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Data Science Education: Implementation and Assessment in a
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Abstract

This study aims to verify the effectiveness of a parallel learning approach for Python and R
programming languages in data science education and to develop a practical learning environment
using the Windows Subsystem for Linux (WSL) and Jupyter Notebook in a Bring Your Own Device
(BYOD) setting. Additionally, it measures and analyzes the educational impact of this method on
specialized courses in business and healthcare. The research methodology includes implementing a
curriculum for simultaneous learning of both languages in the first-year "DS Programming
Introduction" course, with effectiveness measured through language comprehension tests, problem-
solving ability tests, and student language preference surveys. Furthermore, the study evaluates
the efficacy of the BYOD environment using the WSL and Jupyter Notebook and optimizes
programming education methods for specific fields. The findings of this study are expected to
contribute to the development of highly skilled data science professionals by establishing new best
practices in data science education.

Keywords: Data Science Education, Parallel Learning, Python, R Language, BYOD, WSL, Jupyter
Notebook, Business, Healthcare, Programming Education

1. Introduction.

With the advent of Society 5.0, the demand for human resources possessing the capability to
effectively analyze large and complex data sets and make precise decisions is rapidly increasing. In
response to this societal demand, universities across Japan are establishing new data science
faculties and departments. Shimonoseki City University also established the Faculty of Data Science
in 2024. Python, which demonstrates particular advantages in data analysis, machine learning, and
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R language, which specializes in statistical analysis, has been adopted as the primary teaching
language at these educational institutions.

However, substantial challenges remain for contemporary data science education. Numerous
students tend to rely exclusively on the initial programming language they acquire and experience
difficulty adapting to alternative languages and utilizing multiple languages effectively. This
phenomenon has impeded the development of a versatile and adaptable workforce in the rapidly
evolving field of data science.

Furthermore, in actual work environments, the ability to use multiple languages and tools
according to a situation is often required. Therefore, there is an urgent need in the educational field
to develop human resources that not only have a deep understanding of a single language, but are
also able to flexibly use multiple languages and take advantage of their respective strengths. The
purpose of this study was to propose a new approach to this issue and to examine its effectiveness.

1.1 Background of the Study

Data science is an interdisciplinary field that derives meaningful insights from large and complex
datasets. The field requires a wide variety of tasks, including data collection, pre-processing,
analysis, and visualization, to interpret the results. It is known that different programming
languages and tools are best suited to the different characteristics of each task. For example, Python
1s widely adopted for data processing and machine-learning tasks because of its rich set of libraries
(NumPy, Pandas, Scikit-learn, etc.). R, on the other hand, has advantages in statistical analysis and
advanced data visualization and is particularly useful in academic research and biostatistics [1].

In recent years, the role of data scientists in the industry has evolved, and the required skill set
has changed significantly. According to Kumar and Aithal (2020)[2], modern data scientists need
flexibility and broad technical knowledge that is not dependent on a specific programming language
[2]. This trend is a prerequisite for adapting to rapidly evolving technology and business
environments.

Against this backdrop, there is an urgent need to develop effective methods for learning multiple
programming languages in data science education. In particular, Python and R languages are highly
suitable for parallel learning because their strengths are complementary and can cover the entire
data science workflow. Donoho (2017) provided a comprehensive analysis of the scope and evolution
of data science, arguing that data science encompasses much more than just statistics and machine
learning, including data preparation, representation, computation, visualization, and the scientific
study of data analysis itself [3].

Furthermore, Bialystok et al. (2009) suggested that the concurrent learning of multiple languages
contributes to improved problem-solving skills [4]. This approach has the potential to foster student
adaptability and creative thinking in data science education.

While existing research has extensively examined programming language education, several
critical gaps remain.

Limited empirical studies on simultaneous acquisition of multiple programming languages
Insufficient research on BYOD implementation in data science education
Lack of domain-specific studies in business and healthcare contexts

This study addressed these gaps through a systematic investigation of parallel language learning

in a controlled educational environment.

1.2 Purpose of the Study

The main objective of this study was to empirically verify the effectiveness of a parallel learning
approach for Python and R languages in data science education. Furthermore, we aim to evaluate
the impact of a Bring Your Own Device (BYOD) environment integrating the Windows Subsystem
for Linux (WSL) and the Jupyter Notebook on practical data science learning. To achieve this
objective, the following three research questions will be set

Primary Research Question
How does the parallel learning of Python and R affect students' programming competency and
problem-solving abilities in data science education?



Secondary Research Questions

1. What impact does a BYOD environment with WSL and Jupyter Notebook have on learning
outcomes?

2. How do domain-specific applications (business or healthcare) influence the effectiveness of
parallel language learning?

3. What factors contribute to the successful implementation of the parallel learning approach?

This investigation aims to examine the optimization of the concurrent acquisition of Python and
R programming languages in the context of data science applications across various disciplines. The
objective was to formulate an educational framework that addresses the specific requirements and
demands of each field of study.

Through these research topics, this study aims to provide a new perspective on conventional data
science education methods and contribute to the establishment of more effective and practical
educational approaches. Furthermore, the results of this research are expected to serve as the basis
for an educational model to foster highly adaptable human resources in the rapidly evolving field of
data science.

1.3 Significance of the Study

This study aims to contribute to the development of educational methodology in this field by
presenting a new paradigm for data science education and empirically verifying its effectiveness.
The significance of this study can be viewed from the following perspectives from multiple
perspectives.

This apprenticeship model of learning aligns with the established practices in other scientific fields.
This approach contributes to improving students' adaptability and creative problem-solving skills
and can be positioned as an attempt to apply the cognitive advantages identified in the context of
programming education [4]. This study is expected to contribute to the development of highly
adaptive personnel in the rapidly evolving field of data science.

Second, the construction and evaluation of a BYOD environment integrating WSL and the Jupyter
Notebook aims to design an educational environment based on practical learning theory [5] and
demonstrate its effectiveness. This effort bridges theory and practice and provides students with
learning opportunities that closely resemble the actual work environment. This is expected to
effectively implement Kolb's (2014) experiential learning cycle [6] and facilitate the acquisition of
deep understanding and practical skills.

Third, the development of educational methods specific to the different disciplines of business and
healthcare is based on situated learning theory [7], which aims to develop context-dependent applied
competencies in data science. This approach bridges the gap between industry needs and academic
education, and contributes to the development of a more effective human resource development
model.

Furthermore, through the qualitative improvement of data science education, this research will
contribute to the realization of an advanced data-utilizing society, which is the goal of Society 5.0.
The development of human resources to drive digital transformation will strengthen industrial
competitiveness and promote social innovation, and its social significance is extremely significant.
The results of this research can be applied not only to data science education but also to education
in other fields requiring complex skill sets, and are expected to contribute widely to the development
of practical and effective educational models in higher education.

2. Pilot studies

2.1 Current Status and Issues in Data Science Education

Data science education has developed rapidly in response to the demands of the digital age and
has come to occupy a core position in the curricula of higher education institutions. A comprehensive
survey by Shimbaru (2023) documented that the Mathematics, Data Science, and Al Education
Program Accreditation System (MDASH) had certified 78 educational institutions by August 2021,
including 66 universities, 2 junior colleges, and 10 technical colleges [8]. However, the survey
revealed marked differences in the curriculum structure and completion requirements of each
institution, making the standardization and quality assurance of educational content an urgent
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issue.

Sasajima et al. (2023) conducted a five-year study implementing problem-based learning (PBL)
exercises using real data in undergraduate data science education and reported positive outcomes
in practical skill development [1]. Their longitudinal study showed that the systematic introduction
of PBL exercises from lower grades had a statistically significant positive impact on students'
acquisition of practical skills (p < 0.01). However, the study also pointed out that individual
differences in students' basic programming skills may affect the learning effectiveness of PBL,
suggesting the need for further research in this regard.

A survey conducted by Nakada and Gherghel (2024) found that only 33% of humanities students
in the Faculty of Foreign Studies showed interest in data science, whereas other faculties showed
higher levels of interest (e.g., 52% in the Faculty of Business) [9].

Specifically, 54.3% of liberal arts students indicated that they were "not very interested" or "not
interested at all" in data science, a statistically significant difference from science students (23.7%)
(x2(1) = 45.62, p < 0.001). This result suggests that current data science education may be biased
toward science fields, and highlights the need for an integrated arts and sciences approach.

While these previous studies demonstrate the importance and prevalence of data science education,
they raise three main issues: standardization of the curriculum, effective ways to develop practical
skills, and the need for a comprehensive approach that is not limited to the humanities and sciences.
This study aimed to develop and validate a new educational model to address these issues.

2.2 Methodology of Programming Language Education

With regard to programming language teaching methodologies, there are two main paradigms:
the traditional approach, which emphasizes a deep understanding of a single language, and the
emerging approach, which encourages the parallel learning of multiple languages. Each approach is
based on a different theoretical foundation and pedagogical goal.

Yusupova et al. (2022) empirically examined the impact of adaptive e-learning environments using
machine learning algorithms on programming education [10]. Their study showed that e-learning
environments that provide personalized learning pathways significantly improve student learning
outcomes compared to traditional uniform teaching methods (t(198) = 3.74, p < 0.001, Cohen's d =
0.53). In particular, they concluded that flexibility in meeting students' individual needs is a key
factor in this effect.

Kumar & Aithal (2020), on the other hand, through a qualitative analysis of the demand for human
resources in the data science field, revealed the diversity of skill sets required of data scientists [2].
They emphasized that industry demands require data scientists to be proficient in multiple
programming languages and tools, highlighting the importance of versatile technical skills in the
field. This finding suggests the effectiveness of a concurrent learning approach for multiple
languages, and has important implications for the design of educational curricula.

In addition, Bialystok et al. (2009) demonstrated that bilingualism is associated with enhanced
executive control functions, particularly in tasks requiring inhibition of distracting information and
switching between tasks, although bilingual speakers also show some disadvantages in lexical access
and vocabulary size compared with monolinguals [4].

While research on programming education is expanding, Robins (2019) notes that teaching and
learning programming continue to face well-documented challenges [11]. In particular, longitudinal
studies on the effects of parallel learning and comparative studies that consider different learner
characteristics are lacking.

While these previous studies suggest the potential effectiveness of the multiple-language parallel
learning approach in programming language education, they also highlight the need to rigorously
examine its effectiveness. This study aims to address this research gap and empirically examine the
effectiveness of multiple language parallel learning in data science education.

2.3 Educational Use of WSL and Jupyter Notebook

Research on the educational use of the Windows Subsystem for Linux (WSL) and Jupyter
Notebook is an emerging area of computer science education. The WSL provides the ability to run
Linux directly in a Windows environment, greatly simplifying the construction of a cross-platform
development environment. Jupyter Notebook, on the other hand, is an open-source web application
that allows users to interactively execute code and instantly visualize results.
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Perez and Granger (2015), in describing Project Jupyter, emphasized the importance of
integrating code and explanatory text into a single interactive document for scientific computing and
data analysis [12]. According to their qualitative analysis, a key advantage of the Jupyter Notebook
1s its ability to integrate code and explanatory text into a single interactive document. This
characteristic is highly valued in both reproducible research and teaching, suggesting that it is
particularly effective in developing computational thinking skills. Rule et al. (2019) provide
guidelines for using dJupyter Notebooks to enhance reproducibility and transparency in
computational research through proper documentation and sharing practices [13].

Ochkov et al. (2022) demonstrated how Jupyter Notebook and JupyterLab can be effectively
integrated into STEM education, supporting various learning activities including problem
formulation, scientific calculations, computational experiments, and interactive teaching materials
[14]. On the other hand, empirical research on the combined educational use of WSL and the Jupyter
Notebook remains limited; Ochkov et al. (2022) provide a comprehensive analysis of the impact of
these environments on STEM education. Their study showed that the Jupyter Notebook and
JupyterLab support a wide range of learning activities, from problem-setting formulation to
scientific computation, computational experimentation, and even the creation of interactive teaching
materials. In particular, the ability to integrate multiple programming languages (e.g., Python and
R) and markup languages (e.g., Markdown and LaTeX) in a single environment has been pointed
out as having the potential to deepen learners' understanding and promote practical skill acquisition.
This finding provides theoretical support for the effectiveness of the parallel learning approach for
Python and R languages proposed in this study and suggests that an integrated learning
environment may contribute to the acquisition of multiple languages and practical data science skills.
A survey of freshmen university students conducted by Kambe et al. (2024) (n = 102) reported
significant individual differences in students' ICT utilization skills in a 14-item self-assessment of
basic computer skills [15].

While these previous studies show that WSL and the Jupyter Notebook have great potential for
data science education, they also highlight the lack of empirical studies on their effective
implementation and long-term learning effects. This study aims to address this research gap and
systematically examine the impact of a learning environment that integrates WSL and Jupyter
Notebook on concurrent learning of multiple programming languages.

3. Research methodology

In this study, we adopted a quasi-experimental approach (quasi-experimental approach) using
naturally formed learning patterns to examine the effectiveness of parallel learning of Python and
R languages in data science education. This approach is suitable for implementation in an
educational setting because it exploits naturally occurring differences in conditions without
experimental manipulation, and is also appropriate from the perspective of ethical considerations
[16].

3.1 Research Subjects

The research subjects will be first-year students enrolled in the 2025 academic year at the Faculty
of Data Science at Shimonoseki City University. The same curriculum will be offered to all students,
and learning patterns that naturally form during the one-year learning process will be observed.

3.2 Learning Environment
The following integrated learning environments are provided for all students:

1. Ubuntu 22.04 LTS environment using WSL2 (Windows Subsystem for Linux 2) on Windows 11
This allows students to use a Linux-based development environment integrated directly into
Windows, providing a modern development platform that bridges the Windows and Linux
environments (Leeks, 2020) [17].
2. Jupyter Notebook and RStudio Server
Jupyter Notebook: A web-based interactive computing environment that enables the
creation and sharing of documents containing live code, equations, visualizations, and
narrative text, supporting multiple programming languages including Python and R
(Kluyver et al., 2016) [18]. These 'computational notebooks' allow students to combine code
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execution with rich documentation and immediate visualization of results.
RStudio Server: An integrated development environment that provides a comprehensive
platform for R-based data analysis and supports reproducible research workflows through
integrated tools for code development, data analysis, visualization, and document
preparation (Gandrud, 2020) [19]. This environment allows the seamless integration of
coding, analysis, and presentation of results in a single interface.

3. Visual Studio Code (VS Code)

A lightweight cross-platform code editor that supports multiple programming languages,
including Python and R, provides seamless integration with the WSL. Its extensible architecture
allows it to function effectively across different development scenarios, including web, desktop,
and cloud development (Del Sole, 2022) [20].

Students have autonomy in selecting and utilizing these environments, based on their individual
preferences. This flexible environment setting will allow students to choose languages according to
their personal learning styles and preferences, and to observe natural learning patterns. These
environments provide students exposure to professional computational tools and practices (Nolan &
Lang, 2015), while facilitating practical data science skills [21]."

3.3 Curriculum

The curriculum for this study will be designed to allow students to learn the basics of Python and
R languages in parallel, and will be built on the constructivist alignment theory proposed by Biggs
et al. (2023) [22]. This theory emphasizes the coherence among learning objectives, instructional
activities, and assessment methods to promote deep learning. The curriculum consists of six main
topics, with appropriate study periods for each topic.

1. Fundamental data types and variables
Python: int, float, str, list, dict
R: numerice, character, vector, list, data.frame
Learning Objectives: Understand the basic data structures of both languages and to use
them appropriately.
2. Control structure (conditional branching, loops)
Python: if-else, for, while
R: if-else, for, while, apply functions
Learning Goal: To Implementing basic algorithms using conditional branches and loops.
3. Functions and Modules
Python: def, lambda, import
R: function(), source(, library()
Learning Objectives: Implement reusable code as functions and make appropriate use of
external libraries.
4. Manipulation of data frames
Python: pandas (DataFrame, Series)
R: dplyr, tidyr
Learning Objectives: To acquire efficient manipulation and pre-processing techniques for
structured data.
5. Data visualization:
Python: matplotlib, seaborn
R: ggplot2
Learning Goal: Select and implement appropriate visualization techniques according to
data characteristics.
6. Basics of statistical analysis
. Python: scipy.stats, statsmodels
R: basic statistics, Im(), glm()
Learning Objectives: Understand basic statistical methods and perform analyses using
appropriate libraries.

Each topic will be structured around interactive exercises using Jupyter Notebook and RStudio
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Server, adopting a Problem-Based Learning (PBL) approach (Hmelo-Silver, 2004) [23]. This allows
students to learn by comparing the characteristics of both languages through practical problem-
solving. The PBL approach was chosen because it promotes flexible knowledge acquisition, effective
problem-solving skills, self-directed learning, collaboration, and intrinsic motivation, all of which are
essential in data science education.

The effectiveness of educational approaches that wutilize real-world datasets has been
demonstrated in multiple studies. Vandergon et al. (2018) examined the impact of computer-
supported collaborative science (CSCS), a teaching method that engages students in the collection,
analysis, and interpretation of real-world data [24]. Their research showed that working with real-
world data significantly increases students' motivation and engagement in learning. Based on these
findings, the use of real-world datasets is recommended for assignments conducted at the end of the
semester to promote the acquisition of practical data science skills.

The evaluation consisted of an assignment at the end of each topic (50%), and a final
comprehensive exercise (50%). These projects allow students to freely choose their language and
observe their natural language preferences and learning patterns. This curriculum design allows
students to choose a language according to their own interests and aptitudes while learning the
basics of both languages systematically and in depth.

3.4 Data Collection

This study employs a Mixed Methods Research method to collect quantitative and qualitative data
(Guest & Fleming, 2014), as this approach allows for more comprehensive evidence and can address
research questions that a single-method approach cannot adequately answer [25].

1. Submission of assignment file
Method: Assignment management system using Google Classroom
Content: Languages, code quality, and solution approaches used for each topic assignment
Frequency: At the end of each topic
Objective: Assessment of language selection tendencies and problem-solving skills

2. Self-assessment questionnaire

. Methods: A questionnaire using the Visual Analog Scale (VAS) [26] was used, which has

been validated as an effective method for capturing subtle gradations in respondent
assessments (Shirahama et al., 2016). This approach allows for more precise measurements
than traditional discrete scales while maintaining reliability in digital implementation.
Content: Self-assessment of language proficiency, motivation to learn, self-efficacy, etc. (0-
100 scale)
Frequency: At the end of each topic and at the end of the semester
Objective: To analyze learners' subjective evaluation and psychological factors

3. Semi-structured interviews
Method: 30-minute interview in person or online
Content: Reasons for the selection of learning approaches, difficulties, comparative
perspectives on languages, etc.
Frequency: Ten randomly selected from each group after the end of the semester.
Objective: Deep understanding of the learner's experiences and perceptions

The collected data will also be classified a posteriori into the following groups.

1. Dual language learning group: Students who used Python and R to the same degree and
demonstrated a certain level of proficiency in both languages.

2. Single language acquisition group: students who primarily use one of the languages and show
high proficiency in that language

3.5 Data Analysis
This study employs a mixed analysis approach that combines quantitative and qualitative

analyses.

1. Descriptive statistics



Calculate basic statistics (mean, standard deviation, median, etc.) to characterize each
group

Visualize distribution of language use ratios, test scores, and VAS scores (histograms, box
plots, etc.)

2. Statlstlcal hypothesis testing
Independent samples t-test: Test for differences in language proficiency, problem-solving
ability, etc. between the two groups
Repeated two-way analysis of variance (ANOVA): analyzes changes in learning outcomes
for both groups over time
Mann-Whitney U test: non-parametric test for comparing groups when normality cannot
be assumed

3. Multivariate analysis
Multiple regression analysis: analyzes the relationship between language acquisition
patterns (independent variable) and learning outcomes (dependent variable)
Principal Component Analysis (PCA): Extracts major learning behavior patterns from
learning log data

4. Qualitative analysis
. Thematic analysis [27]: a rigorous qualitative method involving familiarization with data,
systematic coding, theme development, and refinement to extract meaningful patterns from
interview data
Content analysis: Systematic categorization of reasons for selection of learning approaches
and impressions from free-text responses

5. Mixed Analysis Methods
Integration of quantitative and qualitative results: following Fetters et al.'s (2013) [28]
framework, results are integrated through [specific approach: narrative/data
transformation/joint display] to achieve comprehensive interpretation

All statistical analyses were performed using R, with a significance level set at a = 0.05. Effect
sizes were reported using Cohen's d or Hedges' g.

3.6 Ethical considerations

This research will be conducted in accordance with the ethical principles of the Declaration of
Helsinki [29] and the research ethics guidelines of Shimonoseki City University. Specifically, the
following measures will be taken

1. Informed consent: The purpose of the research, methods, anticipated risks and benefits, and the
use and protection of data were explained, and written consent was obtained.

2. Data anonymization: Personal identifiers are removed, and randomly generated ID numbers
are assigned. The correspondence sheets were strictly controlled and destroyed after the study
was completed.

3. Data Security: Collected data are encrypted and stored on a password-protected server. Access
privileges were restricted to key members of the research team.

4. Freedom of participation and right to withdrawal: Ensure that participation in the research is
completely voluntary and can be withdrawn at any time and without cause. Clearly, no
disadvantages resulted from refusal or withdrawal.

5. Educational Equity: Ensure that all students have the same quality of educational opportunities
regardless of their participation in the study.

6. Ethics Committee Approval: Approval was obtained from the Ethics Committee of Shimonoseki
City University before the study began.

These ethical considerations will protect the rights and welfare of participants while
simultaneously ensuring the conduct of scientifically valuable research.
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4. Expected effects, etc.

The parallel learning approach for Python and R languages proposed in this study is expected to
have multifaceted effects on data science education. Below, we discuss the anticipated benefits in
terms of key aspects.

4.1 Effects of language acquisition
The parallel learning group (PLG) is expected to show more balanced proficiency in both languages
compared to the single language focus group (SLFG). Specifically, the following effects are expected

1. Concept transfer between languages: We explore potential parallels with Cummins' (1979) [30]
developmental interdependence hypothesis from bilingual education, suggesting that just as
second language competence can build upon first language development, PLGs may develop
transfer abilities based on strong foundational understanding in one programming language
before intensive exposure to the second, although the cognitive mechanisms may differ
significantly.

2. Improved metalinguistic cognition: Drawing parallels with Bialystok's (2001) [31] research on
bilingual cognitive development, we hypothesized that PLGs may develop enhanced
metalinguistic awareness in the context of programming languages, although the relationship
between natural and programming language learning requires further investigation. (While
Bialystok's work [31] focuses on natural language bilingualism, the cognitive advantages she
identifies - particularly in selective attention and abstract structure understanding - may have
relevant applications to programming language learning, though this theoretical extension
requires empirical validation.)

3. Flexible language selection capability: Drawing inspiration from research on natural
bilingualism (Grosjean, 2010) [32], we hypothesized that PLGs may develop similar capabilities
in choosing appropriate programming languages for specific tasks, although this parallel
requires empirical validation.

