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CHAPTER 1 FACULTY

1.1 INTRODUCTION

The Faculty of Mathematics and Natural Sciences at Universitas Gadjah Mada (UGM) was officially
established on September 19, 1955, through the Decree of the Minister of Education, Teaching, and
Culture dated September 15, 1955, with the number 53759/Kab. In this decree, the faculty was still a
combined faculty with the Faculty of Engineering, referred to as the Union of Exact Sciences and
Engineering Faculties. Starting from September 1, 1956, the Faculty of Exact Sciences and Natural
Sciences (abbreviated as FIPA) began to separate from the Faculty of Engineering.

At the time of its establishment as a Union Faculty, FIPA had only one department called the Exact
Sciences Department, which had existed since 1950 as a department within the Civil Engineering
Department of the Faculty of Engineering. When FIPA began to operate as an independent faculty on
September 1, 1956, a new department was opened, initially called the Natural Sciences Department.
Then, on September 1, 1960, another department was added, which was the Chemistry Department. On
December 28, 1982, the name FIPA was changed to FMIPA (Faculty of Mathematics and Natural
Sciences or FMNS), and it had three departments: Physics, Chemistry, and Mathematics.

From its time as a combined faculty until its separation from the Faculty of Engineering, the office and
teaching activities were conducted in the old Faculty of Engineering building located at Jetisharjo Street
Number 1, Yogyakarta. Basic physics laboratory activities were still held in the Faculty of Medicine
complex in Mangkubumen.

Until 1986, the Faculty of Mathematics and Natural Sciences had physical infrastructure with a building
area of 13,925 m? and a library with 10,529 books and 4,297 book titles. In 1987, with the assistance of
World Bank Project 1X, the library facilities were expanded to 13,929 books with 5,954 book titles, and
the physical building infrastructure was increased by 1,369 m2 for faculty office rooms and 3,764 m?
for the chemistry laboratory building, totaling 19,058 m?.

With the construction of the faculty administration building and the chemistry laboratory building in
Sekip Utara by the World Bank Project 1X, the FMNS Administrative Office, Department of Physics,
and Department of Chemistry started to occupy the new building area in Sekip Utara in February 1989.
In February 1994, a fire incident occurred in Sekip Unit 111 building. Approximately one-third of the
building, approximately 1,200 m?, was severely damaged and could no longer be used. All the Organic
Chemistry laboratory spaces, Computational laboratory, and the Postgraduate Mathematics Library,
along with all its contents, including laboratory equipment, practical and research materials, books,
magazines, journals, and other items, were destroyed in the fire.

At the beginning of the 1995/1996 academic year, a new building for the Department of Physics had
been completed, although it was only a part of the original plan. Meanwhile, the construction of new
buildings for the Department of Mathematics and the Department of Chemistry had also begun. By
early 1996, most of the construction of the new buildings had been completed, and all administrative
and academic activities were already located in Sekip Utara.

In early 2003, a three-story building with an area of 1,506.90 m? was completed, increasing the total
building area to 22,552 m2. This new building was used for lectures, the Computer Laboratory, and the
Student Internet Center.

In order to streamline and optimize the performance of all units within the Faculty of Mathematics and
Natural Sciences at UGM to accelerate the realization of the faculty's vision and mission, a new

Curriculum 2022 Document of Doctoral Program



Page | 2

Organizational Structure (SOTK) for the Faculty of Mathematics and Natural Sciences at UGM was
established through UGM Rector's Decree Number 809/P/SK/HT/2015. In Article 28 of this decree, the
term "Department" was used as the unit under the faculty to replace "Department."” Through UGM
Rector's Decree Number 580/UN1.P/KPT/HUKOR/2022, a specific SOTK was established for the
Faculty of Mathematics and Natural Sciences at UGM, as shown in Figure 1.1.
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Figure 1. 1 SOTK FMNS UGM
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In order to fulfill the mandate it carries, the Faculty of Mathematics and Natural Sciences at UGM
adheres to and follows the Core Values established by the university, as outlined in the Strategic Plan
Document of Universitas Gadjah Mada for the period 2018-2022. These core values are as follows:

1. Pancasila Values: These encompass the values of divinity, humanity, unity, democracy, and
justice.

2. Scientific Values: These include the principles of the universality and objectivity of knowledge,
academic freedom and the academic pulpit, recognition of facts and truths for the sake of
civilization, and usefulness and happiness.

3. Cultural Values: These embrace tolerance, human rights, and diversity.

In general, the research direction of the Doctoral Program conducted at the Faculty of Mathematics and
Natural Sciences at UGM is aligned with the research roadmap of the faculty.

1.2 VISION

The vision of the Faculty of Mathematics and Natural Sciences (FMNS) at UGM, as stated in the
Strategic Plan and Operational Plan (Renstra and Renop) of FMNS UGM 2018-2022, is to become a
nationally excellent and internationally leading faculty by the year 2037. It aims to develop
mathematics, physics, chemistry, as well as computer and electronics science for the prosperity of the
nation, guided by the cultural values of the nation based on Pancasila.

1.3 MISI

The mission of the Faculty of Mathematics and Natural Sciences (FMNS) at UGM, as stated in the
Strategic Plan and Operational Plan (Renstra and Renop) of FMNS UGM 2018-2022, includes the
following objectives:

1. Develop internationally competitive education in the fields of mathematics, physics, chemistry,
computer science, and electronics by maximizing research outcomes.

2. Conduct outstanding, innovative, and targeted research in the fields of mathematics, physics,
chemistry, computer science, and electronics for the welfare of the nation and humanity at large.

3. Serve the community by utilizing research outcomes in the fields of mathematics, physics,
chemistry, computer science, and electronics to address national and global challenges.

4. Continuously develop resources, organization and governance, and supporting facilities in a
sustainable manner.
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1.4 OBJECTIVE

The objectives to be achieved are the realization of the Faculty of Mathematics and Natural Sciences
(FMNS) UGM as part of Universitas Gadjah Mada to become an outstanding faculty in Indonesia with
international achievements and reputation through:

1. Excellence and Innovative Education: Providing internationally competitive education in the
fields of Mathematics, Physics, Chemistry, Computer Science, and Electronics, characterized
by cross-disciplinary content, innovation, soft skills, and state-of-the-art information
technology. This includes postgraduate programs as the backbone in producing graduates who
are healthy, virtuous, confident, competitive, innovative, entrepreneurial, and responsible
towards the nation.

2. Outstanding, Innovative, and Targeted Research: Conducting research in Mathematics,
Physics, Chemistry, Computer Science, and Electronics that is environmentally conscious,
nationally and internationally recognized, and capable of providing solutions to national and
global challenges. This research should be based on the excellence of human and natural
resources and local wisdom, involving stakeholders in accordance with the faculty's research
master plan.

3. Outstanding and Innovative Community Engagement: Engaging with the community based
on expertise in the fields of Mathematics, Physics, Chemistry, Computer Science, and
Electronics. This includes contributions to the community through knowledge, appropriate
technology, and advocacy in these fields, promoting self-reliance and sustainable well-being. It
also involves making the campus a platform for applying science and technology innovations
for the community and implementing product development management systems to support the
commercialization of research outcomes.

4. Resource Development, Organizational Governance, and Equitable Collaboration:
Developing resources, organization, governance, and collaboration that are fair, transparent,
participatory, and accountable to support the effectiveness and efficiency of resource
utilization. This is based on an integrated information technology system to facilitate adaptive
learning processes in the era of Industry 4.0.
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1.5 TARGETS AND ACHIEVEMENT STRATEGIES

Targets and Achievement Strategies for Objective 1

Objective 1: Excellent and Innovative Education in the fields of Mathematics, Physics, Chemistry,
Computer Science, and Electronics, characterized by cross-disciplinary content, innovation, soft skills,
and state-of-the-art information technology, with postgraduate programs as the backbone in producing
graduates who are healthy, virtuous, confident, competitive, innovative, entrepreneurial, and
responsible towards the nation.

Table 1. 1 Targets and Achievement Strategies for Objective 1

Sasaran Strategi Pencapaian

1. Enhancing the quality of the new student | 1.1 Strengthening the proportion of new students through

admission system based on academic affirmative action and financial aid programs (Bidikmisi),
ability, diversity, self-reliance, and achievements, and collaborations.
inclusivity.

1.2 Strengthening strategies and promotion systems for the
admission of international students.

2. Creating and improving a culture of 2.1 Enhancing the curriculum based on outcome-based
quality education and learning processes. education, KKNI (National Qualifications Framework),
and SN-DIKT]I (Higher Education Data and Information
System).

2.2 Reinforcing e-learning and Massive Open Online Courses
(MOOQC) for learning.

2.3 Disseminating knowledge to enhance external learning
resources through knowledge channels and knowledge
towers.

2.4 Strengthening institutional mentoring and career
counseling for new students and graduates.

2.5 Enhancing physical and non-physical education and
learning infrastructure.

2.6 Improving student achievements at the national and
international levels.

2.7 Strengthening online-based student services (Student
Information System, library services, and others).

2.8 Enhancing the quality of study programs.

3. Developing interdisciplinary education | 3.1 Developing interdisciplinary courses (IDC) based on
and learning as well as exposure to cross-disciplinary synergy, cross-degree programs, and
global competencies. cross-faculty collaboration.

3.2 Developing courses to enhance global competency
(Global Competency Exposure Courses) to improve
student competencies.

4. Making postgraduate education the 4.1 Improving the quality of student research through
backbone of Higher Education's Tri participation in faculty research.
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Sasaran Strategi Pencapaian

Dharma (teaching, research, and 4.2

community service).

Increasing the number of scholarships for postgraduate
students (domestic and international).

4.3 Increasing the number of student mobility opportunities

for postgraduate students.

5. Internationalization of study programs. |5.1 Developing a visiting professor program.

5.2 Developing Massive Open Online Courses (MOQOC) in

collaboration with foreign universities.

5.3 Expanding double degree programs, dual degree
programs, and twinning programs with leading foreign

universities.

6. Fostering the spirit of innovation and
social entrepreneurship among students.

Developing soft skills, character, and entrepreneurial spirit.

7. Promoting a healthy lifestyle among
students.

Providing education on healthy lifestyles to students.

Targets and Achievement Strategies for Objective 2

Objective 2: Research in the fields of Mathematics, Physics, Chemistry, as well as Computer Science
and Electronics that is outstanding, innovative, and directed, i.e., research in these fields with an
environmental perspective, serving as a national and international reference, and capable of providing
solutions to the issues facing the nation and humanity, based on human and natural resource excellence,
and local wisdom, involving stakeholders in accordance with the faculty's research master plan.

Table 1. 2 Targets and Achievement Strategies for Objective 2

Sasaran

Strategi Pencapaian

Developing multidisciplinary
research with an environmental
perspective and local excellence
values to provide solutions to
societal, national, and state issues.

11

Developing a culture of multi, inter, and cross-disciplinary
research based on the Social Humanities, Agriculture,
Health, and/or Science and Technology clusters through
Faculty, School, and Study Center institutions.

1.2

Advancing comprehensive research (across various aspects)
on maritime-archipelagic nations.

Advancing innovative research
based on cultural wisdom that
strongly impacts the advancement
of science and technology for the
benefit of the nation, state, and
humanity.

2.1

Increasing the number of research publications in journals.

2.2

Expanding intellectual property, including copyrights and
geographical indications based on cultural wisdom and
natural resources.

2.3

Enhancing the utilization of research outcomes for strategic
policy and industry purposes.

2.4

Improving the profile of research capacity, activities, and
expertise both internally and externally.

2.5

Increasing the number of foreign research partners.
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research facility capacity.

Sasaran Strategi Pencapaian
3 Enhancing research funding 3.1 Enhancing the ability and competitive advantage of multi,
capabilities by involving external inter, and cross-disciplinary research to support success in
stakeholders. securing funding from national and international sources.
3.2 Developing and enhancing sustainable strategic partnerships
with research funding providers from the government,
private sector, and industry.
3.3 Modernizing and improving the integrated and sustainable
capacity of research facilities and laboratories.
4 Improving research institutions and | Increasing the organization of national and international

seminars.

Targets and Achievement Strategies for Objective 3

Tujuan 3: Excellence and Innovative Community Engagement Based on Expertise in Mathematics,
Physics, Chemistry, Computer Science, and Electronics"” refers to community engagement activities
grounded in scientific knowledge, appropriate technology, and advocacy in these fields. These activities
aim to promote community self-reliance and well-being in a sustainable manner by leveraging the
campus as a platform for applying science and technology innovations to benefit the community.
Additionally, they involve implementing a product development management system to support the
commercialization of research outcomes.

Table 1. 3 Targets and Achievement Strategies for Objective 3
Sasaran Strategi Pencapaian

1. Becoming a strategic partner to the 1.1 Increasing FMNS's participation in programs aligned with
government in efforts to enhance the DIY (Special Region of Yogyakarta) framework and
productivity and well-being based on Jogja Cyber Province.
community-driven initiatives. __

1.2 Participating in the development of remote,
underdeveloped, and disadvantaged regions (3T areas)
through community-based initiatives.

2 Developing the FMNS as a platform Increasing the number of technology applications developed
for the application of science and by FMNS for communication, industry, business, and
technology for the wider community. government.

3 Expanding the reach and quality of Providing training and mentoring to the community to create
community service through the commercially viable products based on appropriate technology
development of entrepreneurship and and local resources, and facilitating access to funding
social responsibility. opportunities for SMEs through sustained improvement in

community engagement activities.

4 Building synergy with alumni networks | Enhancing synergy between FMNS and alumni in various
in various regions to strengthen access | regions through alumni-managed community engagement
to community service. activities.
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Sasaran

Strategi Pencapaian

5 Enhancing the role of FMNS as a
source of inspiration for community
service initiatives.

Expanding the reach and improving the quality of
disseminating FMNS's community engagement activities.

Targets and Achievement Strategies for Objective 4

Objective 4: The development of resources, organizational structures, governance, and equitable,
transparent, participatory, and accountable collaborations is essential to support the effectiveness and
efficiency of resource utilization. This should be based on an integrated information technology system
to facilitate adaptive learning processes in the context of Industry 4.0.

Table 1. 4

Targets and Achievement Strategies for Objective 4

Sasaran

Strategi Pencapaian

Human Resources

1. Developing a human
recruitment system.

resource

11

Planning and recruiting faculty based on the development of

academic fields.

1.2

Planning the recruitment of educational staff based on the
university's strategic objectives.

2. Developing a career advancement
system for employees.

2.1

Developing employee career management.

2.2

Enhancing the quality and competence of faculty through
advanced studies and the management of functional promotions.

2.3

Enhancing the quality and competence of educational staff.

24

Developing an integrated career information system for faculty
promotions and rank advancements.

3. Implementing a Health-Promoting
Faculty program.

3.1

Improving the health of faculty and educational staff.

3.2

Enhancing the quality of faculty canteens.

Physical Infrastructure and Environment

4. Enhancing integration in facility
management for optimal service
delivery.

41

Integrating the management and utilization of building facilities,
laboratories, green spaces, sports facilities, and parking areas for
improved educational, research, and community service
services.

4.2

Providing common spaces for interaction and connectivity
among academic members across departments, faculties,
schools, study centers, and other units.

4.3

Equipping facilities and their surroundings with contemporary
security equipment and standard operating procedures for
emergency situations.

4.4

Providing accessible building and facility access for

academicians with special needs.

Collaboration and Alumni
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towards achieving international
standards for the faculty.

Sasaran Strategi Pencapaian

5. Strengthening strategic | 5.1 Improving the quality of sustained strategic collaborations with
collaborations  to  accelerate government, private, and national industrial partners in
educational development, research education, research, and community service.
outcomes, scientific and
technological innovations, and | 5.2 Developing and improving ongoing strategic international
cultural advancement. partnerships to facilitate joint research, professor exchanges,

student exchanges, summer classes, dual-degree programs,
international academic exposure, and funding provision.

6. Increasing the synergy and | Developing and enhancing strategic collaboration networks between
contribution ~ of  alumni  to [ FMNS, alumni, and Kagama (alumni association) to strengthen the
strengthen the three pillars of | role of alumni and Kagama in supporting the three pillars of higher
higher  education (teaching, | education..
research, and community service).

7. Developing programs to facilitate | Supporting start-up businesses initiated by academic members and/or
creativity and synergy between [ alumni through incubation processes within FMNS.
research outcomes and
downstream activities or
incubation.

Governance and Institutional

8. Strengthening a service-oriented | Enhancing the quality of excellent service systems to promote a
culture and achieving excellent | positive work attitude, a service-oriented mindset, integrity, and
performance through bureaucratic | professionalism among staff, as part of the implementation of Good
reform. University Governance.

9. Enhancing institutional capacity | 9.1 Feasibility studies, preparation, and establishment of new

postgraduate programs.

9.2 Feasibility studies, preparation, and establishment of new
laboratory or research field groups.

1.6 LEARNING METHODS

A Learning Process Standards

Thel

1.

earning process includes:

characteristics of the learning process, consisting of interactive, holistic, integrative, scientific,

contextual, thematic, effective, collaborative, and student-centered aspects;

planning of the learning process prepared for each course and presented in the Semester

Learning Activity Program Plan (RPKPS);

implementation of the learning process for each course conducted according to the RPKPS with

the characteristics of each course; and

Student workload, with one credit equivalent to 170 (one hundred seventy) minutes of learning

activities per week per semester, where a semester is the unit of effective learning activities

over 16 (sixteen) weeks.
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In the learning process, each Doctoral program is given the flexibility to design, develop, establish,
organize, and evaluate learning methods that fundamentally have the following characteristics:

a.

able to discover or develop new scientific theories, concepts, or ideas, contribute to the
development and application of science and/or technology while considering and applying
humanistic values in their field of expertise. This is achieved through the production of
scientific research based on scientific methodology, logical, critical, systematic, and creative
thinking;

capable of conducting multidisciplinary, interdisciplinary, or transdisciplinary research,
including theoretical and/or experimental studies in the fields of science, technology, arts, and
innovation, presented in the form of a dissertation and published papers in reputable
international journals;

capable of selecting relevant, up-to-date, advanced research topics that benefit humanity
through multidisciplinary, interdisciplinary, or transdisciplinary approaches, aimed at
developing and providing solutions to problems in the fields of science, technology, arts, or
society based on studies of available internal and external resources;

able to develop a research roadmap using multidisciplinary, interdisciplinary, or
transdisciplinary approaches, based on a study of the main research targets and their
constellations within broader objectives;

able to formulate scientific, technological, or artistic arguments and solutions based on critical
views of facts, concepts, principles, or theories that can be scientifically and ethically justified,
and communicate them through mass media or directly to the community;

capable of demonstrating academic leadership in the management, development, and nurturing
of resources and organizations under their responsibility;

capable of managing, including storing, auditing, securing, and retrieving research data and
information under their responsibility; and

capable of developing and maintaining collegial and mutually beneficial relationships within
their own environment or through collaborative networks with research communities outside
the institution.

B Semester Credit System

1.

2.

1 (one) credit hour for the learning process in the form of lectures, quizzes, or tutorials consists
of:

a. face-to-face activities for 50 (fifty) minutes per week for 1 semester,

b. structured assignment activities for 60 (sixty) minutes per week for 1 semester,

c. independent study activities for 60 (sixty) minutes per week for 1 semester.

1 (one) credit hour for the learning process in the form of seminars or similar activities consists
of:

a. face-to-face activities for 100 (one hundred) minutes per week for 1 semester,

b. independent study activities for 70 (seventy) minutes per week for 1 semester.

1 (one) credit hour for the learning process in the form of practicums, studio practices,
workshop practices, fieldwork, research, community service, and/or similar learning processes,
equivalent to 170 (one hundred seventy) minutes per week for 1 semester.
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C Candidate Student Requirements

The requirements for doctoral candidates in the Regular Doctoral and Doctor by Research programs are
as follows:

1. Have a Cumulative Grade Point Average (CGPA) in the Master's program equal to or greater than
3.25 (three point twenty-five) on a 4.0 scale from a minimally accredited program or department
with at least a "B" grade at the time of graduation.

2. Obtain a minimum score of 500 on the PAPs, TKDA PLTI, or TPA Bappenas.
3. Attain a minimum English proficiency score of TOEFL 450 or ACEPT 209 (or its equivalent).
4. Provide recommendations from 2 (two) individuals who know the applicant:

a) for applicants who are currently employed, one recommendation should come from the
applicant's workplace supervisor, and the other from a professor during their Master's
program; or

b) for applicants who are not employed or do not have a workplace, both recommendations
should come from professors during their Master's program.

5. Possess a letter of permission to study or an official study assignment from the applicant's
workplace institution if they are currently employed.

6. Include a research pre-proposal.

For applicants from institutions/organizations that have a partnership with UGM, a copy of the
Memorandum of Understanding (MoU) or the cooperation agreement with UGM or a letter designating
them as scholarship recipients must be attached.

D Study Period

The doctoral program's study period, based on Ministry of Education and Culture Regulation Number
3/2020 and Universitas Gadjah Mada Rector Regulation Number 11/2016, is a maximum of 7 (seven)
academic years for the doctoral program, with a minimum student workload of 44 credit hours.

The study phases during the first two years since enrolment as a student are preparation stages for the
comprehensive examination. The comprehensive examination must be held no later than the end of the
3rd semester. An evaluation of the study is conducted at the end of the first two years. The first warning
letter (SP 1) will be issued at the beginning of the 6th semester, SP 2 at the beginning of the 8th semester,
and SP 3 at the beginning of the 10th semester.

E Academic Leave

Residency requirements for regular doctoral program students are one year (two consecutive semesters)
following the first registration and a minimum of one year (two consecutive semesters) following the
comprehensive examination.

Any doctoral student who is unable to participate in educational activities for one semester must request
academic leave with the knowledge of the Promoter/Co-Promoter. Students who do not attend
educational activities without academic leave approval will still have their study period counted and
will be required to pay tuition fees.
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Students may be granted academic leave for a maximum of two semesters, and this leave cannot
coincide with the residency period. Each application for academic leave is only approved for a single
semester at a time.

1.7 COLLABORATION PROGRAMS

Doctoral programs under the umbrella of Joint Degree, Double Degree, and Dual Degree programs with
other universities follow the agreements outlined in the relevant collaboration documents.

1.8 ASSESSMENT METHODS

A Learning Assessment Standards

Assessment reporting involves the qualification of a student's success in completing a course, expressed
within the range of:

1. Letter A equivalent to a score of 4 (four);

2. Letter A- equivalent to a score of 3,75 (three point seven five);
3. Letter A/B equivalent to a score of 3,5 (three point five);
Letter B+ equivalent to a score of 3,25 (three point two five);
Letter B equivalent to a score of 3 (three);

Letter B- equivalent to a score of 2,75 (two point seven five);
Letter C equivalent to a score of 2 (two);

Letter D equivalent to a score of 1 (one); or

© o N o g &

Letter E equivalent to a score of 0 (zero).

B Study Load

The study load for doctoral students consists of 12-16 credit hours of courses and a total of 34 credit
hours for the dissertation. Therefore, the study load for doctoral students in the MIPA program is a
minimum of 44 credit hours. The study load for each semester is determined at the beginning of the
semester through consultation with the Supervisor/Co-Supervisor. The specified study load can be
fulfilled by taking required or elective courses.

The breakdown of dissertation credit hours for the Regular Doctoral program, totalling 34 credit hours,
includes the following components:

1. Comprehensive Examination: 4 credit hours
2. Publication: 12 credit hours

3. Research Work: 6 credit hours

4. Dissertation Manuscript: 6 credit hours

5. Closed Dissertation Examination: 6 credit hours.
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The breakdown of dissertation credit hours for the Doctor by Research program, totalling 40 credit
hours, includes the following components:

1. Comprehensive Examination: 4 credit hours

2. Publication: 18 credit hours

3. Research Work: 6 credit hours

4. Dissertation Manuscript: 6 credit hours

5. Closed Dissertation Examination: 6 credit hours.
C Academic Guidance

For doctoral students, a Supervisor/Co-Supervisor is appointed to provide guidance to the students
under their supervision, ensuring smooth academic planning for each semester. At the beginning of
each semester, students need to consult with their Supervisor/Co-Supervisor to receive academic
guidance regarding the completion of the Study Plan Card (Kartu Rencana Studi or KRS). The KRS
contains all the courses that the student will take during the semester, in accordance with the applicable
regulations.

D Course Repeating and Removal

If a student fails to achieve the minimum required GPA, they can retake a course they have previously
taken with the goal of improving their grade and GPA. A student whose GPA does not meet the
minimum requirements can improve it by taking additional courses beyond the minimum study load
requirements, such as elective courses, or by removing poorly graded elective courses. Course removal
is only allowed for elective courses, and the number of credit hours removed should not exceed 10% of
the total credit hours of all courses previously taken.

E Evaluation of Study Results
The grade point average (GPA\) is calculated using the following formula:
YKi N;
2K;

where K; amd N; are the total credit hours and grade point values for course i, respectively.

GPA =

The evaluation of study results is conducted at various stages of the study period, including at the end
of each semester, at the end of the program, and at the end of the maximum study duration based on the
total credit hours completed and the GPA achieved.

Doctoral dissertations, which carry a weight of 34 credit hours for the Regular Program and 40 credit
hours for the Doctor by Research Program, are evaluated based on components as presented in Table
1.5.
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4.2 Conference, dissertation, and
publication reputation.

4.3 Manuscript quality, including:

a) Originality/freshness of
topic and research method.

b) Discussion.

c) Writing style.

Table 1.5 Components (Weights) of Doctoral Dissertations
Component Credit Hours
No. P (Regular/ by Minimum Assessment Criteria Evaluator
(Weight)
Research)
1 Comprehensive 4/4 1.1 Mastery of theory and concepts | Comprehensive
Examination in the field, demonstrated in Examination
problem formulation and Committee
literature review.
(Program/Departme
1.2 Potential for originality and nt Management,
potential contributions to the Promoter Team, and
discipline's proposal. Evaluation Team)
1.3 Proficiency in research
methods.
1.4 Writing quality.
2 Research Work 6/6 2.1 Discipline. Research Promoter
2.2 Work proficiency. Team
2.3 Communication and
participation.
2.4 Independence in problem-
solving.
3 Dissertation 6/6 3.1 Explanation, contextualization, | Dissertation
Manuscript and articulation of research Manuscript
problem and objectives. Evaluation Team
3.2 Relevant literature review.
3.3 Formulation, development, and
explanation of relevant
background theory.
3.4 Methodology.
3.5 Analysis and evaluation of
results.
3.6 Dissertation structure and
organization.
4 Publication 12/18 4.1 Journal reputation. Publication

Evaluation Team
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Credit Hours

No. Comppnent (Regular/ by Minimum Assessment Criteria Evaluator
(Weight)
Research)
5 Closed 6/6 5.1 Presentation. Closed Dissertation
Dissertation Examination

5.2 Reasoning.
Examination Committee
5.3 Mastery of the material.

Explanation: The assessment criteria for each component from points 1 to 4 are determined by the
Program, while for point 5, it is determined by the Faculty.

