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1 The Computer Science (CS) Study Program

1.1 Concept

Computer Science lies at the core of all modern industries, as computer systems and infor-
mation technology underlie almost all of today’s production processes. Computer technology
changes constantly but there are a number of fundamental principles underlying these tech-
nologies. The Computer Science program at Jacobs University focuses on the understanding of
these principles and their application in practice. In addition to courses dealing with core com-
petencies (programming, software engineering, foundations of computer science), you will be
covering mathematics (calculus, linear algebra and statistics) and take courses in engineering
and sciences whilst also conducting guided research.

1.2 Specific Advantages of the Computer Science Program
at Jacobs University

The Computer Science program at Jacobs University distinguishes itself from competitors by
being rigorous on the foundations while at the same time being very contemporary.

e The faculty teaches students more than just facts. It motivates students to explore top-
ics beyond the boundaries of standard textbooks. The student to faculty ratio enables a
highly interactive style of education. In the 2009 an 2012 evaluations by the Centre for
Higher Education Development (CHE), the overall study situation was ranked 1st and
3rd.

e Early involvement in research projects is an essential aspect of student education. Stu-
dents obtain very early on a vivid experience of research, which often unfolds in inter-
disciplinary collaborations later on.

e The involvement of students and alumni in the program development process using a di-
rect open dialogue ensures that the program is constantly fine tuned to the specific needs
students face such as covering certain topics at a certain time that is relevant for the
preparation of internship or job applications.

e The CS program has a successful student exchange program with Carnegie Mellon Uni-
versity (USA). Every year, some of the best CS students move to Pittsburgh in order to
study a semester at CMU. In addition, CS students have exchanged with great success
with Rice University (USA) and the University of Pennsylvania (USA).

e The CS students participate actively in international programming competitions. Jacobs
University has hosted the Northwestern European Regional Contest (NWERC) of the
ACM International Collegiate Programming Contest on campus in 2010 and 2011. In
2014, CS students organized the first JacobsHack! hackathon on campus, which was
sponsored by Google, Microsoft, SAP, and ef.
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1.3 Program-Specific Qualification Aims

The goal of the Computer Science program is to prepare students for excellent graduate schools
and for successfully joining a highly dynamic and fast evolving job market.

In addition to general communication, presentation, and intercultural skills, students acquire
strong programming and software-engineering skills. While students learn at least two im-
perative and object-oriented programming languages by heart, they are also exposed to other
programming languages and paradigms so that they can easily learn new programming lan-
guages when needed.

Students develop a clear understanding of the foundations of computer science and basic meth-
ods and algorithms. This part of the education is a long-term investment in the understanding
of basic principles that are strongholds in a very fast developing area of technology.

Finally, students obtain knowledge about systems and key system components (e.g., database
systems, computer networks, web services, computer graphics) that are highly relevant for the
development of many modern applications.

1.4 The Jacobs University Employability and Personal Development
Concept

Jacobs University’s educational concept aims at fostering employability which refers to skills,
capacities, and competencies which transcend disciplinary knowledge and allow graduates to
quickly adapt to professional contexts. Jacobs University defines employability as encompass-
ing not just technical skills and understanding but also personal attributes, competencies and
qualities enabling students to become responsible members of their professional and academic
fields as well as of the societies they live in. Graduates of JU will be equipped with the ability
to find employment and to pursue a successful professional career, which means that graduates
will be able to:

e acquire knowledge rapidly, gather, evaluate and interpret relevant information and evalu-
ate new concepts critically to derive scientifically funded judgements;

e apply their knowledge, understanding and methodological competences to their activity
or profession to solve problems;

e present themselves and their ideas effectively and to negotiate successfully;

e demonstrate understanding and knowledge of business principles and processes and to
manage projects efficiently and independently;

o take responsibility for their and their team’s learning and development.

Graduates of JU will also be equipped with a foundation to become globally responsible citi-
zens, which includes the following attributes and qualities:

e graduates have gained intercultural competence; they are aware of intercultural differ-
ences and possess skills to deal with intercultural challenges; they are familiar with the
concept of tolerance;
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e graduates can apply problem-solving skills to negotiate and mediate between different
points of view and to manage conflicts;

e graduates can rely on basic civic knowledge; they are able to analyse global issues of
economic, political, scientific, social or technological nature; they are able to evaluate
situations and take decisions based on ethical considerations;

e graduates are able and prepared to take on responsibility for their professional community
and society.

1.5 Career Options

The job market for computer scientists has been very good in the last few years, and there is no
indication that this will change soon. Because of the rapid changes in the field, it is important to
focus one’s education on fundamental principles and in subfields of promising future relevance.
Cross-disciplinary breadth and flexibility, as well as social and work organization skills are
increasingly important. The academic qualifications and personal profiles for academic and
industrial careers differ. Jacobs University’s Computer Science program responds to the needs
in both areas and prepares students for successful careers through its program flexibility and
emphasis on transdisciplinary education.

1.6 More Information and Contact

For more information please contact the study program coordinator:
Dr. Jiirgen Schonwilder
Professor of Computer Science

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

or visit our program website: www.jacobs-university.de/cs-program
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2 The Curricular Structure

2.1 General

The undergraduate education at Jacobs University equips students with the key qualifications
necessary for a successful academic, as well as professional career. By combining disciplinary
depth and transdisciplinary breadth, supplemented by skills education and extracurricular ele-
ments, students are prepared to be responsible and successful citizens within the societies they
work and live in.

