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Abstract  
Large-scale water resource development projects have been in many cases known to have  a multitude of 
complex environmental impacts. The proper assessment of these impacts not only requires novel approaches to 
deal with the multiple aspects of these impacts but also needs rather quantitative techniques to make more 
reliable and less uncertain synthesis of the overall consequences of the project activities on both the integrity and 
health of the surrounding environment. Analysis of the significance of the environmental impacts is a multi-
criteria decision making problem and makes the core of the conventional environmental impact assessment 
methods. However, these conventional measures of significance analyses are proved to be inadequate for dealing 
with the imprecise, vague, and uncertain nature of the linguistic assessments of the ecological, social, and 
cultural impacts. A new numerical method called the fuzzy outranking sorting technique for ELECTRE TRI 
(ELimination Et Choix Traduisant la REalite) is proposed and applied in this research for the purpose of 
environmental impact significance assessment of the Ardebil Reservoir, Drainage and Irrigation Development 
Project in Northwestern Iran. The basic idea behind the research was to develop a methodological framework to 
assist the environmental impact analysts in reducing, as much as possible, the intrinsic imprecise and uncertain 
traits of the multi-expert judgment based methods currently used in the analysis of environmental impacts of the 
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Compared to the compensatory MCDM techniques, ELECTRE TRI provides the advantage of using a fuzzy 
approach in the analysis of the vague and poorly determined set of judgment data and helps in more credible 
assignment of values to a set of predefined categories with respect to a set of impact criteria. Results of the 
Fuzzy ELECTRE TRI based analyses are compared with the weighted sum method, which is one of the current 
methods in environmental impact assessment process. It is argued that due to its multiple criteria and fuzzy 
characteristics, the ELECTRE TRI method is capable of producing more reliable inputs for the decision making 
process compared to the conventional additive techniques. 
 
Keywords: Environmental Impact Assessment, Multiple Criteria Decision Making, Electre_TRI  
 Model, Weighted Sum Method. 
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 &�/0 X��. V��5	5�E%��.
XzE��[. S�	 5:�>"�� 7	�"5/+�� &$ �6 �% 	 &�%�[	 ��8	����

%��% %���.� �>���H�".&��� % �����[0/y ���B�����3�%��/ sH���" V
	5y `��  �E�� ���H�" �% �5%/�,  �B/� %%�� 7/'��$ �/V

 ���P �% sH�"5����� �[�� &�$ /% sH��" '/7���M *%��" ��B 
4(/%�� ����H �� .��/S��	 ?� &�� &�� ��� �/ !��-E !���� ���4��3�
�	���%��5"��� *5�D  
���-� ��	 N5�E%��.

4�8���� ,%�$� Electre_TRI 
S�	Electre_TRI ���. �>�"��3,	���� �!���8�� !�� +��� .���

 ��1E !��8���S�� �% ��� ?TUgg `��  ��/�������8-� �R���,	5
�lW� ̀ ���  3�� YS��� �%TUgi *��	�m�EjS��� �% TUff �

�m��m�� � 3��pS�� �% R��p *&,�� /+�� .��� Electre_TRI 
����S�� �% ��� ?TUU^ `��  �/u%�� &|���/�]izTT[.

�/*��� ?/&��% ��� V���3-�  �N���3,	 ��� �+��� !��
 �� &$/&�!���� Q��� �� �� �� ���3�( �� �, '��� &�D[2 *!��" ?����3

	5�-E/�.�/&D[2 ?���3�E �% ��D	 &)/&�����/���( ��� &� ��75/���
� &$���D[2 ��	 �BE������	 7P�F *5%%��]\zf�T^[.

1 Benayoun et al. 
2 Roy 
3 Nijkamp 
4 Roy and Skalka 
5 Yu 

7m" K��;	 &CE���T��� *3,	�����3g1*g2*….*gm)&�0�-)	
F(���( *�7��3b1*b2….*bp)&0�-)	B(� %��" &���� �tE �%bh

������� �����F5/&������% Ch|�����( �����F ���5&������% Ch+1�����"�� *
h =(1,2,…,p)}{� �% */*+��F ?P+1 +�"�% ����H %�.� &��% .

� �%/� �� &;��� *��� ?3)S(����� ?/&�� ���( � ��� ��7����M�� ���
	5%�" .�/�� &$ _�[ �� ?aSbh�/�bhSa 	 !%�% ��#E 5*%�" ?�/� &� 

�,	5�� &$ +�� /&�a���( �� ��>� 7M��F �7bh+�� �/�� �l80 .
&E���6 �F ��3��5 ���J 5)q(�.�� ���+)P(�� �� ���0n2� *3

=H�%5,	 �� �8#  �� ���	 75����% .��/%��D	 ?/DF �% ��+�M% +�D
���/��5��/��� &� &�3,	�	 s1#	 �� ��5�-E/��]\*bzf[.

qj (bh)¢��� � /
n�H� ?gj(a)-gj(bh)�	 s1#	 �� 5�-E �/ �
� :;� !���% ��#E &$5 ��J 5���� ?/&�a���( ��7bh��� 3,	���

gj+��.Pj (bh)M��F 7
n�H� gj(a)-gj(bh)	 s1#	 �� 5�-E �/ �
��=;	 :;� !���% ��#E &$��� +/&�a���( ��7bh���� 3,	����gj

+����� .����-E/ �-���" '�&�����% V���( � ���������7��� �% ����� 
Electre_TRI 7m" �% T+�� !�" &|��� .

