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Abstract

This research work aims at constructing an evolutionary algorithm based approach for solving complex constrained
optimization tasks. The & -Differential Evolution (& -DE) proposed by Takahama, et al. [1], is selected as the
employed evolutionary approach. The & -DE has been proven to be capable optimizer for tackling sophisticated
problems in various engineering field. In this study, this optimization method is developed in Visual C#.NET to
facilitate its implementations. The newly developed software program has been tested with a design problem in civil
engineering which optimizes the spacing and the cross-section parameters of a wood beam system supporting a slab
formwork.

Keywords: & -Method; differential evolution; constrained optimization; evolutionary algorithm.

Tém tit

Nghién ciru cua ching t6i xay dung mdt cong cu t6i uu hoa trén thuat toan tién hoa dé giai quyét cac bai toan tdi uu
hoa chiu cac rang budc phirc tap. Thuat toan tién hoa vi phan (DE) két hop véi phuong phap & [1] duoc lua chon dé xay
dung cong cy. Thuat toan ¢-DE dé dugc chimg minh la mot cong cu ¢6 tinh hiéu qua cao trong viée giai quyet cac van
dé phtrc tap trong nhiéu linh vuc. Thuat toan nay da dugc chung tdi xay dung v6i ngdn ngir Visual C# .NET dé tao diéu
kién thuén loi cho vi€c xdy dung cac (rng dung hodc phan mém. Chuong trinh tinh toan dya trén thut toan ¢-DE da

dugc sir dung dé giai mot bai toan t6i wu hoa khoang cach va cac thong sd mit cit cia hé thong dam gd duge st dung
dé d& van khuon san bé tong.

Tir khéa: Phuong phap &; tién héa vi phan; t6i wu hoa cé rang budc; thuat toan tién hoa.

1. Introduction Civil engineers frequently need to solve design
Constrained  optimization is  widely  problems in which an objective function is
encountered in various engineering fields [2, 3].  either minimized or maximized and a set of
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constraints need to be satisfied [4, 5]. Such
design problems can be very challenging since
they may involve multiple decision variables
and a large number of constraints. These facts
create considerable difficulties for conventional
optimization methods. Therefore, scholars have
recently relied on metaheuristic to deal with
constrained optimization problems [6-13].
Takahama, et al. [1] has proposed the e-
Differential  Evolution (¢e-DE) as an
improvement of the standard Differential
Evolution (DE). In ¢-DE, the selection
operation is modified by taking into account the
constraint violation degree of each individual.
Therefore, the e-based approach can easily
handle a large number of constraints.

In this article, an optimization model based
on the &¢-DE metaheuristic proposed by
Takahama, et al. [1] is developed with Visual
C#NET. This model aims at solving
constrained optimization problems in civil
engineering. The newly developed tool is used
to optimize the design of a wood beam system
which supports concrete slab formwork.

2. e-Differential Evolution (g-DE)

The ¢-DE, proposed in [1], is an effective
method for dealing with  constrained
optimization problems. The & method is
integrated into the selection operator of the
standard DE [14] to take into account the
constraint satisfaction of population members.
Similar to the original DE, the operational flow
of &-DE also consists of four phases: (i)
population initialization, (ii) mutation, (iii)
cross-over, and (iv) selection. The ¢&-DE
metaheuristic inherits the powerful mutation-

crossover of the DE algorithm in which
mutated and trial vectors are generated from
existing population members. The main
difference between the standard DE and the
e-DE metaheuristic lies in the selection operator
in which the & constraint-handling method is
applied. Employing this approach, the
constraint violation degree #(x) can be defined
either as the maximum value of all constraints
or the sum of all constraints:

$(x) = maxgmax {0, 9; 0}, max; [1; 01} 4

#(x) = Dl max;{0,g;(x) I + >l max; [ h; () |
2

Using the computed values of ¢#(x), the ¢
selection operation is stated as follows:

f<f,if g, <e
(f11¢1) <e (f21¢2): f1< f2 if ¢1 :¢2

@ < ¢,,0therwise
3)
Based on the above definition of the &-DE
metaheuristic, this work has developed the &-
Constraint Handling DE (e-CHDE) tool for
dealing with constrained optimization problems

in civil engineering. &-CHDE has been
developed in  Microsoft Visual Studio
integrated development environment with

Visual C#NET programming language. Fig. 1
illustrates the function interface of the e-CHDE.
The e-selection operation is demonstrated in
Fig. 2. Additionally, the function implementing
the e-based individual comparison is illustrated
in Fig. 3.

