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Subject-specific Examination Regulations for Computer Science (Fachspezifische

Priifungsordnung)

The subject-specific examination regulations for Computer Science are defined by this
program handbook and are valid only in combination with the General Examination
Regulations for Undergraduate degree programs (General Examination Regulations =
Rahmenprifungsordnung). This handbook also contains the program-specific Study and
Examination Plan (Chapter 6).

Upon graduation, students in this program will receive a Bachelor of Science (BSc) degree
with a scope of 180 ECTS (for specifics see Chapter 6 of this handbook).
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1 Program Overview

1.1 Concept

1.1.1 The Jacobs University Educational Concept

Jacobs University aims to educate students for both an academic and a professional career by
emphasizing four core objectives: academic quality, self-development/personal growth,
internationality and the ability to succeed in the working world (employability). Hence, study
programs at Jacobs University offer a comprehensive, structured approach to prepare students
for graduate education as well as career success by combining disciplinary depth and
interdisciplinary breadth with supplemental skills education and extra-curricular elements.

In this context, it is Jacobs University’s aim to educate talented young people from all over the
world, regardless of nationality, religion, and material circumstances, to become citizens of the
world who are able to take responsible roles for the democratic, peaceful, and sustainable
development of the societies in which they live. This is achieved through a high-quality teaching
as well as manageable study loads and supportive study conditions. Study programs and related
study abroad programs convey academic knowledge as well as the ability to interact positively
with other individuals and groups in culturally diverse environments. The ability to succeed in
the working world is a core objective for all study programs at Jacobs University, both in terms
of actual disciplinary subject matter and also to the social skills and intercultural competence.
Study-program-specific modules and additional specializations provide the necessary depth,
interdisciplinary offerings and the minor option provide breadth while the university-wide
general foundation and methods modules, mandatory German language requirements, and an
extended internship period strengthen the employability of students. The concept of living and
learning together on an international campus with many cultural and social activities
supplements students’ education. In addition, Jacobs University offers professional advising
and counseling.

Jacobs University’s educational concept is highly regarded both nationally and internationally.
While the university has consistently achieved top marks over the last decade in Germany’s
most comprehensive and detailed university ranking by the Center for Higher Education (CHE),
it has also been listed by the renowned Times Higher Education (THE) magazine as one of the
top 300 universities worldwide in 2018. The THE ranking is considered as one of the most
widely observed university rankings. It is based on five major indicators: research, teaching,
research impact, international orientation, and the volume of research income from industry.

1.1.2 Program Concept

Computer Science lies at the core of all modern industries and plays a major role in most areas
of science as well. Computer technology changes constantly, but the fundamental principles
underlying these technologies have now developed into a mature science. The Computer
Science Bachelor of Science program at Jacobs University focuses on the understanding of
these principles and their application in practice.

Students will obtain core computer science competencies and skills (e.g., programming and
software engineering) and they will learn about fundamental abstractions and abstract notions
of computing (e.g., formal languages, logic, and computability theory). They will learn about
the principles behind and the proper usage of core technologies (e.g., databases, operating
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systems, and computer networks). Finally, students will develop an understanding of the
limitations of technology and side effects of computing systems (e.g., security, dependability,
legal, and ethical aspects). Because computer science is rooted in mathematics, students will
take mathematical methods modules covering calculus, linear algebra, probability theory, and
numerical methods or discrete mathematics.

The job market for computer scientists has been very favorable in the last few years, and there
is no indication that this will change in the near future. Because of the rapid changes in the
field, it is important to focus the education on the fundamental principles, as well as, subfields
of promising future relevance. Cross-disciplinary breadth and flexibility, as well as social and
work organization skills are increasingly important. The minor option allows the combination of
the education in computer science with a different discipline, thereby facilitating a cross-
disciplinary specialization. The academic qualifications and personal profiles for academic and
industrial careers differ. Jacobs University's Computer Science program responds to the needs
of both areas by offering a Computer Science major designed for students who plan to work in
the information technology industry or join graduate programs related to the discipline. Students
choosing the minor option can acquire basic skills in a specific application domain, which
makes them very well suited to work in a specific industrial sector. The minor option can also
be used to obtain specific knowledge in a closely related discipline to develop a strong portfolio
of knowledge at the intersection of computer science with related disciplines.

1.2 Specific Advantages of Computer Science at Jacobs University

The Computer Science program at Jacobs University aims to be rigorous with respect to the
foundations, while at the same time being very contemporary with an international orientation.

1 The educational approach of the faculty is to relate the theoretical contents of the
discipline to their contemporary application in industry and research. The instructors
aim to include recent developments of the topics covered to demonstrate how basic
methods or techniques are applied today and how the material covered relates to
research challenges.

9 Early involvement in research projects is an essential aspect of student education.
Students can obtain a vivid research experience at a very early stage, which often
develops into interdisciplinary collaborations later on.

9 This distinctive educational approach, together with the positive teaching environment,
has been acknowledged in several rankings: In the computer science ranking published
by the Centre for Higher Education (CHE) in 2015, the support by instructors and the
relationship to research were ranked 1%t of 68 study programs. In the European U-
Multirank ranking published in 2018, the overall learning experience in computer
science was ranked 10™ and research-oriented teaching in computer science was ranked
2" of 304 European universities offering Computer Science programs.

9 The involvement of students and alumni in the program development process using a
direct and open dialogue ensures that the program is constantly fine-tuned to the
specific needs of students, such as covering certain topics at a certain time with respect
to the preparation of internship or job applications.

1 The program has a successful student exchange program with Carnegie Mellon
University (USA). Every year, some of the best students move to Pittsburgh to study for
a semester abroad at CMU. In addition, CS students have studied abroad with great
success at Rice University (USA) and the University of Pennsylvania (USA).
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Student teams participate regularly in international programming competitions. Jacobs
University hosted the Northwestern European Regional Contest (NWERC) of the ACM
International Collegiate Programming Contest on campus in 2010 and 2011. Student
teams participate in NWERC competitions since then on an annual basis. In 2014,
students organized the first JacobsHack! hackathon on campus, which was sponsored,
among others, by Google, Microsoft, and SAP. The 2018 edition of JacobsHack!,
sponsored, among others, by Facebook, Skyscanner, GitHub and Bloomberg, attracted
participants from all over Europe.

