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Abstract

CV. Mcga Abadi is a company in the manufacturing industry that produces paints. Onc of the superior products is
epoxy pamnt. In fulfilling the customer's needs, the company is used to make to stock strategy. where the products
that have been produced will be stored, and the customer's needs will be taken from the warehouse. The production
pattern in this company is flowshop, where the jobs have the same production sequence. The marketing department
has done the production schedule based on thproduct demand forecast, and then it will be sorted from the highest
o the lowest demand forecast. T} purpose of this research is to give a machine scheduling design to minimize
makespan. The heuristic method used is Calrae]], Dudek. and Smith (CDS) Algorithm, and the meta-heuristic
methods used to obtain the most optimal result are Tabu Search Algorithm and Genetic Algorithm. After calculating
the company's actual scheduling that begins with the forccast of the production amount with the decomposition
method, its scheduling sequence is obtained. It can be known that the company's makespan is 334,68 minutes and
flowtime 286.53 minutes. The results of data processing show that Tabu Search Algorithm produces the most
optimal value with the production sequence 6018 Epoxy TC Yellow Green - 7001 Epoxy TC Light Grey - 1003
Epoxy TC Banana Yellow -9017 Epoxy TC Black - 9016 Epoxy TC Snow White with makespan 313,13 minutes
and flowtime 288.61 minutes, and the result for the efficiency index is 1,068 and 7.61% of relative error. This
research aims to create a production scheduling application/software that can help arrange the production schedule.

Keywords
Production Scheduling, Flowshop, Campbell Dudek and Smith (CDS) Algorithm, Tabu Search Algorithm, Genetic
Algorithm, Decomposition Forecasting

Introduction
eduling is one of the most critical things in the manufacturing system. Scheduling can be determined as
ating resources or existing machines tarry out a set of tasks within a certain period of time [Baker, 1974]. In
general, production scheduling allocates available resources and machinery to complete all work with certain
considerations, including minimizing the time completion (makespan) and meeting the due date.

Incorrect job sequences can lead to high total production time. It can also cause the number of products produced
not to meet the target or customer demand, increase production costs and overtime costs, etc. Therefore, companies
need to determine the proper and adequate production scheduling.

CV. Mega Abadi is a manufacturing industry that produces paint. The products such as Duco paint, alkyd paint, wall

paint, and epoxy paint. The superior product namely epoxy paint. Epoxy paint is floor paint that consists of a
combination of epoxy polymers and hardeners. In the production process activities, CV. Mega Abadi used some
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tools and machines, both semi-automatic and automatic, such as weighers, small mixers, large mixers, press tools,
ete. To meet customer demand, the company uses 2 make to stock strategy, where products produced will be stored,
and the customer will be taken from inventory at the warehouse. The production pattern in this company is
flowshop, where every job has the same production sequence.

Currently, the production scheduling from CV. Mega Abadi is done manually by the marketing department based on
product demand forccasting, sorted from the highest to the lowest forecasting. In production activitics, the
employees often prioritize several jobs based on personal considerations. Difficulties often occur, especially when
demand outside production increases. Production scheduling is currently unable to meet the number of products to
meet the production targets. This problem indicates that scheduling at the company is not good. Based on the
description aboveEflis necessary to determine the most optimal production sequence in companies with flowshop
production floors to minimize the ekcspan using heuristic and meta-heuristic scheduling methods. The heuristic
method used as an initial solution is Campbell, [ﬂck, and Smith (CDS) Algorithm. The meta-heuristic method
used to obtain the most optimal results or solutions is Tabu Search Algorithm and Genetic Algorithm.

2. Literature Review

2.1 Production Scheduling

Baker (1974) defines scheduling as allocating existing sources or machines to carry out a set of tasks within a certain
period of tifffle. Meanwhile, according to Vollman (1997). scheduling is a work order arrangement plan and resource
allocation, both time and facilities for each upeeiun that must be completed (Kom, 2016). From this understanding,
Baker and Vollman explain that scheduling is the process of managing sources or machines to complete a task or
operation within a certain period of time. Good production scheduling can reduce the idle time (idle time) on
production units and optimize goods in the process (work in process).