4.2 Improve problem-solving skills
The concurrent learning approach is expected to contribute to improved problem-solving skills in
the following ways

1. Promoting multidimensional thinking: Drawing from Guilford's (1967) [33] broader theory of
human intelligence and cognitive abilities, we hypothesized that exposure to multiple
programming languages may enhance students' capacity for diverse problem-solving approaches.

2. Enhanced algorithmic thinking: Drawing from Papert's (1980) constructionist theory [34], which
emphasizes learning through the meaningful construction of mental models, we propose that
experience with multiple programming languages may help students build their own
understanding of abstract algorithmic concepts through concrete implementations in different
contexts.

3. Improved debugging skills: Drawing from Vessey's (1985) [35] research on debugging expertise,
which demonstrates how experts develop superior program chunking abilities and systematic
debugging strategies, we hypothesized that experience with multiple programming languages
may enhance students' ability to develop more sophisticated debugging approaches. However,
this potential relationship between multilanguage experience and debugging expertise requires
empirical validation.

4.3 Effectiveness of the learning environment
The proposed integrated learning environment (WSL, Jupyter Notebook, RStudio Server, VS
Code) is expected to be effective in

1. Acquisition of practical skills: Drawing from Lave and Wenger's (1991) [36] theory of situated
learning and legitimate peripheral participation, we propose that using industry-standard tools
within a collaborative learning community allows students to gradually develop practical skills
through authentic participation in data science practices, moving from peripheral to more central
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participation in the field.

2. Seamless language switching: Integrated environments allow students to easily move between
languages and facilitate comparative learning. While acknowledging the fundamental
differences between natural and programming languages, we consider how Krashen's (1982)
concept of 'comprehensible input' might inform our understanding of how learners process
multiple programming syntax systems.

3. Facilitating self-regulated learning: Flexible environmental settings allow students to customize
the environment to their own learning style, which is expected to lead to effective learning based
on Zimmerman's (2002) [38] theory of self-regulated learning.

4.4 Learning Effectiveness by Specialty
This study focuses on two specialties, business data science and healthcare data science, and is
expected to have the following effects

1. Improved domain-specific skills: Using datasets and tasks specific to each discipline, students
are expected to simultaneously acquire practical domain knowledge and data science skills. This
aligns with research showing that learning is fundamentally influenced by the context in which
it takes place (Bransford et al., 2000) [39].

2. Acquiring a cross-disciplinary perspective: By learning both languages, students can compare
approaches and methods from different disciplines and acquire a cross-disciplinary perspective.

3. Understanding discipline-specific language preferences: It is expected that more suitable
languages and methods will be identified for each discipline, which may provide useful insights
into language selection in future research and practice.

These anticipated effects form the hypotheses of this study and provide a basis for future empirical
testing. As the study progresses, a comparison of these predicted and actual results will help to
clarify the effectiveness and challenges of the concurrent learning approach in data science education.

While these expected effects provide a theoretical framework for our research, it is essential to
validate them through an empirical investigation. To this end, we conducted a preliminary
experiment in 2024 to test our hypotheses and refine our methodology before its full implementation
in 2025. This preliminary study focused on examining students' responses to parallel language
learning and testing the effectiveness of our BYOD environment.

5. Preliminary Experiment

In this study, a preliminary experiment was conducted in the required course "Introduction to
Data Science Programming" (15 weeks) in 2024 to verify the educational effectiveness and feasibility
of Python-R parallel learning, which will be implemented in 2025. The purpose of this preliminary
experiment was to confirm the effectiveness of the proposed parallel learning approach and identify
practical issues.

5.1 Survey Subjects and Timeframe

The survey was conducted with 88 students enrolled in the "Introduction to Data Science
Programming" (a required course) offered in the second semester (15 weeks) of the 2024 academic
year. The survey was conducted after the 11th lecture and evaluations based on what they had
learned up to that point were obtained. There were 62 valid responses were received (response rate:
70.5%).

5.2 Curriculum Structure

Students were provided with WSL2 (Windows Subsystem for Linux 2), Ubuntu 22.04, and
JupyterLab environments on Windows 11 and were given hands-on training in a Bring Your Own
Device (BYOD) format using their own laptop computers. The curriculum was designed to cover
basic data science elements, such as functions, collections, data frames, and statistical methods, and
to allow students to learn R and Python in parallel.

5.3 Survey Methodology
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5.3.1 Quantitative evaluation by Visual Analog Scale (VAS)

A Visual Analog Scale (VAS) was employed for the evaluation, which is a measurement method
that enables continuous subjective evaluation, and respondents responded by placing a mark at an
arbitrary position on a horizontal line.

In this study, we used VAS to quantitatively analyze learners' subjective evaluations of parallel
learning in R and Python from four perspectives: understanding, confidence, motivation, and
potential. It has the advantage of being able to detect minute differences that are difficult to capture
by using a conventional Likert scale. A scale of to 0-100 was used for each evaluation index to
measure the learner’s perception more precisely. In this analysis, the left and right ends of the line
were set as 0 and 100, respectively, and the results were quantified as integer values. Figure 1 shows
the questionnaire form used.

Survey on Parallel Learning Experience of R and Python Programming

Languages
Please answer the following questions regarding what you learned during the lecture:
*1. Understanding and Confidence
(R} To what extent do you understand the content of the lectures?
Mo underatanding at all Complete understanding

* 2. (Python) To what extent do you understand the lecture content?

Mo understanding atall Complete understanging
* 3. (R) How caonfident are you of your ability to modify the programs covered in the lectures?
Mot confident at all Very confident
b
*4_(Python)} How confident are you of your ability to modify the programs covered in the lectures?
Mot confident at all Very confident

Figure 1 Online survey form (in part, VAS)
The following four items were evaluated for the R language and Python:

1. “Understanding” (Q1: R, Q2: Python)
. "To what extent do you understand the content of the programs covered in the lecture?"
0: " No understanding at all" - 100: " Complete understanding "

2. “Confidence” (Q3: R, Q4: Python)
. How confident are you in your ability to modify the programs covered in the lecture?"
0: " Not confident at all " to 100: "Very confident "

3. “Motivation” (Q5: R, Q6: Python)
. How much do you enjoy learning?"
0: "Not enjoyable at all" to 100: "Extremely enjoyable "

4. “Potential” (Q7: R, Q8: Python)
How useful do you think it will be for your future career?"
0: "Not useful at all" to 100: "Very useful"

11



The following questions were asked to measure language preference (Q9).
"When comparing the R language and Python, which do you prefer more?"
0: "Strongly prefer R" to 100: "Strongly prefer Python"

Questions were also asked about programming experience (Q10) and the desired major course of
study (Q11) as background information. ("Extensive programming experience" was selected by 0
respondents)

Programming experience (Q10)
No prior programming experience
Limited experience
Extensive programming experience
Preferred Course of Study (Q11)
Business
Health care

In the free description field, there were entries for mathematics, Al, teaching, and sensibility that
were undecided.

Free-text Qualitative Evaluation
The questions were in the form of free-answer questions.

Q12: "Please describe your preferences for Python and R, including the specific aspects that you like
or find challenging in each language."

Additional reasons for adopting the VAS include the following.

Continuous evaluation is possible and can capture minute differences

Quantifies respondents' subjective evaluations and facilitates statistical analysis.
Visually intuitive answers are possible

Suitable for comparative evaluation of both languages

o o=
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Comparison of Evaluation Metrics in R/Python Parallel Learning

Understanding Confidence

Python

Motivation

Programming Language

Python

25 50 75 100 25 50 75 100
Score

Figure 2 Distribution of Four Metric VAS Score

Table 1 Descriptive Statistics for VAS Scores

Metric Language | n | Mean | SD | Median | Min | Max
Understanding R 62 | 61.16 | 13.45 63.0 | 23 89
Python 62 | 62.39 | 14.00 63.0 | 25 91

Confidence R 62 | 49.47 | 18.17 475 11 91
Python 62 | 49.65 | 16.63 450 | 15 88

Motivation R 62 | 69.73 | 16.82 68.5| 29| 100
Python 62 | 72.39 | 15.84 72.5 | 28| 100

Potential R 62 | 76.00 | 15.85 75.5| 39| 100
Python 62 | 78.27 | 15.83 76.5| 36| 100

Wilcoxon’s signed-rank test was used to compare the R and Python languages in this study. The test results are
listed in Table 2.

Table 2 Results of Wilcoxon Signed-Rank Test between R and Python VAS Scores
Basic Test Statistics

Metric W-stat | p p (adj) | Effect size r | Effect Int.
Understanding 512.0 | 0.012 | 0.049 0.318 Medium
Confidence 701.5 | 0.904 | 1.000 0.015 | Negligible
Motivation to learn | 369.5 | 0.004 | 0.014 0.370 Medium
Potential 382.0 | 0.008 | 0.033 0.335 Medium

Detailed Effect Analysis
Metric (Eigf;ii;lce (III}EI;Z?)I H-L est. | Significance
Understanding -3.000 -0.500 | -1.500071 TRUE
Confidence -1.500 1.000 | -0.000058 FALSE
Motivation to learn -5.000 -1.000 | -2.999991 TRUE
Potential -3.500 | -0.500 | -2.000036 TRUE
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Using this data, quantitative (descriptive and inferential statistics) and qualitative (text mining)
analyses were conducted to examine the educational effects of learning R and Python in parallel
from multiple perspectives.

First, the VAS score analysis was explained. Figure 2 shows a graph that visualizes the
distribution of the four metrics (Understanding, Confidence, Motivation, and Potential) by
superimposing a box-and-whisker plot on a violin plot and bee swarm plot. The outliers are indicated
in red. Table 1 summarizes the descriptive statistics of the VAS scores.

To simultaneously analyze the four metrics (“Understanding,” “Confidence,” “Motivation,” and
“Potential”), this study employed adjusted values using the Bonferroni method. This ensures the
appropriate control of the first type of error and statistical reliability of the conclusions. Note that
the adjusted value is calculated as four times the original value, and if it exceeds one, it is rounded
to one. The results of the analysis of these four metrics are described below.

M

1. Comparative analysis of “Understanding”

The results of the Wilcoxon signed-rank test for “Understanding” confirmed a statistically
significant difference between R and Python (W = 512.00, p = 0.012, r = 0.318). The effect size was
medium, with a Hodges-Lehmann estimator of -1.50 (95% CI: [-3.00, -0.50]). Descriptive statistics
showed that Python (mean = 62.39, SD = 14.00, median = 63.00) had slightly higher understanding
than R (mean = 61.16, SD = 13.45, median = 63.00). From the distribution plots in Figure 2, a higher
concentration of scores was observed in Python, although the variation in understanding was similar
in both the languages.

2. Comparative analysis of “Confidence”

No statistically significant difference was detected for “Confidence” (W = 701.50, p = 0.904, r =
0.015). Effect sizes were negligible, with a Hodges-Lehmann estimator of 0.00 (95% CI: [-1.50, 1.00]).
For descriptive statistics, R (mean = 49.47, SD = 18.17, median = 47.50) and Python (mean = 49.65,
SD = 16.63, median = 45.00) were nearly equivalent. From the distribution chart in Figure 2, we can
observe that the distribution pattern of confidence in both languages is similar and tends to be
concentrated around the median value.

3. Comparative analysis of “Motivation”

A significant difference was detected for “Motivation” (W = 369.50, p = 0.004, r = 0.370). The effect
size was medium, with a Hodges-Lehmann estimate of -3.00 (95% CI: [-5.00, -1.00]), with Python
(mean = 72.39, SD = 15.84, median = 72.50) showing significantly higher learning motivation than
R (mean = 69.73, SD = 16.82, median = 68.50 ), indicating a significantly higher motivation than R
(mean = 69.73, SD = 16.82, median = 68.50). The distribution plots in Figure 2 confirm the bias
toward the higher-score range in Python.

4. Comparative analysis of “Potential”

Significant differences were also identified in perceptions of “Potential” (W = 382.00, p = 0.008, r
= 0.335). The effect size was medium, with a Hodges-Lehmann estimate of -2.00 (95% CI: [-3.50, -
0.50]), with Python (mean = 78.27, SD = 15.83, median = 76.50) receiving slightly higher ratings of
future potential than R (mean = 76.00, SD = 15.85, median = 75.50). The distribution in Figure 2
shows that both languages have a slightly higher evaluation of future potential than the other
languages. The distribution in Figure 2 shows a bias toward higher scores in both languages but is
more pronounced in Python.

The results of these analyses showed significantly more positive evaluations of Python,
particularly in terms of motivation and perceived future potential. However, the differences in
understanding were small and no differences were observed in confidence, suggesting that parallel
learning does not cause a significant bias in basic language acquisition.

5.3.2 Sentiment analysis of free-text comments

For the sentiment analysis of free-text comments, we employed a method combining morphological
analysis and a sentiment word dictionary. First, morphological analysis was performed using
RMeCab (Version 1.0) to extract nouns, verbs, and adjectives. To extract vocabulary containing
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sentimental expressions, vocabulary was classified according to the following criteria.

nong nan

Positive vocabulary: "fun," "interesting," "good," "like,
"useful," "efficient," "attractive," "friendly," "easy to use," etc.

Negative vocabulary: "difficult," "complicated," "hard to understand,”" "difficult," "confusing,
"troublesome," "demanding," "anxious," "dislike," "hard to use," etc.

nn nan

easy to understand," "simple," "convenient,"

nn

nan

poor at,"

Sentiment scores were calculated using the following formula:

p—n
T p+n+1
p: total number of positive expressions, n: total number of negative expressions

where p is the total number of positive expressions and n is the total number of negative expressions. Adding 1 to
the denominator prevents zero division and normalizes the score to the range [-1, 1]. This sentiment score indicates
that the closer the value is to -1, the more negative the sentiment expressions are, and the closer it is to 1, the more
positive the sentiment expressions are.

Table 3 shows the descriptive statistics of the sentiment scores by language-preference group. The Python weak
preference group had a neutral mean sentiment score of 0.000 and lowest standard deviation of 0.243. In contrast,
the R weak preference group had a mean sentiment score of 0.271 and the Python strong preference group had a
mean sentiment score of 0.389, indicating relatively positive sentimental expressions.

Table 3 Sentiment Scores by Language Preference Group

Language Preference Groupin [Mean|SD [Median/Positive Ratio
Strong R Preference 20(0.000/0.243] 0.000 11.1 %
Weak R Preference 12/0.271]0.295| 0.250 50.0 %
Weak Python Preference  [18/0.000{0.243| 0.000 61.5 %
Strong Python Preference |12(0.389|0.347| 0.500 66.7 %

As shown in Figure 3, the distribution of sentiment scores was visualized using a combination of violin, box-and-
whisker, and bee swarm plots. The analysis showed that the R strong preference group and Python weak preference
group tended to concentrate their emotion scores on approximately 0. In contrast, the R weak preference group and
Python strong preference group showed a relatively wide distribution of emotion scores and a tendency to use more
positive emotional expressions. In particular, the Python strong-preference group showed the highest distribution of
emotion scores compared with the other groups.
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Sentiment Analysis by Language Preference Group
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Figure 3. Distribution of sentimental expression by language preference group

To analyze the differences in emotional expressions between the language preference groups in more detail, we

focused our analysis on the ratio of positive emotional expressions. As shown in Figure 4, the positive ratio for each
group was visualized as a bar graph.

Positive Ratio

0

Positive Ratio (%)

Language Preference Group
Figure 4: Positive Ratios by Language Preference Group
The analysis showed that The Python strong-preference group had the highest positive ratio (66.7 %), followed

by the Python weak-preference group (61.5 %). In contrast, the R weak preference group showed a neutral value of
50.0%, whereas the R strong preference group had the lowest positive ratio (11.1 %). These results suggest that
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Python-preferring learners tended to use more positive expressions.

The results of this analysis indicate that students' affective responses to parallel learning reflect complex
evaluations based on their understanding of language characteristics and learning experiences rather than simple
likes and dislikes. In particular, the tendency of students who express a strong preference to make more objective
evaluations suggests that parallel learning may promote a deeper understanding of language characteristics.

Finally, we analyzed the characteristic patterns of sentimental expressions from the learners' free descriptions. In
positive contexts, expressions such as "like," "easy," and "easy to understand" were commonly used, especially
positive evaluations regarding the "ease of understanding" of the language. On the other hand, in negative contexts,
expressions such as "difficult,” "complicated," and "confusing" confusing were observed, with particular reference
to the difficulties in dealing with errors.

Furthermore, distinctive expression patterns were identified for each language preference group: the R language
preference group often referred to the intuitive understandability of statistical processing, while the Python
preference group was characterized by references to the abundance of libraries and practicality. In the neutral group,
many objective expressions that compared and evaluated the features of both the languages were observed. These
expression patterns may reflect differences in perceptions of each group's language preferences.

It should be noted that the results described above are only preliminary experiments, and that the findings were
obtained under limited conditions of educational practice for first-term students. It is expected that more effective
educational methods will be established in the future through further practice and accumulation of research.

These preliminary results largely support our theoretical expectations outlined in Section 4, particularly regarding
the development of metalinguistic competence and effectiveness of the BYOD environment. However, they also
highlight several areas requiring attention in full implementation, such as the need for more structured support for
students who show strong language preferences. These insights will be invaluable in refining our approach to the
2025 implementation.

6. Discussion

This study was designed to test the effectiveness of a parallel learning approach for Python and R
languages in data science education. Below, we discuss key aspects of this study and provide future
perspectives.

6.1 Effectiveness of the concurrent learning approach

In developing our theoretical framework, we carefully considered parallels from natural language
acquisition research, while acknowledging the fundamental differences between natural and
programming languages. Programming languages, which are formal systems with precise syntax
and semantics, are likely to engage different cognitive processes than natural languages. However,
insights from multilingual education research provide useful metaphors and hypotheses for
investigating how learners might effectively acquire multiple programming languages. The
following analysis explores these potential parallels, while maintaining appropriate theoretical
caution.

The concurrent learning approach proposed in this study has the potential to provide a new
perspective on data science education. While acknowledging the fundamental differences between
natural and programming languages, we draw inspiration from theories of multilingual acquisition
in natural language learning (cf. Hufeisen and Marx, 2007) [40] to explore potential parallels in how
learners might develop competencies across multiple programming languages. The following
benefits are expected.

1. Improved meta-linguistic competence: Learning multiple languages in a comparative manner
may deepen the understanding of the abstract structure of languages and improve adaptability
to new languages and frameworks.

2. Diversification of problem-solving approaches: Understanding the characteristics of different
languages enables multifaceted approaches to problems and fosters creative problem-solving
skills.

3. Readiness for practical work: It is expected that mastery of both languages, which are widely
used in industry, will facilitate adaptation to the work environment after graduation.

However, the possibility of increased cognitive load and decreased learning efficiency owing to
parallel learning must also be considered, and these points must be carefully examined.
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6.2 Advantages and Challenges of a BYOD Environment
The BYOD (Bring Your Own Device) environment employed in this study is expected to have the
following advantages and challenges

Advantages:

1. Continuity of learning: Personal devices allow for a seamless learning environment on- and off-
campus.

2. Customizability: This enables the environment to be configured to meet the needs of individual
students.

3. Cost efficiency: May reduce capital investment in part of the university.

Issue:

1. Environmental diversity: Differences in device performance and settings among students may
affect their learning experience.

2. Security Risk: Security management of personal devices is challenging.

3. Technical Support: The burden of technical support for a wide variety of devices may increase.

To address these issues, it is necessary to develop appropriate guidelines and establish a technical
support system, particularly to address the diverse learning spaces and technical challenges
identified by Selvberg and Rismark (2012) [41] in their study of mobile learning environments.

6.3 Optimize educational methods specific to your field of expertise

This study focuses on two specialized areas: business data science and healthcare data science.
The following points are important for the optimization of educational methods specific to these
disciplines.

1. Integration of Domain Knowledge: Curriculum that effectively integrates programming
education with domain knowledge should be developed.

2. Use of real data: Efforts should be made to bridge the gap between theory and practice through
exercises using actual datasets from each field.

3. Industry-academia collaboration: Collaboration between companies and medical institutions is
important for designing curricula that reflect industry needs.

Through these optimizations, more effective professional education based on Kolb's (1984) [42]
experiential learning cycle, which emphasizes concrete experience, reflective observation, abstract
conceptualization, and active experimentation, is expected to be realized.

6.4 Limitations of the study and future challenges
The following limitations and issues exist in this study and require further investigation in future
studies.

1. Sample size and generalizability: Since the study was conducted at a single university, the
generalizability of the results should be done with caution. Further validation in multiple
institutions is warranted.

2. Verification of long-term effects: Long-term effects that cannot be captured in a one-year
observation period require follow-up studies.

3. Consideration of individual differences: A more detailed analysis of the impact of individual
differences in learning styles and cognitive abilities on results is needed.

4. Validity of evaluation indicators: Further verification and improvement of evaluation indicators
for programming and problem-solving skills are needed.

5. Role of educators: Further research on the skills and role of educators in effectively implementing
a concurrent learning approach is needed.

It is hoped that addressing these issues will more clearly demonstrate the effectiveness of the

concurrent learning approach in data science education, and lead to the establishment of a practical
educational model. In the future, the findings of this study can be used as the basis for planning
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larger-scale, longer-term research projects.

Finally, this study proposes a new approach to data science education, and the results may have
important implications for educational practices and policymaking. However, we must not forget
that the essence of education lies in the growth of individual learners. We conclude this paper by
emphasizing the importance of flexible educational approaches that respond to the needs and
potential of each individual learner as well as technological and methodological advances.
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Abstract

In this study, with the aim of effectively providing education in mathematics, data science,
and Al to university and technical college students and working adults, we analyzed the
understanding of the basic concepts of “descriptive statistics” necessary for such
education and the points where students have difficulties, using a basic skills test

administered to liberal arts university students.
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The results of the analysis showed that the students had a good level of understanding
of questions that required them to find the mean, median and mode. However, the correct
response rate for questions about variance and quartiles was low, and there were some
students whose definitions were unclear.

Therefore, I think that education on descriptive statistics should include guidance on the

meaning of variance and quartiles.

Keywords: Descriptive Statistics, Measures of Central Tendency, Statistical Dispersion,

Quartile Points
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A Study of the Positive Impact of Attraction of a Hotel on
the Local Economy

Takaomi Notsu*

*Shimonoseki City University

Abstract

In a tourist destination, the government which expects the increase of tourists might
need to develop abilities to accommodate them. Considering local economy where upper-
midscale hotels whose capacities are small relative to a market compete in prices for
acquiring customers in an oligopolistic market, we investigate tourism policy such that
the government would attract a new hotel. The government would like to make a
“feasible” policy in the sense that the attraction never leave the customers or the
industry worse off. Focusing on the market where hotels including an entrant are
symmetric, we show that there exists a legitimate range of hotels' capacities within
which the attraction is feasible. We also explicitly find the range of hotels' capacities.
Our result suggests that the government does not necessarily attract a high-class hotel
such as a five star hotel (an upscale or luxury hotel) for a positive impact of the
attraction. Instead, the government might still enjoy the positive impact by introducing
an entrant which is similar to incumbents in terms of capacity size and brand equity
without incurring vast amount costs of the attraction of a larger hotel or a high-class
hotel.

