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Abstract

This paper aims to propose a solution to the resource-constraint project scheduling problem
(RCPSP). RCPSP is a significant scheduling problem in project management. Currently,
there are insufficient studies dealing with the robustness of RCPSP. This paper improves the
robustness of RCPSP and develops a Robust RCPSP, namely RRCSP. RRCSP is structured
with relaxing a fundamental assumption that is ‘the tasks start on time as planned’. Relax-
ing this assumption makes the model more realistic. The proposed solution minimizes the
makespan while maximizing the robustness. Maximizing the robustness requires maximizing
floating time of activities (it is NP hard). This creates more stability in the project finishing
time. RCPSP stands as the root cause of many other problems such as multi-mode resource-
constrained project scheduling problems (MRCPSP), multi-skill resource-constrained project
scheduling problem (MSRCPSP), or similar problems and hence proposing a solution to this
problem contributes to pave a new line for future research in other mentioned areas. The
applicability of the proposed model is examined through a numerical example.
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1. Introduction

Resource-constraint project scheduling problem (RCPSP) is a significant scheduling problems
in project management [1, 2]. With regard to this problem, the time and resource estimation of
project activities are considered as a critical task. This is because activities are subjected to
delay with regard to uncontrollable factors that may increase their durations [3]. The current
literature is enriched with models that have been proposed by researchers [4–6].

Since decades ago, scheduling problem in real project has been treated as a multi-objective
problem [7–9]. This paper is developed based on two papers by Al-Fawzan and Haouari [3]
and Abbasi et al. [10]. Al-Fawzan and Haouari [3] proposed a bi-objective model in which
two significant objectives were taken into account: ‘makespan minimizing’ and ‘robustness
maximizing’. The model was then solved using multi objective tabu search (MOTS). In the
following year, Abbasi et al. [10] solved the same problem using simulate annealing (SA)
based approach. Aligned with those papers, in this paper, a single renewable resource and bi-
objective model is considered and addressed using differential evolution (DE) algorithm [11].

The paper provides a brief section on the importance of robustness in scheduling problem.
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Next, the DE algorithm is explained. Following that, the model
is proposed. Then, the model is tested through an illustrative
example. The results are compared in particular with the results
of the paper proposed by Abbasi.

2. Robustness Importance

Before starting a project, it often happens that the required
time for activities as well as the resources of the project are
estimated according to the project manager’s experience. But
after starting project the activity’s required time and resources
may dramatically change due to uncontrollable factors and in-
cidents. This may increase the duration or activities or may
require unavailable resources during the project. In such inci-
dents, the time of activities and consequently the makespan will
be delayed. Using a robust scheduling model, we reduce the
consequences of such incidents. Robust scheduling generally
means that if activities were delayed, the makespan would not
be delayed that is in terms of the floating time concept. Icmeli-
Tukel and Rom [12] used rework concept to introduce robust
scheduling. Al-Fawzan and Haouari [3] provided a method
for robustness concept and used MOTS in order to find global
optimum solution using local right shift (LRS). In contrast, this
paper uses global right shift (GRS) method for robustness rele-
vant calculated rather than LRS. The reason for this choice is
because activities that cannot be delayed in LRS, can be delayed
in GLS.

Six figures are provided below. Figure 1 shows a simple
network project CPM. Figure 2 shows a solution of this example
when the available resources is 6 units. As we can see in the
Figure 2, activity B cannot have a delay in LRS method while
using GRS it can. Figures 3 and 4 present two solutions to
the mentioned example when the available resource is 7 units
and makespan of both of them is equal to 9 units but their
summation floating time is different. The summation of floating
time in Figure 3 is 8 units and in Figure 4 it is 10 units. It can be
argued that because the summation of floating time of Figure 4
is more than the summation floating time of Figure 3, solution
four is more robust than solution three. Because, for example, if
starting time of activities B and E delay for 7 and 3 units, due to
mentioned uncontrollable and unexpected factors and incidents,
according to the sequence that project manager has provided,
the makespan of solution three according to Figure 5 is equal
to 13 and makespan of solution four according to Figure 6
remains unchanged. This is a simple example that explains the
importance of the robust scheduling.

Figure 1. Network example.

Figure 2. Solution with 6 available resource unit.

Figure 3. The first solution.