�Z���&��% w/�,  !��E 7����( +/%���	 �� !%�J��� �� �� �% ��S�	 
Electre_TRI ]\*bzf[

���3&D[2 ���3��/&�� �>��H�" +��� A�� *���3���E�-� 3��
��E�-��E3���� 3�� +J. �� /,	 �� *&�����( ��� � �� �� ���� 73��� 

,	�����E%�� &[���	E�]\*bzf[.
/���o �� &0�-)	 V/��� ����3	N�>)k1*k2*…*km(��/V

&E���6 �� &0�-)	 ��34�WE /?���vm (bh))*...*(v1 (bh), (v2 (bh)

����	���(5/3� �� `���� ?�H�� �% &$ ����� *�E��% 'DE .vj (bh)


n�H� 7M��F !���% ��#Egj(bh) – gj(a) +�� &��%�,	 �� &$ aSbh

6 Concordance Indices 
7 Discordance Indices 

/��%��b1 ��%��/b2 ��%��/b h-1 ��%��/b h

�#"�� �#"�8 h-1 h�#"� h+1�#"� 
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+���� K���	���E .� �%��/ sH���" ��� ?[ ]1,0)b,a( h ∈σ��#��E 
&�%�,	 ��[�0� &.�% !���%aSbh+��� .���� &�;��� λ≥σ )b,a( h

*�"�� ���M�� &�%�,	aSbh+�� �%�P .&�Z +�� :�o�  &� A�� λ
/��. :;� V5/R+�� )[ ]1,0∈λ.( 

% �%/��� !����&E��Y�[�"�H�&E��j���� 3� A��)E� �/�D[2 ?&����3
%��% %���.� .��� ��� �%�&��E��*��/&���a&��� ������	 �����P5���� 

���(�7��3bi�D	 /�	 &�5� %%���bh���� ����( ?��=5�% &�$ +��� 
&���%�,	aSbh�� /&���a&����% &��� �� Ch+1��	 &������� 5����$.��� �% 
[�"�H��� &E��/&��a&�� ������	 ����P5���( ��� ��7���3bi�D	 ��/ &�

	5%%�� �bh��� ���( ?��=5&�%�,	 �% &$ +�� bh>a ��/&��a&�� �� 
&��%Ch	 &����� 5��$.*��/%�� ���� ��E On[M &Z ��;E�-� +/�>E �%

�% S�	Electre_TRI &�/�� *�% s1#�	 3������,	 Q���� ��� ��
&��% !�" ?��,  '�( �� ��D[2 �/ ��*5�	 ����M ��E��� .�% ��	� ?�/�

 7����( �� &�/�� &�/�D	 &)��E 5/�� ���D[2 ���	 �BE���� @M�� �% &Z
5	 A�)E� *����� %�"]\*bzf[.

1 Cutting level 
2 Pessimistic procedure 
3 Optimistic procedure 

4�4�, �� JL� e�
 ,%�$� 
�/��� ?/85�>"�� �� 5/�� &�$ +��� &!%����� ���2 �3, �% ��� ?

-������ �����}� +��/�	 +����;5+���� &������ �����M !%�J����� %����	 
]T^ �T\[.� �%/,	 ��� *��� ?�S��. Q��� �� ����\s1#�	 

,	 � !���"������D	 �% ����%���0 Q�3�	� ����%��5��	 5���E%�� .&��CE���
 Q���D	 &�� ������ ��[����	 A��)E� 3��� �/�� �"�� 5J�P�  *Q��D	

 %%�� 7/�[  3%�0.� �% �/-�� *��� ?����}� ��� ++��/� 5�;��	 
&� %��0 ����P3&��	�% �% )Tzk(&�;��� ��T��� � !��" &[����	 

S��. ��D[2 Q���h��	 ��5%%�� ]Th[.

)T(
∑

∑

=

=

ω

ω
= n

1k
k

n

1k
k),j,i(k

ij

a
G

&;��� ?/� �% &Z 
k∈[0, 1] a(i,j) *�����,	 !���" ������	�E ���� Gij� ���}� +���-�� ωk

+�� ���,	 ���.