Keywords: Tourism policy, Attraction of hotel, Hotel's capacity, Welfare
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In a tourist destination, the government which expects the increase of tourists might
need to develop abilities to accommodate them.! We investigate tourism policy such
that the government would attract a new hotel. A question arises if one wants to
explore the possibility of implementation of such a policy; Does the attraction have a
positive impact on social welfare? This is our main interest.2 We interpret the number
of guest rooms which a hotel holds as a capacity and then we study a relation between
the hotels' capacities and a positive impact of the attraction.

The policy (the attraction of a new hotel) alters the structure of the market and thus
our model is dynamic. But we suppose local economy where there exist upper-midscale
hotels whose capacities are small relative to a market and the hotels before and after
the introduction of the policy compete in prices for acquiring customers in an
oligopolistic market. It is noteworthy that there are strategic interactions between the
hotels in such a market. Then, we describe the market by a Bertrand competition,
which is a model of game theory.3

In the Bertrand competition, each hotel charges a room price. Customers prioritize
room prices and they would like to reserve at the lowest price possible.4 However, each
hotel cannot accommodate customers beyond the own capacity. Who reserves at what
price is in accordance with an efficient rationing rule; Under an efficient rationing rule,
customers' priority of being rationed to a hotel with a lowest price is according to their
willingness to pay. Namely, the customers who are more willing to pay are more likely
to be rationed to a hotel with a lowest price until the total capacities of the hotels
charging the lowest price are exhausted. After that, among remaining customers, those
who are more willing to pay are more likely to be rationed to a hotel with a second
lowest price until the total capacities of the hotels charging the second lowest price are
exhausted, and the same hereinafter.5

In our model, initially, there exist n (= 2) symmetric incumbent hotels which are
upper-midscale and that they play Bertrand competition described above.® Next, the

government attracts a new hotel. The government has the power to decide the entrant’s

1 For instance, Ministry of Tourism gives subsidies for setting up new hotels in some states in
India.
2 Yamaguchi City has been selected for the list of “52 Places to Go in 2024” in The New York Times
(https://www.nytimes.com/interactive/2024/travel/places-to-travel-destinations-2024.html). Many
tourists might come to the area around Yamaguchi City from abroad in the near future. An objective
of the paper is to contribute to the governments of the area around Yamaguchi City including
Shimonoseki City by proposing a tourism policy implication for attracting a new hotel.
3 Game theory is a useful tool to analyze behavior of strategic economic agents. In game theory,
“(Nash) Equilibrium” is a standard solution concept. As usual in game theoretic analyses, we base
analyzing an equilibrium of a Bertrand competition on the paper. For details of game theory and the
concepts of equilibria, see for example, Gibbons (1992).
4 We assume that customers who have booked show up without fail and they stay at the booking
price.
5 For details of an efficient rationing rule, see for example, Levitan and Shubik (1972), which
consider price competition models with capacity constraints.
6 Symmetric means that hotels' capacities and the costs of providing services are the same among
hotels.
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capacity and quality, whereas the ability to attract a new hotel is limited and it cannot
attract a larger hotel or a high-class hotel such as a a five star hotel (an upscale or a
luxury hotel). The entrant which the government can attract is similar to incumbents
in terms of capacity size, brand equity and brand recognition. After the entrant enters
the market, (n+1) hotels play the Bertrand competition.?

Under our assumptions of capacities, there exists a symmetric pure equilibrium in
which all hotels charge a same price with probability 1 in the Bertrand competition.8
The government pays attentions to both consumer surplus and producer surplus at the
equilibria in the markets.9 It intends to choose attraction which has positive impact on
both consumer surplus and producer surplus. We define that the attraction is “feasible”
if consumer surplus and producer surplus will never be worse off than before the
entrant enters the market.10

We show that there exists a legitimate range of hotels' capacities within which the
attraction is feasible. We also explicitly find the range of hotels' capacities; The
attraction can be feasible when capacities of each hotel are small relative to the
markets. This is our main result.

An intuition of the result is that the attraction makes hotels lower their prices
through competition and as a result, consumer surplus gets better. If capacities of each
hotel are too large, then they provoke fierce competition and as a result, producer
surplus gets worse. On the contrary, the capacities which are not too large keep the
competition mild and the profit of the entrant compensates loss of producer surplus
which stems from the competition. Then, moderate capacities make the attraction
feasible.

Our result suggests that the government does not necessarily attract a larger hotel or
a high-class hotel such as a five star hotel for a positive impact of the attraction.!!
Instead, the government might still enjoy the positive impact by introducing an entrant
which is similar to incumbents in terms of capacity size and brand equity without
Incurring vast amount costs of the attraction of a larger hotel or a high-class hotel.

In the paper, we assume that the government controls the entrant’s capacity and
quality, whereas models in which the entrant chooses its own capacity or quality is also

meaningful. In such models, hotels might be asymmetric. Although analyses of the

7 If the entrant and the incumbents are different types of hotels in terms of brand equity and brand
recognition, it is not suitable to describe the market by the Bertrand competition.
8 Such an equilibrium is characterized by the total capacities of the hotels. We have this result by
applying Brock and Scheinkman (1985) and Notsu (2023).
9 Surplus is a measure of welfare. For details, see for example, Mas-Colell et al. (1995).
10 If the attraction makes at least one agent surplus worse off, then it is not feasible. This means
that such a policy does not support from an agent whose surplus gets worse because of the
attraction.
11 This is the case if the government has the power to decide the entrant’s capacity and quality. To
the contrary, if the government allows the entrant to choose its capacity or quality, then we should
study a model with a decision stage of the entrant. For example, it would be like something which
follows Shaked and Sutton (1982).
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market of asymmetric hotels might resembles ours, it is slightly complicated. Further,
models with fixed costs of hotels and actual negotiations or contracts which is relevant
to the attraction are important. These are future researches.

We end this introduction with other literatures. Yield management (or revenue
management) is well known as a way of management in hotel industry. It focuses on
hotel's practices such as room pricing and it studies how expected profits of the hotels
can be maximized.!2 However, it does not pay attentions to strategic interactions
between hotels (customers) except a few researches. In this sense, yield management
and our approach are different. Some literatures (Yoshimura and Watada (2014),
Watada et al. (2017) and Zhao et al. (2020)) consider the strategic interactions by using
game models.13 On the other hand, the new entry of a hotel is not considered in their
researches and it is studied in this paper.

The rest of the paper proceeds as follows. In Section 2, we describe our model. Section

3 is analyses and we study feasible attraction. Section 4 concludes the paper.

2. Model

We describe our model. We consider the local economy where all existing hotels are
upper-midscale hotels. Guest rooms which the hotels hold are assumed to be
homogeneous. Each customer prioritizes prices of guest rooms when they reserve. The
hotels compete in room prices for attracting customers.

Hotels are represented by natural numbers. I is denoted by a set of hotels which exist
in a market. As explained later, a policy alters number of the hotels existing in the
market. But for simplicity, we use the same notation I before and after the
introduction of the policy. For i €1, p; is hotel i's price. k; is firm i's capacity, which
means number of guests rooms which hotel i holds. Costs of providing hotel services
are zero for any hotel.

Given a price p € [0,1], number of customers who are willing to reserve at the price is
D(p) =1—p. The customers who have booked show up without fail and they stay at the
booking price. Each hotel cannot accommodate customers beyond the own capacity. Who
reserves at what price is in accordance with an efficient rationing rule.

The timing of game is as follows. Assuming n = 2,

- State 1(s1): I = {1,2,..,n} and k; =k, ==k, =k €(0,1). n hotels play Bertrand

competition under an efficient rationing rule.

12 For recent researches of yield management, see for example, Klein et al. (2020).

13 Yoshimura and Watada (2014) and Watada et al. (2017) combine game models with yield
management. Zhao et al. (2020) assume an oligopolistic market and analyze price adjustment in
hotel industry.
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» Attraction of hotel: The government attracts an entrant denoted by n+ 1. The entrant
which the government can attract is similar to incumbents in the sense that it is an
upper-midscale hotel and k,,; = k.

- State 2(s2): I = {1,2,..,n,n+1} and k; =k, ==k, =k,,1 =k. (n+ 1) hotels play
Bertrand competition under an efficient rationing rule.

In each state, given (p;)ie;, firm i's profit m; is

: 1—p; i
p; - min ks if p; =
Di {u(pm, } bi=Pp
T = lhp*—zj:pf{p«; ks

pi - max min{ Hen) ,k},U}, if pi >p

where I(p;) = {j € I : p; = p;} and p = min;¢; p;.

We assume the economy where capacities of each hotel are small relative to the market.
Assumption. k < 1/(n+2).

For simplicity, we use a term “Bertrand equilibrium” when we refer to an equilibrium
of Bertrand competition in each state. For each state s € {s1,s2}, CS(s) and PS(s) are
denoted by consumer surplus and producer surplus at a Bertrand equilibrium,

respectively.

3. Analyses

In the sense that the government would like to make a policy which has a positive
impact on both hotel customers and hotel industry, we define “feasible” attraction as

follows.

Definition 1. The attraction is feasible if CS(s2) > CS(sl) and PS(s2) >
PS(s1) holds.

We study “feasible” attraction. We start with the following Lemma. Define
p* =1—|I| - k in each state.

Lemma. In each state, a Bertrand equilibrium is such that p; = p* for any

1 € I if the following holds.

1

k< ——.
— I +1

(1)

Proof. Suppose that p; = p* for any ¢ € I. Then, the size of customers whom

hotel # attracts is k. First, we verify that any hotel does not have an incentive to
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undercut the price p*. Even if hotel z charges p* —e for small enough € > 0, then
the size of customers whom hotel ¢ attracts remains k for any ¢ € I. Therefore,
any hotel cannot improve the profit by undercutting p*.

Second, we verify that any hotel does not have an incentive to charge any
price beyond p*. Consider arg max,, p’-(1—p'—(|1|— l)k) = Ll_l)k and define
p==19=%. Now suppose k < k. Then p < p* and 1—p—(|I| - 1)k > k.
Since p’ - (1 —p' = (|I| - 1)14:) is a concave quadratic function of p’, we have

P -min{l —p = (|I]| - l)k,k} =p'k <p*k for any p’ € (0,p%),
p' ‘min{l —igp = (|2] = 1)k-k} =p'-(1-p"— (| -Dk) =p’k for p’ =p",
P -max{min{l —p = (|I| - l)k,k},O} = p'max {1 —p' = (I - l]kgO}

< p*k for any p’ > p*.

Third equation means that any price which is strictly greater than p* never

improve hotel i's profit in the case where any hotel 7 # ¢ charges p*. We have

established the claim. O
We obtain the following benchmark result.

Benchmark. In State 1, p* = 1 — nk and (py,p2,...,pn) = (p*,p*,...,p*) is
a Bertrand equilibrium. We also have
1 n2k?
(J‘S -,]. — k ] k —
(s1) 5 "k en =

PS(sl) = (1 —nk) - nk.

Proof. In State 1, the inequality (1) is & < 1/(n + 1). Clearly, this holds
under Assumption such that & < 1/(n + 2). Therefore, (p1,pa,....pn) =
(p™,p*,...,p") is a Bertrand equilibrium in State 1 by Lemma. For the re-
maining arguments, the calculation of C'S(s;) and PS(s;) is clear. O
Then, we have the following proposition for a legitimate range of hotels' capacities

within which the attraction is feasible.

Proposition. The attraction is feasible if k < 1/(1 + 2n).

Proof. Suppose that & < 1/(1 4+ 2n). In State 2, the inequality (1) is & <
1/(n + 2). This holds since n > 2 and 1/(1 + 2n) < 1/(n + 2). Therefore,

p* =1—(n+ Dk and (p1,p2,---,PnsPus1) = (p*,p*,....p") is a Bertrand
equilibrium in State 2 by Lemma.
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We also have

.
?

(n+1Dk-(n+1)k= (n+ 1)

CL‘)(SZ) = 9 2

o | =

PS(s2) = (1 — (n+ 1)k)(n+ 1)k
From these calculations and Benchmark,

_ _ 1+ 2n)k2
CS(s2) — CS(sl) = % > ().

Furthermore,
PS(s2) — PS(s1) = k{1 —(1+2n)k} >0

if k< 1/(1+ 2n). We have established the claim. Ol

From the proposition, we have a policy implication for the government whose ability to
attract a new hotel is limited. That is, the government might still enjoy the positive
impact by attracting an entrant which is similar to incumbents in terms of capacity size
and brand equity even if it cannot incur vast amount costs of the attraction of a larger

hotel or a high-class hotel such as a five star hotel.

4. Conclusion

We investigate tourism policy such that the government would attract a new hotel
assuming local economy where upper-midscale hotels whose capacities are relatively
small compete in prices for acquiring customers in an oligopolistic market. In our
model, n(=2) symmetric incumbent hotels initially exist in the market and they play
Bertrand competition. Next, the government attracts a new hotel which i1s similar to
incumbents in terms of capacity size and brand equity. After the entrant enters the
market, (n+ 1) hotels play Bertrand competition. Does the attraction have a positive
impact on social welfare?

We define feasible attraction as it never leave the hotel customers or the hotel
industry worse off. Then, we show that there exists a legitimate range of hotels'
capacities within which the attraction is feasible. We also explicitly find the range of
hotels' capacities; The attraction can be feasible when capacities of each hotel are small

to some degree.
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Our result suggests that the government does not necessarily attract a larger hotel or
a high-class hotel such as a five star hotel (an upscale or a luxury hotel) for a positive
impact of the attraction. Instead, the government might still enjoy the positive impact
by introducing an entrant which is similar to incumbents in terms of capacity size and
brand equity without incurring vast amount costs of the attraction of a larger hotel or a
high-class hotel.

We should study the cases where the entrant chooses its own capacity or quality and
sometimes asymmetric hotels play oligopoly. Also, fixed costs of hotels and negotiations
or contracts between the government and the entrant are issues to be analyzed. These

are future researches.

Conflict of Interest: The author has no conflict of interest.
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Abstract

Aim: This study explores mothers' perceptions of grief support groups following child loss
and provide implications for future support. Methods: Mothers attending grief support
meetings since 2017 completed online surveys after each meeting from 2020. Survey
completion indicated consent. Content analysis identified from the 6th to 13th meetings
to identify codes and categories from open-ended comments. Results: Thirty-seven
(64.9%) out of 58 participants responded. Eight categories emerged from 106 codes:

nn

"space to talk about the deceased child," "listening and being listened to," "empathy and

nmn nn

shared experiences," "expressing suppressed emotions," "realizing they are not alone,"
"emotional relief," "a place to remember the deceased child," and "facing grief."
Conclusions: Mothers reported benefits from support groups, while persistent nature of

grief emphasizes the need for ongoing, individualized support.

Keywords: bereavement, child, grief support, mother
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Introduction

The death of a child is considered as a profound and devastating experience (Davies,
2004; Price, 2015). It is associated with grief-related distress, which reportedly persists
longer than that of other types of loss, occasionally enduring throughout the parent’s
lifetime (Pohlkamp et al., 2019) Several studies have demonstrated that the death of a
child has a more significant adverse impact on bereaved families’ mortality and
psychosocial outcomes compared with other types of loss (Li et al., 2005; Li et al., 2003;
Pudrovska, 2009) (Rosenberg et al., 2012). Furthermore, it has a profound effect on
parents’ mental health, interpersonal relationships, and fundamental beliefs about the
meaning of life (Cacciatore et al., 2014).

The presence of an appropriate support system is crucial when faced with such a severe
loss. After the loss of a child, the interaction between individual grief and changes in
family members’ daily lives can significantly affect family relationships (Dias et al., 2017)
(Gilmer et al., 2012). Consequently, all family members find themselves in a situation
where they must grieve the loss of the child individually and collectively. Therefore,
support from family, friends, and professionals becomes an essential element in
navigating the grieving process (Klass, 2006).

In particular, grief support groups provide a valuable space for individuals with similar
experiences to come together and share their experiences, feelings, and coping strategies
(Umphrey & Cacciatore, 2011). They play an important role in supporting the grieving
process by reducing participants’ sense of isolation and creating opportunities for
information sharing and mutual support (Aho et al., 2012). Previous studies have
emphasized the importance of social support for bereaved parents who have lost a child
(Kreicbergs et al., 2007) (Laakso & Paunonen-Ilmonen, 2002).

However, our understanding of the experiences of mothers who have lost children in grief
support groups remains insufficient. Moreover, there is limited research on the quality
and effectiveness of support provided by these groups, as well as their alignment with
participants’ needs (Lichtenthal et al., 2015). It is important to gain a deeper
understanding of how mothers following child loss perceive and experience of grief
support groups from multiple perspectives as it allows for the identification of strengths
and weaknesses in existing support groups, revealing opportunities for improvement
(Dyregrov et al., 2013). In addition, uncovering the specific needs and challenges of
mothers who have experienced child loss may lead to the development of more effective
and individualized interventions (Cacciatore & Flint, 2012).

Moreover, healthcare professionals and mental health specialists can use the insights

50



gained from the experiences of grief support groups to provide more appropriate support
to the bereaved (Keesee et al., 2008). This will enable them to gain a deeper
understanding of group dynamics and the needs of individual participants, thereby
facilitating a more effective provision of support.

Our research team has been conducting group meetings for families who have lost a child
as part of grief support. This study aims to analyze the open-ended responses from a
survey administered to participants of these grief support meetings to elucidate their
perceptions after participation. Through this research, we expect to gain deeper insights
into the effectiveness and areas for improvement of grief support groups and the specific
needs of participants. The findings are anticipated to provide valuable information for
designing and implementing future grief support programs, ultimately contributing to

the realization of more effective support for parents who have lost a child.

Aim

This study aims to explore mothers' perceptions and reflections on the significance of
attending grief support group meetings following the loss of a child and provide
implications for future support strategies.

Grief Support Group: “A Ladder to the Sky” (Overview)

“A Ladder to the Sky” is a grief support group for bereaved parents who have lost children
that has been operating since 2017. It provides a safe space for members to share their
experiences and feelings. Meetings are held three to four times a year, either online or
in person. Aside from the adult group, a separate group for bereaved siblings, primarily
children, was established in 2023.

In adult group meetings, participants begin with brief self-introductions, followed by a
review of the group’s guidelines, including maintaining confidentiality regarding shared
experiences, allowing for the flexible entry and exit from the meeting, respecting
individual comfort levels in sharing, and refraining from criticizing or judging others’
contributions. Once the guidelines are established, participants are given the
opportunity to share their stories openly.

During the meetings, staff members serve as facilitators, ensuring that participants feel
heard and respected. They take a non-interruptive approach while actively listening to
the narratives that are being shared. They also encourage dialogue and interaction by
prompting questions and fostering a supportive environment for participants to connect
with one another.

At the end of each session, the participants are invited to provide feedback through an
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optional questionnaire. This feedback, which encompasses opinions on the group’s
operations and overall experience, is valuable in guiding future improvements and

ensuring that the group continues to meet the needs of its members.

Methods
Participants: The participants were attendees of grief support meetings for families who

have lost a child.

Study Period: April to May 2024

Data Collection: Data were collected through online surveys conducted after each
meeting since 2020. After each session, the participants were invited to complete a
voluntary questionnaire, and survey submission was considered as consent to participate
in the study.

Questionnaire Content: Aside from five-point Likert scale evaluations of the overall
experience and operational aspects of the grief support group, the questionnaire includes
open-ended sections for feedback and suggestions regarding the group and personal
reflections on participation. The present analysis focuses on the qualitative data
collected from these open-ended sections.

Analysis: Free-text responses from questionnaires administered from the 6th to the 13th
meetings were analyzed using content analysis, focusing on participants’ perceptions and
reflections on the significance of attending the meetings. Textual data were coded
according to contextual units. Subsequently, these codes were classified and organized
into categories based on similarities in their descriptive content. To ensure analytical
rigor, the primary researcher maintained consistency in the coding and categorization
processes and conducted member checking with co-researchers. Collaborative dialogue
on uncertain classifications helped minimize subjective biases, enhancing the reliability
of the analysis.

Ethical Considerations: This study was approved by the research ethics committee at
the researchers’ affiliated institution (Approval Number: 2408-1023) and that it

conforms to the provisions of the Declaration of Helsinki.

Results
Out of 58 participants, all of whom were mothers, 37 (64.9%) provided responses. Eight

categories emerged from 106 codes (Table 1).
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Table 1: Categories of Mothers' Perceptions of Grief Support Groups

Category Sub-category Code
Count
Space to Talk About Speaking comfortably among those with shared 8
the Deceased Child experiences
Talking with people in similar situations 5
Listening and Being Listening to diverse perspectives 7
Listened To Having one's story heard 2
Experiencing unique sharing confined to grief support 3
groups
Empathy and Shared Receiving empathy for one's feelings 3
Experiences Empathizing with others' experiences and situations 7
Sharing feelings and experiences 6
Expressing Suppressed  Venting emotions freely 8
Emotions Expressing grief through tears 9
Realizing They Are Realizing one is not alone 4
Not Alone Recognizing previous isolation before joining 1
Emotional Relief Experiencing emotional relief 5
Feeling unburdened through talking 6
A Place to Remember ~ Maintaining unchanging feelings towards the deceased 4
the Deceased Child child
Preserving memories and emotions of the deceased child 3
Facing Grief Gaining new insights 5
Recognizing the individuality of grief 3
Suppressing emotions in daily life 13
Experiencing occasional tearful moments 2
Encountering periods of distress 2
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Categorical Descriptions

1. Space to Talk About the Deceased Child

This category highlights the role of the grief support group as a safe space for mothers
to discuss their deceased children. This category comprised two subcategories: Speaking
comfortably among those with shared experiences and Talking with people in similar
situations. The first subcategory revealed that mothers found comfort in sharing their
experiences with others who understood their loss, as exemplified by the code: “I felt
comfortable talking to people in the same situation,” The second subcategory emphasized
the value of connecting with others in similar circumstances, illustrated by the code:
“Although the circumstances of our children's deaths were different, we shared the
common experience of losing a child.” These findings demonstrate that the group
provided a space where bereaved mothers could openly discuss their deceased children

with others who truly understood their experience

2. Listening and Being Listened To

This category highlights the significance of participants listening to others and having
their own experiences heard. The category comprised three subcategories: Listening to
diverse perspectives, Having one's story heard, and Experiencing unique sharing
confined to grief support groups. The first subcategory demonstrated how mothers
valued hearing various experiences, as shown by the code: “I was able to listen to stories
from people in different situations.” The second subcategory highlighted the importance
of having their own experiences acknowledged, exemplified by the code: “They listened
to my story.” The third subcategory revealed the unique nature of discussions possible
only in these groups, as illustrated by the code: “There are things that can only be said
and heard in this space.” These findings indicate that the group provided mothers with
a space where they could both have their experiences heard and listen to others'

experiences, fostering mutual support through this reciprocal relationship.

3. Empathy and Shared Experiences

This category emphasizes the importance of emotional connections through shared
experiences and mutual understanding. The category comprised three subcategories:
Receiving empathy for one's feelings, Empathizing with others' experiences and
situations, and Sharing feelings and experiences. The first subcategory highlighted how
mothers felt understood by others, as illustrated by the code: “There were people who

empathized with my feelings.” The second subcategory demonstrated how mothers could
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relate to others' situations, exemplified by the code: “There were many aspects of others'
stories that I could identify with, as if they were expressing my own feelings.” The third
subcategory revealed the depth of emotional sharing, as shown by the code: “We could

share our feelings because we had the same experience.”