Figure 4. The second solution.

3. Differential Evolution

DE algorithm as an evolutionary algorithm was proposed by
Storn and Price [13]. Despite the similarities of DE to evo-
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Figure 5. The first solution after the delay.

Figure 6. The second solution after the delay.

lutionary algorithms, it has unique method in generation new
population. The evolutionary algorithms usually generate new
population by crossover and mutation where applicable a mix-
ture of both of them starting by application of crossover and
continued by application of mutation.

DE differentiates itself from other evolutionary algorithms
from two reasons. First, it begins by applying mutation gen-
erated initial solution and then with it applies crossover to
generate new solution. Second is that the method of mutation
that is applied by a distance and difference from the available
solutions in population.

3.1 The Steps of Differential Evolution

• Defining of the parameters, problem, and the algorithm

• Generating the initial population and their evaluation
member

• Repeating the following steps while the termination con-
dition is not realized

� Repeating the following steps for every member of
the population

◦ Generating temporary solution by mutation op-
eration

◦ Evaluating a new solution using crossover op-
eration

◦ Replacing the old one with the new one if new
solution is better than the old solution. Other-
wise the old solution remains untouched.

• The best solution is provided.

4. The Model

By considering makespan and robustness, RRCPSP is modelled
as follows:

Parameters:

n = number of activity,

G = acyclic graph that represents the project,

dj = duration of activity j,

ESj = earliest start time of activity j,

LSj = latest start time of activity j,

EFj = earliest finish time of activity j,

LFj = latest finish time of activity j,

Pj = set of precedence of activity j,

Sj = set of successor of activity j,

R = value of renewable sources,

rj = resource requirements for activity j,

Cmax = finish time of whole project,

FT = floating time of whole project,

FTj = floating time of activity j,

Xjt = 1, if activity j in time t is executed and zero, other-
wise.

Model:

min f(makespan(Cmax), floating time(FT ))

subject to
LFJ∑

t=EFJ

Xjt = 1 ∀ j = 1, 2, ..., n, (1)

LFw∑
t=EFw

t.Xwt ≤
LF j∑

t=EF j

(t− dj) .Xjt, ∀ j, w ∈ Pj , (2)

Cj =

LF j∑
t=EF j

t.Xjt, ∀ j = 1, 2, ..., n, (3)

Cmax ≥ Cj , ∀ j = 1, 2, ..., n, (4)
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n∑
j=1

rj .

t+dj−1∑
b=t

Xjb ≤ R, ∀ t, (5)

FT j = LSj − ESj , ∀ j = 1, 2, ..., n, (6)

FT =

n∑
j=1

FT j , (7)

ES1 = 0, (8)

EF i = ESi + dj , ∀ j = 1, 2, ..., n, (9)

ESj = max{EF i}, ∀ i ∈ Pi, j = 1, 2, ..., n, (10)

LFn = Cmax, (11)

LSj = LF j − dj , ∀ j = 1, 2, ..., n, (12)

LF j = max{LSj}, ∀ i ∈ Sj , j = 1, 2, ..., n, (13)

Xjt = {0, 1}, ∀ j, t. (14)

The objective function is approximated using a linear combi-
nation of makespan and sum of the floating time. (λ ∗Cmax)−
(1− λ) ∗ (FT ).

The value of λ, within [0 1] interval, determines the impor-
tance of makespan versus floating time and is very dependent
on the project type changes. As observed above, the algorithm
objective is the minimization type thus for maximizing FT in
top objective, (−FT ) is used in the approximating process.
In fact, we minimize Cmax and maximize FT in the objective
function.

The first constraint ensures that activity j will finish between
EFj and LFj . The second constraint ensures priority of ac-
tivities. Constraint (3) calculates finish time of activities and
constraint (4) calculates finish time of project. Constraint (5)
considers conditions resource constraint that is applicate to all
part of the project. Constraint (6) calculates TF for each activity.
Constraint (7) calculates TF for the whole project. Constraint
(8) show that project starts at zero time and constraint (9) cal-
culates the latest start time of each activity. Constraint (10)
calculates the earliest time of each activity. Constraint (11)
before Eq. (13) completes calculates the latest start and finish
time of each activity. Finally, constraint (14) determine the
amount of decision variable so that if equals it is equal to 1,
activity j in time t applies and it zero, otherwise.