���� 4�5E�� @-. ��� �% !%�J��� +>. �>E6 ��� � �����,	 ]T^[


	�$� U�� e�
� |	��� 
	�$� U�� e�
� |	��� 

+[�	 )z(%�/� ����� \ �}� v�E z

5J�	 (+) %�/� ^
%�/� ����� h

3L���� �}� T

N$ T

%�/� \5-|�% \
`���	 ^

�}� A���  T
5�M�	 T

�}� ��" \

N$ T78#	 \
5=$ \`���	 ^

3� &8� ^

'��$ ��8��� T

���6 T
�}� &�	�% ^

3� &;DE T3� !��% � Nt�	 \
5,-)  \

5����  T
5� � Nt�	 �E

!�0�M 
T 5,-)  �}� T

!%�� T
��	 ��=� \

N�D��	 \

��	 ���	 ^
3�/4( +#��� T

��	 !� �$ T

+=0 _�[ �� 
5��=,	 �

T

N�D��	 ��< T

����D�&D[2 ���}� 3���+�/� ;��	5�}� +�-�� Q��� �� ��]T^[
�>��� M�L7� �>��� M�L7� 

^b/k–k������ fb/k–bT/k%�/� 
b/k–^g/k`���	 Tzfg/k5E���� 
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D�12	#  3�( �
D���-	f# � ���l�M.2� ,d��� �S��/ ���
	F�(O ��6F� � �" 

��(�
� 
K��;	�B��3� A�)E� /D�  ?�*K^k�}� 5�J�	 3���� ���.� 3� S��	 

�D	/&�*�� �tE �% �" &�� .� �	 �� �1��	 ���}�/��� l/��5!L���( 
����� �%3E�-�H�� 5!�>� ���%��3�" x��1��� .

D�8���6H ��(�
� �
	�(O ��6� � �" �S��/ 
� ���l� ��>( 
� ���}�/+��	��;5�6 &8[�" � ��� !L���( �� !��" X��1�E� ����3

�%����	� *7���37P�F �� &���� �� &$ �E%�-E ��$ �� ���� X��o 
�-$5�o �% �}� ��" /� ��}���}� �6 �%��� .!L���( �% &�$ ��)E6 ��

�%���@-. *7 ���3�>E 5/�	� &[����	 Q��� �� ���% �% ����}� 7�$ ��
��/E�-�H��� 7F��	 �% � ��.� A�0 � ��.� &�5!��>� ���%���3A��)E� 

&D[2 �4� *+�� !�" ���3� ���}� /+��	�;5E A�)E� +��� &���B �
 �D[25� �tE �% +�� !�#E &��� .��5� &�� &�.�  �� /K��D�  �% &�8�

 &D[2 ��� *�o�F ���3� ���}� /+��	�;5���;	 %��� A�� *%��� 
�%�� !L��( �� !�" X�1�E� ���}��&D[2 7���3�E%�� .?/� &� ���t�	 

�	� 7M����F � ��$����F &��� &��.�  ��������E �% !���" ����$ �����&��)
7P�F ��-$ ���� X��o5��o �% ��}� ���" /� ��}����}� �6 &�$

&�  � ��fb/g)^b/^×\(�\b/k)ju/�×R(%�� &�D[2 ��>� *

K��;	 S��. uX�1�E� �"&D[2 �6 Q��� �� ���}� �����3�E��" .
&D[2 ~/��E S��. �% ��� ?/� �% ���}� 3����+�� !�" &|��� .

D�4�tFF"	>� �	FF7
	�$� -	FFf# ����FF(���FFl� MFF�L7� ,FF"
�( 
M.2� ,d��� 

&� ��t�	 E�,	 X�1������3,	 *����	 �����3���m  ����	 � %�.�	 
��=	 @��.��	 �% ���>E65��� ����==-�� ?5������ %����	 5�������� �����M 

)S��.f(.	 &tFn	5,	 &$ %�"�����3��}� A���  � &�	�% *��" *
����#/�� ���8  ?�%-�� %��6���� ���}� +/�	 +��;5&�"�% �E� .
�/� �	� ?�� &�$ +�� �6 �BE� �/ ,	 ?�,	 ���. *�����������3=�P� 5�

� �% ��4��}��P��H ����}� �� 5�	 X����	 �E��" .�>E/�� l�( O���
������5�����. �>	 ����,	 �����8  �������C-� � ����������� +��D��;	 ?
�>"��3��� �/��5� �% �/,	 *���������3��	 ��*&��	�% *���" *��}� +

�C-� � A��� ����.� +��>�� � ��}� v��M� S��-�F� ?3�����8��� 3
*'��$ 3�������5-�� �� ���}� +/+��	�;5@-. ��� `��  

E��5%�� X�1�E� /�E�.

����q�� 3%�>�#�( ��D[2 &&D[2 ��t�	 ���}� 3��� 
7��%�� �� 5;��	 +�/� 

N$)L(�p/R–ju/�%�/�)H(Rp/u–uu/j
`���	)M(up/j–�u/R%�/� 5=�H)VH(�u/�–Ru/u

����w�&D[2 ~/��E 3���+�/� ���}� +�-�� 5E�� @-. ��� w=�1	 3���/���� �% 5;��	 

�l� M�L7� �S��/ �	
#�G	$%�M.2� �	7�#��
	/ ,d��� �l� M�L7� �S��/ �	
#�G	$%�M.2� �	7�#��
	/ ,d��� 

L &8[" � �� 5E�-�H�� 3�>����,�z:E��� � ¡%��F L 3�/�Z�H � 3��%�[Z�Hz��� +�J�Z 
L &o�M @���	 +"�%��z����	&E�H%�� 3L�� M !%�. 5�� &���� � 3���z5m#H N�����Z� 3�>��B��/� 
L 5E��E� 3���E ?�	� z5	�� @	��. 
���� L !%�. 5�� &���� � 3���z����E�( 
L 5�����Z �-Z)5E�-�H��(z5�;� X6 @���	 +�J�Z M !%�. 7( � 3��� 3���z5�6 N�����Z� 3�>��B��/� 
M >� X��( � 3����#$ X��� %���5�"��z��1	 5/��� &/4y 

