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Abstract

This study develops an advanced tool for tackling constrained optimization problems based on an integration of
feasibility rules and differential evolution metaheuristic. This tool aims at finding a solution with the most desired
objective function value and concurrently satisfies all of the problem constraints. The optimization approach, named as
feasibility rule based differential evolution (FRB-DE), has been developed in Microsoft Visual Studio with C#
programming language. The newly developed tool has been tested with two optimization tasks in the field of civil
engineering.
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Tom tat

Nghién ctru nay phat trién mot cong cu dé giai quyét cac van dé tbi uu hoa c6 rang budc dya trén sy tich hop cac quy
tac kha thi va thuat toan tien hoa vi phan. Cong cu dugc xay dung dé tim ra giai phap vai gia tri ham muc ti€u tot nhat
Vg}l dong thoi thoa man tat ca cac rang bp(f)c. Phuong phép t6i wu hoa, dugce dat tén la tién hoa vi phan dua trén cac quy
tac kha thi (FRB-DE), da duoc phat trién trong Microsoft Visual Studio v&i ngdn ngit 1ap trinh C #. FRB-DE da duogc
thir nghiém vai hai bai toan toi vu hda co ban trong linh vyc xay dung dan dung.

Tir khéa: Tién Hoa Vi Phan; Téi Uu Héa C6 Rang Budc; Quy Téac Kha Thi; Thuat Toan Tim Kiém.

1. Introduction design tasks e.g. structural design [1-4],

Civil engineers frequently  encounter schedult_a/resourc_e _ p_Ianning [>-8] et
constrained optimization problems in various ~ Constrained optimization tasks are generally
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sophisticated since the best found optimal
solutions must satisfy a set of pre-specified
restrictions stated in the form of mathematical
equations or inequalities [9]. To handle such
challenges, scholars have resorted to
metaheuristic to find near optimal solutions for
various engineering design tasks [10-12].
Initially, a simple method of penalty functions
can be used to handle such restrictions by
incorporating the constraints into the objective
function [13-15]. However, selecting penalty
coefficients can be problematic for this
approach [16]. Therefore, it is desirable to
utilize advanced approaches that feature
separation of objective functions and
constraints.

Deb [17] proposes an efficient constraint
handling algorithm based on three feasibility
rules:

1. Considering one feasible solution and one
infeasible solution, the feasible solution always
wins.

2. Considering two feasible solutions, the
one having lower objective function value is
preferred.

3. Considering two infeasible solutions, the
one having smaller degree of constraint
violation is considered to be better.

Accordingly, using these rules proposed by
Deb [17], information regarding the feasibility
of solutions is directly included in the selection
phase of metaheuristic algorithms. Moreover,
this advanced method also eliminates the need
of specifying penalty coefficients. Therefore,

metaheuristic  algorithms  coupled  with
feasibility rules often result in good
optimization  performances.  With  such

motivations, this study develops a computer
program used for coping with constrained
optimization problems. This program integrates
the differential evolution metaheuristic [18] and

the aforementioned feasibility rules proposed
by Deb [17]. The feasibility rule based
differential evolution (FRB-DE) has been
developed with Visual C#NET to facilitate its
implementation. The capability of the newly
developed tool has been verified with two basic
constrained optimization problems.

2. Feasibility Rule Based (FRB) Differential
Evolution (DE)

Given that the problem of interest is to
minimize a cost function f(X), where the
number of decision variables is D, the
optimization process of DE can be separated
into three main steps:

(i) Mutation: In this step, a vector in the
current population (or parent) called a target
vector is selected. For each parent, a mutant
vector is created as follows [18]:

V, = Xrl,g + F(XrZ,g - Xr3,g) (1)

i,g+1

where rl, r2, and r3 are three random indexes
lying between 1 and NP. rl, r2, and r3 are
selected to be different from the index i of the
target vector. F is the mutation scale factor.
V4. Tepresents a mutant vector. NP is the
number of searching agents.

(ii) Crossover: A new vector, named as trial
vector, is created as follows:

U {thgﬂ, if rand; <Cr or j=rnb(i)
Ji,g+1 =

X if rand; >Cr and j = rb(i)

)
where Ujig+1 IS a trial vector. j denotes the
index of element for any vector. rand; is a
uniform random number lying between 0 and 1.
Cr denotes the crossover probability. rnb(i)

denotes a randomly chosen index in
{1,2,...,NP}.

(iii) Selection: The selection phase is used to
compare the fitness of the trial vector and the
target vector. This phase is described as follows:

jig?
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X, .= U if T )< F(X,) @)
' Xig it TU; ) > f(X;,)

Based on the aforementioned feasibility
rules proposed by Deb [17], the formulation of
the objective function in the DE metaheuristic
is revised in the following manner:

F(X) if g;(x)=0 Vj

m 4
fm+Zg,-(x) @

F(X)=

where fmax denotes the objective function value
of the worst feasible candidate.