The curricular structure provides multiple elements enhancing employability, transdisciplinar-
ity, and internationality. The unique Jacobs Track, offered across all study programs, provides
a broad range of tailor-made courses designed to foster career competencies. These include
courses which promote communication, technology, business, (German) language, and man-
agement skills. The World Track, included in the third year of study, provides extended com-
pany internships or study abroad options. Thus students gain training on the job and intercul-
tural experiences. All undergraduate programs at Jacobs University are based on a coherently
modularized structure, which provides students with a broad and flexible choice of study plans
to meet their major as well as minor study interests.

The policies and procedures regulating undergraduate study programs at Jacobs University in
general can be found on the website.

2.2 The Jacobs University 3C-Model

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

Year Il: Year IlI:

CORE CAREER
Students study Students

the CORE enhance their

Year I:
CHOICE

Students have
the CHOICE to

decide on their CEmETE o CAREER skills
major after the
first year of

study!

their major and
may choose a
minor!

and prepare for
the job market!

Figure 1: The Jacobs University 3C-Model
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2.2.1 YEAR1-CHOICE

The first study year is characterized by a broad offer in disciplinary and interdisciplinary edu-
cation. Students select three CHOICE modules from a variety of study programs. As a unique
asset, our curricula allow students to select their study program freely from among the three
selected CHOICE modules during their first year of study.

2.2.2 YEAR2-CORE

In the second year, students take three in-depth, discipline-specific CORE modules. One CORE
module can also be taken from a second, complementary discipline, which allows students
to incorporate a minor study track into their undergraduate education. Students will gener-
ally qualify for a minor if they have successfully taken at least one CHOICE module and one
CORE module in a second field, and this extra qualification will be highlighted in the transcript.

2.2.3 YEAR 3 - CAREER

During their third year, students must decide on their career after graduation. In order to fa-
cilitate this decision, the fifth semester introduces two separate tracks. By default students are
registered for the World Track.

1. The World Track
In this track there are two mandatory elective options:
e Internship

The internship program is a core element of Jacobs Universitys employability ap-
proach. It includes a mandatory semester-long internship off-campus (minimum 16
weeks in full-time) which provides insight into the labor market as well as practical
work experience related to the respective area of study. Successful internships may
initiate career opportunities for students.

As an alternative to the regular internship, a limited number of students have the
opportunity to prepare in a structured manner the formation of their own start-up in
the Sth semester, and can attain 20 ECTS for this study-related achievement. Jacobs
University cooperates with the City Accelerator Bremen (CAB) to which students
can be admitted. There are several requirements which must be fulfilled before the
Sth semester in order to be admitted to the CAB, i.e. attendance of specific semi-
nars and workshops and the successful presentation of the business idea within the
framework of a competition (pitch). The module is successfully completed, when
the student / team of students have submitted the business plan to CAB.

For further information, please contact the Career Services Center (http://www.jacobs-
university.de/career-services/contact).

e Study Abroad
Students can take the opportunity to study abroad at one of our partner universities.
Courses recognized as study abroad credits need to be pre-approved according to the
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Jacobs University study abroad procedures and carry minimum of 20 ECTS credits
in total. Several exchange programs allow you to be directly enrolled at prestigious
partner institutions worldwide. Jacobs University’s participation in Erasmus+, the
European Unions exchange program, provides an exchange semester at a number
of European universities including Erasmus study abroad funding.

For more information, please contact the International Office (http://intoffice.user.jacobs-
university.de/outgoing/).

2. The Campus Track
Alternatively, students may also opt to follow the Campus Track by continuing their
undergraduate education at Jacobs, namely by selecting an additional CORE module
during their third year and redistributing the remaining courses and modules across the
third year. This opportunity can be used by students to more intensively focus on their
major or to fulfill the minor requirements for a second field of interest.

In the sixth semester, all students select from a range of specialization courses within their study
program and concentrate on their Bachelor thesis in the context of a Project/Thesis Module.

1
1

1

1

Research/Thesis| |
(15 credits) :

1

1

1

1

1

Year 3

Research/Thesi
(15 credits)

Specialization
(20 credits)

Internship or
Study Abroad
20 credits

World TTrack

Specialization
(15 credits)
CORE Module 4
(15 credits)

CampusTTrack

prerequisites |
must be met |
|

Year 2
(45 credits)

I

Year 1 (45 credits)

Year 2
(45 credits)

I

Year 1 (45 credits)

Figure 2: World Track versus Campus Track
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Career Advising

Is a mandatory component of the Jacobs University’s Advising and Counseling Scheme. Fur-
ther components are ”Academic Advising” and “Psychological Counseling and Intercultural
Services”. Throughout their studies all students attend a mandatory set of career skills events.
The mandatory “Career Skills Advising” prepares all undergraduate students at Jacobs Uni-
versity for the transition from student life to working life as well as for their future career.
Skills, knowledge and information which are fundamental for participation in an internship or
a semester abroad will be conveyed concurrently. Essential components include information
sessions, compulsory workshops on various career-relevant topics as well as participation in
the annual Jacobs Career Fair.

All undergraduate students will be automatically registered for ”Career Skills Advising”. How-
ever, every student has to keep track of his/her individual fulfillment of requirements and has
to register on CampusNet for all workshops and sessions during the official registration period
at the beginning of each semester. An overview of the sequence in which events should be
attended is shown in the table below.

