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Abstract

To establish and manage a project schedule, the Critical Path Method (CPM) coupled with bar charts is a widely used
approach. Nevertheless, the schedule computed by the CPM method often needs to be adjusted to smooth out the daily
resource utilization. This task is known as resource leveling. This article aims at developing an open tool for performing
CPM based project scheduling and visualization as well as resource leveling. The success-history based parameter
adaptation for Differential Evolution with linear population size reduction, denoted as LSHADE, is used for optimizing
project schedules with the focus on minimizing resource fluctuations. The newly developed tool has been established in
.NET framework 4.6.2. Experimental result with a demonstrative project points out that the proposed software program
can be a useful tool to assist project managers as well as lecturers in teaching project management courses.

Keywords: Project schedule management; critical path method; resource leveling; differential evolution; .NET
framework.

Tém tit

Dé thiét 1ap va quan 1y tién d6 du an, phuong phap duong gang (CPM) két hop voi biéu d6 ngang la mot phuong phap
dugc str dung rong réi. Tuy nhién, tién do dugc tinh toan bang phuong phap CPM thudng can dugce diéu chinh dé lam
giam sy bién dong ctia nhu cau tai nguyén. Nhiém vu nay dugc goi la diéu hoa tai nguyén. Bai viét nay nham muc dich
phat trién mot cong cu dé thuc hién 1ap ké hoach va hién thi tién do du an dya trén phuong phap CPM ciing nhu viée
diéu hoa tai nguyén. Thuat toan tién hoa LSHADE duoc sir dung dé t&i wu hoa tién d6 dy 4n véi trong tim 1 giam thiéu
bién dong tai nguyén. Cong cu méi da duge phat trién trong nén tang NET framework 4.6.2. Két qua tinh toan véi cong
tac 1ap tién do cho 1 du 4n chi ra ring chuong trinh phian mém dwoc dé xudt c6 thé 1a mot cong cu hiru ich dé hd trg cac
nha quéan 1y du an ciing nhu cac giang vién trong qua trinh giang day cac mén hoc lién quan dén quan 1y du an.

Tir khéa: Quan 1y tién d6 dy &n; phuong phap dudng ging; didu hoa tai nguyén; thuat toan tién hoa, nén tang .NET.
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1. Introduction

In an increasingly competitive market
condition, the success of construction
contractors  heavily depends on their
effectiveness of planning and managing
resources. Poor project planning and ineffective
resource utilization cause additional operational
cost and ultimately lead to business failure [1,
2]. Intensive fluctuations and high resource
demand at certain time may lead to project
delay and higher overhead/direct costs. It is
because hiring and laying off workers on a
short-term basis to meet the fluctuations in the
resource profile is very costly. Moreover, if the
resources cannot be managed effectively, they
may exceed the supply capability [3, 4].
Accordingly, a contractor has to maintain a
number of idle workers and other resources
during the project execution; this fact obviously
causes certain profit reduction.

Since the standard CPM method does not
consider the bad effects of extensive resource
fluctuations, additional procedures are required
to adjust the CPM based schedule to achieve a
smoother resource utilization profile [5-7]. The
process of smoothing out resources is known as
the resource leveling [3]. The objective herein
IS to minimize the peak demand as well as
fluctuations of the resource usage [8]. This goal
can be achieved by shifting noncritical
activities within their available floats [4]. In
recent years, the applications of metaheuristic
algorithms  for resource leveling have
increasingly gained more attentions of the
research community [9]. Metaheuristic based
methods have been successfully used to
optimize project schedule with respect to
resource utilization. However, open tools for
optimizing project resource utilization are
hardly found. Such tools can be essentially
useful for practical use and educational

purposes. Therefore, this study develops a
software program for CPM based project
scheduling and visualization as well as resource
leveling. The LSHADE metaheuristic is used
for optimizing resource utilization schedule.
The newly constructed tool has been developed
in .NET framework 4.6.2 and verified via two
demonstrative projects.