1.3 Program-Specific Educational Aims

1.3.1 Qualification Aims

The main subject-specific qualification aim is to enable students to take up qualified
employment in modern industries involving information technology or to enter graduate
programs related to computer science. Graduates of the Computer Science program have
obtained the following competencies:

T

Computer science competence

Graduates are familiar with the theoretical foundations of computer science and they
are able to design and develop computer systems addressing a given application
scenario. They are able to analyze and structure complex problems and they are able to
address them using methods of computer science. Graduates are able to construct and
maintain complex computer systems using a structured, analytic, and creative approach.

Communication competence

Graduates are able to communicate subject-specific topics convincingly in both spoken
and written form to fellow computer scientists or to customers.

Teamwork and project management competence

Graduates are able to work effectively in a team and they are able to organize workflows
in complex development efforts. They are familiar with tools that support the
development, testing, and maintenance of large software systems and they are able to
take design decisions in a constructive way.

Learning competence

Graduates have acquired a solid foundation enabling them to assess their own knowledge
and skills, learn effectively, and remain up to date with the latest developments in the
rapidly evolving field of computer science.

Personal and professional competence

Graduates are able to develop a professional profile, justify professional decisions based
on theoretical and methodical knowledge, and critically reflect on their behavior with
respect to their consequences for society.

The design of the Computer Science program follows national guidelines published by the
Gesellschaft fur Informatik (GI) (Gl: Empfehlungen fiir Bachelor- und Masterprogramme im
Studienfach Informatik an Hochschulen, July 2016) and international guidelines published
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jointly by the Association for Computing Machinery (ACM) and the Institute of Electrical and
Electronics Engineers (IEEE) (ACM/IEEE: Computer Science Curricula 2013, December 2013).

1.3.2 Intended Learning Outcomes

By the end of the program, students will be able to

1 work professionally in the highly dynamic computer science field and enter graduate

programs related to computer science;

apply fundamental concepts of computer science while solving problems;

think in an analytical way at multiple levels of abstraction;

9 develop, analyze and implement algorithms using modern software engineering
methods;

1 understand the characteristics of a range of computing platforms and their advantages
and limitations;

9 choose from multiple programming paradigms, languages and algorithms to solve a given
problem adequately;

9 describe the fundamental theory of computation and computability;

1 apply the necessary mathematical methods;

9 recognize the context in which computer systems operate, including interactions with
people and the physical world;

9 describe the state of published knowledge in their field or a specialization within it;

9 analyze and model real-life scenarios in organizations and industries using contemporary
techniques of computer science, also taking methods and insights of other disciplines
into account;

91 appropriately communicate solutions of problems in computer science in both spoken
and written form to specialists and non-specialists;

9 draw scientifically founded conclusions that consider social, professional, scientific, and
ethical aspects;

9 work effectively in a diverse team and take responsibility in a team;

9 take responsibility for their own learning, personal and professional development and
role in society, reflecting on their practice and evaluating critical feedback;

9 adhere to and defend ethical, scientific, and professional standards.

= =4

1.4 Career Options

Computer science is one of the key disciplines of the 21st century, which affects almost all
modern industries. Consequently, the possible career paths are very broad for graduates with a
computer science degree and the job market is highly favorable. The job market includes jobs
such as software engineer, system integrator, information systems manager, data analyst,
database administrator, application developer, cyber security analyst, IT consultant, and system
analyst.

Graduates of the Computer Science program at Jacobs University have obtained positions in
companies of the information technology sector such as Amazon, Cleversoft, Facebook, Google,
Microsoft, SAP, Skype, 360 Treasury Systems, Twitter, Research Gate, and VMware, as well as
within companies that use information technology extensively such as the BMW Group,
Deutsche Bank, KPMG, and Uber. Some graduates have founded their own companies such as
Deep Web Solutions GmbH, Take Off Labs, and techOS GmbH.
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Past graduates have also chosen to continue their education by enrolling into graduate programs
at other German universities such as the RWTH Aachen, the Technical University Berlin, and
the Technical University Miinchen; at other European universities such as the University of
Amsterdam, the University of Cambridge, EPFL Lausanne, the University College London, the
University of Oxford, and ETH Zirich; or at international universities such as Carnegie Mellon
University, Cornell University, and the University of Montreal.

The Career Services Center (CSC) as well as the Jacobs Alumni Office help students in their
career development. The CSC provides students with high-quality training and coaching in CV
creation, cover letter formulation, interview preparation, effective presenting, business etiquette
and employer research as well as in many other aspects, thus helping students to identify and
follow up rewarding careers after their time at Jacobs University. Furthermore, the Alumni Office
helps students establish a long-lasting and worldwide network which is beneficial when
exploring job options in academia, industry, and elsewhere.

1.5 Admission Requirements

Admission to Jacobs University is selective and based on a candidate’s school and/or university
achievements, recommendations, self-presentation, and performance on required standardized
tests. Students admitted to Jacobs University demonstrate exceptional academic achievements,
intellectual creativity, and the desire and motivation to make a difference in the world.

The following documents need to be submitted with the application:

. Recommendation Letter

. Official or certified copies of high school/university transcripts
. Educational History Form

. Standardized test results (SAT/ACT/TestAS) if applicable

. ZeeMee electronic resume (optional)

. Language proficiency test results (TOEFL, IELTS or equivalent)

German language proficiency is not required, instead all applicants need to submit proof of
English proficiency.

For any student who has acquired the right to study at a university in the country where she/he
has acquired the higher education entrance qualification Jacobs University accepts the common
international university entrance tests as a replacement for the entrance examination.
Applicants who have a subject-related entrance qualification (fachgebundene Hochschulreife)
may be admitted only to respective study programs.

For more detailed information visit:

https://www.jacobs-university.de/study/undergraduate/application-information



https://www.jacobs-university.de/study/undergraduate/application-information

1.6 More Information and Contact

For more information please contact the study program chair:

Prof. Dr. Jirgen Schénwalder

Professor of Computer Science

Email: j.schoenwaelder@jacobs-university.de
Telephone: +49 421 200-3587

or visit our website: https://www.jacobs-university.de/study/undergraduate/programs/computer-
science

2 The Curricular Structure

2.1 General

The curricular structure provides multiple elements for enhancing employability,
interdisciplinarity, and internationality. The unique Jacobs Track, offered across all
undergraduate study programs, provides comprehensive tailor-made modules designed to
achieve and foster career competency. Additionally, a mandatory internship of at least two
months after the second year of study and the possibility to study abroad for one semester give
students the opportunity to gain insight into the professional world, apply their intercultural
competences and reflect on their roles and ambitions for employment and in a globalized
society.