At the end of the doctoral program, the stages for students declared to have passed in the Regular
Doctoral program are as follows:

1.
2.
3.

5.

Have completed a minimum of 44 credit hours.
Cumulative GPA > 3,25.

Have at least 1 (one) scientific publication in an international journal indexed in the university's
designated international database (excluding Google Scholar) and without violating writing
ethics.

Have a minimum TOEFL score of 500 (AcEPT 269) and TPA/PAPS score of at least 550 (as a
graduation requirement). TOEFL/TPA scores (or their equivalents) are valid throughout the
doctoral program.

Pass the Dissertation Examination.

For students who fail to meet the graduation requirements of the Doctor by Research program within a
maximum of 7 (seven) years, they are considered unable to complete their studies and are required to
withdraw.

At the end of the doctoral program, the stages for students declared to have passed in the Doctor by
Research program are as follows:

1.
2.
3.

5.

Have completed a minimum of 44 credit hours.
Cumulative GPA > 3,25.

Have at least 2 (two) scientific publications in reputable international journals, or 1 (one)
scientific publication in a reputable international journal and 2 (two) publications in reputable
international proceedings.

Have a minimum TOEFL score of 500 (AcCEPT 269) and TPA/PAPS score of at least 550 (as a
graduation requirement).

Pass the Dissertation Examination.

For students who fail to meet the graduation requirements of the Doctoral program within a maximum
of 7 (seven) years, they are considered unable to complete their studies and are required to withdraw.

The publication requirements mentioned in point 3 for both the Regular and by Research paths include:

a.

The respective doctoral student must be the first author in all publications, indicating UGM as the
first affiliation.

The publications can be review articles or research-based articles related to the dissertation topic,
with the student as the first author.
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c. Each publication must include the names of the Promoter team, while for the Doctor by Research
program, the Promoter serves as the corresponding author.

F Graduation Honors
Graduation honors for the Regular Doctoral and Doctor by Research programs are as follows:

a. Graduates will be awarded the Cumlaude predicate (graduated with honors) if they have a GPA
greater than 3.75 (three point seventy-five) and complete their studies in less than or equal to 8
(eight) semesters, as well as having publications:

i. atleast 2 (two) papers in:

- International journals (Regular path)
- Reputable international journals (Doctor by Research path), or
ii.  atleast 1 (one) paper in:

- International journals and 2 (two) papers published in accredited national journals
(Regular path)

- Reputable international journals and 2 (two) papers published in reputable
international proceedings (Doctor by Research path), or

iii.  at least 1 (one) paper in international journals and 1 (one) paper published in accredited
national journals, as well as 1 (one) paper published in reputable international
conference/seminar proceedings (Regular path).

b. Graduates will be awarded the Sangat Memuaskan predicate (very satisfactory graduation) if they
have a GPA greater than or equal to 3,51 and less than or equal to 3,75 (3,51 < GPA < 3,75) or if
they have a GPA greater than 3,75 (three point seventy-five) but do not meet the requirements of
point a.

Graduates will be awarded the Memuaskan predicate (satisfactory graduation) if they have a GPA
greater than or equal to 3,25 (three point twenty-five) and less than 3,51 (3,25 < GPA < 3,51).

G Regular Doctoral Program Promoter Team
1. The Promoter Team is responsible for:

a. providing quality consultation in the field of research, including research proposal
development, research implementation, and dissertation writing.

b. ensuring the research's weight and implementation comply with the applicable requirements
and deadlines.

c. ensuring the fulfillment of publication requirements for students.
d. guiding students to a certain extent according to the applicable rules..
2. The Promoter Team is appointed by the Dean.

3. The Promoter Team consists of two members, including a Promoter and a Co-Promoter. The
Promoter must hold a minimum qualification of a Doctorate degree and be a Senior Lecturer. The
Co-Promoter must hold a minimum qualification of a Doctorate degree and be a Lecturer (or
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equivalent). If necessary (due to the required expertise), the number of the Promoter Team members
can be increased to three.

The Promoter must come from UGM, while the Co-Promoter can be from outside UGM. Further

provisions regarding the Promoter Team are determined by the Study Program.

H Doctor by Research Program Promoter Team

1. The Promoter Team is responsible for:

a)

b)

c)
d)

providing quality consultation in the field of research, including research proposal
development, research implementation, and dissertation writing;

ensuring that the research's significance and implementation adhere to the applicable
requirements and deadlines;

ensuring the fulfillment of publication requirements for students; and

guiding students to a certain extent according to the applicable rules.

2. The Promoter Team is appointed by the Dean.

3. The Promoter Team consists of 1 (one) Promoter and a maximum of 2 (two) Co-Promoters.

4. The Promoter Team must have the following qualifications:

a.

b.

hold at least a Doctorate degree.

have publications in reputable international scientific journals within the last 5 (five) years,
starting from the time the doctoral student submits the dissertation writing proposal.

the Promoter must come from UGM with active status and hold a minimum rank of Senior
Lecturer, and must have previously graduated doctoral students.

Co-Promoters can be from outside UGM and must hold a rank of at least Lecturer (or
equivalent).

for students from institutions that have a cooperation agreement with UGM, one of the Co-
Promoters can come from the student's home institution.

I Doctor by Research Program Duration Requirements

The duration requirements for Doctor by Research Program students are as follows:

1.

minimum study duration of more than 5 (five) semesters and a maximum of 10 (ten) semesters,
which can be extended according to the applicable rules.

the study period is calculated from the start of the academic year until the graduation
examination.

J Closed Examination

The closed examination for Doctoral program students is as follows:

1. The closed dissertation examination is conducted if the cumulative grade point average is at least
3.25 (three point twenty-five).
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The closed examination is led by the Dean or their representative.

The Closed Examination Committee consists of the Dean or their representative as the chairperson,
the Promoter Team, the Dissertation Evaluation Team, and two additional examiners, one of whom
comes from outside Universitas Gadjah Mada with expertise relevant to the dissertation topic. The
additional examiners must hold at least the rank of Lecturer and have a Doctorate degree.

The assessment of the closed dissertation examination results is declared as either pass without
revisions, pass with revisions, or fail.

The results of the closed dissertation examination are expressed as a numerical score ranging from
3.25 (three point twenty-five) to 4 (four).

Students who take the closed examination and are declared as fail can retake the examination once.
Conducting the closed examination:

a. The Dean convenes a closed examination eligibility meeting, attended by the Chair of the
relevant Study Program, the Dissertation Evaluation Team, the Promoter Team to determine
the dissertation's eligibility, the Closed Examination Committee, and the timing of the Closed
Examination.

b. The complete dissertation manuscript must be received by the Examination Committee no later
than 7 (seven) days before the Closed Examination.

c. If any member of the Dissertation Examination Committee is unable to attend, the closed
examination will proceed as scheduled.

d. The Closed Examination is conducted for 150 minutes, including 30 minutes at the beginning
for the candidate to present the key points of the dissertation.

e. The results of the Closed Examination include:
1) Pass without revisions.

2) Pass with revisions, with a maximum revision period of 3 (three) months from the Closed
Examination, subject to written approval from the Examination Committee. If not
completed, the candidate must retake the Closed Examination.

3) Fail, with a maximum revision period of 1 (one) year from the Closed Examination. After
the revisions are approved by the Promoter Team, the candidate can take a reexamination.
If unsuccessful, the candidate is asked to withdraw or is dismissed.

f. Students who pass the Closed Examination may propose to participate in a Graduation
Ceremony or an Open Examination.

g. An Open Examination is only granted to students with a cumulative grade point average and
closed dissertation examination equivalent to a grade higher than 3.50.

h. The attire for the Examination Committee and the candidate during the Closed Examination is
formal civilian attire or at least wearing a tie/long-sleeved batik shirt.
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1.9 FACILITIES AND INFRASTRUCTURE

In general, the facilities for conducting the teaching and learning process, reference books, and
laboratory equipment are already sufficient. The availability and adequacy of facilities for conducting
world-class research publications for Materials Sciences, Computational Sciences, Mathematics,
Chemistry, Computer Science, and Physics are excellent. This can be seen from the types of equipment
available in each research laboratory (laboratory equipment such as TEM 120 kV, XR Diffractometer,
FTIR, and UV Reflectance, X-ray tomography, etc., as well as hardware and computational programs
such as Ferrari computers, Wx Maxima, Miktek, etc.).

The indicator of sufficiency is reflected in the number of international publications that have been
successfully conducted and the establishment of research cooperation forums both from institutions
within or outside the country. The system needed to maintain and utilize this equipment has already
been established, so financially and intellectually, the equipment has high sustainability and can be self-
sustaining. In addition, laboratory facilities and service institutions within the UGM environment can
be easily accessed for the research needs of all undergraduate, master's, and doctoral students. These
laboratories and institutions include the Research and Integrated Service Laboratory (LPPT), the Data
and Information Source Center (PSDI), formerly known as the Information and Communication
Technology Service Center (PPTIK), INHERENT Project, Postgraduate Library, and others.

For the purpose of exploratory research in various fields of interest to faculty members, the availability
and sufficiency of equipment, as outlined above, are already very good. However, it is not denied that
for the specific international publication needs in certain fields such as synthesis, analysis, etc.,
assistance from analytical services, either using equipment from other institutions in Indonesia or
abroad, is still required by utilizing advanced equipment as a strength for collaborative research with
the principle of mutual symbiosis. In the same way, the leading research equipment available at FMNS
UGM can be used by universities throughout the country or other institutions in need. The challenge
faced in the process of renewing and adding new equipment lies in the high cost of the equipment.
Efforts have been made to obtain funding from DIKTI and grants from abroad.

The availability of classrooms, laboratories, faculty rooms, and research rooms is relatively very good.
In 2012, the S2/S3 building with a total building area of 3,750 m? was completed with funds from the
community, costing around 21 billion rupiahs. The main focus of this building is to facilitate rooms and
laboratory equipment for master's and doctoral students, as well as lecture rooms for undergraduate
programs. Since August 2012, this building has been used to support the teaching process for
undergraduate, master's, and doctoral programs at FMNS UGM. This five-story building is used jointly
by the Department of Chemistry (1st floor), Department of Physics (2nd floor), Department of
Mathematics (3rd floor), Department of Computer Science and Electronics (4th floor), and shared
facilities managed by the faculty (5th floor). In 2002, the Student Internet Center (SIC) building was
constructed and has been operational since March 19, 2003. The SIC building is intended as a facility
for students of the Faculty of Mathematics and Natural Sciences UGM to work on their course
assignments and facilitate internet access as well as IT literacy as intended in the Vision and Mission
of FMNS UGM. In addition, the SIC building is also used as a lecture room for doctoral programs,
discussion rooms, workspaces for doctoral students, faculty rooms, and the faculty library.

In order to meet national space standards, a Unified Lecture Building (Library, seminar rooms, lecture
rooms, and offices) with an area of approximately 6,000 m? was built in 2015 with a total budget of
around 50 billion rupiahs sourced from the state budget (APBN) and was inaugurated on May 11, 2016.
It has been used for teaching in the first semester of 2016/2017. In 2021, the Unified Lecture Building
Phase Il (auditorium, seminar rooms, lecture rooms, and offices) was built with a total budget of around
63 billion rupiahs. The Unified Lecture Building Phase Il was inaugurated on March 16, 2022, and has
been used for teaching in the first semester of 2022/2023.
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1.10 ACADEMIC QUALITY ASSURANCE

In order to ensure the implementation of education at FMNS UGM to realize the Vision and Mission
of FMNS UGM, Goals, and Objectives that meet established quality standards, FMNS conducts the
following agenda:

1. Develop a long-term program plan for FMNS UGM that always refers to the Strategic Plan
(RENSTRA) of FMNS UGM for the years 2003-2007, 2008-2012, 2013-2017, and subsequently
continued as RENSTRA 2017-2022, which has received approval from the Faculty Senate. In its
implementation, the points of the RENSTRA are translated into Operational Plans (RENOP) and
annual programs in the form of Annual Performance Plans (RKT) and Annual Activity and Budget
Plans (RKAT), along with quality standards for implementation.

2. Monitor and evaluate the process of education implementation. The monitoring mechanism is
carried out by the Department and study program management through the establishment of the
Academic Activity Coordination Team (TK2A) at the department or study program level, as well as
the Semester Coordination Team (TKS) within the study program.

To ensure the implementation of the above two points, the Quality Assurance Unit (UJM) has been
established at FMNS UGM based on Rector's Decree No. 1619/P/SK/HT/2015. UJM is responsible for
the implementation of the Internal Quality Assurance System (SPMI) at the faculty level. SPMI is a
systematic activity of higher education quality assurance by the faculty to oversee the provision of
higher education by the faculty itself in a sustainable manner. Oversight means "planning,"
"implementation,” "control," and "development/improvement™ (PPEPP) of quality standards for higher
education as consistently and sustainably determined by the university for stakeholder satisfaction.
SPMI is carried out to achieve:

i.  compliance with academic policies, academic standards, academic regulations, and academic
quality manuals,

ii.  assurance that graduates have competencies as determined by each study program,

iii.  assurance that each student has a learning experience according to the specifications of the
study program, and

iv.  relevance of education and research programs to the demands of society and other
stakeholders..

In this Internal Quality Assurance System (SPMI), UJM, together with KIJM, conducts periodic (annual)
internal audits of doctoral study programs to evaluate, correct, and continuously improve. The
implementation of SPMI as a form of sustainable quality improvement at the study program level can
be presented in the following scheme.
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Figure 1. 2 Implementation Scheme of Academic Quality Assurance (SPMI)
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From the scheme above, it is evident that the faculty-level SPMI cycle can evaluate the implementation
of education in accordance with quality standards and promote the continuous improvement of Master's
degree programs in FMNS UGM.

1.11 TRANSITIONAL REGULATIONS

1.

2.

The 2022 Doctoral Program curriculum is effective starting from the first semester of the
2022/2023 academic year and must be fully followed by students enrolled in 2022 and onwards,
and partially by students enrolled before.

All courses completed in the old curriculum will be recognized with the corresponding credit hours.

Any matters not covered by these transitional regulations will be accommodated or regulated at the
level of the UPPS/individual study programs.
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BAB1 DEPARTMENT OF
MATHEMATICS

2.1 INTRODUCTION

The Department of Mathematics at the Faculty of Mathematics and Natural
Sciences (FMNS) Universitas Gadjah Mada (UGM), which celebrated its 67th
anniversary in 2022, offers mathematics programmes in Indonesia. Currently, the
Department has produced thousands of graduates, including Bachelor of
Mathematics, Bachelor of Statistics, Master of Mathematics, and Doctor of
Mathematics, who actively contribute to various sectors in the country, including
industry, government, and academia.

Historically, on September 19, 1955, the Faculty of Mathematics and Natural
Sciences was established at UGM under the Minister of Education, Teaching, and
Culture Decree No. 53759/Kab, dated September 15, 1955. The decree mentioned
that the faculty was initially combined with the Faculty of Engineering and named
the Union of Exact Sciences and Engineering Faculties.

At that time, the Union of Exact Sciences and Engineering Faculties had only one
Department, the Department of Exact Sciences (Mathematics). One year later, on
September 1, 1956, the Union of Exact Sciences and Engineering Faculties (FIPA)
began to separate from the Faculty of Engineering. In 1982, the Indonesian
government, through Presidential Decree No. 53 of 1982, decided to standardize
the names of university faculties in Indonesia. As a result, on December 28, 1982,
the Faculty of Exact Sciences and Natural Sciences at UGM changed its name to
the Faculty of Mathematics and Natural Sciences (FMNS).

At its inception, the Department of Mathematics had three lecturers: Prof. Ir. RMJT
Soehakso, Prof. Drs. R. Wirasto, and Drs. RM Wasisto Suryodiningrat, M.Sc. As it
developed, by the end of March 2022, the Department of Mathematics had 48 staff
members, 33 holding doctoral degrees, and seven had reached the position of
Professor.
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Here is a list of teaching staff of the Department of Mathematics:

ALGEBRA LABORATORY

No. Nama Dosen

1.

N o N WN

Prof. Dr.rer.nat. Indah Emilia Wijayanti, M.Si.

Prof. Dr. Sri Wahyuni, S.U.

Dr. Budi Surodjo, M.Si.
Dr.rer.nat. Ari Suparwanto, M.Si.
Dr.rer.nat. Yeni Susanti., M.Si.
Dr. Sutopo, M.Si.

Uha Isnaini, Ph.D.

ANALYSIS LABORATORY

No. Nama Dosen

1. Atok Zulijanto, Ph.D.

2. Prof. Dr. Supama, M.Si.

3. Prof. Dr. Ch. Rini Indrati, M.Si

4, Dewi Kartikasari, Ph.D.

5. Hadrian Andradi, Ph.D.

6. Prof. Imam Solekhudin, Ph.D.

7. Dr. rer. nat. Lina Aryati, M.S.

8. Dr. Budi Surodjo, M.Si.

o. Dr. Fajar Adi Kusumo, M.Si.

10. Dr. Nanang Susyanto, M.Sc.
STATISTICS

No. Nama Dosen

1. Dr. Gunardi, M.Si.

2. Dr. Abdurakhman, M.Si.

3. Drs. Danardono, MPH., Ph.D.

4, Dr. Herni Utami, M.Si.

5. Dr. Adhitya Ronnie Effendie, M.Sc.
6. Prof. Dr.rer.nat. Dedi Rosadi, M.Sc,,
7. Dr. Irwan Endrayanto A, M.Sc.

8. Dr. Nanang Susyanto, M.Sc.

9. Dr. Noorma Yulia Megawati, M.Sc.

Keterangan

Head of laboratory
Major

Major

Major

Major

Major

Major

Keterangan
Head of laboratory

Major
Major
Major
Major
Minor
Minor
Minor
Minor

Minor

Keterangan

Head of
laboratory

Mayor
Mayor
Mayor
Mayor
Minor
Minor
Minor

Minor
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APPLIED MATHEMATICS

No. Nama Dosen Keterangan
1. Dr. rer. nat. Lina Aryati, M. S. Head of laboratory
2. Prof. Dr. Salmah, M. Si. Major

3. Dr. Fajar Adi Kusumo, M. Si. Major

4, Dr. Indarsih, M. Si. Major

5. Dr. Irwan Endrayanto A, M. Sc. Major

6. Dr. Solikhatun, M. Si. Major

7. Dr. Nanang Susyanto, M. Sc. Major

8. Dr. Noorma Yulia Megawati, M. Sc. Major

. Prof. Dr. Ch. Rini Indrati, M. Si. Minor

10. Prof. Imam Solekhudin, Ph. D. Minor

. Dr. rer. nat. Ari Suparwanto, M. Si. Minor

12. Dr. Sumardi, M. Si. Minor

13. Dr. Adhitya Ronnie Effendie, M. Sc. Minor

MATHEMATICS COMPUTATION

No. Nama Dosen Keterangan

1 Prof. Imam Solekhudin, Ph.D. Head of laboratory
2 Dr. Sumardi, M.Si Mayor

3. Dr.rer.nat. Lina Aryati, M.S. Minor

4, Dr. Fajar Adi Kusumo, M.Si. Minor

5. Dr. Indarsih, M.Si. Minor

6. Dr. Sutopo, M.Si. Minor

7. Dr. Irwan Endrayanto, M.Sc. Minor

8. Dr. Solikhatun, M.Sc. Minor

STATISTICS COMPUTATION

No. Nama Keterangan

1. Dr. Adhitya Ronnie Effendie, M.Sc. Head of laboratory
2. Prof. Dr.rer.nat. Dedi Rosadi, M.Sc. Mayor

3. Dr. Gunardi, M.Si. Minor

4., Dr. Abdurakhman, M.Si. Minor

5. Drs. Danardono, MPH., Ph.D. Minor

o. Dr. Herni Utami, M.Si. Minor
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In addition, there are several non-permanent instructors from other faculties at
UGM or institutions outside UGM.

Currently, the Department of Mathematics offers 5 (five) study programmes with
accreditation ratings as follows:

1. Mathematics Bachelor's Programme: Established based on Minister of
Education, Teaching, and Culture Decree No. 53759/Kab, dated September
15, 1955, with the highest accreditation rating ("A") from BAN PT (National
Accreditation Board for Higher Education) in 5 accreditation evaluations.
Currently, the Mathematics programme has been accredited as
"EXCELLENT" by BAN-PT. At the ASEAN level, the Mathematics programme
has been certified by AUN for the period 2014 - 2018, and at the international
level, it has been accredited by the international accreditation agency ASIIN
for the year 2018 — 2023.

2. Statistics Bachelor's Programme: Established based on Minister of
Education and Culture Decree No. 22/DIKTI/Kep/1985, with the highest
accreditation rating ("A") from BAN-PT in 5 accreditation evaluations.
Currently, the Statistics programme has been accredited as "EXCELLENT" by
BAN-PT. Internationally, the Statistics programme has been accredited by
the international accreditation agency ASIIN for the year 2018 — 2023.

3. Master's Programme in Mathematics: Established based on the Directorate
General of Higher Education Decree No. 128/Dikti/KEP/1992 dated April 11,
1992, with the highest accreditation rating ("A") fromm BAN-PT in 4
accreditation evaluations. The Master's Programme in Mathematics has
been equated with an "EXCELLENT" accreditation rating by BAN-PT.

4. Doctoral Programme in Mathematics: Established based on the Directorate
General of Higher Education Decree No. 580/DIKTI/Kep/1993, with the
highest accreditation rating ("A") fromm BAN-PT in 3 accreditation evaluations
(in the years 2010, 2015, and 2020). The Doctoral Programme in Mathematics
has been equated with an "EXCELLENT" accreditation rating by BAN-PT for
the period from December 15, 2020, to August 30, 2025.

5. Actuarial Science Bachelor's Programme: Established based on BAN-PT
Decree No. 163/SK/BAN-PT/Min-Akred/S/X/2018 dated April 20, 2018, and has
been declared as accredited as "GOOD" through BAN PT Decree No.
1562/SK/BAN-PT/Akred/S/111/2022 dated March 8, 2022.

2.2 EXTERNAL CONDITION

The ASEAN Free Trade Area (AFTA) agreement and globalization have opened up
many industries in Indonesia to ASEAN countries and the world, allowing foreign
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workers of all educational levels, including those with doctoral qualifications, to
pursue careers in Indonesia. This has created intense competition across various
fields, including the economy, financial industry, research, and education. The
influx of high-quality foreign workers must be balanced with improving the quality
of Indonesian workers.

On the other hand, the rapid development of Information and Communication
Technology (ICT), particularly information technology, has triggered innovation in
the business world, leading to the emergence of new professions and the
obsolescence of old ones. This technological advancement has also significantly
impacted the way education is viewed, the methods of teaching, and the
techniques used in education, which now heavily rely on technology-based
learning. These two factors, namely, industrial globalization and rapid ICT
development, present challenges to the education sector and the programmes
under the Department of Mathematics. To produce competent human resources,
the education sector requires instructors and researchers who are qualified,
innovative, and capable of adapting to the latest developments in ICT. This calls for
an educational system that can produce graduates capable of competing with the
workforce from other countries.

Furthermore, the demand for academic personnel, researchers, consultants, and
practitioners with backgrounds in Mathematics, Statistics, and Actuarial Science at
the undergraduate, master's, and doctoral levels has grown rapidly throughout
Indonesia. This increased demand has led to the establishment of new study
programmes at several domestic universities, intensifying competition among
higher education institutions and posing a threat to the sustainability of
programmes under the Department of Mathematics at UGM.

Therefore, the Department of Mathematics must continuously improve its quality
in all aspects, including human resources, facilities, partnerships, research,
community engagement, and digitalization in academic and non-academic
administration. Specifically, supporting research development requires increased
collaboration between the Department of Mathematics and experts and
institutions, both domestically and internationally. Furthermore, the ongoing
industrial revolution 4.0 and current research are closely related to data science,
including Big Data, Machine Learning, and Artificial Intelligence. This has increased
the demand for individuals with strong logic and analytical thinking skills,
particularly in utilizing information technology for data processing. To support this,
the programmes under the Department of Mathematics have developed Student-
Centered Learning (SCL) methods and implemented the Merdeka Belajar Kampus
Merdeka (MBKM) programme. These learning systems will enhance students'
Communication, Collaboration, Critical Thinking, Citizenship, Creativity, and
Character competencies.
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On the other hand, it's undeniable that recent advancements in ICT require strong
foundations in basic sciences. One field predicted to develop in support of the
industrial world rapidly is machine learning support Artificial Intelligence (Al). This
presents extensive opportunities for applying mathematics, statistics, and actuarial
science in the industrial and information technology sectors.

The Department of Mathematics at UGM has identified and mapped the
challenges, threats, and opportunities mentioned above. By leveraging its
strengths and external opportunities, the Department and the specific
programmes it oversees have formulated a detailed SWOT analysis and strategies
to address these challenges while minimizing the impact of weaknesses for each
programme. These strategies have been integrated into the Department of
Mathematics' strategic plan (Renstra).

2.3 FIELDS OF SCIENCE

Mathematics serves as both a language and a tool for analyzing and solving various
real-world problems. The field of mathematics is not always associated with
numerical calculations but also involves the study of logic, generalization processes,
abstraction, pattern recognition, modeling, and more. Therefore, mathematics
plays a crucial role in the sciences for problem-solving. Given its strategic position,
the Department of Mathematics is committed to excellence in mastering theory
and practical applications of its research findings.

The Department of Mathematics has the potential to collaborate with various
faculties at UGM and other institutions, including BMKG (Meteorology, Climatology,
and Geophysics Agency), BPS (Central Bureau of Statistics), BPPT (Agency for the
Assessment and Application of Technology), BIN - Badan Inteliien Nasional
(National Intelligence Agency), several hospitals, financial institutions, and
companies. Additionally, there are collaborations with other domestic and
international universities.