2.2 Flowshop Scheduling

Flow shop scheduling system is the scheduling of all jobs with the same process sequence, and each job goes to each
machine at a certain time and is only processed once by each type of machine. Each job is processed sequentially,
lLe., moving from one machine to the next. The flowshop's flow is divided into four categories: pure flow shop,
where each job flows on the same production line, through all machines, and each job has one operation on each
machine. General flow shop, where a job can consist of less than m operations, does not always start on the first
machine or end on the last machine. Reentrant flow shop, where several machines can be passed more than once.
Hybrid flow shop, where one machine in a machine set can be replaced by a group of machines (Morton & Pentico,
1993).

2.3 Campbell, Dudek, and Smith (CDS) Algorithm

CDS is a il duction scheduling method that can minimize makespan and gives near-optimal solutions (Ginting,
2009). The steps tor scheduling with the CDS algorithm are:

a. Determine the number of iterations, i.e., the number of machines -1.

b. Take the first scheduling (K = 1). For all jobs, look for the minimum value of t * i, 2, which is the processing time
on the first and second machines, where t *i, 1 =ti, 1 and t* i, 2= ti, 2. Do it also for the next iteration.

¢. Do Johnson's rules. If the minimum time is obtained on the first machine (e.g., ti, 1), place the task at the
beginning of the scheduling sequence. If the minimum time is obtained on the second machine (e.g., ti, 2), the task is
placed inthe schglling sequence's final position.

d. Remove these tasks from the list and arrange them in a scheduling sequence. If there are still jobs left, that means
scheduling is complete.

2.4 Tabu Search Algorithm

Tabu Search is an optimization method based on local search. Tabu Search is a meta-heuristic method used to look
for other possible solutions near-optimal (Glover, F. and M. Laguna, 1991). The search process moves from one
solution to the next. The trick is to choose the best neighbourhood solution now that it is not classified as a
forbidden solution (taboo). The steps in the taboo search method, such as: determining the initial solution using the
heuristic method; determining the number of iteration calculations; calculating the value of an objective function
with a neighbourhood switch; selecting the best objective function if the ohjective function is the same as the initial
solution, then choose the other best objective function, if the values of the two objective functions are the same,
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select one candidate; the newest candidate is used as the initial solution for the next iteration. Repeat some iterations
that have been determined (Pinedo and Chao, 1999),

2.5 Genetic Algorithm

The genetic algorithm first introduced by Holland and De Jong in 1975 is a stochastic optimum value search
technique based on the theory of evolution's basic principles. Genetic Algorithms can refer to all methods of finding
neighbour solutions by simulating the process of natural evolution. The Genetic Algorithm method's scheduling
procedure is as follows: initial population initialization; individual coding; determination of objective functions;
determination of fimess value; selection; cross move or crossover; mutation (Alfandianto, Nugroho, & Setiafindari,
2017).

2.6 Decomposition Forecasting

The decomposition forecasting method is to identify three components or factors in a data series, such as the trend,
seasonal, and cycle components. The decomposition method is used to predict periodic series of data that shows
rends and seasonal influences. Illustrated as follows:

I T R 1 4 T = 2 (3)
Or mathematically, this equation can be written as follows:

b (] R 2 T O P 4)
Information:

St is a component of the trend in period t

Tt 1s the seasonal component (index) in period t
Ct is the cycle component in period t

Rt is the random component (error) in period t

3. Methods
The research methodology is a basic principle in researching to be more coordinated, directed, and smooth. The
research methodology contains the stages in research, which can be seen n Figure 1.
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Figure 1. Flow Chart Research Methodology
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4. Data Collection
4.1 Machine Data

The machines used for the production process are automatic and semi-automatic machines. Machine data can be
seen in Table | below.

Table 1. Production Machine Data

. Set-U
Process ‘ Maehine Name Capacity (1) Nur.nher Of. Timeﬂ’ru[::ess
. Machines (unit) <
(minutes)
Weighing l Scale _ = | 0,5
Pre-mixing | Small Mixer 200 3 1.5
Mixing / Grinding | Large Mixer | 300 3 1,5
Filtering / Sereening |  Filter Machine | 200 4 0.5
Quality Test Color and - 4 0.5
‘ Fineness Test
Equipment
Packing | PressTool | : 5 05

4.2 Product Demand Data

The request data will be a scheduled job—product demand data in the CV. Mega Abadi is made in a monthly period.
The following is the demand for epoxy paint in January - August 2019 with 20-litre cans, as shown in Table 2
below.

