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Net Present Value of Cash Flows in Single Machine and Flow Shop 
Scheduling Problems 
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Abstract: While a great portion of the scheduling literature focuses on time-based criteria, the most important goal of 
management is maximizing the profitability of the firm. In this paper, the net preset value criterion is studied taking account of 
linear time-dependent cash flows in single machine and flow shop scheduling problems. First, a heuristic method is presented for 
the single machine scheduling problem with NPV criterion. Second, the permutation flow shop scheduling problem is studied 
with NPV criterion. An efficient Branch & Bound algorithm is accordingly presented using strong lower and upper bounds and 
dominace rules which are expanded for this problem. Finally, three heuristic methods are presented and compared to find  
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appropriate solutions over short periods. By generating random problems of different sizes, it has been shown that the Branch & 
Bound method is efficient in solving small and medium sized problems, and also that the presented heuristic algorithm is efficient 
in tackling problems of any size. 

Keywords: Scheduling, Net Present Value, Cash Flow, Branch & Bound, Heuristic method. 
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1. payment scheduling problem 
2. net present value 
3. simulated annealing 
4. resource constrained project 

scheduling problem 

5. resource constrained project scheduling 
problem with discounted cash flows 

6. tabu search 
7. genetic algorithm 
8. ant colony optimization 

9. job dispatch rule 
10. job release rule 
11. semi-active 
12. depth first 
13. average relative error 

 

2���� 

1. Lawrence, S.R., “Scheduling A Single Machine to 
Maximize Net Present Value,” International Journal 
of Production Research, Vol. 29, No. 6, pp. 1141-
1160, 1991. 

2. Russell, A.H., “Cash Flows in Networks,” Management 
Science, Vol. 16, No. 5, pp. 357–373, 1970. 

3. Grinold R.C., “The Payment Scheduling Problem,” 
Naval Research Logistics, Vol. 19, pp. 123–136, 
1972. 

4. Vanhoucke, M., Demulemeester, E., and Herroelen, 
W.S., "A Validation Of Procedures For Maximizing 
The Net Present Value Of A Project,” Research 
Report. No. 0030, 2000, Department of Applied 
Economics, Katolike University Leuven. 

5. Elmaghraby, S.E., and Herroelen, W., “The 
Scheduling of Activities to Maximize the Net Present 
Value of Projects,” European Journal of Operational 
Research, Vol. 49, pp. 35–49, 1990. 

6. Etgar, R., Shtub, A., and Leblance, J.L., ”Scheduling 
Project to Maximize Net Present Value The Case of 
Time-Dependent, Contingent Cash Flows,” European 
Journal of Operational Research Vol. 96, No. 1,  
pp. 90-96, 1997. 

7. Etgar, R., and Shtub, A., “Scheduling Project 
Activities to Maximize the Net Present Value – The 
Case of Linear Time-Dependent Cash flows,” 
International Journal Of Production Research, 
Vol. 37, No. 2, pp. 329-339, 1999. 



��� ������	
��
��� �������	 ���� t3

8. Vanhoucke, M., and Demulemeester, E., and 
Herroelen, W. S., "Maximizing the Net Present Value 
of A Project with Linear Time-Dependent Cash 
Flows,” International Journal of Production 
Research, Vol. 39, No 14, pp 3159-3181, 2001. 

�.�
�'W 6 � �&cIe�M.�l��
89B�	 U9� ��	
	 >	O9< >
�9C�<	

 H��9@ F O92 O�2	�9K d�9M �9< Qk6O9N >��< F��G �Ii*�

 &IJ� 5G
	 &9�IX ��O09( �%��9� �����9�	 &09M6�N
$�


����
���%�#����	 ����$.

10. Doersch R.H., and Patterson J.H., “Scheduling a 
Project to Maximize its Present Value: a Zero–One 
Programming Approach,” Management Sciences,
Vol. 23, No. 8, pp. 882–889, 1977. 

11. Icmeli, O., and Erenguc, S.S.,“A Branch and Bound 
Procedure for the Resource Constrained Project 
Scheduling Problem with Discounted Cash flows,” 
Management Science, Vol. 42, No. 10, pp. 1395-
1407, 1996. 

12. Icmeli, O., and Erenguc, S.S., “A Tabu Search 
Procedure for Resource Constrained Project 
Scheduling Problem with Discounted Cash flows,” 
Computers and Operations Research, Vol. 21, No. 8, 
pp. 841-853, 1994. 

13. Lee, J.-K., and Kim, Y.-D., “Search Heuristics For 
Resource-Constrained Project Scheduling,” Journal 
of the Operational Research Society, Vol. 47,  
pp. 678–689, 1996. 

�~.� �&cIe� 6 d �&�	O'<.�"��/0/< >G��NPV 
  
�9C(��/N 

F��G Dp�*� G	 Q ���9�	 �9< _<�9�� �� 6�9c� �9< Qk6ON >��<

 �F�9B�
8� �9J��: l��
8B�	 "9X8�T� ;/�
�9'� RZ�9�� �

;/< q(	O��2 
�P ���O��� &II��	���$.

15. Szmerekovsky, J.G., “Single Machine Scheduling 
Under Market Uncertainty,” European Journal of 
Operational Research, Vol. 177, No. 1, pp. 163-175, 
2007.

16. Baker K.R., Introduction to Sequencing and 
Scheduling, Wiley, New York, 1974. 

17. Gurey, M.R., Johnson D.S., and Sethi R., "The 
Complexity of Flow Shop and Job Shop Scheduling," 
Mathematics of Operations Research, Vol. 1,  
pp. 117-129, 1976. 

18. Hejazi, S.R, and Saghafian, S., "Flow Shop 
Scheduling Problems with Makespan Criterion," 
International Journal of Production Research,
Vol. 43, No. 14, pp. 2895 - 2929, 2005. 

19. French, S., Sequencing and Scheduling: An 
Introduction to the Mathematics of the Job Shop,
Ellis Horwood Limited, England, 1986. 

20. Campbell, H.G., Dudek, K.A., Smith, M.L., "A 
Heuristic Algorithm for n Job, m Machine 
Sequencing Problem, " Management Science, Vol. 
16, pp. B630-B637, 1970. 

21. Nawaz, M., Emscore, Jr. E.E., and Ham, I., "A 
Heuristic on the m Machine, n Job flow shop 
Sequencing Problem, " Omega, Vol. 1, pp. 91-95, 
1983. 

22. Reeves, C.R., "A Genetic Algorithmm for Flow Shop 
Sequencing, " Computers and Operations Research,
Vol. 22, No. 1, pp. 5-13,1995.  

23. Scudder, G.D., and Smith-Daniels, D.E., Application 
of the Net Present Value Criterion in Random and 
Flow Shop Scheduling, Decision Sciences, Vol. 20, 
No. 3, pp. 602- 622, 1989. 

 