The Department of Mathematics provides a platform for self-development for its
students, primarily by enhancing their analytical abilities and critical thinking
through various activities conducted by each programme. In addition to
theoretical knowledge, the department equips students with the skills to tackle
everyday problems, such as those related to telecommunications, finance, banking,
insurance, biology, health, coding, control systems, optimization, and more.

In terms of academic disciplines, the Department of Mathematics houses six
laboratories: Algebra Laboratory, Analysis Laboratory, Applied Mathematics
Laboratory, Statistics Laboratory, Mathematics computation Laboratory, and
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Statistics Computation Laboratory. These laboratories support the curricula of the
programmes under the Department of Mathematics, including the Bachelor's in
Mathematics, Bachelor's in Statistics, Bachelor's in Actuarial Science, Master's in
Mathematics, and Doctorate in Mathematics.

The Department of Mathematics at FMNS UGM is committed to preserving the
knowledge within its domain, both in theory and application. This aligns with
UGM's commitment to safeguarding the preservation of existing knowledge as an
institution of higher education..

2.4 VISION

The vision of the Department of Mathematics, Faculty of Mathematics and Natural
Sciences (FMNS), Universitas Gadjah Mada (UGM), in 2037 is to be a national
reference in the field of mathematics, both in innovative theory and applications,
at an international level. It is dedicated to serving the interests of the nation and
humanity, guided by the cultural values of the nation based on Pancasila

2.5 MISSION

The missions of the Department of Mathematics, the Faculty of Mathematics and
Natural Sciences, Universitas Gadjah Mada (UGM) are as follows:

1. To develop innovative educational activities to enhance the quality of
mathematics education.

2. To conduct and produce research for the advancement of theory and to
support research in applied fields

W

To promote the role of mathematics in various other fields and society.
4. To develop and maintain continuous resources, supporting facilities,
organizational structures, governance, and collaborations

These missions reflect the department's commitment to advancing education and
research in mathematics, as well as its dedication to the broader community and
continuous improvement in various aspects of its operations.

2.6 AIMS/OBJECTIVES

The missions of the Department of Mathematics are outlined in its objectives,
encompassing education, research, community service, resource development,
organization, and collaboration. The goals to be achieved are the realization of the
Department of Mathematics, as part of FMNS UGM, as a leading entity in Indonesia
with international achievements and reputation through:
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Excellence and Innovative Education in Mathematics, Statistics, and
Actuarial Science, which includes internationally recognized education that
is interdisciplinary and supported by cutting-edge information technology.
Postgraduate programmes serve as the backbone in producing graduates
who are healthy, morally upright, confident, competitive, innovative, possess
mature soft skKills, are problem solvers, entrepreneurial, and responsible
towards the nation.

Outstanding, Innovative, and Focused Research in Algebra, Analysis, Applied
Mathematics, Statistics, Mathematics Computation, and Statistics
Computation, whether they are mono-disciplinary, multidisciplinary,
interdisciplinary, or transdisciplinary. This research aims to cultivate a
research culture with an environmental perspective, become a national and
international reference, provide solutions to the nation's and humanity's
problems, be based on human and natural resource excellence and local
wisdom, and involve stakeholders according to the Department's and
Faculty's research plans.

Community Service with Excellence and Innovation based on expertise in
Mathematics, Statistics, and Actuarial Science. This involves community
service based on science, appropriate technology, and advocacy that
promotes independence, analytical and critical thinking, responsibility, and
sustainable community welfare. The campus is utilized as a platform for
applying science and technology innovations for the community, and a
product development management system is implemented to support the
commercialization of research results.

Resource Development, Organization, Collaboration, and Governance that is
fair, transparent, participatory, and accountable. This development aims to
support the effective and efficient utilization of resources based on an
integrated information technology system to facilitate adaptive learning
processes in the context of the Industrial Revolution 4.0.

2.7 FACILITIES AND INFRASTRUCTURE

The teaching and learning activities within the Department of Mathematics at
FMNS UGM are supported by very good physical facilities. The department's library
provides access to academic members who require various references in the fields

of mathematics, statistics, and actuarial science to support the teaching and

research processes. In addition to the departmental level, academic members also

have access to the Faculty of Mathematics and Natural Sciences Library and the
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University Library, both of which house extensive collections of literature that
support the education and research processes.

The University Library offers not only physical services (in-person) but also virtual
services in the form of e-resources, including access to electronic books and
journals subscribed to by UGM, as well as archives of thesis, dissertations, and
research papers. Access to e-resources can be done through the website
http://lib.ugm.ac.id.

Apart from reference libraries, the Department of Mathematics also has computer
laboratories to support the learning process. These laboratories are equipped with
computers that have adequate specifications and licensed or open-source
software.

Currently, the Department of Mathematics is developing a computational
laboratory for research purposes, which will be equipped with high-specification
computers and software to support computational research. Every academic
member and educational staff in the Department of Mathematics has an email
account integrated with various information technology-based services at UGM,
using the Single Sign-On (SSO) system. With these accounts, all members of the
Department of Mathematics can access various university systems and services,
such as Simaster, the Learning Management System (Elok), e-resources in the UGM
Library, and others.

In addition to the above facilities, academic members and educational staff also
have access to various facilities provided by the university, including healthcare
facilities at the Gadjah Mada Clinic (GMC) and the Academic Hospital (RSA-Rumah
Sakit Akademik), campus bike facilities, and more. In the learning process, aside
from direct face-to-face interactions, students can communicate with professors
via email. Course assignments can be accessed online through the internet, and
teaching materials are available in the form of E-learning through the Simaster
portal (http://simaster.ugm.ac.id/) or Elok (https://elok.ugm.ac.id), which can be
freely accessed by students.

2.8 TARGETS AND ACHIEVEMENT STRATEGIES

To achieve the Vision, Mission, and Objectives, a Strategic Plan (Renstra — Rencana
Strategis) and Operational Plan (Renop - Rencana Operasional) have been
developed for the Department of Mathematics, which serves as a performance
target for formulating the Annual Work Plan (RKT - Rencana Kinerja Tahunan) and
as an instrument for evaluating performance in achieving its strategic goals.

2.9 QUALITY ASSURANCE

The process of quality assurance is carried out during the ongoing learning process
as well as at the end of each semester through internal quality audit processes
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conducted by the Quality Assurance Office (KIM — Kantor Jaminan Mutu) UGM.
The quality assurance process follows the Internal Quality Assurance System in
universities, consisting of stages in a cycle: PDCA - Plan, Do, Check, and Action. The
PDCA principle is known as five steps in the Indonesian version, i.e. DIECI -
Determination, Implementation, Evaluation, Control, and Improvement (PPEPP —
Penetapan, Pelaksanaan, Evaluasi, Pengendalian, dan Peningkatan). This cycle is
aimed at ensuring continuous improvement in the educational process in all study
programmes within the Department of Mathematics.

The programme or work plan is established through joint deliberations during
official meetings of the faculty members and the Department Meeting (RKD)
forum scheduled every Wednesday from 13:00 to 15:00. All faculty members are
excused from teaching schedules during these hours to facilitate the scheduling
of decision-making meetings at the department, study programme, laboratory, or
ad hoc committee levels. At the beginning of each year, the Department's
management, along with the programme managers and laboratory heads,
prepare a one-year plan that is synergized with the plans of the faculty and
university, serving as the official guideline for activities in that year. The outcomes
of these discussions are documented by the Department in the form of Annual
Work Plans (RKT). The preparation of RKT is based on Key Performance Indicators
(IKU - Indikator Kinerja Utama) provided by the Government to the University, and
Performance Achievement Mandates (MCK — Mandat Capaian Kinerja) provided
by the University to the Faculty, which must be implemented by each department.

The implementation of programmes and plans is carried out with the support of
all involved parties. Specific activities may require the formation of ad hoc
committees. To reinforce the legality of a committee, a Committee Decree (SK
Kepanitiaan) is issued, outlining the responsibilities of each committee member.
At the conclusion of each programme, a report is compiled, incorporating feedback
and evaluations provided during the disbandment of the committee or meetings
involving all faculty members.

Evaluations are generally conducted annually, examining the annual achievement
data documented in the RKT. As an evaluative basis, the Department refers to the
aspects of the quality and productivity achievements of faculty, educational staff,
and students, learning achievements at all levels, as well as the conditions and
needs of facilities and infrastructure outlined in the Performance Achievement
Mandates (MCK). Evaluations are assessed from both quantitative and qualitative
perspectives. The evaluation mechanism at the departmental level is also
continuously conducted through the formation of official forums for receiving
opinions from students, alumni, users, or other stakeholders.

These forums include the Semester Coordination Team (TKS — Tim Koordinasi
Semester) for teaching-related issues, alumni meetings for cooperation and

Curriculum 2022 Document of Doctoral Programme



Page |39

graduate quality matters, and others. In any form of committee or special team
activity, the Department management acts as the responsible party, providing
input and serving as an implementation of control functions if specific issues
require departmental policies or decisions. This is also outlined, for example, in the
Committee Decree and represents one of the mechanisms for controlling activities.

Continuous improvement is carried out by the Department of Mathematics
through the Review Meeting Management (RTM — Rapat Tinjauan Manajemen)
forum conducted by the Department of Mathematics along with the department-
level quality assurance team to review the overall evaluation results. Responses to
feedback can be categorized into several aspects:

1. Responses that can be directly handled by the Study Programme,
Laboratory, or Department related to their main duties.

2. Responses that require deliberation among all members of the Department
Meeting (RKD - Rapat Kerja Departemen) or all faculty members of the
Department of Mathematics, such as decisions related to the Department's
policy on a particular issue.

3. Responses in the form of inputs to the faculty are conveyed to the faculty
during the Faculty Meeting (RKF — Rapat Kerja Fakultas), such as those
concerning information systems, faculty's facilities and infrastructure,
implementation of the Faculty policies, etc.

4. Responses involving inputs for University-level matters are delivered at the
RKF or Academic Senate Meeting, with the hope that the University can
communicate through appropriate channels.

Quality assurance, which is conducted in the form of regular internal audits, is
carried out by the University. Students are involved in the quality assurance process,
as members of the Semester Coordination Team (TKS). The persons in charge of
the student’s association with one or two students in each academic year entrance
attend TKS Meetings which are conducted twice a semester according to their
respective programmes. In carrying out their duties, the Department conducts
deliberations through Department Plenary Meetings, Department Working
Meetings, programme meetings, ad-hoc team meetings, and workshops. The
meetings are conducted for

) the division of teaching tasks and credits,

i) the preparation of regulations related to study programmes,

i the preparation of standard operating procedures (SOP),

iv) the preparation of the Department's RKAT (Department Work Plan and
Budget), and

(V) evaluation of learning and curriculum evaluation, etc.
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Opportunities to meet with alumni and users are also used to obtain input, for
example, to formulate the vision, mission, and objectives of the Department,
discuss curriculum revisions of the programmes, as well as collaboration
opportunities. In addition to meetings, for matters that require intensive thinking,
workshops are also held by the programmes to enhance the learning process,
including assessment, and for evaluating learning achievements.

Improvements in learning management that impact the quality assurance of
learning outcomes have been implemented through monitoring and feedback to
students in the form of direct discussions between teachers and students in the
Semester Coordination Team (TKS) forum established by the Department for each
Study Programme at every academic level. The TKS team is the Internal Quality
Assurance (IQA) team at the programme level established by the Dean's Decree
based on the proposal of the Department of Mathematics. The TKS team consists
of teachers and students representing students per class group. Inputs from the
TKS team will be used as input for programme managers, department managers,
and faculty managers for continuous improvement processes. The results of
monitoring and evaluation from the TKS meeting are conveyed to the related study
programmes and the department for follow-up.

In addition to the above process, specifically for the Doctoral Programme, quality
assurance is also carried out for the quality of student research. Quality assurance
starts from the proposal submission of prospective students. The proposal is
assessed by a team consisting of staff members in the relevant field. After the
prospective students who pass become doctoral students, the research
implementation is monitored through monitoring and evaluation (monev) every
semester. Monev is conducted through presentations and the completion of a
portfolio containing the research track record of students.

One of the parameters in measuring the standard quality of each study
programme in the Department of Mathematics is by using parameters in the form
of the quality of textbooks used in lectures. In this case, the textbooks used must
have good quality in terms of content, publisher, and timeliness. Another standard
quality parameter is that the curriculum of the Mathematics Programme, Statistics
Programme, Actuarial Science Programme, Master's Programme in Mathematics,
and Doctoral Programme in Mathematics refers to the curricula of several other
institutions, both national and international. In addition to the two parameters
above, the quality standard of the study programme is also measured by the
number of publications by Permanent Teaching Staff of the Study Programme in
international journals, and the number of DTPS conducting academic and research
activities outside the University, both nationally and internationally, such as
becoming invited speakers, guest lecturers, thesis or dissertation examiners, and
others. This will support and improve the quality of the teaching and learning
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process and the success of graduates from the Mathematics, Statistics, Actuarial
Science, Master's in Mathematics, and Doctoral in Mathematics Study
Programmes.

Together with other departments within the Faculty of Mathematics and Natural
Sciences at Universitas Gadjah Mada (FMNS UGM), the Curriculum Committee of
the Department of Mathematics was established in 20716. This was based on the
Rector's Decree of UGM Number 1619/P/SK/HT/2015 dated November 30, 2015,
regarding the Determination of the Organizational Structure of the Faculty of
Mathematics and Natural Sciences at UGM
(https://hukor.ugm.ac.id/download/peraturan-rektor-ugm-nomor-1-p-sk-ht-2015/).
To address curriculum issues and quality assurance within the Department of
Mathematics, a quality assurance team was formed at the departmental level,
known as the Mathematics Department Quality Assurance Team.

Ex. Officio Chairman of the Curriculum Committee of the

Chai .
airman Department of Mathematics.
The f i i
Secretary e aculty representative appointed by the Department of
Mathematics.
Ex. Officio Chairman of the Undergraduate Mathematics
Member

Programme Committee

Ex. Officio Chairman of the Undergraduate Statistics
Programme Committee

Ex. Officio Chairman of the Undergraduate Actuarial Science
Programme Committee

Ex. Officio Chairman of the Master's Programme in Mathematics
Committee

Ex. OfficioChairman of the Doctoral Programme in Mathematics
Committee.

In addition to academic activities, the Mathematics Department Quality Assurance
Team is responsible for ensuring the enhancement of the quality of the
department's faculty members in their research endeavors, publication of their
research findings, engagement in Community Service Activities (PkM -
Pengabdian kepada Masyarakat), as well as collaborations with domestic and
international partners. The process of Determination, Implementation, Evaluation,
Control, and Improvement (DIECI - PPEPP) of Educational Standards for research
activities and PkM activities has been effectively carried out. This includes the
submission of proposals and the proposal review process, as well as the
implementation of research and PkM activities through monitoring, reporting, and
the review of the final results (outputs). The evaluation of research and PkM
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activities is conducted by a team depending on the funding providers for the
research and PkM obtained by individual faculty members or groups of faculty
members.

The results of internal evaluations conducted each semester are utilized to refine
the learning processes for the following semester, which ultimately contribute to
the development of the curriculum for the study programme. External evaluations
by the National Accreditation Agency for Higher Education (BAN-PT) are
consistently carried out, and the outcomes have been highly satisfactory, as
evidenced by the accreditsation results. External recognition is also manifested
through the establishment of collaborations and partnerships in the form of
collaborative research schemes under the WCP (World Class Professor) grant with
various international partners. Additionally, educational cooperation is fostered
with the University of Twente in the Netherlands, the University of Kanazawa in
Japan, the University of Waterloo in Canada, and the University of Vienna in Austria.
Another form of external recognition is demonstrated through collaborative
research workshops with CIMPA France in the form of CIMPA Schools, and SEAMS
Schools with various universities in Europe and ASEAN, partially funded by CIMPA.
The outcomes obtained are utilized for the refinement of the curriculum, learning
processes, infrastructure, and supporting facilities management, as well as the
improvement of administrative systems, all of which are supported by ongoing
research. Collaboration activities with partners include colloquiums and workshops
aimed at the development of research and learning processes.

The existence of a quality assurance system at the Department of Mathematics
level is inseparable from the Mathematics Department Governance, which is
integrated with the governance at the University and Faculty levels, as stated in
the Rector's Regulation of UGM Number 600/UN1.P/KPT/HUKOR/2022 regarding
the Organizational Structure and Governance of the Faculty within Universitas
Gadjah Mada. From the description above, it can be concluded that there are two
levels of the Quality Assurance Implementation Team at the Department of
Mathematics:

A. DEPARTMENT LEVEL

The Quality Assurance System (SPM| — Sistem penjaminan Mutu Internal) at the
Department of Mathematics level is done by the Quality Assurance and Curriculum
Committee (IMKK - Jaminan Mutu dan Komite Kurikulum) of the Department of
Mathematics which responsible in coordination with the preparation and
development of the curriculum structure to implement the established quality
standard and control the implementation of the academic process at the
department level, including improving the quality of human resources, the
learning process, research, and community services.
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The duties of the Mathematics Department's IMKK are:

1. Ensure that the curriculum of the study programmes at each level within
the Mathematics Department complies with the established competencies
and academic standards.

2. Ensure that the teaching and learning processes and methods of the study
programmes at each level within the Mathematics Department adhere to
the formulation of the Programme Learning Outcomes that have been
established, as well as the Vision, Mission, and Objectives set by the
programme, department, faculty, and university.

3. Coordinate the implementation of quality assurance by scrutinizing the
results of the Semester Coordination Team (TKS) conducted by the study
programmes at each level within the Mathematics Department, and sorting
out the items that need to be followed up by the Study Programmes,
Mathematics Department, and the Faculty as policymakers.

4. Ensure the development and implementation of the study programme
curriculum at each level within the Mathematics Department in accordance
with the principles of quality assurance.

5. Carry out other relevant activities assigned by the leadership.

B. PROGRAMME STUDY LEVEL

The Quality Assurance System is implemented by the Semester Coordination Team
(TKS), which is responsible for ensuring quality assurance at the programme study
level by monitoring and evaluating the learning processes. The Department
directly mandates the TKS to serve as an independent body that monitors the
course of lectures in each study programme. Aspects considered include: class
activities, matters related to midterms and final exams, undergraduate/graduate
thesis supervision and examination, doctoral programme student mentoring and
research implementation, as well as facilities and infrastructure. The TKS in each
study programme consists of a Chairman (a faculty member not involved in
programme management), faculty representatives as members, and student
representatives (Chairman of the Student Association, Ex-Officio, and several
students representing the batch) in the programme study. The appointment of the
chairman and members from the faculty members is determined in the
Mathematics Department meeting. The faculty members are chosen such that all
of the main supporting laboratories in the Mathematics Department's study
programmes have a representative.
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Overall, the organizational structure of the quality assurance system at the

university, faculty, department, and programme study levels is provided in Figure
2.1 below.

Academic Council Universitas Gadjah Mada

Faculty of Mathematics and

Sl e Natural Science

RAN-PT

Undergraduate Program of [

Mathematics

Undergraduate Program of
Statistics

Undergraduate Program of
Actuarial Science

Master Program of
Mathematics

Doctor Program of
Mathematics

Figure 2.1 Quality Assurance System Organizational Structure at the
Department Level (UPPS).
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DOCTORAL STUDY PROGRAMME IN MATHEMATICS

A Introduction

The Doctoral Programme in Mathematics was established in 1993 based on the
Decree of the Director General of Higher Education No. 580/DIKTI/Kep/1993, with
the aim of assisting the government in developing education and research in the
field of mathematics through the development of qualified doctoral human
resources. The implementation of educational and research programmes in the
Doctoral Programme in Mathematics at Universitas Gadjah Mada has 6 (six) areas
of interest or concentrations. In carrying out its programme, the Doctoral
Programme in Mathematics at the Faculty of Mathematics and Natural Sciences,
Universitas Gadjah Mada, is supported by 6 (six) laboratories or groups of expertise,
namely the Algebra Laboratory, Analysis Laboratory, Applied Mathematics
Laboratory, Statistics Laboratory, Mathematics Computation Laboratory, and
Statistics Computation Laboratory, and is supported by 28 permanent faculty
members. The Doctoral Programme in Mathematics at Universitas Gadjah Mada
manages and educates 30 to 60 students each year (student body).

Since its establishment until February 2022, the Doctoral Programme in
Mathematics at UGM has graduated a total of 96 mathematics doctors from
various interests/concentrations. To ensure the quality of graduates, the Doctoral
Programme in Mathematics at UGM is audited every year by the UGM Quality
Assurance Office through Internal Quality Audits and is accredited every 5 years by
the National Accreditation Agency for Higher Education. The Doctoral Programme
in Mathematics at UGM has consistently received an "A" rating. Furthermore, the
Doctoral Programme in Mathematics at UGM has been ranked as "Excellent" for
the period of December 15, 2020, to August 30, 2025, based on the Decision of BAN-
PT No. 8195/SK/BAN-PT/AK-ISK/D/XI1/2020.

As believed by all parties, the quality of education is not only dependent on formal
classes but also on the academic atmosphere and good interaction between
students, faculty, and other academic communities. Considering this, the Doctoral
Programme in Mathematics at UGM strives as much as possible to create such an
environment.

In implementing its programme, the Doctoral Programme in Mathematics at the
Faculty of Mathematics and Natural Sciences, Universitas Gadjah Mada, has a
Vision, Mission, and Objectives formulated by considering the Vision, Mission, and
Objectives of the University, Faculty, and Department of Mathematics, as well as
input from stakeholders.
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The vision of the Doctoral Programme in Mathematics at the Faculty of
Mathematics and Natural Sciences, Universitas Gadjah Mada: In 2037 it will become
a Doctoral Study programme in Mathematics that is adaptive to the development
of mathematical research, strong in theory, innovative in the field of application,
excels nationally, and is able to compete internationally.

C Mission

The missions of the Doctoral Programme in Mathematics at the Faculty of
Mathematics and Natural Sciences, Universitas Gadjah Mada, are as follows:
1. Conducting a doctoral programme education that produces research,
publications, and dissertations of international quality.

2. Striving for the preservation and development of excellent and useful
knowledge

3. Trains the mindset of students to achieve independence and possess
superior ethics and scientific attitudes.

4. Increase the student’s ability in teaching and student awareness in
community service.

5. Continually improve the quality of education in doctoral programmes.

D Educational Objectives

The objectives of the Mathematics Doctoral Programme (Programme Educational
Objective/PEO) at Universitas Gadjah Mada are to produce mathematicians who
are devoted to the Almighty God, have a Pancasila spirit, and integrity, and possess
the following competences:

PEO-1

Conduct research and dissemination in advanced mathematics and its
application.

PEO-2

Produce theories, methodologies and/or new (original/novelty)
methods, which contribute to advanced mathematics and its
applications.

PEO-3

Conduct teaching, mentoring, and professional service in
Mathematics and its application.

PEO-4

Keep up the development in science continuously (becoming a
lifelong learner) and adapt to the development of science and
technology, especially in the field of mathematics and its application.
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Mapping of PEOs (Programme Educational Objectives) of the Doctoral
Programme in Mathematics at UGM and Generic Descriptions of IQF
(Indonesian Quality Framework) Level 9:

In preparing the mapping between Programme Educational Objectives (PEOs)
and the Generic Descriptions of IQF, the following are some important provisions
cited from the "Guidelines for the Preparation of Graduate Learning Outcomes
of Study Programmes" found at the following link:

e http://belmawa.ristekdikti.go.id/dev/wp-content/uploads/2015/11/6A-
Panduan-Penyusunan-CP.pdf, dan

e http://kkni-kemenristekdikti.org/pendidikan/deskripsi

Parameters in formulation of Learning Outcomes

The parameters of the formulation of Programme Learning Outcome (PLO) due to
level 9 of IQF are prepared based on the Guidelines for the PLOs as shown in Table
2.1

Table 2.1. Programme Learning Outcome Parameters (Quoted from the 'Guidelines of the
PLOs formulation)

Parameters of the PLO

Attitude a) The attitude component should contain meanings that correspond to the
detailed attitude components specified in the DGHE National Standards.

b) Additional elements in the attitude component are allowed for programmes
to add characteristics specific to the university's graduates or for
programmes whose graduates require specific attitudes to perform certain
professions.

General Skills a) The general skills component should contain meanings that correspond to
the detailed general skill components specified in the DGHE National
Standards.

b) Additional elements in the skill component are allowed for programmes to
add characteristics specific to the university's graduates.

Specific Skills a) The specific skills component should demonstrate the ability to work in the
field related to the programme, the methods or techniques used in that
work, the level of quality that can be achieved, and the
conditions/processes involved in achieving these results.

b) The scope and level of specific skills should be equivalent to the scope and
level of job skills listed in the PLOs descriptions according to the type and
level of education (Table 2.2).

c) The number and types of specific skills can serve as a benchmark for the
minimum capabilities of graduates from an agreed-upon type of
programme.

Knowledge a) The knowledge component should clearly indicate the field/branch of
knowledge or group of knowledge that reflects the specificity of the
programme, stating the level of mastery, breadth, and depth of knowledge
that its graduates must possess.

b) The results of the knowledge formulation should be aligned with the
Learning Content Standards in the DGHE National Standards. (Table 2.2)
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Parameters of the PLO

c) Inthe mapping or representation of the field of knowledge, reference to
existing branches of science or areas of expertise or the group of
knowledge constructed by similar programmes can be used.

Table 2.2.

Keywords for Level of Work Capability in the IQF Generic Description and Level

of Mastery of Knowledge According to Learning Content Standards (quoted
from the "Guidelines for the Preparation of PLO").

Capability Level of mastery of
Qualification Keywords for Level of Work knowledge according to Learning
Content Standards
Level 9 Conducting in-depth and Mastering the philosophical
(Doctor) cross-disciplinary foundations of a specific field of
research in science, knowledge and skill.
technology, engineering,
and mathematics.
Level 8 Developing science, Mastering the theory and applied
(Magister) technology, engineering, theory of a specific field of
and mathematics (STEM) knowledge.
through interdisciplinary
research, innovation, and
rigorous testing.
Level 6 Applying, analyzing, Mastering the theoretical
(Undergradua | gesigning, and utilizing concepts of a general field of
te) science, technology, knowledge and specific theoretical
engineering, and concepts within that field in depth.
mathematics (STEM) to
solve problems.

