, and desalination alternatives. The criteria, sub-criteria and factors 
and the relative importance of each were determined based on the experts' opinions and the literature results. In 
the next step, by using Chang's extent analysis, various desalination alternatives were evaluated on the basis of 
the selected criteria, sub-criteria and factors. For assessment of accuracy and its practical application, the model 
was used in a case study concerning quality management of the brackish water from a number of wells located in 
the City of Torbat-e-Heydaryieh. The results of the research indicated that the Electrodialysis process, with the 
final weight of 0.255, was the best method of desalination for the investigated wells. The sensitivity analysis also 
showed that the fuzzy model has a low degree of sensitivity in regard to the changes in criteria weights, meaning 
that the results are adequately reliable. The results furthermore pointed out that the fuzzy analytical hierarchy 
process can be used as an efficient tool for systematic decision making in the area of qualitative water resource 
management.  

Keywords: Groundwater Resource Management, Saline and Brackish Water, Multi Criteria Decision 
Making Methods, Fuzzy Logic 
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