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Abtract

Constrained optimization is an important task in civil engineering. The objective of this task is to determine a solution
with the most desired objective function value that guarantees the satisfaction of constraints. The Differential Evolution
(DE) is a powerful evolutionary algorithm for solving global optimization tasks. Our research develops an optimization
model based on the DE and ¢ rules proposed by Takahama, et al. [1]. To facilitate the application of the optimization
model, a DE Solver, named as ¢ CHDE, has been developed in Microsoft Excel VBA platform. Experimental outcomes
with several basic constrained design problems prove that the ¢ CHDE developed in this study can be a useful tool for
solving constrained optimization problems.
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Tém tit

Tbi wu hoa ¢o rang budc 1a mot nhiém vy quan trong trong xay dung dan dung. Muc tiéu ctia nhiém vy nay la xac dinh
mot giai phap c6 gia tri ham muc tiéu t6t nhit, dong thoi dam bao sy thoa man cua cac rang bude. Tién hoa vi phan (DE)
12 mot thuat toan tién hoa manh m& dé giai quyét céc nhiém vu ti vu héa toan cuc. Nghién ctiru ctia chting t6i phat trién
mot mo hinh t6i wu hoa dua trén cac thuat toan DE va phuong phap & dugc dé xuét boi Takahama, et al. [1]. Pé tao diéu
kién cho viéc ap dung md hinh tdi wu hoa, mot DE Solver, dugc dit tén 1a ¢ CHDE, di dugc phat trién trong nén tang VBA
ctia Microsoft Excel. Két qua thir nghiém véi mot van dé thiét ké don gian da chig to rang € CHDE dugc phat trién trong
nghién ctru ndy c6 thé 1a mot cong cu thudn tién dé giai quyét cac van dé toi uu hoa bi rang budc.

Tir khéa: Xir 1y rang bude, Tién hoa vi phan, Quy tic e, Tim kiém ngau nhién.

1. Introduction maximized under certain constraints, are crucial

Constrained optimization tasks, especially and ubiquitously appear in the field of civil
nonlinear and complex optimization ones, engineering. Civil engineers have to resort
where objective functions are minimized or to capable metaheuristic algorithms to tackle
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a variety of complex decision making tasks
including structural optimization [2, 3], schedule
optimization [4-7], resource utilization [8-10],
etc. Notably, a constrained optimization task is
typically more difficult than an unconstrained one;
the reason is that the process of finding optimal
solutions must be performed by metaheuristic
algorithms within the feasible domains [11, 12].

A constrained optimization task can be stated
generally as follows [13, 14]:

Min.j(x):f(xlyxz, XpooXp), d=1.2,...,D (1)

Subjected to:

gq(xlﬁ Xy XppoooXp) <0, d =12,...,D, g =
1,2,....M (2)

hr(xl’ X,y XpooXy) = 0, d = 12,...D, r =
1,2,....N 3)

xh<x,<x) 4)

where, f(xl’ X,,...,X,) Tepresents the objective
function; LD SIS & denotes a set of decision
variables; gq(xl, Xp-.Xy) and h(x, x,,....x ) are
inequality and equality constraints, respectively.
xﬁ and x;j denote lower and upper boundaries
of x,, respectively. D is the number of decision
variables; and finally, M and N represent the
numbers of inequality and equality constraints,
respectively.

The conventional penalty function is often
utilized for dealing with constrained optimization
problems by converting them to unconstrained
ones [14-17]. Nhat-Duc and Cong-Hai [18§]
developed a Differential Evolution (DE) based
constrained optimization solver using the penalty
function. The penalty function approaches
are simple and therefore easy to utilize.
Nevertheless, this method cannot satisfactorily
handle complex constraints and requires a
proper setting of the penalty factors [17]. To
overcome such disadvantage of the conventional
penalty function, Deb [15] proposes a feasibility
rules based constraint handling method; this
method has been integrated with the Differential

Evolution and constructed as an Add-In used in
Microsoft Excel by [19]. In this study, we aim at
developing another Microsoft Excel Add-In that
employs the DE algorithm and the & constraint-
handling method proposed by Takahama, et al.
[1]. The newly developed Excel Add-In has been
tested with a simplified retaining wall design
problem.

2. Research Methodology
2.1 Differential Evolution (DE)

Given that the problem at hand is to minimize
an objective function f{X), where the number of
decision variables is D, the DE [20, 21] algorithm
for unconstrained optimization consists of four
main steps: initialization, mutation, crossover,
and selection. The searching process of the DE
algorithm is repeated until a stopping condition is
met. Usually, the algorithm terminates when the
generation counters reach the maximum number
generations (G, ). The four steps of the DE are
shortly described as follows:

(1) Initialization: This step randomly generates
a set of PS D-dimensional vectors X, , where i =
1,2, ..., PS and g is the generation counter.

(i1) Mutation: A target vector is selected. For
each target vector, a mutant vector is created as
follows:

v

gt — Xrl,g + F(Xr2,g - er,g) ®)
where 1,72, and r3 are 3 random indexes ranging
from 1 to PS; F'is the mutation scale factor which
is often selected as a fixed number (e.g. 0.5) or
can be generated from a Gaussian distribution
[22].