Generally, the stages of formulating PLOs can be illustrated as shown in Figure 2.2
(from the "Guidelines for the Preparation of PLO").
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The stages of formulating Programme Learning Outcomes (PLOs)

One of the references used in developing the 2022 Curriculum for the Doctoral
Programme in Mathematics at UGM is the general formulation of the IQF Level 9
available on the Ministry of Research, Technology, and Higher Education website

http://kkni-kemenristekdikti.org/education/description,

which

utilized for

creating the mapping of the Programme Educational Objectives (PEOs) and the
Generic Work Ability Description of the National Qualifications Framework.

Table 2.3. Generic Description (General Formulation) of IQF Level 9 (Doctoral Programme)

IQF-1 Capable of developing new knowledge, technology, and/or art in their

Level 9 scientific field or professional practice through research, to produce creative
work, original, and tested works.

IQF-2 Capable of solving science, technology, and/or art problems through inter,

Level 9 multi, and transdisciplinary approaches.

IQF-3 Capable of managing, leading, and developing research and development that

Level 9

is beneficial for mankind, and capable of gaining national and international
recognition.

Mapping of the PEOs of the Doctoral Programme in Mathematics and the Level 9
of IQF Descriptions is presented in Table 2.4.
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Table 2.4. Mapping of PEOs with Level 9 of IQF (Doctoral)

KKNI-1 KKNI-2 KKNI-3
Level 9 (PS S3) Level 9 (PS S3) Level 9 (PS S3)
PEO-1 M L S
PEO-2 S M L
PEO-3 M L M
PEO-4 S S L

S:strong M:medium L: low

E Targets and Strategies

The targets of the Study Programme, Department, and Faculty within the UCGM
environment are formulated to support the objectives set by the university as
outlined in the UGM Operational Plan (RENOP) for the period 2013-2017. These
objectives are in line with the direction of measuring the achievement of the UGM
Strategic Plan (Renstra) for the period 2012-2017. Additionally, the targets of the
Doctoral Mathematics Programme must also adhere to the targets of the UGM
Faculty of Mathematics and Natural Sciences (FMNS UGM) as the managing unit
for the doctoral programme within FMNS UCGM. These targets are derived from the
FMNS UGM Strategic Plan (Renstra) and Operational Plan (Renop) for the period
2018-2022, which are formulated based on the UGM Strategic Plan and Operational
Plan as the overseeing institution.The formulation of targets is determined based
on the self-evaluation of the study programme and feedback from stakeholders.
Based on these considerations, the targets to be achieved in order to implement
the Vision, Mission, and Objectives of the UGM Doctoral Mathematics Programme,
along with the achievement strategies of the UGM Doctoral Mathematics
Programme, are as follows..
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No. Targets Indicators Strategies
1 Improvement in the Level of competitiveness = number of Periodically and continuously improving the process of recruiting new
quality of input applicants / number accepted. students to enhance the quality of input.
(prospective students).
2 Increase in the hnumber Ratio of the number of student Requiring students to publish internationally.
of student publications publications in international journals to
in international journals. the total number of students per year.
3 Increase in the number Ratio of the number of student papers Encouraging and facilitating students to present their research
of student papers presented at national and international findings in national and international seminars.
presented at national scientific meetings to the total number of
. . students per year.
and international
scientific meetings.
4 INncrease in the number Ratio of the number of students - Organizing support for the learning and research process with
of students from the conducting research abroad (sandwich training by internationally recognized researchers and providing
Doctoral Mathematics programme) to the total number of incentiv.es to stL.Jd.en.ts.. . _
. students per year. - Increasing multidisciplinary research involving students and
Programme cooductmg personal collaboration as well as collaboration with external and
research at foreign domestic institutions, for example in the form of joint supervision,
universities (sandwich visiting research.
programme). - Enhancing students' readiness to take advantage of sandwich-like
programmes with foreign universities and doctoral research
programmes for students.
5 Reduction of student study Average study duration (in years). - Developing standard operating procedures according to specified
duration. deadlines and conducting semesterly monitoring and evaluation.
- Improving the quality of student input.
- Intensifying guidance..
6 Improvement in GPA. Average GPA. - Intensifying guidance.

- Improving the quality of student input.
- Limiting the number of supervisions per faculty member.
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A. Academic Efficiency of the Study Programme

No. Indicator Baseline 2022/2023 | 2023/2024 | 2024/2025 | 2025/2026 | 2026/2027
1 Average duration of study for graduates
) 4.4 4.4 43 4] 39 37
(in years).
2 Average GPA of graduates. 3.71 3.75 376 3.77 3.80 3.80
3 Percentage of students graduating in
10% 10% 20% 25% 28% 30%

less than or equal to 3.5 years.

4 Percentage of students graduating in

20% 20% 25% 30% 35% 40%
less than or equal to 4 years.
5 Percentage of graduates with a GPA =
3.76. 50% 50% 55% 60% 60% 65%
Strategies a) General Study on writing proposals, portfolios, papers, and dissertations.
Efforts to improve graduate GPA, increase the b) Regular presentation of the Doctoral Mathematics Programme curriculum every
percentage of on-time graduation, increase the semester.

percentage of graduates with a GPA =2 3.76,and | c) Granting the right to sit in on undergraduate and graduate courses.

reduce the average duration of study through: d) Alumnisharing about publication tips and completing the programme.

e) Training in software such as Python, R, Matlab, and LaTex.

f)  Monitoring and evaluation with the output of draft proposals for comprehensive
examinations for students in Semester 2 and Semester 3.

g) Incentive programmes for publications and participation in scientific seminars.

h) Intensification of dissertation guidance and acceleration of student publications.

i) Improvement of learning and research facilities, including computer laboratories,
libraries, and other support facilities. Standardization of good assessment and
ongoing evaluation processes.

Curriculum 2022 Document of Doctoral Programme



Page |53

No. Indicator Baseline 2022/2023 | 2023/2024 | 2024/2025 | 2025/2026 | 2026/2027
6 Competitiveness level = number of
applicants / number accepted. 1.7 1.8 1.9 2.0 2.1 22
Strategies a) Socialization of the programme through activities such as Open house and open
topic.
b) Increased use of the programme's website and social media (such as Instagram).
c) Implementation of joint degree or double degree programmes.
d) Provision of scholarship programmes or similar initiatives.
e) Enhancement of doctoral programme research internships.
f)  Enhancement of research development.
7 Achievement of CO-PLO. 3.89 | 390 3.90 390 3.90 3.90
Strategies a) Active classroom learning.
b) Continuous evaluation every semester.
c) Intensifying dissertation guidance and encouraging student publication
acceleration.
d) Enhancing learning and research facilities, including computer laboratories,
libraries, and other supporting facilities.
e) Standardizing good assessment and continuous evaluation processes.
8 Number of international students. 0 1 1 1 2 2
Strategies a) Launching activities involving international students.
b) Utilization of GMIF and KNB admission channels.
c) Introduction of the programme to foreign universities.
d) Enhancement of collaboration with universities and research institutions abroad
for research collaboration and programme promotion.
e) Enhancement of joint mathematics school programmes with international

institutions.
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No. Indicator Baseline 2022 2023 2024 2025 2026
1 The ratio of the number of titles
published in international journals by
0.39 0.48 0.50 0.52 0.55 0.55
students to the total number of students
per year.
a) Increased guidance by the Promotor Team.
b) Utilization of the Reading Proof facilities provided by UGM.
¢) Studium Generale: tips for publication and journal selection.
d) Increased publication incentives to encourage student publications in reputable international
Strategy journals.
e) Organization of periodic workshops/training sessions for writing papers for reputable international
journals.
f)  Optimization of the monitoring and evaluation process each semester to intensively encourage
students to publish in international journals.
2 The ratio of the number of paper titles
presented at national and international
N . 0.47 0.5 0.52 0.54 0.56 0.6
scientific meetings by students to the
total number of students per year.
a) Increased guidance by the Promotor Team.
b) Studium Generale on publication writing.
¢) Studium Generale on tips for publication and journal selection.
d) Incentives for seminar and workshop publications or similar activities.
Strategy e) Increased financial assistance for disseminating the research results of doctoral students'
dissertations.
f) Increased involvement of doctoral students in faculty research to encourage an increase in the
number of papers presented.
g) Organization of an international-level academic forum by inviting foreign speakers.
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No. Indicator Baseline 2022 2023 2024 2025 2026
3 The ratio of the number of students
conduc.tlng research activities abroad 0 ' 0.03 0.04 0.05 0.06 0.06
(sandwich programme) to the total Pandemic
number of students per year.
a) Increased guidance by the Promotor Team.
b) Providing incentives or rewards for students participating in sandwich programmes or similar
activities.
Strategy c) Increased involvement of doctoral students in faculty research to encourage an increase in the
number of papers presented.
d) Organization of an international-level academic forum to foster research collaboration.
4 Number of students involved in
22 23 25 27 29 30
research.
a) Ultilization of the RTA grant from UGM.
b) Utilization of research grants from DIKTI or LPDP or other institutions.
¢) Increased guidance by the Promotor Team.
Strategy d) Increased research by faculty involving doctoral students.
e) Increased participation of students as presenters at international-level academic forums as part of
research dissemination with students.
f) Increase in department/faculty grants for faculty research involving doctoral students.
5 The number of research-based or
community service-based learning 10 10 11 12 13 14
integrations (in the Course Syllabus).
a) Increased community service activities with research-based content as part of the learning material.
b) Updating references that refer to research findings.
Strategy c) Providing incentives for writing learning materials that integrate the results of faculty research or
community service activities within the study programme.
d) Continuously integrating the latest research findings into the learning system.
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No.

Indicator

Baseline

2022

2023

2024

2025

2026

Average number of research conducted
by faculty members.

15

15

15

1.6

1.7

1.8

Strategy

a)

b)

c)
d)

Increased involvement of faculty members in research with funding from both domestic and
international sources.

Implementation of workshops on strategies for preparing research proposals.

Increased research by faculty members that strengthens fundamental knowledge.

Increased presence of quality guest researchers to enhance research innovation and the possibility
of collaboration.

Provision of funds and increased quotas and incentives for departmental grant funding to stimulate
collaborative research with external parties and research funded from outside UGM.

Average citation index of faculty
members.

28 30 32 34 36 40

Strategy

a)
b)
c)
d)

e)

f)

Increased number of publications.

Increased multidisciplinary and transdisciplinary research with publication outputs.

Increased collaboration.

Development of a new culture by abandoning the culture of hesitancy to cite the work of colleagues
within the same department, which actually supports the research being conducted.

Increased participation of faculty members as presenters at international-level academic forums.
Increased incentives for publications and participation in academic forums, both as presenters and
speakers.

Average number of community service
activities.

41 41 43 45 48 50

Strategy

Regular implementation of community service activities every semester.

Increased collaboration with domestic and international institutions, including schools and
universities.

Provision and development of a well-integrated community service roadmap.

Systematic development of community service activities by utilizing information technology,
especially online media for learning and discussion.

National-level increase in community service activities through alumni networks.
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No. Indicator Baseline 2022 2023 2024 2025 2026
f) Increased student involvement in community service activities.
9 International / Regional Accreditsation
- Pre-ASIIN Pre-ASIIN Pre-ASIIN ASIIN ASIIN
Process.
a) Implementation of Outcome-Based Education (OBE).
Strategy b) Implementing a culture of quality through the UGM Internal Quality Audit (AMI) KIM.
c) Collaborating with national and international institutions for the improvement of programme quality.
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F Basics for Curriculum Development 2022

Considering the SWOT (Strength, Weakness, Opportunity, and Threat) analysis, the
Doctoral Programme in Mathematics continuously improves its curriculum by
enhancing RAISE (Relevance, Academic atmosphere, Internal management and
organization, Sustainability, Efficiency, and productivity). Furthermore, based on
the Graduate Profile and Objectives of the Doctoral Programme in Mathematics at
the Faculty of Mathematics and Natural Sciences, Universitas Gadjah Mada, the
Programme Learning Outcomes (PLOs) are formulated, which are derived into the
2022 Curriculum for the Doctoral Programme in Mathematics at the Faculty of
Mathematics and Natural Sciences, Universitas Gadjah Mada, constituting an
outcome-based curriculum.

The preparation is done by considering::
1. Evaluation results of the 2017 Curriculum of the Doctoral Programme in
Mathematics, Faculty of Mathematics and Natural Sciences, Universitas
Gadjah Mada.

2. Evaluation of the Semester Coordination Team (Tim Koordinasi Semester)
conducted every semester. The Semester Coordination Team involves
faculty representatives and students.

3. Evaluation of the Doctoral Programme in Mathematics every five years.

4, Curriculum benchmarking with similar programmes from domestic (DN)
and international (LN) institutions.

5. Guidelines for the Preparation of Higher Education Curricula and Learning
Outcomes Assessment (Minister of National Education Decree Number
232/U/2000) [18].

6. Regulation of the Minister of Research, Technology, and Higher Education of
the Republic of Indonesia Number 44 of 2015 Regarding National Standards
for Higher Education.

7. Regulation of the Minister of Education and Culture of the Republic of
Indonesia, Minister of Education and Culture of the Republic of Indonesia
Regulation Number 73 of 2013 Regarding the Implementation of the
Indonesian National Qualifications Framework (KKNI) [19].

8. IndoMS Recommendation Document on the Formulation of Minimum
Programme Learning Outcomes for Doctoral Study Programmes [20].

9. Government Regulation Number 19/2005 [21], Minister of National Education
Decree Number 045/2002 Regarding the Core Curriculum of Higher
Education [22], and Rector of UGM Decree Number 11 of 2016 concerning
Graduate Education.
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10. Regulation of the Minister of Education and Culture Number 3 of 2020
concerning National Standards for Higher Education (SNPT).

1. Guidelines for the Preparation of Higher Education Curriculum in the Era of
Industry 4.0, Directorate of Learning, Directorate General of Learning and
Student Affairs, Ministry of Research, Technology, and Higher Education,
2019 [23].

12. Rector of Universitas Gadjah Mada Regulation Number 11 of 2016 Regarding
Graduate Education.

13. Rector of Universitas Gadjah Mada Regulation Number 18 of 2019 Regarding
the Implementation of Research-Based Graduate Programmes (by
Research) at Universitas Gadjah Mada.

14. Rector of Universitas Gadjah Mada Regulation Number 14 of 2020 Regarding
the Basic Framework of the Universitas Gadjah Mada Curriculum.

15. Foresighting of the development of knowledge in the Faculty of
Mathematics and Natural Sciences, Universitas Gadjah Mada, 2016.

16. Expert input, alumni, users, faculty, and students on compulsory courses as
well as elective courses along with their learning processes..

The development of the 2022 Curriculum for the Doctoral Programme in
Mathematics, Faculty of Mathematics and Natural Sciences, Universitas Gadjah
Mada, is conducted in several stages. In the initial stage, meetings are held at the
programme level, followed by meetings at the departmental level. The results at
the departmental level are then forwarded to the faculty level. The final results at
the faculty level are submitted to the UGM Faculty Senate for review and approval.

G Profession/Career Opportunities for Graduates

The students of the Doctoral Programme in Mathematics at the Faculty of
Mathematics and Natural Sciences, Universitas Gadjah Mada, are generally already
employed, ensuring the absorption of graduates. Based on the results of
workshops and surveys conducted with users, the alumni of the Doctoral
Programme in Mathematics at UGM are considered to have excellent integrity,
professionalism, teamwork, and self-development skills. They are also noted for
their leadership, communication skills, proficiency in information technology, and
good foreign language proficiency. With the trust of users in the alumni of the
Doctoral Programme in Mathematics, it will encourage them to recruit more
alumni from the programme. Furthermore, several universities in Indonesia
currently only accept staff members with a doctoral degree..
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H Graduate Profile

The Graduate Profile of the Doctoral Programme in Mathematics, Faculty of
Mathematics and Natural Sciences, Universitas Gadjah Mada, in general, is as

follows:

1.

Academics (lecturers) with excellent integrity, professionalism, teamwork,
strong self-development skills, profound mastery of knowledge, capable of
teaching effectively, conducting independent research, presenting research
findings effectively, and possessing a reliable area of expertise.
Researchers with excellent integrity, professionalism, teamwork, strong
self-development skills, profound mastery of knowledge, capable of
conducting independent research, presenting research findings effectively,
and possessing a reliable area of expertise.

Consultants/practitioners with excellent integrity, professionalism,
communication skills, collaboration, and adaptability, as well as strong self-
development skills in the development of mathematical knowledge, and a
broad insight into the application of mathematical fields.

I Programme Learning Outcome Formulation

Referring to the graduate profile, the formulation of the Programme Learning

Outcomes (PLO) of the Doctoral Programme in Mathematics is developed by

considering:

1.

Minister of Education and Culture Decree Number 212/U/1999 concerning
Guidelines for Doctoral Programme Implementation.

Minister of National Education Decree Number 232/U/2000 concerning
Guidelines for the Preparation of Higher Education Curricula and
Assessment of Student Learning Outcomes.

Minister of National Education Decree Number 045/U/2002 concerning the
Core Curriculum of Higher Education.

Minister of Education and Culture Regulation Number 3 of 2020 concerning
National Standards for Higher Education (SNPT).

The document "Recommendations for Learning Outcomes and Minimum
Curriculum Structure for Mathematics S3 Programmes" in 2006, revised in
September 2013 by The Indonesian Mathematical Society (IndoMS).

Inputs and guidance from the UGCGM Faculty of Mathematics and Natural
Sciences Senate.

Recommendations from experts, alumni, and stakeholders directly (through
workshops) and indirectly (through email or Google forms managed by
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KAS3MAT (Family of Mathematics Doctoral Alumni) at the Faculty of
Mathematics and Natural Sciences, Universitas Gadjah Mada.

Direct gathering through meetings and email correspondence (2008 —2022).

Documents resulting from benchmarking with:

Mathematics Programmes abroad: National University of Singapore
(NUS; Singapore), Nanyang Technological University (NTU; Singapore),
Simon Fraser University (SFU, Canada), University of Waterloo (Canada),
Australian National University (ANU; Australia), University of California -
Berkeley (US), Massachusetts Institute of Technology (MIT, US), University
of California - Los Angeles (US), University of Vienna (Austria), Technical
University of Munich (Germany), University College London (UCL, UK),
University of California — Santa Cruz (US), and Washington State
University (US).

Mathematics Programmes in Indonesia: Bandung Institute of
Technology (ITB), Brawijaya University (UB), Sepuluh Nopember Institute
of Technology (ITS), Padjadjaran University (Unpad), and Bogor
Agricultural University (IPB).

Documents from BAN PT (http:/ban-pt.kemdiknas.go.id/) and
LAMSAMA (https://lamsama.or.id/)

The Programme Learning Outcomes (PLO) of the Doctoral Programme in
Mathematics have been established as follows:

Table 2.5. The Programme Learning Outcome (PLO) of the Doctoral Programme in

Mathematics, Faculty of Mathematics and Natural Sciences, Universitas Gadjah
Mada, and the Learning Experience Formulation.

Here are the 6 PLOs that are formulated by the study programme: After completing the programme, the
successful students become graduates who:

PLO-1

Attitudes:
devote to God Almighty, uphold human values, internalize academic values and ethics,
responsible for working in the area of expertise independently.

Study Materials and Learning Experiences for Achieving PLO-1:

e Compulsory Course: "Literature Review and Philosophy of Science"

e Elective Courses.

e Knowledge related to ethical literature review.

e Activities in Studium Generale / Colloquium / Seminar / Conference
(Reviewed in Monitoring and Evaluation (Monev) every semester started from
the second semester).

e Publication.

PLO-2

Knowledge:

are mastering philosophy of mathematics and one of the fields in mathematics (algebra,
analysis, applied mathematics, statistics, computational mathematics, computational
statistics).

Study Materials and Learning Experiences for Achieving PLO-2:
e Compulsory Course "Literature Review and Philosophy of Science".
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e Elective Courses.
e Dissertation.
e Publication.

Knowledge:
are able to think logically, analytically, inductively, deductively, and structured; having the

PLO-3 ability to manage, lead, and develop research programs independently, and able to
communicate their thoughts as well as his work to the scientific community and the
general public.

Study Materials and Learning Experiences for Achieving PLO-3:

e Compulsory Course "Literature Review and Philosophy of Science".

e Elective Courses.

e Comprehensive examination.

e Writing manuscripts

e Activities in Studium Generale / Colloquium / Seminar / Conference

e (Reviewed in Monitoring and Evaluation (Monev) every semester started from
the second semester).

General Skills:

PLO-4 are able to create new concepts and/or new methods (original) in the field of
mathematics that is recognized nationally and internationally.

Study Materials and Learning Experiences for Achieving PLO-4:

e Elective Courses.

e Dissertation.

e Publication.

e Dissemination of the research such as in Studium Generale /Colloquium / Seminar
/ Conference (Reviewed in Monitoring and Evaluation (Monev) every semester
started from the second semester).

Special Skills:

PLO-5 are ab_le to apply mathematics acc_o_rdirjg_to their field o_f e_xp_ertise to solve problems
including those that require a multidisciplinary, cross-disciplinary, or
transdisciplinary approach.

Study Materials and Learning Experiences for Achieving PLO-5:

e Elective Courses

e Dissertation.

e Publication.

e Dissemination of the research such as in Studium Generale/Colloquium
/Seminar/Conference (Reviewed in Monitoring and Evaluation (Monev) every
semester started from the second Semester).

Life Long Learning:
PLO-6 have lifelong learning skills and being adaptive to the development of science and

technology, especially in fields related to Mathematics and its applications.

Study Materials and Learning Experiences for Achieving PLO-6:
e Compulsory Course "Literature Review and Philosophy of Science".
e Elective Courses
e Dissertation.
e Publication.

The Formulation of Fields/Subjects and Learning Experiences (LE) for
Achieving the Programme Learning Outcomes (PLO) of the Doctoral
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Programme in Mathematics at the Faculty of Mathematics and Natural
Sciences, Universitas Gadjah Mada

The 2022 Curriculum of the Doctoral Programme in Mathematics at the Faculty of
Mathematics and Natural Sciences, Universitas Gadjah Mada (UGM) follows a
Structured Curriculum pattern. The guidelines used in implementing this
curriculum are the Academic Document for the Implementation of Postgraduate
Programmes in 2005 and the Academic Policy for the Doctoral Programme
approved by the Academic Senate of the Faculty of Mathematics and Natural
Sciences, UGM, in 2008.

From the minimum of 47 credits required, at least 13 credits are realized in the form
of 4 credits of compulsory courses (Literature Review and Philosophy of Science) and
a minimum of 9 credits of elective courses. Treatment related to the obligation to
take elective courses for students is determined individually based on each
student's background and the topic of their dissertation design, decided by a
dedicated Selection Team formed for each individual student. The courses that
must be taken reflect the prerequisites for achieving the predetermined
Programme Learning Outcomes (PLO) mentioned above.

Students are required to have a residency period for 4 (four) semesters, with 2
semesters undertaken upon admission to the Doctoral Programme in
Mathematics at FMNS UGM and 2 semesters after the student completes the
Qualifying Examination (Comprehensive Examination). To be eligible to take the
comprehensive examination, students must have passed all required courses with
a GPA of 3.25.

Additionally, during the learning and research process, monitoring and evaluation
(monev) processes are conducted. After completing the dissertation, students
submit a dissertation assessment request to the Doctoral Programme in
Mathematics. In this dissertation assessment request, students must meet the
publication requirements stipulated by the Doctoral Programme in Mathematics.
After the dissertation is deemed eligible by the evaluation team, a closed final
dissertation examination is conducted. Referring to the formulation of the
graduate profile and to achieve the formulated Programme Learning Outcomes
(PLO), considering recommendations and benchmarks from several universities,
the study materials and stages of Learning Experience of the Doctoral Programme
in Mathematics at UGM are determined and presented in Tables 2.6 and 2.7.