2. Problem formulation

The goal of the resource leveling problem is
to diminish the peak resource demand as well
as fluctuations in day-to-day resource
utilization. This task can be formulated as an
optimization problem having the following
objective function [3, 4, 7]:

f =i(yi -y, (1)

where T is the project duration; y; denotes
the total resource demand of the activities

:
ZYi
performed at time unit i; and VY, =%is a

uniform resource level.

The Eg. (1) can be expressed further as
follows:
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Since duration of activities and rate of
resource for each activity are unchanged, y, and

;
Dy, are constant. Hence, the objective
i=1

function can be rewritten as follows:
u 2
f = :
2. ©

3. The history-based adaptive differential
evolution with Linear Population Size
Reduction (LSHADE)

The Differential evolution (DE) [10] is a
powerful metaheuristic method for solving
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global optimization problem. The DE is based
on the employment of a novel crossover-
mutation operator using a linear combination of
three different individuals and one subject-to-
replacement parent (or target vector) [11-13].
This operator yields a trial vector (or child
vector) which will compete with its parent in a
greedy selection operator. Tanabe and
Fukunaga [14] further improve the standard DE
algorithm by proposing the LSHADE with
several enhancements:

(i) The mutation scale factor (F) and the
crossover probability (CR) are adapted during
the optimization process instead of being
constants.

(i) A mutation strategy called DE/current-
to-pbest/1 is implemented to better explore the
search space [15]:

v = Xi,g + I:i(xrl,g - Xr2,g) + Fi(Xpbest,g - Xi,g)

(4)
where vig+1 is a trial vector; Xig iS a target
vector; Xri,g, Xr2,g are two randomly selected
members; Xpoest,g IS the current best solution.

i,g+1

(iif) A population size shrinking strategy is
employed to both enhance convergence rate
and reduce computational expense.

The crossover operation aims at combining
the information of the newly created candidate
and its parent according [16]:

~Viige if rand; <Cr or j=rnb(i)
uj,i,g+l -

Xjig» if rand; >Cr and j=rb(i)

(®)

The selection process compares the fitness
of the trial and the target. Under a greedy
manner, if the trial vector has a lower objective
function value than its target vector, the trial
vector supersedes the target vector. Moreover,
the L-SHADE employs two archives of MF and
MCR which are vectors of a fixed length H;
MF and MCR store the mean values of the
mutation scale and the crossover probability. In
addition, the two sets of SF and SCR contain
information of all CR and F values that deliver
trial vectors better than their parents [17].

4. Software program application

The user needs to provide the project
information containing the project name,
activity names, activity durations, and activity
predecessors. The project schedule is then
computed automatically wusing the CPM
method. After the CPM based schedule is
computed, the LSHADE is used to perform the
resource leveling process; this metaheuristic
method attempts to shift noncritical activities
within their float values to seek for an optimal
project schedule. The demonstrative project
contains 14 activities. The project information
is provided in Table 1. The project schedule
calculation based on the CPM method is shown
in Fig. 1 with the project duration is 30 days
and the maximum worker demand is 30 for
both early and late start schedules. The resource
leveling outcome is illustrated in Fig. 2 with the
maximum worker demand being reduced to 25.
The project duration remains to be 30 days.
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Table 2 Information of the experimental project

Activity Activity Name Duration Worker Demand Per Day Predecessors

N
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Fig. 1 The project schedule calculation based on the CPM method
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Fig. 2 The resource leveling result: (a) Schedule bar chart and (b) Resource profile

5. Conclusion

This study develops an open tool, named as
CPM project scheduling, for project scheduling
and solving resource leveling problem. The
LSHADE metaheuristic is employed to perform
project resource leveling. The project schedule
and resource demand are conveniently
visualized using the charts provided in the
software program. The program applicability is
demonstrated via a project containing 14
activities. Experimental result shows that the
newly developed tool is promising to assist
project managers in coping with the resource
leveling problem.

Supplementary material

The Excel solver can be downloaded at:
https://github.com/NhatDucHoang/CPM_Proje
ctSchedulingV1.1.
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