Table 2. Product Demand Data (unit cans)

Product
berod | CYellow | TCBanama | TCSww | TCLight | 0 Epory
Green Yellow White Grey

January 59 . 45 60 55 . 45
February 58 . 42 59 62 . 48
March 60 . 42 60 60 . 45
April 59 45 56 35 42
May 50 . 52 56 50 . 50
June 49 52 55 55 55
Jule 55 50 35 55 50
Augist | S50 | 55 50 - s0 48

4.3 Processing Time Data

It 1s essential to obtain the processing time; the cycle time is calculated using the stop-clock method (Liesly, Gozali,
& Jap, L. 2019). After that. normal time and standard time are calculated (Gozali & Aditya, 2ﬂ3], The processing
time is obtained from the standard time, which is added to the setup time. Processing time data can be seen in Table
3 below.
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Table 3. Processing Time Data (minutes)

Job Pre-Mixing Mixing |  Filtering | Uji Kualitas Packing
6018 20,72 66,65 64,79 4939 | 2518 28,61
1003 2127 | 6833 | 6562 5097 | 262 j 2R 44
9016 18.09 55.80 52,27 46.85 | 25,02 | 2845
7001 19,22 60,03 57.29 4994 | 27,69 29,06
9017 20,76 | 62.28 56.17 49,35 24.54 30.51

4.4 Decomposition Forecasting

Forecasting determined the number of products produced in September, using preliminary data from January to
August 2019. After tforecasting pmduclion amount to determme the order of company scheduling by the
decomposition method, the results can be seen in Table 4 below.

Table 4. Decomposition Forecasting Resulis

Product Total (unit cans)
6018 Epoxy TC Yellow Green . 42
1003 Epoxy TC Banana Yellow | 61
9016 Epoxy TC Snow White 51
7001 Epoxy TC Light Grey 46
9017 Epoxy TC Black | 56

4.5 Company's Actual Scheduling
The company's actual scheduling is obtained from sorting forecasting from the largest to the smallest, so that the
actual scheduling is obtained, namely 1003 Epoxy TC Banana Yellow - 9017 Epoxy TC Black - 9016 Epoxy TC
Snow White - 7001 Epoxy TC Light Gray - 6018 Epoxy TC Yellow Green, with makespan 338.93 minutes and
flowtime 290.55 minutes.

5
4.6 Scheduling withgamphe[l, Dudek, and Smith (CDS) Algorithm
Scheduling with the CDS algorithm begins by determining the number of iterations or K values with the formula m-
I, where m is the number of machines or stages. The CV. Mega Abadi hdflb stages or stages, so 5 iterations must be
completed. The table of makespan and flowtime values for each iteration can be seen in Table 5 below.

Table 5. Makespan and Flowtime Value Tables

Iteration Makespan (minutes) Flowtime (minutes)
Kl 337,96 284,09
K2 R T | 286.98
K3 327.03 290,28
K4 326,02 20298
K5 33849 282,44

Based on the CDS method calculations, the most optimal job sequence was obtained in the second iteration with
makespan 316.59 minutes and flowtime 286.98 minutes.

4.7 Scheduling with Tabu Search Algorithm

Tabu Search Algorithm is a c@Euation of the mitial solution that has been obtained with the CDS Algorithm
{Gozali,, Halim & Jap, 2019). Tabu Search Algorithm is a meta-heuristic method used to obtain a more optimal
makespan and job order. First, ta determine the aspiration level obtained from scheduling, the heuristic method with
Z best derived from scheduling with the CDS algorithm (Gozali, Ariyanti & Tanujaya (2014)). Next, that is creating
a taboo list and candidate list. There will be a job exchange (Pn to Px switch) and the results of the job exchange on
the candidate list. The taboo list can be seen in Table 6 below.
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Tabel 6. Tabu List

i 25

Time (minutes)

Iteration 0

Iteration 1

Iteration 2

Iteration 3

Makespan

316,59

316,14

313,13

316,14

Mean Flow Time

186.98

290.21

288.61

290.21

The taboo list column that has been filled shows that the stopping criteria have been reached. The scheduling results
with the best Tabu Search Algorithm, namely 6018 Yellow Green - 7001 Light Gray - 1003 Banana Yellow -9017

Black - 9016 Snow White with makespan 3 13.13 minutes and flowtime 288.61 minutes.

