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Abstract. Companies that have irregular work schedules must apply work shifts to their
employees. To meet a large volume of work with a small number of employees, it is neces-
sary to schedule work shifts that need to be implemented for a certain period of time and
with minimum cost planning while considering a number of restrictions related to labor
performance constraints. Currently, many companies in determining work shift sched-
uling are still carried out conventionally manually using only Microsoft Office with the
Excel program, which results in frequent shift schedules that conflict with other employ-
ees’ shift schedules and require a long time or result in various obstacles. To solve this
problem, work shift scheduling can be done by implementing a genetic algorithm so that
the shift scheduling problem is more regular and does not clash with the schedule of other
employees’ work shifts. The results of the calculation of the genetic algorithm are used
to design a shifting scheduling application, the application is modeled using the unified
modeling language, and this is intended so that system development can be done optimal-
ly with not too many human resources. The results obtained from the implementation of
the calculation of the genetic algorithm using the shift time variable, day variable, shift
employee name variable did not find any penalties. So these results can be applied to the
company as an optimal solution for scheduling work shifts.
Keywords: Genetic algorithm, Unified modeling language, Scheduling, Work shifting

1. Introduction. Company organizations that have irregular work schedules must apply
work shifts to their employees. To meet a large volume of work with a small number of
employees work shift scheduling needs to be implemented over a minimum period of time
and cost planning while considering a number of restrictions related to labor constraints.
Many company organizations in making work shift schedules still use a manual system
only using Excel so that the impact in scheduling is that shift schedules often clash with
other employees and take a long time or cause all kinds of problems. One of the suitable
methods for solving scheduling problems is genetic algorithm [1,2].

The objectives of this study are
1) to solve problems in work shift scheduling using genetic algorithms;
2) designing a work shift scheduling application based on the calculation of the genetic

algorithm.
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The results of this study are expected to solve problems in scheduling work shifts more
regularly, no schedule conflicts with other employees and having a scheduling application
that will make it easier for companies to make work shift schedules. Genetic algorithm is
an optimization algorithm for different problems [3]. Genetic algorithm is also a stochastic
search based on the principles of natural selection and recombination [4] and generates
selection to estimate solutions to solve problems [5]. Genetic algorithm performance de-
pends on coding and operator selection [6]. In order to solve a more complicated problem,
an integrated genetic algorithm uses hybridization methods to increase the effectiveness
of its performance [7]. In compiling a genetic algorithm into a program, several stages of
the process are needed, namely the process of making the initial generation, the genetic
process, the selection process, and the repetition of the process [8]. Figure 1 describes the
cycle genetic algorithm introduced by David Goldberg [9].

Figure 1. Life cycle of genetic algorithms [9]

2. Literature Review.

2.1. Definition of algorithm. An algorithm is a sequence of steps to solve a problem.
Algorithms are at the heart of computer science or informatics. Many branches of comput-
er science are referred to in algorithmic terminology. Algorithm is a logical and systematic
arrangement to solve a problem or to achieve certain goals [10]. So it can be concluded
that an algorithm is a logical and systematic step to solve a problem. However, do not
assume that algorithms are always synonymous with computer science. In general, those
who work on the process are called processors. Processors can be humans, computers,
robots, mechanical devices, electronic devices and others. Implementing the algorithm
means working on the steps written in the algorithm.

2.2. Basic algorithm structure. Algorithm contains steps to solve a problem. These
steps can be actions or events, selection of actions and repetition of actions. Here are the
three basic structures of the algorithm, namely:

1) Sequence Structure
The sequence structure is the basic structure of the algorithm in which the instruc-

tions will be executed sequentially, used for programs whose instructions are sequential.
2) Selection Structure

A branching structure is the basic structure of an algorithm where instructions or
statements will be executed if they need or fulfill a condition.
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3) Repetition Structure
The loop structure is the basic structure of the algorithm where instructions will be

executed repeatedly if they fulfill it or not fulfill a condition.

