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Abstract
According to the traditional decision makings, the project scheduling and material ordering were regarded 

as separate problems. However, it should be noted that integrated planning of the above mentioned issues can 
improve the execution costs of projects to a significant extent. This improvement has been remarkably taken into 
consideration within the last years. Thus, the authors aim to provide the interested readers with a concise review on 
the corresponding problem literature, from the advent to the present, in order to investigate the evolution course. The 
review aims to bring out branches for further developments by addressing the liable gaps.
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Introduction
Project scheduling has raised perceptible attention within the last 

decades as a widely used discipline, applicable to many different real 
world areas. The resource scarceness to carry out a project yielded to 
the resource constrained project scheduling problem advent, taken 
into account as an interesting research topic. Therefore, many different 
attempts have been dedicated to the problem, from which [1-4] can be 
viewed as instrumental arche-types. 

Literature Review 
With respect to the literature, the first paper which dealt with the 

integration of project scheduling and material ordering goes back to the 
work by Aquilano and Smith [5] to the best knowledge of the authors. 
They proposed an integrated model to address both the critical path 
method and the material requirement planning including materials, 
lead times and inventory level scheduling. Smith-Daniels and Aquilano 
[6] developed A formal set of algorithms for project scheduling with
critical path method-material requirements planning [5] for large-sized 
projects scheduling by proposing a heuristic solution method, in terms
of the least slack rule. They addressed all non-renewable and renewable
resources such as materials, construction components, equipment, and
labor, as well as activity durations variability.

Smith-Daniels [7] proposed a mixed-integer programming model 
to obtain an optimal plan for project scheduling and material ordering 
with fixed duration activities. They revealed that the given problem can 
be solved optimally when it is decomposed into a derivation of project 
scheduling and material ordering plan. They utilized the Wagner-
Whitin algorithm to extract the optimal material ordering plan for a 
given schedule. Erbasi and Sepil [8] also took a heuristic procedure into 
consideration to find the trade-off between material ordering expenses 
and delay in project delivery. However, all the above mentioned studies 
had tackled the purchasing as a relaxed issue, in which only the orders 
setting had been investigated. In a broader sense, they had assumed 
that the associated costs could be calculated in terms of a single price 
without regard to the real world purchasing options.

Dodin and Elimam [9] addressed an extended version of the 
problem by developing variable project worth, rewards/penalty for 
earlier/later completion of the project than the due date, and material 
quantity discounts. They also considered a trade-off between the 
incorporated costs by accounting for variable activity durations. A 

mixed-integer programming model was used to formulate the problem 
and some analytical results were presented to enhance the efficiency of 
the model performance by reducing the problem size. However, the 
proposed solution process was delimited to networks of up to thirty 
activities.

A heuristic method was applied [10] to schedule recurrent 
construction, in which an initial schedule was generated first to 
dispatch the worker teams to settle down with the backlog of products. 
Afterwards, multiple maximal closure problems were solved to find 
the material release times, maximizing the net present value (NPV) of 
the cash flows [9,11] applying a Genetic Algorithm (GA) in order to 
obtain a near optimal solution for larger-sized problems. Though, it had 
been assumed that materials volume required to process an activity was 
independent of the time duration, which can be criticized for real world 
cases. Besides, the costs of activities’ compression had been taken into 
consideration in terms of a linear proportion, which may not be true 
for all cases. Finally, they checked the average improvement percentage 
by applying a local search for the instances with different amount of 
materials.

Dixit et al. [12] investigated the uncertainty in materials lead time 
for the procurement scheduling model. They considered the proposed 
model for a real ship building case, in which the materials procurement 
play a crucial role in successful completion of the project. The addressed 
objective function included the holding and shortage costs of the 
project resources. Additionally, the effect of the allocated stage budget 
was tested on the project total costs. The main deficiency of the above 
paper pertained to the applied fuzzy approach which could end in some 
variations in the output with respect to the ranking method. In further 
research, Fu [13] investigated the material batch ordering problem for 
a multi-mode resource constrained project scheduling problem. He 
took the trade-off between different cost elements into account and 
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Authors Project Type Project 
Scheduling

Procurement 
Planning

Equipment 
Planning

Resources 
Type Activities

Uncertain 
Parameter 

(S)

Uncertainty 
Management

Objective 
Function

Solution 
Methodology

Dodin and 
Elimam 
(2001)

General Resource 
constraint Yes No non-

renewable
Non-

preemptive
Activities 
duration

Robust 
programming

Costs 
minimization

Conventional 
branch and 

bound
Long, and 

Ohsato 
(2008)

General Resource 
constraint No No Renewable Non-

preemptive
Activities 
duration

Fuzzy 
programming

Make-span 
minimization

Genetic 
algorithm

Dodin and 
Elimam 
(2008)