CAR E E R ADVI S I N G For Undergraduate Students matriculated Fall 2017
I T T T R

CSC-INFO CSC-INFO CSC-INFO Session
MANDATORY
BASICS Session: “CSC Services” Session: “World Track” “Professional Networking”
CA01-990000 CA01-990026 CA01-990040

Both seminars have to be attended
in your first or second semester:

MANDATORY g:g]l\;’;’ul(:gl]\ﬂuu TRAINING
SEMINARS :
CSC-SUCCESS IN STUDIES, CAREER AND LIFE
CA01-990031
Attend 2 out of several career skills
seminars and workshops, i..
MANDATORY = Research & Contacting Employers
ELECTIVE SEMINARS = Business Etiquette = Presentation Skills
(seminar program subject = Communication Skills = Grad School Application
to availability) Training = Self-Management = Time-Management

= Decision Making = Preparing for an Interview
= Introduction to Project Management

CSC-JACOBS INTERNSHIP INTERNSHIP &
CAREER FAIR or STUDY ABROAD EVENT
OTHER MANDATORY in February, on campus STUDY ABROAD
COMPONENTS CA01-990003 or Onling
CAMPUS TRACK CSC-CAREER SURVEY
CA01-990002

Figure 3: Career Advising



Jacobs University Undergraduate Handbook CS - Matriculation Fall 2017 Page: 8

2.3 The Jacobs Track

The Jacobs Track, another stand-alone feature of Jacobs University, runs parallel to the disci-
plinary CHOICE, CORE, and CAREER modules across all study years and is an integral part
of all study programs. It reflects our commitment to an in-depth methodological education, it
fosters our transdisciplinary approach, it enhances employability, and equips students with ex-
tra skills desirable in your general field of study. Additionally, it integrates essential language
courses.

Mathematics, statistics, and other methods courses are offered to all students within a com-
prehensive Methods Module. This module provides students with general foundations and
transferable techniques which are invaluable to follow the study content not only in the study
program itself but also in related fields.

The Skills Module equips students with general academic skills which are indispensable for
their chosen area of study. These could be, for example, programming, data handling, presen-
tation skills, and academic writing, scientific and experimental skills.

The transdisciplinary Triangle Module offers courses with a focus on at least one of the areas
of business, technology and innovation, and societal context. The offerings comprise essential
knowledge of these fields for students from other majors as well as problem-based courses that
tackle global challenges from different disciplinary backgrounds. Working together with stu-
dents from different disciplines and cultural backgrounds in these courses broadens the students
horizon by crossing the boundaries of traditional disciplines.

Foreign languages are integrated within the Language Module. Communicative skills and for-
eign language competence foster students intercultural awareness and enhance their employ-
ability in a globalized and interconnected world. Jacobs University supports its students in ac-
quiring and improving these skills by offering a variety of language courses at all proficiency
levels. Emphasis is put on fostering German language skills, as they are an important prerequi-
site for students to learn about, explore, and eventually integrate into their host country. Hence,
acquiring 10 ECTS credits in German is a requirement for all students. Students who meet
the requirements of the German proficiency level (e.g. native speakers) are required to select
courses in any other language program offered.

2.4 Modularization of the Computer Science Program

Year 1
Take the mandatory module listed below and select two further CHOICE modules from a dif-
ferent study area.

General Computer Science (CH08-GenCS)

The introductory module General Computer Science covers abstract and concrete notions of
computing machines, information, and algorithms. You will develop an understanding of the
mathematical foundations of computer science. Core concepts such as algorithms, compu-
tations, and complexity will be introduced. The module also introduces you to basic data
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structures and elementary sort and search algorithms. You will learn how to represent graphs
and how basic graph algorithms work. By studying elementary algorithms in depth, you will
learn how to prove properties of algorithms such as their complexity. The module finally intro-
duces you to different programming paradigms and how to approach and solve programming
problems in a systematic way. The object-oriented programming paradigm and object-oriented
design patterns will be studied in some depths.

Year 2
Take all three modules or replace one with a CORE module from a different study program.

Applied Computer Science (CO19-ApplCS)

The Applied Computer Science module familiarizes you with core components used by many
modern computer applications such as relational databases and associated query languages.
You will learn how to use web application frameworks and you will learn the foundations of
computer graphics, such as rendering, shading, lighting, or textures. The module also intro-
duces you to tools and techniques that can be used to develop software in a structured way in
order to control development efforts and costs while improving the overall software quality

Technical Computer Science (CO20-TechCS)

The Technical Computer Science module introduces you to systems-oriented aspects of com-
puter science. You will learn how an operating system kernel organizes a collection of hard-
ware components into useful programming abstractions. Concurrent programming will be in-
troduced and the various techniques to prevent race conditions and to coordinate concurrent
activities. You will learn how computer programs can communicate. You will understand the
purpose of the different layers of computer networks and how the Internet works. Basic dis-
tributed algorithms will be introduced that allow you to build robust and scalable distributed
applications.

Theoretical Computer Science (CO21-TheoCS)

Theoretical Computer Science module covers the formal foundations of computer science. You
will learn about different classes of formal languages and how they relate to discrete automata.
You will learn what it means for a function to be computable and that there are functions that
are impossible to compute. You will learn how to classify computable problems according to
their inherent difficulty. Finally, you will learn how to use first-order logic to reason about pro-
grams and how to write programs using programming languages that are based on first-order
logic.

Some CORE Modules require students to have taken a specific CHOICE Module. Please see
the Module Handbook for details regarding pre-requisites.

