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•���� ��� 	
 ��  
��  ��� ��   �� ��� 
� ��� 	
�� ������ �   �
����  	��� 

•!���	"�# � �� ��� � ��

–���  � ���� 	� 
	��  
��� �� ����� ��� ��   �� 	� �
����� ���� ����� �� ��  ���� � ��

 � ������	 
� ��
 � �

5�4
Jamshid Nazemi- Advanced production & operation management

� ��	��  ! "�	��	  ���#�$  � �

• ��� �� ��	


•   ��
 �� ���� ��

•
��� ����   ��� �� ��� ��

•��� ���  �! "#�� �$�

•�%	&'� �'�#�()*$+' ,��� � ��
 �� �



 � ������	 
� ��
 � �

5�5
Jamshid Nazemi- Advanced production & operation management

� ���&�
 '�-�.(��/ �01
' 23� 1

.16
�7�'�
 '� 8����
 1(  �9�:� 8���& ����;�
  (�; <#� �  �

���=�

.2�� �
(.? �6�@ �=���< 1
' �A�� 

.3#���.? ��==C ��+�' �=��

.4#��� E�� �'�� F
�=� ��==C �

.5 6
�7 �
 �A���$
�7� 1<

.6�� �� 1+�3
���1

 � ������	 
� ��
 � �

5�6
Jamshid Nazemi- Advanced production & operation management

� �������	
 �	� �


•��/��'�I 1<  ��� Design capacity

–���� ����	
��
�� 

•��/� �A�� 1Effective capacity

–��� ����	
���� ���� ���� ��� �� ����� �� 	 ,  !"
��

# $��%��&'(��� � )� � 	�  *+�� $� �,-(��� �	 (

•+���#7'� �< Actual output

–���� *+�� 	�  �/� 0	1 234� "�5 $� – ��� 6� �  �% �7�� ��   	%��-

��	1�� �-�



 � ������	 
� ��
 � �

5�7
Jamshid Nazemi- Advanced production & operation management

Capacity Measures: 
Utilization and Efficiency
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����

Design capacity = 50  trucks/day

Effective capacity = 40 trucks/day

Actual output = 36 units/day

Actual output          =       36 units/day 
Efficiency = = 90%

Effective capacity           40 units/ day

Utilization = Actual output =      36 units/day         = 72%

Design capacity 50 units/day
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Economies of volume
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Economies of capacity
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Economies of process technology

•M #� � � : $%��#�� �� !��F��N�O

–����� �  % �"#�$#� �����  & �"#�$#� � .

–+����,��� � ;�#B	) �"#�$#� �% 

–�% ��� #)��� %�-� .�� 4�� % �"#�$#� $% �	( ,���#� ���C	) � ��#� �� �	�#

� � �� #)��� %�-� 0
D ���" ��#� � 4�����"#3"� � E�<  , %$�) F@G�

"�" �#����"#3"� � ��#� �" �� � �	�#����H 4��$� �) �
�%�
" 6%#B	 � 4��	 . �>�

������ ������ ��� �  & �"#�$#� �� �	
� % �"#�$#� $% ?�@A) ���� 

•   A���B
� #�PB� 06�	%� 6� �Q�(C�� &'I RI�� !#�K%C #� 	1�� 	B&  $B

1�%�C�� 6� &��� 	B� � � : 	 ,   �/� 06�	%� ��K-+�



 � ������	 
� ��
 � �

5�17
Jamshid Nazemi- Advanced production & operation management

 � ������ �	 
�� ��
������� � �

•
 �� T�U#&'�� 2$P���� ��

•�V E��)*�� ��� '�V ��� W+�
 E��)*� �' �

•�)���(; �' X�.
 ���� �$�'��
 ��=

•'�
(�?��K�C (��/ �$<�� ����; � �

•&��?��(��/ �$<��& �'��? '� ���

•3
 YU
�+�� �=��
�=� '� �<���& ���

 � ������	 
� ��
 � �

5�18
Jamshid Nazemi- Advanced production & operation management

 � ������ �	 
�� ��
������� � �

•� ���&�
�.(�� ��(��/ �1

–/��-O� 
��S �# ���%  �&  � $� 	�  #���� 0�,� �( #���� 0�,� � �+�% (  
��    ��% ��/�% 06�	%� 6� �-�&	 .  � 0��/ H
 0�#(�� �#�	% ���� � 

�,-��
(6� 	B�#�U5 �
��  :

•# #�9���<�@A) ��8�� �� �#D#J� � .
,) #7"= ��,�� ��8.

