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ABSTRACT

Article History: Every school has a lesson schedule that describes the allocation of teacher assignments to
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(1) the assignment model, (2) the application of the Hungarian method, (3) the application
of the NIOA method, and (4) a comparison of the process and results using both methods
from the teaching schedule at State Senior High School 1 Depok. The following research
results were obtained. The assignment model can be arranged into assignment tables, which
Automated Scheduling; contain teacher codes in the rows, day and lesson hour codes in the columns, and the

Keywords:

Hungarian; availability of teacher’s teaching hours, which is filled in with entry 1 if the teacher can
Neu'/ Improved Ones teach and 0 if the teacher cannot teach in the corresponding cells. Those tables are
Assignment, processed using Python according to Hungarian and NIOA assignment algorithms. The
Python; difference in the application of the two methods is only in the algorithm for finding the initial
Teaching Schedule basic feasible solution. Overall, the two methods applied produce the same schedule results.

Differences in results are obtained if two teachers can only teach at the same time.
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1. INTRODUCTION

Every school has a lesson schedule prepared for each class. The purpose of the lesson schedule is to
ensure every student can receive learning experiences as much as possible within the existing schedule [1],
[2], [3]. According to Chusna, Fatrianto, and Birbas [1], [4], a good lesson schedule should consider teacher
placements and teaching hours.

Based on interviews with Curriculum Department Staff Teacher at State Senior High School 1 Depok,
the school prepares the lesson schedule by considering several things, namely the type of teacher, Subject
Teachers' Forum (MGMP), teacher's activities, student conditions, and course weight. However, the school
still uses a manual method to create the schedule, which involves manually recording the time of teachers'
teaching availability and entering this data into Excel for documentation. This manual approach completes
the schedule in at least two weeks. If there is any revision on the schedule, the staff still have to check it
manually, which can take a lot of time and effort. There is a possibility of human error in manual scheduling,
such as putting the teacher in the time that the teacher can not teach, putting the teacher in the wrong class,
or even accidentally putting two or more teachers in one class at the same time. Therefore, a solution is needed
to create teaching schedules that are quicker and easier to check.

The scheduling process can be carried out in various ways, using mathematical methods and other
approaches. Based on previous research, many school scheduling problems have been solved using genetic
algorithms [5], [6], |7], |8]. Some have been addressed using the B/S method [9] and web-based approaches
[4]. Additionally, they can also be solved mathematically using the integer linear model method and goal
programming [10], [11], [12]. The assignment method for solving scheduling problems has not yet been
found among these various methods.

Assignment theory is a special case of transportation theory [13]. The problem often resolved with
transportation theory is the distribution of goods from several sources to several destinations. Therefore, the
distribution process will be arranged so that each factory can get the goods it needs, each warehouse has
sufficient supply, and shipping costs can be optimized. Allocation in transportation theory allows for multiple
sources to be transported to a single destination or for a single source to be transported to multiple
destinations. In contrast, assignment theory deals with assigning workers to specific tasks, with the condition
that each worker performs only one task and only one worker performs each task.

The Hungarian method for optimizing assignment problems is the most common [14]. The principle
of the Hungarian method is to select workers for jobs that produce optimum objective function value. The
principles of the Hungarian method are (1) determining the initial feasible solution, (2) testing optimality,
and (3) revising the table if there are any unassigned workers. A feasible solution can be obtained by
subtracting each row and column with minimum and minimum columns. Optimality tests are carried out
using horizontal and vertical lines that cover the assignment. The assignment occurred when the entry of a
pair of workers and a job was 0. If the number of lines doesn’t equal the number of rows or columns, the
process continues to the revision stage. The revision stage is carried out by determining entries crossed by a
line, not struck by a line, and closed by the intersection of two lines. Then, every entry that doesn’t get crossed
by a line is subtracted by the minimum of those entries (d;;), and every entry whose position is in the
intersection of two lines is added by d;;. Even though the entries of the initial matrix change as a result of the
operation, the assignment selection and optimization results remain the same.