Based on the DE metaheuristic and the set of
feasibility rules, this study has developed the
FRB-DE tool used for  constrained
optimization. This tool has been coded in with
Visual C#NET programming language within
the Microsoft Visual Studio integrated
development environment. Fig. 1 demonstrates
the function interface implementing FRB-DE.
The C# delegate type is used to define general
functional forms of the objective function and
constraints (refer to Fig. 2). Moreover, a C#
class is used to store information of an
optimization problem (refer to Fig. 3.).

GeneralObjF
GeneralConstraintViolationDegree

int PopSize, int MaxGeneration)

double eps = 0.01;
var rand = new Random();

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

G 1ConstraintFun ConstraintFunction, GenerallB_Fun LB_Function,

GeneralUB_Fun UB_Function, GeneralCheckContraintViolation CheckContraintViolation,

Stopwatch sw; sw = Stopwatch.StartNew();
double Fmean = ©.5; double Fstd = ©.15; double CR = 0.8;

ObjectiveFunction,

>

Fig. 1 The function interface implementing FRB-DE

[// Delegate functions: Objective function, Constraints, LB, and UB. ...

// Cost Function with contraints

// Return constraint values

public delegate double GeneralObjFun(double[,] X);

public delegate double GeneralObjFunWithConstraints(double[,] X, double fmax);

public delegate double[,] GeneralConstraintFun(double[,] X);

// Return lower boundaries of decision variables
public delegate double[] GenerallB_Fun();

// Return upper boundaries of decision variables
public delegate double[] GeneralUB_Fun();

// Return constraint violation status
public delegate bool GeneralCheckContraintViolation(double[,] X);

// Return amount of constraint violation
public delegate double[,] GeneralConstraintViolationDegree(double[,] X);

Fig. 2 The use of delegate type
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class TestProbleml

{

public static double[] Get_LB()...

public static double[] Get_UB()...

public static void ProblemAnalysis()...

Introduction to optimum design

public static double ComputeObjFun(double[,] X)...
public static double[,] ComputeConstraints(double[,] X)...
public static bool CheckContraintViolation(double[,] x)|...| // CheckContraintViolation

public static double[,] ComputeConstraintviolationDegree(double[,] x)|...

public static double ComputeObjFunWithConstraint(double[,] x, double fmax)...| // Compute

Fig. 3 An optimization problem representation

3. Applications of the FRB-DE

In the first application, the FRB-DE is used
to design the cross-section of a cantilever beam
[19] shown in Fig. 4. There are two parameters
of the beam cross-section needed to be
specified: the depth of the section w and the
thickness of the cross-section t. The beam is

used to support a load of 20kN at its end. The
beam is made of steel and its length is 1.5m.
The ratio of w-to-t is less than 8 to prevent
local buckling of the cross-section. It is desired
to find a set of t and w resulting in a minimal
cross-section area.

K>t

Fig. 4 Optimization problem 1

Considering the constraints on bending
stress, shear stress, and vertical deflection of
the free end [19, 20], the optimization task is
formulated as follows:
Min. f = A=4t(w—t)(mm? (5)
s.t. oc=Mw/(2l)< o,
7=VQ/(21t) <7,
q=PL*/(3El)<q,
8—w/t>0

where o ,7, and (,are bending stress, shear

stress, and vertical deflection of the free end,
respectively. The variables with subscript ‘a’

denote the allowable values. o, = 165N/mm?.
7,= 90N/mm?. q,= 10mm. | and Q denote the
moment of inertia and moment about the neural
axis (NA) of the area above the NA,
respectively [19]. E is the modulus of elasticity
of steel = 21x10*°N/mm?. M = PL denotes the
bending moment (N.mm).

After 300 generations and with the use of 30
searching agents, the best found solution is as
follows: w = 117.108mm and t = 14.6mm. With
these variables, all of the four constraint values
are satisfied.
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The next application involves a preliminary
planning of a multistory commercial building
[19] (refer to Fig. 5). The construction site is a
100x100-m area. The maximum height of the
building is 25 m. Moreover, the parking area
outside the building is at least 25% of the total
floor area. The height of a single story is 3.5 m.
In addition, the cost of the project is roughly
estimated to be 0.5h + 0.001A where A denotes
the floor area. Herein, the decision variables are
the two sides of the constructed area (L1 and

100.00 m

100.00 m

L2) as well as the number of stories (n). This
optimization problem is modeled as follows:

Min, f=Cost=0.5n35+0.001L1L2 )
(6)
st L1x L2xn—2000020
25-nx3.5>0
(100100 — L1x L2) — (L1x L2x0.25) > 0

After 300 generations, the FRB-DE found
the following solution: L1 = 90.479m, L2 =
73.682m, and n = 3.

Fig. 5 Optimization problem 2

4. Concluding remarks

In this study, a FRB-DE program based on
the DE metaheuristic and a set of feasibility
rules is developed to deal with constrained
optimization tasks. The FRB-DE is programmed
in Visual C# language. Two basic applications
are used to test the applicability of the newly

developed tool. Based on the optimization
results, the newly developed has successfully
identified good sets of decision variables which
satisfy all of the specified constraints. Therefore,
FRB-DE can be a promising alternative to assist
civil engineers in dealing with constrained
optimization problems.
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