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Abstract

Construction projects often require large investment costs. They usually entail complex technical requirements and
construction schedule. Therefore, optimizing the project planning and execution is a practical need of construction
companies. Linear optimization problems are widely encountered in construction project management. This study
demonstrates the application of Google OR-Tools as a powerful, easy-to-use, and open source software suite in tackling
linear programs. Herein, this open source tool has been integrated with Visual C# programming and the optimization
models are formulated in Microsoft Visual Studio. Two optimization case studies are used in this study to illustrate the
implementation of the Google OR-Tools.
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Tom tat

Céc cong trinh xay dung thuong doi hoi chi phi dau tu 16n. Chang thudng c¢6 nhitng yéu cau ki thuét va tién do thi
cong phuc tap. Vi vy, t6i wu hoa viée lap ké hoach va thyrc hién dy 4n 1a mot nhu cau cip thiét cia cac cong ty xay
dung. Cac bai toan tdi wu hoa tuyén tinh thuong gap nhiéu trong quan 1y du an xay dung. Nghién ctru nay ng dung
cong cu OR-Tools cua Google nhu mét bo phan mém mo, manh mé, va dé sir dung trong viéc giai quyét cac bai toan t6i
vu hoa tuyén tinh. Cong cu ma ngudn mé nay da duoc tich hop véi 1ap trinh Visual C # va cac mé hinh tdi wu hoa duoc
x4y dung trong Microsoft Visual Studio. Hai bai to4n co ban vé t6i wu hoa tuyén tinh di dwoc sir dung trong nghién ciru
nay dé minh hoa viéc trién khai OR-Tools.

Tir khéa: Quan 1y xay dung; Lap trinh tuyén tinh; M6 hinh toan hoc; Google OR-Tools; Visual Studio.

1. Introduction largely depends on their effectiveness of

The success of construction companies in an pIannmg and Mmanaging resources”[l-.4].
increasingly competitive market condition  Ineffective planning and resource utilization
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often increases construction cost and extends
construction schedule [5-9]. To avoid such
unwanted scenarios, construction companies
need to optimize their operational processes
[10-16]. Various problems encountered during
the project planning and executing can be
formulated as linear optimization problems or
linear programming. Linear programming
refers to mathematical modeling method in
which a linear objective function is either
minimized or maximized when subjected to a
set of linear constraints [17].

The general form of a linear program is
expressed as follows:

Max. or Min. f(x) = cx (1)
Subjectto Ax<b
LB<x<UB

where X is a vector of decision variables. c, A, b
are problem parameters. LB and UB denote the
lower and upper boundaries of the decision
variables.

The mathematical modeling technique of
interest has been proven to be helpful for
assisting quantitative decisions in business
planning in various disciplines including
construction and industrial engineering [18,
19]. This study applies the Google OR-Tools
[20] as a powerful and open source software
suite for solving linear optimization problems.
We also integrate this open source software

suite into the Microsoft Visual Studio with C#
programming language. The optimization
capability of Visual C# based OR-Tools in
modeling and solving  decision-making
problems in construction management is
demonstrated via two simple applications.

2. The OR-Tools applications

The first application involves the
determination of a set of trucks used for
dumping construction waste. Herein, a
contractor needs to dump 160 tons of
construction waste. It has two types of truck: A
and B. Truck A’s capability is 5 tons / trip.
Truck B’s capability is 3 tons / trip. The cost of
truck A and B is 180,000 and 100,000 per trip,
respectively. The total number of trips must not
exceed 35. Find the optimal number of trips for
each type of truck. Herein, we employ OR-
Tools with Solving Constraint Integer Programs
(SCIP) backend provided by the OR-Tools for
finding integer variables (refer to Fig. 1). The
optimization results are shown in Fig. 2. It is
noted that to display the objective function
value, the following code is used:
solver.Objective().Value(). In addition, the
decision variables are converted to real values
as follows: double x_sol = x.SolutionValue()
and double y_sol = y.SolutionValue(). Tir két
qua cua bai toan, s6 lan chay tdi wu cua xe loai
A 13 29 va cua xe loai B 1a 5.