General Resource 
constraint No Yes

Renewable 
and non-

renewable

Non-
preemptive

Activities 
duration

Robust 
programming

Costs 
minimization Heuristic

Drezet 
and Billaut 

(2008)
Service

Resource 
constraint 
and skilled 
work force

No No Renewable Preemptive - -
Maximum 
tardiness 

minimization

Tabu and 
greedy search

Wuliang and 
Chengen 

(2009)
General Resource 

constraint No No Renewable Non-
preemptive - - Costs 

minimization
Genetic 

algorithm

Lova et al. 
(2009) General

Multi-mode 
resource 
constraint

No No
Renewable 
and non-

renewable

Non-
preemptive - -

Completion 
time 

minimization

Hybrid genetic 
algorithm

Sheikh 
Sajadieh et 
al. (2009)

General Resource 
constraint Yes No non-

renewable
Non-

preemptive
Activities 
duration

Robust 
programming

Costs 
minimization

Genetic 
algorithm

Mobini et al. 
(2011) General Resource 

constraint No No Renewable Non-
preemptive - -

Completion 
time 

minimization

Artificial 
immune 
algorithm

Bruni et al. 
(2011) General

Multi-mode 
resource 
constraint

No No
Renewable 
and non-

renewable

Non-
preemptive - -

Completion 
time 

minimization

Genetic 
algorithm

Kyriakidis et 
al. (2012) General

Single and 
Multi-mode 
resource 
constraint

No No
Renewable 
and non-

renewable

Non-
preemptive - -

Completion 
time 

minimization

Conventional 
branch and 

bound

Chen et al. 
(2012) Construction Resource 

constraint Yes Yes
Renewable 
and non-

renewable

Non-
preemptive

Costs and 
resources 
production 

rate

Stochastic 
programming

Costs 
minimization Simulation

Dixit et al. 
(2014) Construction Resource 

constraint Yes No
Renewable 
and non-

renewable

Non-
preemptive Lead time Fuzzy 

programming
Holding and 

shortage costs

Conventional 
branch and 

bound

Fu (2014) General
Multi-mode 
resource 
constraint

Yes No
Renewable 
and non-

renewable

Non-
preemptive - - Costs 

minimization
Memetic 
algorithm

Tabrizi and 
Ghaderi 
(2015)

General Resource 
constraint Yes No

Renewable 
and non-

renewable

Non-
preemptive - - Costs 

minimization
Memetic 
algorithm

Tabrizi and 
Ghaderi 
(2016)

General Resource 
constraint Yes No

Renewable 
and non-

renewable

Non-
preemptive Costs Robust 

programming

Costs 
minimization 

and robustness 
maximization

Differential 
evolution 
algorithm

Table 1: Features comparison of research studies.

proposed a hybrid algorithm, including an adapted harmony search 
and GA, as the solution methodology. The proposed system was 
allowed to incur shortage cost; though, the purchase was still done in 
rigid circumstances.

In a recent study, Tabrizi and Ghaderi [14] considered simultaneous 
planning of the project scheduling and material procurement under 
presence of multiple suppliers [15]. Without loss of generality, they 
could develop the issue to a broader boundary in which the materials 
supply was generalized to a more realistic condition. The proposed 
model took multiple suppliers into account with respect to different 
discount strategies. The applied objective function was aimed at finding 
the schedules with the best net present values. Moreover, they utilized 
an enhanced version of the genetic algorithm to solve the problems 
with large sizes. On the other hand, they tested the influence of the 

inflation on the objective function value by a sensitivity analysis [16-
19]. In a further study, Tabrizi and Ghaderi in 2016 developed the issue 
by addressing a robust mixed-integer programming mathematical 
model. The purpose of the research was to minimize the execution costs 
of the project and maximize the schedule robustness, respectively. An 
advantage with the applied approach is associated with the possibility to 
control the degree of conservatism. Furthermore, two different solution 
methodologies were used to deal with the problem with different sizes 
[20-23]. Here, Table 1 incorporates a set of related research studies with 
respect to varied features, to provide a clear comparison.

Conclusion
The importance to manage the projects effectively and efficiently has 

raised the issue to optimize the associated planning and considerations. 
In this regard, the construction projects require a more noticeable 
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amount of attention, since they own a more complicate organization. 
For instance, it is needed to deal with the procurement issue, in 
addition to the activities scheduling. Moreover, it has been prove that 
concurrent formulation and consideration of scheduling and orders 
setting can improve the total costs. Hence, the issue has been seriously 
taken into account within the last decades. Likewise, the authors 
aimed to have a brief review on the extant literature, highlighting the 
viewpoint addressed by different research studies.

Acknowledgements

We would like to express our appreciation to University of Tehran for the 
financial support for this study (Grant Number 25652/1/02). The authors are also 
thankful to all persons who helped them in developing this paper.