4. Expressing Suppressed Emotions

This category reveals how emotions that are usually difficult to express were freely
shared within the group. The category comprised two subcategories: Venting emotions
freely and Expressing grief through tears. The first subcategory demonstrated how
mothers could release their suppressed emotions, as shown by the code: “I was able to
release my accumulated emotions.” The second subcategory revealed how mothers found
comfort in expressing their emotions through tears, exemplified by the code: “I was glad
I could cry here.” These findings indicate that the meetings provided mothers with a
space where they could express deep emotions through both words and tears that might

be difficult to show in their daily lives

5. Realizing They Are Not Alone

This category illustrates how mothers found comfort in discovering they were not alone
in their grief experiences. The category comprised two subcategories: Realizing one is
not alone and Recognizing previous isolation before joining. The first subcategory
demonstrated how mothers found solace in meeting others with similar experiences, as
shown by the code: “I felt reassured that I wasn't alone.” The second subcategory revealed
their previous sense of isolation, exemplified by the code: “Before participating, I had
been carrying the burden alone.” These findings indicate that the group helped mothers
transition from feelings of isolation to a sense of connection with others who shared

similar experiences.

6. Emotional Relief

This category illustrates how participants found emotional relief through sharing their
experiences. The category comprised two subcategories: Experiencing emotional relief
and Feeling unburdened through talking. The first subcategory demonstrated how
mothers felt emotional clarity after participation, as shown by the code: “I was able to
sort out some of the emotions I had been keeping inside.” The second subcategory
revealed the therapeutic effect of verbalization, exemplified by the code: “My heart felt
lighter through talking.” These findings indicate that expressing grief within the group
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helped mothers process their emotions and achieve a sense of emotional release.

7. A Place to Remember the Deceased Child

This category illustrates how the grief support group provided a space for mothers to
honor and remember their deceased children. The category comprised two subcategories:
Maintaining unchanging feelings towards the deceased child and Preserving memories
and emotions of the deceased child. The first subcategory demonstrated the enduring
nature of maternal feelings, as shown by the code: “No matter how much time passes
since losing my child, my thoughts and feelings remain the same.” The second
subcategory revealed mothers' concerns about preserving memories, exemplified by the
code: “I'm afraid of forgetting the memories of my child.” These findings indicate that the
group served as a valuable space where mothers could acknowledge their unchanging

bonds with their children and actively maintain their memories.

8. Facing Grief

This category illustrates how mothers encountered and processed their grief experiences
within the group. The category comprised five subcategories: Gaining new insights,
Recognizing the individuality of grief, Suppressing emotions in daily life, Experiencing
occasional tearful moments, and Encountering periods of distress. The first subcategory
revealed mothers' development of new perspectives, as shown by the code: “Listening to
mothers who have been through this longer, I realized it's okay not to force myself to
move on.” The second subcategory demonstrated the understanding of grief's unique
nature, exemplified by the code: “Everyone's experience is different.” The third
subcategory highlighted the challenges of daily life, illustrated by the code: “In daily life,
I usually keep my feelings about my child locked away.” The fourth and fifth
subcategories revealed the ongoing nature of grief, as shown by codes: “Sometimes my
heart reacts with tears before I can even process my thoughts” and “In some situations,
it becomes particularly difficult.” These findings indicate that the group enabled mothers
to face their grief while recognizing both the universality and individuality of their

experiences.

Discussion

This study explored perceptions of mothers following child loss regarding their

participation in a grief support group and identified eight primary categories. These
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findings offer valuable insights into the effectiveness of grief support groups and the
specific needs of mothers who have lost children.

Categories such as “expressing suppressed emotions” and “realizing they are not alone”
emerged from this study, corroborating the established role of grief support groups in
providing emotional support for the bereaved. According to Umphrey and Cacciatore
(Umphrey & Cacciatore, 2011), grief support groups provide a crucial space for empathy
and support during the grieving process, a finding mirrored in the present study.
Notably, the finding that shared empathy reduces feelings of isolation is consistent with
Aho et al.’s (Aho et al., 2012) study, which posited that sharing experiences within a
group fosters a sense of connection among participants. Moreover, the emergence of
categories such as “space to talk about the deceased child,” “empathy and shared
experiences,” and “listening and being listened to” in this study further reinforces that
dialogue and emotional sharing are crucial elements in alleviating feelings of isolation.
However, the quality and effectiveness of support in grief support groups may not be
universally applicable. Klass (Klass, 2006) emphasized that grief processes are
individualistic, and bereaved individuals may have diverse emotional needs. The
findings of the present study, particularly the diverse needs emerging from participants’
open-ended responses, support this assertion. Consequently, future group operations
should prioritize providing individualized support. Similarly, Cacciatore and Flint
(Cacciatore & Flint, 2012) emphasized that grief support groups should provide flexible
support tailored to individual circumstances, considering each participant's unique
grieving process.

The emergence of the category “expressing suppressed emotions” as a significant result
in the present study further suggests that mothers may have different preferences and
needs in emotional expression during grief, requiring varied approaches in emotional
support strategies. In the study of Laakso and Paunonen-Ilmonen (LAAKSO &
PAUNONEN-ILMONEN, 2002), which described the diversity of emotions and reactions
to grief among bereaved parents, they highlight the possibility that necessary support
and approaches may differ on a case-by-case basis. Therefore, it is important to develop
tailored approaches (e.g., adopting diverse support techniques and providing support
based on individual needs) in the future.

Cultural background often influences coping with loss experiences. Previous studies
have discussed how cultural differences may shape the grieving process. In their study
on the positive effect of robust social support on bereaved individuals’ outcomes,

Kreicbergs et al. (Kreicbergs et al., 2007) underscored the importance of considering
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cultural context. For example, in certain cultures, internalizing grief rather than
expressing it outwardly may be considered virtuous (Goss, 1999), potentially leading to
resistance to group dialogue. Thus, culturally sensitive support is essential for mothers
from such backgrounds.

The present study suggests the need for ongoing support as evidenced by the emergence
of categories such as “a place to remember the deceased child” and “facing grief” from
mothers’ open-ended responses. This implies that the grieving process is not transient,
highlighting the importance of long-term support. Malkinson and Bar-Tur (Malkinson &
Bar-Tur, 2005) noted that grief, particularly the profound grief associated with losing a
child, can persist for extended periods. While long-term support is emphasized globally
(Malkinson & Bar-Tur, 2005) (Gilmer et al., 2012), efforts in Japan, such as those noted
by Shimazono (Shimazono, 2022), similarly highlight the need for sustained and
culturally sensitive support. However, as Okaku (Okaku, 2024) warns, evaluation
frameworks for such initiatives remain underdeveloped. Therefore, while providing
continuous support for the entire family, it is essential to develop higher-quality support
based on participant feedback.

Gilmer et al. (Gilmer et al., 2012) emphasized the pervasive impact of bereavement on
daily life and advocated for the provision of continuous support for the entire family.
Beyond individual support, Kim et al. (Kim et al., 2023) highlighted the importance of
addressing family system dynamics, as grief affects and transforms family relationships

as a whole.

Limitations of the Study

This study has several limitations. First, the sample size was small (responses from 37
out of 58 individuals [64.9%]). Therefore, the results should be interpreted with caution.
Moreover, the survey method might have resulted in varying depths and details of
responses among participants, and self-selection bias might exist, potentially reflecting
more opinions from mothers actively seeking support. Furthermore, relying on open-
ended responses meant that the level of detail in answers may vary depending on the
expressive abilities of participants. This may result in important information not being
fully elicited. Thus, future studies should perform deeper data collection by combining
interviews with surveys.

This study has several limitations. First, the sample size was relatively small, with
responses collected from 37 out of 58 individuals (64.9%), which limits the

generalizability of the findings and warrants cautious interpretation. Second, the survey
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method may have led to variations in the depth and detail of responses among
participants. Additionally, self-selection bias may have influenced the results, as
mothers who were more actively seeking support might have been more likely to
participate. Third, the reliance on open-ended responses introduced variability in the
level of detail provided, potentially reflecting differences in participants' expressive
abilities. This could have resulted in some important information not being fully
captured. Furthermore, as the survey was conducted anonymously across sessions 6-13,
it was not possible to distinguish unique participants from repeat attendees.
Consequently, some perspectives may be overrepresented, which should be taken into
account when interpreting the findings. To address these limitations, future studies
should employ a more robust data collection strategy, such as combining anonymous

surveys with in-depth interviews, to gain richer and more comprehensive insights.

Clinical Applications

The results of this study provide important implications for healthcare professionals and
mental health specialists. In particular, categories such as “space to talk about the
deceased child” and “expressing suppressed emotions” indicate aspects that
professionals should pay special attention to when engaging in dialogue with the
bereaved. Moreover, the importance of “empathy and shared experiences” emphasizes
the value of peer support and providing opportunities for peer support alongside
professional-led support. We can expect to realize more effective and comprehensive

support for bereaved parents by integrating these insights into clinical practice.

Conclusions

Mothers who have lost children largely perceive grief support groups positively,
reporting benefits such as increased awareness and improved management of their
grief. However, the findings also highlight the ongoing challenges that these mothers
face in their daily lives, underscoring the persistent and fluctuating nature of grief.
The study's identification of diverse needs and the potential influence of cultural
backgrounds further emphasizes the importance of providing individualized and
culturally sensitive support. Therefore, grief support programs should not be limited to
one-time interventions, but should offer sustained and regular support that caters to
the unique and evolving needs of mothers following child loss. Incorporating flexible

program structures, long-term support plans, and opportunities for peer interaction
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alongside professional guidance can contribute to more effective and comprehensive

support for parents navigating the complex and enduring journey of child loss grief.
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Abstract

All programs that run our world are written by humans in high-level programming
languages such as Python, Java, and C, which are then compiled into low-level code and
executed. Much of the technology for compiling for modern programming languages, i.e.,
compilers, is due to the contributions of Alfred V. Aho and Jeffrey D. Ullman, which
earned them the Turing Prize, the pinnacle of computer science, in FY2020 [1].

Techniques and algorithms for lexical analysis, parsing, and code generation are
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important for compilers. This article describes the structure of compilers and the most
important and most difficult part of compilers, parsing, especially LR parsing [7] , by
clarifying the relationship between parsing methods and adding new effective examples
not found in other books. This will deepen your understanding of computer software
that supports present and future society. More importantly, the theory, techniques, and
implementation of parsing are the principles of many other software, and will be of
great benefit in the development of future software. This article is based on Dragon
Book [2] and excellent textbooks [3,4,5,6].

Keywords: programming language, compiler, parser, LR parser
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P={E—E+T, E—T, T—T*F, T—F, F—(E), F—i}
BA LA FL 5 EE Vy
T, B TR ESE R oE 2 HFICHEY, K5I T L2, h—7 5 ix(i+i) D
5, ABHIZEID, AOBRMLEIZATI—LETOHICAREZAKT S, 22T, K6IZ
AT L, BMRA—T RNy 7 VT XU TREET DL FEEREDOD D CE (B2
X, E—=E+T) 72D T, E OMFTBEEIZE 2D E+T O XKEZED N, F—2 v ~DKRA X
DAETE LR WTERICHEOH S, BRAL—-T2RAESED. —F, Ny 7 T yF o0
BETDHE, MXAKOERBHNRKEL 2o, Tu s sl 0T, EH L,
bRERMEE 5.

r'/E\\i
<l T
T*F F
F;; \;:T*F \E:T+T+T~\‘
& L~ : =
= - i*F {E)*F n mm}l’ j
AV o ) | N . J (EBR)
i i%E) .
&

1*(E+T) 1*(T)
i*(T+T i*(E+T+D)
(T N PETHT
*(F+T) i*(T*F+T)

" i W

i${}+TKi*( (E)*+T)
¥
i;‘(i+F} 1*(1+T*F)

¥

i"(i+) | 1*G+®)

J—)

5 BROTRAZHEXBRFEORNI

FHIm B9 T A & M SCBEAT TIE, MRV — T A2 RN S 201, ERRED S Dk E A HE
PED SRR L THESCRIT 21T, EfmMEoEOMXARE2 LM+ 5. —F5, Ny 7 b
TZoyX T BB L0, b= rEEHESATDLE, BROHTNSMBTEEN 2 =—7
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WCIRED LD REEM T O R LT 5. MR &M ST O 2K 6 1IZ7RT.

7n755y?!§§®ﬂzﬁﬁﬁﬂﬂ P—H YR MY —L

EBEROCEFRAERRAEZER
|
AV /B S B AN F
S b—2 O EERBAEZBRMS T SDirector KA EHRA
|

BB EEES

|

3 & S
Be BRONTHEZHXBHFEORA

5. 2 EBERMEICEERE~ADEHR

G XA mIEMEDH D CHE (B 21X, E2E+T) 2D T, EDOMFEEKITI N—2 v ~DRA
HRNETHE L W CTHEERRICFE OV S 4, IRV — 7 2 A & 5. BRI T X B SURAT T,
MRV — 7 % BT 572D, EHREOD 2 EEHBIREO EICERT 5.

Bl 2 0E, EHmEEFoROEMAAERBEIZE 2 5.

A—Aalb

¥, NIRRT, al bIIKRIL T THY, bITAUANDRE LT D, A0 D RAEH
WZED, ba"(h=0)NHEHTESH., 22T, LIRS A 2EBALT, AFFRELE

DR ERRBAZED .
A—DbA’
A —Aa’ | e

RABHAER WD &, A—Aalb ERCKEEE S ba"(nz0) NI TXx 5. L EXDY, EFE
P % H 3 5 CIEORHE SN XA FIRMED SEICER L TRl nwo Enbnd.
FEHERMEDOSH 5 LIE G =y, Vi, P, DS EFREEZBREL T,

Vy={E, T, F}

Vi={+, * (, ), i}

P={E—E+T, E—T, T—T*F, T—F, F—(E), F—i}

B kR FC = E € Vy
UTFOXEG > =V, Vi, PP, BRGNS,

Ve’ ={E, B, T, T, F}

Vi={+, * (, ), i}

P’ ={E—TE’ , E° —+TE’ | ¢, T—FT , T —%*FT|¢, F—(E), F—i}

B IG5 EE Vy

5. 3 Director £E/IC&Z /1YY S5y DMEE
FR A T ) & SCEAT X, BHEATE B D AT L0, Ak BRI AT B S A 2k
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LT, ZROHEZFIFHICHEOHE LT, MMXAKREZZERIEDL. Z0L X, bDHIEKILTD
ARBANERGFET D&, k B =27 v &2EFEAL, EOERBAL, 2%, &0
EHTEAH A OHEE LD EZRET D HEEZH VDL ZETHSH. 2 LL(k) ST Ik
THbH. Z T, LL &1, Left to right scanning (B A~F—27 A MU —L%E AF
¥ 9 2%) & Leftmost derivation (RAEH) THD. UTFTIE, HbBHEHTERHELER
2 LL(D) Z@BAT 5. IgETIE, Ry 7 vy [2] XA E [4,5] & EICitwn,
Director £ G DR FIELEZERT H.

Director £AZFHH T H7-0I1C1X, £IF First £EH L Follow £ ZHETILERH
5. UBETIE, o7 a I I EFEOE Gy, Vi, P, SSEZOFEEFS e € (WU
VODAIZHK LT, abAERS N DR FHORIICEND KIHFL S DO R2IK%E o D First £5 &
FEOR, First(a) &ERELTH. EKMWIL T ALK LT, XECOXERITE N TADHERKICEH
NEEREMEDODH D32 ELRKRIRTL BT DORKEZ A D Follow 4 L IEW, Follow(A) & i 5.
PTFoX7ickEXWEREMEXNERT. 22T, =2>"FAKRRANZ 0B EEAH L T, £
MOAEARBFEONDZ L E2RT. B, SITbh—27 VIIOREROFE S TH Y, HIHFHL T S O
Follow E£EHICIXSB LT EEND.

First(a)={alasV,, a=a---} Follow(A)={ala€V,, S$=---Aa---}

First(a) Fol low (A)

g A I |I \,
E ; \,
/ \ \
/ \, PR RN
\ F;
\ i \ \
/
Ay H N,
,

l' A i 1
/
/s A / !
/ \ ]
/ 3 /
7 \ /
/
/
1" 1
i’ " 'I
i {oA
I i 1
i \
/ 7 \
r i )

7 / 3\ N
/ : \ LY

$=Follow(A) % 5 1F, S=---A
# (=, $=Follow(S)

B17 FirstE& & FollowEa

PLE®D First 24 & Follow &6 %2 H W\ T, 8 T Director £ A& EET 5. AMHAI A—
a2k LT, il 5 DE A Director(A, a ) ZLLTFDO L IHICEFREL, A— a D Director &
TAERHA A> o ZEo7GE5I10, A =27 UHOEFFIZE NS A8 O & 5 & imat 5 O
EAETHD. 22T, abbe NERSNDIELAEICIE, Follow(A) 2> BENDL L. 0k,
First 85 °FollowfE &, Director 2 A OFHHE T IEITFR [2,3,4,5] ICFLIEFENTEY
M O A L6 A TIEIERT 5.
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SEBAA-alcw LT, RIFEESDESDirector(A, @) ZLULTOESICEEHL,
A—aDdirectorf£S & ER

First(a) (@ e THINEE)

Director (A, @)= .
reotor b ST irst () URollon ) (adede®)

a= e ThWeaIlE, First (a) . a> e DiBAlE, Follow (A) %3&
P:t ‘ A : a ‘
4 d

8 Director &£&

5. 4 BREHMTRAZEXHBHBOER

Director £ ZEHE T 121X, HERTICEFE L7 Null BIEfE=° First 224, Follow £6 N
VETHD. 723, Null BEEIZAERBENOLGDICHBE T 58 o € (VWUVD 2B ¢ BN
FEEHINL2NERTHEBTHDL. KIWKART ELIIZ, 5. 2 TEFRESEN LA BIRME
CEA~ER U AEARBHBOES P ISk LT, FATICHE L2 Null BEES First £4,
Follow 824 Z H T, Director ESZ B LR ZRT.

Null(E*)= Null(T*) = true

Director (E, TE’) =First(TE*)={ (, i }

Director (E’, +TE’)= First(+TE’) = {+} First (E) = First(T)= First (F) ={( i}

Director (E’,e)=First(¢) UFollow(E*)={$.,) } First(E*)={+}, First(T")={*}

D%rector(T. FT’)= First.(FT')= First(F)= 1} Follow (E) = Follow (E*)= {S. )}

DIIE‘C[OI‘(T‘. * FT‘) = Flrst( * F’I")_‘ { * } Follo“'(-r)z Follo\"(T')z {+, S, )},

Director (T",e)= First(e) UFollow (T*)= { +.$.) } | Follow(F)={*,+8$,)}

Director (F, (E))=First((E))= { ( }

Di::ftgiél: §)=))Firs:r(si 4 ~‘)i> g P=AE —+1TE, E'—+Tk'| 2,
ol T—FI, T°— #FT°| &

X First(e) = {} F— (E)|i}

-~

9 Director £E5NDHE

Z® Director fFHEHNWT, ZOXER LL() M E I mEHET H. LURE L THILI
BRI D, ERBAIOMIEAE —+TE B — e}, {T7 =#FT |, T° — ¢}, {F>(B),
F—ilizx LT,

Director (E’ ,+TE’ ) NDirector(E’ , ¢ )={}

Director (T’ ,*FT” ) NDirector(T’ , ¢ )={}

Director (F, (E)) NDirector (F, i)={}

DT, TOXEF LL)THD. 2FV, 120 =27 vr&kmHrTniE, KAEgHoxt
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S LIRS OAERBHAZRETE 5.
WIZ, T T &SI LY, LLQ)XED AT b —27 8 w=i*i+i$ b ORESTR
DIERDFEI 21 01T~ .
(D) B#RFE S EnD T I IKREERT 5.
(2) /0% E & T 2ERBANL ESTE OHTHY, h—27 OREIZI THDH.
(3)Director(E, TE” )={(, 1)} TH VYV, i€Director (E,TE’ )={( 1)} DT, ODOHEILAKEZE
R 5.
WD REBHOXNRIZT THY, TELEBETLAEBRBANETFT OKLTHD. x5O
h—2 KR, i THDH. BEHIE, FLEEHON—27 00 i BHEXKIZZ S TV RNNDL
ThDd.
(5)iE€Director (T,FT’ )={(, i} 2D T, TOFHICQDOAZBMT 5.
B)IRAEEHOMBIIF THY, FEEDETLDEMBMAIF->E) L FiD2o5H5. T
KHED =7 IR 1 THY, iEDirector(F, i), Director (F, (E) i 2 & £/, ko
T, Foi Z VW THXAKRZED, @R TE S.
(MEEHROFGIIT THY, MITHRON—7 L 3*xTHDH. T L0 LT HEMBT]
LT —=*FT OHTohH Y, *EDirector (T’ ,*FT’ )72 DT, WOHIXAKEIES.
UbkafHT <, O, O, -, ODIEFICHEIAEZIED, FEMIZ, M1 1OHBIARTE,
LT AT+ 5.