All undergraduate programs at Jacobs University are based on a coherently modularized
structure, which provides students with an extensive and flexible choice of study plans to meet
the educational aims of their major as well as minor study interests and complete their studies
within the regular period.

The framework policies and procedures regulating undergraduate study programs at Jacobs
University can be found on the website (https://www.jacobs-university.de/academic-policies).

2.2 The Jacobs University 3C Model

Jacobs University offers study programs that comply with the regulations of the European Higher
Education Area. All study programs are structured according to the European Credit Transfer
System (ECTS), which facilitates credit transfer between academic institutions. The three-year
under-graduate program involves six semesters of study with a total of 180 ECTS credit points
(CP). The undergraduate curricular structure follows an innovative and student-centered
modularization scheme - the 3C-Model - that groups the disciplinary content of the three study
years according to overarching themes:

Year IlI:
CAREER

Students enhance

Year I: Year ll:

CHOICE CORE
Students have the Students study the
their CAREER skills
and prepare for the
job market, graduate
school and society.

CHOICE to decide on CORE elements of
their major after the their major and may
first year of study. choose a minor.

Figurel: The Jacobs University-8odel
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2.2.1 Year 1 - CHOICE

The first study year is characterized by a university-specific offering of disciplinary education
that builds on and expands upon the students’ entrance qualifications. Students select
introductory modules for a total of 45 CP from the CHOICE area of a variety of study programs,
of which 15-30 CP will be from their intended major. A unique feature of our curriculum
structure allows students to select their major freely upon entering Jacobs University. The
Academic Advising Coordinator offers curricular counseling to all Bachelor students
independently of their major, while Academic Advisors support students in their decision-
making regarding their major study program as contact persons from the faculty.

To pursue Computer Science as a major, the following CHOICE modules (30 CP) need to be
taken as mandatory modules:

9 CHOICE Module: Programming in C and C++ (7.5 CP)

9 CHOICE Module: Algorithms and Data Structures (7.5 CP)

9 CHOICE Module: Introduction to Computer Science (7.5 CP)

9 CHOICE Module: Introduction to Robotics and Intelligent Systems (7.5 CP)

The first two modules, Programming in C and C++ and Algorithms and Data Structures,
introduce students to imperative and object-oriented programming and basic algorithms and
data structures. The Introduction to Computer Science module discusses abstract and concrete
notions of computing machines and algorithms, and the representation of information. Students
are also exposed to a pure functional programming language. The Introduction to Robotics and
Intelligent Systems module addresses the interaction of computers with the physical world and
it lays the foundation for intelligent systems.

The remaining CHOICE modules (15 CP) can be selected in the first year of studies according
to interest and with the aim to allow a change of major up until the beginning of the second
year, when the major choice becomes fixed (see 2.2.1.1 below).

2.2.1.1 Major Change Option

Students can still change to another major at the beginning of their second year of studies if
they have taken the corresponding mandatory CHOICE modules in their first year of studies. All
students must participate in a seminar on the major change options in the O-Week and consult
their Academic Advisor in the first year of studies prior to changing their major.

The possible major change options and requirements for CS students are listed below:

. All CS students have the option to change to Intelligent Mobile Systems (IMS)
after their first year of studies.

Students that would like to retain a further option are strongly recommended to additionally
register for the CHOICE modules of one of the following study programs in their first year. The
module descriptions can be found in the respective Study Program Handbook.
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. Earth and Environmental Studies (EES)
CHOICE Module: General Earth and Environmental Sciences (7.5 CP)
CHOICE Module: General Geology (7.5 CP)

. International Relations: Politics and History (IRPH)
CHOICE Module: Introduction to International Relations Theory (7.5 CP)
CHOICE Module: Introduction to Modern European History (7.5 CP)

. Integrated Social and Cognitive Psychology (Pychology)
CHOICE Module: Essentials of Cognitive Psychology (7.5 CP)
CHOICE Module: Essentials of Social Psychology (7.5 CP)

. Physics (Phys)
CHOICE Module: Classical Physics (7.5 CP)
CHOICE Module: Modern Physics (7.5 CP)

2.2.2 Year 2 - CORE

In their second year, students take a total of 45 CP from a selection of in-depth, discipline-
specific CORE modules. Building on the introductory CHOICE modules and applying the
methods and skills acquired so far (see 2.3.1), these modules aim to expand the students’
critical understanding of the key theories, principles, and methods in their major for the current
state of knowledge and best practice.

To pursue Computer Science as a major, at least the following mandatory CORE modules (30
CP) need to be taken:

9 CORE Module: Databases and Web Services (7.5 CP)

M CORE Module: Software Engineering (7.5 CP)

1 CORE Module: Operating Systems (7.5 CP)

1 CORE Module: Automata, Computability, and Complexity (7.5 CP)

Students decide to complement their studies by taking the discipline-specific mandatory
elective CORE modules (15 CP):

1 CORE Module: Computer Networks (5 CP)

9 CORE Module: Legal and Ethical Aspects of Computer Science (2.5 CP)
9 CORE Module: Secure and Dependable Systems (5 CP)

9 CORE Module: Academic Skills in Computer Science (2.5 CP)

or substitute these modules with CORE modules from a second field of study with the aim to
pursue a minor.

2.2.2.1 Minor Option

Computer Science students can take CORE modules (or more advanced Specialization modules)
from a second discipline, which allows them to incorporate a minor study track into their
undergraduate education, within the 180 CP required for a bachelor’s degree. The educational
aims of a minor are to broaden the students’ knowledge and skills, support the critical reflection
of statements in complex contexts, foster an interdisciplinary approach to problem-solving, and
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to develop an individual academic and professional profile in line with students’ strengths and
interests. This extra qualification will be highlighted in the transcript.

The Academic Advising Coordinator, Academic Advisor, and the Study Program Chair of the
minor study program support students in the realization of their minor selection; the
consultation with the Academic Advisor is mandatory when choosing a minor.