References

1. Herroelen W, De Reyck B, Demeulemeester E (1998) Resource-constrained
project scheduling: A survey of recent developments. Computers and
Operations Research. 25: 279–302.

2. Brucker P, Drexl A, Mohring R, Neumann K, Pesch E (1999) Resource
constrained project scheduling: Notation, classification, models, and methods. 
Eur J Oper Res 112: 3–41.

3. Demeulemeester EL, Herroelen WS (2002) Project scheduling: A research
handbook. Kluwer Academic Publishers, Dordrecht.

4. Kolisch R, Hartmann S (2006) Experimental investigation of heuristics for
resource-constrained project scheduling: An update. Eur J Oper Res 174:
23–37.

5. Aquilano NJ, Smith D (1980) A formal set of algorithms for project scheduling
with critical path method-material requirements planning. Journal of Operations 
Management 1: 57-67.

6. Smith-Daniels DE, Aquilano NJ (1984) Constrained resource project scheduling 
subject to material constraints. Journal of Operations Management 4: 369-388.

7. Smith-Daniels DE, Smith-Daniels VL (1987) Optimal project scheduling with
materials ordering. IIE Transactions 19: 122-129.

8. Erbasi A, Sepil C (1999) A modified heuristic procedure for materials 
management in project networks. International Journal of Industrial
Engineering-Theory 6: 132-140.

9. Dodin B, Elimam AA (2001) Integrated project scheduling and material planning 
with variable activity duration and rewards. IIE Transactions 33: 1005-1018.

10. Schmitt T, Faaland B (2004) Scheduling recurrent construction. Naval Research 
Logistics 51: 1102-1128.

11. Sheikh Sajadieh M, Shadrokh S, Hassanzadeh F (2009) Concurrent project
scheduling and material planning: A genetic algorithm approach. Scientia
Iranica- Transaction E: Industrial Engineering, 16: 91-99.

12. Dixit V, Srivastava RK, Chaudhuri A (2014) Procurement scheduling for
complex projects with fuzzy activity durations and lead times. Computers and
Industrial Engineering, 76: 401-414.

13. Fu F (2014) Integrated scheduling and batch ordering for construction project.
Applied Mathematical Modelling 38: 784-797.

14. Tabrizi BH, Ghaderi SF (2015) Simultaneous planning of the project scheduling 
and material procurement problem under the presence of multiple suppliers.
Journal of Engineering Optimization, Article-in-Press p: 1-18.

15. Tabrizi BH, Ghaderi SF (2016) A robust bi-objective model for concurrent
planning of project scheduling and material procurement. Journal of Computers 
& Industrial Engineering 98: 11-29.

16. Bruni ME, Beraldi P, Guerriero F, Pinto E (2011). A heuristic approach for
resource constrained project scheduling with uncertain activity durations.
Computers & Operations Research 38: 1305-1318.

17. Chen SM, Griffis FH, Chen PH, Chang LM (2012) Simulation and analytical 
techniques for construction resource planning and scheduling. Automation in
Construction 21: 99-113.

18. Dodin B, Elimam AA (2008) Integration of equipment planning and project
scheduling. Eur J Oper Res 184: 962-980.

19. Drezet LE, Billaut JC (2008) A project scheduling problem with labour
constraints and time-dependent activities requirements. Int J Prod Econ 112:
217-225.

20. Kyriakidis TS, Kopanos GM, Georgiadis, MC (2012) MILP formulations for
singleand multi-mode resource-constrained project scheduling problems.
Computers and Chemical Engineering, 36: 369- 385.

21. Long LD, Ohsato A (2008) Fuzzy critical chain method for project scheduling
under resource constraints and uncertainty. Int J Proj Manage 26: 688-698.

22. Lova A, Tormos P, Cervantes M, Barber F (2009) An efficient hybrid genetic 
algorithm for scheduling projects with resource constraints and multiple
execution modes. Int J Prod Econ 117: 302-316.

23. Wuliang P, Chengen W (2009) A multi-mode resource-constrained discrete
time–cost tradeoff problem and its genetic algorithm based solution. Int J Proj
Manage 27: 600-609.