�� 

M &o�M @���	 +"�%��z5���� 3�� &E�� NZ��  

VH !�>� �� �� 3��%��z?�/�( �% X6 ��/�. +�% L &��1E � ���|�� +"�[E� 5E�-�H�� 3��z�t�	 +�J�$

���E� N#�� 
M !�>� �� �� 3��%��z+�% ?/�( �% X6 +�J�$ L &E�H%�� �� X6 +"�%��&���t�	�H�� ���=-0 5E�-

&8["zX6 +�J�$ 
L !�>� �-Z 3��%��z5�;� X6 @���	 +�J�Z L &8[" !%���	 �% 5o��� V=- z3����#$ 3�>����,� 
M �� ��1	 3��B�6z��" 3���/�( 5=F�� 3�� L &8[" � �� 5E�-�H�� 3�>����,�z5 �P '	��6 
M �� ��1	 3��B�6z&���� � ������  L !�>� &8[" �� 3��%��z¥�H 5�%��6 
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����x�5;��	 +�/� ���}� +�-�� %��6�� �% %�.�	 3�����,	]T^[
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����m-� � �E��E6R)^kkT(

�M��L��z����m-� � ��(�  Y

����m-� � ¥�nZj)R��j (���	�  �

)R���(p

�m�E�%u��=��� ��)TUig(

�	��z�/��� �)TUUU(

lE���)Y��j(

���/� �% 5��/��� S�-,	 3�>"�� 

w=�1	 3�>"�� �% ���,	 ���8  

������&D[2 ~/��E 5E�� @-. ��� w=�1	 3���/���� �% 5;��	 +�/� ���}� +�-�� 3��� 
�}� +�-�� !L��( 3�>����,�z5;��	 +�/� 3����	���( �}� +�-�� !L��( 3�>����,�z+�/� 3����	���( 5;��	 
M &8[" � �� 5E�-�H�� 3�� +���,�z:E��� � ¡%��F M 3�/�Z�H � 3��%�[Z�Hz��� +�J�Z 
H &o�M @���	 +"�%��z&E�H%�� 3L������	 H 5�� &���� � 3��� !%�.z5m#H N�����Z� 3�� !�B��/� 
H 5E��E� 3���E ?�	� z5	�� @	��. 
���� H 5�� &���� � 3��� !%�.z����E�( 
H 5�����Z �-Z )5E�-�H�� (z5�;� X6 @���	 +�J�Z VH 3��� 7( � 3��� !%�.–����Z� 3�� !�B��/�5�6 N� 
H 5�"��>� X��( � 3����#$ X��� %���z&/4y  �� ��1	 5/��� H &o�M @���	 +"�%��z5���� 3�� &E�� NZ��  
VH �� �� 3��%�� !�>�z+�% ?�/�( �% X6 ��/�. M 5E�-�H�� 3�� &��1E � ���|�� +"�[E�z���E� N#�� �t�	 +�J�$ 
H �� �� 3��%�� !�>�z+�% ?/�( �% X6 +�J�$ H &8[" 5E�-�H�� ���=-0 +>. &E�H%�� �� X6 +"�%��zX6 +�J�$ 
H 3��%�� !�>� �-Zz5�;� X6 @���	 +�J�Z M &8[" !%���	 �% 5o��� V=- z3����#$ 3�>����,� 
M �� ��1	 3��B�6z5=F�� 3�� ��" 3���/�( M +���,� &8[" � �� 5E�-�H�� 3��z5 �P '	��6 
H �� ��1	 3��B�6z �&���� � ����� H !�>� &8[" �� 3��%��z¥�H 5�%��6 

1
Antunes et al 

2 Bojorquez-Tapia et al 
3 Clark et al 
4 Thampson 
5 Duinker 
6 Beanlands 
7 Gomez-Orea 
8 Lawrence 
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D�D���6H , �� JL� e�
 |	"� �( ���l� ��>( 
� �%/-�� *&=F�	 ?��� ���}� +&;��� E�� @-.5?����� ��tE �% ��� 
��� ��3)Tz^z\(�&	 +�%56/�)&;���T(.&� A�� �% +��� �$I

 � %����$/,	 ���� *��� ?��� ����/Q��� �� ��>"���3!��" &�|��� 
S��. �%j, ��� lW� � !�" ?/��	�E �>"��� ?���E%�� �.=-0 �� ��

��	�E��%�$ �*�D  ���,	 �� ���� N�� �� �����#/,	 ���� ?���% ��
/	 A�)E� ���� V5%�" .� �%/�>E *��� ?/-�� O�����	 ��}� �� +�`
�/��5&�%�0 ���P3&�	�% �% )Tzk(&;��� ��T� !��" &[����	 

S��. ��D[2 Q��� ��h��	 ��5%%�� .S���. �% &=F�	 ?/� ~/��E
i+�� !�/%�� &|��� .

