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ABSTRACT

The garment industry is a global industry that requires high agility in response to changing market
demands that are quickly changing. Short product cycles with unpredictable demand often make
the industry unable to meet consumer needs. In increasing the agility of production to deliver
products to customers as fast as possible, the production scheduling system must be designed
optimally. Recently algorithm hybridization is used because the combination of more than one
algorithm is more optimal. Genetic Algorithm (GA) is a metaheuristic algorithm is applied in various
production scheduling and its power can be improved by combining it with the Tabu Search (TS). The
GA is the best metaheuristic algorithm to output the optimal scheduling with less execution time but
has the disadvantage —easily trapped in local optimum (early convergence is faster). The TS algorithm
works as a local search algorithm with a faster computation time than GA. This study aims to
minimize the total time to complete the work (minimizing makespan) by combining TS into GA in
conducting local searches to increase industrial agility. The results obtained are GA-TS hybridization
can provide a more optimal solution for the production scheduling in the garment so that agility can
increase.
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RESEARCH HIGHLIGHTS

The garment industry is a worldwide industry with strict competition because it has short
product cycles, rapid-changing in demand, and information technology innovation.
Conditions like this force the industry to have high agility to fulfil consumer needs (Mustafid
et al,, 2018). Agility is the industry's ability to respond to fast consumer demand as one of
the pillars of success to ensure the implementation of fast action plans in companies and
the suggested plans have been implemented (Islam et al, 2019). The agility can be
increased through several aspects including the optimal scheduling system (Kusiak & He,
1998) by modernizing the scheduling system (CGuo & Zhang, 2010). GA is a common
algorithm for scheduling optimization (Branda et al, 2020) but convergence earlier. To
overcome this problem, the local search algorithm is hybridized with TS so that there is a
balance between global and local searches in producing a more optimal solution.
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Research Objectives

The purpose of this study is to propose the new hybrid GA-TS algorithm in minimizing the
completion time for jobs (minimizing makespan) to increase industrial agility so that the
industry can deliver the product to the consumer at an earlier time. The GA algorithm is
widely known to be more effective than other heuristic algorithms in solving flow shop
scheduling problems because of its superiority in producing solutions that are more
effective and also faster in exploring global searches. Unfortunately, there is a weakness of
CA which makes it fall into a local optimum and the execution time slows down when
finding a solution area that is close to the optimum result. To cover this deficiency, the TS
algorithm is used as the optimum local search to avoid GA stuck at the local optimum and
increase the speed of GA in seeking solutions.

Methodology

For this work, the hybrid GA-TS was proposed by inserting TS into the GA in order to provide
more effective scheduling results, there are several things that need to be considered, such
as the string encoding technique which is adopted from (Ramezanian et al,, 2010) and the
decoding technique using Job-Precedence (JP) from (Wang & Wang, 2019). Next, it is
necessary to determine the parameters and methods used by genetic operators in
reproducing. This job uses a population size of 100 and stops reproducing when it reaches
1.000 turns. The elitist selection method applies the method of (Rani et al., 2019) by storing
the best chromosomes in the elitist table and also tournament selection is used from (Kilig
& Yuzgeg, 2019) by selecting 5 chromosomes randomly. In order to produce a more
converging crossover, the two-point crossover method (Koohestani, 2020) was used by
randomly selecting two-parent chromosome positions. This study uses a crossover rate of
0.5 and an introduced mutation rate of 0.1 from (Gotshall & Rylander, 2002) to balance
searching. Furthermore, the neighborhood framework which includes move attributes,
neighborhood structure and tabu list from (Deroussi et al., 2012) was employed to guide CGA
so as not to be trapped in a local optimum.

Results

An experiment was conducted and the results have been proven that the makespan
needed in production using the proposed hybrid GA-TS algorithm is superior to using the
single of GA and TS algorithms so that products can be delivered to customers faster and
this increases the value of industrial agility. From the experiment, it can also be concluded
that the proposed hybrid GA-TS is able to solve the flow shop scheduling problem with a
more optimal solution and more efficient computing time. There are two reasons why this
can happen, first is that the combination is carried out on algorithms that are superior in
their respective fields, the GA excels on exploration and the TS excels on exploitation so that
the combination can balance the results of the solution and make GA not stuck at a local
optimum. Second, the important configuration for selecting the encoding-decoding
method, genetic operator and neighborhood structure must be correctly choosen for the
flow shop scheduling problem as presented in this work.
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Findings

The hybridization of GA-TS in this study provides a new colour in increasing industrial agility
through a more optimal makespan of production scheduling. GA is used to explore
solutions through defined parameters, evaluate fitness values, and use optimal genetic
operators for the selection, crossover and mutation methods. Furthermore, the
performance of GA is improved through local tracing by TS to avoid GA being trapped in a
local optimum so that a more optimal solution is obtained with a faster computation time.
With a more optimal solution makes the production schedule completed earlier
automatically and results in higher agility.
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