Various methods have been developed to solve assignment problems [13], [15], [16], [17]. Khalid,
Sultana, and Zaidi [18] developed a new assignment method called the New Improved One's Assignment
(NIOA) Method. The algorithm consists of five steps. The first step is to calculate and write the sum of the
elements in each row on the right side of the cost matrix. Then, determine the smallest sum among them.
Divide each total of each row i of the matrix by the smallest sum. If k; < 2 for all i, then proceed to step 3;
otherwise continue on to the next step. The second step is to add or subtract any row by any number, until
every k; < 2. In the third step, the new matrix, find the smallest (or largest) entry of each row and each
column. Then, divide each entry by the corresponding product of the smallest (or largest) entry on each row
or column. In the next step, find each row's minimum (or maximum) entry in the new matrix and divide each
entry by that minimum (or maximum) entry. The process of assigning the workers to their jobs is the same
as in the Hungarian method but covers all entries with 1. If there are unassigned workers, revise. Select the
minimum (or maximum) entry that does not liec on any of the lines. Then, divide every entry with uncovered
lines by the minimum (or maximum) value.
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However, Murugesan and Esakkiammal [15] discovered a problem that resulted in an optimal solution
using the New Improved Ones Assignment Method. Their research concluded that some cases within
assignment theory do not yield optimal results compared to the Hungarian method. If the results are not
optimal, then the assignment may be different. In the case of a teaching schedule, as long as the teacher's time
is available for a particular class, the results of the assignment will not be a problem. Optimal values are not
considered in the case of teacher scheduling, creating a combination of assignments that schools can consider
when choosing a schedule. Therefore, the NIOA method will not be a problem despite its weakness.

Assignment problems can be constructed and solved with the help of programming languages. Python
is a programming language that is freely available and free to use, even for commercial purposes. Python is
a programming language that is easy for users to understand [19], [20], [21]. Python also enables
collaboration, making it one of the most widely used programming languages.

The Hungarian and New Improved One's Assignment methods will be implemented when creating
teaching schedules. Python is used as a tool to assist in solving teacher scheduling problems. Python is an
appropriate programming language for this research, as it allows for collaboration with schools.

2. RESEARCH METHODS

The research used applied research. Applied research is carried out to overcome problems and improve
internal aspects of life by formulating alternative solutions based on scientific knowledge [22]. This research
will apply assignment theory to the teacher's teaching schedule using the Hungarian and New Improved One's
Assignment methods, which Python assists.

Definition 1. Assignment theory is a special balanced case (equal number of rows and columns) of
transportation theory, where the number of workers and tasks selected is equal to 1 |14], [23]

Assignment theory consists of several workers and tasks to be paired, each having a certain weight
(cost, time, earnings, and others). Each worker is paired with the task, providing minimal or maximal weight.
The problem of assigning n workers to m tasks are expressed as follows.

Minimizing the objective function:

z = Yiz1 Xjeq CijXij (1)

Subject to (s.t.):
Zﬁﬂ‘ii =1;j=12,..,m ()
Z;n=1xij:1ii=1,2,--,m (3)

x;j = 1, if worker i is assigned to job j or x;; = 0, if worker i is not assigned to job j.

Description:

x;j: assignment of worker i to job j

c;j: weight (cost) of worker i on job j (¢;; € R)
Table 1 represents Definition 1.

Table 1. Assignment Table as a Representation of the Assignment Matrix

Job
1 2 3 n
1 Ci1 C12 C13 Cin
Worker 2 C%1 Cyp c2.3 C%n
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The research was carried out at State Senior High School 1 Depok, which is located at Babarsari Street,
Tambak Bayan, Depok, Caturtunggal, Sleman, Special Region of Yogyakarta. The subject of this research is
the lesson schedule at State Senior High School 1 Depok. Assignment Theory will be implemented in subjects
to optimize the teaching schedule. The data used in this research is primary data. The required data are the
number of subject teachers teaching in a particular class, the number of teaching hours for every teacher at
every level, considerations to make lesson schedules, and lesson schedules applied at the school during the
academic year 2023/2024.

Data is collected through interviews, observation, and documentation. Data is obtained by interviewing
the Curriculum Department Staff who make the schedule. Data on teacher teaching schedules is obtained by
observation and documentation. The research instrument needed is an interview guide. The interview guide
contains information about how the school creates teaching schedules and what considerations the school
takes into account when it makes a teaching schedule. Further information consists of teacher picket
schedules, schedules of routine activities carried out by the school, the duration of the student's study at
school, and other information received when conducting interviews. The data obtained will be analyzed in
several sections. After obtaining the data on teachers and subjects taught by teachers, data are analyzed to
form an assignment matrix according to the assumptions and considerations in making lesson schedules at
school. The optimization of the assignment matrix is analyzed using different algorithms for each method in
Python. The similarities and differences in the schedules formed to analyze the process and results of
determining the teaching schedule.

The Python application used in this study is Google Colab, which utilizes the Pandas, NumPy, and
Random libraries. Google Colab is connected to Google Drive using the mount feature during the process.
The data file is stored in Google Drive as an Excel file. Subsequently, the Excel file is read using Pandas,
producing input data as a data frame. After that, the data frame is converted into a list or array to facilitate
executing the Hungarian and NIOA algorithms.