2.3. Genetic algorithms. The use of algorithms that mimic the workings of living
things in solving problems – optimization problems has been introduced since the 1960s,
which is commonly known as computational evolution – is genetic algorithms. The imple-
mentation of genetic algorithms for optimization problems is a very interesting subject to
study, this is because genetic algorithms are very powerful and are an optimization tech-
nique that can work on many problems that are very difficult to solve with conventional
techniques [11].

The genetic algorithm is a numerical optimization algorithm that is inspired by natural
selection and natural genetics [12]. The genetic algorithm is divided into several parts,
namely [13]:

1) Allele, a value that is in a combination of schedules.
2) Genotype, a value that states the base unit which is forming a certain meaning in a

unit called chromosome.
3) Chromosome, a combination of genes that form a particular value.
4) Individual, is a value or situation that states one possible solution and the problem is

raised.
5) Population, is a group of individuals to be processed together in the evolutionary cycle.
6) Fitness value, states the value of how good the value of an individual or the solution

is.
7) Selection, a process to get chromosomes good quality in the next generation.
8) Crossover, a method of marrying two chromosomes parent (parents) with the aim of

getting a better child.
9) Mutation, the process of changing the arrangement of genes in a chromosome to make

a difference in the population.

2.4. Scheduling. According to [14], scheduling can be defined as the process of allocating
resources to work on a set of tasks within a certain period of time with 2 important
meanings as follows.

1) Scheduling is a decision-making function to create or determine a schedule.
2) Scheduling is a theory that contains a set of basic principles, models, techniques, and

logical conclusions in the decision-making process that provides an understanding of
the scheduling function.

Scheduling is a process of organizing, selecting, and determining the time to use ex-
isting resources to produce output as expected in the expected time as well [15]. It can
be concluded that scheduling is a strategic part of the planning process and setting work
sequences and allocating resources both time and facilities for each operation that must be
completed. On allocating resources there are important goals that the scheduling process
will achieve. There are two targets to be achieved through scheduling, namely the number
of outputs produced and the due date. These two targets are stated through scheduling
criteria such as minimum makespan (total time spent in the production process), mini-
mum mean flow time (average production process time), minimum mean lateness (average
delay), minimum tardiness of delay, minimum mean tardiness (average delay), and min-
imizing the number of tardy (number of delays). In general, scheduling is a planning
activity to determine when and where each operation as part of the overall work must be
performed on limited resources.
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Figure 2. Research design

3. Methodology. The stages to be carried out in this research can be seen in Figure 2.

3.1. Problem identification. Problem identification is taken based on the main prob-
lems that exist in the research background based on the system that runs in the scheduling
in the company.

3.2. Data collection techniques. In this study use a case study at PT. XYZ, where to
retrieve data is done through observation and direct interviews with managers, staff and
employees to determine the conditions of current work schedule scheduling.

3.3. Data analysis methods. Based on the data collection that has been done, it is
found

1) Users involved in scheduling the shifting work system are the HRD Division, customer
care, NOC and TOC;

2) In the process of making and preparing a shifting work system schedule requires em-
ployee data, detailed data on shifting working hours, detailed data on shifting work
days.

3.4. Implementation of genetic algorithms. The flow of algorithm implementation
to be carried out in this study is depicted in a flowchart which can be seen in Figure 3.
Based on Figure 3, the stages of implementing the genetic algorithm are

1) Initial value determination is to determine the size of a random individual obtained
from a population that depends on the problem at hand.

2) Reproduction is to determine the chromosomes from the selection results.
3) Reproduction stage is to determine the suitability between individuals and populations

using the fitness function. Within each generation the most suitable individual is
selected and many techniques can be used [16]. To find the fitness value, it can be
used in Equation (1).

Fitness = 1/(1 + (penalty1 + penalty2 + penalty3 + penalty4)) (1)
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Figure 3. The flow of the genetic algorithm implementation

4) Selection is a process to screen the chromosomes better by selecting from two chromo-
somes randomly rather than to get the crossover and mutation values [17]. To make a
selection, it is done by finding the percentage of the fitness value divided by the total
fitness multiplied by 100%.