As arule, this requires Computer Science students to

. select two CHOICE modules (15 CP) from the desired minor program in the first year
and
. substitute the mandatory elective Computer Science CORE modules Computer

Networks (5 CP), Legal and Ethical Aspects of Computer Science (2.5 CP), and
Secure and Dependable Systems (7.5) in the second year with the default minor
CORE modules of the minor study program. Note that the substituted CORE modules
can still be selected in the third year as specialization modules.

The requirements for each specific minor are described in the handbook of the study program
offering the minor (Chapter 3.2) and are marked in the respective Study and Examination Plans.
For an overview of accessible minors, please check the Major/Minor Combination Matrix which
is published at the beginning of each academic year.

2.2.3 Year 3 - CAREER

During their third year, students prepare and make decisions about their career path after
graduation. To explore available choices and to gain professional experience, students
undertake a mandatory summer internship. The third year of studies allows Computer Science
students to take Specialization modules within their discipline, but also focuses on the
responsibility of students beyond their discipline (see Jacobs Track).

The 5th semester also opens a mobility window for a diverse range of study abroad options.
Finally, the 6th semester is dedicated to fostering the students’ research experience by involving
them in an extended Bachelor thesis project.

2.2.3.1 Internship / Start-up and Career Skills Module

As a core element of Jacobs University’s employability approach students are required to engage
in a mandatory two-month internship of 15 CP that will usually be completed during the summer
between the second and third years of study. This gives students the opportunity to gain first-
hand practical experience in a professional environment, apply their knowledge and
understanding in a professional context, reflect on the relevance of their major to employment
and society, reflect on their own role in employment and society, and find a professional
orientation. The internship can also establish valuable contacts for the students’ Bachelor’s
thesis project, for the selection of a Master program graduate school or further employment
after graduation. This module is complemented by career advising and several career skills
workshops throughout all six semesters that prepare students for the transition from student life
to professional life. As an alternative to the full-time internship, students interested in setting
up their own company can apply for a start-up option to focus on developing of their business
plans.
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For further information, please contact the Career Services Center (https://www.jacobs-
university.de/career-services)

2.2.3.2 Specialization Modules

In the third year of their studies, students take 15 CP from major-specific or major-related,
advanced Specialization modules to consolidate their knowledge and to be exposed to state-of-
the-art research in the areas of their interest. This curricular component is offered as a portfolio
of modules, from which students can make free selections during their 5th and 6th semester.
The default specialization module size is 5 CP, with smaller 2.5 CP modules being possible as
justified exceptions.

To pursue Computer Science as a major, at least 15 CP from the following mandatory elective
Specialization Modules need to be taken:

. Specialization: Computer Graphics (5 CP)

. Specialization: Human Computer Interaction (5 CP)
. Specialization: Image Processing (5 CP)

. Specialization: Distributed Algorithms (5 CP)
Specialization: Web Application Development (5 CP)
CORE: Artificial Intelligence (5 CP)

CORE: Robotics (5 CP)

CORE: Machine Learning (5 CP)

. CORE: Computer Vision (5 CP)

. Specialization: Digital Design (5 CP)

. CORE: Information Theory (5 CP)

Students pursuing a minor in a second field of studies can additionally select specialization
modules from the CORE modules Computer Networks (5 CP), Legal and Ethical Aspects of
Computer Science (2.5 CP), Secure and Dependable Systems (5 CP), and Academic Skills in
Computer Science (2.5 CP). It is highly recommended that students pursuing a minor take the
modules Legal and Ethical Aspects of Computer Science (2.5 CP) and Academic Skills in
Computer Science (2.5 CP).

2.2.3.3 Study Abroad

Students have the opportunity to study abroad for a semester to extend their knowledge and
abilities, broaden their horizons and reflect on their values and behavior in a different context
as well as on their role in a global society. For a semester abroad (usually the 5th semester),
modules related to the major with a workload equivalent to 22.5 CP must be completed.
Modules recognized as study abroad CP need to be pre-approved according to Jacobs University
study abroad procedures. Several exchange programs allow students to directly enroll at
prestigious partner institutions worldwide. Jacobs University’s participation in Erasmus+, the
European Union’s exchange program, provides an exchange semester at a number of European
universities that include Erasmus study abroad funding.

For further information, please contact the International Office (https://www.jacobs-
university.de/study/international-office).
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Computer Science students that wish to pursue a study abroad in their 5th semester are required
to select their modules at the study abroad partners such that they can be used to substitute
between 10-15 CP of major-specific Specialization modules and between 5-15 CP of modules
equivalent to the non-disciplinary Big Questions modules or the Community Impact Project (see
Jacobs Track). In their 6th semester, according to the study plan, returning study-abroad
students complete the Bachelor Thesis/Seminar module (see next section), they take any
missing Specialization modules to reach the required 15 CP in this area, and they take any
missing Big Questions modules to reach 15 CP in this area. Study abroad students are allowed
to substitute the 5 CP Community Impact Project (see Jacobs Track below) with 5 CP of Big
Questions modules.

2.2.3.4 Bachelor Thesis/Seminar Module

This module is a mandatory graduation requirement for all undergraduate students. It consists
of two module components in the major study program guided by a Jacobs faculty member: the
Bachelor Thesis (12 CP) and a Seminar (3 CP). The title of the thesis will appear on the
students’ transcripts.

Within this module, students apply the knowledge skills, and methods they have acquired in
their major discipline to become acquainted with actual research topics, ranging from the
identification of suitable (short-term) research projects, preparatory literature searches, the
realization of discipline-specific research, and the documentation, discussion, and
interpretation of the results.

With their Bachelor Thesis students demonstrate mastery of the contents and methods of the
computer science research field. Furthermore, students show the ability to analyze and solve a
well-defined problem with scientific approaches, a critical reflection of the status quo in
scientific literature, and the original development of their own ideas. With the permission of a
Jacobs Faculty Supervisor, the Bachelor Thesis can also have an interdisciplinary nature. In the
seminar, students present and discuss their theses in a course environment and reflect on their
theoretical or experimental approach and conduct. They learn to present their chosen research
topics concisely and comprehensively in front of an audience and to explain their methods,
solutions, and results to both specialists and non-specialists.

2.3 The Jacobs Track

The Jacobs Track, an integral part of all undergraduate study programs, is another important
feature of Jacobs University’s educational model. The Jacobs Track runs parallel to the
disciplinary CHOICE, CORE, and CAREER modules across all study years and is an integral part
of all undergraduate study programs. It reflects a university-wide commitment to an in-depth
training in scientific methods, fosters an interdisciplinary approach, raises awareness of global
challenges and societal responsibility, enhances employability, and equips students with
augmented skills desirable in the general field of study. Additionally, it integrates (German)
language and culture modules.