3. RESULTS AND DISCUSSION

Data was collected on April 1st, 2024, at State Senior High School 1 Depok on Babarsari Street,
Tambak Bayan, Depok, Caturtunggal, Sleman, Special Region of Yogyakarta. The data was obtained through
an interview with the Curriculum Department Staff Teacher, responsible for creating the class schedules at
State Senior High School 1 Depok. The data collected includes a description of the teaching process for the
2023/2024 academic year, as well as information regarding the considerations and processes undertaken by
the school in creating the class schedules.

The curriculum used by the school is the 2013 Curriculum for grades XI and XII and the Merdeka
Curriculum for Phase E/Grade X. The school has 18 classes, consisting of six Phase E/Grade X classes, four
grade XI MIPA classes, two grade XI IPS classes, four grade XII MIPA classes, and two grade XII IPS
classes. Each grade follows 46 weekly lesson hours, consisting of 10 hours for Tuesday-Thursday and 8 hours
for Monday and Friday. In the 2023/2024 academic year, State Senior High School 1 Depok has 42 teachers,
comprising 31 Civil Servant Teachers and 11 Non-Permanent Teachers.

The teaching schedule at State Senior High School 1 Depok is arranged with several considerations,
including the type of teacher, the schedule for Subject Teacher Conference, the personal considerations of
the teachers, student conditions, and subject weights. State Senior High School 1 Depok has three types of
teachers: Civil Servant Teachers (ASN) consisting of teachers who are part of the Civil Service and teachers
who are Government Employees with Work Agreements, Religious Education and Character Education
teachers, and Non-Permanent Teachers. Each subject teacher has a specific Subject Teacher Conference
schedule, with one weekly meeting. Personal teacher considerations include health and condition, retirement
age, individual and family matters, and other factors related to the teacher's activities outside of work. In
addition to teacher considerations, the class schedule is also adjusted to student conditions and the subjects'
weight. Subjects requiring high concentration, accuracy, and focus from students are preferably not placed at
the end of the day. The school also provides options for placing subjects such as Informatics, Javanese
Language, Cultural Arts, Music Arts, Religious Education, and Character Education at the end of the day.
The first- and second-lesson hours on Monday should preferably be filled with subjects that have a minimum
of four lesson hours, as the teacher briefing after the flag ceremony has the potential to cut the first lesson
hour.



BAREKENG: J. Math. & App., vol. 19(3), pp. 1765- 1778, September, 2025. 1769

Based on those considerations, creating the schedule at the school begins by asking Non-Permanent
Teachers and Religious Education and Character Education teachers who are not ASN about their availability
to teach at the school. The next step is to review the Subject Teacher Conference (MGMP) schedule. Teachers
with a Subject Teacher Conference (MGMP) schedule on a particular day can only teach until the 4th lesson
hour. Next, the school considers the personal condition of each teacher. Teachers with health issues typically
receive adjacent classes when scheduled to teach two or more classes in proximity. The class lasts two lesson
hours per session, except for subjects with three two-lesson hours per week. The school will divide subjects
with three two-lesson hours into two sessions: one session with two lesson hours and one session with one
two-lesson hour. These two lesson hours will be scheduled on the same day as the other subjects and will
have similar constraints. Subjects with at least three two lesson hours are scheduled on Monday during the
first- and second-class periods. Physical Education (Penjasorkes) is preferably expected before the second
break so that students do not exercise in the afternoon.

Assignment theory using the Hungarian method and the New Improved Ones Assignment (NIOA)
method, with the assistance of Python, can be implemented to create the schedule. The scheduling is based
on several assumptions:

1. The school has already assigned teachers to specific grades and subjects.

2. Non-Permanent Teachers have been manually scheduled to teach on certain days and class hours.
3. Supervisors for P5 activities are not scheduled.

4. Retirement time and personal considerations are not taken into account.

Based on the school's considerations in organizing the teaching schedule, a matrix is formed to model
the teacher assignment at the school, as shown in Table 2.

Table 2. Teaching Assignments at State Senior High School 1 Depok 2023/2024 Academic Year

Day_Lesson Hours Code

Monday_A Monday_B Monday_C - Friday D
1 €11 C12 €13 Cim
2 21 C22 C23 Com
Teacher
Code 3 C31 C32 C33 C3m
m Cm1 Cm2 Cm2 " Cmm

Minimizing the objective function:

Z = Yimq X1 CijXij ©
¢;j = 1, if the teacher can teach at the specific lesson hour

or

c;j = 0, if the teacher can't teach at the specific lesson hour

Subject to (s.t.):

Yitixij=1;j=12,..,m (10)
Zﬁlx”:l;i:l,Z,..,m (11)
x;j = 1, if teacher i is assigned to specific lesson hour j

or
x;j = 0, if teacher i is not assigned to specific lesson hour j
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Description:
x;j: assignment of teacher i to lesson hour j
m is the number of lesson hours available in one week.