As RRCPSP is the extension of RCPSP, and so it is also
considered as NP-hard problem.

Beginning we start coding a program that generates a feasible
solution by considering resource constraint and precedence
constraints to calculate makespan is needed. Then, we use
floating time base GRS method to obtain value of robustness.

Hence we needed difference earliest start time and the latest
start time of each activity. That’s why for obtaining the latest
start time of each activity, we perform coding a program and we
set all of the activities of that sequence solution by considering
the newest first so that it starts from finishing project time
(makespan) and new sequence will set towards the time zero
and in this way all of the activities exceed their durations that
they could possibly get and we may obtain the latest start and
latest finish time of each activity.

Finally, we obtain makespan and robustness value to each
solution then we can calculate top objective and use it in DE
explained previous section.

5. Numerical Example

To illustrate the method, a numerical example is used. The
example is addressed using MS project 2016. At the end, the
results are compared with the work presented by Abbasi et al.
(2006).

Assume that there are 50 activities and there is one contin-
uous resource with 6 units over the project. The durations
of activities, requirement resources, and their precedence are
ordered by the numbers of activities as in Table 1.

After solving this example by the model, using DE algorithm
and DE parameters algorithm, set with MATLAB R 2016a and
CPU core i5-2430M and 4 RAM, the results are as follows
(presented in Table 2):

Maximum number of iteration=100

Population size=50

Lower bound for scaling factor to mutation= 0.2

Upper bound for scaling factor to mutation=0.5

Crossover probability=0.4

Note that when the value of λ is very low, we may fail to find
a proper solution. Because the difference between makespan
and floating time value is relatively large, may with increase
or decrease of makespan have no effect in objective when λ is
smaller than above value. So finding optimum λ needs applica-
tion of optimization algorithm.

The example is solved using MS project 2016 and the results
are presented in Table 3.

Table 4 presents the results from the paper by Abbasi et
al. [10]. They used LRS to calculate the time of activities.

As can be seen in Tables 2-4, makespan and floating time of
our model is better than other solution that this subject shows
efficiency of our model.
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Table 1. Duration and requirement resources of each activities

Activity Duration Requirement
resources

Precedence

1 2 2 -

2 2 1 1

3 5 3 1

4 4 1 1

5 2 1 3

6 3 2 2

7 1 1 -

8 3 2 7

9 5 3 7

10 6 1 7

11 4 3 7

12 2 1 8

13 3 1 -

14 5 2 9

15 6 2 9

16 7 1 10

17 4 1 -

18 2 1 10

19 5 1 10

20 4 1 11

21 1 2 11

22 3 2 12

23 2 1 12

24 1 3 12

25 2 1 13

Activity Duration Requirement
resources

Precedence

26 3 2 14

27 6 3 14

28 3 3 16

29 2 1 16

30 3 2 17

31 1 1 20

32 2 2 20

33 5 3 20

34 4 2 21

35 3 2 21

36 1 2 22

37 1 1 22

38 2 1 22

39 6 2 22

40 4 1 25

41 3 2 25

42 1 3 29

43 5 1 29

44 3 2 30

45 6 1 31

46 2 1 31

47 1 2 32

48 2 1 32

49 1 2 33

50 2 1 45

Table 2. Results using the method

λ Makespan Floating time

1 46 436

0.995 46 1011

0.990 46 1039

0.985 46 1043

0.980 46 1072

0.975 47 1092

0.970 47 1104

0.965 47 1128

0.960 47 1155

Table 3. Results using MS project 2016

Makespan Floating time

49 358

6. Conclusion

This paper has proposed a solution to RCPSP as a significant
scheduling problem in project management. This paper has
improved the robustness of RCPSP and developed a Robust
RCPSP (RRCSP). The proposed solution to the scheduling
problem could minimize the makespan while maximizing the
robustness. This created more robustness and stability in the
project completing time. The proposed solution to the problem
contributes to pave a new line for future research. The applica-
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Table 4. Results of the study by Abbasi et al. [10]

λ Makespan Floating time

1 47 82

0.995 47 115

0.990 47 115

0.985 47 115

0.980 51 343

0.975 52 389

0.970 52 389

0.960 66 841

0.950 66 841

bility of the proposed model was examined through a numerical
example.
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