Year 3
In the 3rd year students follow the World Track by default:

1. World Track
5th Semester
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e Internship / study abroad
6th Semester
e Computer Science Project / Thesis Module

e Program-specific Specialization Module Exemplary course offering:

— Programming in Java
— Distributed Algorithms
— Data Technologies

2. Campus Track
Students who do not enter the World Track follow the Campus Track.
5th and 6th Semester
e Program-specific Project / Thesis Module
e Program-specific Specialization Module
(please see World Track for exemplary course offering)
e Additional CORE Module

Page: 10
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2.5 The Bachelor Thesis / Project

This module is a mandatory graduation requirement for all undergraduate students. It consists
of two components in the major study program guided by a Jacobs Faculty member:

1. A Research Project (5 ECTS)
and
2. The Bachelor Thesis (10 ECTS)

The workload for the project component is about 125 hours and for the thesis component about
250 hours.The title of the thesis will be shown on the transcript.

2.5.1 Aims

Within this module, students apply knowledge they have acquired about their major discipline,
skills, and methods to become acquainted with actual research topics, ranging from the identifi-
cation of suitable (short-term) research projects, preparatory literature searches, the realization
of discipline-specific research, and the documentation, discussion, and interpretation of the re-
sults. Research results obtained from the Research Project can be embedded in the Bachelor
Thesis.

2.5.2 Intended Learning Outcomes

1. Research Project
This module component consists of a guided research project in the major study program.
The well-defined research task must be completed and documented according to the sci-
entific standards in the respective discipline. It involves a high degree of independence,
supported by individualized instructor feedback and guidance.

2. Bachelor Thesis
With their Bachelor Thesis students should demonstrate mastery of the contents and
methods of the major specific research field. Furthermore, students should 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 an original development of their
own ideas.

Both, the Research Project and the Bachelor Thesis, can also have an inter- or transdisciplinary
nature - with the explicit permission of the supervisor.

2.5.3 Supervision

Both module components can be performed with the same Jacobs faculty member, or different
ones, the latter in order to allow a broader research experience. Students are required to choose
a supervisor, at the latest, by the end of the drop-add period of the semester in which the module
component is taken. The selected supervisor(s) must approve the Project topic and Bach-
elor Thesis topic before the student starts to work towards the module component. The
respective study program coordinators will assist in the search for prospective supervisor(s).
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2.5.4 Registration

World Track students register for both components, at the earliest, in their 6th semester.
Campus Track students register for the Project component in the 5th and for the Bachelor
Thesis component, at the earliest, in their 6th semester.

The registrations must be made before the end of the respective drop/add periods.

Later enrolment is possible for those students pursuing a second major or those who graduate
late for other reasons. These students perform their (second) thesis earliest in the 7th semester
of their studies. They have to contact the Student Records Office for individual registration.

Students are allowed to extend their thesis related work into the intersession or summer break
upon approval of the thesis supervisor and Student Records. Students are not allowed to register
for different Bachelor Thesis courses in the same semester.

2.5.5 Formal Regulations for the Bachelor Thesis

Timing

The Thesis work has to be generated within the semester of registration. The semester
period has 14 weeks.

Extent

The document must be between 15-25 pages in length, including references, but exclud-
ing appendices or supporting information. Deviations in length and format can be deter-
mined within individual study programs and should be communicated to all registered
students by the study program coordinator.

Cover page

The cover page must show the title of the Bachelor Thesis, the university’s name, the
month and year of submission, the name of the student and the name of the supervisor.
Statutory Declaration

Each Bachelor Thesis must include a statutory declaration signed by the student confirm-
ing it is their own independent work and that it has not been submitted elsewhere. The
respective form can be found on the Student Records Office website.

Submission

The Bachelor Thesis must be submitted as a hard copy (pdf-file) to the supervisor and
additionally to the Student Records Office via online form on the Student Records Office
website.

Deadline for submission of the Bachelor Thesis is May 15 (unless specified otherwise
by the Student Records Office).
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2.6 Structure

BSc Degree in Computer Science

CAREER 1 CAREER 2 CAREER 3 Jacobs Track
Internship / Specialization Project/ Transdisciplinary
Study Abroad Research Triangle
(World Track) BA/BSc Thesis :
Business, Technology,
Societal Context
CORE 1 CORE 2 CORE 3
Applied Technical Theoretical
Computer Computer Computer
Science Science Science
CHOICE 1 CHOICE 2 CHOICE 3 Methods
Mathematics, Statistics
General Own selection Own selection
Computer
Science
YEAR 1 Take three CHOICE modules, two free selection
YEAR 2 Take three CORE modules, one CORE module can be substituted by a CORE module from a
second study program to pursue a minor
YEAR 3 Alternatively Campus Track with a 4th CORE module instead of internship/study abroad
module

Figure 4: Computer Science Module Structure
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3 Appendix 1a/l1b:
Mandatory Module and Examination Plans for World Track
and Campus Track

Jacobs University Bremen reserves the right to substitute courses by replacements and/or
reduce the number of mandatory/mandatory elective courses offered.