Curriculum 2022 Document of Doctoral Programme



Page |64

Table 2.6. Formulation of Study Materials/Learning Outcomes to Achieve the Programme Learning Outcomes (PLO) of the Doctoral
Programme in Mathematics at the Faculty of Mathematics and Natural Sciences, Universitas Gadjah Mada (UGM)

Laboratory . Description
. Subject Matter — - -
Supervisor Courses for achieving the Subject Matter The coverage of the material
Literature
Review and ) . . ) Literature Review and Philosophy of
All Laboratory ) Literature Review and Philosophy of Science ]
Philosophy of Science
Science
Abstract Algebra Abstract Algebra

Coding Theory

Semigroup Theory

Algebraic Structure
Structure of

Algebra Topic in Algebra 1 (Advanced Abstract Module Theory
Algebra and its Development) Advanced Ring Theory
Finite Field

Capita Selecta in Algebra (Related to
Algebraic Structure)

Matrix Theory Matrix Analysis
Matrix over Rings

Algebra Laboratory

Generalized Inverse Matrix

) Advanced Linear System Theory Linear Systems over Rings
Linear Algebra

Advanced Linear Algebra

. . Representation Theor
Advanced Applied Linear Algebra P Y

Capita Selecta in Algebra (Related to
Linear Algebra)

Advanced Graphs and Combinatorics Advanced Graphs and Combinatorics
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Laboratory
Supervisor

Subject Matter

Graphs and
Combinatorics

Description

Courses for achieving the Subject Matter

The coverage of the material

Topic in Algebra 2 (Applied Algebra and its

Development)

Capita Selecta in Algebra (Related to
Graphs and Combinatorics)

Fundamental
Algebra

Fundamental Algebra

Lattice Theory

Category Theory and Functor

Fuzzy Logic

Capita Selecta

Capita Selecta in Advanced Algebra A

Capita Selecta in Advanced Algebra A

Capita Selecta in Advanced Algebra B

Capita Selecta in Advanced Algebra
B

Analysis Laboratory

Measure and

Measure and Integration Theory

Integration Topics in Measure and Integration Theory
Non-Absolute Integral Theory
Theory
General Topology
Topology Topics in Topology Topology Related to Posets
Topological Algebra
Topological mehods in analysis
Fuzzy Functional Analysis
Topics in Functional Analysis Operator Theory
Functional Analysis
) Riesz Spaces
Functional '
. T Banach Lattices
Analysis Topics in Riesz Spaces

Operators on Riesz Spaces or Banach
Lattices

Topics in Function Spaces and Sequence
Spaces

Function Spaces

Sequence Spaces
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Laboratory
Supervisor

Subject Matter

Description

Courses for achieving the Subject Matter

The coverage of the material

Capita Selecta

Capita Selecta in Advanced Analysis A

Capita Selecta in Advanced Analysis A

Capita Selecta in Advanced Analysis B

Capita Selecta in Advanced Analysis B

Applied Mathematics
laboratory

Topicsin
Applied
Mathematics

Topics in Applied Mathematics A

Topics in Applied Mathematics A

Topics in Applied Mathematics B

Topics in Applied Mathematics B

Mathematical
Modeling

Topics in Stochastic Processes

Stochastic Optimization

Topics in Mathematical Modeling

Dynamical System

Advanced Mathematical Modelling

Advanced Biomathematics

Optimization

Topics in Control Theory

Control Theory

Mathematical System Theory

Dynamical Games Theory

Linear and Non-Linear Fuzzy

and Control R

o o multiobjective
Topics in Optimization Theory
Optimization Theory
. ) Theory of Advanced Differential
Differential . . . . .
. Topics in Differential Equations Equations
Equations

Numerical Analysis

Capita Selecta in Advanced Applied
Mathematics A

Capita Selecta in Applied Mathematics A
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Laboratory
Supervisor

Subject Matter

Capita Selecta
in Applied
Mathematics

Description

Courses for achieving the Subject Matter

The coverage of the material

Capita Selecta in Advanced Applied
Mathematics B

Capita Selecta in Applied Mathematics B

Capita Selecta in Advanced Applied
Mathematics C

Capita Selecta in Applied Mathematics C

Statistics laboratory

Data Analysis
and Regression

Topics in Advanced Statistical Data Analysis A

Advanced Time Series Analysis

Geographically Weighted Regression
(GWR)

Non-Parametric Regression

Survival Data Analysis

Spline Regression

Small Area Estimation

Survival Data
Analysis and
Time Series

Topics in Advanced Statistical Data Analysis B

Statistical Data Mining

Advanced Semi-Parametric Regression

Longitudinal Data Analysis

Panel Data Analysis

Simulation data and Bootstrap

Time Series Data Forecasting

Wavelet and its Applications

Financial
Statistics

Topics in Financial and Actuarial Statistics A

Claim Reserve Analysis

Advanced Financial Mathematics

Advanced Actuarial Mathematics

Financial Modeling

Actuarial Risk Theory

Topics in Financial and Actuarial Statistics B

Risk Management

Portfolio Management
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Laboratory . Description
. Subject Matter — - -
Supervisor Courses for achieving the Subject Matter The coverage of the material
Actuarial Health Insurance
Science and Ootion Th
. ion Theor
Finance P Y
Advanced Mathematical Statistics
Topics in Mathematical Statistics A Linear Models
) Stochastic Processes
Mathematical
e Fuzzy Systems
Statistics -
o . o Bayesian Inference
Topics in Mathematical Statistics B — -
Multivariate Analysis
Stochastic Calculus
Advanced
Capita Selecta Capita Selecta in Advanced Statistics Capita Selecta in Statistics
in Statistics
Computational Topics in Advanced Financial and Actuarial Advanced Financial Data Analysis
Financial and Statistical Computation A
Actuarial Topics in Advanced Financial and Actuarial ) ) )
. o ) Financial Services Database
Statistics Statistical Computation B
) Topics in Advanced Mathematical Statistical L
. Computational . Robust Statistics
Statistical Computation A

Computation
Laboratory

Mathematical

Topics in Advanced Mathematical Statistical

Statistics ) Business Decision Making
Computation B
Topics in Advanced Statistical Computation A Advanced Machine Learning
Advanced
Computational Topics in Advanced Statistical Computation B Applied Statistical Computation
Statistics

Capita Selecta in Advanced Statistical
Computation

Capita Selecta in Statistical Computation

Curriculum 2022 Document of Doctoral Programme



Page |69

Laboratory
Supervisor

Subject Matter

Description

Courses for achieving the Subject Matter The coverage of the material

Mathematical
Computation
Laboratory

Boundary
Elements

o Boundary Element Methods
Topics in Boundary Element Methods;

Dual Reciprocity Boundary Element
Methods

Computational
Mathematics

Topics in Differential Equation Computation Numerical Differential Equations

Topics in Mathematical Computation Algorithms and Programming

Advanced Mathematical Computation Advanced Mathematical Computation

Capita Selecta in Advanced Mathematical
Computation

Capita Selecta in Advanced
Mathematical Computation

All laboratory

Dissertation

Preliminary Dissertation Research

Comprehensive Examination

Advanced Dissertation Research and Dissemination

Publication

Dissertation Preparation

Dissertation Eligibility Assessment

Dissertation Defense
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Table 2.7. The Stages of Learning Experience

No. The stages of Learning Experience Description
1 Enroll in the compulsory course Literature Review Emphasis on:
and Philosophy of Science. e Originality
e Critical Evaluation,
e Conjecture,
e Theoretical Frame Work.

2 Choose elective courses aligned with your Selecting several courses from one or more areas of interest (the list of
research direction and interests to support your courses for each field of interest is presented in Table 2.11):
upcoming research. e Algebra Interest

e Analysis Interest

e Applied Mathematics Interest

e Statistics Interest

e Computational Statistics Interest

e Computational Mathematics Interest

3 Conduct initial research under the guidance of e Preliminary dissertation research
your supervisory team and draft a research e Dissertation proposal writing
proposal for your dissertation. e Qualification / Comprehensive Examination

e Research theory foundation
e Research plan
e Interim research results
e Continuation of research
4 Prepare for and undertake the comprehensive e These aspects provide a forum to assess the student's ability to

examination.

formulate the direction of their dissertation research, develop
hypotheses and conjectures for the formulated problems, and outline
the initial results of their dissertation's resolution.
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No. The stages of Learning Experience Description
5 Continue advanced dissertation research with e Advanced dissertation research.
guidance from your supervisors and e Drafting papers for disseminating research results.
incorporating feedback from: e Compiling a portfolio as a semester progress report.
e The comprehensive examination committee
e The monitoring and evaluation team.
6 Advance your dissertation research and e Continuing dissertation research.
disseminate your findings by preparing papersto | ¢ Disseminating research results through seminars/conferences/colloquia.
be submitted to international or nationally e Publishing in international or nationally accredited journals.
accredited journals.
7 Compose your dissertation. e According to the rules of writing.
e Comprehensively and self-contentedly.
e Measuring comprehensive written communication skills.
8 Undergo the Dissertation Eligibility Assessment. For checking the originality, novelty, comprehensiveness, and self-content of
the dissertation proposal.
9 Participate in the Final Dissertation Defense. To measure mastery of the material, argumentative skills, and oral

communication abilities.
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Diagram 2.1 The flow of stages of the Doctoral Mathematics Study Programme

=
=

Not Qualified
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The structured curriculum implemented is in line with the vision and mission of
the Doctoral Programme in Mathematics, FMNS UGM, as well as the established
learning outcomes, as it emphasizes research that results in dissertations and
international publications. The elective courses vary for each student, aiming to
support research implementation. With such a curriculum, it can cultivate
attitudes, mindsets, and skKills in students to achieve independence, enabling them
to develop continuously in the future. This illustrates that the Mathematics
Doctoral Programme curriculum is designed with a future-oriented approach, as
graduates are expected to be able to independently and continuously develop
knowledge and conduct research, considering the demands of scientific
development..

Mapping/Matrix/Table of the Relationship between CMCs (Compulsory Module
Courses) and ELCs (Elective Learning Courses) with the Field/Subject Matter,
PLO, and Graduate Profiles.

The compulsory courses are intended for all students to provide a foundation for
their research. Meanwhile, elective courses are tailored to the research topics of
the students. All the designed courses in the 2022 Curriculum are structured for
the profiles of Academics, Researchers, and Practitioners/Industry/Services.

The elective courses of each student are taken to support the research. The
elective courses are decided by a Selection Team consisting of 5 people (Head of
the Department or Secretary of the Department or Head of the Doctoral Study
Programme, Chair of the Laboratory related to the topic of the candidate, and 3
lecturers who have the same research topic of the candidate’s). The decision of
the elective courses is also decided by considering the graduate profile.

The research topic of each student is in one track/concentration of six tracks:
analysis, algebra, applied mathematics, statistics, statistics computation, and
mathematics computation. The dissertation will be done to complete the
research.
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Philosophy of Mathematics

Elective Courses
are chosen due to
the topic of the
research in one of
these following
tracks/concentrati
ons:

1. Analysis
2. Algebra

3. Applied
Mathematics

4. Statistics

5. Statistics
Computation

6. Mathematics
Computation

Dissertation
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Graduate's Profiles

1. Academia

2. Researchers
3. Consultants/practitioners

Diagram 2.1. Mapping of the compulsory and elective course with PLO and graduate’s

The programme completion stages can be seen in Diagram 2.2.

profile

Comprehensive Examination
(Semester Il or Semester I11)

SEMESTER
| 1 Il v \Y Vi
e Courses: Research, Research, Research, Writing of
* 13- 17 credits monitoring monitoring monitoring dissertation
(reguler) manuscript
. and and and -
e 7 —11 credits (by . . . Feasibility
research) evaluation, evaluation, evaluation, assessment
e Preliminary dissemination, dissemination, dissemination, of the
Dissertation Research publication publication publication, dissertation
e Comprehensive writing of manuscript
Examination . .
dissertation
manuscript
g

Defense/Closed Examination

(Semester V1)

Diagram 2.2. Programme completion stages

All of the courses in the Curriculum 2022 have been designed for the achievement of the PLOs and
all PLOs have supported courses. For details, it can be seen in Table. 2.8.
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Table 2.8. List of Courses, Status, and their Relevance to PLO

. . . Programme Learning Outcome (PLO)
Course Course name in curriculum credits/ .
No. . Status Mathematics doctor
Code 2022 person in charge
PLO1 [ PLO2 | PLO3 [PLO4 | PLO5 | PLO6
1.1. Compulsory courses of the study programme
1 MMM 7001 | Literature Review and 4 credits Compulsory
Philosophy of Science Mathematics Doctor | course vV vV vV vV vV
Study Programme
1.2. Elective course in Analysis
1 MMM 7106 Topics in Measure and 3 credits Elective course N N N y
Integration Theory Analysis Laboratory
2 MMM 7107 Topics in Functional Analysis 3 credits Elective course
. v v v v v
Analysis aboratory
3 MMM 7108 Topics in Topology 3 credits Elective course
. v Vv v Vv Vv
Analysis Laboratory
4 MMM 7109 Topics in Function Spaces and 3 credits Elective course
. v v v v
Sequence Spaces Analysis Laboratory
5 MMM 7110 Topics in Riesz Spaces 3 credits Elective course
4 v Vv v Vv
Analysis Laboratory
6 MMM 7111 Capita Selecta in Advanced 3 credits Elective course N N N y
Analysis A Analysis Laboratory
7 MMM 7112 Capita Selecta in Advanced 3 credits Elective course N N N N
Analysis B Analysis Laboratory
1.3. Elective course in Algebra
1 MMM 7201 | Abstract Algebra 3 credits Elective course
v v v v v v
Algebra Laboratory
2 MMM 7205 | Matrix Theory 3 credits Elective course
v v v v v v
Algebra Laboratory
3 MMM 7206 | Advanced Graph Theory and 3 credits Elective course
: : v Vv v v v v
Combinatorics Algebra Laboratory
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. . . Programme Learning Outcome (PLO)
Course Course name in curriculum credits/ .
No. . Status Mathematics doctor
Code 2022 person in charge
PLO1 | PLO2 | PLO3 | PLO4 | PLO5 | PLOG6
4 MMM 7207 | Advanced Linear System 3 credits Elective course
v v v v v v
Theory Algebra Laboratory
5 MMM 7208 | Advanced Applied Linear 3 credits Elective course
v v v v v v
Algebra Algebra Laboratory
6 MMM 7209 | Algebra Topic 1: Advanced 3 credits Elective course
Abstract Algebra and its Algebra Laboratory Vi Vi Vi vV vV vV
Developments
7 MMM 7210 | Algebra Topic 2: Advanced 3 credits Elective course
Applied Algebra and its Algebra Laboratory Vi Vi Vi vV vV vV
Developments
8 MMM 7211 Fundamental Algebra 3 credits Elective course
v v v v v v
Algebra Laboratory
9 MMM 7212 | Capita Selecta in Advanced 3 credits Elective course
v v v Vv Vv Vv
Algebra A Algebra Laboratory
10 MMM 7213 Capita Selecta in Advanced 3 credits Elective course
v v v v v v
Algebra B Algebra Laboratory
1.4. Elective course in Applied Mathematics
1 MMM 7308 | Topics in Applied Mathematics 3 credits Elective course
~ Applied vl v | v ]| v]| v ]| v
Mathematics
Laboratory
2 MMM 7309 | Topics in Applied Mathematics 3 credits Elective course
° Applied vl v | v ]| v]| v ]| v
Mathematics
Laboratory

Curriculum 2022 Document of Doctoral Programme



Page |77

No.

Course
Code

Course name in curriculum
2022

credits/

person in charge

Status

Mathematics doctor

Programme Learning Outcome (PLO)

PLO1 ( PLO2 | PLO3 | PLO4

PLOS

PLO 6

MMM 7311

Capita Selecta in Advanced
Applied Mathematics A

3 credits
Applied
Mathematics
Laboratory

Elective course

MMM 7312

Capita Selecta in Advanced
Applied Mathematics B

3 credits
Applied
Mathematics
Laboratory

Elective course

MMM 7313

Capita Selecta in Advanced
Applied Mathematics C

3 credits
Applied
Mathematics
Laboratory

Elective course

MMM 7314

Topics in Control Theory

3 credits
Applied
Mathematics
Laboratory

Elective course

MMM 7315

Topics in Optimization Theory

3 credits
Applied
Mathematics
Laboratory

Elective course

MMM 7316

Topics in Differential Equations

3 credits
Applied
Mathematics
Laboratory

Elective course

MMM 7317

Topics in Stochastic Processes

3 credits
Applied
Mathematics
Laboratory

Elective course
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Programme Learning Outcome (PLO)

Course Course name in curriculum credits/ .
No. . Status Mathematics doctor
Code 2022 person in charge
PLO1 | PLO2 | PLO3 | PLO4 | PLO5 | PLOG6
10 MMM 7318 Topics in Mathematical 3 credits Elective course
Modeling Applied
Mathematics v v v v v
Laboratory
1.5. Elective course in Statistics
1 MMM 7419 Topics in Advanced Statistical 3 credits Elective course
Data Analysis A Statistics Laboratory v v v v v
2 MMM 7420 | Topics in Advanced Statistical 3 credits Elective course
Data Analysis B Statistics Laboratory v v v v v
MMM 7421 Capita Selecta in Advanced 3 credits Elective course
’ Stalc‘)tistics Statistics Laboratory v v v v v v
4 MMM 7422 | Topics in Financial Statistics 3 credits Elective course
and Actuarial Science A Statistics Laboratory v v v v v
5 MMM 7423 | Topics in Financial Statistics 3 credits Elective course
and Actuarial Science B Statistics Laboratory v v v v v
6 MMM 7424 | Topics in Mathematical 3 credits Elective course
Statistics A Statistics Laboratory v v v v v
7 MMM 7425 | Topics in Mathematical 3 credits Elective course
Statistics B Statistics Laboratory v v v v v
1.6. Elective course in Computational Statistics
1 MMM 7504 | Topics in Advanced Statistical 3 credits Elective course
Computation A Computational
Statistics v v v v v
Laboratory
2 MMM 7505 | Topics in Advanced Statistical 3 credits Elective course
Computation B Computational
i Statisiics v v v v v
Laboratory
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. . . Programme Learning Outcome (PLO)
Course Course name in curriculum credits/ .
No. . Status Mathematics doctor
Code 2022 person in charge
PLO1 | PLO2 | PLO3 | PLO4 | PLO5 | PLOG6
3 MMM 7506 | Topics in Mathematical 3 credits Elective course
Statistics Computation A Computational
o v v v v v
Statistics
Laboratory
4 MMM 7507 | Topics in Mathematical 3 credits Elective course
Statistics Computation B Computational
Staticti v v v v v
tatistics
Laboratory
5 MMM 7508 | Capita Selecta in Advanced 3 credits Elective course
Statistical Computation Computational
Statisti v Vv v Vv v v
tatistics
Laboratory
6 MMM 7509 | Topics in Financial and 3 credits Elective course
Actuarial Statistical Computational N N N y y
Computation A Statistics
Laboratory
7 MMM 7510 Topics in Financial and 3 credits Elective course
Actuarial Statistical Computational
Computation B Statistics v v v v v
Laboratory
1.7. Elective course in Computational Mathematics
1 MMM 7601 Topics in Boundary Element 3 credits Elective course
Methods Computation N N N y y y
Mathematics
Laboratory
2 MMM 7602 | Topics in Computational 3 credits Elective course
Differential Equations Computation
M : v v v v v
athematics
Laboratory
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. . . Programme Learning Outcome (PLO)
Course Course name in curriculum credits/ .
No. . Status Mathematics doctor
Code 2022 person in charge
PLO1 | PLO2 | PLO3 | PLO4 | PLO5 | PLOG6
3 MMM 7603 | Advanced Computational 3 credits Elective course
Mathematics Computation
Mathematics v v v v v
Laboratory
4 MMM 7604 | Advanced Capita Selecta in 3 credits Elective course
Computational Mathematics Computation
: v v v v v v
Mathematics
Laboratory
5 MMM 7605 | Topics in Computational 3 credits Elective course
Mathematics Computation N N N y y
Mathematics
Laboratory
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Referring to the regulations on credit loads for Doctoral Programmes issued by the
government and the university, as well as decisions at the faculty level, the design
of credit loads for the Doctoral Programme in Mathematics at the Faculty of
Mathematics and Natural Sciences, Universitas Gadjah Mada (UGM) is agreed upon
as shown in Table 29 (Regular Programme) and Table 210 (Programme by
Research).

Table 2.9. Design of Credit Load

No. Description credits 2022 Keterangan
. Literature Review and Philosophy of
1 Compulsory Course 4 credits . Py
Science
Chosen according to the interests listed in
2 Elective Course 9 — 12 credits g

Table 2.12.

Examination Committee including the
4 credits / PS Supervisor

Comprehensive

Examination
4 Academic Publication 12 credits / PS Evaluation Committee
Supervisory Team and Monitoring and
5 Research Work 6 credits / PS Evaluation Team
6 Dlsserta_ltlon Manuscript 6 credits /PS Evaluation Committee
Evaluation
7 Closed Examination 6 credits / PS D|ssertat|on Examlnatlon Committee
including the Supervisor
Total 47 — 50 credits

The list of compulsory and elective courses is provided in Table 2.11 and Table 2.12
with the following numbering provisions:

The code MMM indicates the Faculty of Mathematics and Natural Sciences -
Department of Mathematics - Mathematics Study Programme. The doctoral
Programme codes ranges from 7000 to 8999.

i. The first digit indicates the year the course is offered, assuming that the
Bachelor's degree/S1 takes up four years of course offerings, and the Master's
degree/S2 takes up 2 years. As a continuation of the Master's degree/S2, the
courses in the Doctoral Programme/S3 are offered in the 7th and 8th years.

ii. Thesecond digitisthe code for the laboratory/interest providing the courses
as listed in Table 2.10 below.
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Table 2.10. Laboratory Code/Subject Area Coordinator of Courses.

Code in the second
digit Laboratory

1 Analysis Laboratory

2 Algebra Laboratory

3 Applied Mathematics Laboratory

4 Statistics laboratory

5 Computational Statistics Laboratory

6 Computation mathematics laboratory

; Laboratory/Subject Area Outside the Department of Mathematics

9 Dissertation

The last two digits indicate the sequencing of the course numbers in the Lab/area
of interest. Example:

1. MMM-7201 is a course in the Doctoral Programme of Mathematics,
Laboratory / Focus on Algebra, with the course number sequence O1.

2. MMM-7105 is a course in the Doctoral Programme of Mathematics,
Laboratory / Focus on Analysis, with the course number sequence 05.

J List of Compulsory Courses (MKW) per Semester

All students of the Mathematics Doctoral Programme at the Faculty of
Mathematics and Natural Sciences, Universitas Gadjah Mada, take the Literature
Review and Philosophy of Science course as a compulsory course in their first
semester.

Table 2.11. List of Compulsory Courses

Compulsory Course

MMM 7001 | Literature Review | 4 credits Compulsory course in Doctoral
and Philosophy of | Mathematics Study Programme in
Science Doctor Mathematics.

K List of Elective Courses (MKP) per Semester

The elective courses are determined during the selection process by the Selection
Team in collaboration with the prospective Promotor Team. The elective courses
are tailored to the student's research topic. The complete list of elective courses is
provided in Table 2.12.
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Table 2.12. List of Elective Courses
No. Semester Code Course Name credits Laboratory
1 WAl MMM Topics in Measure and 3 .
. Analysis
7106 Integration Theory
2 WAl MMM Topics in Functional .
. 3 Analysis
7107 Analysis
3 WAl MMM Topics in Topology .
3 Analysis
7108
4 WAl MMM Topics in Function
7109 Spaces and Sequence 3 Analysis
Spaces
5 WAl MMM Topics in Riesz Spaces .
3 Analysis
7110
6 /1 MMM Capita Selecta in )
. 3 Analysis
7Mm Advanced Analysis A
7 /1 MMM Capita Selecta in )
. 3 Analysis
712 Advanced Analysis B
8 L/ MMM Abstract Algebra
3 Algebra
7201
9 /1 MMM Matrix Theory
3 Algebra
7205
10 L/ MMM Advanced Graph Theory
. . 3 Algebra
7206 and Combinatorics
il /1 MMM Advanced Linear System
3 Algebra
7207 Theory
12 WAl MMM Advanced Applied Linear
3 Algebra
7208 Algebra
13 L/ MMM Topics in Algebra 1:
7209 Advanced Abstract
3 Algebra
Algebra and Its
Developments
14 L/ MMM Topics in Algebra 2:
7210 Applied Algebra and Its 3 Algebra
Developments
15 /1l MMM Fundamental Algebra
3 Algebra
7211
16 L/ MMM Capita Selecta in
3 Algebra
7212 Advanced Algebra A
17 L/ MMM Capita Selecta in
3 Algebra
7212 Advanced Algebra B
18 [/ MMM Topics in Applied
/ b pp 3 Applied Mathematics
7308 Mathematics A
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No. Semester Code Course Name credits Laboratory
19 /1 MMM Topics in Applied . ,
) 3 Applied Mathematics
7309 Mathematics B
20 WAl MMM Capita Selecta in
731 Advanced Applied 3 Applied Mathematics
Mathematics A
21 WAl MMM Capita Selecta in
7312 Advanced Applied 3 Applied Mathematics
Mathematics B
22 /1l MMM Capita Selecta in
7313 Advanced Applied 3 Applied Mathematics
Mathematics C
23 [/ 11 MMM Topics in Control Theor
/ P Y 3 Applied Mathematics
7314
24 WAl MMM Topics in Optimization . ,
3 Applied Mathematics
7315 Theory
25 WAl MMM Topics in Differential . ,
. 3 Applied Mathematics
7316 Equations
26 1/ MMM Topics in Stochastic . i
3 Applied Mathematics
7317 Processes
27 WAl MMM Topics in Mathematical ) )
) 3 Applied Mathematics
7318 Modeling
28 /1 MMM Topics in Advanced
7419 Statistical Data Analysis 3 Statistics
A
29 WAl MMM Topics in Advanced
7420 Statistical Data Analysis 3 Statistics
B
30 WAl MMM Capita Selecta in e
— 3 Statistics
7421 Advanced Statistics
3T WAl MMM Topics in Financial and e
. . 3 Statistics
7422 Actuarial Statistics A
32 WAl MMM Topics in Financial and e
. . 3 Statistics
7423 Actuarial Statistics B
33 WAl MMM Topics in Mathematical e
. 3 Statistics
7424 Statistics A
34 WAl MMM Topics in Mathematical e
. 3 Statistics
7425 Statistics B
35 WAl MMM Topics in Advanced _
. . Computational
7504 Computational Statistics 3

A

statistics
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No. Semester Code Course Name credits Laboratory
36 WAl MMM Topics in Advanced _
. . Computational
7505 Computational Statistics 3 .
statistics
B
37 /1l MMM Topics in Computational 2 Computational
7506 Mathematics A statistics
38 WAl MMM Topics in Computational 2 Computational
7507 Mathematics B statistics
39 WAl MMM Capita Selecta in ,
Computational
7508 Advanced 3 o
. . statistics
Computational Statistics
40 /1l MMM Topics in Advanced ,
. . . Computational
7509 Computational Financial 3 o
) . statistics
and Actuarial Statistics A
4] WAl MMM Topics in Advanced ,
. . . Computational
7510 Computational Financial 3 L
. o statistics
and Actuarial Statistics B
42 WAl MMM Topics in Boundary 3 Computational
7601 Element Methods Mathematics
43 WAl MMM Topics in Computational 2 Computational
7602 Differential Equations Mathematics
44 WAl MMM Advanced Computational 2 Computational
7603 Mathematics Mathematics
45 WAl MMM Capita Selecta in
7604 Advanced 3 Computational
Computational Mathematics
Mathematics
46 WAl MMM Topics in Computational 2 Computational
7605 Mathematics Mathematics

L Transitional Regulations

The 2022 Curriculum of the Doctoral Programme in Mathematics, Department of
Mathematics, Faculty of Mathematics and Natural Sciences, Universitas Gadjah
Mada (UGM) will be implemented starting from Semester | of the Academic Year
2022/2023. The procedures and regulations for course enrollment, dissertation
evaluation, and GPA calculation for students enrolled in 2021 and prior cohorts will
follow the previous curriculum. Any matters not covered in this transitional
regulation will be managed by the Doctoral Programme in Mathematics.
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2022