4.8 Scheduling with Genetic Algorit

hms

The steps in scheduling with Genetic Algorithms, such as:

1. Determination of the parameters usgE}

The parameters used in this study (popsize; pe; pm) = (30; 0.95; 0.01), where each generation's average fitness is

used as an indicator.

2. Populatioffiinitialization Each product is made a notation to make it easier to randomize the job sequence. Product

notation can be seen in Table 7 below.

Table 7. Product Notation

____Product. Notation
7001 Light Grey A
9017 Black B
1003 Banana Yellow C
6018 Yellow Green D
9016 Snow White E

After the initialization stage is done, the randomization action carried out in a coordinated manner so that the
selected chromosomes are obtained as much as pop size. The selected chromosomes can be seen in Table 8 below.

Table 8. Seleeted Chromosomes

Chromosome Chr::::;;iome Chromosome Chr:::;t;inme Chromosome Chr::;:iume
11 ABCDE I11 AEDCB 121 BDCAE
2 BACDE 112 AEDBC 122 BCDAE
13 BCADE 113 EADBC 123 CBDAE
14 ' BCAED 114 EDABC 124 CDBAE
15 CBAED 115 EDBAC 125 CDBEA
16 CABED 116 EDBCA 126 DCBEA
17 | CAEBD 17 DEBCA 127 DCBAE
I8 CAEDB 118 I DBECA 118 ECBAD
19 ACEDB 119 DBCEA 129 CEBAD
1o AECDB 120 DBCAE 130 CBEAD
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3. Evaluation
Done by counting the makespan and fitness value of each chromosome. The formula obtains the fitness value:

. 1
Fitness = LT TSP P a ................. (5)
The results of the calculation of each chromosome's makespan and fitness values can be seen in Table 9 below.

Table 9. Makespan and Initial Population Fitness Value

Chromosome Chromosome order Ma'.;"mp 5 Fitness
(minutes)

11 ABCDE 316.59 000316

12 BACDE 317.66 0.00315

13 BCADE 328,57 0.00304

14 BCAED 344 98 0.,00290

15 CBAED 338,93 0,00295

16 CABED 335,14 0.00298

17 CAEBD 335,14 0,00298

I8 CAEDB 324.22 0.00308

19 ACEDB 335.41 0.00298

110 AECDB 323,31 0,00309

111 AEDCB 323,31 0,00309

112 AEDBC 339,64 0,00294

113 EADBC 339,64 0,00294

114 EDABC 345,04 0.00290

115 EDBAC 345,04 0,00290

116 EDBCA 334,23 0,00299

117 DEBCA 326.95 0.00306

118 DBECA 327.77 0,00305

119 DBCEA 327,77 000305

120 DBCAE 316.14 0.00316

121 BDCAE 325,51 0.00307

122 BCDAE 328,57 0.00304

123 CBDAE 317.20 0,00315

124 CDBAE 326,02 0,00307

125 CDBEA 337.41 0.00296

126 DCBEA 339.92 0,00294

127 DCBAE 328,53 0.00304

128 ECBAD 342,31 0.00292

129 CEBAD 334,68 0.00299

130 CBEAD 338,93 0,00295

Total Fimess 009056

4. First Generation Calculations
a. Chromosome selection by the Roulette Wheel Method
First, that is to do the calculation of relative fitness (pi) with the formula:
e B e et e e r et ee e et e et et vt et em e eee e a e e ee e ee e (6)

total fitness
Then. proceed with the calculation of the cumulative fitness value (qgi) with the formula:

The relative fitness and cumulative fitness values of generation 1 chromosomes can be seen in Table 10 below.
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Table 10. Relative Fitness and Cumulative Fitness of Generation | Chromosomes

Relative | Cumulative Relative | Cumulative Relative | Cumulative
Chromosome | Fitness Fitness Chromosome | Fitness Fitness Chromosome | Fitness Fitness
(Pi) (Qi) (P1) (01) (Pi) (Q1)
11 0.0349 0,0349 111 0.,0342 0.3690 121 0,0339 0.7011
12 0.0348 0,0696 jf sl 0,0325 04015 122 0.0336 0.7347
13 0,0336 0,1032 113 0,0325 0.4340 123 0,0348 0,7695
14 0,0320 0.1353 114 0,0320 0,4660 124 0,0339 0.8034
15 0,0326 0.1678 115 0,0320 0.4980 125 0,0327 0.8361
16 0,0329 0.2008 116 0,0330 0.5311 126 0,0325 0,8686
17 0.0329 02337 117 0.0338 0.564R 127 0,0336 0,9022
I8 0.0341 02678 118 0.0337 0,5985 128 0,0323 0.9344
19 0.,0329 0.3007 119 0,0337 0,6322 129 0,0330 0.9674
110 0,0342 0.3349 120 0,0349 0,6671 130 0,0326 1

Generate as many random numbers as pop size, 30 on Microsoft. Excel with the formula RAND (). After that,
selection can be made by sorting chromosomes according to the cumulative fitness value of each chromosome
against random numbers. If the random number <fitness is cumulative, then select the chromosome as the parent
candidate. The chromosomes selected are marked with a sign (). as shown in Table 11 below.

Table 11. New Chromosomes Selected Results

Chromosome Sequence Makespan (minutes) | Fitmess Value Ch?;liﬁél:glmt
I'l BDCAE 325,51 0,003072102 121
12 ABCDE 316.59 0,003158659 I1
I3 CDBAE 326,02 0.003067296 124
I'4 CAEDB 32422 0,003084325 I8
I's DEBCA 326.95 0,003058572 117
I't EDABC 345,04 0,002898215 114
I'7 EADBC 339.64 0,002944294 113
I's BCDAE 328,57 0,003043491 122
I'e AEDCB 323,31 0,003093007 I11

I'to CBDAE 3172 0,003152585 123
I't1 ACEDB 33541 (0,002081426 19
I'2 DCBEA 339.92 0.002941869 126
I'3 CEBAD 334,68 0,002987929 129
I'i4 EDBAC 345.04 0,002898215 I15
I'ts AEDBC 339.64 0,002944294 112
I'te EDBCA 334.23 0,002991952 116
I'r7 CBAED 338,93 (0,002950462 15
I'I8 BCAED 344 98 0,002898719 14
I'to DBECA 327,77 0,00305002 118
1'20 AECDB 32331 (1,003093007 110
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Chromosome Sequence Makespan (minutes) | Fitness Value Ch?;;gil;zlme
121 CDBEA 33741 0,002963753 125
22 DCBAE 328,53 0,003043862 127
123 ECBAD 34231 0,002921329 128
124 CBEAD 338,93 0,002950462 130
125 DBCAE jlo.14 0,003163156 120
I'26 DBCEA 327,77 0,00305092 119
127 CABED 335,14 (0.002983828 16
128 BCADE 328,57 0.003043491 13
129 CAEBD 335,14 0,002983828 17
I'30 BACDE 317,66 0,00314802 12

The next step is a crossover. Crossovers can be initiated by generating random numbers. After gencrating random
numbers with the formula RAND () on Microsoft. Excel. Chcﬁs a random number that is smaller than a pc or
crossover opportunity. Chromosomes that experience crossovers can be seen in Table 12 below.