2.3.1 Methods and Skills Modules

Methods and skills such as mathematics, statistics, programming, data handling, presentation
skills, academic writing, and scientific and experimental skills are offered to all students as part
of the Methods and Skills area in their curriculum. The modules that are specifically assigned
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to each study programs equip students with transferable academic skills. They convey and
practice specific methods that are indispensable for each students’ chosen study program.
Students are required to take 20 CP in the Methods and Skills area. The size of all Methods
and Skills modules is 5 CP.

To pursue Computer Science as major, the following Methods and Skills modules (20 CP) are
mandatory

1 Methods: Calculus and Elements of Linear Algebra | (5 CP)
1 Methods: Calculus and Elements of Linear Algebra Il (5 CP)
9 Methods: Probability and Random Processes (5 CP)

For the remaining 5 CP CS students can choose between the Methods module!
M Methods: Numerical Methods (5 CP)

and the Mathematics CORE module:
1 CORE Module: Discrete Mathematics (5 CP)

2.3.2 Big Questions Modules

The modules in the Big Questions area (10 CP) intend to broaden students’ horizons with
applied problem solving between and beyond their chosen disciplines. The offerings in this area
comprise problem-solving oriented modules that tackle global challenges from the perspectives
of different disciplinary backgrounds that allow, in particular, a reflection of acquired
disciplinary knowledge in economic, societal, technological, and/or ecological contexts. Working
together with students from different disciplines and cultural backgrounds, these modules cross
the boundaries of traditional academic disciplines.

Students are required to take 10 CP from modules in the Area. This curricular component is
offered as a portfolio of modules, from which students can make free selections during their
bth and 6th semester with the aim of being exposed to the full spectrum of economic, societal,
technological, and/or ecological contexts. The size of Big Questions Modules is either 2.5 or 5
CP.

2.3.3 Community Impact Project

In their bth semester students are required to take a 5 CP Community Impact Project (CIP)
module. Students engage in on-campus or off-campus activities that challenge their social
responsibility, i.e., they typically work on major-related projects that make a difference in the
community life on campus, in the campus neighborhood, Bremen, or on a cross-regional level.
The project is supervised by a faculty coordinator and mentors.

Study abroad students are allowed to substitute the 5-CP Community Impact Project with 5 CP
of Big Questions modules.

2.3.4 Language Modules

Communication skills and foreign language abilities foster students’ intercultural awareness and
enhance their employability in an increasingly globalized and interconnected world. Jacobs

1 Students who take a minor in RIS or ECE must choose Numerical Methods.
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University supports its students in acquiring and improving these skills by offering a variety of
language modules at all proficiency levels. Emphasis is put on fostering the German language
skills of international students as they are an important prerequisite for non-native students to
learn about, explore, and eventually integrate into their host country and its professional
environment. Students who meet the required German proficiency level (e.g., native speakers)
are required to select modules in any other modern foreign language offered (Chinese, French
or Spanish). Hence, acquiring 10 CP in language modules, with German mandatory for non-
native speakers, is a requirement for all students. This curricular component is offered as a
four-semester sequence of foreign language modules. The size of the Language Modules is 2.5
CP.
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3 Computer Science as a Minor

3.1 AQualification Aims

Students obtaining a minor in Computer Science learn the basic principles of software
development and modern software development processes. They acquire an understanding of
how modern information systems are designed and implemented. Upon completion of the
minor, they will have obtained sufficient knowledge about computer science concepts such that
they can effectively work together with professionals with a Computer Science degree. Students
obtaining a minor in Computer Science can help to drive digitalization processes, as they can
effectively translate requirements of the field of their major into terminology and technology
used by Computer Science professionals. Students majoring in a technical discipline can obtain
a minor to strengthen their understanding of how to use software and hardware components
effectively, thereby achieving efficient solutions for problems in their domain.

3.1.1 Intended Learning Outcomes

With a minor in Computer Science, students will be able to

9 develop solutions to problems in computer science in close collaboration with computer
science professionals;

1 communicate requirements appropriately to their audience and understand computer
science aspects of a solution;

91 apply programming concepts and basic algorithms to solve software development
problems of moderate complexity in an adequate way;

9 understand how design choices impact the efficiency of solutions.

3.2 Module Requirements

A minor in Computer Science requires 30 CP. The default option to obtain a minor in Computer
Science is marked in the Study and Examination Plan in chapter 6. It includes the following
CHOICE and CORE modules:

9 CHOICE Module: Programming in C and C++ (7.5 CP)

9 CHOICE Module: Algorithms and Data Structures (7.5 CP)
9 CORE Module: Databases and Web Services (7.5 CP)

9 CORE Module: Software Engineering (7.5 CP)

Upon the consultation with the Academic Advisor and approval by the CS Study Program
Coordinator, individual CORE modules from the default minor can be replaced by other
advanced modules (CORE or Specialization) from the CS major.

3.3 Degree

After successful completion, the minor in Computer Science will be listed on the final transcript
under PROGRAM OF STUDY and BA/BSc - [name of the major] as “(Minor: Computer
Science).”
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4 Computer Science Undergraduate Program Regulations

4.1 Scope of these Regulations

The regulations in this handbook are valid for all students who entered the Computer Science
undergraduate program at Jacobs University in Fall 2019. In case of a conflict between the
regulations in this handbook and the general Policies for Bachelor Studies, the latter applies
(see http://www.jacobs-university.de/academic-policies).

In exceptional cases, certain necessary deviations from the regulations of this study handbook
might occur during the course of study (e.g., change of the semester sequence, assessment
type, or the teaching mode of courses). Jacobs University Bremen reserves therefore the right
to modify the regulations of the program handbook.

4.2 Degree

Upon successful completion of the study program, students are awarded a Bachelor of Science
degree in Computer Science.