Table 2.13. List of Equated Elective Courses 2017 with Elective Courses 2022

Courses in curriculum 2017

Courses in curriculum 2022

Code Name Code Name
MMM7000 . i Literature Review and
Literature Review MMM7001 . )
Philosophy of Science
MMM7201
MMM7201 Abstract Algebra Abstract Algebra
MMMG207 | Coding Theory
MMM5202 Semigroup Theory
MMM5203 | Algebraic Structures o
Topicin Algebra 1
MMM5204 | Module Theory
3 IR - MMM7205 (Advanced Abstract
MMM5206 | Advanced Ring Theory Algebra and its
MMM5212 Finite Field
Development)
Capita Selecta in Algebra
MMMG6205 (related to algebraic
structures)
MMM7203 Matrix Analysis
MMM5207 Matrices over Rings MMM7205 | Matrix Theory
MMM5210 Generalized Inverse Matrices
. . Advanced Linear System
MMM6202 Linear Systems over Rings MMM7207
Theory
MMM5201 Advanced Linear Algebra
i Advanced Applied Linear
MMM7204 | Representation Theory MMM7208 Pp
Capita Selecta in Algebra Algebra
MMMG6205 .
(related to linear algebra)
Advanced Graph and
MMMG204 | Graph Theory MMM7206 . )
Combinatorics
Topic in Algebra 2
Capita Selecta in Algebra b g .
(Advanced Applied
MMMG205 (related to graphs and MMM7210 .
. . Algebra and its
combinatorics)
Development)
MMM7202 Lattice Theory
Category Theory and
MMMG6203 MMM7211 Fundamental Algebra
Functor
MMM5214 Fuzzy Logic
MMM7101 Measure and Integral Theory Topics in Measure and
MMM7106
MMM®BG101 Integral Theory Integral Theory
MMM5106 Topology MMM7108 Topics in Topology
MMM7102 Fuzzy Functional Analysis MMM7107
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Courses in curriculum 2017

Courses in curriculum 2022

Topics in Functional

MMMG6104 Operator Theory .
- - Analysis
MMM5103 Functional Analysis
MMMGET110 Riesz Spaces MMM7110 Topics in Riesz Spaces
MMM®6108 Function Spaces Topics in Function Spaces
MMM7109
MMMGE103 Sequence Spaces and Sequence Spaces
MMM7103 Topics in Analysis A ) )
— - Capita Selecta in
MMM7104 Topics in Analysis B MMM71T1 .
— _ Advanced Analysis A
MMM7105 Topics in Analysis C
. . Capita Selecta in
MMMG109 Differential Geometry MMM7112 .
Advanced Analysis B
Topics in Applied Topics in Applied
MMM7308 P .pp MMM7308 P 'pp
Mathematics A Mathematics A
Topics in Applied Topics in Applied
MMM7309 P .pp MMM7309 piesin 'pp N
Mathematics B Mathematics B
. o Topics in Stochastic
MMM7302 Stochastic Optimization MMM7317
Processes
MMM7301 Dynamic Systems
Advanced Mathematical Topics in Mathematical
MMM7303 : MMM7318 )
Modeling Modeling
MMM7307 Advanced Biomathematics
MMM5309 Control Theory
Mathematical Systems MMM7314 Topics in Control Theory
MMMG6305
Theory
Multi-objective Fuzzy Linear
MMM7305 and Nonlinear o o
. Topics in Optimization
Programmeming MMM7315 Th
eor
MMM5301 Optimization Theory Y
MMM6302 Dynamic Game Theory
Partial Differential Equation o ] )
MMM7304 Topics in Differential
Theory MMM7316 .
- - Equations
MMM7306 Numerical Analysis
. . . Capita Selecta in
Capita Selecta in Applied .
MMM731] i MMM7311 Advanced Applied
Mathematics A )
Mathematics A
. . . Capita Selecta in
Capita Selecta in Applied .
MMM7312 . MMM7312 Advanced Applied
Mathematics B .
Mathematics B
. . . Capita Selecta in
Capita Selecta in Applied .
MMM7313 MMM7313 Advanced Applied

Mathematics C

Mathematics C
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Courses in curriculum 2017

Courses in curriculum 2022

Advanced Time Series

MMM7402 .
Analysis
Geographically Weighted
MMM7403 7 p Y d L
Regression (CWR) Topics in Advanced
- - MMM7419 e )
MMM7408 | Nonparametric Regression Statistical Data Analysis A
MMM7415 Survival Data Analysis
MMM7410 Spline Regression
MMM7412 Small Area Estimation
MMM7413 Statistical Data Mining
Advanced Semiparametric
MMM7409 .
Regression
MMM5412 Longitudinal Data Analysis o
- Topics in Advanced
MMM5418 Panel Data Analysis MMM7420 . )
_ i Statistical Data Analysis B
Data Simulation and
MMM5422
Bootstrap
Time Series Data
MMM5425 .
Forecasting
MMM7414 Claims Reserving Analysis
Advanced Financial
MMM7407 ) o )
Mathematics Topics in Financial
Advanced Actuarial MMM7422 Statistics and Actuarial
MMM5430 . .
Mathematics Science A
MMM5436 | Financial Modeling
MMM7417 Actuarial Risk Theory
MMMS5437 | Risk Management Topics in Fi -
opics in Financia
MMM7406 | Portfolio Management p. ) )
MMM7423 Statistics and Actuarial
MMM5434 | Health Insurance .
- Science B
MMM7416 Option Theory
Advanced Mathematical
MMM7401 o . .
Statistics Topics in Mathematical
- MMM7424 o
MMM5406 | Linear Models Statistics A
MMM5403 | Stochastic Processes
MMM7411 Fuzzy Systems
MMM5408 [ Bayesian Inference Topics in Mathematical
— - MMM7425 .
MMM5404 | Multivariate Analysis Statistics B
MMM7404 | Stochastic Calculus
. . - Capita Selecta in
MMM7418 Capita Selecta in Statistics MMM7421 L.
Advanced Statistics
Advanced Financial Data Topics in Computational
MMM7501 Analysis MMM7509 Financial and Actuarial

Statistics A
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Courses in curriculum 2017 Courses in curriculum 2022
Topics in Computational
. . . Financial and Actuarial
MMM5523 Financial Services Database MMM7510 .
Statistics B
e Topics in Computational
MMM7502 Robust Statistics MMM7506 ) .
Mathematical Statistics A
. . . Topics in Computational
MMM5524 Business Decision Making MMM7507 . .
Mathematical Statistics B
. . Advanced Computational
MMM5521 Machine Learning MMM7504% L
Statistics A
Applied Computational Advanced Computational
MMM5522 o MMM7505 .
Statistics Statistics B
. . Kapita Selekta
Capita Selecta in ) L
MMMBG529 . . MMM7508 | Computational statistics
Computational Statistics )
Lanjut
MMM5525 Boundary Element Method Topics in Boundary
Dual Reciprocity Boundary MMM7601 Element Methods
MMM5526
Element Method
Numerical Differential Topics in Computational
MMM5527 . MMM7602 ) ) )
Equations Differential Equations
. Topik dalam
Algorithms and .
MMM7503 ) MMM7605 | Computational
Programmeming )
Mathematics
Advanced Computational Advanced Computational
MMMG501 . MMM7603 )
Mathematics Mathematics
. . Capita Selecta in
Capita Selecta in Advanced .
MMMG6530 . . MMM7604 | Advanced Computational
Computational Mathematics .
Mathematics

Completion of the study is designed for a period of 3 years, with the design of the
study completion process and the expected indicators presented in the following

Table 2.14.

Table 2.14. The Standard Operating Procedures of the Doctoral Programme in

Mathematics, FMNS UGM.

Period Student Activity Indicator / Output
Semester 1 |e Taking Compulsory Courses (MK | @ Completion of all required
and 2 Wajib) and Elective Courses coursework and passing all

(MK Pilihan) determined by examinations, meeting the
the Doctoral Mathematics minimum GPA requirement.
Student Admission Selection e Completion of a Dissertation

Proposal ready to be submitted
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Period

Student Activity

Indicator / Output

Meeting formed by the Study
Programme.

Discussing and consulting
with the advisory team about
the direction of the research
topic and area.

Compiling a dissertation
research proposal under the

guidance of the advisory team.

Conducting preliminary
dissertation research under
the guidance of the advisory
team.

Participating in monitoring
and evaluation activities
conducted by the Study
Programme and Faculty.
Taking the comprehensive
exam for those who have
completed all courses..

for the comprehensive exam no
later than the end of Semester 2
or the beginning of Semester 3.

e Completion of the
comprehensive exam and being
declared eligible to proceed to
the next stage of study.

Semester
3and 4

Taking the comprehensive
exam for those who have not
taken the comprehensive
exam by the end of Semester
2.

Conducting further research
based on the feedback from
the comprehensive exam
committee and the advisory
team, under the guidance of
the advisory team.
Disseminating research
results through publication in
international/national journals
or through presentations at
scientific meetings, both
international and national.
Initiating Research
Collaboration with experts in
related research fields.

e Obtaining advanced research
results.

e Preparation of draft papers
related to research results for
dissemination in journals or
presentation at
international/national scientific
meetings.

e Submission of 1 (one)
publication manuscript to a
reputable international journal
or accredited national journal.

e Establishing academic
communication with experts
through sandwich programmes,
visiting professor programmes,
or other forms.

Curriculum 2022 Document of Doctoral Programme




Page |91

Period

Student Activity

Indicator / Output

Semester 5

Conducting further research
under the guidance of the
advisory team.

Establishing research
collaboration with experts in
related research fields.
Disseminating research results
through publication in
international/national journals
or through presentations at
scientific meetings, both
international and national.
Collaborating with
experts/researchers
abroad/nationally to expand
insights into the development
of knowledge related to their
research field.

e Obtaining advanced research

results.

Establishing collaboration and
academic communication with
experts through the Sandwich
Programme or Visiting Professor
Programme.

Publication of 1 (one) publication
manuscript in an international
journal.

Semester
ke 6

Drafting the dissertation.
Finalizing the study process,
which includes:

o Submitting the Dissertation
Draft for evaluation.

o Revising the Dissertation
Draft based on the
feedback from the
asSsessors.

o Submitting the Dissertation
for the closed examination
process.

o Conducting the Closed
Examination.

o Graduation.

Drafting of the dissertation.
Completion of the dissertation
evaluation process.
Conducting the closed
examination.

Completion of the final
dissertation writing.
Fulfillment of graduation
requirements.

N Prerequisite Courses

In preparing for the learning process of each course to be taken, students are
advised to first study the Semester Learning Plan and Activity Programme (RPKPS)
or the module handbook of the relevant course in order to better understand the
outline of the course content and better prepare themselves. Information about
RPKPS and module handbooks can be obtained from the Study Programme.
Meanwhile, a brief description of the course can be found in the course syllabus.
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O Graduation Requirements

Apart from the publication requirement, the graduation requirements of the
Doctoral Programme in Mathematics follow the provisions set by the faculty.

P Teaching Methods

The teaching methods used may include lectures, discussions, programmed
instruction, study assignments, seminars, and brainstorming. The implementation
of the learning process can be carried out in a blended manner in accordance with
the university's regulations.

Q Sit-In

Students who require basic materials not covered in compulsory or elective courses
may attend classes offered in the Bachelor's or Master's programmes using the
department's sit-in rules. Conditions and rules for participating in sit-in courses are
subject to the department's regulations.

R Assessment Methods

In the evaluation of learning outcomes in the Doctoral Programme of Mathematics,
the following provisions are applied:

1. The courses taken should be related to the dissertation research topic with a
credit range of 13-17 credits.

2. The number and type of courses for each student may vary based on:

- The Dissertation Research Proposal topic to be undertaken.

- The student's academic background, reflected in the Transcripts from their
Master's and Bachelor's programmes.

- Published papers, if any.

3. Students who have a grade of B or B+ should retake the course in the following
semester or year.

4. Students must pass all required courses with a minimum GPA of 3.25 and a
mMinimum grade of B.

5. Students must complete a dissertation worth 34 credits (Regular Programme)
and 40 credits (Research-Based Programme). The dissertation assessment
components include comprehensive exams, scholarly publications,
dissertation manuscripts, research work, and closed examinations.

6. Comprehensive Exam:

a. Should be taken by the end of Semester lll.
b. Students who have not taken the comprehensive exam by the end of
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Semester Il are given the opportunity to take it in Semester IV.

c. If a student changes the research topic after the comprehensive exam,
they are required to retake the comprehensive exam according to the
new topic. Information on changing topics can come from the Evaluation
Team, the Promotor Team, or the Department/Study Programme. The
Promotor submits the topic change to the Study Programme. The Study
Programme forms a committee consisting of the Evaluation Team, the
Promotor Team, the Head of the Department or their representative, to
decide whether the research topic should be changed.

d. The Comprehensive Exam can be taken a maximum of 2 times, including
topic changes..

7. For students with more than 8 Monev (monitoring and evaluation) grades, the
average is taken from the 8 best Monev grades.

8. Students who plan to submit their Dissertation Assessment and have a
temporary GPA below 3.25 must take a pre-dissertation exam no later than 1
semester before. The assessment team consists of the Evaluation Team, the
Comprehensive Exam Examination Team, the Head of the Department or Lab
representative.

9. Students who did not achieve a minimum TOEFL score of 500 or equivalent
and a minimum TPA score of 550 or equivalent during the initial selection must
have a minimum TOEFL score of 500 and a minimum TPA score of 550 when
submitting the dissertation manuscript.

10. Dissertation and GPA calculations follow the faculty's rules.

1. Procedures for assessing dissertation components will be regulated later.

Students are required to undergo residency for 4 (four) semesters, including 2
semesters upon admission to the Doctoral Programme in Mathematics and 2
semesters after the student's Qualification Exam (Comprehensive Exam). To be
eligible to take the comprehensive exam, students must have completed all
required courses with a 3.25 GPA and a minimum grade of B.

The comprehensive exam should be conducted no later than 3 (three) semesters
after the student's admission to the Doctoral Programme in Mathematics.
Guidance is provided regularly, with the guidance time determined based on the
agreement between the advisory team and the student. Each semester, each
advisor submits a report to the Doctoral Programme in Mathematics. Furthermore,
during the learning and research process, monitoring and evaluation (Monev) are
conducted every semester. During their research, students are guided by the
advisory team. After completing their dissertation, students submit the
dissertation assessment to the Doctoral Programme in Mathematics, and the
Programme Administrator appoints a Dissertation Feasibility Assessment Team
consisting of 3 (three) individuals selected based on the proposal from the
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promotor team. In applying for the dissertation feasibility assessment, students
must already meet the publication requirements set by the Doctoral Programme
in Mathematics. Once the dissertation has been deemed feasible by the
assessment team, a closed dissertation examination is held with 8-9 examiners.
Other assessment procedures will be regulated later by the Doctoral Programme
in Mathematics.

S Doctoral Programme in Mathematics by Research
Curriculum Structure and Credit Load Design

The implementation of the Research-Based Doctoral Programme in Mathematics
is based on the Rector's Regulation Number 18 of 2019 and is essentially similar to
the regular Doctoral Programme in Mathematics. The matters and provisions
contained in the Curriculum 2022 document apply to the Research-Based Doctoral
Programme in Mathematics, except for the following regulations. Referring to
Rector's Regulation Number 18 of 2019 and decisions at the faculty and programme
levels, the design of the credit load for the Research-Based Doctoral Programme
in Mathematics is determined as presented in the following Table 2.15.

Table2.15. Credit Load Design

No Description credits 2022 Notes
1 Compulsory Course 4 credits Literature Review and Philosophy of Science
2 . 3 - 6 credits Chosen according to the interests listed in
Elective Course
Table 2.12.
3 Comprehensive 4 credits/PS Examlnatlon Committee including the
L upervisor
Examination
4 Academic Publication 18 credits/PS Evaluation Committee
5 6 credits/PS Promotor Team and Monitoring and
Research Work Evaluation Team
. . . its/P . .
6 Dissertation Manuscript 6 credits/PS Evaluation Committee
Evaluation
7 Closed Examination 6 credits/PS Dissertation Examination Committee including
the Supervisor
47 - 50
Total .
credits

The completion of the study is designed for a period of 3 years, with the design of
the study completion process and the expected indicators presented in Table 2.16
below.
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Tabel 2.16. The Standard Operating Procedures of the Doctoral Programme by Research

Period Student Activity Indicator / Output
Semester Taking compulsory and elective e Completion of all courses that
Tand 2 courses determined by the must be taken and passing all

Doctoral Mathematics Student examinations, meeting the
Selection Meeting formed by the minimum required GPA.
Study Programme. e Preparation of a Dissertation
Discussing and consulting with the Proposal ready to be submitted
supervisory team about the for the comprehensive
direction of the topic and research examination no later than the
area. end of Semester 2 or early
Compiling a dissertation research Semester 3.
proposal under the guidance of e Completion of the
the supervisory team. comprehensive examination
Conducting initial dissertation and being declared pass to
research under the guidance of continue the study process.
the supervisory team.
Participating in monitoring and
evaluation activities conducted by
the Study Programme and Faculty.
Taking a comprehensive
examination for those who have
completed all courses.
Semester Taking a comprehensive e Obtaining advanced research
3and 4 examination for those who have results.

not taken the comprehensive
examination at the end of
Semester 2.

Conducting further research based
on the inputs from the
comprehensive examination
reviewers and the supervisory
team, under the guidance of the
supervisory team.

Disseminating research results
through publication in
international journals.
Disseminating results through
presentations at scientific
meetings, both internationally and
domestically.

Initiating research collaboration
with experts in related fields.

e Compilation of a draft paper

related to research results for
dissemination in journals or
presentation at international
scientific meetings.

e Publication of at least 1 (one)

publication in reputable
international journals.

e Submission of at least 1 (one)

additional publication to
reputable international journals
or at least 2 (two) reputable
international proceedings.

e Establishing scientific

communication with experts
through programmes such as
sandwich programmes, visiting
professor programmes, or other
forms.
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Period

Student Activity

Indicator / Output

5

Semester

Conducting further research under
the guidance of the supervisory
team.

Establishing research collaboration
with experts in related fields.
Disseminating research results
through publication in
international journals.
Disseminating results through
presentations at scientific
meetings, both internationally and
domestically.

Establishing cooperation with
experts/researchers internationally
to broaden insights into the
development of related knowledge
in their research field.

e Obtaining advanced research
results.

e Establishing cooperation and
scientific coommunication with
experts through the Sandwich
Programme or the Visiting
Professor Programme.

e Publication of at least 1 (one)
additional publication in
reputable international journals
or at least 2 (two) reputable
international proceedings.

e Preparation of the dissertation
draft.

Semester 6

Drafting the dissertation.

Finalizing the study process,

including:

o Submission of the Dissertation
Draft for evaluation

o Revision of the Dissertation
Draft based on inputs from the
evaluation team

o Submission of the Dissertation
for the closed examination
process

o Conducting the Closed
Examination

o Graduation.

e Completion of the dissertation
evaluation process.

e Conducting the closed
examination.

e Completion of the final
dissertation writing.

e Fulfillment of graduation
requirements.

T Teaching and Assessment Methods

The teaching and assessment methods of

the Research-based Doctoral

Programme in Mathematics are essentially the same as those of the regular
Doctoral Programme in Mathematics. The main difference lies in the number of
credits for courses, which is 7-10 credits, and 40 credits for the dissertation. In the
learning process, students in the By Research Track are not required to do a

residency.
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U Quality Assurance System

The Doctoral Programme in Mathematics applies the principles of PPEPP
(Establishment - Implementation - Evaluation - Control - Improvement) / PDCA
(Plan-Do-Check-Action) in implementing all programmes to maintain and
continuously improve its quality assurance. Quality assurance is conducted both
internally and externally.

Internal Quality Assurance

UGM implements the Internal Quality Assurance System (SPMI - Sistem
Penjaminan Mutu Internal) at every level, from the university level to the faculty,
department, and study programme level. At the university level, SPMI is
implemented by the Quality Assurance Office (KIM). Furthermore, based on the
Rector's Decree Number 809/P/SK/HT/2015 concerning the Faculty Governance
Structure at UGM and the Rector's Decree Number 1619/P/SK/HT/2015 concerning
the Determination of the FMNS Organizational Structure, FMNS conducts quality
assurance at the faculty level through the Quality Assurance Unit (UJM), at the
department level through the Curriculum Committee, and at the study
programme level through the Semester Coordination Team (TKS).

TKS is chaired by a lecturer (not a programme manager) determined at the
Doctoral Programme in Mathematics/Department of Mathematics meeting and is
composed of representatives of lecturers in each main supporting laboratory of the
Mathematics Study Programme and the Chairman of Himatika (ex-officio). TKS
holds regular meetings twice a semester. TKS meetings are attended by the Chair
and members of TKS and student representatives from each batch. The outcomes
of TKS meetings for all programmes are conveyed to the Chairman of the
Curriculum Committee and the Department for further discussion and follow-up
at the Departmental Management Review (RTM) involving all lecturers in the TKS
Team, the Curriculum Committee, the Programme Manager, and the Department
of Mathematics. Inputs and evaluations that are handled at the faculty level are
conveyed to the faculty through the department.

The Doctoral Programme in Mathematics evaluates the programme through
programme meetings and evaluation meetings held at the end of each semester.
Evaluation is also conducted through questionnaires distributed to students,
lecturers, and educational staff. The Doctoral Programme in Mathematics holds
teacher-student meetings to evaluate and gather feedback on the learning
process, curriculum (including final projects), infrastructure, and improvement of
the academic atmosphere. The improvement of the academic atmosphere is
carried out by inviting alumni and lecturers (froom UGM and outside UGM) to
improve the ability to write and publish scientific papers as well as to increase
students' motivation to complete the programme on time.
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Curriculum evaluation is conducted at least once every five years (Point (1) Article
22 of the UGM Rector Regulation Number 16 of 2016 concerning the Basic
Curriculum Framework of UGM). Evaluation of the learning process is not only
through meetings but also by inviting learning experts to improve the insight of
lecturers in teaching and conducting assessments. To ensure the quality of
research and student performance, all activities are credited and assessed. To assist
the assessment process, the Doctoral Programme in Mathematics at FMNS UGM
provides SOPs. To monitor student progress, the Doctoral Programme in
Mathematics at FMNS UGM conducts monitoring and evaluation every semester.
The implementation of monitoring and evaluation in odd semesters is
accompanied by student presentations. At each monitoring and evaluation session,
each student presents the programme's progress through a portfolio assessed by
the Assessment Team, consisting of 2 lecturers from the same field as the student's
research topic.

Regularly, UGM conducts internal evaluations of study programmes in the AMI
(Internal Quality Audit) activities every year. The evaluation is carried out on all
components, including: vision, mission, objectives, and targets; management;
students and graduates; human resources; curriculum; finances and facilities;
research and community service. The results of AMI| become one of the evaluation
tools for the Doctoral Programme in Mathematics in carrying out its programmes.
The results of AMI and their follow-up are socialized to lecturers and students and
are well stored in the Secretariat of the Doctoral Programme in Mathematics at
FMNS UGM..

External Quality Assurance

External quality assurance is conducted by external parties to UGM, such as the
graduates' employers, alumni, and BAN Accreditation. The evaluation of
graduates is carried out by the graduates' employers through questionnaires
sent by the Doctoral Programme in Mathematics via email and Google-Form.

V Other Regulations

Things that are not covered in this regulation will be arranged later by the Doctoral
Programme in Mathematics.

Curriculum 2022 Document of Doctoral Programme



Page |99

APPENDIX I. COURSE SYLLABY

COMPULSORY COURSES

MMM-7001 Literature Review and Philosophy of Science (4 credits)
Prerequisites:
The students master mathematical concepts according to their research fields.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Access, analyze, evaluate, and write a literature review effectively and interpreting the role of
the literature review in the dissertation.
CO 2. Develop research questions and frameworks based on the researched literature.
CO 3. Present strong arguments for one's own research based on the literature.
CO 4. Mastery of the scope, basic orientation, and key perspectives in the philosophy of science to
formulate, analyze, and propose solutions to the epistemological and philosophical problems
within the doctoral programme in mathematics.

Syllabus:

1. Research Topic: Formulation of research topics, development of research questions,
and literature mapping along with arguments.

2. Research Methodology: Preparation of research flow.

3. Scope of Philosophy of Science: Definition of Philosophy of Science, Framework of
philosophical review of science, Relationship of philosophy of science with other
fields of study.

4. Paradigmatic Orientations in Science: Elements and processes of science, Axioms in
science, Methodological orientations of scientific research techniques, and
Paradigmatic Orientations in Science.

5. Perspectives on the progress of science: Empirico-logical conception.

6. Philosophy of Mathematics or Statistics research.

References:
Textbooks and journals related to the topics covered include.
1. Brown, J.R, 2008, Philosophy Of Mathematics: A Contemporary Introduction to the
World of Proofs and Pictures, Second Edition, Routledge, New York.
2. Bandyopadhyay, P.S., and Forster, M.R., 2011, Handbook of the Philosophy of Science
7, North Holland.
3. Dilworth, C, 1981, Scientific Progress, A Study concerning the nature of relation
between scientific theories, D. Reidel Publishing Company, Dordrecht.
4. Haig, B.D., 2018, The Philosophy of Quantitative Methods: Understanding Statistics,
Oxford University Press.
5. Wasserman, L., 2004, All of statistics: a concise course in statistical inference.
Springer.
6. DeGroot, M.H., and Schervish, M.J., 2014, Probability and Statistics, Fourth Edition,
Addison-Wesley.
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Elective Course in Analysis

MMM7106 Topics in Measure Theory and Integration (3 credits)
Prerequisites:
Students have a good knowledge of set theory and Riemann integration theory.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:

CO 1. Prove properties of measures and integrals, both Lebesgue and general.
CO 2. Prove properties within integrals (absolute/non-absolute).
CO 3. Prove convergence theorems within integrals.

Syllabus:

During this course, students are expected to engage in several academic activities under
the supervision of the instructor. Academic activities will involve literature studies to master
one or more topics in the theory of integrals, including:

1. Measures and Integrals (Lebesgue and General).

2. Absolute and non-absolute integrals

References:

1. Royden, H.L, 1988, Real Analysis, 3" edition, Macmillan Publishing Company.

2. Lee Peng Yeeg, 1989, Lanzhou Lectures on Henstock integration, World Scientific,
Singapore.

3. Lee P.Y. and Vyborny, R., 2000, Integral: An Easy Approach after Kurzweil and
Henstock, Cambridge University Press.

4. Bartle, R.G, 2001, A Modern Theory of Integration, Graduate Studies in Mathematics,
AMS Series, Volume 32.

5. Pfeffer, W.F.,, 1993, The Riemann Approach to Integration, Cambridge University
Press, New-York, USA.

MMM7107 Topics in Functional (3 credits)

Prerequisites:

Students have basic knowledge of metric spaces and basic knowledge in Algebra,
especially: vector spaces, linear independence, and orthonormal bases.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Integrate one or more theories in functional analysis for the development and resolution of
problems using a functional analysis approach.
CO 2. Provide justifications for the properties underlying the topics of functional analysis research.