4 Appendix 2:
Course Data for Program-Specific CHOICE and CORE
Courses

All course data stated in the appendix is based on the previous study year and subject to
change.

| Version | Valid as of | Decision Details |

Fall 2017 - V1 01.09.17 AB August 17 Masterversion ‘
Fall 2017 - V2 01.09.17 AB August 17 2.2 revised ‘




Appendix la - Mandatory Module and Examination Plan for World Track

JACOBS
UNIVERSITY
Computer Science — World Track
Matriculation Fall 2017
Program-Specific Modules Type Status' Semester  Credits I I Jacobs Track Modules (General Education) Type Status'  Semester ~ Credits
Year 1 - CHOICE 45 20
Take the mandatory CHOICE module listed below, this is a requirement for the CS program.
CHO08-GenCS Module: General Computer Science m 15 JT-ME-MethodsMath Module: Methods / Mathematics m 7,5
CH08-320101 Introduction to Computer Science Lecture m 1 5 JT-ME-120103 Calculus | Lecture m 1 2,5
CHO08-320142 Object-Oriented Programming | Lab m 1 25 JT-ME-120104 Calculus I1 Lecture m 1 25
CH08-320201 Algorithms and Data Structures Lecture m 2 5 JT-ME-120122 Foundations of Linear Algebra | Lecture m 2 2,5
CHO08-320143 Object-Oriented Programming 11 Lab m 2 2,5 JT-SK-Skills Module: Skills® m 5
Module: CHOICE (own selection) e 1/2 30 JT-SK-320111 Programming in C | Lecture m 1 2,5
JT-SK-320112 Programming in C |1 Lecture m 2 2,5
Students take two further CHOICE modules from those offered for all other study programs. 2 JT-TA-TriArea Module: Triangle Area m 2,5
Take one course from the triangle (BUSINESS, TECHNOLOGY & me 12 25
INNOVATION, SOCIETAL CONTEXT) area. Each counts 2,5 ECTS 3
JT-LA-Language Module: Language m 5
Take two German courses (2,5 ECTS each). Seminar me 1/2 5
Native German speakers take courses in another offered language
CA01-CarAdv Career Advising” m
Year 2 - CORE 45 20
Take all three modules or replace one with a CORE module from a different study program. 2
CO19-AppICS  Module: Applied Computer Science me 15 JT-ME-MethodsMath Module: Methods / Mathematics m 7,5
C019-320302 Databases and Web Services Lecture m 3 5 JT-ME-120201 Elements of Probability Lecture m 3 2,5
C019-320322 Computer Graphics Lecture m 3 5 JT-ME-120113 Foundations of Linear Algebra Il Lecture m 3 2,5
C019-320212 Software Engineering Lecture m 4 5 JT-ME-120202 Numerical Methods | Lecture m 4 2,5
C020-TechCS  Module: Technical Computer Science me 15 JT-TA-TriArea Module: Triangle Area m 7,5
C020-320202 Operating Systems Lecture m 3 5 Take three courses from the triangle (BUSINESS, TECHNOLOGY & me 3/4 75
C020-320241 Computer Architecture and Programming Languages Lecture m 3 5 INNOVATION, SOCIETAL CONTEXT) area. Each counts 2,5 ECTS 3
C020-320301 Computer Networks Lecture m 4 5
CO21-TheoCS  Module: Theoretical Computer Science me 15 JT-LA-Language Module: Language m 5)
C021-320211 Formal Languages and Logic Lecture m 3 5 Take two German courses (2,5 ECTS each). Seminar me 3/4 5
C021-320203 Secure and Dependable Systems Lecture m 4 5 Native German speakers take courses in another offered language
C021-320352  Computability and Complexity Lecture m 4 5 CAO1-CarAdv Career Advising” m
Year 3 - CAREER 45 5)
CA02 / CA03 Module: Internship / Study Abroad m 5 20 JT-TA-TriArea Module: Triangle Area m 5
Take two courses from the triangle (BUSINESS, TECHNOLOGY & me 6 5
CA10-CS Module: Project/Thesis CS m 15 INNOVATION, SOCIETAL CONTEXT) area. Each counts 2,5 ECTS 3
CA10-320305 Project CS m 6 5 CAO01-CarAdv Career Advising* m
CA10-320306 Thesis CS m 6 10
CA-S-CS Module: Specialization Area CS m 10
Take four specialization courses (2.5 ECTS each) 2 me 5/6 10
Total ECTS | 180

1 Status (m = mandatory, e = elective, me = mandatory elective) 2 For a full listing of all CHOICE / CORE / CAREER / Jacobs Track modules please consult the CampusNet online catalogue and / or the module handbook (on our website).
3'You are required to take six Triangle Area courses in total. Select two from each of the three triangle areas (BUSINESS, TECHNOLOGY & INNOVATION, SOCIETAL CONTEXT).

* Mandatory component of the Jacobs University's Counseling and Advising Scheme.
®CS students may also take the Programming in Python skills courses, but the received credits will not count towards the 180 ECTS credits required by the major nor do they count for the GPA.