4.3 Graduation Requirements

To graduate, students need to obtain 180 CP. In addition, the following graduation requirements
apply:

9 Students need to complete all mandatory components of the program as indicated in
the Study and Examination Plan in chapter 6 of this handbook.
9 Students graduating in Computer Science without a minor have to obtain
o 20 CP in Methods and Skills modules (mathematics),
0 90 CP in Computer Science modules, and
0 15 CP for the Bachelor thesis and the associated seminar.
9 Students graduating in Computer Science with a minor in a second discipline have to
obtain
0 20 CP in Methods and Skills modules (mathematics),
0 75 CP in Computer Science modules, and
9 Students have to obtain 15 CP for the Bachelor thesis and the associated seminar.
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5 Schematic Study Plan for Computer Science

Figure 2 shows schematically the sequence and types of modules required for the study program. A more detailed description, including the assessment types, is
given in the Study and Examination Plans in following section.

BSc Degree in Computer Science at Jacobs University (180 CP)

Bachelor Thesis / Seminar

Big Questions T
(m, 15 CP) Questions
M (me, 5 CP) (me, 2.5 CP)
S
©
>G_J Study Abroad Option (22.5 CP) .
_._ Community Big
Specialization Impact Project Questions
(me, 3 x5 CP) (m, 5 CP) (me, 2.5 CP)
Internship/Startup (Summer) (15 CP)
* CORE :
CORE' _ e : Secure and Dependable CORE Methods/Skills
Software Engineering Automata, Computability, Complexity SUstems Academic Discrete Mathematics or Language
m, 7.5 CP (m, 7.5 CP) Y Skills in CS Numerical Methods me, 2.5 CP
o~ (m, ) ( 5CP) ( o )
N sie, (me, 2.5) (me, 5 CP)
]
K CORE* CORE CORE CORE Methods/Skills LAnEAAZe
Databases and Web Services Operating Systems Computer Networks Legal and Probability and guag
(m, 7.5 CP) (m, 7.5 CP) (me, 5 CP) Ethical Random Processes (me, 2.5 CP)
2522 Pt < Aspects (m, 5 CP)
(me, 2.5) 4
. CHOICE* CHOICE CHOICE Methods/Skills Language
Algorithms and Data Structures Introduction to Robotic and Own Selection Calculus and Elements (me, 2.5 CP)
(m, 7.5 CP) Intelligent Systems (me, 7.5 CP) of Linear Algebra | :
-] (m, 5CP)
®
>0_J CHOICE* CHOICE CHOICE Methods/Skills Langtiase
Programming in C and C++ Introduction to Computer Science Own Selection C“(')Cf“L“‘: i”if'i’)“:’]‘“ me gzus EP)
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Area
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) Figure2: Schematic Study Plan
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6 Study and Examination Plan

Computer Science (CS) BSc
Matriculation Fall 2019
Program-Specific Modules Type Assessment Period Staust Sem.  CP |:| Jacobs Track Modules (General Education) Type Assessment Period Staus' Sem.  CP
Year 1 - CHOICE 45 15
Take the mandatory CHOICE modules listed below, this is a requirement for the Computer Science program.
Unit: Programming, Algorithms, and Data Structures (default minor choice modules) 15 Unit: Methods / Skills 10
CH-230 Module: Programming in C and C++ m 1 7.5 JTMS-MAT-09 Module: Calculus and Elements of Linear Algebra | m 1 5
CH-230-A Programming in C and C++ Lecture . . . 25 JTMS-09 Calculus and Elements of Linear Algebra | Lecture Written examination Examination period
i Written examination Examination period
CH-230-B Programming in C and C++ Tutorial Tutorial 5 JTMS-MAT-10 Module: Calculus and Elements of Linear Algebra Il m 2 5
CH-231 Module: Algorithms and Data Structures m 2 75 JTMS-10 Calculus and Elements of Linear Algebra Il Lecture Written ination ination period
CH-231-A Algorithms and Data Structures Lecture Written examination Examination period Unit: Language 5]
Unit: Computer Science, Robotics, and Intelligent Systems 15 German is default language. Native German speakers take modules in another offered language.
CH-232 Module: Introduction to Computer Science m 1 7.5 JTLA-XXX Module: Language 1 m 1 25
CH-232-A Introduction to Computer Science Lecture Written examination Examination period JTLA-XX Language 1 Seminar Various Various me
CH-220 Module: Introduction to Robotics and Intelligent Systems m 2 7.5
CH-220-A Introduction to Robotics and Inteligent Systems Lecture Written examination Examination period 5 JTLA-XXX Module: Language 2 m 2 25
CH-220-B Introduction to Robotics and Inteligent Systems Lab Lab 25 JTLA-X Language 2 Seminar Various Various me
Unit: CHOICE (own selection) 1/2 15
Take two further CHOICE modules from those offered for all other study programs
Year 2 - CORE 45 15
Take all CORE modules listed below or replace mandatory elefctigemodules with suitable CORE modules from other study progtams
Unit: Advanced Computer Science | (default minor advanced modules) 15 Unit: Methods / Skills 10
CO-560 Module: Databases and Web Services m 3 7.5 JTMS-MAT-12 Module: Probability and Random Processes m 3 5
CO-560-A Databases and Web Services - Lecture Lecture Written examination Examination period 5
CO-560-B Databases and Web Services - Project Project _Project During the semester 25 JTMS-12 Probabiity and Random Processes Lecture Written examination Examination period 5
CO-561 Module: Software Engineering m 4 7.5
CO-561-A Software Engineering Lecture Written examination Examination period 25 Take one of the two listed mandatory elective methods modules:
CO-561-B Software Engineering Project Project _Project assessment During the semester 5 CO-501 Module: Discrete i me 4 5
Unit: Advanced Computer Science |1 15 CO-501-A Discrete Mathematics Lecture Written examination Examination period
CO-562 Module: Operating Systems m 3 7.5
CO-562-A Operating Systems Lecture Written examination Examination period JTMS-MAT-13 Module: Numerical Methods me 4 5
CO-563 Module: Automata, Computability, and Comple xity m 4 7.5 JTMS-13 Numerical Methods Lecture \ritten examination Examination period
CO-563-A Automata, Computabiity, and Complexity Lecture Written examination __Examination period
Unit: Advanced Computer Science IlI 15 Unit: Language 5
CO-564 Module: Computer Networks me 3 5 German is default language. Native German take modules in another offered language.
CO-564-A Computer Networks Lecture Written examination Examination period JTLA-XXX Module: Language 3 m 3 2.5
CO-565 Module: Legal and Ethical Aspects of Computer Science me 3 25 JTLA-XXX Language 3 Seminar Various Various me
CO-565-A Legal and Ethical Aspects of Computer Science Lecture Poster presenation Examination period
CO-566 Module: Secure and Dependable Systems me 4 5 JTLA-XXX Module: Language 4 m 4 25
CO-566-A Secure and Dependable Systems Lecture Written examination Examination period JTLA-XX Language 4 Seminar Various Various me
CO-567-A Module: Academic Skills in Computer Science me 4 25
CO-567-A Academic Skils in Computer Science Seminar Project assessment __Examination period
Year 3 - CAREER 45 15
ICA-INT-900 Module: Summer i m 4/5 15 Unit: Big Question: 10
CA-INT-900-0 Summer Internship Report/Business PlanDuring the &' semester JTBQ-BQ-xxx Module: Big Questions m 5/6
ICA-CS-800 Module: Thesis / Seminar CS m 6 15 JTBQ-xxx Lecture Various Various me 10
CA-CS-800-T Thesis CS Thesis Thesis 15th of May 12 Unit: Community Impact Project 5
CA-CS-800-S Seminar CS Seminar Presentation During the semester 3 JTCI-CI-950 Module: Community Impact Project m 5 &
Unit: Specialization CS m 5/6 15 JTCI-950 Community Impact Project Project Project Examination period
Take a total of 15 CP ialization Modules
ICA-S-CS-801 Module: Computer Graphics me 5 5
CA-S-CS-801-A  Computer Graphics Lecture Written examination Examination period
ICA-S-CS-802 Module: Image Pi i me 6 5]
CA-S-CS-802-A Image Processing Lecture Written examination Examination period me 6 5
CA-S-CS-803 Module: Distributed Algorithms me 5 5
CA-S-CS-803-A Distributed Algorithms Lecture Written examination Examination period me 5 5
CA-S-CS-804 Module: Web Application Development me 6 5
CA-S-CS-804-A  Web Application Development Lecture Written examination Examination period 25
CA-S-CS-804-B Web Application Development Project Project assessment During the semester 25
CA-S-xxX Specialization electivegfrom RIS, ECE study programs) Lecture Written examination  Examination period  me  5/6 5
Total CP. 180