Table 12. Chromosomes that Have Crossovers

Chromosome Sequence Makespan (minutes) | Fitness Value
I'l BDCAE 325,51 0.003072102
12 ABCDE 316,59 0.003158659
13 CDBAE 326,02 0,003067296
1'4 CAEDB 324,22 0.,003084325
I's DEBCA 326,95 0,003058572
I'6 EDABC 345,04 0002898215
I'7 EADBC 339,64 0,002944294
I'8 BCDAE 328,57 0,003043491
1o AEDCB 323,31 0,003093007
Iio CBDAE 317,2 0,003152585
I't1 ACEDB 335.41 0002981426
riz DCBEA 339,92 0,002941869
I't3 CEBAD 334,68 0,002987929
I'ls AEDBC 339.64 0,002944294
I'ie EDBCA 334,23 0,002991952
Ii7 CBAED 338,93 0,002950462
I'ig BCAED 344,98 0,002898719
I'to DBECA 327.77 0.00305092
120 AECDB 323,31 0,003093007
121 CDBEA 337.41 0.002963753
122 DCBAE 328,53 0,003043862
123 ECBAD 342,31 0002921329
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125 DBCAE 316,14 0,003163156
126 DBCEA 327,77 0,00305092
128 BCADE 328,57 0,003043491
29 CAEBD 335,14 0,002983828
130 BACDE 317,66 0,00314802

7
The selected chromosomes can be crossover. The method used is Two Point Crossover. The results of crossovers of
all chromosomes can be seen in Table 13.

Table 13 Results of Generation | Crossovers

Chromosome : Sequence mﬁﬁ:&i‘; Chromosome . Sequence ﬁ?}l::r[;i;] Chromosome | Sequence : lt{n;lﬁi‘:tpe‘zl]]
1"l | ABCDE 316,59 "o CEDBA 324.07 1"20 CDBAE 326,02
12 DBCAE | 316.14 | I"11 | ACBED | 34344 | 1"21 | AECDB | 32331
I3 CDBAE 326,02 "2 DCEBA 339,92 "22 ECDBA | 337.29
1"4 CAEDB 324,22 I"13 . AECBD 334,68 1"23 DCEBA . 339,92
IS EDABC 345,04 I"15 CEADB 324,22 I"25 DBCEA 327,77
I"6 DEBAC 339,64 I"16 DBAEC 343,34 1"26 DBCAE 316,14
1"7 BCDEA 339,96 "7 . ADBCE . 323,97 1"28 BAECD . 334,68
I"8 | EADBC 339,04 I"18 DBECA 327,77 1"29 ECABD 342,31
1"9 ABDEC 341,84 1"19 CBAED 338,03 1"30 DBCAE _ 316,14

The results of the crossover are then carried out mutations, with the steps:

a. Count the number of bits in the population, i.e. pop size x L =30 x 5 = 150. L is the number of job sequences.

b. Generating as many as 150 random numbers.

¢. Choose a random number whose value is below the chance of a mutation (pm) ot 0.01. The mutation results can
be seen in Table 14 below.

Tabel 14. The result from mutation

Chromosome Mutated Job Job Sequence Makespan
I*6 1 | CBDEA
Lk | 3 | ACDBE

The final population of the first generation can be seen in the following Table 15.

Table 15. Final First Generation and Early Second-Generation Populations

Chromosome | Sequence x?ﬁf:‘riil; ‘ 13};315 . Chromosome  Sequence r:f’;g:? li;r:leuses
1" ABCDE 316,59 | 0,003158659 I"l6 DBAEC | 343,34 | 0,002912565 |
[ DBCAE 31614 | 0,003163156 "7 ADBCE | 323,97 | 0,003086706
"3 CDBAE 326,02 0,003067296 I"18 DBECA | 327,77 0.00305092 |
| 1"4 | CAEDB 32422 | 0.003084325 "9 CBAED | 33893 | 0.002950462
i I"s EDABC 345,04 | 0,002898215 120 CDBAE 32602 | 0,003067296
| 1*6 CBDEA = 32832 | 0,003045809 121  AECDB | 32331 | 0,003093007 |
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Chromosome = Sequence Ma!{cspau Fitness Chromosome = Sequence Ma}cc span Fitncss