D�I�	7
	�$� ��	" ,�L5 M
� t"	>� |	��� -	f# � 
=$ ���� +�� A�� &$ �)E6 ���,	 &�� ����&��-$ ���P5S��	 %��� 

�>�"�� Q������ *%��" K�D�  ?/� �% 3%�>�#�(3D	 *%��.�	 ��Q�
)\zT(3��� �	� ��%��5,	 &� �&� ���� S��. ��"U�,  �/ %�� w�/�.

&� A�� �H�� S��	 ?/� �% &$ +�� �$I5,	����� ����� �/#5�H�� �5
#����$5������� .,	 %����	 �%�������3���� ��/#5� ���� *��� �% � ��#

 ,	 %��	�����3#��$ 5X�=;	 �>E6 ��-$ ���� *+�� .&�� &�.�  ��
��	�J�	 +5,	 *!�" X�1�E� ���}� �����3���" � A����  *&��	�% *

,	 !%� �% v�M� S�-�F������3#��$ 5,	 ����% *'���$ ���8��� ��
 ,	 &��%�����3���� /#5	 ���M 5��%�.S��.U5	 ��#E ��% �% &�Z 

� &� ���,	 ��/��5��5/�������	� ���Z �[� T��  \5�	 �E��" .
�&�}� &CE��� *S��	 ����03�M�	 5E�-�H�� &=F�	 �% �5�C-� ��?

�% D��	 !%���	 �,	 �tE �� *��% �� !L��( N��	� A����  �� ����T�� �
,	 �tE��	� *&�	�% �����^�% �� /+��5	��Z.

D�W�e�
� ,=>7	L7 ��#>5 	7R

� ���}�/+��	��;5�%�� !L���( �� !��" X��1�E� ��&�� &�.�  ��� *7
,	�����3, ��D	 � !�" ?��%��0 Q�3K���;	 !��" &����� ��tE �% 

S����.U���-$ *5%�� ��/�.&��� S����F ����t�	-2� �B�����-� �� �����5
�> ���M3� ����}� %���	 �% w�=�1	 ������"��$ �/+��	��;5�

,	�����3B���-� S���$ *`[ �	 5���� ��3,	 &�� !��" !%�% ������
 
1 Consistency Control 

�2 �� �/ ,	 �� 
����E� &[����	 K���>�"��� ��3���� �� !��" &�|��� 3
,	 �� &� w=�1	 �����"��$�4( ���P *��/+�� .� &�?/ �  ���% �

 ��P5,	 
���E� &$��>�"��� ��3,	 ��� %���	 �% !��" &�|��� ��*��
V��$ �� � /B���-� *�"�� V5	�� %��% %��.� !�" &|��� %��0� ��

 	 �4��BE���	� ?�� *����&,	 ���� �����0 �� �� �6 �% ��/��tE �% *&��
 	 &����5,	 
���E� &CE��� � %�"���/¢��� � V�� �  �/ *��"�� V

���>��"��� ���  +���� A3���� �� !���" &��|��� 3O�%���)	 *�������"��$ 
�BE���3�E%�� .

D�Y�	7
	�$� t"	>� U�� <��$� 
, ��,	 ��� ?�S��	 ��� ���$ ���	���� &�=-. �� �����Electre_TRI 

+�� ,	 ��� *K�D�  ?/� �% *�E�� @-. ��� Q��� �� ����5�% &�$
 S��.\!�" &|��� +�� ��" &������tE �% *]RY �Rj[.,	 ��� �� ��

 S%�,	 ��"\*S%��,	 &�	�%^��� ��� �/,	 ��tE ����� �� *A����  �
	 � �}� v�M� S�-�F��%����$ ���3����8��� �%�� 3S%��,	 '���$ 

T�tE �% �" &����.�/��� ?&�� �� �,	 ���� !���-�S��	 %��� �����
 �")S��.Tk(.

D�]��FF�6H ��FF� |	FF"� �FF( ,FFd��� M.FF2� ���FFl� ��FF>( 
Electre_TRI 

� �%/!%�% *&=F�	 ?��3E %��	 �&� �� I ��"/%�� S�	 %��� 7/�:
w��z,	 ���� ��� �% ����/�� �� V/&�B����-� S���$ �� l( ��5

)������3(
��� !�" &���� �tE �% ���� 3,	 �� ��� �% ��/�� �� V/&�*���

&� S��. ��"Tk%�� S�	 %��� */�.�>�"��� &�$ +�� �$I &� A��3
�%��� *!�" &���� �tE 3���� &-� /+��} ���%��.
Xz%�D	 /&E���6 ���

S�	 �� ��$ ��	���� &=-. ��Electre – TRI ,  ��%�D	 ?/&E���6 ���
+�� .%�D	/&E���6 !�" X�1�E� ����3�� �� 3)p(�� *5 ���J 5)q(*
� �)v(*-cut �C-� �����( ?�7�o�F K�D�  �% ���%S���. TT

&|���"�+�� !.&� A�� &$ +�� �$Ib1*b2�b3&�  � ����( ��7���3
� ��	 � A�� �  S���� *`����	 *N�$ &D[2 ��>� ?�/H � %���=5��/%�

+��.