ABb=0 8 w=i*i+i$

P={E—TE, E'—+TE'|s,
I-FT, T'— *FD|s,

F—(E)|i}
Director (E, TE?) ={ (,i}
E Director (E’, +TE") = {+}
mx* Director(E’¢)={$, )}
) Director (T, FT*)={ (,i}
= Director(T*,* FT*)={ %}
P A : Director (T°¢)={ +,S,) }
i 8 E Director (F, (E))= {(}
/i\ Director (F,i)={i}
@\ /ﬁ \ 1i € Director(E, TE")
7 ¥ 4 v N 2)i € Director(T,FT")
I:" f ig 4 T E’ 3)i € Director(F, i)

= i @* € Director(T' *FT')
‘ \ @l 5 € Director(F, i)
v
T

g ¢ ®/
7 ¢ A ¥ 6+€ Director (T, €)
; « F T F T | ¢S| @+€ Director(E’ +TE')
| I | | ®)i € Director(T,FT")
Gl 6 ©) l @ 9% € Director(F, i)
: 10$ € Director(T" & )
i € i 5 118 € Director(E’, €)

10 BRAOTHEESHEXWEMTIZ & S LL(1) 3TE O XKD & B Fl
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6.LREXRITFE

6. 1 EEXWMBERA

LR ST FiE IR A EH O, DEVRAETCZHED KL T, HENLRIZH N> THES
ARNEAED . FImEY T A &M SN T35 & RIS, LRSI FIED h—2 v 082 Enbh
NNy T N Ty 7R LI EBRAALTHT L THXAREES. b DKFIZT TIZKS
IR L TWD . LR W SCEAT FIE O R R OFFBULSCEN D BBV HE TN 7 v 7 F A3 Ak
TET, MM ATRE 2 X7 7 ABIRL, FHELRGZHIA TS, b, EHERZ
L, RABHOW, SFVRARBTEHVDTEOIC, EHREOH LHETH MER S E
T, XEZ2XTOEEMIMITr &5, ok, LR MM O L AETIX, Left-to-right-
scanning (F—27 L DY EZ LN E~NNY 7 T v 7 72 LIZ—EH A L THE SN 21T 9
L AEEHRLTCWAD), Right-most—derivation in reverse (T AEH OWDONER, o F Y &
FETLCTHEXBTAZIT)ZEZERLTNWD) DHEIFE Lo bDTHD. UBETIE, F
A7y [2] RMIXHEME [3,4,5,6] IV, AT D,

6. 2 RLEFXMLTLROBXBITFE
T, WMIXMIToRTOREEZEXD. L xiE
A—xyz
WO ERBAITHELONT b — 27 USRI L T XK ZE> TV DR T, x ZHh
Mbhol-IREET, vy 25 b2 LTWVWIRETHDI LT SH. TORESE
A—Xx * yz
EEL. T, y RIS THAINET yEFH DI L LTV OIRETHY, v BIEKIF S B
THhb,
B—x1y124
EWIOAERBAINONIE, xiBEL Y E LTV DR
B— + x1y12;
THhHd. ULy, IROBEEZOEGOHBEEEAT S, IBIZBWTIE, 5ETEHAL
7=IE G =<Vy, Vi, P, 22N 5.
2T, Ww={E, T, F}
Ve={+, * (, ), i}
P={E—E+T, E—T, T—T*F, T—F, F— (E), F—i}
BRiGFL 5 EE Vy
(EF)LIEGC O LRO)H &L, POEEOAEKRBANI T LT, TOLHLO LR, Ak LT
OO Enn—@Eire” 7 B2 b0 THD.
Bl 2 X, ARBHIE-E+T I3t LT, A FD 420D LROO)HERFET H.
E— « E+T E—E « +T E—E+ - T E—E+T -
E= - E+T DX HIZ, HFHOEBEIIRNy b2 H D LRO)HAZEAHEMES, 72, E2E+T - O
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£, Ry FRKRREICH D LR(0) THEZ EARTH & WA

Flz, HEBEEOHFTRLEEL I, A=xyz IZBWT, vy BRIEKEILE B TH Y, B=xiyizy
EWVWIHYAERBAINASNIE, i ZHDBIELTWVWDIREB— - x1yiz1 THLH DD T, LR(O)IHD
EHLLTA>x Bz, B2 s xiyz} ZZXDMERHDH. W21, LROOHEOES T 1TxkL
T, Closure(I)# % %2 5.

(E#F) EGC OLRO)EOES 1T OAE Closure(l) XKD LI IZHBLND.

1. Closure(I):=I

2. A> o BB EClosure(DIZX LT, B=y EWHIAEMRKARANLNIXB—+ v & Closure (1)

Wz %,

3. kR 2. ZHmICMbdbDONMRL 725 E THRYIET.

B z1E, I={E—E+ - T}® Closure(I)|X{ E~E++T, T— « T*F, T— «F, F— +« (E), F— + i}
L s,

Fm, I, LROEOES I LB XL TEBT 5% % GOTO(I,X) & EWT, DL
TICEHRT S.

(%) 1 # LROHEDOES, Xe (VWUV)=V & LEx

GOTO (I, X)=Closure({A—=a X+ B| A—a - XB €1})
Bl 21X, 1={T—>T-*F}® & &, GOTO(I,*) XLL FIZ/ 5.

GOTO ({T—T « *F}, *)

=Closure ({T—T* « F})

={ T—=T*+F, F— - (B), F— + i}

XEG =<V, Vi, P, EXIZBWVWT, ZOXSRLROHEOEGEZKRDDHITIX, £7, X
fEHT O THEZRZHIZT D0, FichdEikimics B2 2B L E° —E 2 2 EpH Al &2
XEG OERBAIOEAPIZEMLT, UFOTAVITY XAEETTS.

(7A=Y XN)

MR E C:={Closure({E’ — + E })}

LR EHZBREENCITMHITIMA bR 72D ETHRD KT :

EEDO IEC & XEVITX L, GOTO(L X) BNZELEEG TR, CIZA>TWRNo72 b CIT
Z 5
XEG WCHEMT oL, RIFT Ty [2] RMXHEBE [3][6] oA — b~ b AR
M11oA— b+~ brEonsd. Z20F— b~ b2 E#EL—Fr~ M EES Kilo, 22
TIXLRO)ZHWTWEIDOTLRO)A—F~ b EHIES. 0B, IREOHOEREILHF G,
WX O TEZERT HE DE- 1 IRFTRT. ZOEESF— I~ P Z2HNWT, 525
NI b= VIO SRIT 2D D .

—WIZ, AN F=27 8 xBEZ2bNDE, RO - x$h6HBEL, EEF—F~ bz
AWT, #ESCREZED 2R S, XXM CTIXu-vSORIZAR Y, FRA LIRS, 2%, ue (Vy
UV vEVWWTHD. TIZT, ulI@AARABRELD b—2 FI B L 72 53 1) 70 4 30K
ThHY, vIFELEHRALARAATWHRW RN =7 VI TH L. &ENIC, BB E S ORFEA S - $IZ
RAVE, AN —27 8 x OSIRN TE T, MXMTITERICKD S, TR TIik
E#A— b~ hOREBEBIZED, UTOWTINELT.
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()82 (reduce) : TEMEF— k< k> Db 5 RIEDFO LR(O)IH A= a - &>, Biua -
vED o & AICEITL LT, BEaiud - vSIZBITT 5.

(2) > 7 b (shift) : E¥AF— b~ b O all KREEB LT, AN b= v aziih
AAT, BEA - avE B B ua - vSICBATT 5.

E==EaT E—eer Ty

T=-T%F, T—-F,
F—- (E) ., F=-i

B11 E#EFA—FTF> (LROA—F<T )

LR K ST O BIEA R+ 57010, MEBELEATS. £, BOROEEA u- v, ue (Vy
Uvn*, vev'is,

ajag an * XgXk+1 o Xn$
EEFDH. 2T, ai€WUVr (i=1,,n), x;€Vr (§=k, =, m) THDH. W, FELu- v$ITIE

e — v~ hrOfREE T (Gi=1, -, n) 2 HWNWT, BB

(1081118212 """ anln * XXgep """ Xn$)

NEFRTEXDH. 2T, LT EHELS— b~ N OPHRETH Y, 1,=60T0(1;-y,a;) (i=1,..,n)

Th 5.
WA, iHikiSOME ST AT\, K1 20X 5 ICiETRT.
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(I, i+i*i$)

(Ioils, +i%i$)
(IoF I, +i%i$)
(1oT1,, +i%i$)
(1,EI,. +i*ki$)
(1oEI +1g, i*i$)

(IoEI+1IgiIs. *i$)
(IoEI,+1¢F I3, *i$)
(IoEI,+I¢FTI,, *i$)
(IoEI+IgFTIgkI, i$)
(IoEI+IFTIgkI,ils, $
(IoEI+I1¢FTIgkI FI, o, $
(IEI+I¢FTIg, $
(IoEI,, $

B12 BEBICKD i+i*xi$D LREXXEFTOH

22T, B (ToET +T6TTe, #i$) 2B W T, To={E—=E+T+,T>T *F} TH Y, E-E+T- (T L 5 i&
TETT*F LD 7 FDO2O0FGEERH Y, REARKRELMES, M1 2 T, 7
FEERIET, Y7 MEITo. ZORWERREBEZERET SR FIEL LT, —XFE
FA 95 SLR(1) S LR(1), LALR(D) A LK< mbATW5D.

6. 3 SLRMWXEMFE

LR #ESCREATIZ VT, RO AT b —2 & =723 5%t L, Follow & & > TRE S
RRRE A EEET D O SLRIDE X FIETH L. LTIZ, ROANTT h—0 & —22 1%
it L, FollowBEARZfio TAEGRREEZERT D5 FiExERT D.

(EB#) Fpu-vé=u-viv $IZBWVT, ullfLA>a - 2o TELTDHEEZFLUTTH
L. 2L, i3kt s Th D

(Du=u’ «

(2)S+$ =" au A-viv § =25, 0 a - viv $2DO viEFollow(A) DEHICDOHIEITLT D

ZIT, ST 0 EoRAEEHEZIT) L2 RT.
%LvlqéFollow(A)fciroli, LR(OE B~ a a2l LT, viza TTHONIZ] V7 T 5.
H L vigFollow(A) o viza R biE, L= T—Th 5.
7272 L, Follow(A)={a€V{|S =% $u’ Aa--}

SLR(1) # T #r F1ETUX, BER LITRKRZMEMN T 5. 6. 2 O LRO)MHSUAENT O EHEF
— b~ bR LTCEMER, 17K, ERHAOFS, FollowEH a2 R 1ITRT.
(DEMERITIRETIZTEWT, KOANN a€EVr TR GEOEEZ, T DOITD a OFITFE

WLIZbDTHD.

O #;MERFT O sjik, ROANNZHAHFAALTRE LIZY 7 M52 aRT.

© BERFOrjix, BEHOAKBRATRLT LS EE2RT.
UITHRRITZECEFE rj TN T, EXHEIZ, KRBT LIFEKmIL T allxt L TITEEOIREE
LB LZbDOTHD.
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®1 BER, TEKR £RBUDES, FollowEs

BfER A% ERRAOES
i+ | % (1) |$ E T 3 1 E-—-)E-}-T

;? - 56 - B Lo (1, | 1|1, 2. E-T

L] [r2]st r2 | r2 I, | ls I | 15 3. T-T*F

Iy rd| rd rd | r4 lﬁ Ig 13 151 ;_.,EE)

I,|85 sl F-

Ig r6| ré r6 | r6 L Ly 6. F—i

Ig s5 sd

b o Fol lowE &

R EATIE Follow (E') =(§]

W Talal Tela Follow (E) ={8$,+) |

Iy r5(r§ i5 | r5 Follow (T) ={$,+), *]

Follow (F) ={$,+), *}

WIZ, b—=27 OF) ixi+i$§® SLR(D LM 2147 5. K1 3 ITH T OB E 2R3 .
FT, BEOCKD 1ITHTIE, Fo - DELELEHERD IITHIFIHAD (Io,1) £V sb &
v, 2ITEBELND. KIZ, 29THTIE, Foi-)eEls EEERD 64TH 350D (15, %) &
Dre &7, ARBAIOEFES 6D F-1 TEILLT, [TEKD(1,,F) TLIICRD. [FAEOER
TLEYT NERHT T, BEEOKOKREZEDOITIX, BEED (1, XV ZHEE LD, BXANAE
BT & 7.

(FAAHFH, KRB B

(I, i*i+i$) action[Iyl[i] =sb &Y, i #LT7FL, IyZpush

(Igils, *i+i$) saction[Ig1[*] = r6 &Y, il;ZpopL, F &golToll,][F]%push
(IgFI5, *i+i$) Zaction[I;][*] = r4 &Y, Fl;%&popL, T &gololly] [T]#push
(I,TL,, *i+i$) action[[L]1[*] = s7 &Y, x #T7 kL, I, %push

(ITl*L;, i+i$)  action[I;1[i] = s5 &Y, i #> T kL, I;%push

(IgTI*L;ils, +i$) _~action[I,][+] = r6 &Y, il,%popL, F &goTo[l,][F]l%push

(I TLxLFLg, +i$) ~action[I,j]1[+] = r3 &Y, TLxIFl,;%popL, T &gololl,][T]%push
(I,TL,, +i$) ~action[L,][+] = r2 &Y, TI, #popL, E &golo[l,] [E]Zpush
(I,EI,, +i$) Zaction[l;]1[+] = s6 &Y, + 2> kL, lg%push

(IEL+lg, i$)  ~action[Ig][i] = s5 &Y, i 2 kL, I %push

(IEL+Igils, $) ~action[I;1[$] = r6 &Y, ily ZpopL, F &golo[lg] [F]1%push
(IEL+IgFI;, §) ~action[I;][$] = r4 &Y, FI; ZpopL, T &golollg] [T1%push
(IELi+IgTlg, $)  _~action[Ig1[$] = r1 &Y, EL+IgTlg&popL, E &golo[ly][E]Zpush

(IEL, ® ~action[1|]1[$] = S LU, BXBIFET (T5—4L) .
138 i*i+i$OSLROBXBHOEE
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6. 4 LR() #WEXBEHFF&

SLR (1) #§ SCAEAT CTlX, AEMAERREEZMIT 572012 Follow £ T EH W, T72b
H, BHRETLOFDA>a « EZNUADRD ST L X, RO AT a D a€Follow(A) T
HHEE Ao allLDBILETDHZ LIZ L. Follow(A)={ala€V;, S$=*--BAa-} T 5
ELoFollow T ADHMD a Z#ZBLTWLIN, ADEMICH S BIXFEEL TRV, 22T,
ADFEE LM OW S %2 EE L, Follow E£EAZ Mot L72d 02 LR WIETHSH. A DM
BMNEZIERICSDabEI)ARERENXSD. T2 T, ANWRREL —HIZLT, [A>a ,alt
S LRODEAMEHT L. 61, TOLRMEELZ —{LLT, [A>x-y,alx&Ex 5. EMloD
A—x vy X LROOETHY, LRIDEOE LEMEEND. a FEFHAL T & MFFIER 5 &L 5 T
5. LRODFIIHE SIS AHEA T, b LEREHEZE LTS LR FE[A—>xy -, al T2V,
WDONNH x D& X, ARBAI A->xy ICX DB LN TELZ L 2EW®T 5. 7ok, LR() I
DELIZHOVWTIE, EXRLTH D LRODIHE[A-x - y,a,], -, [A—=x-vy,a,lxTLHT, [A
—x -y, a)//a) & EL.

LRIDEOEA TIZK LT, ZOME Closure(I)IZk D7 VT ZALATHLND.
(7naly X L)

1. Closure(I) :=1

2. [A— a *BB,al]EClosure()IZxf LT, B—y & WO AMMAINHNIE, bEFirst(Ba)

BRATRTObIZDOWT, [B— -« y,bl% Closure(D)IZMz 5.

. B 2. AFHILITMA Db DN 7D EFTHYIKRT.

OMA@EN LR EXMATICB T2 EH¥AS— b~ FroRETHD. EMEF— < Frofk
FEER IR D GOTO(I, D IZ XTIk BN D.

(%) I Z#LRODHEDOES, X (LWUV)=V & LcEx

GOTO(I, X)=Closure({[A—a X+ B,a]|[A—>a * XB,alE1})

iE G =Vy, Vi, P, E2IZBNT, ZOXIRLRMEOESEZ RO DITIE, £, HX
fRHT O THIEEZRZHIZT D0, HlewdEikinic s B2 2B L E° —F 22 2 EpH Al &
LG OAERBUMOELSPIZBEBMLT, UFTOT ALY XAERITTDH.

(7A=Y X L)

I E C:={Closure({E* — - E })}

UTFEHEZREENCIIMHTIMA LN 72D ETHRDIET :

fEEDO IEC & XEVIZR L, GOTO(I,X) BNZEEE TR, CIZA->TWahos7eb Clm
Z 5
LR (1) # SCREAT O B E R 1X SLR(L) OBYER L RARICIES N DD, ROROHENELRD.
SLR(1) ® &1

A—a » €1, 725X acFollow(A) 2% L CA[l,alid A= a CTEITLT D
Tho7=2, LRQ) DEFAIX

(A= a - alel 25X A[L,allT A>a TEILT D
Eb. LROODOEEF— b~ brO—HE2K 1 41277,

(Y

o}

-0}
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([ —E-.$] 5
[ - 4T84

Ig
[E—E+- T, $/+]
[T—- TxF., $/+/x]
[ [T—-F. $/+/]

2 [Fo- @ . 8/+/5]
E [E=T-.3/4] W “lu $74/%]

/+]
*F LB/ /x]

[E—T -

[T-Tx F §/+/x]
[ToT- <

[F— - L8/4/%]

[F— - I. $/+/x]

I]'-

T [F— - (E) .,)/+/x]
N 1)/

[E" —-E, $]
[E— - E+T, $/+]
[E—-T, $/+]
[T— - TxF,$/+/x]
[T—-F, $/+/%]
[F->- (B , $/+/%]
F— - 1,8/+/%]

I
LT—F - . $/+/%x]

=
ToF - 2)/+/%]

F

; %
[F— (-B) ,$/+x]
[E— - E+T, )/+]
[E—-T,)/+]
[T— - TxF, )/+/x]
: [T— - F, )/+/2]
' (F> - ) .)/+/x]
\w. )/+/%]

B14 LROOEEF—FT P DO—&

m
€ [F— (E-) .$/+/x]
[E—E - +T, )/+]

6. 5 LALR(1) ®WXEHFFiE

LR (1) # SCAEAT 51T SLR(1) X 0 b FEM R U A Wi Thd 5728, IEMEAS — b~ Dk
BENLTE, BEOTu /79I 7SETHERANTER Y. 22T, EAXARLTHD
[RMDEZFR -T2 LIk T, WEBEEZBEDO T O LALR(DBCMTIETH DH. 2
& o T, LALR(1) O#E UM O IEFe S 1% LR(1) X W 45 5 2%, Follow £A4 %5 SLR(1) kv %
EMe 22 R SCIEAT N FEBL T &, LB IREERIT SLR(1) & &< R U2V, 8 7228 SCHEHT 23
AlRE & 72 5. 7¢¥, LALR IE Lookahead (JE@i#*) LR DM TdH 5. LALR(1) DIE#EAF— k< |
&1 B5IZRT. CHEMITLALR(D M CEIATE L2 LML TND.
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lﬁ
[E=F+ - T, $/+]
[T— - TxF, $/+/xT
[T—F, $/+/%]

(F=- B, $/+/x]
[F— -1, $/+/%]

Iy
[E-E+T, $/)/+]
[T-T - xF,8/)/+/%

E [E-T-,8$/+]
T—T = XF,§/+/%

Ly
[T=Tx -F, §/)/+/x]
[F=- ® .§/)/+/x]
[F—-i, $/)/+/%]

SE+T, /4]
[E—-T, $/+]
[T— - TXF,$/+/%]
[T—-F, $/+/x]
[F=- ®) , $/+/x]
- 1,8/+/x]

T=TsF - §/)/+/x

(+B) ,§/+]
[E= - E+T, )/+]
[(E--T,)/4]
[T- - TxF, )/+/x]
[T—-F, )/+/%] >

- B ,)/4/4]
-1, )/4/%] (

[(F—i -, 8/)/+/x] ¢

B15 LALRMWOE#EA—FT Y

6. 6 LREXBEBITOBRHER

TITIE, MXEHBE [6] & LR UM O [T] 120V, LR A ST o BLEe A9 1 5
T 5.

ET, I EROEERT CRA BEE G=N, X,P,9)ET5H. 22T, N
FIERIRRE S OES, SIIKMEESOES, P IAEKRMAUOES, S FHEHKREETHDL. &
B, RELRIFKML TIZTEENRNT,  ARBHAIS 2V ET 5. KIZ, LRO) DGA & AR
BREZFIZEY, LTFTOX IRzl s S ZBMULEEGC #5825, vk, $iX
h—=2  HOREREETRRETHD.

GO =(NU{S” }, X U{$},PU{S” —S$},8" )

WIZ, GO” WL TCEEDIXTFINDEARCCEUTOLIICERT .

Co={a BI|S D*nalwvDnma 8w
2T, iEAla BIlEANY R BNERBAl Ao B TCEIILTEXLRLFINTHD, CIXEILT
XL BIDOELSTHD. ok, N RLEiX %E%EJ@EPT“EEE%%BI@ZIK{ZISJ:A%&?“%)%B
SHNDZ LT, T OAERBANC iéﬁﬁﬁﬁﬁ%m% PIEICW S 7~ 2 D 1 2T v FITHIE
THLDEMNES., bol bHEERI LT CGHEMRSHETOHLZILETHD. PxIT, CxAEMK
THBEITERETHDLIOT, ARA—F h o TETES [7]. LEXD, CaExH
TOHETLEIMEEZ T HIHREEARA— P~ b BERTEDLZERNDNS.

W, FCEFE 6] IV, GEZHETIBECEBELZ T 2R EHEARA— b~ %
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M3 5.
GO’ =(NU{S” }, 2 U{$},PU{S’ —=S$},S" )& L,C={a B|S =*nwalw=,a Bw &ZHT
LIEREERARA— b~ NG ERD XD ITHERT D.

NG=(Q, £, §,S0,F)

T,
Q={[A—a + B]|A>a B EP} (LR (0) 1)
T=NU X GERE=-FHKIHL FOEEG UKKLTOHES)
S0=[S— - S§] (BR AR R 5 D8 A IH)
F={[A—a + ]|A—> a EP} (e (C6C o=z HRRE (Eit)))

SIFLLToOMETH D
S ([A—ma *vB]l,v) = [A—av: B], 22 TveNUZX
S ([A—>a +BBJ, e)=[B—>+y], 22 TB—>y€EP
ZIT, £A0QAEMBRLEY, LNG= {a B[S D maAvD,a Bwl= CBRED. FERE
HERRA— b~ N NG ITH o EAMRE (8] Tk, WEMA— N M ThHDHIERES—

F~ MUK TE D.

UECEY , A EHOREDO LI AT vy 7 IIARAI— b~ b Z2HWEBTEL.2F D,
HRA— b~ b, ThbbEH#EL—F~ b 2BOVRLE ZLICXY, HO&EOIRA
HXEOMAT N TEXD2Enbrns. 6110, REZHWTHEXETZ2ED TER, Th
ITIE#ELS— F~ FOREEBEZ A X v 7 IZRBELTRBY, HXMITOBRILEFEFL T
% [6].

6. 7 LREXBITOFELYD

IRFEXIENT D7 ZA%K1 6ICFELEDD. UFTOZERMLATNS.

L 7, LREUBATIZIHRO FH WX LD QI T 7 2D ERHTFTE 5.

2. WIZ, LRKIZT k BRELRDIEE, JEWVWT T ADLIENEN TE 5.

3. WIZ, LR() ZfM»< 0% L, LR(0)SSLR(1)<LALR(1)<LR(1) ®EF T, LVIEWT T A
DXIENRITTE S

4. W, LALRMICEVIFEAED T e YIS I v VY EEMEUMITTE 5.

5. EHIZ, LR W SCHREAT 23 1348 SCAEMT 25 4 5% Yace (Yet Another CompilerCompiler) [2] 1T
X0, BEVARKRTEDS., ZIELENGIEES— > PP HBIEKR TE LA EICLDH
fRCEX2ThHAD.
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LR (1) 3EDZS5 R

=LR (1) R T
BITE BED

EHTE T

LR (1) 3G&
D72 A

K16 LREXEBWROXEDISA

7.F¥&D

Ai=bottRzdhn»rd 7 /7 A%, AE2 Python X° Java, Ce 0@k n 77 I 07
SHETHEARL, ThEza sy XA L LTV a—RZE D THEITTSH. Btore s
TIVIEBEBDa AR T DEL L, Alfred V. Aho & Jeffrey D. Ullman @ B #R2Y K & W
[1]. =3 A Z TIXFRIMENT, WU, = — RAR, Rk & D7 O gh3Rm 72 Hik L
T RXLANEBETHD. A ETIE, a0, TOMERY, a2 34 7 TREHE
C fie HEBE Ao M STRRE AT, HRIC LR A SCRRMT [7] oW CHEGR P e E OB E 4T o 2. KIS,
HEEIZRWE ST FIEOMOBEEBS X OH - B 2KV AL THNEZITo 720 CTHR %
O ERD., bob b EERZ L, LRECHNT (7] OAEIX, XRKEBASHEDO S
077 IV EHEOBIMHTIC LT, B AREZELIZARAI— M~ b2 LFETL
TWHZEThD. ZhofRitFIcLy, BIfEt R koHarzZ2xdarBa—2 - V7
M 2T OHMBEEDDH LN TEDL., SHICEERZ LIX, a0 7 0H G, i, #
LIMoOZ DY 7 Yy =T7 OHGmORG, FREREOFHLL->TEBY, S%OFHLWVY
T =T ORGFRELIIARTH D.