http://www.sciencedirect.com/science/article/pii/S0305054897000555
http://www.sciencedirect.com/science/article/pii/S0305054897000555
http://www.sciencedirect.com/science/article/pii/S0305054897000555
http://econpapers.repec.org/scripts/redir.pf?u=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0377-2217%2898%2900204-5;h=repec:eee:ejores:v:112:y:1999:i:1:p:3-41
http://econpapers.repec.org/scripts/redir.pf?u=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0377-2217%2898%2900204-5;h=repec:eee:ejores:v:112:y:1999:i:1:p:3-41
http://econpapers.repec.org/scripts/redir.pf?u=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0377-2217%2898%2900204-5;h=repec:eee:ejores:v:112:y:1999:i:1:p:3-41
https://books.google.co.in/books?hl=en&lr=&id=4kIOBwAAQBAJ&oi=fnd&pg=PR19&dq=3.%09Demeulemeester,+E.L.+%26+Herroelen,+W.S.,+2002.+Project+scheduling:+A+research+handbook.+Dordrecht:+KLUWER+ACADEMIC+PUBLISHERS&ots=8BcTTgg34I&sig=Ly4HTlt8rFcKJ35SnEppbPUUD-Q
https://books.google.co.in/books?hl=en&lr=&id=4kIOBwAAQBAJ&oi=fnd&pg=PR19&dq=3.%09Demeulemeester,+E.L.+%26+Herroelen,+W.S.,+2002.+Project+scheduling:+A+research+handbook.+Dordrecht:+KLUWER+ACADEMIC+PUBLISHERS&ots=8BcTTgg34I&sig=Ly4HTlt8rFcKJ35SnEppbPUUD-Q
http://www.sciencedirect.com/science/article/pii/S0377221705002596
http://www.sciencedirect.com/science/article/pii/S0377221705002596
http://www.sciencedirect.com/science/article/pii/S0377221705002596
http://www.sciencedirect.com/science/article/pii/0272696380900133
http://www.sciencedirect.com/science/article/pii/0272696380900133
http://www.sciencedirect.com/science/article/pii/0272696380900133
http://www.sciencedirect.com/science/article/pii/0272696384900226
http://www.sciencedirect.com/science/article/pii/0272696384900226
http://dx.doi.org/10.1080/07408178708975378
http://dx.doi.org/10.1080/07408178708975378
http://dx.doi.org/ 10.1023/A:1010994519405
http://dx.doi.org/ 10.1023/A:1010994519405
http://dx.doi.org/ 10.1002/nav.20043
http://dx.doi.org/ 10.1002/nav.20043
http://search.proquest.com/openview/4d1e5e6e2211a64cd4f9a479062b2fbb/1?pq-origsite=gscholar&cbl=54704
http://search.proquest.com/openview/4d1e5e6e2211a64cd4f9a479062b2fbb/1?pq-origsite=gscholar&cbl=54704
http://search.proquest.com/openview/4d1e5e6e2211a64cd4f9a479062b2fbb/1?pq-origsite=gscholar&cbl=54704
http://www.sciencedirect.com/science/article/pii/S0360835213003896
http://www.sciencedirect.com/science/article/pii/S0360835213003896
http://www.sciencedirect.com/science/article/pii/S0360835213003896
http://www.sciencedirect.com/science/article/pii/S0307904X13004617
http://www.sciencedirect.com/science/article/pii/S0307904X13004617
http://dx.doi.org/10.1080/0305215X.2015.1114772
http://dx.doi.org/10.1080/0305215X.2015.1114772
http://dx.doi.org/10.1080/0305215X.2015.1114772
http://www.sciencedirect.com/science/article/pii/S0360835216301589
http://www.sciencedirect.com/science/article/pii/S0360835216301589
http://www.sciencedirect.com/science/article/pii/S0360835216301589
http://www.sciencedirect.com/science/article/pii/S0305054810002947
http://www.sciencedirect.com/science/article/pii/S0305054810002947
http://www.sciencedirect.com/science/article/pii/S0305054810002947
http://www.sciencedirect.com/science/article/pii/S0926580511001075
http://www.sciencedirect.com/science/article/pii/S0926580511001075
http://www.sciencedirect.com/science/article/pii/S0926580511001075
http://www.sciencedirect.com/science/article/pii/S0377221706012343
http://www.sciencedirect.com/science/article/pii/S0377221706012343
http://www.sciencedirect.com/science/article/pii/S0925527307001405
http://www.sciencedirect.com/science/article/pii/S0925527307001405
http://www.sciencedirect.com/science/article/pii/S0925527307001405
http://www.sciencedirect.com/science/article/pii/S0098135411001955
http://www.sciencedirect.com/science/article/pii/S0098135411001955
http://www.sciencedirect.com/science/article/pii/S0098135411001955
http://www.sciencedirect.com/science/article/pii/S0263786307001548
http://www.sciencedirect.com/science/article/pii/S0263786307001548
http://www.sciencedirect.com/science/article/pii/S0925527308003654
http://www.sciencedirect.com/science/article/pii/S0925527308003654
http://www.sciencedirect.com/science/article/pii/S0925527308003654
http://www.sciencedirect.com/science/article/pii/S0263786308001579
http://www.sciencedirect.com/science/article/pii/S0263786308001579
http://www.sciencedirect.com/science/article/pii/S0263786308001579

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Literature Review  
	Conclusion
	Acknowledgements
	References