���� ^�&� 5�%����	� 3�B������,	!�" X�1�E� 3� Q��D	 �%)\zT(
	7
	�$� �	�#�� 

��� �>��� &���� i�*� �	L#C� `7	5 �	7
	�7�
 
TN$!%���	7��n� 5E�-�H�� &=F�	 �% 5�M�	 S�-�F� �� v�M� �� ��-Z

bk�P�% 
� 78#	 ��8��� �/ � �/4(�E X���.�
�� &�/�� 

^`���	 N�D��	 !%���	 3��%�� !�>� &=F�	 �% 5�M�	 S�-�F� �� ��#�� v�M� ��
bk�P�% 

�� &�/�� � ���6 O��[�E 

\%�/� N�D��	 ��< !%���	 5-|�% 5,;M �� � ���6N$ &�/�� 
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�����_�!%�% 5B���-� S���Z �� l( &�/���� �����,	 ���� %��	 �% S�	 3%��� 3��)3������(

� �$I/���o &�8E ?3��%��0 X��1�E� &�� &�.�  ��� &$ +b/k
���3-cut ��E */% �% �� 7P�F ~/["�H !������� � &E���*&�E��/����8
%��.

��E/� ~&S�	 �� !�	6 +�%Electre_TRI &E����6 Q��� �� 3���
, ����!���" ?*S����. �% TT�@��-. �����3����E /��� �� 7��P�F ~

���/��5�%�� !L��( ��C-� � 7�E�� @-. ��� ?5� &$ �E�-�� �B �� +
� ���}�/+��	�;5�%� *`���	 *N$ &D[2 ��>�/H � %���=5��/%�

+�� S��. �% *T^+�� !�" &|��� .
S��. �% �>"�� &�/�D	 �� 7P�F ~/��ET^5�	 ��#E *&�Z ���%

Tk @�-. ��� ~/���E �P�% 5�E�)����}�Tg�TU(�bk��P�% 
S�	 ~/��E_TRI Electre ���}� )T*^*g*f*U*TT*T^*T\*Th

�^k(&��� ~/����E ���� *7����%�� !L����( 5����/��� ��� �� !���	6 +���%
 �E��% +>��#	 .�/��� +��-�� &Z +�� �6 �BE��� S�	 ~/��E ?��C-�

 ��� � 7����%�� !L����( 5����/��� ��� �% �����}�_TRI Electre 
������ ���J�	 �B/�m/ �� +�-�� �� :;� q/ �% O� �-0 .&�� �����0

 ����}� ����H �% &E�-ETb�Tg5�	 !���#�	 +��-�� &�Z %%���
 &� 7��%�� !L��( �% ���}� � %��/� 5�=�H � `���	 ��D[2 �% �� � 

 S�	 �%_TRI Electre &�� &Z +�� &���� ���M %�/� &D[2 �% ��� �  

�}� �% � ��� &D[2 q/Tb?�/��( &�D[2 q/ ���}� �% �� Tg+��� .
5��	 ��#��E ��Z4��	 %�����	 ���Z �� 7��P�F ~/����E &��Z ����%S���	 %��� 

Electre_TRI �� 5�"�E ����}� +����	 � +��,M�� ��� 3%�/� �F �  
%��% 5E��1-� � +D��;	 7��%�� 5��/��� ��2.

�������&E���6 �/%�D	 S�	 3%��� 3�� Electre_TRI 

����>���&�����	L#C�
i�*� 


	�7�

`7	5 

�S��/ �	
#�G	$%–,d��� M.2� �	7�#��
	/ 

MEDPT
T3�/�Z�H � 3��%�[Z�Hz��� +�J�Z)-1ITC(\\/Tkk/Tkk/Tkk/\gf/^
^!%�. 5�� &���� � 3���z!�B��/� 5m#H N�����Z� 3��(-2IPC) gf/Tgf/Tkk/Tkk/\gf/T
\!%�. 5�� &���� � 3���z(����E�)-2IPM(\\/^\\/Tkk/Tgf/Tgf/T
h!%�. 7( � 3��� 3���z!�B��/� 5�6 N�����Z� 3��(-3ITC) kk/\gf/Tkk/Tgf/^\\/T
b&o�M @���	 +"�%��z &E�� NZ�� 5���� 3��(-2IPC) \\/^kk/Tkk/T\\/^gf/T
g&��1E � ���|�� +"�[E� 5E�-�H�� 3��zN#�� �t�	 +�J�$ ���E�)-1IPM(kk/Tkk/Tkk/Tgf/Tkk/\
f&E�H%�� �� X6 +"�%��&���t�	 &8[" 5E�-�H�� ���=-0 zX6 +�J�$ )-1ITC(\\/^\\/Tkk/T\\/^kk/\
i� V=- &8[" !%���	 �% 5o��z3����#$ 3�>����,� (-1LPM) \\/^kk/Tkk/T\\/^kk/^
U&8[" � �� 5E�-�H�� 3�>����,�z5 �P '	��6)-2ITC(\\/Tgf/Tkk/T\\/^\\/^