S%, NLHES O BLE, MARTATLAREDZHOHFLWT 7Y r—= a v O
MLETHY, TNOLEEHEMICHBE L TR - BETEI2H LW v VI I 7 FENE
FNDHDT, a7 O &, EERLEOBMBIIVETHY, KEHRIZTENLDIZEH
WThHHA9. Flz, Sk, HMALT AT LALANLHEREICEBNT, HILWLWA—FRT =T R
EonsoT, ary 4 7okt loERPHFIND. B, R7I0T v
(2] ZFARIZ, HAFBOENT-HHRELZH LY, ToORENLREHE [3,4,5,6] %%
BEXMICHITTEY, KBHTLFOERIZHEEBIZLTND.
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Introduction of Bio Computing Technology
To Rule Reduction for Rough Set Method

mEm w1 EH ! BAER &2

Junzo Watada Hiroshi Sakai Yoshiyuki Matsumoto

NIV
Shimonoseki City University

EE

Z7HEAGOHFEE, WEHAOMYICESFAHIARTWD, Z7EA6% A0 ALK H
firix, ESAMOMME FELELTHVWSENDS, L, 2L oRERMZH S BEIZIX. A
ARMPMEICR D, TRXTORNEOREFHUNEZFHE T L2MEIL, AL EBRENELT,
NP H#EZMETH D, ZOFROBEEZR S DI, KR TIE. AAM A a3 Ea—T 4
VIHEMNEBANT D HIEEMRHT S, ZOFEF, REHAOMEKIZ, DNA 4 1 H i 2 5 H
L72bDT, MEOHELMOEM S 2 RMICKRB TXx 5, 1998 412 L.M. Adleman 2%,
EMTFRHERT XA LOBMEEZHH L TR, ZoHEFIZ, BEFOT LY XAICIEH &
VEESTLHZLET, HILOMEMRRE T LI X LZRETLIEDZHEME L TXZ, LarL,
R TR o @ Bk E B s 2 FEN7% DNA iz A7 v XaiE, WERE
DNA OFHANBEONTEBFICRESNATEY, SFEHTE LTEZENRIEE LI HLEAT
WhHEIEFE ARV, KRB TIL, DNA S FHEESCHEABRIET 20 FLFDOA =L LE
DO EEHR L, — KBRS FT7 AT ZLOFBAERBAMLTWD, FIZ, TxBEFBLE
TIEEDR/MNNV—=NVIEROTEZDOPREN—IV /M THZT7 LT X LZHBELTWD,

$—D—F . DNARHE. REL—LEIM. NP EKEME. AESS57. DNASIEAHE.
I a—TFT4o77AeR, TAXFLIVRBEE., sEXREE., KXES
Abstract

Rough set methods are often used to reduce decision rules. Specific techniques using

rough sets are used as a method for extracting decision rules. However, when dealing
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with many decision rules, the computational load becomes an issue. The problem of
calculating all minimum-length decision rules is a NP-hard problem with combinatorial
explosion. To address this computational challenge, this article describes a method to
introduce biocomputing technology. This method applies DNA molecular technology to
the reduction of decision rules, and can effectively reduce the computational complexity
of the problem. Since .M. Adleman pioneered the concept of the biological computing
paradigm in 1998, this technology has provided the ability to develop new problem-
solving algorithms by utilizing and implementing them in existing algorithms. However,
algorithms using interdisciplinary DNA molecular technology for industrial engineering
decision-making problems are still limited to areas where DNA is used in a limited way,
and it cannot be said that they are widely used as a computational technology. This article
describes the mechanisms and techniques of molecular engineering that manipulate DNA
molecular structures and properties, and introduces the use of general molecular
algorithms. In particular, we describe an algorithm we developed to minimize decision

rules for minimum rule searches of rough sets.

Keywords: DNA computation, decision rule reduction, NP-hard problems, directed
graphs, DNA rough set computation, encoding process, deoxyribonucleic acid,

nitrogenous bases, hydrogen bonds

1.LEC&HIC

KBTI, T 7EAHE AL Fa L B a—TFT 4 VIV HINEZBAT L HEEMNT 5,
ZOFEZ REHA ORI, DNA 3 FHIFZIGH Licb o T, REOFHRLH O HHE S
R REICEB TE S, 1998 4E1C LM, Adleman [1]28, M FEMFHE T X4 L O & % B
FHLTUR, ZoHMNZ, BEOTALITY XLEAKROFEET L 2 LT, 85 LW ER R
TNAAYXLERBTORAEEMEL TND,

s, T~ =T BIORZOMOERLIE XY 27 CHEBT IMEICHLEN
SO ZMLT DICIT,. AT — 2 _X—X L FREMEZLEL LT 5 [2], [3],
INBLEEETLHE, TR RDET AT I LT L= T —2 %, MERREO-DDA
W RBEFELERD, 778y NI, A7 V27 b2, BLXOREBENOHER I
LHWERZFMA L L2 OGEL AT ZfRIET HFEEARELTHDL, ZOFEEZH WD &
EzbhleA7v=/ e ZhooRBEOHFEHRN LI NTZHAIZHME T2 &N TE
4], Bon 2 BANT, if-then OGREXDOELS THY . MR B RO T — X O FKMEH
MBI O GFUETIZEBTHIE, RT — X OfEmiB 2B O ®mE CHE - fixsd s, 2h
FEOLNEHRANC L2 BEEREXEORMAICRD, =a—F VR y NU—7 RO AT
T MM T ORBMLOEICTH RS D EEZEZ LN TVDHR, BHIZH S K% TikfEamtr o
BT HWHHAITHY | GiEEEZ R, ZoME»L, BfE, 778y MRITKRHE
BT —42t%y NMIBITHHMARBETCENEOL L2 ERREDOTZDOOEB L LRBEH N TS,

BRIE.Z7EAELZORAICET IEA2 OMENIA T TW5bH, £ D HIZIL, Slowinski
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R TRHREBINTEMRILFEBIVNEGEND, T—FMITOREEEOERICES LY T

c—HDOSHANH D, Grzymala-Busse 6], TF ANR— "N AT ALICBIT AT — X O R R
HE2ERTLIRENEOREHMOF R FIELABE LI, 20%, Ziarko[T]IZ, HTL WX A 7
DPREY AT 2THERE L T, REHAOMH FIEARMEL TWnWd, I 51T, Skowron &
Rauszer [8]1%, HIBITINCE S RE L AT LT85 H LB 5Bl 7 v 3 U X A& 2
BL7, BIOBS 72U XA, Shan & Ziarko [9]IC X » THFgE S, B2 5 Hik Tk
ERAEER Lz, 2 ORBRL72 4 TOREHAIL. W ODLDOEWKRDH D5 (X7
=7 b, BMEEZOE, BXOWRERMEDOXL) Z2HENTWD,

ZThEZENORETIE, BHAOTRTERDLIGEG L -HOBAEZRDLIGEND LN, T
NXTOHAZROLGE, 20BMEERIKGFT IEPLETHY, T XTORNEDOR
ERAZFHETHMEE NP RELHE O ERNRE TS [10], 2hiZ, 77y K
H BT oM —DORBERMETHS, ZOXLIRERITEBNT, B FHIXDNAFHED
FHEEZICHT 22 HTHRFELZREL, AFEBECIVBEBRINLEKRESZ 7 2O FELE
THERAEZRETEDZLZYPNOTCRLE, ZRICEYVR/DEOREHHIZEHRTEHZ L%
52 Lz,

EHELDOOBEIFIL, T 7y POHGwmMZEEBRL TW5[30],[31],32]. £, v L —¥
TOUTP HFFE 7 v — 1%, HEIHFOFHEEZRHNT, WET —ZORWICT 7% v OO TF
b — vz H L TRREEZETWD[32x], #HET — % OfFHTIC UTP 7 v — 71 3EHE O
Z77%y MRV — I E DS W TR 2 BiF T & 72 [49], [49x], S 612, kK
HlE., ¥ M, FinTech, REMBOMFESRIC, 77y Mok r— sz L T
R & B C & 72 [50], [51], [52], [53], [65], [66], HFiZ. FnZ WX, 2003 4E 2 A5, A
Abe¥kEAOMBEEML Hike LT, DNA ODILZEMIERESI THDHZ L 2Max L THLT
X 7= [42], [43], [46], [44], [47], [48],

KIRFHTIZ, 778y MBI 23REORMEMN LRI T 5720 DNA 70 F 805 2 W2 %
L7citRFEZY—_XA L, [DNA 77y FitHE] EAMHT A E T 5, DNA T 7
o NIREIIEHRN LT 72y POKFEBME L DNAHETLEEZMA LEH- Bl Th Y |
il T — BT EEREL VD, AR CTIEZOAEOHERELFMT D, M, 2=V
BOHRPIZED, —FXICELDDLIENELWVTED, KFIZBWTIEDINA 2 Ea—T 4
VI ORI AR R D, iR AR L T D,

AFEBIL, DNA 2 B a =7 ¢ 7 ORAFINZMH L, LTO LI ICHRInN TS
-l MRoERERT,

-2 RMEFEOHMEZIEDDIZOICDINAYFORKRIZONWTHHAT S,

- fi3 WL O OBE T 5 DNA 4 T HEMTEFI T S,

-ffi4 Ty NOREARNARBMELET VRERIZOWVWTIERD,

-5 BRAOMETIHRELTCELEHLVING T 7y FHHEFEEZHRHAT D,
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2.5% BEETE

2 THEIYRER

EMEROMBICHFET 2EMR) ~—MEHX, —BROICT IV ARERE LML,
DNA & BEFR S 4L CTUv 5 [40], DNA 43 T-13, AW DR E L AMERICBEE T 25 & F I F 7o liE
Rl LTWb, DNA T OMEZHFEOBALOFMAT 5 E2FS81FX, Znb0n1+2nT 7
A=KV ATF— )V CHRBEREIALENLT Y E2EHNRGFETCEIHEEDO AT Y L L THiE
TOMRANICH D, RKETIL.DNA 7. EBREHHEEL LIFIXN D DNA 5 T DO RERL B 5 |
BEIXODNA G FICHFET L2 ZoOBEBELAREEGITOVWTHHEIZHHAT D,

2.1 EXREREE

EARM VNV TIE, —KODNAGFIEY vV, BLO4AMBEORRLIEREAHIEND
BRI TBY., 795=2 (A, FI> (. Z7=26). L Fr (C) LS, b
ODEFXEHWEOZNENER L ITHEER L L BICRLTVAS, B 1 (a) & (¢) &, %
NEN EBEELLOTF=r (A) L77=r (6) ZRLTHEY, 2hbiE, £/, 7
JremiEhs, M1 (b) & (d) 3, ThTh EHRE#EZL2F I (1) v by (0)
ZRLTWS, ZabiFe Y I eFEIns[41], DNA SHE O FHIFTIZ. ZAbl-o
DEFREHBWIEAT,GCEZHEMNICEIEL TEROD DB EZITH,

TV UENFIZE Y IV VEHICHE RO TV A D, XR—=ZADRIILEN DINA O S & H
e, LT, 2207 ) VIFEZIE 20O Y IV LA TE 5, 8k
X, O DB R=AXRT Y ZIFAETALHY . b =DMl —AXT ) 7
G ECMBARD, 2ND —ODMHBIHR—AXRT UL IZNnG . WY UBOEKITL— 1T
IR ESNEZNE28DL, KEKUICDINA S FOLEOR—ZALFEUCHEEZHET S L%
AHEICT B, N—AXT OFBITHHE 2T a2 THY, A (DNAasDNA) THE X~V
v 7 AT D, LI -> T, DNA 53 FOXFMEIE, =R YU X7 LATF FEHNIEMICK
Xt HMIZAE S TasDNA~Y v 7 A&ZBHRT 52 LICBE L TWD [43], [1], —o0HEAe D ¥
A FOMMAHR— 21T, K1 () ICFRTEIICODKEMAETA L TEEFET S, 61T,
TODRED LA T ORMMIN—21E, B 1 (b) ILFRTEIICZODKEMETGC L CEMR
B4 d, FARTZ AT AES TORWESEZ T,

J

2.2 RRAKRSIRTFLES
WoDBEGHMEDZNZNIE, FAF LY R—RLEICY VBTHAETES, FA4F
SUR—ZARY VBEBERONWTEREBRT I2HA. X/ VA F FThbd, X7 LAFFFR
NRY X7 U AF FEICHEESTH20100F, VUBARLRFZBORINOHELFE >N T, B R
BXR VN IRBEOE “FECHEOTODVWTWVIRELTMOINLERND D, Zi1LbOILFHRE A
ZBUT, VVBZATLURMEEZIRKT 2BET L2 X7 LAF FOERK OO THE L T
VB, SbiT, FAKRVZAT ML TRHLADRHECRER THES NS,
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2.3 @1 DOHH

DNA Do FHEOMER: (2) 7= (A) (ZHEHEMHE) ; (D) FI (1) (—HE
i) ; (c) Z77 = (6) (ZHEHERMHE); (d ¥*Fry (0O) (—EEME) TV VEHBREIC
U IVUVHICHER DWW TWDHEED, R—=ZDKRIENDINA S TOREIERLCIZRD, LR
ST, ZODT Y NIEBIC OOV IV EHEATEDS, SV IE, —O DMK
N=AXRT YV TIFAETROY (b ) —DDHMR—AXT U 7136 EChBKRD,
IR ZODHMMEN—AXT VT BEY CBOEK 7V —TITHABICRE I TR
TERL, REBMICDDN G TFOEOR—ZA LRI CHEELZRET LS L2 ARBICT D, X—X
RT O II R HH 7 mE A THY, A DNAasDNA) THEEZ~Y v 7 A Z KT 5,
L7 o T,DNA G O FRPEIL, H—AR Y X7 LA T R IEMIC KR T AIZ & > T asDNA
N~V w7 AEERTDHZ EICHEEL TWD 5], [16], —2>DRL D X2 A4 T OGRS — X
. K1 (a) IR TEICODKERMETALTA2BRETS, &b, —>0RALDL XA
TOMMEIN—21FT, K1 (b) CRTEICZoDKEBEHATC L CEEEET S, RAKRY
T AT NLFESGTOBRVWES ZRT,

2.4 KEHE

DNA 23 7 Clx, Z2oDRRLZARY X7 LAF FEBBEBRANTHERD>WNWT, Z2OADF T
DAFZBEFEAL RIS, RYXZ AT RO _ARKEOBOEES I, KEHAE EIFIEN
LREG TN =TI Lo THEIND, FFIT, KEMBILZDINA S FOLEBENY v 7 ZAOEHE
BRIERL e £ DNA 3 FORmIRMEEZBET 2T 2R L TVWD, KEMEITRHEORKEG N
F—rHZBLTEID, ZRICK>TEEDOX—AXT (bp) BDEHKINLDL, TRDL, &
EATHICHETICOABAL, GEFEICCICOAMATEDL, ZORBEFIV NI -7
v ZHMMELE LTHMHENTWAS[14], 1953 4FI2 T Y > & 7 U v 7 13 911 DNA 45+ B4 Ak
ETVEHEL T,

DNA 23 Clx, 2200 RZRZFV X7 LAF FEBBEBRNTHEE IR, 2 20HADF 0k
BRERTEEHLCEREND, 2 DOE—OKRY X7 LAF FEHB O IX, KFEHEE
LIEEN DR 7NV =TIk o THEIND, FIZ, KFEBEIT. AEBEO~NY vy 7 ARE
D DNA Z3 F DS IREE DI K> CEERERZ R T, KEMEIT, @FOHEEX (bp)
FBUTCRATD, 2F 0  HEAZFCHEETICOAKEAL.GRFICCICOREAET D,
ZOBRIIV NV 7Y w7 OMEEEIZATN D,

TV UBHIEFHICIE Y IV UVBHICORRE AT A0, WEOTEIXIDINA ORI EFLIC
2B, LTERoT, 22007V rondnnd, 22008 I ro0ndiuns BRMICHES
T5, V5L 1 ODOMMMREIESITA L THrOHBREN, b5 1 >OMENLRE
XL G ECHLERESND, 26 2 OO RERXSNE, T XTORFEY VO Ny
JR—=2 TN —T XM F YA FEH . DNA 43 2% DNA B8 AT & o H I T sk L C IR A%
WEMET DI EEAREICT D, HEINOHRITHFH LT rEATHY | ZAKHEHD DNA
(dsDNA : double string DNA) DOEBEZDNY v 7 ZAEZ BT HZ LIFEETHDL, Lin
ST, DNA G T OMHIEIE, 2 20H —~OKRY X7 LAF REICEEL, TR ENNEMICK
KN AED , dsDNA ~VU v 7 A& FERT D,
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2 P OB 22T, K 3() TEoMER IR LTV D X o2, 2 2Dk
FRATALTERAESED, IHIC, 2HEORZ MM RERIL. X 3(0) TEOMHIE
RNELICRLTWVDLE LT, 3 2DKFERAETGC L C %:%f/—\é@fu\é RAKRYT AT )L
A ORNES L AKBE/EEOTNFEAOMAEG LTIV | FEEEY 7 DNA 75 71 & DB AL &
N5,

“EHOYAOPHOE TIE,. DNA 77ty ha v Ca—T7 4 V7 HHBET 57200 DNA 4y
FOEAEFTIEIZHONT, WL OO EEZ DNA 4 FHMTZ23HHET 5, Bio, k& T, HIRE
TN E T A = a DV Tah 5%,

NH, 0
N H3C |

XN | NH
N’) NH&O

(a) ()

O NH,
/ NH XN
< )\ S
NH N0

(<) (d)

B1: DNAIZEFIEONDEREREEZOHEER : Q772 (A (ZEREE) ;
G)Fsy () (—EREE): )J7=r (G) (CEREE): PPy (C) (—ERESE)

FHE (major groove) & EIFEE (minor groove) M/RENTWAH, HH : wikipedia:
K2 DNAO-—ESEHABE(CESHAR)
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H

H N N—Huecessee O CH3

N \
v

NH‘& Nesossese H—N

N:<H >—NH

(a)
H
H O H N/ H
\&N /, 1
NHZ N__.H.......N/L N,
N‘{ /
N—Hseseoss O
/
H
)

3: P bV-2 Vv I HBEICEISKRERHEZLTOWMEXTRLEDD : ()7 TV N EFS

vNE220RLGZZHEMNEBER T, 2 DO KFEHEICHELTWE: W TF7=-v @&y by el 3D

KERBEBICHEST S 2 2ORLGHIHEMWBETHEIBH, RUAS—EEFRIG (PCR) Hffi, Bty

5 ; EFDOINAZGFEMFICOVTHFRLTWS, chbDaFHMIEE

hEh, DNA ﬁ?*&&fﬁ?’éf.&)@i%&ﬁﬁ“’éﬁof&'d; ZTOEHICIFRFRLEDINAZT Iy oV E
A—=—TAVITEBETI-HDIRETH S,

3 DNA &> F £l

COBETILZ.DNA S FHMOFELZFHH L, DNA T 7ESHELHE T S7-D D DNA 45 F D
BIEZRLTWVWD, BERICIE., ZOETIEHIREREREN, VIV —BHf, A A7 -8
BBCS (PCR) Heffy, B ME S Fz%’ﬁ&?ﬁ BT VEKIKE O 5 O R 5 DNA 4 1 £
WZHONWTHRARD, Zb Dy FHffE, T DNA 2 #81ET 5, DNA 7 7 AR HE

EWRT DIZDICLERTTRTH D,
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3.1 PR B R Bl

FHR 2 DNA 24T 221X, BB &5 DNA 5 F DR EDENL 28I L, & D DNA 7
TITAY NenBET A20ERD DL, TAIZIE, DNA O 4 T HilF T o 5 hil BREE R E T 236 S
D, ZOHEMTIL, FrE D DNA B AZIERIICT 5 2 & T, DNA 43 F & B XIS B o W i
WYY T D, 2O XD el REESE OREREAIL, @E . 4~6HDOX 7 LAF K THERK SR
TBY, TNENDNMICT HHES 2 G AL TS [41], B2 ESD DNA 77 7 A > M,
F R 5O DNA SHEE S 2 08 L, fIREEREINZ AN TEN S 25~ OB A iUl 2%
ZETHEKRIND, DFED ., HIREERZIZFRFED DNA HEEIZRBE L, BEINTZALETE
NxUk4 5,

FIREER I X 7 L7 —B L LT E, DNA HEOREDAE (47 11 IR FX 7
L7 —1) TUIKT S, 4 o0 (A, T, G, C) OAREEEEET D L, EE D DNA M
B CTHREOND PHEBEEIX 40nFlZRD, 22T n ERBSNIEIOESTHY, 3
FHEORLIESOWMNTH SN D, & —I1C, 266 HIESOKWALNIE X 7 LA F REN
ORI, T, 1024 B OFKEANN LR 7 LA F R 277, &%, 4096 HE 3t
DEEAN AN 7 LAF RENMNEZ5RT, ST, HIREEELIMICH T 2 U0 OB, 5
K (sticky—ended) F 721X ¥ K (blunt-ended) TITH 5, 4 1%, HIFREEFE (EcoRI)
DEEDOHI 2R L TV D,

3.2 Y H—EHM

—ARKODNAEHEILT ARDORR DI\ O—AKD DNASHIZE FN DR E dsDNA F 721X
dsDNA (X, UV —BHMKErHWTEE TS, VIF—FiEZ, VarvF b DNA et R
BWCTEERY VBT AT NAEEORKREMBECE 5, AILFHFITDINA 7 7 XA I R
H—1Z )V =BTt AT1IODDINA D FIZEE TE D,

149 HT—B441F, V VB AT AEEEZMET 27201 ARKODNAHO X ¥ v 725 U
LA EIND, V=BTt 2Tk, T4 U H— B35 KA & ol 8 ol 5 12 &t
JETED, oA CHERIND I —EBANy 77—k, —BHUREBR T CARARERT T
v =Y U8 (ATP) REENTWD [45], WEEENOWM Y HLe®, T X ToORBEOHE
ERNy Ty —iFk EIZBREEES N TS,