Phase E/Grade X has a value of m = 17, because they have P5 activities that take place at the last four
lesson hours on Tuesday, Wednesday, and Thursday. Grades XI and XII have a value of m = 20 when the
Religious Education and Character Education subject is conducted for 3 lesson hours at once in one day or
m = 21 when the subject is divided into 1 and 2 lesson hours.

Classes XI and XII have two types of classes: the Mathematics and Natural Science (MIPA) primary
class consists of four classes and the Social Sciences (IPS) major consists of two classes. The number of
teachers in Class XI is 26, consisting of seven GTTs and three, including teachers of Religious Education and
Character. Meanwhile, on Friday, the teachers who teach in Class XII have 24 teachers consisting of five
GTTs and three of them are teachers of Religious Education and Character. Class XI MIPA 2 and XII MIPA
2 comprised Muslim and Christian students. Class XI MIPA 3 and XII MIPA 3 consist of Muslim and
Catholic students. Class XI IPS 2 consists of Muslim, Christian, and Catholic students. Class XII IPS 2
consists of Muslim, Christian, Catholic, and Hindu students. Therefore, the time for assigning teachers to
Religious Education and Character Education needs to be determined first.

The teacher constraint limits each teacher to teaching only one class at a specific time. The time
constraint limits each class period to be taught by only one teacher. This study uses only entries where ¢;;
and x;; have values of 1 and 0, so the optimization of the objective function will have the same value if there
are other possible assignments. Those two numbers were chosen because the school does not have priority
subjects, and all subjects are considered to be arranged equally. Therefore, this study uses assignment theory
to assign teachers to teaching times.

The teacher code represents one meeting in a class for a specific teacher teaching a subject. The day
and lesson hours codes are structured this way because each day has 8-10 lesson hours, and each session
typically lasts for two lesson hours. Thus, class periods can be grouped in multiples of two, with the following
breakdown: A for lesson hours 1-2, B for lesson hours 3-4, C for lesson hours 5-6, D for lesson hours 7-8,
and E for lesson hour 9-10. However, certain conditions may prevent the lesson hour from being represented
by code A. The teacher code for one meeting in a subject with three class periods will be combined with the
meeting of a subject with similar constraints by assigning a new teacher code.

In this study, the assignment is still done manually using Google Sheets, as an automatic modeling
method has not yet been found. When using Google Sheets, the first row of every sheet must be skipped
because the Python code is designed to separate the Teachers and Day Lesson Hours codes with an empty
first row. Table 3 is the assignment table for the initial data of class E1.

Table 3. Teaching Assignment Class E1

Tea- El_ El1_ El1_ E1_ E1T El T El_ E1_ E1_ E1_ E1.T E1L.T E1.L.T E1_ El1_ El1_ E1_
Mon Mon Mon Mon — — Tues Wedn Wed Wed hurs hurs hurs Frid Frid Frid Frid
cher uesd uesd

Code day  day_ day_ day_ ay A ay B day_ esday nesd nesd day day day = ay_ ay_ ay ay
A B C D - - C A ay B ayC A B C A B C D
36 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
28 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1
27 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1
27-28 1 1 1 1 1 0 0 1 1 1 1 0 0 1 1 1 1
32 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 0
3 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1
16 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1
25 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1
40 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1
3 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0
18 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1
41 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
26 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1
6 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1
31 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1
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After the table is completed, the file is downloaded in .csv format and processed using Python. Once
the teacher assignment for class E1 is created, the modeling continues for class E2. In addition to the school's
considerations, the modeling for class E2 depends on the assignment results in class E1. The same approach
is applied to create the assignments for all classes, continuing with class E3, class E4, and so on until XII IPS
2. This ensures that a teacher already teaching in one class will not be scheduled to teach in another class
simultaneously.

Data is processed according to each method's algorithm. The Hungarian and NIOA methods produce
the same initial feasible matrix, so the result of the optimal matrix is also the same. The assignment results
using both methods do not exhibit varying assignment combinations. The Python code has been designed to
provide assignments to the leftmost entry that meets the assignment criteria in each row with the smallest
Boolean value of 'True' [24]. Thus, the resulting assignment form from Python is obtained as follows in
Figure 1.