Fitness Percentage = fitness/(total fitness)× 100% (2)

5) Crossover is the stage randomly selecting one position from the parent chromosome to
be exchanged for genes [16] which will get the better chromosome [18,19].

6) The mutation in the process refers to this probability parameter [20] to change the value
of a particular gene from 0 to 1 or vice versa. This mutation process will produce new
individuals who are from the combination of the parent chromosomes [21].

3.5. Application design. After the application design stage is complete, proceed with
creating an application based on the results of application design where the programming
language uses PHP and data storage uses the MySQL database.

4. Result and Discussion.

4.1. Genetic algorithms.

4.1.1. Raising the initial population. In this stage, it is to determine the shift time vari-
able, day variable, employee name variable, then it is used as a chromosome. The initial
population was formed based on the number of N chromosomes. Then it is generated
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Figure 4. Initial population

randomly for the chromosome evaluation process, where the length of the genes consists
of N genes, namely gene 1, gene 2 to gene N as shown in Figure 4.

4.1.2. Chromosome formation. Chromosome formation defines the number of genes used
and can represent the solution to the problem. In determining a solution, problems that
arise can be represented by a set of parameters. This parameter is called a gene that unites
to form a chromosome, the number of available work days is 1 week, where the working
day starts from Monday to Sunday, the working time in a day is 24 hours starting from
08.00 AM to 08.00 AM the following day, the number of chromosomes is 20, while one
chromosome consists of N genes. The coding that is done is permutation coding, which
is the formation of a chromosome that is formed by a number sequence that states the
numbers in a sequence. In determining a gene, it is done by randomizing its length value,
the value of the gene is 0, 1, 2, 3, where 0 is the off shift, 1 morning shift, 2 day shift and
3 is the night shift. Figure 5 shows how to get the chromosome value.

Figure 5. Process of getting chromosome values

4.1.3. Fitness. To get a fitness score, you must first determine the penalty rules:

a) There was no off in one week.
b) There are off times more than 2 days in 1 week.
c) The operator must have a minimum break of 8 hours.
d) There are no female operators on night shifts.

Here are some chromosomes whose fitness is calculated, as shown in Figure 6.

Figure 6. Fitness chromosomes

From the 3 chromosomes above produce:
No penalty off in one week = 0
Penalty off more than 2 days = 1
Penalty for rest less than 8 hours = 0
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Female employee penalty = 0
Calculate the fitness of chromosome 1: 1/(1 + 1) = 0.5

No penalty off in one week = 1
Penalty off more than 2 days = 0
Penalty for rest less than 8 hours = 2
Female employee penalty = 0
Calculate the fitness of chromosome 2: 1/(1 + 3) = 0.25

No penalty off in one week = 1
Penalty off more than 2 days = 0
Penalty for rest less than 8 hours = 1
Female employee penalty = 2
Calculate the fitness of chromosome 3: 1/(1 + 3) = 0.25

4.1.4. Selection. In the selection process the greater the fitness value, the more likely it
is to be selected as the parent. The fitness percentage value based on Equation (2) can
be stated in Table 1.

Table 1. Fitness percentage

Individual Fitness Percentage
1 0.50 52.63%
2 0.25 26.31%
3 0.25 21.05%

Total 1.00 99.99%

Table 1 shows the probability level of individual selection for the selection process.
Individual 1 has the greatest probability, namely 52.63% being selected as the first parent
for the formation of new offspring in individual selection for the chromosome crossover
process. And individual 2 with a probability of 26.31% is selected as the second parent for
the formation of new offspring in the selection of individuals for the chromosome crossover
process.

4.1.5. Crossover. In this process, select two parent chromosomes to be cross-bred ran-
domly. The cross breeding process uses a one point crossover. In this process, child chro-
mosomes will be produced as a result of the cross-breeding of the two parents, where
this child chromosome contains genes from the combination of the two parents and is
different from the parent genes. The following is an example of the cross-breeding process
(crossover), as shown in Figure 7.