(ii1) Crossover. A trial vector is created as
follows:

- {Vj,l’gﬂ, if rand, <Cr or j=rnb(i)
Jii.g+l T

. . . (6)
X, ¢ if rand, >Cr and j =+ rnb(i)

where U et denotes the trial vector. j denotes the
index of element for any vector; randi represents
a uniform random number of [0, 1]; Cr denotes



the crossover probability which is often selected
as a constant number (e.g. 0.8); rnb(i) denotes a
randomly chosen index of {1,2,...,NP}.

(iv) Selection: The trial vector is compared to
the target vector in this step according to the
following rule:

_ {U iU )<FX,) )
ig+l .
X if fWU > f(X,)
2.2 The ¢ Constraint Handling Method

The ¢ constraint-handling method has been
proposed by Takahama, et al. [1]. Using this
method, the constraint violation degree is defined
either as the maximum of all constraints or the
sum of all constraints as follows:

p(x) = max {max, {0, ()}, max, | 5,9} (8)
$x) = 3 J| max 10,60 |1 + Y[ max,, |, ()|
J J (9)

where p denotes a positive integer.

Based on such definition of the constraint
violation, the selection operation of the employed
metaheuristic is revised as follows:

h<hif §.9,<¢
(«f1=¢1)<g («f29¢2): ](1<lef¢1:¢2

¢, <¢@,,otherwise

(10)

3. The ¢ Constraint Handling DE (CHDE)
Excel Solver Applications

The ¢ CHDE Excel Solver tool has been
developed in Visual Basic for Applications
(VBA). The graphical user interface of the Excel
Solver is displayed in Fig. 1. The tool requires the
decision variables, upper bounds, lower bounds,
type (real, integer, or binary), constraints, and
the objective function of the problem as input
information. Notably, all of the constraints must
be described in the following template:

G(x)>0 (11)
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Epsilon DE Solhver X

Differential Evolution for Constrained Optimization
Epsilon Constraint Handling Method Version 1.3

Optimization Problem

Decision Variables

Set Type | Objective Function
Set LB | SetUB | Set Constraints

F Mean 0.5 Cr
F 5td 0.15 [[=

Nhat-Duc Hoang (hoananhatduc@dtu.edu.vn) Duy Tan University

Fig 1. The ¢ CHDE Excel Solver

Retaining Wall Parameters

-

(1.8m) |

Fig 2. Tllustration of the simplified retaining wall design
problem (Adopted from [23])

The ¢ CHDE Excel Solver tool is applied to
optimize the design of a simplified retaining wall
[23] as illustrated in Fig. 2. The design variables
of the problem are the lengths of the base and the
top of the retaining wall. For more detail of the
problem formulation, the readers are suggested to
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study the work [23]. The optimization outcome
performed by the newly developed tool is reported
in Fig. 3 with the number of population size = 12
and the maximum number of generations = 100.

As can be seen from the figure, the Excel Solver
based on DE and the € rules can help to find the
decision variables which result in low value of
the objective function within the feasible domain.

[4] A | B | c | D | E | F | & [H]1
1 |Concrete Weight 150 Ib/ft3 23.56 KN/m3
2 |Earth Weight 100 1b/fit3 15.71 kN/m3
3 |Coefficient of friction 0.6
4 |Coefficient of active earth pressure 0.333
5
6 | Decision Variables LB UB Type
7 |EB 5.124678039 ft 3.00 10.00 1.00
8 DA 1.002816214 fi 1.00 5.00 1.00
9 |DC 15 ft
10 |BF 151t
11 |AF 5.124678039 ft
12 |CE 1.002816214 ft
13
14 |Objective Function (MIN) F Cost = 8021.599275 b (/1ft long) |
15
1__6W1 = DC x DA x W_Concrete = 225634 b
17 ‘W2 = 0.5 x Eb x AE x W_Concrete = 576526 1b
18 |[W3 = 0.5 x AF x BF x W_Earth = 384351 Ib
19 |Sum W= 11865.11 b
20
21 |Dustance from forces to C W1 xl= CE2 = 050
22| W2 xX2= CE+EB3 = 271 f
23 W3 x3 = DA +2xAF/3= 442 ft
24
25 |BG = C_ActiveEarthPress x BF * W_Earthx Ift = 499.5 1b/ft
26 |Horizontal thrust T = 05xBGxBF= 374625 1b
27
28 |Maximum Frictional Force Preventing Sliding
29 |[Fm = C Friction x Sum W= 7119.064682 1b
30
31 |The moment of the Overtuning (Mo) = TxBG3= 1873125 b . ft
32 |The moment of Stabilizing Forces (Ms) =
33 Wixl+W2x2+W3x3= = 33746.711b . ft
Bal
35 Constraints
36 |Factor of Safety Against Sliding (FSS) = Fm/T = 1.90 > 1.9 1 0.00 = 0
37 |Factor of Safety against Overtuning (FSO)= MsMo = 1.80) = 1.8 2 0.00 = 0

Fig 3. Solving the constrained optimization problem using the ¢ CHDE Excel Solver tool

4. Conclusion

In this study, € CHDE Excel Solver tool relied
on the DE metaheuristic and the g constraint

Supplementary material
The Excel solver can be downloaded at:

https://github.com/NhatDucHoang/Epsilon
CHDE _ExcelSolver

handling method has been developed. The &€
CHDE Excel Solver is programmed in VBA

environment and can directly solve optimization
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