["E1l Monday A'] ----- [*27-28 E1']
['El_Monday B'] ----- ["36_E1']
["El Monday C'] ----- ["31 E1']
["El_Monday D"] ----- ["27_E1']
["El Tuesday A'] ----- ["25 E1']
["El_Tuesday B'] ----- ["48 E1"]
["El Tuesday C'] ----- ['41 E1']
["El_Wednesday_A'] ----- ['3_E1"]
['El_Wednesday B'] ----- ['6_E1']
["El_Wednesday C'] ----- ['11_E1"]
['El_Thursday A'] ----- ['26_E1']
["El Thursday B'] ----- ['28_E1']
["E1l_Thursday C'] ----- ['32_E1']
['E1_Friday A"] ----- ['38 E1']
["E1l Friday B'] ----- ["16 E1']
['E1l _Friday C'] ----- ["18 E1']
["E1l Friday D'] ----- ["28 E1']

Figure 1. List of Teaching Assignments in Class E1 from Python

The meaning of Figure 1 above is as follows. For example, [‘E1_Friday D’] ---- [29 E1’] means that
the teacher for class E1 on Friday during lesson hours 7-8 (D) is a teacher with code 29. The assignment
matrix for the next class is prepared and processed similarly using Python. Based on the results, there are
some differences in the schedule for Grade XII. The main change is in Grade XII MIPA 1, as the subsequent
classes follow the outcome of the class before. In the case of Grade XII MIPA 1, a difference in results was
found between the Hungarian and NIOA methods, as shown in Table 4.

Table 4. Differences in Teacher Assignment Results in Class XII MIPA 1

Teacher Code Teacher Code
Schedule Hungarian NIOA Schedule Hungarian NIOA
Monday A 38-1 14 Wednesday E 2-1 8-1
Monday B 23-1 20 Thursday A 13-2 5-1
Monday C 8-1 38-2 Thursday B 15 23-1
Monday D 34B 23-2 Thursday C 19B-1 8-2
Tuesday 4-5 2-2 17 Thursday D 14 19B-2
Tuesday 6-7 23-2 2-1 Thursday E 20 19B-1
Wednesday A 5-1 15 Friday A 38-2 34B
Wednesday B 13-1 24A Friday B 19B-2 13-2
Wednesday C 8-2 38-1 Friday C 24A 2-2
Wednesday D 17 13-1 Friday D 5-2 5-2

The results were different because two teachers could only teach simultaneously, as shown in Table
5. This issue causes the assignment matrix to be unable to find an optimal line equal to the number of rows
or columns in the assignment matrix, leading to a revision stage. The results of the revision stage for both
methods differ. The revision process in teacher assignments affects some teachers, leading to assignments
that do not align with the considerations. If a similar situation occurs, it is necessary to recheck the matrix
and also review the schedule once it is completed.
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Table 5. Obstacles in the Class XII MIPA 1 Assignment Matrix

XII XII XII XII XII XII XII' XII XII XII XII XII XII XII XII XII XII XII XII XII
MIp MIP MIP MIP MIP MIP MIPA MIP MIP MIP MIP MIP MIP MIP MIP MIP MIP MIP MIP MIP
Taecher A1 A1 A1 A1 A1l Al 1 Al A1 A1 A1 A1 A1 A1 A1 A1l A1l A1 A1 Al

Code Mon Mon Mon Mon Tues Tues Wedne Wed Wed Wed Wed Thur Thur Thur Thur Thur . . . .
Frida Frida Frida Frida

day day_ day_ day_ day_ day_ sday_ nesd nesd nesda nesd sday sday_ sday sday sday A B C D

A- B C D 4 67 A ayBaC yD ayE A B C D E Y2 ¥P YL ¥
196-1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
196-2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
34B 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 0 1 1 1 0 0 1 1 0 1 1 1 0 1 1 0 1 1 1 1
17 0 1 1 1 0 0 1 1 0 1 1 0 1 0 1 1 0 1 1 0
13-1 1 1 1 1 0 0 1 1 1 0 0 0 0 0 0 0 1 1 1 1
13-2 0 0 0 0 0 0 0 0 0 0 o Il o 0 0 0 0 0 0 0
15 0 1 1 1 0 0 0 0 0 0 0 1 1 0 1 1 1 1 1 0
20 0 0 0 0 0 0 1 1 1 0 1 1 1 0 1 1 1 0 1 0
2-1 1 1 1 1 0 0 0 1 1 1 1 1 0 0 0 0 1 1 1 1
2-2 0 0 0 0 1 1 0 1 1 1 1 1 0 0 0 0 1 1 1 1
23-1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
23-2 0 0 0 0 1 1 0 0 0 0 0 1 0 1 1 1 0 0 0 0
24A 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 0 0
38-1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
38-2 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 1 1 1 1
5-1 1 1 1 1 0 0 1 0 0 0 1 0 0 0 0 0 1 1 1 1
5-2 0 0 0 0 0 0 0 0 0 0 o Il o 0 0 0 0 0 0 0
8-1 1 1 1 1 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0
8-2 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 1 1 0 1

In the context of teacher scheduling, the optimization results are not heavily emphasized. Nevertheless,
differences in results indicate another example of non-optimal assignments in the NIOA method, as noted in
[15]. According to the opinions of these researchers, the Hungarian method is the most reliable so far, and
future researchers should not rely solely on the NIOA method. In this case, the NIOA method offers
opportunities to explore alternative variations in scheduling teacher assignments.