I | | (minutes) Value | | (minutes) | Value |
| "7 BCDEA | 33996 | 0,002941523 "2 ECDBA | 33729 | 0,002964808
| 1*8 ACDBE = 32703 | 0,003057823 123 DCEBA | 33992 | 0.002941869
| 19 ABDEC = 34134 | 0,002925345 124 CBEAD | 33893 | 0,002950462
I TIT CEDBA | 32407 | 0.003085753  1"25 DBCEA | 32777 | 0.00305092
Lo ACBED | 34344 | 0,002911717 26 DBCAE | 31614 | 0003163156
T2 DCEBA | 339,92 | 0,002941869 127 CABED | 33514  0,002983828
G AECBD = 33468 | 0,002987929 128 BAECD | 33468 | 0,002987929
T4 EDBAC = 34504 | 0,002898215 | 1729 ECABD | 34231 | 0.002921329 |
|15 | CEADB | 32422 | 0003084325 130 DBCAE | 31614 | 0003163156

The selected results are 1"26 with makespan 316.14 minutes and flowtime 290.21 minutes in the first generation.
Then, continue to the second generation with the initial population us@ the first generation's final population.
Recapitulation of the results to show each generation's best chromosomes can be seen in Table 16 below.

Table 16. Recapitulation of Chromosome Results

Generation Chromosome Ma!(espan Flowtime Fitness Value
Sequence (minutes)

1 DBCAE 3lo. 14 290,21 0,003163106

I DBCAE 316,14 290,21 0,00316316

The calculation stops until generation 2 because the value of fitness no longer changes in the second generation,
which is 0.00316316. Then, the iteration stops, and the chosen job sequence is DBCAE or 6018 Yellow Green -
9017 Black - 1003 Banana Yellow - 7001 Light Gray - 9016 Snow White with makespan 316.14 and tlowtime
290.21 minutes.

5. Results and Discussion

The following compares the company's actual scheduling with production scheduling design, shown in Tablel7.

Tabel 17. The Comparison of Each Production Scheduling Method

; Tabu Search Genetic
Atuki CBS Algorithm Algorithm Algorithm
1003 Epoxy TC | 7001 Epoxy TC | 6018 Epoxy TC | 6018 Epoxy TC
Banana Yellow - Light Grey — Yellow Green - | Yellow Green —
9017 Epoxy TC 1003 Epoxy TC | 7001 Epoxy TC | 9017 Epoxy TC
Black - 9016 Banana Yellow Light Grey - Black — 1003
b Sequence EpoxyTC Snow | 9017 Epoxy TC | 1003 Epoxy TC Epoxy TC
White - 7001 Black — 6018 Banana Yellow | Banana Yellow
FEpoxy TC Light | Epoxy TC Yellow | -9017 Epaxy — 7001 Epaxy
Grey - 6018 Green —9016 TC Blaci - TC Light Grey —
Epoxy TC Yellow | Epoxy TC Snow | 9016 Epoxy TC | 9016 Epoxy TC
Green White Snow White Snow White
Makespan 338.93 316,59 313.13 316,14
Mean Flowtime 290,55 286,98 288.61 290,21
Efficiency Index - 1,057 1,068 1.06
Relative Error . 6.,59% 7.61% 6.72%

Based on the above comparison, it can be seen that the Tabu Search Algorithm produces the minimum makespan
when compared with the company's actual methods and other methods. The following compares the best results
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from manual calculations with a program designed, a simple Python-based application program, which can be seen
in Table 18 below.

Table 18. Comparison The Results of Manual and Program Calculations

Manual Calculation Program Calculation
Makespan Mean Flowtime Makespan Mecan Flowtime
CDS Algorithm 316,59 286,98 316,59 287,04
Tabu Search Algorithm 313,13 288.61 313.13 289.6
Gencetic Algorithm 316,14 290,21 316,19 282,83

Based on Table 18, there 1sn't much difference between manual calculations and program calculations. Therefore, it
can be concluded that the results of the designed program are valid.

6. Conclusions

Bascd on the results of manual calculations, Tabu Scarch Algorithm produces scheduling that minimizes the
makespan of 313.13 minutes and the mean flow time of 288.61 minutes, with an efficiency index of 1.068 and a
relative error of 7.61%. Genetic Algorithms can produce more optimal scheduling based on calculations using the
program because the program can be calculated for up to 500 generations. Thus, Genetic Algorithms are the best to
be used as scheduling.
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