GeneralObjFunWithConstraints

int PopSize, int MaxGeneration)

public static List<double[,]> Optimize(GeneralObjFun ObjectiveFunction,

GeneralConstraintFun ConstraintFunction, GenerallB_Fun LB_Function,
GeneralUB_Fun UB_Function, GeneralCheckContraintViolation R
GeneralConstraintVioclationDegree ConstraintViolationDegree,

>

Fig. 1. Optimization function interface
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if (Eps_Compare(CF_U, Best_CF, Phi_U, Phi_Best_Sol, eps) == true)

if (Eps Compare(CF_U, CF Pop p, Phi U, Phi Pop p, eps) == true)
{
// Console.WritelLine("Pop gets updated!");
for (int d sel = @; d sel < D; d sel++)
{
Pop[p, d_sel] = U[®, d_sel];
¥
{
for (int d_sel = @; d_sel < D; d_sel++)
{
Best_Sol[8, d_sel] Ule, d_sell;
Best_CF = CF_U;
Phi Best Sol = Phi U;
H
¥
3

Fig. 2. &- based selection operator in DE

public static bool Eps_Compare(double CF1l, double CF2, double Phil,

double Phi2, double eps)
{
bool Status = false;
// true = Soll is better than Sol2
if (

((CF1 < CF2) && (Phil < eps) && (Phi2 < eps))
|| ((CF1 < CF2) && (Phil == Phi2))
|| (Phil < Phi2)

)
{
Status = true;
}
return Status;
}

Fig. 3. Function implementing &- based comparison

3. Application of the e-CHDE

The ¢-CHDE is used to design a system of
wood beam supporting concrete slab formwork
(demonstrated in Fig. 4). The decision variables
include the cross-sectional parameters (the
depth d and the width b) and the number of

required beams n. Thus, the beams are required
to support the operation of constructing a
reinforced concrete slab structure. The
objective herein is to find a set of d, b, and n
that minimizes the material cost of the beams.

T L0=4800 mm_

K

Fig. 4. Optimization problem
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It is noted that the centre-to-centre spacing
of the beams s is computed as:

s=L0/(n-1) 4)

The load per unit length imposed on the slab
formwork is given by:
W=SxA41

()
where A = 6390N/m? is the load caused by
concrete weight that acts on the slab formwork.

The maximum bending moment in the
beams caused by w is calculated as follows:

_ 2
M., =wL1?/8 ©)

The maximum shear forced in the beams
caused by w is calculated as follows:

S, =wxL1/2 o

The maximum shear stress in the beams
caused by w is given by:
T =3Sx, /(2bxd)

max 2

The constraints of this problem specify
limitations on (i) bending stress, (ii) shear stress,

and (iii) deflection of the beams [15-17]. The
optimization problem is modeled as a class in
Visual C# (refer to Fig. 5). Thus, this problem is
mathematically formulated as follows:

Min.f =d xbx L1x %004

8
S.t.
M
— >0
O-A”OW (bd 2 / 6) (9)
T Allow _Tmax 20 (10)
Spion —BOWLL / (384El) >0 (1)

where L1 = 3 m is the length of a beam. Mass
density of Wood 7,0 1S 400 kg/m3. o 0
denotes the allowable bending stress
10000000 N/m?.  7,,,=0.448 x 1000000
N/m?. The modulus of elasticity of wood E =
1600000 x 0.00689476 x 1000000 N/m?2. The
moment of inertia of the cross section about the
centroidal axis | = bd*/12. &,,.,, = L1/360.

Allow

MPa --> N/m2

// ComputeObjFunWithConstraint

class COP_FloorCarriedByJoists

{
readonly double L1 = 3; //m length of joist
readonly double L® = 4.8; //m length of the other side of the slab
readonly double Gama_Wood = 400; // mass density of wood kg/m3
readonly double Sig Allow_Bending_lWood = 18* 1leeeee8; // N/m2
readonly double Shear_Allow_Wood = ©.448 * 1000000; // N / m2;
readonly double E_Wood = 1600000 * ©.00689476 * 10aeeee; //
readonly double LoadOnSlabFormwork = 639@; //N/m2
public double ComputeObjFun(double[,] X)...
public double[,] ComputeConstraints(double[, ] X);_;
public bool CheckContraintViolation(double[, ] x);_é // CheckContraintViolation
public double[,] ComputeConstraintViolationDegree(doublel, ] x);.,
public double[] Get_LBQ)[ . |
public double[] Get_UB()[.. |
public double ComputeObjFunWithConstraint(double[,] x, double fmax)|...
public void ProblemAnalysis(};..

¥

Fig. 5. Optimization problem definition in Visual C# .NET
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After 1000 generations and with the use of
50 searching agents, the best found design
variables are: d = 0.167 m, b = 0.102 m, and
n = 10. The objective function value is 205.393
kg. In addition, all of the aforementioned
constraints have been satisfied.

4. Concluding remarks

This research work develops a metaheuristic
based approach based on the powerful DE
optimizer and the & method for constraint
handling. This metaheuristic approach has been
constructed in Visual C#NET to facilitate its
implementation and development of desktop
programs. The program, named as &-CHDE,
has been tested with a constrained optimization
task in which a system of wood beam
supporting concrete slab formwork is designed.
Experimental result points out that e-CHDE is
capable of finding a good set of decision
variables that lead to a low objective function
and satisfaction of all the constraints.
Therefore, &-CHDE can be employed to
construct various desktop programs used for
solving constrained optimization problems in
civil engineering.
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