Overall, the scheduling process met the expectations of the Curriculum Department Staff Teacher,
specifically the implementation of a blocking system from the start. The scheduling results using Python are
produced more quickly than manual scheduling. Despite many assumptions, the scheduling results using
Python can be reviewed in less than a week.

However, there are some weaknesses in the scheduling process using Python. Even though a blocking
system has been created based on the school's considerations, there is still a possibility that the resulting
schedule may not be suitable for teachers or students. For example, in Table 5 two teachers can teach for
only one lesson hour. It would be a problem for Python since it will proceed to the revision stage of each
method, resulting in an unsuitable schedule. The assignment matrix should be reviewed before it is processed
in Python. If it does happen, manual checking is necessary to ensure that the schedule aligns with teachers'
and students' capacities and abilities. This checking can be done using Excel with Conditional Formatting
applied.

Another weakness is that no parallel assignment matrix form has been found for all classes within one
school, so there are additional obstacles to viewing the assignment of teachers between one class and another.
However, scheduling can still be done one by one between classes. Apart from that, the weighting in this
study still uses the numbers 1 and 0. It will probably be much better if the entries are large enough for a
subject-blocking system with a fixed time for its implementation.

Table 6 and Table 7 below are the results of teacher assignments to teach at State Senior High School
1 Depok in the 2023/2024 academic year. The school's lesson schedule format prepares the results.
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Table 6. Teaching Schedule Using Hungarian Method
TIME PHASE E / GRADE X GRADE XI GRADE XII
D MI MI Ml MI MI MI
A JP E1l E2 E3 E4 ES Eé6 Pl\:ll PA PA PA II;S IPS2 PA PA l\:l;) PA H;S IPS 2
Y 2 3 4 1 2 4
1 27 42 32 30 25 3 4 2397/ 16 26 34B 35 38 23 7/10 6 40 19A
2 28 42 32 30 25 3 4 2397/ 16 26 34B 35 38 23 7/10 6 40 19A
3 36A 31 27 3 11 6 4 2397/ 16 21 35 34B 23 15 5 8 19A 24A
M BREAK
g 4 36A 31 28 3 11 6 42 4 21%/ 21 35 34B 23 15 5 8 19A 24A
D 29/ 19
A 5 31 36 18 27 6 26 42 4 10 33 40 25 8 5 13 B 9 24B
Y BREAK
6 31 36 18 28 6 26 35 4 29 33 40 25 8 5 13 IB? 9 24B
7 27 28 36 6 31 18 35 42 33 25 24B 40 3134 13 19B 23 7 17
8 27 28 36 6 31 18 29 42 33 25 24B 40 3])34 13 19B 23 7 17
1 25 11 40 36 16 27 5 17 8 6 35 32B 4 13 34B 23 15 24B
2 25 11 40 36 16 27 5 17 8 6 35 32B 4 13 34B 23 15 24B
3 40 16 26 27 36 30 21 5 3{: 9 25 20 4 7;3 23 2: 3 32B
34 24
T 4 40 16 26 27 36 30 21 5 B 9 25 20 2 4 23 A 3 32B
E BREAK
S 5 41 6 30 16 27 36 13 21 5 26 24B 9 2 4 20 7 40 34B
D 6 41 6 30 16 27 36 13 21 5 26 24B 9 23 4 20 7 40 34B
A BREAK
vy 7 34B 25 21 20 40 24B 23 2 19B 6 9 3
8 34B 25 21 20 40 24B 7 2 19B 6 9 3
9 P5 23 13 26 :;; 9 40 7 5 2 21 24B 20
10 23 13 26 :g 9 40 7 5 2 21 24B 20
1 3 27 28 11 30 41 23 35 25 15 32B 18 5 %f 4 21 38 40
2 3 27 28 11 30 41 23 35 25 15 32B 18 5 14 4 21 38 40
