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Abstract

Manufacturers constantly have to encounter fluctuated product demands. Accordingly, it is required to establish a
production schedule that meets the future demands and concurrently has a low level of daily labor/materials’ deviation.
This study constructs an evolutionary algorithm for achieving this task. The Differential Evolution (DE) algorithm and
the feasibility rule based method for constraint handling are integrated to develop this evolutionary algorithm. The
proposed approach has been verified by two cases of production scheduling.
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Tom tat

V6i nhu cdu san pham bién dong theo thoi gian, cac nha san xudt can thiét 1ap mot ké hoach san xuét dap Gmg nhu ciu cua
san pham va dong thoi c6 mirc d6 bién dong vé lao dong hodc nguyén vt liéu thap. Nghién ctru ciia ching t6i xdy dung
mot phuong phap t6i uu hoa dua trén thuat toan tién hoa dé ung dung cho viéc lap ké hoach san xuat. Thuét toan Tién hoa
vi phan (DE) va phuong phép dua trén quy tic kha thi dé xir Iy rang budc dugc tich hop dé phat trién thuat toan tién hoa
nay. Tinh hiéu qua cta phuong phéap dugc dé xudt duge minh chimg béi hai bai toan ké hoach san xuat phim.

Tir khéa: Tién héa vi phan; xir ly rang budc; thuat toan tién hoa; lap ké hoach san xuét.

1. Introduction requirements. It is because production

In real-world circumstances, manufacturers  schedules with large fluctuations are very
constantly have to deal with fluctuated costly to implement and often necessitate
demands. Therefore, they need to establish a  overtime cost in high production periods as
production schedule that meets the required  well as result in idle resources in low
demands and concurrently reduces large  production periods [1]. Therefore, it is
discrepancies  in  daily  labor/materials’  necessary to optimize the production schedule
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to meet all required demands as well as to
obtain a relatively stable production quantity
over time. This task can be formulated as a
constrained  optimization problem  [2-6].
Therefore, in this study, we apply the
Differential Evolution (DE) algorithm [7, 8]
integrated with an advanced feasibility rule
based method for constraint handling [9] to
solve  the  aforementioned  constrained
optimization problem.

The production scheduling problem can be
mathematically formulated as follows [1] [2]:

P P
Min. f =) XZ2+>'S, 1)
t=1 t=1
s.t.
S, >0 vt D)
S[AIIOW _ S‘Max > 0 (3)
XS are integers 4)

Stis computed as follows:

St = St—l + Xt - Dl (5)

where P is the number of time periods to be
considered; D¢ is the demanded number of units
in t. Stdenotes the number of units in storage in
t. Xt is the number of units produced in t.

As mentioned earlier, this work aims at
establishing an evolutionary algorithm based
approach for optimizing the production
scheduling task. The DE, as a powerful
evolutionary algorithm, is chosen in this study
to achieve the stated research objective. The
feasibility rule based constraint-handling
(FRBCH) method is applied [9] to obtain
solutions satisfying all of the constraints. The
DE algorithm integrated with the FRBCH

approach has been coded with Visual C#£NET
in Microsoft Visual Studio by the authors.

2. Evolutionary Algorithm based intelligent
production scheduling

The DE algorithm, proposed in [7], is a
highly effective evolutionary method for
dealing with unconstrained optimization
problems. The structure of DE is relatively
simple and a computer implementing DE can
be quickly established with few lines of
computer code. The DE structure can be broken
down into four steps: (i) population
initialization, (i) mutation, (iii) crossover, and
(iv) selection [5, 10-12]. Nevertheless, the DE
metaheuristic is not readily applicable for
constrained optimization tasks. Therefore, it is
required to utilize a constraint handling method
coupled with the DE algorithm [13-15]. In this
study, to construct an evolutionary method used
for intelligent production scheduling, the
FRBCH method put forward by Deb [9] has
been integrated into the structure of DE. With

the FRBCH method, the DE’s objective
function is revised as follows:
F(X) if g;(x)=0 vj
F(X)= (6)

fra + 2. 9;(X)
j=1

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

The FRBCH-DE integration wused for
intelligent production scheduling has been
developed in Microsoft Visual Studio Visual
with C#NET programming language. Fig. 1
demonstrates the interface of proposed
computer program. Fig. 2 shows the intelligent
production scheduling problem coded as a class
in Visual C#. Fig. 3 demonstrates the revised
objective function calculation.
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public static void Run(int MaxIter, int PopSize, char Disk, double [] Input_Dt,
double MaxXtAllow, double MaxStAllow)
{

//Problem definition

string ProblemName = "COP_ProductionScheduling™;

string AlgorithmName = "FeasibilityRuleBased_CHDE";

var TestProb = new COP_ProductionScheduling();
TestProb.Set_Dt(Input_Dt);

