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    �� ������& % ��,��2 >��� �, U%<� ���� T��� �� �N2
���


 ����
�� % �����& �, /���� �� �49�4 �� �
(&%� h�"% 83A�

��
� (��2 ��
(4��
 % )��4 �&
�� �� �� /��0�.]28[. 
�1�
)D: � H�:#�    % V<=�F� /����� % -�B�� , �	2�� �

      -��4
 ��� /����� �� 
� �� -��4
 ���=�.� , �	2�� �o�� -

H�
 U��! � -! �, �	�Y H9$ % (A� �� �A�, K�1 '���]29[. 
��� X��U1 t�� G:      ���� S�
7�� ��A��� ����
 K;4

     B
 V
7��9�2 % �
���
 ��A.&
 �;2�
 �� /���� �� � �
(&%� % e&"%

& T&��  �� P+ h�"% B
 /���� -%�� �
��
 �� S�
7� B
 �����

    ��� ��� /����� �� ��$�� �#� % �&��4 B
 ��4 V�	��
 %

      �� ��P��� �&
��� �&�� �& % �
���
 & % V
7�9�2 , �	2�� (4
�2

(�, /���� vP�]30[.  

 T& "b,����)  
  ���=�.� �,&B�
 �, ��#:P� '&
 ��12    % ��D�*+ -����.�,

�:%�    �9�*+� % ��M�4
 -��B V(� p+� '���� �M4 �� , �

        �uw�� �9�*+� -
��A� ��, ��A.&
 % ��&X�1 H��%;� ��(A9�

/&B
��1 �� -���.�, ��=�.��, .    �, U(�� ��o
�
 �B� ��	� )(�

   �4�
 �
7��
 8��4 B
 U�0��
 ) (ARENA 13.5    ��� U�
� ��A	� ��,

 �;�;6)�
 U(�F�(    
�5���
 �� -����.�, B
 ���   �
��, U(�� q

  ��� H�
 U(� U�0��
 /���� �� �.�, �M�4
 -�B V(� �	���

�
7�
 8�4 B
 U�0��
 , H&94 �� (MathWaveEasyFit Professional) 

H�
 U(� ��%!�, ��`�� �� U�
� , T	PA� ���! e&B�2 '&��9,.  

"(
� 3�O� +�)  
�� �� 8�� -��� �1 % H,�4 '���� �
�, �.�, �� 
(�,
   ��, W��,

 �=�71 T,
�� % (AA� �#$
�� S�&X1 K5, �, (&, �.�, V�<�


(A�� �
�" -���.�, ���+
 �� 
� �.�, .  -(�� H&7&% B
 J1 �.�,



   ������� 
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      i�& ��, S
 ����.� H�#��% ��, �$�2 , ����.� i�71 ���2

  �&1��� -��� , �P,
� �(A�Ar.� % U(� ���#� p*5�� i�71

��� /�.*2�.�, -(� ����, %��F�� �.   V���D ��, �� �4
�.�,

    % -���� B
 J�1 �(4��� �� �A&#� ���.� i�71 ���2 �&1��

     /����� B
 �U(�� 7&���2 ���%�
� ��92 �
�, �4+%�
� �, �#$
��

(4�� �� q�+.    ��� U�
� h�$�
 p�*5�� i�71 �, �� �4
�.�,

 ��.�, -(� p5F� % �**52 �� K&�B! 8�4
 B
 J1 �(4��

K5, �� � -!     (4��� ��� �����, -���.�, �� .  -����.�,

      % 7�I� ��?��:%�%
 ��(�1�2�
 ���.$ B
 ��0��5� �� K5, ���

% S�
�� �G%�� % >�" ���+
� ��*�
 ...(�, �� . -
�.�, B
 �+�,

     % p�*5�� i��71 ����2 ��**52 �� K&�B!  8�4
 B
 J1

      
 ��4+%�
� ��, ��#$
�� B
 J�1 % (4��� ��� p+�� %�
� 7&��2 B

(4�� �� q�+ /����.   H�	"
�� ��, B�4 ��4
?�%
 -
�.�, B
 �+�,

 �� 
� � -! �� (4�
� ��4
?�%
 V��D �, �6
�$ �.� & UN&% ��

 �, h�%
 ��	9, B
 J1 % (AA� �� ����, UN&% �� H	"
�� K5,

     �-���� U�%� H��X� �, % (4��� �� �;�A� �**52 �� K5,

� �� p+�� l:#� i�71 �M4 T	�   ��� q��+ /���� B
 % (4�

(4��.  �4�
 �
7�
 8�4 ���2 �� -���.�, �B� ��	� �=	� ��+�

 �=� �� �H�
 U(� )(�1H�
 U(� U�
� -F4. 
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� ��� �9�,� T��45 X��  
�F��1 ����2 i�A=2  �P+ �7&� ��4�, i& �� U�
�

   �P&
��� �� ����� /�.*2 ��(6
% �&
�� �,&B�
 �
�,

 �
�, 
� ��&;� V��.� �$%�+ % ��%�% ��&B �
(#2 ��

  H��
 �(�A� �� H5� ���� /�.*2 ��(6
%]31[ .  '�&


     ���&;� % ����� UB
(�4
 �
��, �4%7�
B%� H�.�
 B
 S%�


(� ��.$ B
 �4�B� ��(6
% �&
��   ��� U3��%�� �E�

   ��� ����	" '&
 B
 �&� )s� % � -���.�, �i4, >#�

H�
 �
���+�, �(A��� �3&(=& JA$ /� �&�(6
%]32[. 

'&
  �� H�
 i&���
�14 S%� i& �S%��� ��%�% (4
�2  

  

��� ����� �M4 �� ���� �$%�+ & ���� .  ��$%�+ )(�

 ��;� ���%�% ��������� �&���;� ���, ���$�2 ��, ������ �&�

  /�� ���� ��%�% �� )(� % (A� �� �s�
(6 
� �$%�+

   �"
(�6 
� ��%�% �������� ��$%�+ �&�;� �, �$�2 ,

(A� �� .  U�B�, �� )(� V��D �, S%� '&
 B
 '�Ar.�

(4�� �� U�0��
 /� E�;� �, H	�4 ��I�� % H,u]33[. 

 �� /�A� ���n  �
�
� (6
% �� �� /&�
� (6
%M  ��%�%

%S  �+(A��� �$%.   ����� /�.�*2 (�6
% �&
�� j   ��, 8


��� �� �	��� �&B V��D:  
 


���& (6
% /�.*2 ����  (6
%j 8
 
 

= �	�$%�+	�4B%	e.$	
�	��%�%	�4B%	e.$

=
∑ ����,�	

�=1
∑ ���,��

�=1
 

 

 ��%�% -
7��i 6) ا
% �
�, 8j 8
)i=1,2,…,m(  �,� 
 �$%�+ -
7��k 6) ا
% �
�, 8j 8
)i=1,2,…,m(  ��,�  

 �$%�+ �, U(� U�
� -B%k 8
) �$%�+ H.�"k 8
(  �� 

 ��%�% �, U(� U�
� -B%i 8
) ��%�% H.�"i 8
(  �� 
   

    ��F��1 �����2 ����� �$%�+ S%� B
 ��#:P� '&
 ��

��92 �� ��� -�����.�, ����=�.� �,��&B�
 �
���, ��� U�
� -
�

/�A� �� U�0��
 .      )(�� ��#:P� '�&
 �� U(�� ��o
�
 )(�

   �����2 ����� �$%�+ )(� � ���& �#��2 % �&94 -�%�

  ��, �� U(� H�
 ����� �
�" U�0��
 ���� � U�
� �F��1

(�, �� �&B V��D:  
�������					�� + φ�� = 0 

	������	��: 
� ���,�
�

≥ ��,��											∀� 

φ���,�� ≥ � ��,�
�

 

� � = 1
�

 

 � ≥ 0 

  ��F��1 ����2 �&1 �� )(� -��%! B
 �#:P� '&
 ��

 �o
�
 , 9A2 % H�
 U(� �.Y
 �&B /�6 H�� �, � U�
�

   v����2 ��, �#:P� '&
 �� U(� t<D
 -�%� �&94 )(�

�+
��1 )(�H�
 U(� � .  �, �{A�� ��I��∑ ���� = 1#�$% 

 , �&�4u ��`�� �� 
�φ�� /��� �� -F4 . �{A�� ��I�� %

 �� H&�%(�� ,∑ ����,�&�$% -∑ ���� ≤ 1#�$%   �, �   -��,

  )(�� V��D �, )(� ���I2 �.�, H&94 �� �� ���� ��

�
 C,��� �� �o
.  

  
3)
�9� � �&� ]  