Tk !�>� &8[" �� 3��%��z¥�H 5�%��6 )-2LTM(\\/^kk/Tgf/^\\/^kk/^
TT &8[" � �� 5E�-�H�� 3�>����,�z¡%��F :E��� �)-1ITM(kk/Tkk/Tkk/Tkk/Tgf/^
T^ &o�M @���	 +"�%��–&E�H%�� 3L������	 )-1IPC(\\/Tkk/Tkk/T\\/^\\/T
T\ 5E��E� 3���E ?�	� z5	�� @	��. 
����)-1LPM(gf/T\\/Tgf/Tkk/Tkk/\
Th 5�����Z �-Z )5E�-�H�� (z5�;� X6 @���	 +�J�Z)-1ITC(kk/^\\/Tkk/T\\/Tgf/T
Tb 5�"��>� X��( � 3����#$ X��� %���z�� ��1	 5/��� &/4y  )-3LPM(gf/^kk/Tkk/^\\/^gf/T
Tg !�>� �� �� 3��%��z+�% ?�/�( �% X6 ��/�. )-3LPC(kk/\\\/^kk/^kk/\kk/\
Tf !�>� �� �� 3��%��z?�/�( �% X6 +�J�$ +�%)-2LPM(gf/^\\/^kk/^\\/T\\/^
Ti 3��%�� !�>� �-Zz5�;� X6 @���	 +�J�Z )-1LPM(gf/T\\/Tkk/^kk/Tgf/T
TU �� ��1	 3��B�6z��" 3���/�( 5=F�� 3��)-2LPM(\\/Tkk/Tkk/^\\/T\\/^
^k�� ��1	 3��B�6z&���� � ������  )-2IPC(gf/Tkk/Tkk/\kk/\kk/T
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�	L#C�
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TPDEM
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�����8�S�	 %����$ �� 7P�F ~/��E Electre-TRI &�!L��( 5��/��� ��� �� 7P�F ~/��E !��-� � 7��%��5E�� @-. ��� 
, �� JL� e�
 ��� 

Electre-TRI �S��/ �	
#�G	$%–,d��� M.2� �	7�#��
	/ ,(	2�
� e�

��(�
� �S��/ 	7
	�$� U�� 

0����
)	7
	�$� U��0���
��p=0.15�( q=0 

T3�/�Z�H � 3��%�[Z�Hz��� +�J�Z )-1ITC(LML
^!%�. 5�� &���� � 3���z!�B��/� Z� 3�� 5m#H N�����(-2IPC) MHM
\!%�. 5�� &���� � 3���z(����E�)-2IPM(LHM
h!%�. 7( � 3��� 3���z!�B��/� 5�6 N�����Z� 3��(-3ITC) MVHVH
b&o�M @���	 +"�%��z &E�� NZ�� 5���� 3��(-2IPC) MHH
g&��1E � ���|�� +"�[E� 5E�-�H�� 3��z���E� N#�� �t�	 +�J�$)-1IPM(LML
f&8[" 5E�-�H�� ���=-0 +>. &E�H%�� �� X6 +"�%��zX6 +�J�$ 

)-1ITC(
LHL

i&8[" !%���	 �% 5o��� V=- z3����#$ 3�>����,� (-1LPM) LHM
U&8[" � �� 5E�-�H�� 3�>����,�z5 �P '	��6 )-2ITC(LHL

Tk !�>� &8[" �� 3��%��z¥�H 5�%��6 )-2LTM(LHH
TT &8[" � �� 5E�-�H�� 3�>����,�z:E��� � ¡%��F)-1ITM(LML
T^ &o�M @���	 +"�%��z&E�H%�� 3L������	 )-1IPC(LHL
T\ 5E��E� 3���E ?�	� z5	�� @	��. 
���� )-1LPM(LHL
Th 5�����Z �-Z)5E�-�H�� (z5�;� X6 @���	 +�J�Z)-1ITC(LHL
Tb $ X��� %��� 5�"��>� X��( � 3����#z�� ��1	 5/��� &/4y  

)-3LPM(MHH

Tg !�>� �� �� 3��%��z+�% ?�/�( �% X6 ��/�. )-3LPC(VH VH H
Tf �� �� 3��%�� !�>�z+�% ?/�( �% X6 +�J�$ )-2LPM(MHH
Ti 3��%�� !�>� �-Zz5�;� X6 @���	 +�J�Z )-1LPM(LHM
TU �� ��1	 3��B�6z5=F�� 3�� ��" 3���/�( )-2LPM(MML
^k �� ��1	 3��B�6z&���� � ������  )-2IPC(MHM

I��E�#  ���� 
V��8  %����$ &�� !����,	 ���� 3�� N�-��  &�� V�-$ ���t�	 3����
 &� �/�� ����	 ����}� 5���/��� X������ �% 5� �I 7P� V/ ����0

 %���� ���M �tE �	 5;��	 +�/� .	 5� �I 7|���	 ���/��� �% %��.�
EIA &�/�� X�1�E� &=-. �� +��/� ����}� 5��/��� � �� �% *5�;��	