1 Statug(m = mandatoryme = mandatory elective

2For afull listing of all CHOICH CORE/ CAREER/ Jacobs Track modules please consult the CampusNet online catalogmethadstudy program handbooks
3For details please see the CS program handbook

ufStudents who take a minor in Mathematics have to choose Numerical Methods module.
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7 Module Descriptions

7.1 Programming in C and C++

Module Name Module Code Level (type) cP
Programming in C and C++ CH-230 Year 1 7.5
(CHOICE)

Module Components

Number Name Type CP
CH-230-A Programming in C and C++ - Lecture Lecture 2.5
CH-230-B Programming in C and C++ - Tutorial Tutorial 5
Module Program Affiliation Mandatory Status
Coordinator
1  Computer Science (CS) Mandatory for CS, IMS, and
Kinga Lipskoch ECE
Entry Frequency Forms of Learning and
Requirements Teaching
Annually
Pre-requisites Co-requisites Knowledge, Abilities, or | (Fall) 9 Lecture attendance
Skills (17,5 hours)
9 Tutorial attendance
X None X None (35 hours)
1 Independent study
(115 hours)
1 Exam preparation (20
hours)
Duration Workload
1 semester 187.5 hours

Recommendations for Preparation

It is recommended that students install a suitable programming environment on their notebooks. It is
recommended to install a Linux system such as Ubuntu, which comes with open-source compilers such as gcc
and g++ and editors such as vim or emacs. Alternatively, the open-source Code: Blocks integrated development
environment can be installed to solve programming problems.

Content and Educational Aims

This course offers an introduction to programming using the programming languages C and C++. After a short
overview of the program development cycle (editing, preprocessing, compiling, linking, executing), the module
presents the basics of C programming. Fundamental imperative programming concepts such as variables, loops,
and function calls are introduced in a hands-on manner. Afterwards, basic data structures such as
multidimensional arrays, structures, and pointers are introduced and dynamically allocated multidimensional
arrays and linked lists and trees are used for solving simple practical problems. The relationships between pointers
and arrays, pointers and structures, and pointers and functions are described, and they are illustrated using
examples that also introduce recursive functions, file handling, and dynamic memory allocation.

The module then introduces basic concepts of object-oriented programming languages using the programming
language C++ in a hands-on manner. Concepts such as classes and objects, data abstractions, and information
hiding are introduced. C++ mechanisms for defining and using objects, methods, and operators are introduced
and the relevance of constructors, copy constructors, and destructors for dynamically created objects is explained.
Finally, concepts such as inheritance, polymorphism, virtual functions, and overloading are introduced. The
learned concepts are applied by solving programming problems.
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Intended Learning Outcomes
By the end of this module, students will be able to

1 explain basic concepts of imperative programming languages such as variables, assignments,
loops, and function calls;

1 write, test, and debug programs in the procedural programming language C using basic C library
functions;

1 demonstrate how to use pointers to create dynamically allocated data structures such as linked

lists;

explain the relationship between pointers and arrays;

illustrate basic object-oriented programming concepts such as objects, classes, information

hiding, and inheritance;

1 give original examples of function and operator overloading and polymorphism;

1  write, test, and debug programs in the object-oriented programming language C++.

1
1

Indicative Literature

Brian Kernighan, Dennis Ritchie: The C Programming Language, 2nd edition, Prentice Hall Professional Technical
Reference, 1988.

Steve Oualline: Practical C Programming, 3rd edition, O'Reilly Media, 1997.

Bruce Eckel: Thinking in C++: Introduction to Standard C++, Prentice Hall, 2000.

Bruce Eckel, Chuck Allison: Thinking in C++: Practical Programming, Prentice Hall, 2004.
Bjarne Stroustrup: The C++ Programming Language, 4th edition, Addison Wesley, 2013.

Michael Dawson: Beginning C++ Through Game Programming, 4" edition, Delmar Learning, 2014.

Usability and Relationship to other Modules

Mandatory for a major in CS, IMS, and ECE

Mandatory for a minor in CS and IMS

Pre-requisite for the CHOICE module Algorithms and Data Structures

Elective for all other undergraduate study programs

This module introduces the programming languages C and C++ and several other modules build on this
foundation. Certain features of C++ such as templates and generic data structures and an overview of
the standard template library will be covered in the Algorithms and Data Structures module.