 �%6 �
 ��AF��1 ��#:P� '&
 ��33  �A	� �, )
��

  ��M4 �� �&
�� �9*+� -
�A� �, �� U(� ��  /��0�

  H��
 U(�� �6
�� �(4
 U(� ����� .    �� ��A�F��1 '�&


 /���� �� � U�	+ ���2 ) �F�%N1 /�2 % �&
�$
 ��� (

H�
 U(� ��.=2 .�
 �4�� �, � )
��  H�
 U(� �6
��

 (A��, U(A�� R�1 �
��
 �
�, U�� % /9� �," ��.  �
���


   '��, ��(�� U(� t�P� VC
�� �, ��AF��1 �, �35�1

1 25  �� (4
 U�
� B���
5   % �
(�;� '&��F�, �A#� �,1 

    H��
 U(�� ������ ��M4 �� �
(;� '&��.� -
�A� �, .  ���

 �"
(6 ���2 8�90�5   ��
 U(�� U�
� K��1 )
��H . ��

 -A�.�
 H��," & % �&&1 ���� UB
(4
 �
�, �#:P� '&


 � -���.�, '&
 B
 i& �� �
�, U(� �6
��  ��AF��1

      �, ��� H��
 U(�� U�0���
 0:! �	4%�� ���! -��B! B


��� �� ��+A� �	4%�� �0:! ��(� �
(;�]34[ . �&�;�

    �� ��� -�����.�, B
 i��& ���� �
���, ���	4%�� ���0:! 

)%($1H�
 U(� U�
� K&.4.  
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 '��(1- "��#����$ �� �� �� �	��*#�+ ,����+ -.# � "���%& ���	/ �0	�( ����1	  

�
O�@� 3)
�9� � "
E�D v
O	� =  "�
)D 30)
: /
1 ON  /
���
���  " �1 S��M5 �&��  

���P�  0.91  44 �D�*+ 1  

���P�  0.79  49 �D�*+ 2  

���P�  0.83  42 �D�*+ 3  

���P�  0.86  40 �D�*+ 4  

���P�  0.9  44 �D�*+ 5  

���P�  0.88  47 �D�*+ 6  

���P�  0.93  55 ��:%� 7  

���P�  0.78  59 ��:%� 8  

���P�  0.92  57 ��:%� 9  

���P�  0.84  50 ��:%� 10  

���P�  0.81  47 ��:%� 11  

���P�  0.89  57 ��:%� 12  

  

��� "��D g�: 
.�, ���� ����#:P� '��&
 ��
���A� ���, 
� -����� (��6
% i��& -

/�.*2 ����   e�.$ 8+ �� U�
� % /&
 ����� �M4 �� �;���

 )%($ �� U(� ��%!2H�
 U(� U��%! �&B V��D �, �.  

  
'��(2:3�  ���/��� 4�& ��� 3��� 

��;	
�) 
����� � " �R� >)�
K) ����Q) "
QMN
�   6�) PN
�

�
r�	� /
)(  

 a,	

/
���
���  

 �&��

 S��M5

" �1  
t� G  

��� X��U1  D�1�
)  " �1�
�  
 �1� s� �
���� /� ��)  �;	�UG�  

 �
=
��� 1  ��
1D  

 n
d0	�
" �R�  

3.839 4.543  4.872  3.667  3.005  3.997  3.58  3.309  3.741  0.363 �D�*+ 1 

3.558  3.163  3.949  3.693  3.711  3.763  3.15  2.82  4.215  0.481  �D�*+ 2  

3.855  3.897  4.207  3.493  4.434  3.344  4.023  3.357  4.086  0.412  �D�*+ 3  

3.348  2.433  4.612  3.181  3.484  4.161  2.332  3.279  3.301  0.359 �D�*+ 4  

3.614  4.597  2.184  4.679  4.657  2.702  3.543  2.124  4.425  0.322  �D�*+ 5  

2.909  1.464  1.423  2.268  3.565  2.2  4.942  4.461  2.951  0.625  �D�*+ 6  

3.407  4.79  3.419  4.826  1.186  2.673  2.804  4.313  3.241  0.45  ��:%�  7  

2.944  4.537  4.153  1.755  1.547  2.094  3.94  2.602  2.925  0.47 ��:%� 8  

2.883  1.599  1.848  2.72  3.713  2.729  3.087  2.946  4.418  0.6 ��:%� 9  

2.664  1.855  2.006  2.214  1.187  2.157  3.897  4.989  3.008  0.382 ��:%� 10  

3.336  3.573  2.586  3.382  4.003  2.474  3.844  3.043  3.78  0.361 ��:%�  11  

3.606  3.815  3.969  3.464  3.693  3.369  3.964  3.758  2.819  0.485 ��:%� 12  
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        ��� (�6
% ���=�.� �,�&B�
 ��� 8�� '&��2 /9� B
 �=&

 �� �$%�+ % ��%�% �� ��I�� H��� �5�4
 ����� /�.*2

 (�,]33[ .'&
 ����I�� ��.2      -��B V(�� ���� ��#:P�

    ����34%7�
 �����%�� ���� ���&X��1 k��P#4
 ������! ����M�4


 S�
7� �A��� % ����! ������& �(��
 -
�&(� ����n���

   U(�� ������ �M4 �� H,u � ��%�% % �$%�+ -
�A� �, ���

(4
 .    /�&�
� �� ��$%�+ -��� �s�
(6 �, �#� ��#:P� '&
 ��

 U�
� �F��1 ����2 S%� B
 J1  U�0���
 ���� �$%�+ ��

/�A� ��.  