Variable x
Variable y
// Set the constraints
solver.Add(x + y <= 35);
solver.Add(5 * x + 3 * y >= 160);

// Set objective function
solver.Minimize(180 * x + 100 * y);
solver.Solve();

solver.MakeIntvar(@, 35, "x");
solver.MakeIntvar(@, 35, "y");

Console.WriteLine("Number of constraints =

"

+ solver.NumConstraints());

Fig. 1 Problem definition for the 1% application
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Fig. 2 Optimization results of the 1% application

In the 2" application, a simplified project
selection optimization problem is considered.
Herein, a company considers the investments of
six potential construction projects, the profits
(VND billion), the required capital (VND
billion), and the required manpower for each
project are shown in Table 1. Provided that the
capital capacity of the company is 250 billion,
the number of available engineers and workers
are 60 and 550, the company wishes to find an

Table 1. Project information

optimal set of invested projects that maximizes
that total profits. The problem formulation is
shown in Fig. 3 and the optimization outcomes
are reported in Fig. 4. Herein, the decision
variables are formulated as binary variables
with the value of 1 means the decision of
investing and the value of O corresponds to the
decision of not investing. Tir két qua cta bai
toan, cac du an 1, 3, 4, va 6 da duoc Iua chon.

Project 1 2 3 4 5 6
Cost 40 20 45 55 67 90
Engineers 12 8 5 17 8 18
Workers 100 120 110 200 150 80
Profit 2.5 1.1 1.8 1.3 0.7 3.2
Solver solver = Solver.CreateSolver("SCIP");
// Create the variables x and y.
Variable x@ = solver.MakeBoolvar("x@"); Variable x1 = solver.MakeBoolVar("x1");
Variable x2 = solver.MakeBoolvar("x2"); Variable x3 = solver.MakeBoolVar("x3");
Variable x4 = solver.MakeBoolvVar("x4"); Variable x5 = solver.MakeBoolvar("x5");

// Set
solver.
solver.
solver.
// Set

the constraints

objective function

Add(4® * x0 + 20 * x1 + 45 * x2 + 55 * x3 + 67
Add(12 * x0 + 8 * x1 + 5 * x2 + 17 * x3 + 8 * x4 + 18
Add(1e@ * x@ + 120 * x1 + 11@ * x2 + 200 * x3 + 150 *

{@}.", x2_sol); Console.WriteLine("x3 = {@}.", x3_sol);

solver.Maximize(2.5 * x@ + 1.1 * x1 + 1.8 * x2 + 1.3 * x3 + 0.7 * x4
solver.Solve();

double x©@_sol = x@.SolutionValue(); double x1_sol

double x2_sol = x2.SolutionValue(); double x3_sol

double x4_sol = x4.SolutionValue(); double x5_sol
Console.WriteLine("Solution:");

Console.WritelLine("Objective value = " +

Console.WritelLine("x® = {@}.", x@_sol); Console.WriteLine("x1
Console.WriteLine("x2 =

Console.WritelLine("x4 = {0}.", x4_sol);

9@ * x5
* X5 <=
X4 + 8@

* x4 + <= 250);
60);

* x5 <= 550);
+ 3.2 * x5);

= x1.SolutionValue();
x3.SolutionValue();

x5.SolutionValue();

solver.Objective().Value());

{8}.", x1_sol);

Console.WriteLine("x5 = {@}.", x5_sol);

Fig. 3 Problem definition for the 2" application
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Fig. 4 Optimization results of the 2" application

3. Concluding remarks

Linear programming is widely encountered
in construction project planning and execution.
This study demonstrates the application of the
Google OR-Tools as a powerful and open
source software suite for solving linear
optimization tasks. The Google OR-Tools is
used with Visual C# in Microsoft Visual
Studio. Two basic applications demonstrate the
usefulness of the Google OR-Tools in
developing software programs to assist the
decision-making processes during various
phases of construction projects.

References

[1] M.-Y. Cheng, N.-D. Hoang, and Y.-W. Wu, "Cash
flow prediction for construction project using a
novel adaptive time-dependent least squares support
vector machine inference model," Journal of Civil
Engineering and Management, vol. 21, pp. 679-688,
2015/08/18 2015.

D. W. Halpin and B. A. Senior, Construction
Management: Wiley, 4 edition, 2010.

K. N. Jha, Construction Project Management
Theory and Practices: Pearson India, 2015.

[2]
[3]
[4] M.-Y. Cheng and N.-D. Hoang, "Interval estimation
of construction cost at completion using least
squares support vector machine,” Journal of Civil

Engineering and Management, vol. 20, pp. 223-236,
2014/03/04 2014.