= =4 =4 -89

Examination Type: Module Component Examinations

Assessment type: Written examination Duration: 120 min
Weight: 100%
Scope: All theoretical intended learning outcomes of the module

Module achievement: 50% of the assignments correctly solved.
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7.2 Algorithms and Data Structures

Module Name Module Code Level (type) CP
Algorithms and Data Structures CH-231 Year 1175
(CHOICE)

Module Components

Number Name Type CP
CH-231-A Algorithms and Data Structures Lecture 7.5
Module Program Affiliation Mandatory Status
Coordinator
1 Computer Science (CS) Mandatory for CS and IMS
Kinga Lipskoch
Entry Frequency Forms of Learning and
Requirements Teaching
Annually
Pre-requisites Co-requisites Knowledge, Abilities, or | (Spring) M Class attendance
Skills (52.5 hours)
M Independent study
X X None (115 hours)
Programming in 1  Exam preparation (20
C and C++ hours)
Duration Workload
1 semester 187.5 hours

Recommendations for Preparation

Students should refresh their knowledge of the C and C++ programming language and be able to solve simple
programming problems in C and C++. Students are expected to have a working programming environment.

Content and Educational Aims

Algorithms and data structures are the core of computer science. An algorithm is an effective description for
calculations using a finite list of instructions that can be executed by a computer. A data structure is a concept
for organizing data in a computer such that data can be used efficiently. This introductory module allows students
to learn about fundamental algorithms for solving problems efficiently. It introduces basic algorithmic concepts;
fundamental data structures for efficiently storing, accessing, and modifying data; and techniques that can be
used for the analysis of algorithms and data structures with respect to their computational and memory
complexities. The presented concepts and technigues form the basis of almost all computer programs.

Intended Learning Outcomes
By the end of this module, students will be able to

explain asymptotic (time and memory) complexities and respective notations;

able to prove asymptotic complexities of algorithms;

illustrate basic data structures such as arrays, lists, queues, stacks, trees, and hash tables;
describe algorithmic design concepts and apply them to new problems;

explain basic algorithms (sorting, searching, graph algorithms, computational geometry) and their
complexities;

1 summarize and apply C++ templates and generic data structures provided by the standard C++
template library.

= =4 =8 -4 -9

Indicative Literature

Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest, and Clifford Stein: Introduction to Algorithms, 3rd
edition, MIT Press, 2009.
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Donald E. Knuth: The Art of Computer Programming: Fundamental Algorithms, volume 1, 3rd edition, Addison
Wesley Longman Publishing, 1997.

Usability and Relationship to other Modules

1  Mandatory for a major in CS and IMS
1  Mandatory for a minor in CS
1 Pre-requisite for the following CORE modules:
o Databases and Web Services
o Software Engineering
0 Legal and Ethical Aspects of Computer Science
o Computer Graphics
o Distributed Algorithms
1  Familiarity with basic algorithms and data structures is fundamental for almost all advanced modules in
computer science. This module additionally introduces advanced concepts of the C++ programming
language that are needed in advanced programming-oriented modules in the 2" and 3 years of the CS
and IMS programs.

Examination Type: Module Examination

Assessment Type: Written examination Duration: 120 min
Weight: 100%

Scope: All intended learning outcomes of the module

Module achievement: 50% of the assignments correctly solved
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7.3 Introduction to Computer Science

Module Name Module Code Level (type) CP
Introduction to Computer Science CH-232 Year 1175
(CHOICE)

Module Components

Number Name Type CP
CH-232-A Introduction to Computer Science Lecture 7.5
Module Program Affiliation Mandatory Status
Coordinator

1 Computer Science (CS) Mandatory for CS
Jirgen
Schonwalder

Entry Frequency Forms of Learning and
Requirements Teaching
Annually
Pre-requisites Co-requisites Knowledge, Abilities, or | (Fall) M Class (52.5 hours)
Skills 1 Independent study
(115 hours)
X None X None 1 Exam preparation (20
hours)
Duration Workload
1 semester 187.5 hours

Recommendations for Preparation

It is recommended that students install a Linux system such as Ubuntu on their notebooks and that they become
familiar with basic tools such as editors (vim or emacs) and the basics of a shell. The Glasgow Haskell Compiler
(GHC) will be used for implementing Haskell programs.

Content and Educational Aims

The module introduces fundamental concepts and techniques of computer science in a bottom-up manner. Based
on clear mathematical foundations (which are developed as needed), the course discusses abstract and concrete
notions of computing machines, information, and algorithms, focusing on the question of representation versus
meaning in Computer Science.

The module introduces basic concepts of discrete mathematics with a focus on inductively defined structures, to
develop a theoretical notion of computation. Students will learn the basics of the functional programming
language Haskell because it treats computation as the evaluation of pure and typically inductively defined
functions. The module covers a basic subset of Haskell that includes types, recursion, tuples, lists, strings, higher-
order functions, and finally monads. Back on the theoretical side, the module covers the syntax and semantics of
Boolean expressions and it explains how Boolean algebra relates to logic gates and digital circuits. On the
technical side, the course introduces the representation of basic data types such as numbers, characters, and
strings as well as the von Neuman computer architecture. On the algorithmic side, the course introduces the
notion of correctness and elementary concepts of complexity theory (big O notation).
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Intended Learning Outcomes

By the end of this module, students will be able to

1 explain basic concepts such as the correctness and complexity of algorithms (including the big O
notation);

illustrate basic concepts of discrete math (sets, relations, functions);

recall basic proof techniques and use them to prove properties of algorithms;

explain the representation of numbers (integers, floats), characters and strings, and date and
time;

summarize basic principles of Boolean algebra and Boolean logic;

describe how Boolean logic relates to logic gates and digital circuits;

outline the basic structure of a von Neumann computer;

explain the execution of machine instructions on a von Neumann computer;

describe the difference between assembler languages and higher-level programming languages;
define the differences between interpretation and compilation;

illustrate how an operating system kernel supports the execution of programs;

determine the correctness of simple programs;

write simple programs in a pure functional programming language.

= =4 =9

= =4 =4 -8 -8 -8 -a e

Indicative Literature

Eric Lehmann, F. Thomson Leighton, Albert R. Meyer: Mathematics for Computer Science, online 2018.

Usability and Relationship to other Modules

Scope: All intended learning outcomes of the module
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