4.1.6. Mutations. Mutations are carried out randomly by selecting or modifying genes on
chromosomes. Mutation results are obtained from low fitness values or vice versa [20], as
seen in Figure 8.

4.2. Application. The application design is done by using two diagrams from UML
(Unified Modeling Language), namely use case diagrams and class diagrams. Use cases
are used to model the interaction between actors and the system, while the class diagram
model application is in the form of classes that map the pages connected to the work shift
scheduling application.
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Figure 7. Cross-breeding process

Figure 8. Mutation results

4.2.1. Use case diagram. The use case in Figure 9 is an application modeling for work
shifting scheduling applications where there are 3 actors, namely staff, supervisors and
Human Resource Development (HRD). Staff can only see schedules, while supervisors
are tasked with making a shifting work schedule which is a reference for working hours
for employees in their respective divisions, and can have access to view shift data and
employee data in their respective divisions, while HRD has authority to approve the
schedule submitted by the supervisor and have access to manage employee data and
applicable shifting detail data.

4.2.2. Class diagram. The class diagram in Figure 10 begins with the login class which is
implemented by the tbl user class because it is logged in, the tbl user class requires the
tbl employee class because the user is an employee of the company. The tbl scheduling
class also depends on the tbl employee class because the employees of the company see,
create and approve the schedule. Class division and tbl division are the composition of
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Figure 9. Use case diagram

* is first primary key; ** is second primary key

Figure 10. Class diagram

tbl employee, meaning that the class is part of the employee class. Whereas tbl scheduling
depends on the tbl shift class because if there is no shift class, scheduling cannot be done
and the tbl shift class depends on the tbl division class because the data shift class is from
the tbl division class.

4.3. Application implementation. The results of UML modeling are then made an
application using the PHP Codeigniter Framework and data storage using Mysql. Here
are some views of the work shifting scheduling application.

4.3.1. Detail shifting. Shift detail view can be seen after logging in from the browser by
the user and selecting the shift detail menu on the main menu. The shifting detail page
can be seen in Figure 11.
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Figure 11. Detail shifting

4.3.2. Creating a schedule. Activities create a schedule that can be accessed by the su-
pervisor whose function is to generate schedules. When saved, this page will immediately
provide notification to the HRD on the appearance of the HRD approval. The display of
making a schedule can be seen in Figure 12.

Figure 12. Generating a shifting schedule

4.4. Implementation of genetic algorithms in applications. The application of
genetic algorithms is located on the scheduling form submenu from the Schedule Details
menu. This submenu will display the employee data that has been sorted based on their
respective employee divisions. The supervisor will enter the schedule period data you
want to make along with the details of the year. After all data input for the period and
year have been entered, the new genetic algorithm that has been built will work. The
input data that has been entered will be an additional parameter where scheduling will be
carried out by taking the variable number of employees, variable employee identification
number, variable number of days, variable shift code and variable period proposed.
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4.5. Results of shift scheduling by system. Based on the shift scheduling carried out
by the system with the employee data of PT. XYZ, a solution search will be carried out
until it gets the optimal value with the reference value 0. Then the schedule obtained is
in the form of a random value with a range of 0 to 3, where it is the coding type of shift
applied to this application which will be the reference for employee schedules for the next
month.

5. Conclusion. Based on the research and discussion carried out, it can be concluded:

1) The shifting scheduling aims to be able to do scheduling automatically, thus displaying
the day schedule for each employee.

2) To maximize employee scheduling using genetic algorithms, parameters are needed as
a reference such as the number of employees, employee data.

3) The implementation of genetic algorithms in work shift scheduling displays several
forms consisting of employee data, division data, shift detail data, shift scheduling.

4) The implementation of genetic algorithms in work shift scheduling is obtained optimal-
ly where there are no clashes between employee shift schedules and for female employee
shifts, night work shifts are not found as calculated in the genetic algorithm process.

Further research related to the application of genetic algorithms for shift work schedul-
ing can be continued by looking at gender in particular, because the treatment between
female and male workers should be different between working hours per day and each
month.
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