TestProb.Set_MaxXtAllow(MaxXtAllow);
TestProb.Set_MaxStAllow(MaxStAllow);

var ObjectiveFunction = new GeneralObjFun(TestProb.ComputeObjFun);

var ObjFunWithConstraints = new GeneralObjFunWithConstraints(TestProb.ComputeObjFunWithConstraint);

var ConstraintFunction = new GeneralConstraintFun(TestProb.ComputeConstraints);
var LB_Function = new GenerallLB_Fun(TestProb.Get_LB);
var UB_Function = new GeneralUB_Fun(TestProb.Get_UB);

var CheckContraintViolation = new GeneralCheckContraintviolation(TestProb.CheckContraintviolation);

var ConstraintviolationDegree =
new GeneralConstraintViolationDegree(TestProb.ComputeConstraintViolationDegree);

Fig. 1. Interface of the FRBCH-DE based intelligent production scheduling

class COP_ProductionScheduling
f private double[] Dt;
public void Set Dt(double [] ).
private double MaxStAllow;
b;zllc void Set_MaxStAllow(double Y)[:]
private double MaxXtAllow;
b;zlac void Set_MaxxtAllow(double Z)|.. |
b; 11c double ComputeObjFun(doublel[,] X)[:]
;LblZC double[,] ComputeConstraints(double[,] X)[:]
;ZI]}C bool CheckContraintViolation(double[,] x)[:]
;ZI]}C double[,] ComputeConstraintViolationDegree(double[, ] x)[:]
;;EIZC double[] Get_LB()].. ]
;J:t:fic double[] Get_UB()].. ]
;EE]ZC double ComputeObjFunWithConstraint(double[,] x, double fmax)[:]
ﬁZIIZC void ProblemAnalysis()[:]
bZIIZC void ProblemAnalysis(double [,] Xmat, string SaveLoc)[:]
}

Fig. 2. Production scheduling class definition

public double ComputeObjFun(double[,] X)
{

var Xv = MyMatrix.ConvertRowMatrixToVector(X);
var Xt = MyMatrix.RoundingDoubleVector(Xv);
int L = Dt.Length;

var St = new double[L];

for (int i =05 1 < L3 i++)

if (i == 0)

st[i] = @ + Xt[i] - Dt[i];
}

if (1 5=11)
St[i] = St[i - 1] + Xt[i] - Dt[i];

}

double SumSt = MyMatrix.SumVectorElement(St);
double ProdvarSum = @;

for (int i = @; i < L; i++)

Prodvarsum += Xt[i] * Xt[i];
}
double n = ProdvarSum + SumSt;
return ProdvarSum;

Fig. 3. The revised objective function
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3. Program applications

As mentioned earlier, the objective of this
study is to construct a production schedule that
meets the required demands and concurrently
reduces large discrepancies in  daily
labor/materials’ requirements. The reason is
that  production schedules with large
fluctuations are very costly to execute and often
result in extensive uses of resources in high
production periods as well as idle resources in
low production periods. Accordingly, this study
employs FRBCH-DE for developing intelligent
production plans given data on the future
product demands. The computer program based
on FRBCH-DE is demonstrated in Fig. 4.

In this section of the article, two case studies
have been used to verify the capability of the
proposed approach. The first case study involves
the production planning over 7 periods. In the
second case study, the number of planning
periods is 12. The demanded numbers of units
for the first and the second optimization problem
are shown in Table 1 and Table 2, respectively.
The production schedules for the first and the
second problems optimized by the FRBCH-DE
are reported in Fig. 5 and Fig. 6, respectively. It
can be seen from these two figures that the
proposed metaheuristic has helped to find
production schedules featuring low degree of
fluctuations in the numbers of produced units for
both case studies.

B ChUsers\Asusisource\repos\Preduction Scheduling'\Preduction Schedulingbin'Debug\Production Scheduling.exe

g Optimization Based on Evolutiona

and file e.g. E:/ProductionDemand_7periods.csv

Fig. 4. FRBCH-DE computer program for developing intelligent production plans

Table 1 Production scheduling result for the
case study 1

Table 2 Production scheduling result for the
case study 2

Period Dt Xt St Period Dt Xt St
1 10 12 2 1 10 13 3
2 15 13 0 2 15 12 0
3 8 11 3 3 8 11 3
4 12 10 1 4 12 12 3
5 6 10 5 5 6 10 7
6 4 10 11 6 4 11 14
7 22 11 0 7 22 10 5

8 12 11 1
9 8 11 4
10 15 11 0
11 7 9 2
12 11 9 0
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Fig. 5. Results of Dy, X, and S; for the case study 1
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Fig. 6. Results of Dy, X, and S; for the case study 2

4. Concluding remarks

This study has developed and validated a
production scheduling optimization program
based on the utilization of the DE evolutionary
algorithm and the FRBCH method. The
integrated approach, denoted as FRBCH-DE,
has been developed with Visual C#NET. Case
studies involving the determination of 7 and 12
decision variables have been employed to
verify  the capability of FRBCH-DE.
Experimental result shows that FRBCH-DE is
able to find a good set of decision variables that
feature a low objective function and satisfy all
the required constraints.
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