 ����8E� 7����M ����< +��D�DF ?��/� !���E��%��+���� �����}� ���/�� &��$ 
+�/� ���/� %�% ����M 5����� %���	 !���,	 ��� !���/% �� �� 5;��	

 &� &.�  ��	���E �% �� w�=�1	 7�	��0 ������ ?�8-	 ���< O��[/�D  �
+��&Z?/� %���	 *%��J�	 ���,	 V/ ?���� �tE �% �� �>�  �� 7|��	

 %�% ���M 5��/��� .+��/� ���}� +�-�� ?��,  �4� *@�M�� �% 5�;��	
 �	 V/rN�>	 �� 58/ � +�� !���,	 ��� &= 5=|���	 ?/��  +��� &�$

 �% ���/��EIA ?����,  ���tE �� &��� � !L����( �/����  ���tE �� &��� *
����	 5FnP� 3����8���%�" 7F .

S�	 3%�>�#�( Electre_TRI �% &�$ +�� !���,	��� S�	 V/ 
S�	 !%� &D[2 3�� 5	 ���M 3��� ��� 3%��/� ��F �  �6 ���H�� � %���
v�o�	 %��% 5E���1-� *5;��	 +�/� ���}� +�-�� ?��,  .~/���E

 S����	 ?���/� ?���/� �%K����D�  �%�������� �% �6 +����=��M �BE������ *

�;,E� +�/� ���}� 5��/��� 3�/4( 5;��	 &�D[2 %��8/�� �� 3����

 w=�1	 3�����,	 Q��� �� ���}�%�� .%��8=-0 7M���F *+D�DF �%
 +��/� ����}� 5���/��� ��/��� �% 3%�>�#�( S�	 +/�	 �*5�;��	

 +�/� v���	 3�����,	 Q����� ���}� 5��/��� 5;��	+�� �% &�$ 
�6 3���� 5��1#	 3L������	 *��#�$ �% 5��/��� S�-,	 3�>"��

%���E %�.� .
&� ���}� 5��/��� ����	 ��� 5=Z ��2+�/� 5;��	 5�"�� *

�� ��tE %���	 
����� *�����	 +0��� �%�� ���% �� !�n0 &Z +��
 N�-��  �% N���J  %��)/� ��� �E���� +/�>E �% � !��#1� KD�  *3����

 � ������E��� N�-���  �����tE @���-. &��� +��/��0 ���� �� 5/���>E &��)��E
3I �-E &|��� 7m" ?/��>� &� *��,JE�/.&���% S�	 5���� ���� 3����

 !���,	Electre_TRI 5���/��� 3%���	 &�,��;	 q/ �% �6 %����Z �
���}�+�/� 5�;��	 &�� ?���,  �% S��	 ?�/� +��=��M ��/�	 5���H

 +�-�� ?/� ���}�+��.5	 %�>�#�( �4� &�� *S�	 ?/� &Z %%�� �����0
 !%�J���� %���	 !���,	 ��� %�m/�� �� ���}� 5��/��� ��� q/ ����M 
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S�	 �/�� &��#	 � %��� N�-�  3�� �6 w,�o � ���M _��DE *3���
%%�� s1#	 ���	 &�.

��� !���-� ���E ��B/% ��� q�/ �� *�o�F K�D�  &��#	 &CE���
 S�	 Electre_TRI&D[2 &Z 3%���	 �% *%%�� !%�J��� +��-�� 3���

 �B/��m/ ��� :;�� q�/ �� '��� �/ � :;� q/ *��� �% �% ���}�
���J�	 ��� �����M &�� _���	 On	�Z �}� +�-�� 5/�>E 5��/��� *��

5��	 X���/��� Q����"��Z %%����.+����F ?��/� �% ������Z 3����=Z '��DE
 +H��" 3���% � s�1�	�%s1#	 *��2 �E��. @�-. 5	%��" .

5���1  'E�% � &��)  &� &.�  �� &Z +�� X�/��� *`/��" ?/� �%
 ̀ ��	 �� �6 ���}� � ��2 +���	 Q��� �� � A�� �5���/��� *+��/

5	 A�)E� �� 5��/� `��	 �}� +�-�� 5/�>E %��.
&�� A�� +��� ��$I &�Z w,�o _��DE &�=-. �� ?�/� %���,  *S��	 

��>E6 ?���,  &$ +�� �6 ���E %��	 3����	���(*78#�	 &�=F�	 ?/�� 
 �� ��$ ?/� S�	+��.

W��	
>h�/ 
'����( ?�/� �nm#�	 �� 5�m/ � �����	 3������,	 %��.� A��0

 s1#	 %��.� A��0 � 5�;��	 +��/� ����}� +�-�� ?��,  3���
 ����	 3L�����	 V/ ���M �% �>E6 ��� � �����,	 3��� 5�-$ ����

 5D;�	 �%�� .5	 %�>�#�( �4� 3%���	 ���,��;	 5����� ��� ��  %%��
 +�/� ���}� 5��/��� ���H �% !�" A�)E� 3��.� �� 5"�E 5;��	
 �����,	 *+��/� `���	 �� &,��  3�>����,� �����	 3� 3���� ����� 
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