w
E 3 6 32 3 28 41 16 35 5 15 8 18 9 13 14 4 3]): 17 38
D 34
N 4 6 32 3 28 41 16 35 5 15 8 18 9 13 14 7/10 B 17 38
]SE BREAK
D 5 11 30 41 18 3 28 5 21 6 14 17 34A 8 20 13 9 32B 15
A 6 11 30 41 18 3 28 5 21 6 14 17 34A 8 20 13 9 32B 15
Y BREAK
7 21 13 5 35 34A 15 17 8 2 38 3 9
8 P5 21 13 5 35 34A 15 17 8 2 38 3 9
9 13 20 35 6 15 32B 2 38 8 17 14 3
10 13 20 35 6 15 32B 2 38 8 17 14 3
1 26 29 27 25 28 11 17 35 6 4 34A 18 13 38 8 15 16
2 26 29 27 25 28 11 17 35 6 4 34A 18 13 38 8 15 16 7/37/
3 28 18 29 32 40 25 33 23 35 4 14 34A 15 17 38 IB? 16 10122
4 28 18 29 32 40 25 33 23 35 8 14 34A 15 17 38 IB? 7 4
BREAK
T
H 5 32 25 16 7 18 31 36 15 17 8 20 24B g) 23 14 38 34B 4
U
R 6 32 25 16 7 18 31 36 15 17 29 20 24B 1; 23 14 38 34B 4
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TIME PHASE E / GRADE X GRADE XI GRADE XII
D MI MI Ml MI Ml MI
A JP E1 E2 E3 E4 ES E6 PI\:II PA PA PA H;S IPS2 PA PA I\:I; PA H;S IPS 2
Y 2 3 4 1 2 4
S BREAK
]z 7 25 33 36 29 18 35 14 7;3 23 20 38 40
Y 8 25 33 36 29 18 35 14 7;3 23 20 38 40
P5
9 29 36 26 35 32B 14 20 1; 17 8 24A 38
10 29 36 26 35 32B 14 20 1; 17 8 24A 38
71 19
1 30 27 25 40 32 0 33 42 21 17 29 4 38 B 5 16 24B 9
2 30 28 25 40 32 48534 33 42 21 17 29 4 38 1; 5 16 24B 9
3 18 3 31 42 26 27 20 33 8 9 29 4 IB? 2 38 16 32B 14
F 29/37 19
R 4 18 3 31 42 26 28 20 33 8 9 4 10 B 2 38 7 32B 14
1 BREAK
D 29/37 24 34
A 5 16 40 6 26 27 32 42 23 8 33 4 10 A B 15 9 20 19B
Y 29/37 24 34
6 16 40 6 26 28 32 42 23 8 33 4 10 A B 15 9 20 19B
BREAK
7 29 26 11 31 7/37 40 15 13;1 20 21 9 17 5 8 24A 14 19A 32B
8 29 26 11 31 7/37 40 15 :g 20 21 9 17 5 8 24A 14 19A 32B
The assignment theory, particularly the Hungarian method, and NIOA can be utilized to schedule
teacher assignments in various schools. If scheduling is to be implemented in other schools, adjustments to
assumptions, considerations, and the modeling process will be needed. The teacher codes at a school can be
adjusted according to the number of teachers and can be sorted by the subjects they teach. The teaching time
codes can be adjusted based on class hours per day. Personal considerations can be related to the conditions
of the teachers and students.
Table 7. Teaching Schedule Using NIOA Method
TIME PHASE E / GRADE X GRADE XI GRADE XII
D MI MI MI MI MI MI
A JP E1l E2 E3 E4 ES Eo6 PA MIPA PA PA IPS IPS2 PA PA Mi PA IPS IPS 2
2 1 PA3 1
Y 1 3 4 1 2 4
1 27 42 32 30 25 3 4 29/37 16 26 34B 35 23 13 7/10 6 38 19A
2 28 42 32 30 25 3 4 29/37 16 26 34B 35 23 13 7/10 6 38 19A
3 36A 31 27 3 11 6 4 29/37 16 21 35 34B 38 8 13 9 L? 40
BREAK
29/ 19
4 36A 31 28 3 11 6 42 4 10 21 35 34B 38 8 13 9 A 40
29/ 19
5 31 36 18 27 6 26 42 4 10 33 40 25 8 5 23 B 32B  24B
M
o BREAK
N 6 31 36 18 28 6 26 35 4 2190/ 33 40 25 8 5 23 l; 32B 24B
D
A 7 27 28 36 6 31 18 35 42 33 25 24B 40 '7;34 15 19B 21 7 38
Y
8 27 28 36 6 31 18 29 42 33 25 24B 40 %4 15 19B 21 7 38
T 1 25 11 40 36 16 27 5 17 8 6 35 32B 4 23 34B 38 9 14
U 2 25 11 40 36 16 27 5 17 8 6 35 32B 4 23 34B 38 9 14
ISE 3 40 16 26 27 36 30 21 5 3; 9 25 20 4 7;3 24A 6 15 3
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TIME PHASE E / GRADE X GRADE XI GRADE XII