V.2 08/2017



Appendix 1b - Mandatory Module and Examination Plan for Campus Track

JACOBS
UNIVERSITY
Computer Science — Campus Track
Matriculation Fall 2017
Program-Specific Modules Type Status'  Semester ~ Credits I I Jacobs Track Modules (General Education) Type Status' Semester Credits
Year 1 - CHOICE 45 20
Take the mandatory CHOICE module listed below, this is a requirement for the CS program.
CHO08-GenCS Module: General Computer Science m 15 JT-ME-MethodsMath Module: Methods / Mathematics m 7,5
CH08-320101 Introduction to Computer Science Lecture m 1 5 JT-ME-120103 Calculus | Lecture m 1 2,5
CHO08-320142 Object-Oriented Programming | Lab m 1 25 JT-ME-120104 Calculus I1 Lecture m 1 25
CH08-320201 Algorithms and Data Structures Lecture m 2 5 JT-ME-120122 Foundations of Linear Algebra | Lecture m 2 2,5
CHO08-320143  Object-Oriented Programming |1 Lab m 2 25 JT-SK-Skills Module: Skills ® m 5
Module: CHOICE (own selection) e 1/2 30 JT-SK-320111 Programming in C | Lecture m 1 2,5
JT-SK-320112 Programming in C |1 Lecture m 2 2,5
Students take two further CHOICE modules from those offered for all other study programs. 2 JT-TA-TriArea Module: Triangle Area m 2,5
Take one course from the triangle (BUSINESS, TECHNOLOGY & me 12 25
INNOVATION, SOCIETAL CONTEXT) area. Each counts 2,5 ECTS 3
JT-LA-Language Module: Language m 5
Take two German courses (2,5 ECTS each). Seminar me 1/2 5
Native German speakers take courses in another offered language
CAO1-CarAdv Career Advising” m
Year 2 - CORE 45 20
Take all three modules or replace one with a CORE module from a different study program. 2
CO19-AppICS  Module: Applied Computer Science me 15 JT-ME-MethodsMath Module: Methods / Mathematics m 7,5
C019-320302 Databases and Web Services Lecture m 3 5 JT-ME-120201 Elements of Probability Lecture m 3 2,5
C019-320322 Computer Graphics Lecture m 3 5 JT-ME-120113 Foundations of Linear Algebra Il Lecture m 3 2,5
C019-320212 Software Engineering Lecture m 4 5 JT-ME-120202 Numerical Methods | Lecture m 4 2,5
C020-TechCS  Module: Technical Computer Science me 15 JT-TA-TriArea Module: Triangle Area m 7,5
C020-320202 Operating Systems Lecture m 3 5 Take three courses from the triangle (BUSINESS, TECHNOLOGY & me 3/4 75
C020-320241 Computer Architecture and Programming Languages Lecture m 3 5 INNOVATION, SOCIETAL CONTEXT) area. Each counts 2,5 ECTS 3
C020-320301 Computer Networks Lecture m 4 5
CO21-TheoCS  Module: Theoretical Computer Science me 15 JT-LA-Language Module: Language m 5)
C021-320211 Formal Languages and Logic Lecture m 3 5 Take two German courses (2,5 ECTS each). Seminar me 3/4 5
C021-320203 Secure and Dependable Systems Lecture m 4 5 Native German speakers take courses in another offered language
C021-320352  Computability and Complexity Lecture m 4 5 CAO1-CarAdv Career Advising’ m
Year 3 - CAREER 45 5)
COXX Module: Additional (4th) CORE module m 5/6 15 JT-TA-TriArea Module: Triangle Area m 5
Take two courses from the triangle (BUSINESS, TECHNOLOGY & me 5 5
CA10-CS Module: Project/Thesis CS m 15 INNOVATION, SOCIETAL CONTEXT) area. Each counts 2,5 ECTS 3
CA10-320305 Project CS m 5 5 CAO01-CarAdv Career Advising* m
CA10-320306 Thesis CS m 6 10
CA-S-CS Module: Specialization Area CS m 15
Take four specialization courses (2.5 ECTS each) 2 me 5/6 15
Total ECTS | 180

1 Status (m = mandatory, e = elective, me = mandatory elective)
2 For a full listing of all CHOICE / CORE / CAREER / Jacobs Track modules please consult the CampusNet online catalogue and / or the module handbook (on our website).
3You are required to take six Triangle Area courses in total. Select two from each of the three triangle areas (BUSINESS, TECHNOLOGY & INNOVATION, SOCIETAL CONTEXT).

4 Mandatory component of the Jacobs University's Counseling and Advising Scheme.
% CS students may also take the Programming in Python skills courses, but the received credits will not count towards the 180 ECTS credits required by the major nor do they count for the GPA.
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Appendix 2 - Course Data \7 JACOBS

UNIVERSITY
Course Name Course No ECTS
Introduction to Computer Science CHO08-320101 5
Module Affiliation Workload (hrs / sem) |Level

Contact Time: 35,00 |Bachelor 1st Year CHOICE

CHO08-GenCS General Computer Science Private Study: 90,00

Course Description / Content / Aims

The course covers the 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.

To develop a theoretical notion of computation, we introduce basic concepts of discrete mathematics with a focus on
inductively defined structures. The functional programming language Haskell will be introduced and used as the primary
programming language for the course. We cover a basic subset of Haskell that includes types, recursion, tuples, lists,
strings, and higher-order functions. Back on the theoretical side, we cover the syntax and semantics of Boolean
expressions and we explain how Boolean algebra relates to logic gates and digital circuits. On the technical side, we
introduce the representation of basic data types such as numbers, characters, strings and dates as well as the basics of
computer architecture and assembly programming. On the algorithmic side, the course introduces the notion of
correctness and elementary complexity theory (big-O notation) and we introduce abstract data types.