H.-H. Tran and N.-D. Hoang, "A Novel Resource-
Leveling Approach for Construction Project Based

(5]

on Differential Evolution,”" Journal of Construction
Engineering, vol. 2014, p. 7, 2014.

M.-Y. Cheng, D.-H. Tran, and N.-D. Hoang, "Fuzzy
clustering chaotic-based differential evolution for
resource leveling in construction projects,”" Journal
of Civil Engineering and Management, vol. 23, pp.
113-124, 2017/01/02 2017.

N. D. Hoang, Q. L. Nguyén, and Q. N. Pham, "Téi
wu hoéa tién do va chi phi cho du an xay dung su
dung thuat toan tién héa vi phan," Tap Chi Khoa
Hoc va Céng Nghé, Pai Hoc Duy Tén, vol. 1, pp.
135-141, 2015.

N.-D. Hoang, Q.-L. Nguyen, and Q.-N. Pham,
"Optimizing Construction Project Labor Utilization
Using Differential Evolution: A Comparative Study
of Mutation Strategies,” Advances in Civil
Engineering, vol. 2015, p. 8, 2015.

N.-D. Hoang, "NIDE: A Novel Improved
Differential Evolution for Construction Project
Crashing Optimization,” Journal of Construction
Engineering, vol. 2014, p. 7, 2014.

[10] N. D. Hoang, "Automatic time-cost trade-off for
construction projects using evolutionary algorithm
integrated into a scheduling software program
developed with .NET framework,"” DTU Journal of
Science and Technology, vol. 3, pp. 3-8, 2020.

[11] S. M. R. Alavipour and D. Arditi, "Time-cost
tradeoff analysis with minimized project financing
cost," Automation in Construction, vol. 98, pp. 110-
121, 2019/02/01/ 2019.

[12] D.-H. Tran, L. Luong-Duc, M.-T. Duong, T.-N. Le,
and A.-D. Pham, "Opposition multiple objective
symbiotic organisms search (OMOSOS) for time,
cost, quality and work continuity tradeoff in
repetitive projects,” Journal of Computational
Design and Engineering, vol. 5, pp. 160-172,
2018/04/01/ 2018.

[6]

[7]

(8]

[9]



Hoang Nhdt Pire, Nguyén Quoc Lam | Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 6(49) (2021) 3-7 7

[13] H. Li and X. Dong, "Multi-mode resource leveling in
projects  with ~ mode-dependent  generalized
precedence relations,” Expert Systems with
Applications, vol. 97, pp. 193-204, 2018/05/01/ 2018.

[14] N. D. Hoang, "Metaheuristic based resource
leveling using CPM project scheduling software
program developed in .NET framework,” DTU
Journal of Science and Technology, vol. 02, pp. 22-
27, 2020.

[15] H. Nhat-Duc and L. Cong-Hai, "Sir dung thuat toan
tién héa vi phan cho cac bai toan t6i uu hoa két cau
v6i cdng cu DE-Excel solver,” DTU Journal of
Science and Technology, vol. 03, pp. 97-102, 2019.

[16] B.-T. Nguyen, N.-D. Hoang, T.-H. Vu, and L. T.
Phan, "Giai bai toan toi uu nguon luc trong lap ke
hoach san xuat cac cau kién ché tao san trong du an

xay dung véi phuong phap quy hoach phi tuyén,” In
Proc. of ATCESD 2016, Da Nang, Vietnam, 2016.

[L7] N. B. Hoang, T. H. Vi, L. T. Phan, and T. T.
Nguyén, "Ung dung phuong phap quy hoach tuyén
tinh cho bai toan ti wru hoa trong quan ly du &4n xay
dung," Tagp Chi Khoa Hoc va Céng Nghé, Pai Hoc
Duy Tan, vol. 2, pp. 89-95, 2017.

[18] M. Wisniewski and J. H. Klein, Critical Path

Analysis and Linear Programming: Palgrave
Publishers Ltd, 2001.

[19] Q. Paris, An Economic Interpretation of Linear
Programming: Palgrave Macmillan, 2016.

[20] Google, "OR-Tools," Google Developers
<https://developers.google.com/optimization>,
2021.