Syllabus:

In this course, students are required to undertake several academic activities under the
supervision of a faculty member. These activities are based on literature studies aimed at
mastering one or more theories in the field of functional analysis, namely:
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1. General Functional Analysis: Hilbert Spaces, Normed Spaces, Riesz Representation
Theorem, Sesquilinear Mapping, Adjoint, Spectral Theorem.
2. Fuzzy Functional Analysis.
3. Operator Theory.
The topics of this course will be determined based on the research topic of the students
during the new student admission process. The syllabus will be provided to the students
and communicated to the programme administrators.

References:
1. Berberian, S.K,, 1999, Introduction to Hilbert space Vol. 287. American Mathematical
Soc.

N

Kreyszig, E., 1991. Introductory functional analysis with applications (Vol. 17). John
Wiley & Sons.

Bachman, G. and Narici, L., 2012, Functional Analysis, Dover Publications.
Weidmann, J.,1980, Linear Operators in Hilbert Spaces, Springer - Verlag, New York.
Conway, J.B., 2019, A Course in Functional Analysis, Springer Verlag, New York.
Taylor, A.E., 1980, Introduction to Functional Analysis, John Wiley and Sons, New York.
Zaanen, A.C,, 1997, Introduction to Operator Theory in Riesz Spaces, Springer.
Luxemburg, W.AJ. and Zaanen, A.C,, 1971, Riesz Spaces, First Edition, American

® OGN W

Elsevier Publ. Co.

MMM 7108 Topics in Topology (3 credits)
Prerequisites:
Students have a good understanding of set theory.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Prove properties within the field of topology.
CO 2. Combine properties in topology to solve problems in related fields.
CO 3. Utilize or combine properties in topology to solve problems related to the student's research
topic.

Syllabus:
In this course, students are required to undertake several academic activities under the
supervision of the instructor. These academic activities are based on literature studies to
master one or more topics in topology, including:
1.  General topology,
2. Topology related to posets/domain theory,
3. Algebraic topology (topology related to algebraic structures: homotopy, homology,
cohomology), and
4. Topological methods in analysis (topology used to address problems in real analysis,
such as Polish spaces, Baire functions in topological spaces).

References:
1. Dugundiji J., 1996, Topology, Allyn and Bacon Inc. Boston.
2. Engelking R., 1989, General Topology, Heldermann Verlag, Berlin.
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3. Bourbaki, N., 2013. General Topology: Chapters 1-4 (Vol. 18). Springer Science &
Business Media.

4. Gierz, G, Hofmann, KH. Keimel, K, Lawson, J.D. Mislove, M. and Scott, D.S,,
2003. Continuous lattices and domains (Vol. 93). Cambridge university press.

5. Goubault-Larrecq, J., 2013. Non-Hausdorff topology and domain theory: Capita
Selecta in point-set topology (Vol. 22). Cambridge University Press.

6. Hatcher, A, 2005. Algebraic topology. Cambridge University Press.

MMM 7109 Topics in Function Spaces and Sequence Spaces (3 credits)
Prerequisites:
Students have a good understanding of metric spaces and normed spaces.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:

CO 1. Provide justifications and prove the concepts related to function spaces or sequence spaces.
CO 2. Combine the properties in function spaces or sequence spaces to solve problems in related
fields.
Syllabus:

In this course, students must engage in several academic activities under the supervision
of the instructor. These activities are conducted based on literature studies to master one
or more of the topics in function spaces and sequence spaces, including:

1. Sequence Spaces

2. Function Spaces.

References:
1. Lindenstrauss, J. and Tzafriri, L., 1996, Classical Banach Spaces | and Il, Springer.
2. Musielak, J.,1983, Orlicz Spaces and Modular Space, Springer Verlag.

MMM 7110 Topics in Riesz Space (3 credits)

Prerequisites:

The students have a good understanding of the basic concepts of vector space, set theory,
and normed space.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Provide justifications and proving concepts related to Riesz spaces.
CO 2. Combine properties within Riesz spaces to solve problems in related fields of Riesz spaces.

Syllabus:
In this course, students are required to engage in several academic activities under the
supervision of the instructor. Academic activities are conducted based on literature studies
to master one or more topics in Riesz spaces, including:

1. Riesz Spaces

2. Banach Lattices

3. Operators on Riesz Spaces or Banach Lattices.
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References:
1. Zaanen, A.C, 1997, Introduction to Operator Theory in Riesz Spaces, Springer.
2. Luxemburg, W.AJ. and Zaanen, A.C, 1971, Riesz Spaces, First Edition, American
Elsevier Publ. Co.

MMM 7111 Capita Selecta in Advanced Analysis A (3 credits)

Prerequisites:

Prior to taking this course, students are expected to have mastered the basic concepts
related to the topics that will be covered in this course.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Prove and analyze the properties present in the topics of Analysis studied in this course.
CO 2. Utilize or combine the concepts and properties within the topics of this course to solve
problems related to the subject matter.

Syllabus:
The topics studied in this course are tailored to the research needs of the students.

References:
The references will be provided by the supervising instructor during the initial meeting.

MMM 7112 Capita Selecta in Advanced Analysis B (3 credits)

Prerequisites:

Prior to taking this course, students are expected to have mastered the basic concepts
related to the topics that will be covered in this course.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Prove and analyze the properties within the topics of Analysis studied in this course.
CO 2. Utilize or combine the concepts and properties within the topics of this course to solve problems
related to the subject matter.

Syllabus:
The topics studied in this course are tailored to the research needs of the students.

References:
The references will be provided by the supervising instructor during the initial meeting.

Elective Course in Algebra
MMM 7201 Abstract Algebra (3 credits)
Prerequisites:

The students have a mastery of abstract structure concepts, namely groups, rings, and
vector spaces.
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Course Learning Outcomes (CLO):

After completing the courses, students are able to:

CO 1. Clarify various concepts, philosophies, definitions, and important properties of advanced
Algebraic structures learned in the supporting courses for dissertation research.

CO 2. Prove the concepts of advanced Algebraic structures learned in the supporting courses for
dissertation research.

CO 3. create conjectures regarding the continuation of problems in the advanced Algebraic concepts

studied in the supporting courses for dissertation research,
CO 4. Develop specialized knowledge related to the advanced Algebraic concepts studied in the
supporting courses for dissertation research,

Syllabus:

This course provides students with advanced concepts in the field of Algebra to support
their dissertations. The topics will be selected from the Algebra research field, acting as a
bridge for students to the broader development of Algebra research. The topics and
syllabus will be tailored to the material needs and topics of the students in their
dissertation-supporting research.

References:
Wisbauer, R., Foundations of Module and Ring Theory, Gordon and Breach Science
Publisher, Philadelphia, 1991.
1.  Wisbauer, R.,, Modules and Algebras: Bimodule Structure on Group Actions and
Algebras, Addison Wesley Longman, Essex, 1996.
2. Karpilovsky, G., Induced Modules over Group Algebras, North Holland, Amsterdam,
2012.
3. Brezinski, T., Wisbauer, R., Corings and Comodules, Cambridge University Press,
2003.

MMM 7205 Matrix Theory (3 credits)

Prerequisites:

"In order to take this course, students are expected to have mastered the basics of vector
spaces and inner product spaces.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Prove properties of partitioned matrices.
CO 2. Justify the use of matrices as tools in solving problems in mathematics.
CO 3. Justify the use of matrices in various fields, such as statistics, physics, computer science,
engineering, and others.

Syllabus:

The material covered in this course is tailored to the needs of doctoral students related to
their research. Here are some of the lecture materials related to Matrix Theory:
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Partitioned Matrices: Elementary operations on partitioned matrices, determinant
and inverse of partitioned matrices, Rank of the product and sum of a matrix,
Eigenvalues of AB, Matrix functions, Matrix norm.

2. Matrix Decompositions: Schur Decomposition, Spectral Decomposition, Singular
Value Decomposition, Polar Decomposition, Jordan Canonical Form. Special
matrices: I[dempotent Matrices, Nilpotent Matrices, Involutory Matrices, Projection
Matrices, Tridiagonal Matrices, Circulant Matrices, Vandermonde Matrices,
Hadamard Matrices, Permutation Matrices, Doubly Stochastic Matrices, and
Nonnegative Matrices, Upper triangular matrices, Generalized Inverse Matrices, Max
Plus Algebra..

References:

1. Nicholson, W.K,, 2019, Linear Algebra with Applications, Base Textbook, Version 2019
— Revision A

2. Zhang, F.,, 2011, Matrix Theory, Second Edition, Springer, Linear Park, Davie, Florida,
USA

3. Goldberg, J.L.,1992, Matrix Theory with Applications, McGraw-Hill, Inc.

4. Zhang, X,, 2017, Matrix Analysis and Applications, Cambridge University Press.

5. Gentle, J.E, 2007, Matrix Algebra: Theory, Computations, and Applications in
Statistics, Springer.

6. Laub, AJ. 2005, Matrix Analysis for Scientists and Engineers, SIAM

7. Pustaka-pustaka lain yang menunjang materi perkuliahan ini dan sesuai dengan

topik penelitian mahasiswa.

MMM 7206 Advanced Graph Theory and Combinatorics (3 credits)
Prerequisites:
In this course, students have mastered the concepts of graphs, number theory, and

combinatorics.

Course Learning Outcomes (CLO):

After completing the courses, students are able to:

CO 1. Clarify various concepts, definitions, and properties of graphs and combinatorics.
CO 2. Prove the graph and combinatorics concepts that serve as tools in solving mathematical and
real-world problems.
CO 3. Make conjectures regarding the continuation of problems related to graphs and combinatorics
in the studied topics.
CO 4. Develop specialized knowledge related to graphs and combinatorics in the studied topics.
Syllabus:

This course provides students with topics related to graphs and combinatorics. Various
problem-solving techniques in the related field are also studied. The topics will be selected

from the research area that the student intends to investigate.

References:
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Bose, R.C., Manvel, B., 1983, Introduction to Combinatorial Theory, Colorado State
University, John Wiley and Sons.

Dougherty, S.T., 2020, Combinatorics and Finite Geometry, Springer International
Publishing.

Reinhard Diestel, 2005, Graph Theory, Springer Verlag Heidelberg New York.
Robin J. Wilson, 1998, Introduction to Graph Theory, Fourth Edition, Addison
Wesley Longman.

Rosen, K.H., 2011, Discrete Mathematics and Its Applications, Seventh Edition, Mc-
Graw Hill Education.

Van Lint, J.H., Wilson, R.M., 1992, A Course in Combinatorics, Cambridge university
Press.

MMM 7207 Advanced Linear Systems Theory (3 credits)
Prerequisites:
The students have mastered the concepts of system theory over fields, as well as ring theory

and module theory, which will serve as a basis for generalization..

Course Learning Outcomes (CLO):

After completing the courses, students are able to:

CO 1. Clarify various concepts, philosophies, definitions, and important properties of advanced system
theory that are the topics studied in this dissertation-supporting research course.

CO 2. Prove the concepts of advanced system theory that are the topics studied in this dissertation-
supporting research course.

CO 3. create conjectures regarding the continuation of problems in the advanced system theory

concepts that are the topics studied in this dissertation-supporting research course.

CO 4. Develop specialized knowledge related to the concepts of advanced system theory that are the

topics studied in this dissertation-supporting research course.
Syllabus:

This course provides students with advanced concepts in the field of advanced system

theory to support their dissertations. The topics will be selected from the research field of
advanced system theory, serving as a bridge for students to the broader development of

advanced system theory research in general. The topics and syllabus will be tailored to the
material needs and topics of the students in their dissertation-supporting research.

References:

1.
2.
3.

NIIONICINN

L.E. Signal Theory. Revised ed. Dowden & Culver, 1981.

Linear System Theory, by Wilson J. Rugh, 2nd Edition, Prentice Hall, 1996

C.T. Chen, Linear Systems Theory and Design. Oxford Un iversity Press, 3rd Edition,
1999.

F. Callier and C. Desoer, Linear System Theory, Springer Verlag, 1991.

P. Antsaklis and A. Michel, Linear Systems McGrawHlill, 1997.

GC. Strang, Linear Algebra and its Applications 3rd edition, 1988.

Chi-Tsong Chen. Linear system theory and design. Oxford University Press, New York,
4th international edition, 2014.
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8. Robert Brown. Introduction to random signals and applied Kalman filtering: with
MATLAB exercises. John Wiley & Sons, Inc., Hoboken, NJ, 4th edition, 2012.

9. J. A Hermida-Alonso, On linear algebra over commutative rings, in: M. Hazewinkel
(ed.), Handbook of Algebra, vol. 3, Elsevier Science, Amsterdam, The Netherlands,
2003, pp. 3-61.

MMM 7208 Advanced Applied Linear Algebra (3 credits)

Prerequisites:

The students have mastered abstract structure concepts such as groups, rings, vector
spaces, and modules.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Clarify various concepts, definitions, and properties comprehensively in order to apply Algebraic
structures to various problems.
CO 2. Prove the properties of Algebraic structures that serve as tools in problem-solving.
CO 3. Create conjectures regarding the continuation of problems in the application of Algebraic
structures to the studied topics.
CO 4. Develop specialized knowledge related to the application of Algebraic structures to the studied
topics.

Syllabus:

This course provides students with applied Algebraic structure materials in one or several
problems in the fields of cryptography, coding theory, representation theory, or other
applications of Algebraic structures. Various problem-solving techniques or Algebraic
approaches are also studied. The topics will be selected from the research area that the
student intends to investigate.

References:
1. Kac, V.G, Popov, V.L, Lie Group, Geometry and Representation Theory, Springer,
Switzerland, 2018.
2. Howe, E.W,, Lauter, KEE.,, Walker, J.L., Algebraic Geometry for Coding Theory and
Cryptography, Springer, 2016.
3. Ball,S., A Course in Algebraic Error-Correcting Codes, Springer, Switzerland, 2020.

MMM 7209 Topik Algebra 1: Algebra Abstrak Lanjut dan Perkembangannya (3 credits)
Prerequisites:

To enroll in this course, students must have taken the courses in Algebraic Structures and
Advanced Linear Algebra.

Course Learning Outcomes (CLO):

After completing the courses, students are able to:
CO 1. Create conjectures related to the discussed material.
CO 2. Prove properties related to the discussed topics.
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CO 3. Generalize concepts from the discussion into research topics.

Syllabus:

In the course Algebra 1 Topics, materials are discussed that are an extension of the material
covered in the Abstract Algebra course, as well as applications in coding theory,
cryptography, and others. The materials covered are tailored to the needs of the students
in completing their doctoral research.

References:
1. Dummit, D.S. and Foote R., 2002, Abstract Algebra, 3 Edition, John Wiley & Sons,
Inc., New York.
2. Hungerford, T.W.,, 1980, Algebra (Graduate Text in Mathematics), 8" Springer
Science + Business Media, Inc. New York.
3. Pustaka-pustaka pendukung lain yang akan disampaikan oleh dosen pengampu di
awal perkuliahan.

MMM 7210 Algebra 2 Topics: Applied Algebra and Its Developments (3 credits)
Prerequisites:

To enroll in this course, students are expected to have a good grasp of the basic and
advanced understanding of group theory, ring theory, and linear algebra.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Create conjectures related to the discussed material.
CO 2. Prove properties related to the discussed topics.
CO 3. Generalize concepts from the discussion into research topics.

Syllabus:
This course covers advanced topics in the field of graph theory and combinatorics, such as
graph labeling, graph algebra, number theory, and others. The materials covered are
tailored to the needs of doctoral students in completing their research.
References:
1. Bose, R.C, Manvel, B,, 1983, Introduction to Combinatorial Theory, Colorado State
University, John Wiley and Sons
2. Cohen, H., Axler, S. and Ribet, KA., 2007, Number theory: Volume I|: Tools and
diophantine equations, Springer New York.
3. Dougherty, S.T., 2020, Combinatorics and Finite Geometry, Springer International
Publishing
Koch, H., 2012, Algebraic number theory, Springer Science & Business Media.
Lang, S., 2013, Algebraic number theory, Springer Science & Business Media.
Reinhard Diestel, 2005, Graph Theory, Springer Verlag Heidelberg New York
Robin J. Wilson, 1998, Introduction to Graph Theory, Fourth Edition, Addison
Wesley Longman
8. Rosen, K.H., 2011, Discrete Mathematics and Its Applications, Seventh Edition, Mc-
Graw Hill Education
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9. Trifkovi¢, M., 2013, Algebraic theory of quadratic numbers. Springer.

10. Van Lint, J.H., Wilson, R.M., 1992, A Course in Combinatorics, Cambridge university
Press

1. Voight, J., 2021, Quaternion algebras, Springer Nature.

MMM 7211 Fundamental Algebra (3 credits)

Prerequisites:

The students have a grasp of logic and set theory, the theory of Algebraic structures, and
linear Algebra.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Clarify concepts, definitions of the topics covered in the lecture.
CO 2. Prove properties related to the discussed topics.
CO 3. Formulate conjectures related to the discussed material.
CO 4. Generalize concepts from the discussion into research topics and validating them.

Syllabus:

The material for the Miscellaneous Topics in Algebra course includes topics in Algebra that
have not been covered in other courses, such as category theory and functors, lattice theory,
logic theory, number theory, etc..

References:

1. Chen, G. and Tat Pham, T., 2001, Introduction to Fuzzy Sets, Fuzzy Logic, and Fuzzy
Control Systems, CRC Press LLC,
http://sc.uaemex.mx/xose/html/clases/logica/articles/libro_fuzzy_logic.pdf.

2. James J. Buckley, J.J. and Eslami, E., 2002, An Introduction to Fuzzy Logic and Fuzzy
Sets, Springer https://link.springer.com/book/10.1007%2F978-3-7908-1799-7.

3. Krasimir T. Atanassov, 2013, Intuitionistic Fuzzy Sets, Theory and Applications,
Springer-Verlag Berlin Heilderberg GmbH.

4. Krasimir T. Atanassov, 2016, Intuitionistic Fuzzy Logics, Springer.

5. Kilir, GJ, and Bo Yuan, 1995, Fuzzy Sets, Fuzzy Logic, and Fuzzy Systems, Selected
paper by Lotfi A. Zadeh, World Scientific.

6. W.B.Vasantha Kandasamy, 2003, Smarandache Fuzzy Algebra, American Research
Press.

7. Setiadji, 2009, Himpunan dan Logika Samar dan Aplikasinya, Graha Iimu.

Barnabas Bede, 2012, Mathematics of Fuzzy set and Fuzzy Logic, Springer.

®

9. Garret Birkhof, 1967, Lattice Theory, American Mathematical Society.

10. George Gratzer, 2009, Lattice Theory, First Concepts and Distributive Lattices, Dover
Publications, Inc, New York.

1. George Gratzer and Freiderich Wehrung, 2016, Lattice Theory, Special Topics and
Applications, Vol. 2, Birkhauser.

12. Stanley Burris and H.P. Shakappnavar, 2012, A course in Universal Algebra,
https//www.math.uwaterloo.ca/~snburris/htdocs/UALG/univ-algebra2012.pdf.
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13. Viijay K. Garg, 2016, Introduction to Lattice Theory with Computer Science
Applications, John Wiley & Son Inc, New Jersey.

14. Anderson, F.W., Fuller, K R., 1992, Rings and Categories of Modules, Springer Verlag,
New York.

15. Awodey, S., 2006, Category Theory, Clarendon Press, Oxford.

16. Schubert, H., 1972, Categories, Springer Verlag, Berlin.

17. Wisbauer, R, 1991, Foundation of Module and Ring Theory, Gordon and Breach,
Philadelphia.

MMM 7212 Capita Selecta in Advanced Algebra A (3 credits)

Prerequisites:

The students have a grasp of logic and set theory, the theory of Algebraic structures, and
linear Algebra.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Prove properties related to the discussed topics.
CO 2. Formulae conjectures related to the discussed material.
CO 3. Generalize concepts from the discussion into research topics and validating them.

Syllabus:
The material for the course "Capita Selecta in Advanced Algebra A" includes topics in
Algebra that have not been covered in other courses..

References:
References will be determined by the supervising instructor at the beginning of the course.

MMM 7213 Capita Selecta in Advanced Algebra B (3 credits)

Prerequisites:

The students have a grasp of logic and set theory, the theory of Algebraic structures, and
linear Algebra.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Prove properties related to the discussed topics.
CO 2. Formulate conjectures related to the discussed material.
CO 3. Generalize concepts from the discussion into research topics and validating them.

Syllabus:
The material for the course "Capita Selecta in Advanced Algebra B" includes topics in

Algebra that have not been covered in other courses.

References:
References will be determined by the supervising instructor at the beginning of the course.
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Elective Course in Applied Mathematics

MMM 7308 Topics in Applied Mathematics A (3 credits)

Prerequisites:

The students have a strong command of mathematical concepts related to the course
topics.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. combine one or more theories in mathematics to solve problems in the field of Applied
Mathematics.
CO 2. use new methods to solve various problems in the field of Applied Mathematics.
CO 3. conduct research in the field of Applied Mathematics.

Syllabus:

In this course, students are required to engage in several academic activities under the
supervision of the instructor. Academic activities are conducted based on literature studies
to master one or more theories in the field of mathematics from the literature. The topics
in this course and the syllabus will be determined based on the student's research topic.

References:
References will be provided by the instructor during the first meeting.

MMM 7309 Topics in Applied Mathematics B (3 credits)

Prerequisites:

The students have a strong command of mathematical concepts related to the course
topics.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. combine one or more theories in mathematics to solve problems in the field of Applied
Mathematics.
CO 2. use new methods to solve various problems in the field of Applied Mathematics.
CO 3. conduct research in the field of Applied Mathematics.

Syllabus:

In this course, students are required to engage in several academic activities under the
supervision of the instructor. Academic activities are conducted based on literature studies
to master one or more theories in the field of mathematics from the literature. The topics
in this course and the syllabus will be determined based on the student's research topic.

References:
References will be provided by the instructor during the first meeting.
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MMM 7311 Capita Selecta in Advanced Applied Mathematics A (3 credits)
Prerequisites:

The students have a strong command of mathematical concepts related to the topics
studied..

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. use theories and concepts from other disciplines to solve problems in the field of Applied
Mathematics.
CO 2. combine theories in mathematics with theories from other fields to solve various problems.
CO 3. conduct research in the field of Applied Mathematics.

Syllabus:

In this course, students engage in academic activities under the supervision of the
instructor. These academic activities involve studying literature to master one or more
theories or concepts from disciplines outside of mathematics. The topics and syllabus will
be determined based on the student's research topic.

References:
References will be provided by the instructor during the first meeting.

MMM 7312 Capita Selecta in Advanced Applied Mathematics B (3 credits)
Prerequisites:

The students have a strong command of mathematical concepts related to the topics
studied.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. use theories and concepts from other disciplines to solve problems in the field of Applied
Mathematics.
CO 2. combine theories in mathematics with theories from other fields to solve various problems.
CO 3. conduct research in the field of Applied Mathematics.

Syllabus:

In this course, students engage in academic activities under the supervision of the
instructor. These academic activities involve studying literature to master one or more
theories or concepts from disciplines outside of mathematics. The topics and syllabus will
be determined based on the student's research topic.

References:
References will be provided by the instructor during the first meeting..

MMM 7313 Capita Selecta in Advanced Applied Mathematics C (3 credits)
Prerequisites:
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The students have a strong command of mathematical concepts related to the topics
studied.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. use theories and concepts from other disciplines to solve problems in the field of Applied
Mathematics.
CO 2. combine theories in mathematics with theories from other fields to solve various problems.
CO 3.  conduct research in the field of Applied Mathematics.

Syllabus:

In this course, students engage in academic activities under the supervision of the
instructor. These academic activities involve studying literature to master one or more
theories or concepts from disciplines outside of mathematics. The topics and syllabus will
be determined based on the student's research topic.

References:
References will be provided by the instructor during the first meeting.

MMM 7314 Topics in Control Theory (3 credits)

Prerequisites:
The students have mastered differential equations and linear algebra.

Course Learning Outcomes (CLO):

After completing the courses, students are able to:
CO 1. Modeling control problems.
CO 2.  Designing control systems.
CO 3. Mastering advanced control design concepts.
CO 4.  Applying control theory to real-world problems.

Syllabus:

In this course, students are required to engage in several academic activities under the
supervision of the instructor. Academic activities are conducted based on literature studies
to master one or more topics in Control Theory, including: control system modeling,
advanced system theory such as descriptor systems, bilinear systems, nonlinear systems,
and bisimulation, linear quadratic optimal control theory and Riccati equations, advanced
control methods such as Model Predictive Control and distributed MPC, hierarchical
control, adaptive predictive control, robust control, dynamic game theory, system order
reduction, Kalman filtering, and the application of control theory to real-world problems.

References:
1.  Geert Jan Olsder, 1994, Mathematical Systems Theory, 1'st Edition, Delft University
of Technology.

Curriculum 2022 Document of Doctoral Programme



Page |4

2. Katsuhiko Ogata, 1990, Modern Control Engineering, 2" ed. Englewood Cliffs, N.J,:

Prentice Hall, Inc.

Lewis F.L., 1992, Applied Optimal Control, Prentice Hall International.

4. Rama K. Yedavalli, 2014, Robust Control of Uncertain Dynamic System: A Linear State
Space Approach, Springer Science+Business Media.

5. Yuri Shtessel, Christopher Edwards, Leonid Fridman and Arie LevantSliding, 2014,
Mode Control and Observation, Springer Science+Business Media.

W

MMM 7315 Topik dalam Teori Optimisasi (3 credits)
Prerequisites:
The student must have mastered Optimization Theory.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:

CO 1. to recognize basic concept in non linear optimization problems such as convex set, convex
function and theorems related to optimization problems with convex functions.

CO 2. Solve optimization problems analytically, such as optimization problem without constraints,
optimization problem with equation constraints, and optimization problems with inequality
constraints.