Course Name Course No ECTS
Object-oriented Programming | CHO08-320142 2,5
Module Affiliation Workload (hrs / sem) |Level

Contact Time: 25,50 |Bachelor 1st Year CHOICE

CHO08-GenCS General Computer Science Private Study: 37.00

Course Description / Content / Aims

This course offers an introduction into the basic concepts of object-oriented programming using the programming
language C++. The unit covers the object-oriented programming constructs in C++ in a hands-on manner. In the first
part, topics like introduction to objects and information hiding, making and using objects, data abstraction, inline
functions, function and operator overloading, constructors, copy constructors, destructors, dynamic object creation are
addressed. In the second part of the course the concepts of inheritance, polymorphism, virtual functions, and templates
are introduced. The learned concepts have to be applied by solving programming problems.
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UNIVERSITY
Course Name Course No ECTS

Object-oriented Programming Il CHO08-320143 2,5

Module Affiliation Workload (hrs / sem) |Level

Contact Time: 25,50 |Bachelor 1st Year CHOICE

CHO08-GenCS General Computer Science Private Study: 37.00

Course Description / Content / Aims

This course is the continuation of the first semester course unit and offers a more advanced view of the object-oriented
programming skills learned during the first course unit. It covers advanced topics of C++ programming like exception
handling (throwing, catching, cleaning up), defensive programming (unit testing and debugging techniques), templates in
more detail, generic algorithms (working with common STL algorithms), generic containers (working with common STL
containers like vectors, lists, deques, stacks, sets), features of C++11, multiple inheritance, and design patterns. The
learned concepts have to be applied by solving programming problems.

Course Name Course No ECTS
Algorithms and Data Structures CHO08-320201 5
Module Affiliation Workload (hrs / sem) |Level

Contact Time: 35,00 |Bachelor 1st Year CHOICE

CHO08-GenCS General Computer Science Private Study: 90,00

Course Description / Content / Aims

Algorithms and data structures are in 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 they can be used efficiently. This is an introductory course to learn about
fundamental algorithms for solving problems efficiently, basic algorithmic concepts, fundamental data structures for
efficiently storing, accessing, and modifying data, and the analysis of algorithms and data structures with respect to their
computational and memory complexity. The presented concepts and techniques form the basis of almost all computer
programs.
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UNIVERSITY
Course Name Course No ECTS
Software Engineering C019-320212 5
Module Affiliation Workload (hrs / sem) |Level

Contact Time: 35,00 |Bachelor 2nd Year CORE

CO19-AppICS Applied Computer Science Private Study: 90,00

Course Description / Content / Aims

This course is an introduction to software engineering and object-oriented software design. At the core of the lecture is
the notion of software quality and the methods to achieve and maintain it in environments of "multi-person construction of
multi-version software".

Based on their pre-existing knowledge of an object-oriented programming language, students are familiarized with
software architectures, design patterns and frameworks, software components and middleware, UML-based modelling,
and validation by testing. Further, the course addresses the more organisational topics of project management and
version control. Practical work underpins this by looking at suitable tools.

The course is recommended to all students on whose software skills people will depend one day.

Course Name Course No ECTS
Data Bases and Web Services C019-320302 5
Module Affiliation Workload (hrs / sem) |Level

Contact Time: 35,00 |Bachelor 2nd Year CORE

CO19-AppICS Applied Computer Science Private Study: 90,00

Course Description / Content / Aims

This course offers a combined introduction to database and Web services. The database part starts with database
design using the Entity Relationship (ER) and Unified Modeling Language (UML) models, followed by relational
databases and querying them through SQL, relational design theory, indexing, query processing, transaction
management, and NoSQL / Big Data databases. In the Web services part, topics addressed include markup languages,
3-tier application architectures, and web services. Security aspects are addressed from both perspectives.

A hands-on group project complements theory: on a self-chosen topic, students implement the core of a Web-accessible
information system using python (or similar), MySQL, and Linux, guided through homeworks.

Working knowledge is required in basic data structures like trees, object-oriented programming, and formal languages.
Basic knowledge of algebra is useful. For the project work, students need to have basic hands-on skills using Linux shell,
HTML, and a suitable scripting language such as python.




Appendix 2 - Course Data \7 JACOBS

UNIVERSITY
Course Name Course No ECTS
Computer Graphics C019-320322 5
Module Affiliation Workload (hrs / sem) |Level

Contact Time: 35,00 |Bachelor 2nd Year CORE

CO19-AppICS Applied Computer Science Private Study: 90.00

Course Description / Content / Aims

Computer graphics deals with the digital synthesis and manipulation of visual content, typically embedded in a three-
dimensional scene. Prominent tasks in computer graphics are geometry processing, rendering, and animation. Geometry
processing is concerned with object representations such as surfaces and their modeling, rendering is concerned with
simulating light transport to get physically-based photorealistic images of 3D scenes or applying a certain style to create
non-photorealistic images, and animation is concerned with descriptions for objects that move or deform over time. This
is an introductory course into the concepts and techniques of 3D (interactive) computer graphics. It includes
mathematical foundations, basic algorithms and principles, and advanced methods and concepts.

Methods of Assessment

Name Weighting
Final Exam 35%
Home Work 45%
Midterm Exam 20%
Course Name Course No ECTS
Operating Systems C020-320202 5
Module Affiliation Workload (hrs / sem) |Level

} ; ; Contact Time: 35,00 |Bachelor 2nd Year CORE
CO20-TechCS Technical Computer Science Private Study: 90,00

Course Description / Content / Aims

This course introduces the concepts and principles used by operating systems to provide programming abstractions that
enabling an efficient development and execution of application programs. Students will gain an understanding how an
operating system kernel manages hardware components and how it provides abstractions such as processes, threads,
virtual memory, file systems, and inter-process communication facilities.