D MI MI  MI MI  MI MI
A JP EI E2 E3 E4 E5 E6 PA MPA o0 pa S pgs pa opa ML opa IS gy
2 1 PA3 1
Y 1 3 4 1 2 4
K 4 40 16 26 27 36 30 21 5 3}34 9 25 20 2 4 24A 6 15 3
Y BREAK
5 41 6 30 16 27 36 13 21 5 2 24B 9 2 4 20 7 40 34B
6 41 6 30 16 27 36 13 21 5 26 24B 9 23 4 20 7 40 34B
BREAK
7 3; 25 21 20 40 24B 23 13 5 9 3 3B
8 3; 25 21 20 40 24B 7 13 5 9 3 3B
P3 34
9 23 326 59 40 7 5 2 21 24B 20
10 23 13 26 31; 9 40 7 5 2 21 24B 20
1 3 27 28 1130 41 23 35 25 15 32B 18 5 38 4 8  24B 17
2 3 27 28 11 30 4 23 35 25 15 3B 18 5 38 4 8 24B 17
w 3 6 32 3 2 41 16 35 5 15 8 18 9 13 20 4 3;' 17 38
E
D 4 6 32 3 2 41 16 35 5 15 8 18 9 13 20 710 3;' 17 38
1; BREAK
s 5 u 30 4 18 3 28 5 21 6 14 17 34A 2 8 38 20 9 3B
o 6 11 30 4 18 3 28 5 21 6 14 17 34A 2 8 38 20 9  32B
A BREAK
vy 7 21 13 535 34A 15 14 2 8 17 20 3
8 bs 21 13 535 34A 15 14 2 8 17 20 3
9 3 20 3 6 15 32B 38 17 5 14 3 9
10 3 20 35 6 15 3B 38 17 5 14 3 9
1 26 29 27 25 28 1117 35 6 4 34A 18 13 2 s 3% 16
2 26 29 27 25 28 11 17 35 6 4 34A 18 13 2 s 38 16 0
3 28 18 29 32 40 25 33 23 35 4 14 34A 17 24A 15 19B 16
4 28 18 29 32 40 25 33 23 35 8 14 34A 17 24A 15 19B 7 4
BREAK
T 5 32 25 16 7 18 31 36 15 17 8 20 24B 1;; 14 38 23 34B 4
H
U 6 32 25 16 7 18 31 36 15 17 29 20 24B 1; 14 38 23 34B 4
R
S BREAK
D 7 25 33 36 29 18 35 15 7;3 9B 8 32B 40
A
Y 3 25 33 36 29 18 35 15 7;3 19B 8 32B 40
P3 19 24
9 29 36 26 35 2B 14 20 13 2 40 15
10 29 36 26 35 32B 14 20 139 13 2A4 40 15
1 30 27 25 40 32 710 33 42 21 17 29 4 8 19B 13 16 24A 9
2 30 28 25 40 32 710 33 42 21 17 29 4 8 19B 13 16 24A 9
3 18 3 31 4 2 27 2 33 8 9 29 4 19B 23 17 16 38  24A
4 18 3 31 4 26 28 20 33 8 9 4 291/37/ 19B 23 17 7 38  24A
F
RI BREAK
D 29/37/
A 5 16 40 6 2% 27 32 42 23 8 33 4 o 24A 3B 2 15 14 19A
Y
6 16 40 6 26 28 32 4 23 8§ 33 4 291/37/ 24A 34B 2 15 14 19A
BREAK
7 29 26 11 31 737 40 15 34B 20 21 9 17 38 14 23 19A  24B
8 20 26 11 31 737 40 15 34B 20 21 9 17 38 14 23 19A  24B
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4. CONCLUSIONS

Based on the results and discussion, it can be concluded that:

a. The teaching assignment model at State Senior High School 1 Depok can be structured by
assigning codes to all teachers, which will later correspond to the ‘worker.” Next, codes are
assigned to the days and lesson hours corresponding to the ‘job’. The model-solving process is
carried out sequentially, first solving the model for one class and then using the results from that
class as constraints for solving the model for the next class.

b. Overall, the implementation process of the Hungarian method and New Improved Ones
Assignment methods produces the same teaching assignment. The only difference lies in the part
of the code in Python, which is adapted to each algorithm. Differences in results are obtained if
there are two teachers who can only teach at the same lesson hour.

c. The limitation of this study is that the scheduling process can only be performed for one class at
a time before proceeding to the next class. Future research can develop a teaching assignment
model that enables scheduling for the entire school in parallel.
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