3.3 RUAS—EE#HEHRKE (PCR) Hifif

PCR X, KA TITHLN D DNA 3 FHMTH Y | FrED DNA Bl &2 RIFFIC = 7Y A v b g
L5774 ~—DEMIZE > THK B0 Il £ THIETE 5, PCR £ AITIE DNA 70 F DRtk & o
LI &z, PCR HifffIX, DNA 20 T OREOEKZ KR L CEOMEEEITS, T D
% . PCREZIFIZMEMERY X5 —FP 28D 52 L0k T.DNAERYIOT 7 L— FEA
DERKIEZHYIELTESD, Ko XML TS PCREEDH 2R L TWND,
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«  aATCODOOOUDOOOO0T
5 1 GlN0N00NNNNANAMN, .,
” T000000000000De ] "
, JOnnnnnnnneTTas
LN
a__f“p."acﬁ

4 : 5-G|AATTC-3" & 5-G|AATTC-3 % & J DNAEE BRI DI E R T
DNASEE st D HIREER (EcoRI) o REH

P
e

ey

Thermal Cycler Dice Real Time System IV

with PC. 6: PHO—RBEKABEE: (k) 7 KA
B5: —RMICERSNSPCREEDH : 45 A8 D Mupid(R)-2plus EEH

PCR HfffiE, =XV F—L X7 VAT FEMEH LTINS FE2EKTH Ny 77—, 77
A ~v—, KRIVAT—B, BLOT U TV — IRV EBETHD, FFlIZ, RARDODEEETHDLARY A
Z7—BIXEEIBS LV DNA &3 T OB A AT 5 0075 Thd 5 [46], DNA 43 1 DA RO
FERAT v IRBOIRSN, KFTOAKINTZDNA o FIEHAEIC TS, ZhbEd 7T
A~ —OBKEFATRICT 2720I2m L. £ 0 DNAMFEMEI Z 45 & L TWnod,

MBAEEH DY A 7 VKD, DNA 53 FOEITT 74 ~—DHL5RIC KV RIFIZH N T &
Do FERKICTIZDNA G FBRAERSIN, BIA I NVBICTIA~v— RS NTZbDONEE
LTWD, MEE mAEY A 7 vd . DNA 0 FHUTHE M LT 5 A5, BER A Y) 72 500D DNA 43
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FEEGRLRZWABERN DD, KIEWRARFEDL LB H D, REREWICHLERY A7
NWEIFFEFICEBPRELS FWEEAT vy 7 EREFEEN TV DM OMEOBICIKET 5,

PCR £ O R IL, WIS ER TV RSN DBRICEEMZ MR T 272 DI S
72o L72M o T, B Thermus aquaticus Taq) RNYU X7 —F 4TI &M H L CEEM & HEEF
TOMLEND D,

3.4 B0 H AT

BAE S EEIZ, BEO DNA BAI 2D b O B3 L., 1 D F 72 138O R E D DNA B
AT 570l H T 5 oD DNA 4y 784 Th 5 [48], {LFRBE M., MRE, B X
VDHEBET 2t 200 OBHERIEAY 2% 5 BLRME S BRI, MR e — X280 L CKERK
THRZINEB L OB T20CERIND, ZoMmBEMTEL, ELFEHYE % MM
BIOSET o0 END, BlOX A FOBFMESBER M Cid, S #k S vz DNA
Wrh 2R e — XA SED2ZETINAD 2T 52N TE5[49], ZOFREDH
A T OBFESEECIE, HEER SN DA IIHRE—RXCHEEEIND Y H—EORE
DR—=A[FZHLHWNWT WD, ZONHEEITIZ, MR —XICHE ST HEEE . DNA T
DEZIEZRTEELSNTZBERE—XZLIZHMNT 5, 2O MITRRICHEE X7
ANSNDLEHODNA S T2WH>ENTED, L OoBMESBERFIIATLEND Z &
WHIHFTE D,

3.5 FILES KB H T

ZOHEWERNTDINA G TORISEZHETE D, FUVEKIKBHEIFIZIZ, 742 =270
BRABD —EAICHEASND, ZFVEKKEIZDNA T O R S & ET 5721 T2 < DNAE
FaEZOHENPCE VT OICLIEFICHED THH[50], KelZ—BMICHERINLT IR
— AT NVERKBEEROHZ R L TND, RIEEAINE S VEKKBIENE, DNA 431 O
RSZWETHET TR, BRAE SN LT F7 — X2 RMETE 5, ZOH L WEEILS
H—DDNAHEW R ZHBMICHIEL, TOESZRL, HESBREHEKRRTE D,

4 SOREEETILRER

ok rsvarTid, J7EAHEMOEAM S M HICHMERT DL, ZORNEIEL. DNA T
THEEA L a—T 4 U TICKDREN—NVDOMER ZHAT D5 DKL D, £lo, REXRD
Blazb5z, ZOBDODINA F7EEa L Ea—T 4 0TIk DMBIEEZRT,

41 SOKREEHOBE

7 7HE A Pawlak ([T X > T, WO KIZEKE SV TE A I T2 [23], Pawlak 1%,
77 =aT—arsta—T7 4 T OB, HILWEXOFERK, Mg ilohikk s,
BEZL<OHLWT LI X AEH O TREL30],
Z7HEGHMOMNMAERT[31], HGEOEAEEZ UL L. U LOBFEER LT H, RITERE
AUXUE((x,y) [x, yEULOEMHEAE LA RIS, ZOMIEAEZ R ENL, FFIZ, Fido 3
0 i 7 BIAR R IZFEBIAR & IR B,
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(1) (x,x) ER (HE)

(2) (x,y) ERBIX (v, x) €ER HFME)

(3) (x,y) ER 7D (y,z) ER 22 5 1F (x,2) ER (HEBM)

Ehiczoe x, bkuswmtemkmﬁékﬂﬁéﬂ%s&t:omfbkthﬂd
Ntl=lo—FB+ 5, ZOWEEZFHAL, SEEAUEZIERELEAS (& 53 D
£E5) OMERICEED, ThEBABRRICEOIMLES UDOHEI E 21 &%%%&io %
EEG[sIZ2MR s 25 LRMEE L5, dREG U, TORMEEKE. BLIOUDOHSES X
(2= v MR LLE) BEZXZONTLEE, =T v FEGXITIKFL TTFROER TR
» 5,

(1) TEBES (77 21) EAX={[s]|seU, [s]CX}

(2) FERIES (77 23) EAX={[s]]s€U, [s]NX* {}}=9,

(3) FERERES (77 22) EBX=EAX)-EANX),

EEDZ =7y FEAXCUIZHTL2INODOESIT. SRV MEICXNINET D0 (7
TAD, BEZEXZEENRRZVWLDO(Z T R22), FEREXHNCHETIAEERDD LD
(77 RA3)&HFb7T(32],[33], THELUEATESEXICI o THBMIZRE S, FH O IX DNA
F7EAEa LV a—T 4 U TEEFERALC, TOTFTEHEUEALLELN D R/INEDORE L —
NatFdH.

4.2 ETIELTORER

T7HELETIE, BE.REVATLADSICESOTHEEINDIIEREEZH > TWVDH, REV
A7 A5MDS)ZEDS = (U, T, e, W) EEXRL, TRDOLIITED D,
cU={xy, xo, v, xa) &Ly BEFE x, X, o, e BRI E LS

P={C, Lo, b & L BFEE O, Lo,y Loz RMERMELE K5, FEDOEME

e BAL, ThaREBRMEL LS, BIE (BT 2BHEEOMESZ 100 &2 <,

EHRUEBEOBMEEOMELSE 1v L&, WERBM c OBMEEOEASZ DY LT 5,

s PiUX(DU{e})=Iv UDv iIZKV ., R LB DBE~DOIISHT T 24T 9,
TR BRI TIBMEEAREY, TS E2 T (x), U (xy), o, WA (xy),
T (xi) &<,

BEMIZ nloxR e nfloSEtRBEEOZNEROMIZK LTI 2O BEENEE D,
CHIEFERNICIET - HKOoERELH 22 ZEICHYT D, FiIo, REBMMEES D Dv=
{t1, to rn}wk% REBEMBIZE > THREDL U OBAEEEZRES 7R L LT,
Dv “5,Dv % -, Dy "R ETERDLT, IREZ T ATAIEHIBTL2X =7y MEAICHY T
Ay

COWFRTERICEI ET VRERICANL TR, WERIT 8 2OXHR, 4 2OLMtEME
EEDOFHREMEME. 1| DORERBMEL ZOREMNLOMEIND, 2D DRENL—/IVIT,
RADAEERTIOICHOENLILERND D, EL—LEHMHNTHI LT, ZOWRERDOF
PERH LD, ETNVIREROHEMAEZRD XS ITE£RDT,
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1) ={x, Xy, ", X5

2 I'={x, 4 W, @};

(3) I*={(x,1), (*,2), (*,3), (,4)};

@) F={# 1), #2), #3), &)

) /M={(m,1), (W, 2), (W,3), (W, 4)};

6) [9-{(@, 1), (®,2), (@ 3)};
(7) D={DecisionClass-1% - A flio, DecisionClass—2% ik HfH 1},

ETNAVREROFMIILLTOHEY TH 2,
(1) xi={(x,4), (#,3), (A, 1), (@,1)};
(2) x={(%,3), (#,4), (M, 4), (@,2)};
(3) xs={(x, 1), (#,1), (M, 1), (@,3)};
(4) x,={(x,4), (#,3), (M, 3), (@,2)};
(5) x={(x,2), (#,2), (W, 1), (@, 1)};
6) xe={(%,3), (#,4), (W, 4), (@,2)};
(7) x={(x,4), (#,1), (M, 2), (@,3)};
®) xs={(x,2), (#,2), (W, 1), (@, 1};
(9) DecisionClass—1={x3, x4, X6, X3} ;

(10) DecisionClass—2={x, xo, x5, X7} .

1. Object — 1 = ((x.4), (# 3), (m, 2), (@,1);

2. Object — 2 = ((*,3), (# 4), (m, 4), (@, 2);

3. Object — 3 = ((x, 1), #, 1), (m 1), (@, 3);

4. Object — 4 = ((%*, 4), (# 3), (m, 3), (@, 2);

5. Object — 5 = ((%,2), (4 2), (m, 1), (@, 1);

6. Object — 6 = ((%,3), (#, 4), (m, 4), (@, 2);

7. Object — 7 = ((%,4), #, 1), (m, 2), (@, 3);

8. Object — 8 = ((%,2), (# 2), (m, 1), (@, 1));

9. DecisionClass — 1 = (Object — 3, Object — 4, Object — 6, Object — —8);
10. DecisionClass - 2 = (Object — 2, Object — 5, Object — 7)
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B7: EFTILNERATSTIDRE

N T ———=1 Object-1
:[‘[E—*—ﬂ} —:1(.'_2”':: ——21 Object-2
=] Object-4
(*.4) = Jma)F =f Object-
A A l 3 Object-
’.—’:n .._..i‘l Object-6
| Object-1 | = @
Ohject-2 | ¥ S . il
| : —*l r : Object-8
|Dbjccb] - I ; = # 1) E : =l (o, 1) l_:J
I—,_'L):F: : == (#,2) = . %,T-.lz_mlz
ject-5 = f
@ *—E‘W!: %‘:
[omjec} |
Ohject-T

BTIEx1hid x8Iik0bject-1/, 5 Object-8 ERXFEN TS,

43DNAERITS7ICKDIL—ILERDH

FROEFEFARERICHG LT, MTIZRTEIIRDDNAAEMSZ T 7 %ESH, DNA B0 T T 7
DERBUT, WENLN—LVEHNTHEOICERIND, T VREENLEH S L7 DNA 1
77 7% TR, 22T, 520x/—F (x,4), @ 1), (#3), (K, 1), (B,2) X
BEEOFMIZE#BELTWD, ET/AVDNAAFAM T T 71X, 8 DOxf5 /) — K U={xy, x2, =", xs} &
4 ODFMEEM T, Lo (s CamBERSND, 22T, 3OOFKMBEME (1, (a2 (31X 4
OSDEMEBIEM AT Y . FIEBM (X3 0L ERBEELIRS, EFAXTIIIZ. 52
bAvixt / — Ko DNA B2 4 & — AR DNA (ssDNA) & L Cxzra— 3 3BICEICHER SR
D, MTIZEKRT D,
(1) (%,4) IZBWT, Object-1 X (#,3), (M,2), (@,1) ~&FESF5H, Object—4 (%
(#,3), (H,3), (@,2) ~& @31 5i, Object-7 (X (#,1), (M,2), (@,3) ~& 5
fTFonTnd,
(2) (#,1) IZFBWV T, Object-3 (X (M, 1) ~FH M-S 5L, Object=7 1 (M,2) ~Jimft
o TWwWb,
(3) (#,3) IZBWT, Object-1 & (M,2) BELY (@,1) ~FHm3F 54, Object-4 (%
(W,3) BLY (@,2) ~FhuiFohTnd,
(4) (W, 1) IZBWT, Object-3 1T (@,3) ~FMmDF 64, Object-5 & (@,1) -,
Object-8 & (@,1) ~EFmfFFonTnd,
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(5) (M,2) IZBWT, Object-1 1% (@,1) ~, Object-7 (X (@,3) ~&FMffiFbh T
5o

FREOBEICHE VT, DNA DALEMARMEE 2R WEESAR/NED 13 HOL—LEET,
LS 1o —A i3 TR 31,

(m,2)==>(w,0), (X, D=>(w,1), (M@ 3)=>(w,l).
SRR 2 MO — LT FER O 10 {#,

(k, D&, D==>(0,0), Gk, D&M, 1D==>(w,0), (*,4)(@,1)=>(w,0),
(%,0)&(@,3)==>(0w,0), (#,3)&(m, 1)=">(w,0), (#,3)&(@,1)==>(0,0),

(%, )¢(@,2)==>(w, 1), (#,3):(@,2)==>(w,1), (#, D&M 1)=>(0,1),

(m, 1)&(@,3)==>(w,1).
5DNASJ&BaVYEa—F14vY

AEICBWT.DNA T 7HEA I B a—T 4 v 7 = VAEROE LG 2R Lz, KEiT
IXHTEN 4.2 ODNEZ —BILLIEERRICOWTHRARS, IREERDS = (U, T, ¢, ) DEFRITHE
ST, DNANAMZ 77 %2R 5,

51 DNAICHBIFTHERIT S 7

3 ODRRBIBEIENHY, TN RER, FMBEMEER, FMEHMEEREL T 5, RE
KROFM T 77 2ERT DI, FHBMEEREFHERMEEESRZ AL T Ix2EF#E)
EMEINDH—DHERIZT D, LER->T, 1 DOMERIIFMFBEBHEER L KITBMEMEZER
EHANTND, TO2O00RZLEF (HREFREHNEUFR) 2HNDHI LT, Zhb 2
DEFENORODFTLWEATORMTZ7 7, WbwwbDNAFIMZ 778 EZERT D, LT
TIE, DNAFMZ 7 7ICHAT ARG ERENEREZXNSR ) — FBLXOX / — FEIES,

DNA A7 7728 WT, IERELFEKIE n MO — R x,x0, 0, x, PORDIES
U={x1, xo, ", xa}» mIEDRMHEBIET={L 1, oo, Caby Iy & Dy 2R D, X/ — FES
HRXTATHIE L TERBLPs ET 5, DNAFMZ 7 70 EIInHOXNSE ) — KEnfHoxt/
— FTHRINTWD, 22T, —HORMEBEIZMOSMERELY &RV EM4EMME
HLoxt ) — RN 1L EFEET S, 200 M) 2ETEDIZ, BEORS To) &fl
MT 2%, MTIE—KODNAFMZ T 78 DRHILGE TH D,

M8IZ-oWTEKT D,

(Dald, nfHOXE 7 — R xq, x2, ~ ,xa2OnflOX / — (L, v, Y, (L4, P Y, -,
(L1, Ut ~DFHmERT,

(2) biX, nflDOXER ) — K xi, x2, =, xa DO 0fHAOX ) — (Lo w59, (L, U,57),
(L, WatE) SO MO EERT,

(3) c . nflDx, —F (L, i), (LW, , (L), 20 nfloxt /) —F

(Lo W), (Lo W), [ (Lo W) ~DFMERT,

(4) d . nflHOX/ —F (L, w8, (L, w5Y,~, (L, v, 5Z0MO n @ o %t
J—F (L@, (L0, , (La T ~OFmERT,
(5) e X, nflDxt/, —F (L, v, (L"), , (LL,v,"Y) 6 nfloxt/ —FR

(Co, W57, (Lo, 2t (o, W) ~OFHMERT,
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(6) T 1EX, nfHOX 7 — R (Lo W17, (Lo W), (Lo W, 9, nHZOMD nfH 0%t
J—=F (CnWit"), (LU, (LU ~DFmaERT,

(7) g 1T, nflDX 7 —F (L2 wi%%), (oW, , ({20, 76 nfHOxt /) —F
(L 50, (Lo U2, , (o Ue") ~DGmaERT,

(8) h X, 2o nfHlDOxt/ — K o e 35 nflOxt, — R (Lo, 015, (L, U,
L, (L Ut ~OFmERT,

(9) i 1T, T nflOxt /) — K o B nfHOREG ) — K xi, x5 v, X, SO
WIF 0D F % &RT,

(10) J iF. nfBOX = F (Lo Wi, (Lo W2, (Lo, o) (L, 157, (L, Wi©
D,y () B nfHORER — R xi, x, v, xo D HFMEXRLTND,

FB1Or—ATIH, JdR ) —F ik = F (o, wt ) ICH L TAHRMEKREZ bS5 ET
DY xie(l o, Wa ") ERL, x1 e({ o, wa )ITIFAMBELRR,
W2 Dr—ATIE, &/ —F (s, wilp)RNHR /) —F x;Ic LTCAHMBEKRE L OEAET
bV, (Cp, wptPlexsmRL, (g, wpt?) exjiTIFAMBKRERN,
R — A TIE X — R (Lo, Wa )M — R (L g, wap )Tk L THMESRZ D
DHEAETHY, (o, wa e, wgtP)ERL, (Lo, wa ) e(lp, wg ?)IiTiTAM

a -_—
- " 1)} el
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T R g 188 ]
11 M = Ofgexd-1
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. - - -
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Abstract
South Korea ranks seventh globally in container cargo handling, whereas Japan does
not hold a comparable position among leading countries. This study aims to analyze the
status of global maritime container cargo, examine the relationship between maritime
container ports in Japan and South Korea, and provide insights into Japan's current
situation. Although the global logistics metric is primarily based on container cargo
volume (TEU), Japan’s unique industrial characteristics result in significant imports of
coal, oil, iron ore, and grain—commodities unsuited to container transport—and exports
of passenger vehicles. Consequently, Japan's contribution to global competitiveness in
this area is limited. Meanwhile, global port development trends focus on
accommodating larger vessels and enhancing container cargo transport technologies.
However, Japanese ports face limitations, as the world’s largest container ships cannot
dock due to depth constraints, making it difficult to attract primary-route vessels.

Furthermore, Japan’s stagnant economy necessitates prioritizing feeder services.
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Uy (SLB) ®F ¥ AT -7 R7V vy (FERIEF]) ONTHE LT EMNT TN D ]
RIZEHB Lz, 287206, £k, O EHICH 2 UMMk o #E 281 5 2021 FE O
barvsrrREEmEAH (EL&LmE, 2022) i, AEar T EICHIELL TR TAHRS E
1,548,766TEU?’ T » 7= (ZEAF 17,910,912TEU (2% 5 8.64% & b 5), 2D H b,
Lk LM (LN E TR DN ED TWAREEONE =T T BEAFH1E.1,291,939
TEU Tk 5 (JUNEK 83.42% % EHTWVWD), ZOWRWN L b - BIMU# (b JuIN ¥ -
TR BIUUNEZRET L2757 F oA OFEEZHLPICRZLTWDE EVWX D, EhbZ
Z. UM =Y TR W TA K, M - B (dEJuMdE - TR 12X 2 EEWE B o

1) 2022 FEIZBIT D HAOEE AL, 99.5% (818 5167 7 b)) Mg L#ik T, 0.5% (399 55 b)) M
WLzsfmi/2 vy (BRI ISH I E, 2022, p.12)),

2) TEU & X, Twenty-foot equivalent units ® I ¢, 20ft.=2> 7 ) 1% ITEU £ LTW5, ZZTW
5 20ft. & 0E, 1B (W) 2.0mXE S (H) 2.6mXEE (D) 6.1m¥ A XOHE o> 7 F Bl £k o HAL
EEWLTVS,
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RO AEEICHGENETS,

AFHET HICH 720 MIRICET 2 RS ESE N E TS LI BR~OWE & |
ITNEXZD2HBBOBRIEREE2 T2, ZOMICETEB I, EEMSHRO
ar TS IEMBRPEE RS TAL GEMIL 2.1 THIER) L, BARMN EALZ T AITALE L
Tmﬁwﬁ%#%é AFOMEAMIL, RO Ea T HFEHORRELE LS 2T
AACEEICKE T2 ELa 7T ERBORBEZEL., AADOHNEZRT Z L TH D,

2. AVTTEEOHBFHAOEENRE-HNK

HARRKIZ, MARBELEOORBD ZRDLFT, Ju—RYE—TaroiEE, AHY
SOBREEZ T N oA RICKEAE T2 (BRFEKEE, 2021), FFIZ. 1980 FR 25 O fi
DT, BAORFERER 1985 FO 7 IV ERELUBO AR R M & EOERK N H A O
AN X2 QS MBEE R L CTvo 7z, 1993 A 12i%, AR GDP 0 18% % Hd b L 5 i
mole, ZTORRERE LT, HROLES - REOIMKIC L 2R T, HABK CEES
EWMTOND LT To BRIV, 2000 L% 0P EIE, BkEfiom Bk - T,
ETNUmOHEEEKRLTHEFELWVWERZEZL TS (K 123K),

2.1. BEOYRICHTIBLEOVDTTFEVMOLESIF

1980 A= LIKE, H R K OWES M H S A, A FEIL 2 [E S ASEAN Hilili ~fk 2 2> 7 b
L7222 6 AR PEEME I XEFICE(L Lz, BRI, BN O M5 b6k %%@ﬁ
LOONRR-oTERLILT, BAOFEEEBOW Lo v 7 T EMENHMICD R 72
S TC&l, ., EEHEZOLONEEMLL, BiboRMIMHIEe, 774 F = —>
TRV ANRELR, V= FE A DDEHi=—ANEmEoTm, TOHFRE LT, AAENIC

B oEXERSMOBHFZERIC, TAECEHEBEFE®RLZ I cCoEERmEEL LTV 20

(H i TEU)

237
250
295 Vovvvavy 1 R R B R R 207 227 \/—‘
178 189 240
200
222
175
150
125
136 COVID-19 M % &
100 e
75
50
25
0 O I~ 0 OO © 4~ AN M F 1 © I~ 0O OO © 4 NN Nm F 1 OV I~ 0 o0 O — AN
o A A AN e\ = i S = R S S o B e B e S o B o B T e T B e T e O e B B B e B SN BN RSN BN €220
A O O O O O O O O O O O O O O O O O O O O O O O O o o O
— o= = = = A A A A A A A A A A A A A A A AN AN AN AN NN NN
K1 :#HRAOATTFERHETHBER