CO 3. Solve optimization problems numerically.

CO 4. Relate the theory and applications of optimization problems and interprete their solutions.

CO 5. Recognize about introduction to advanced theories in optimization.

Syllabus:

In this course, students are required to engage in several academic activities under the
supervision of the instructor. Academic activities are conducted based on literature studies
to master one or more topics in Optimization Theory, including unconstrained optimization,
constrained optimization, the theory of existence of optimal solutions related to convex
functions and their generalizations, fuzzy optimization theory, numerical methods for local
and global optimization problems, numerical methods for non-differentiable optimization
problems, multi-objective optimization theory, and methods for finding their solutions.
Applications of optimization theory to real-world problems..

References:
1. Mokhtar S Bazaraa, Hanif D. Sherali, C.M.Shetty, 2006, Nonlinear Programmeming.
Theory andAlgorithms 3™ Edition, John Wiley and Sons.
2. Edwin K.P. Chong, dan Stanislaw H. Zak, 1996, An Introduction to Optimization, John
Wiley & Sons.

3. Boyd, S, Vandenberghe, L., 2004, Convex Optimization, Cambridge University Press.
Sakawa, M., 1993, Fuzzy Sets and Interactive Multiobjective Optimization, Springer.
5. Andrew, R.C, Katya, S,, Luis, N.,V.,2009, Introduction To Derivative-Free Optimization,

MOS-SIAM Series on Optimization.

e

MMM 7316 Topics in Differential Equations (3 credits)
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Prerequisites:
The student has a grasp of the basics of differential equations.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Integrate one or more theories in differential equations to solve problems in the field of differential
equations or their applications.
CO 2. Use existing methods to solve various problems in the field of differential equations or their
applications.
CO 3. Conduct simple research in the field of differential equations or their applications.

Syllabus:

In this course, students are required to engage in several academic activities under the
supervision of the instructor. Academic activities are conducted based on literature studies
to master one or more theories in the field of differential equations. The specific topics and
syllabus for this course will be determined based on the student's research topic.

References:
1. Perko L, 2000, Differential Equations and Dynamical Systems, 3rd Edition, Springer-
Verlag, New York.
2. Logan J. D., 2008, An Introduction to Nonlinear Partial Differential Equations, 2nd
Edition, John Wiley and Sons, New Jersey.

MMM 7317 Topik dalam Stokastik (3 credits)

In this course, various topics related to stochastic processes will be discussed, which can
serve as the foundation or development of the topics in the doctoral dissertation to be
prepared by the student.

Prerequisites:
Having taken the course Introduction to Stochastic Processes.

Course Learning Outcomes (CLO):

After completing the courses, students are able to:
CO 1. Analyze concepts related to stochastic topics and the ability to work within these topics.
CO 2. Apply concepts related to the course topic in developing new ideas for research topics.
CO 3. Develop concepts related to the course topic to solve problems within the research topic.

Syllabus:

1. This course is offered to accommodate new developments in research topics in the
field of stochastic processes.

2. Topics will be selected from contemporary research areas related to the student's
research topic.

3. The course consists of core and advanced materials on stochastic processes.

4. The course is conducted to strengthen students' academic background to work in
the research area of stochastic processes.
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5. The topics and syllabus will be determined depending on the student's research
topic.

References:
1. Lan, G, 2020, First-Order and Stochastic Optimization Methods for Machine
Learning, 1t Edition, Springer Cham, Switzerland.
2. Lawler, G.F., 2006, Introduction to stochastic processes. 2" Edition, Taylor & Francis.
3. Oksendal, B., 2003, Stochastic Differential Equation: An Introduction with
application, 6" Edition, Springer-Verlag, Berlin Heidelberg.
4. Daftar pustaka lain yang ditentukan oleh dosen pada pertemuan pertama.

MMM 7318 Topik dalam Pemodelan Matematika (3 credits)

Prerequisites:

The students have a good understanding of the basic concepts in Mathematics related to
the research topic.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. classify mathematical models related to research problems.

CO 2. integrate theories in Mathematics and theories from other disciplines related to the research
topic to understand and solve simple problems related to the conducted research.
CO 3. interpret mathematical results into real problems related to the conducted research.
Syllabus:

In this course, students engage in academic activities under the guidance of the instructor.
The academic activities are aimed at mastering the relationship between several theories
and real problems related to the research project being conducted. The topics and syllabus
will be determined based on the student's research topic.

References:
1. Haberman, R, 1977, Mathematical Models: Mechanical Vibrations, Population
Dynamics and Traffic Flow. Prentice-Hall, Inc., Englewood Cliffs.
2. lllner, R, Bohun, C.S., McCollum, S.,and van Roode, T., 2005, Mathematical modeling:
a case studies approach, American Mathematical Society.
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Elective Courses in Statistics

MMM 7419 Topics in Advanced Statistical Data Analysis A (3 credits)
Prerequisites:
The students have a good understanding of the basics of Data Analysis.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:

CO 1.

Proficient in statistical data analysis.

CO 2. Proficient in time series data analysis.
CO 3. Proficient in panel and spatial data analysis.

Syllabus:
Stationarity, ARMA Models, Spectral Analysis, Modeling and forecasting with ARMA

processes, Nonstationary and seasonal time series models, Case studies (real data

applications), and Geographically weighted regression methods. The specific topics and

syllabus for this course will be determined in relation to the student's research topic.

References:

1.

2.
3.

Brockwell, P.J., Davis, R. A, Time Series: Theory and Method, Springer, 2002.

Daniel, P., dkk, A course in Time Series Analysis, John Wiley and Sons, 2001

Box, J.E.P, dkk, Time Series Analysis: Forecasting and Control, Ed 4., John Wiley and
Sons, 2016

Fotheringham, A.S, Brundson, C dan Charlton, M. (2002), Geographically Weighted
Regression : The Analysis of Spatially Varying Relationships, John Wiley & Sons Ltd,
England.

MMM 7420 Topics in Advanced Statistical Data Analysis B (3 credits)
Prerequisites:
Mahasiswa mempunyai pengetahuan/penguasaan yang baik tentang tentang dasar-dasar

Analysis Data.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Mastery of the development of statistical data analysis.
CO 2. Mastery of the development of time series data analysis.
CO 3. Mastery of the development of panel and spatial data analysis.

Syllabus:

1.

Survival data (event history, duration, time-to-event data), Survival variable function
and its properties, Types of survival data (censored, truncated, interval censored),
Parametric distribution for survival data, Non-parametric methods for estimating
survival function and cumulative hazard function, Parametric Survival Regression
Models (AFT and PHM parametric), Cox Regression, Counting process approach to
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event data, Multistate models, Frailty models, Additive hazard regression, Advanced
topics, and related research topics on survival models or survival data analysis.

2. Basic concept of nonparametric regression and the difference with parametric
regression: Density estimation with histogram and kernel approaches,
Nonparametric regression curve estimation with kernel and spline approaches,
Bandwidth selection in nonparametric kernel regression, Knot selection in
nonparametric spline regression, Nonparametric regression with other approaches
(Fourier Series) along with bandwidth selection, Application of nonparametric
regression to a dataset.

References:

1. Aalen, O.0, Borgan, O, Gjessing, H.K, 2008, Survival and Event History Analysis: A
Process Point of View. Springer, Berlin.

2. Andersen, P.K, Borgan, O, Gill, R.D., Keiding, N., 1993, Statistical Models based on
Counting Processes. Springer, New York.

3. Klein, J. P dan Moeschberger, M. L., 2003, Survival Analysis: Techniques for Censored
and Truncated Data, 2nd ed.. Springer.

4. ustaka Acuan: 1. Eubank, R.L. (1988). Spline Smoothing and Nonparametric
Regression. Marcel Dekker Ins, New York.

5. Green, P.J. and Silverman, B.W. (1994). Nonparametric Regression and Generalized
Linear Models. Chapman and Hall, London.

6. Hardle, W. (1990). Applied Nonparametric Regression. Cambridge University Press,
New York.

7. Hardle, W. (1991). Smoothing Techniques with Implementation in S. Spinger Verlag,
New York.

8. Takezawa, K. (2006). Introduction to Nonparametric Regression. John Wiley and
Sons, Inc., New Jearsy.

9. Thompson, J.R. and Tapia, RA. (1990). Nonparametric Function Estimation,

Modelling and Simulations. SIAM, Philadelpia.

10. Wahba, G. (1990). Spline Models for Observational Data. SIAM, Pensylvania.

MMM-7421 Advanced Capita Selecta in Statistics (3 credits)
Prerequisites: -

Course Learning Outcomes (CLO):

After completing the courses, students are able to:
CO 1. Proficient in the development of statistical theory and methods and their applications.
CO 2. Proficient in open problems in statistical theory and methods and their applications.
CO 3. Proposing solutions to open problems in statistical theory and methods and their applications.

Syllabus:
The topics and syllabus details of this course will be determined in relation to the research
topics of the students.

References:
References will be provided by the instructor during the first meeting.
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MMM-7422 Topics in Financial and Actuarial Statistics A (3 credits)
Prerequisites:
Students have a good command of the fundamentals of Financial and Actuarial Statistics.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:

CO 1. Mastery of financial and actuarial mathematics.

CO 2. Mastery of financial and actuarial statistics.

CO 3. Mastery of modeling in the field of Finance and Actuarial Science.
Syllabus:

The topics covered in this course include:

1.

Interest rates, continuous interest rates, accumulation values, present values,
discount rates in modeling for new research.

Payment sequences or annuities, basic annuities, advanced annuities, perpetuities,
Amortization, Sinking Funds, and their applications in new mathematical modeling
of finance.

Determination of bond prices, yields, reinvestment of interest rates, net present
value, and new topics in financial mathematics.

Introduction to investment, investment principles, management of risk-free assets,
investment in risky assets, investment models, random variables, and their
characteristic properties in portfolio theory, introduction to portfolio theory, efficient
portfolios, two-asset portfolios, Markowitz model portfolios, two-fund theorem
models, Lagrange functions in portfolio optimization, Mean Variance portfolio, Mean
Variance Skewness portfolio, Mean Variance Skewness Kurtosis portfolio, CAPM
model, multi-objective portfolio model, Monte Carlo simulation for portfolio theory,
resampling methods (REF) in portfolio, robust methods in Portfolio.

The topics and syllabus details of this course will be determined in relation to the
student's research topic.

References:

1.
2.

INye

Kellison, S. G., 1991. The Theory of Interest, John Wiley & Sons. New York.

Yuh-Dauh Lyuu, 2004. Financial Engineering and Computation. Cambridge
University Press, United Kingdom.

Andrew T Adam, Investment Mathematics, John Wiley and Sons, 2003

David G. Luenberger, Investment Science, Oxford University Press, 1998

An Introduction to Financial option Valuation, Mathematics, Stochastics and
Computation, Second Edition, Cambridge University Press 2004.

MMM-7423 Topics in Financial and Actuarial Statistics B (3 credits)
Prerequisites:
Mahasiswa mempunyai penguasaan yang baik tentang tentang dasar-dasar Statistics

Keuangan dan Aktuaria.
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Course Learning Outcomes (CLO):
After completing the courses, students are able to:

CO 1. Mastery of the advancements in financial and actuarial mathematics.

CO 2. Mastery of the advancements in financial and actuarial statistics.

CO 3. Mastery of the advancements in modeling in the field of Finance and Actuarial Science
Syllabus:

1.

4.

Claim Processes and Basic Methods (CL, BF, Poisson model, Algorithm, CL), Claim
with Chain Ladder Model, Claim with Bayesian Model, Claim with Distributional
Model, Claim with GLM, Claim with Bootstrap Method, Multivariate Reserve Method,
and Other Topics.

Asset pricing models, European and American options, Barrier options.
Introduction to modeling, random variables, distribution measures, parameters,
and their role in tail distribution, construction of new distributions, discrete and
continuous distributions, insurance benefit models: deductibles, coinsurances,
policy limits, consequences of insurance models, aggregate loss models, process
models in insurance, discrete loss probabilities and finite time, adjustment
coefficient, Lundberg's inequalities, integro-differential equations, maximum
aggregate loss, Brownian motion risk processes, Brownian motion and loss
probabilities.

The course syllabus will be tailored to the specific research topics of the students.

References:

1.

W thrich, M.V,, Merz,M., Stochastic Claim Reserving Methods in Insurance (2008),
John Wiley & Sons.

Higham, D. (2004). An introduction to financial option valuation: mathematics,
stochastics and computation, volume 13. Cambridge University Press.

Shreve, S. (2012). Stochastic calculus for finance |: the binomial asset pricing model.
Springer.

Shreve, S. E. (2004). Stochastic calculus for finance Il: Continuous-time models.
Springer, New York.

Klugman, S. A, Panjer, H. H,, dan Willmot G. E. (2012), Loss Model: From Data to
Decision 4 th edition, Wiley.

MMM 7424 Topics in Mathematical Statistics A (3 credits)
Prerequisites: -

The students have a strong grasp of the fundamentals of Mathematical Statistics.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:

CO 1.
CO 2.

Proficient in the definitions and theorems of Mathematical Statistics.
Proficient in stochastic processes.
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CO 3. Mastery the development of distribution functions.
Syllabus:
Sigma Fields, measures, probability, random variables and their distributions, integral

theory and its relation to expectations, various types of convergence, several versions of the

central limit theorem. The topics and syllabus details of this course will be determined in
relation to the research topic of the student.

References:

1.
2.
3.

Ash, R. B. (1972). Real Analysis and Probability. Academic Press.
Rosenthal, J. S., 2006, A First Look at Rigorous Probability Theory, World Scientific.
Shorack, G. R., 2000, Probability for Statisticians, Springer.

MMM 7425 Topics in Mathematical Statistics B (3 credits)
Prerequisites:
The student has a good command of the fundamentals of Mathematical Statistics.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:

CO 1. Mastery of the developments in the theory and methods of Statistics.

CO 2. Mastery of the developments in stochastic modeling.

CO 3. Mastery of the developments in statistical and stochastic analysis.
Syllabus:

1.

Probability theory, random walk, Brownian motion, Ito integral for simple and
general integrands, Ito-Doebelin formula..

2. Direct Domain Estimation, Traditional Demographic Methods, Small Area Model-
Based Direct Domain Estimation, EBLUP Methods, Empirical Bayes Methods,
Hierarchical Bayes Methods.

3. The topics and syllabus details of this course will be determined in relation to the
student's research topic.

References:

1. Capinski, M. and Kopp, E. (1998). Measure, Integral and Probability. Springer-Verlag,
New York.

2. Shreve, S. (2012). Stochastic calculus for finance |: the binomial asset pricing model.
Springer.

3. Shreve, S. E. (2012). Stochastic calculus for finance II: Continuous-time models.
Springer, New York.

4. Mukhopadhyay, P., 1998, Small Area in Survey Sampling , New Delhi : Narosa
Publishing House.

5. Pfefferman, D, 2002, Small Area Estimation — New Developments and Directions,
Interntinal Statistical Review, 70: 125-143.

6. Pfefferman, D., 2013, New Important Developments in Small Area Estimation,

Statistical Science, 28(1): 40-68.
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7. Rao,J. N. K., 2003, Small Area Estimation. New Jersey: Wiley.

8. Rao, J. N. K, 2014, Inferential Issues in Model Based Small Area Estimation: Some
New Developments, Statistical in Transition New Series and Survey Methodology.
Joint Speciallssues: Small Area Estimation, 16(4):491-510.

MMM 7504 Topics in Advanced Statistical Computing A (3 credits)
Prerequisites: -

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Mastery of basic concepts in machine learning.
CO 2. Develop and modify programmes tailored to the research problems in the Doctoral programme.
CO 3. Create programmes for problems that can be solved using supervised or unsupervised learning
methods.

Syllabus:

Challenges in Computational statistics, Basic computational algorithms, random number
generation, EM algorithm, statistical optimization, transformations in statistics, Bootstrap
and resampling, Monte Carlo experiment design, model selection.

References:
1. Gentle, J.E, Hardle, W., Mori, J.,, 2004 Handbook of Computational Statistics.
Springer.

2. Martinez, W.L. and Martinez, AR, 2007, Computational Statistics Handbook with
MATLAB, Chapman & Hall, New York.

MMM 7505 Topics in Advanced Statistical Computing B (3 credits)
Prerequisites: -

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Mastery of fundamental concepts in machine learning.
CO 2. Develop and modify programmes tailored to the research problems in the doctoral programme.
CO 3. Create or develop programmes for problems that can be solved using supervised or
unsupervised learning methods.

Syllabus:
Basic concepts of Machine Learning, data and knowledge mining, recursive partitioning
and tree methods, Support Vector Machine, Bagging, boosting, and Ensemble methods.

References:
1. Geron, A, 2019 Hands-on Machine Learning with Scikit-Learn, Keras, and TensorFlow,
O'Reilly.
2. Rajaraman, A, 2014. Mining of Massive Datasets.
3. Kuhn, M, Johnson, K., 2013 Applied Predictive Modeling Springer.
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MMM 7506 Topics in Computational Statistics Mathematics A (3 credits)

Prerequisites: -

Course Learning Outcomes (CLO):

After completing the courses, students are able to:
CO 1. Mastery of basic concepts in Computational Statistics Mathematics.
CO 2. Conduct a study of the latest methods in Computational Statistics Mathematics.
CO 3. Evaluate and use critical review results in planning dissertation research.

Syllabus:

Overview of some statistical software for statistical computing: R, SPlus, SPSS, Matlab, Excel,
etc, Data management (data entry, Importing, Exporting, and transformation), Statistical
Inference, Programmeming new functions using statistical software, Numerical methods
for moment estimator and maximum likelihood estimator, Normality test and Box-Cox
Transformation.

References:
1. Morgan, B.J. T, 2000, Applied Statistics Modelling, Arnold, London.
2. Daalgard,P. 2002, Introductory Statistics with R, Springer Verlag, London.

MMM 7507 Topics in Computational Statistics Mathematics B (3 credits)
Prerequisites: -

Course Learning Outcomes (CLO):

After completing the courses, students are able to:
CO 1. Mastery of basic concepts in Computational Statistics Mathematics.
CO 2. Conduct a study of the latest methods in Computational Statistics Mathematics.
CO 3. Evaluate and use critical review results in planning dissertation research.

Syllabus:

Study various applications of statistical computing in some fields of study. Some advanced
topics studied include bootstrap, linear programmeming, unconstrained optimization,
constrained optimization, genetic algorithms, application of statistical computing for
algebra, introduction to big data analytics, and some real projects.

References:

Witten, D., James, G., Tibshirani, R. and Hastie, T, 2013, An Introduction to Statistical
Learning with Applications in R, Springer, New York
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MMM-7508 Advanced Capita Selecta in Computational Statistics (3 credits)

Prerequisites: -

Course Learning Outcomes (CLO):

After completing the courses, students are able to:
CO 1. Link theory and real cases to solve Computational Statistics problems.
CO 2. Combine theories in Statistics and Computational fields to solve various issues.
CO 3. Evaluate and utilize critical reviews in planning dissertation research.

Syllabus:

The topics and syllabus of this course will be determined based on the research topic of the
student.

References:

References will be provided by the instructor at the first meeting.

MMM-7509 Topics in Computational Statistics for Finance and Actuarial Science A (3
credits)
Prerequisites: -

Course Learning Outcomes (CLO):

After completing the courses, students are able to:
CO 1. Proficiency in selected models for research purposes in the field of financial data modeling.
CO 2. Operate software such as R, Eviews (or other software) for financial data analysis purposes.
CO 3. Evaluate and use critical review results in planning dissertation research.

Syllabus:

Pricing and Valuation, Options, and derivatives pricing, Stock Prices and Time Series,
Financial Time Series, Heteroskedastic Models, Yield Curves and Interest Rates Models,
Nelson-Siegel Model, Svenson Model, Portfolio Allocation, Mean-Variance Portfolio,
Conditional Value-at-Risk Portfolio, Efficient Frontier.

References:
1. Hirsa, A, 2013 Computational Methods in Finance, CRC Press.
2. Ehrhardt,M, et. Al 2017 Novel Methods in Computational Finance Springer.

MMM-7510 Topics in Computational Statistics for Finance and Actuarial Science B (3
credits)

Prerequisites: -

Course Learning Outcomes (CLO):

After completing the courses, students are able to:
CO 1. Proficiency in selected models for research purposes in the field of financial data modeling.
CO 2.  Operate software such as R, Eviews (or other software) for financial data analysis purposes.
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CO 3.  Evaluate and utilize critical review results in planning dissertation research.

Syllabus:
Probability Distributions in Actuarial Science, Aggregate Loss Distribution, Frequency and
Severity Models, Predictive Modeling in Actuarial Science, Regression with Count-
Dependent Variables, Credibility and Regression Modeling, Bayesian Computational
Methods, Reinsurance and Extremal Events, Life Contingencies, Prospective Life Tables,
Survival Analysis.
References:
1. Frees, EW.,, Meyers, G, Derrig R.A., Predictive Modeling Applications in Actuarial
Science, Vol. 1-2 Cambridge University Press.
2. Charpentier, A, 2015 Computational Actuarial Science with R Cambridge University
Press.
3. Bglviken, E., 2014 Computation and Modelling in Insurance and Finance Cambridge
University Press.

Elective Courses in Computational Mathematics

MMM-7601 Topics in Finite Element Methods (3 credits)
Prerequisites:
Students have a good understanding of differential equations and basic programmeming.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:

CO 1. Derive finite element methods for the modified Helmholtz equation.

CO 2. Derive finite element methods for the convection equation.
co 3. Develop finite element methods for other related equations pertinent to the student's

research.

Syllabus:
In this course, students are required to engage in academic activities under the supervision
of the instructor. These activities are based on literature studies to master one or more of
the following topics: Finite element methods for the modified Helmholtz equation, Finite
element methods for the convection equation.

References:
1. Partridge, P. W,, Brebbia, C. A, and Wrobel, L. C.,1992, The Dual Reciprocity Boundary
Element Method, Computational Mechanics Publications, Southampton Boston.
2. Katsikadelis, J. T, 2002, Boundary Elements: Theory and Applications, Elsevier,
London.
3. Literatur-literatur yang lainnya berupa buku dan jurnal yang akan disampaikan
kepada mahasiswa saat perkuliahan.
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MMM 7602 Topics in Computational Differential Equations (3 credits)

Prerequisites:

The student has a good command of the fundamentals of ordinary and partial differential
equations.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Combine one or more numerical methods in ordinary or partial differential equations.
CO 2. Evaluate new numerical methods to solve various problems in the field of differential equations
or their applications.
CO 3. Develop the learned numerical methods to solve problems in the field of computational
differential equations.

Syllabus:

In this course, students must engage in several academic activities under the supervision
of the instructor. These activities are carried out based on a literature study to master one
or more numerical methods in the field of differential equations. The specific topics and
syllabus of this course will be determined in relation to the student's research topic.

References:
Detailed references will be provided by the instructor during the first meeting. Some of the
references used include:
1. Granville Sewell, 2005, The numerical solution of ordinary and partial differential
equations, John Wiley & Sons, Inc.
2. Mark H. Holmes, 2007, Introduction to Numerical Methods in Differential Equations,
Springer Science+Business Media, LLC.
3. Stanoyevich A, 2005, Introduction to Numerical Ordinary and Partial Differential
Equations Using MATLARB, John Wiley & Sons, Inc.
4. John C. Strikwerda, Finite Difference Schemes and Partial Differential Equations,
SIAM.

MMM 7603 Advanced Computational Mathematics (3 credits)

Prerequisites:

A student has knowledge of linear and nonlinear systems of equations, linear algebra,
optimization problems, and ordinary and partial differential equations.

Course Learning Outcomes (CLO):

After completing the courses, students are able to:
CO 1. Combine one or more theories of Computational Mathematics.
CO 2. Combine one or more numerical algorithms.
CO 3. Implement and execute algorithms in Matlab or other software.

Syllabus:

In this course, students must carry out several academic activities under the supervision of
a lecturer. Academic activities are based on literature studies to master one or more of the
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following topics, including: Iterative methods for linear systems of equations, Iterative
methods for nonlinear systems of equations, least squares methods, Numerical Linear
Algebra, Numerical Optimization, Numerical methods for ordinary and partial differential
equations.

References:
Books/references will be provided at the beginning of the course. Here are some references
that can be used as a guide:
1. Richard L. Burden and J. Douglas Faires., 2016, Numerical Analysis (10th Edition),
Brooks/Cole Publishing Company.
2. Xin-She Yang, 2008, Introduction to Computational Mathematics, World Sci. Publ.
3. L. N.Trefethen and D. Bau lll,, 1997, Numerical Linear Algebra, Society for Industrial
and Applied Mathematics (SIAM).
4. Robert E White, 2016, Computational Mathematics, Model, Method and Analysis
with MATLAB and MPI, Taylor & Francis Group, LLC.
5. Gilbert Strang, 2012, Computational Science and Engineering, Wellesley-
Cambridge Press.

MMM 7604 Capita Selecta in Advanced Computational Mathematics (3 credits)
Prerequisites:
The student must have a good understanding of the basics of Computational Mathematics..

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
CO 1. Evaluate several current research papers on Computational Mathematics research, then
identify opportunities to combine or expand on them.
CO 2. Conduct research in the field of Computational Mathematics related to the papers studied.

Syllabus:

In this course, students engage in academic activities under the supervision of a professor.
These academic activities are conducted through literature studies to understand one or
more theories or concepts from disciplines outside of mathematics that require or are
required by the field of Computational Mathematics. The specific topics and syllabus of this
course will be determined in relation to the student's research topic.

References:

References will be provided by the professor during the first meeting..

MMM7605 Topics in Computational Mathematics (3 credits)
Prerequisites:
The students have a strong grasp of the fundamentals of Computational Mathematics.

Course Learning Outcomes (CLO):
After completing the courses, students are able to:
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CO 1. Combine one or more numerical methods in Computational Mathematics.
CO 2. Evaluate new numerical methods to solve several problems in the field of Computational

Mathematics.
CO 3. Develop the learned numerical methods to solve several problems in the field of Computational
Mathematics.
Syllabus:

In this course, students must engage in several academic activities under the supervision
of a professor. These academic activities are based on literature studies to understand one
or more theories in the field of Computational Mathematics from the literature. The topics
in this course and the syllabus will be determined in relation to the student's research topic.

References:
References will be provided by the professor during the first meeting.
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