  

 � ��	�
�� ����   

  '����� �M4�� , �;� 
� -���.�, �� �&
�� 
(�,
 p+�� 

 /�A� �� ����2 
� -! l&�4 % U��� �	��� �M�4
 -�B V(�

       ���.2 '����� ��M4 �� �, 
� -����.�, ��� �&
�� Jn� %

*+�      ��� ��M4 �� �, ��3&� -��, ��, �&
�� K�A� �9 '��

*+� �A� �� �A.&
 % ��&X1 H�%;� ��(A9� �9 p+�� 

   �����2 
� U(��! H�(, l&�4 % U(� �	��� �M�4
 -�B V(�

/�A� ��.    )%
(�$ �� ��� 
� U(�� 8�4
 V	��� l&�4 Jn�

3%4     K�;4 �%� % U���� ���&;� /� , H�
 U(�! �*+� �9

    �� -����.�, ���=�.� ��, �A.&
 % ��&X1 H�%;� ��(A9� 

H�
 U(� j�, .   '&�2
��� ���#:P� '&
 �� p+��   ���(A9�

  �� -! l&��4 �� H�
 U(� '��#2 /� �A.&
 % ��&X1 H�%;�

 )%($5 H�
 U(�!.  

  


� ��� �9�,� T��45 X�� o�
�	  
 ���� /�.*2 (6
% �� �,) �� -���.�, (   V	���� T�	�

      ��, �(�� i�& �� U�
� K���1 ����2 S%� ���2 U(� 8�4



 -
���A�/����� ���� H	���4 �&
���� B�����. ����=�.� �
(���,
 ��

 �A	� �, � -���.�,p+�  U(� �	��� �M�4
 -�B V(�

 )%($ �� ��3H�
 U(� U�
� -F4 -! l&�4 �&B V��D �, �.  

  
'��(3: 6�7�� �8� �� �$ �� "��#����$ ,����� �%#�9	:&�  ��8��� "�	
 ��	  

3O5�  ����
= >�0[� ����
= (
��)�  	/
���
��� a,  " �1 S��M5 �&�� 

2  
�� 1.2311  �D�*+ 1 

4  
�� 1.1319  �D�*+  2 

1  
�� 1.341 �D�*+  3 

6  
�� 1.0061 �D�*+ 4 

12  
��4 0.8728  �D�*+ 5 

9  
��4 0.9399 �D�*+ 6 

5  
��  1.0351 ��:%�  7 

8  
��4  0.9778 ��:%� 8  

10  
��4 0.9  ��:%� 9  

11  
��4  0.8815 ��:%� 10  

7  
��4 0.9847 ��:%�  11  

3  
��  1.1978  ��:%� 12  

-------- -------- 1.0452  ��;	
�)  

  

      /����� ��� �&
��� B����
 ��, �3��, /���� i& �&
��

��
� �H�
 U��%! H�(, . �#:P� '&
 �� �&
�� �
�, 8BC W��

    ��� i�& �%��� �& ����7, �&
�� B���
 �(� �� H�
 '&
� .

 ��MA� '&
 �
�,12   /�.�*2 �� (6
% -
�A� �, 
� -���.�,

 /&���� �� �M4 �� ���� .  '�&
 B
12   -����.�,6   )%
 (�6
%

 ���� /�.*2 (6
% �A#&1-6    % ��D�*+ ��� -���.�,6 

   ����� /�.�*2 (6
% �A#& 8%� (6
%7-12    ��� -����.�,
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Abstract 
 
Background: Health care systems especially hospitals often encounter several risks which has 

weaken efficiency and hospitals performance entirely. Resilience engineering (RE) enables to remain 

high risk systems stable faced to sudden changes or minimizes negative effects of changes.  

  

Materials and Methods: This study considered a new hybrid framework concept regarding the non-

value added waiting time and resilience engineering indices as efficiency indices to evaluate private 

and public hospitals performance. With the intention of evaluating the hospitals performance, a hybrid 

framework including simulation and MADM methods utilized. Output-oriented Data Envelopment 

Analysis (DEA) approach used as MADM method.  

 

Results: The results revealed that RE factors play a significant role in hospitals performance's 

promotion; also the private hospitals had better performance compared to the public ones. 

 

Conclusions: Study results indicated that teamwork efficiency index compare to other efficiency 

indices had more effect on hospitals performance. Health system managers should be considered 

improved performance and efficiency policies and focus more on other RE indices parallel team work 

index. 

 

Keywords: Waiting time, Resilience engineering indices, Public and private hospital, Data 
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