H Ezkiﬁﬁ’nnﬂﬁa)b—j (2022) , p.5
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G EE AL T DL o7, ZTOZE T FEBEOEBANEGHICHER L, EE
HiEE KRELBILESETCWCERICL 2>, BT 208 HRAOYHIZ, V-~ a vy
JHBICREL BN L, BRIZE>TIE, ZOHKREZEBEICHE - SLERa T F
THELTORRHEHES Lol hoTe, ZOFREL T, NT vy T EME N T
THICE > THA-BEMTZTELT DX OICho T,

FEHEIT, WEEREOMNBEST ZWHBICT 2D ICEYBREEEREZINETILERD D &
Exl, W EEEORMIT, MEEYELNEFGAENL L OORERBHNEWVZ &2
FEITOND, AT, M@, WMEREAEWCER 2O E LV BEENEEN S
na/hey MEMREL TN EXEINTND, LLLARRL, TOEEIZHO N THE
P TE TRV, T, EHIT 2001 FE% 100 & LEHEOB RO a7
TEMEEMEEMEOREEAEZIEHE TR 2ICR L, ZOREIDH 2002 - F ToO
2RI, B EEMRE S X TEYRRENEML THDEIN, ZOFEEZE—27ICTF
Be LR 2005 AELIRE, W a7 BB L0 M ZEHKIC L 2B ERBEEN KE %
LA TWD ), 2009 FFICHLZZEME L & £ o2 7 T 1Y o i3S BAE IS
L, Uth, TORxOWFRERICEEISNENOHEBERVIEL, Loy T Ehim%
B OGN, MZEEDREELLY bmWRRAEE, oW Ear T FRYgm%EIc o
WTIE, MEEMERRVBEEICRFEEDHFRZESL TV DH 28, 2021 4F O KR T 2002
EREOEMEEDOLRVWHFICR>sTWD, ESEBICLIMTE~DRELVIBAND
W AT IE, ML ELZ T TS, ZOREIT, MG L0 b 2ZigkeEo

(580
120 X4 JTTS54 LKE ")—7‘/~‘/5|~y7
115 - =
110 / -~ /\\
\ BAERE Kb EHE
105 / _mrE p >
100 | b \ 7\ /
\ N EEAKRENR \ ’
95 «— ===\ / /\
FILRR \ 1S \ ! \
90 — ] N\ / \/ \
85 \\ S - - / \ ! COVID-
\|/ "4 . \ ! 19 B9 #E
80 = y bS5y T €
75 ARER \ # R AR R B \
70
S b O » O o S O Q N O O % &b b A\ D O N} N &L
Q S Q Q Q \) S \) \] S D QD D |\ SN O Y S Y QT
RN A R SR NENE NN ENE NI PN S

a7 EY/AEHER - - RN/ et

2: BADOMMB LUMEEYBRBENOLLE
FE EXEVZERREL, BBEMER,.
HE : BXXE4 REBEARMKHEN) $LUV BRHAMZEEYBRRAIIUIRER) Z2REICEHER

3) AR - FHAE (2003) ICENIE, MEEYRETREBREDL T LERD, TOD, MIZEEMOREIT,
REEHEROHED 7+ F = DTN L - TR ED, RERL, EYWREO A NEAETIONR
BN, Bk, Ay 7, REHEZE2THRELRY Bl THHM), —RHUIT72+VY
A —NEESRCHENL— P e BB AN 2L, WMERETOFNLBBRTIERENS N, 2D L)
RO ENMEEWERIR LD o2 LI L AERENTZ D EEZ LN D,

¥) 73 UOF—LiZ, HAGFET IEMAIHEZEEL] L, MELLEMEZENY . MOELENTY
DHERETE A0, ALz, 8k, B EBIEAR L) 2R L CEXES EZ A EEEEIMLETH D,
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(i TEU)

XT7I51 LHE T—=oTav7
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ILFR LT = -
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2,000 i85 IJA_ﬁ
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1,500 /—’ XPHBE
— RERAERK | t50F i COVID-
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PN N D O D3 K b & O O D O 5 WM O A\ & O N N
P @R T IFT T FRI]IIII SO v
R R I I M M M N O NSO €D

HAGEYEUE (JITEU) - = HEEYIWKE (JTTEU)

3: BABLUVRENOEYRZENE LR
HE: ELXEE REEGRHKAER] BLUHLTURE SAALH (2023) TEE#HFRATLEH
=8 AL 228 AHOIH Fe " | #HICEEMER

FMWRELZIT WD, ZORWE LY BRMICHHLT 272010, MM cfb L
2000 FFLBEDO AR EEEOW Ea v 7 T EYREEOHBZK 3 IR Lz, B 306
L&V ICHEEKROW Ea T T EYBRWEITE L ERELOF LWVHEINEMIZH D, FFIC
2009 FELBEOBEICB W T, KigIZEEa 7 EYRWENHEML TND (2 ORI
L ClE, &Ei 2.2.2 THEHD, —HOBRICBIT 2 L= 7 EDRPFEIT 2000 420,
y¢@ﬁﬂﬂﬁ6ﬂé%@®%ﬁkﬁhz/7f SRR ENEML TS, W Ea T
BHOBRPESEM LI RE LT, LEMESFMM 2R S0k EOHIN, Bl FE 0%
BICEAMAMTEDRHEMLIZmARKRE D, FRELT HRAOESGESCKEEHOWE E=2 v
TTRPEPDRICHEL TWD, TVTHET, HEESN L —@RETLZ LT, H
B2 S| M ESHEMT 2 b0 L AL, B2 EE RS A7 7L LTMEST ., M
MHIC B - EEARF OREEZIT-TELEWNZ D,

COREIZHEHTHT VT HEORFIZOWT, 1980 FLEOW L7 TR ET ¥
Y7 (R 1R PO EROWRICKTHABSF 1A 20 F T LI LT, FOEELFE

DIZT 5, 2020 4FBIfE, ML 10D > L T THEOBNR T 74 LTWD, TD%
KON 1980 FFYHE, T F U ZICHb A>TV ARAWVWETH DL, SHICHE L THRIE, 2000
E@LﬁlO%K?V&%VLT%é%i Tkl LD 2O R T, TOMD 5 HE (5
WA, RO, RN, FEL. KE) 20 TRKELZETHL, TodTay 7L
HhPE L PRI, 40 R Lf%ﬁﬁ@%%§%@mﬁwiﬂ2o% T4 LTW
Lo LML, ZoO2EEPAIE LEFEOEICIEMZBWEANTZRRICH D, BRI
X, 1980 E DM AT, By T /X LikS 26, SILPEEN 16 172~ 72, 20 4@ L 72 2000
RO v TV E AL 5 LA~NEM 2 E L, 40 1% O 2020 FONEALIE 10 fi~& & 5
WZIEAL 2 T iF 7=, i o2& ki, 2000 12 3L F TENM 2 EiF 72 o 2020 4K CTIA
iz TR FIFCLE-T, ZOMENSL S, HAROITHEFEE. Rl E A FE I A -
HE ARG H COREELITV, EICHKREE BT T2 Enbhrd,
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X1 #HROOVTTIFRKEHRT—E (1980 F£Hh 5 2021 F)
JIE 152 1980 £ 2000 £ 2021 &
1 —a—3—%9 (7*AUh) F& (v E) Lt/ (v E)
194 5 TEU 1,810 5 TEU 4,703 5 TEU
9 OyTILEL (FS52F) SUHAR—L SUAR—IL
190 5 TEU 1,704TEU 3,747 B TEU
3 F& (dE) £l (B&E) FERAWL (hE)
146 5 TEU 754 5 TEU 3,107 5 TEU
4 #E (BX) B (&3) U (R E)
145 5 TEU 742 5 TEU 2,876 5 TEU
5 = (8E) OyFILEL (F524) B (RE)
97 A5 TEU 628 5 TEU 2,418 5 TEU
6 S UHKR—IL & (7E) FE (hE)
91 5 TEU 563 75 TEU 2,371 5 TEU
7 Yo7y (FT N kYa) O YEILR (FAYAH) 1L (BE)
85 A7 TEU 487 B TEU 2,270 5 TEU
8 OV E—F (7AUhH) QYT E—F (7 AUAH) XiE (FE)
82 7 TEU 460 5 TEU 2,026 5 TEU
9 NITLYT (FA4Y) NDTILYT (KE4Y) FE (7E)
78 5 TEU 424 5 TEU 1,779 5 TEU
10 =05 K (7AYAH) Fobro—7 (N )LF¥-—) Oy FILEL (F524)
78 5 TEU 408 5 TEU 1,530 5 TEU
13 i : #iE (AX) 2141 : : HER (BX) 194 : =a—3—%
72 B TEU 231 5 TEU (7 AYH) 8985 TEU
16 7 : F1 (8BEH) 22 : F (AXK) - FGE (AX)
637 TEU 226 5 TEU 786 5 TEU
184 : R (HAX) 2841 : A E (AXK) cBR# (BX)
637 TEU 191 5 TEU 524 5 TEU
394 : Kk (BXR) 894 : % (AXK) 414 : B (B XK)
257 TEU 517 TEU 486 5 TEU
46 L : HHE (AXK) 112 42 : LA (BX) 72 i - IR (AX)
207 TEU 12 5 TEU 286 5 TEU
92 fi : dLAM (B RK) 734 @F (BX)
8 5 TEU 282 5 TEU
HH  BEXREER—LR—D (HROEBZEMNaVDTIFMFEHS XV T) KYEEBERK

ZO2WLHND 1980 FFHFFOEE 2 -GG, MR 1ol a7 PR ELH
Wihe=a—3a—7#% (7 AU ) 1, R 1LIZHBBE I TW RV 20 4F1% O 2000 41 13@
(300 77 TEU) ., 40 #1% ® 2021 412 197 (758 J7 TEU) LJEALZ FiF T\ 5, [A4FE YK
DODHARDOHEICHER LY T TR THIIX, FEH#EN 407 (145 77 TEU) Zo72, &2 AH, 20
e D 2000 4F12 22 iz (226 7 TEU), 40 4 @ 2021 412 73 iz (282TEU) & & L <JH
iz T Tnod, MEEIZONTIX, 1995 4F 1 H ORI RERIC L2880 IR %
THFTHE LR, oMo B RKENOUEIT, 2000 4FLIE EAL 20 BUNICT > 7 A4 o F
HTE TR,

ORI RO AARENOWES  EHERAHALOK T2 0 EERME LS, 7 o
— A=Y LT LE o7k H D GEMIZ OV TIX, KE 2.2.1 THER), ZoFIZH>NT
X, BARICEBIEVWEILELAAROBEFELL bHAMICEN TS, ZOFEZRICOWTHEIL
(2021) 1T, BIUEDOR—L2X—VOT =X 5 FLICKDO LI e ERKE L TW\5D, 2020 FD %
EsicB I pa T B &E1L.2,182 5 TEU H Y . 2 DOWNR & L THEiH A 495 5 TEU,
AN 485 5 TEU, hTF > v 7 (T/S) M 1,202TEU 257, D% V. T/S kRN EED
55.1%% 5 T\ 5, £72.2018 F 0L L#E O R H T/S = 1E.56.35% 72 &\ H 4@ L (2021)
I Foh T, MERNIIE, M2 - 5/ - PR - R E A~ T/S HEN & W3,

4) ZIZ Ty 74 —=F—] LiF, BRpBICERI N EZENOHTEA~RET 5 &V o2 Ko%K
HaERleT LI EKRTH D,
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Bia T FERISEE O R IT - Kk - A0 T/ISHE b EL . FE L, fILER AT LTW
51 EWET 5,

2.2. BERLEEOEEBER®DZEL

FEHOIX, A 2.1 T TEAROEE X, EEMOHAMOK T OAEERME»OEEIN
TLEW, 74— —fbLTLESTWVD] LlBR7z, 2 OTOHARZ, HEAHALRH D
fENS TEEKE], MEEE] REEHINTVWELOD, ZOROE I LKL
R, BARN TEEKRE] EFSNT-REIX, 19754 (19804 1) THDH, TOHEEOM T
oW Loy T EDBIREIX, HRE SMEES T\, TOHROMFICHT D B ARDH
BOFERIZ, £ 1ICRTHEY THDH, BAROEBENEBEMNICHFAKEZELS LEEBIZOW
THYME (2023) 1T, BExREBRRNH D EW o729 2T THENSEME (7V7 - BRMALE O
A BARNFESCHEEOLICH D) 2 FTC05DH, EIX, ChZ2EERTLIERLE LT,
2021 DO B AR LM E O E =7 T EYEEENEE 131.1 5 TEU (7 27 - BN
D 5.3%) ICHBES>TWDLEEEMRT S, 2F0, 7V7 « BRINME O LB 2 EE 3+ 251
Hat (F2i3t) 2 PEOEMARAARETCES I LA HEN~TERORNE EN D,
WEAHICLTAENIZ. AL THY — R A 220 L, RERER LY ZHRLE-VWEE
ZHDNYROBIRITATH D, $1-. LI T T EDMROKRE ENHEROLLITHEVE
bR L THDE D RE(E L, TWHHAZRE L2RTILER S0 E W o W E K 7 BRI
FHEIABRET,

2.2.1. BROBEBBEHER

BAE B, #EE o EBSAHALR FiCmid CoxdReE LT ITA— R—fXEBER %
2004 FEENSLHBL TS, ZOBSRMERI N RS & LT, TAEOELHES K
TERTOTONTEBREBH L CELERNETOND, HEREAE (2010) 1L, 20 kX
IMBURIRED 7B AR T A= N—fEBER) 2FE ML, ZOBKRAMSE L
ClarvrFZ2—IF LY —AKEDON ECWE a2 N ORI A 8@ U T HESHE O %k
HEZMER L., DR EREBEET DL L ICE > T, EX0EEHES HOBIL: BER
EEOREEKDZ &) IZERLTWVD,

IhEZT AR EERELZES) DREINTLE. 1FFOoREHHE AR TS
EOWE O bt CRRHE - BUREE) . TR (KRB - v e ) . JHas (L R -
PUH i) 28 EHiB L L, 2005 4F (213, A—N—HiRICE TSN #E L [HECHTEHE
BE | ~LERMEST 252 2R EOBBIERIEEZITo7z, ZOBKIIx L, HEAG
) 4,100 EH O E MThohil, Z0%OKBEZEHE = 7 FTERIEEE BRI ZE S, 2010
F2HAICREEOT TIUYOBEEIZONWT FERR 22 FE 4 HALITHE = X MY 3 FIKIRL

5) Blx X, 7¥T c BRMM 0SB A EE T HMESANARICTFE LRV & T, OARBEITIZ)
mHE (V—FKZA4 L) 2HET 2RI, ARMEEORE FEE) om b, @R o=,
®Mﬁﬁ%®@%m;5%H%®Mﬁ&aﬂ*f%ﬂé

6) ITHE (2010,p.45) (X, TA— X—HiXEEBEIR ) NEBIND ETTORKEICOWT, 12001 4 8 A
PR S T2 0T W R KM X, BURAT O 2 B T, BARBE O 7 a— bz X257
TAF=2— OEEEZXET IO, BHTRERN, PIRMAQRBMERSEE LTEHEa YT 5 O%
Bt AZH#HET D] L, WWT IE+RZXBRKEOBEMEBE CTHIXBHEEFZSNER 14 (2002)
FE 11 AIcEF Lo EERicBnT, THEay 7 FH#Eoax b, y—bE2AEELUET IO [A—
NI EEOEK] 2B I LRI TWS,
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U—FR¥ A L1 HREORHNE T2 BEZIFITER L, EHHEFERZIZONTIE,
HEH THRIT W, %ﬂ%%@%fﬁﬁﬁitiﬁ&kb 2EEYMOWN ST Yy RO R
ARZZPELIZBODEAREMLTWE ] EEediz, 2EV, HEERTEXZH DD
G EEE TIZORN Lo T,

ZORREERE 2, 2009 FY RO E LW AR (FIEMRAIR) X, TEHERS D E &S0 5
I, SHICEFTHICEH T 2EBZRVIADKLELNH D] LWWHIEZXZRLIE, T
T, 20094 12 HiC THEE= 7 FHIBEBBRHNZE S PREINLLER., £ORESE
BB E»oT-, 4y AODRTEWM 2T, 20104 8 HAICEEOHEE O ) 6 ik (H
FPE - BRUCUE - JINIREHE) & BRAR s (ORBRUE - M 3) ZEBE > 7 T HIS I & L CTHE L
e TOET, ZNOLOWBZH L WVEEBORE L L C IEBRIRISHEE ) L EMT 5700
2011 4 3 AICHBIEOKEZIT oo, ZIITFEW ., SPGB IR 2 Kk %%@WW
NRM I WIBEEE, N— R VYT N R RoRANREREERL TXx7e, IHI2=
YT E =0 ARIIEE & EEBLT D 72 O PRI 2 A B A AR L7
EZAN, RO ERFIX, ZoOMICb a7 OB 5 KA L, S o 55
BLEZ LT, EARMBOFEMOK VAL (FW) 7o CVE - B 2R B EENKRE
SERLTEERET TR, ~JEo LI &2 L, BEWICIE, BRSO EBHIE O T HIR N
D3 RN 2 ALK b RE R ol 2 X2 A MY B8 L Twvo e (i, 2016,
p.56). AU, ZOWREKE L-8BE., EMESHK L OMEERL Kb D5 EE
ODEERE PRV ENS ZORREEATZEE 2 7 FTERIEEERFTZBESIL, 2014
F1HIC THEES ) TAEY ), TESNMIE Y] O3AENLRD kLTl %
£ L7z (HE2ZW4E, 2019a), Tz, B (2014 4 12 A) & ik (2016 4 3
H) oWEESESbCx L TEMET 2 LT, [H - SEEEE - REOB@ A 2L
L7z (fil, 2016, p.56),

INHLOEBEICLY, HEa T TBIBBBEEN TR AT —VIC AT LR DA,
MRITIELLICRTEY THDL, TOXIRFMERIIR-TEHERLLT, a T FHOERL K
BLE AT 74 7 AOFERE VI L DMK SIS | SR o FHEM O Y AL
DRECEBEBLTCVWDLIEDLEEZOND, ZNUODN, HAWIIEHLEZ DRE EE XD 5N
HRTH D, 20156 FFEKF RO T 7 - AR -JL KMo a T FEMORmEIE 2 RAVIXH AR - |
M7Y7 M7 YT = hFBIOHEA bk v — bomBEEE, bk BT 27 - Bk
—hEHBLTHLRENDD (K228, 72, il (2016) oA IhE, bk - K
M7 Y7 cEALV— FOREBIEZOO L, EMEMITN 3287 TEU T, 7V TiEHIZ T v
VT ENTWLIEYWNK 1135 TEU L/e>TWnWh, SHIIC, TDO RN Ty vy T HRONGR

7) KM EIEX, BEHEO o, TOBERIZOWT, AMBEEFICHBETE, TYT LAk~
Tk THHL LS50, HICdkNoT o7~ & & [HiT] v,

8) RSB ~D RN O EMEN R EICL D THE) 2/,

9) BB EHR~DEXEMRICLD TAIK) 27,

10) RAKREZ T T X=X F LV OBREBRIECHEEESE ST 2EBOHERIEORAIK R EICXD TS
N 2T,

11) TOFEWEIZ, kDOBEY THDH, 20154F 4 AR T, M7 747 2%, 4 it (M2M x> b
T—27 (E> =7 28%)]1. TG6 7747 A (MlET =7 17%) ). TCKYHE BEL =7 16%) |
TOCEANTHREE (WIE> =7 15%)1) H V., ThEhB’HA L T\, &:6%\F2Mﬁw/b7w
7] R SMMERREES T A & T, 2016 £ 4 H 2 TOCEAN ALLIANCE (MM EY =7 24%) 1,
RESHICTIH - T7I7A4T7 02 WEY =7 17%) 1 O 2WHERFR I, 3 KRT7 747 2 RITHIWAKE
7= (A, 2016, p.60),
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I, 7% (365,608TEU) . &t (255,187 x2. 797 - A% - £XMOIVTFENOHD

TEU). HH (252,225TEU) . @[ (91,986 | A @& JL— bk mge
. BAo®EE7Y |BA—->E®E7 | 131 A5 TEU
TEU) DOJEIZZ W, AAIZ, ) 16,200 S ET O PRE | S By S
TEU TH » 7=, HE7Y7 @ | 1415 TEU
H+ 4@ (2019b, pp.8-10) 1X. =0 77 —BA
BAod ki BA—d % 63 75 TEU

o TEESMEFARIL KO TEERZ 4 T 75 5 TEU
~&~nf‘tﬁ<@#ﬂm \ZDOWT, /kO)oto I |dtkeoEET7TY |kKk—>EBE 7 | 1485 TEU

HEm7Y7 @ | 293 5 TEU
X, I kA IE R xﬂ#@fdb@:’/?“i‘ 77—k

E}@j@wﬂ: I OT 547 v 2AFEN HE: FIl (2016, p.61) OK 8 #HICEEERR

HEATZE WS, ZOREE(LZ AR ERMAMEBICE L, Ko Lo icHEE2 L Tn

o ALKRMIBE L, T=REBOMWE Uk, 4 EE, KN ~oFBICEL T, =207
7“&@ﬂ?i’9%&2ﬁﬂﬁl‘a§m§ 2013 4= @ 5,483TEU, %225 2018 4D 17, 432TEU/@E«%@ 1.4 %
WML 72— T, TOHFEFEEIISHOMGHERORE R DM 28 E2 68 22 {#
~NEBA L) Lo, BRRE LT, TEMMEOFEEZOBA IR LT, BEHFITES
PIZHBE LTV LG, FIARTEMMBEOFHZEM LTS LA LTS, K
MM IZ DN TIE, TZREOEE~OFEICEHL TiX. Mo FEHMA R 2013 0
8,242TEU /5 2018 /D 8,927TEU, & ~K) 1.1 fFITH M L7 — 5 T, FHEEITHE 2
Ero@E 1B~ L) Ev), Bt LT, IBREEICMNET DI HR— L@k
HET VT B COERY — A ZFHAT MR BE->TETND, ZOED, WHAED
RN G OB &N 20183 L VK 11%WEIMT 29, ZOEMFBIIATELD 22.9 Ak
kD 38.8% LT Ea A RLTWD,

EEET7 4 =& —fMEic o0k, TEN#EE (AHTEE, WATHEZR) 2857 54
HarvsFE&Hoob, BRM - bk - Frgk - 7708 « REME Vo= EHEES m &Y
OWNWTIE, BT =X —%FHL=EWEN 2013 £ 0 6,855TEU /5 9,732TEU ~H#
THELEHIC, HEY =X —MEORARIZOWVWTE 2013 F 0 13.3% 005 14.4% 255K
L1 &S, 2RO DRMMNOHERICEBRMBEOFHE L L THANII SN DIHAICH Y
EEE 7 4 — =B RNEAIC > TWDAERERL TS

2.2.2. BEOEEBBEK

AARDOWEEBR ExIT 2E% T, OB EMIHL & 747 (2020 4) IZALE L TW
LEEEE - ZILEORBEE A TAHALEAAROBURFETICAHT HIMELERKES B AED (K1
ZH), 1980 FUIFDOZLIEICH T 2 EYWIHEHEIT, {7 %7 16 i T, 13 LDk
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