Students are introduced to event-driven and concurrent programming and the mechanisms that are necessary to solve
synchronization and coordination problems, thereby avoiding race conditions, deadlocks, and resource starvation. The
Linux kernel will be used throughout the course to illustrate how key ideas and concepts have been implemented and
how application programs can use them.
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UNIVERSITY
Course Name Course No ECTS
Computer Architecture and Programming Languages C020-320241 5
Module Affiliation Workload (hrs / sem) |Level
CO20-TechCS Technical Computer Science gﬁ\?;?gt;[ms 3888 Bachelor 2nd Year CORE

Course Description / Content / Aims

The course gives an introduction to fundamental concepts of computer architectures and programming languages. After
numerical representations of data, logic and digital circuits are introduced. Then conversions from different number
systems to other number systems are presented together with the BCD code, the Gray code and 2's complement. Later
basic logic circuit components like logic gates, latches and flip-flops are introduced. A full parallel adder is built to
illustrate the usage of previously presented concepts. The second part of the course addresses instruction set
architectures, operations and operands of the computer hardware. Then measuring the performance and comparing
different instruction architectures is illustrated. The third part of the course discusses how a datapath can be built along
with single-cycle, multi-cycle datapath versions, and pipelined datapaths with data and control hazards. The last part of
the course concerns the components and characteristics of programming languages, their processing (e.g., compilation,
interpretation, translation, etc.) as well the corresponding phases, structure and functionality. We conclude the course by
building a simple compiler.

Methods of Assessment

Name Weighting
Final Exam 40%
Home Work 30%
Midterm Exam 30%
Course Name Course No ECTS
Computer Networks C020-320301 5
Module Affiliation Workload (hrs / sem) |Level

] ; ; Contact Time: 35,00 |Bachelor 2nd Year CORE
CO20-TechCS Technical Computer Science Private Study: 90.00

Course Description / Content / Aims

Computer networks and in particular the Internet play a critical role in today's world. The course discusses the underlying
network protocols in some depth in order to enable students to understand the core issues involved in network protocol
design. Fundamental algorithms and principles are explained in the context of existing protocols as they are used in
today's Internet.

The course covers topics such as local area networks (based on the IEEE 802 family of standards), Internet protocols,
routing algorithms and protocols, flow and congestion control mechanisms, network data representation and encodings,
application layer protocols, remote procedure calls, and the basics of network security.
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Course Name Course No ECTS
Secure and Dependable Systems C021-320203 5
Module Affiliation Workload (hrs / sem) |Level

Contact Time: 35,00 |Bachelor 2nd Year CORE

C021-TheoCS Theoretical Computer Science Private Study: 90,00

Course Description / Content / Aims

This course introduces formal methods for analyzing and assuring safety and security of software systems. The course
starts off with a clarification of concepts such as dependability, quality, safety, and security of software systems, and how
to achieve them in the software development process. We introduce the foundations of cryptography as a basis for
security mechanisms. The main part of the course introduces different paradigms of safety&#47;security analysis such
as formal testing (code coverage), static program analysis (control&#47;data flow analysis and abstract interpretation),
model checking (computational tree logic), and program verification (Hoare calculus, dynamic logic). The formal
techniques will be used for analyzing both safety and security properties of programs. Where possible, students will be
given hands-on micro-projects in state-of-the-art tools (e.g., Isabelle for program verification).

Course Name Course No ECTS
Formal Languages and Logic C021-320211 5
Module Affiliation Workload (hrs / sem) |Level

Contact Time: 35,00 |Bachelor 2nd Year CORE

CO21-TheoCS Theoretical Computer Science Private Study: 90,00

Course Description / Content / Aims

A programming language is a richly and rigorously structured language. When a computer processes a program, it has
to check it for syntactical correctness, filter out from the program text the underlying modular structure, compile it from a
high-level programming language like C++ into a lower-level language (like assembler). All of these operations and
transformations ground in the mathematical theory of formal languages, whose basic concepts and techniques
(automata models and grammars in particular) are presented in the first half of this lecture. The second half of the lecture
is devoted to an introduction to first-order logic (FOL). FOL is the prime formalism when it comes to represent real-world
scenarios in a machine-processable format. FOL is the central starting point to venture into such important fields of
computer science as Artificial Intelligence ("knowledge representation™), program verification systems, or semantic web
technology. The lecture covers syntax and semantics of FOL, including a proof calculus and the completeness theorem.
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UNIVERSITY
Course Name Course No ECTS
Computability and Complexity C021-320352 5
Module Affiliation Workload (hrs / sem) |Level

Contact Time: 35,00 |Bachelor 2nd Year CORE

C021-TheoCS Theoretical Computer Science Private Study: 90,00

Course Description / Content / Aims

This course fully answers the question "What problems can a computer possibly solve?" (by characterizing those
solvable problems, equivalently, through Turing machines, random access machines, recursive functions and lambda
calculus). A full answer to the related question, "how much computational resources are needed for solving a given
problem” is not known today. However, the basic outlines of today's theory of computational complexity will be presented
up to the most famous open problem in computer science, namely the "P = NP" question: if a computer could guess the
right answer to a computational problem (and only needs to check its correctness), would that computer be faster than
another one that can't guess the right solution? This may seem a ridiculously obvious case of a clear YES answer, but in
fact it is considered by many to be the deepest open question in contemporary mathematics (and computer science, of
course).
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