•$#� ��#D� �� 6%#B	 ��

•K ������ 4%�% 4#
��#L� �#7	

•�% M$#B �%$��) $% ENH�  �� � O� #D#J� �� 



 � ������	 
� ��
 � �

5�19
Jamshid Nazemi- Advanced production & operation management

� %����� �� &'� (�)��*� #�$ � �

7� PQ ��
R ����#�L� �$ ��#
" 0���

 � ������	 
� ��
 � �

5�20
Jamshid Nazemi- Advanced production & operation management

 � ������ �	 
�� ��
������� � �
•#�$��% &'����(� �#� )*� + � &'$,��� &'�
�� �� � �

-��  +��� 	 / ��� /��0� 
–��/ �- �?� 1�'.�' �&�!��C Z � L�  �
�  ,+���  �  )

V��!< ('.�'�� L< � .? �7'�� � �
��'�
 �=(+�� ]�& � �

3
�� L?�C �=< � �
�



 � ������	 
� ��
 � �

5�21
Jamshid Nazemi- Advanced production & operation management

�'1��� 	*#	 �#�$ 2 � �

0
10

20
30
40

50
60
70
80

90
100

1 2 3 4 5 6

�D�R %�2
�

#D#J�

 � ������	 
� ��
 � �

5�22
Jamshid Nazemi- Advanced production & operation management

  3�	�,4	�
�5�	 6)7  �

0
10

20
30
40

50
60
70
80

90
100

1 2 3 4 5 6 ����%�-�) �

� $%�S���	 � 0���� ��#� #� ��� #D#J� �� �23" ��) %#T�%�(



 � ������	 
� ��
 � �

5�23
Jamshid Nazemi- Advanced production & operation management

  3�	�,4	��8��9�  �

0
10

20
30
40

50
60
70
80

90
100

1 2 3 4 5 6 ����%�-�) �

� $%�S���	 � 0���� �� #D#J� �� �23" �2U) ��) %#T�%�(

 � ������	 
� ��
 � �

5�24
Jamshid Nazemi- Advanced production & operation management

  3�	�,4	�     ��:,�	 ���� ;��	 

0
10

20
30
40

50
60
70
80

90
100

1 2 3 4 5 6 ����%�-�) �

� $%�S���	 � 0���� �#- #� ��  � � V2Q�) #D#J� #� 0,
) 

%��#)

%�2
�



 � ������	 
� ��
 � �

5�25
Jamshid Nazemi- Advanced production & operation management

�
�$����(�+ !�
 	
�� �1�

•(� ��  ,��2 &�����('�	
�� &����� � � ,�
���$��� &4	 
�
�$��� ��  '�
�5% �0� 6�7 �(�+ !�
 :
–
��
��3(��)$7' (.? ���� ��? �=( �#
��   ,+���   � �

�'�3^&(

–8��
 _�$
� ��

–�#��V E'��Q$&'

–*� E��&�U< 

–�%
�V<�8�=C��C 

–6*���36(��)$7' (.? � �=– 2%� 

 � ������	 
� ��
 � �

5�26
Jamshid Nazemi- Advanced production & operation management

�(��
	
 &����� $#	
�� ��

• Cost�volume

analysis

• Financial analysis

• Decision theory

• Waiting line 

analysis

•
=��*  >�  %�– 
 �	�9�

•
=��  ��+,�	 > �
•��?��  �+� � ! &�� �
•
=��   ��:,�	 @A >



 � ������	 
� ��
 � �

5�27
Jamshid Nazemi- Advanced production & operation management

6*��.? �� �=`  �'�:� 

•�9��#� )$ &'– 
� ;� $4��(��
 �� 	���% ���� 	 
�
�$���<�
 &" �0� �� ��$�
�� �
 �:
–���)*� Z

–+�� ��)*� �?�   1
' ���� �
�7 ��� �

–.?�a$� �=�'�
 �(1
' 1
�A ��'� �? 

–.?�a� �
 1
�A �=��+�� 2%� ��a� ����& �� �=��a� ��� �6� E'�

'(1
' 

–'�
 ��;��(  1
' 1
�A ��'� �? 

 � ������	 
� ��
 � �

5�28
Jamshid Nazemi- Advanced production & operation management

Cost-Volume Analysis: Total Cost (TC)
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Total cost (TC)

fixed cost (FC) 

variable cost per unit (VC) 

output volume (Q).

QVCFCTC ×+=
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Cost-Volume Analysis: Total Revenue (TR)
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Cost-Volume Analysis: Profit (P)
��


Profit (P) 

total revenue (TR)

total cost (TC).
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Cost-Volume Analysis:  BEP
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Cost-Volume Analysis: Step Cost
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Financial Analysis
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Financial Analysis Methods
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Queuing theory
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