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The University of Kaiserslautern (UKL) was founded in 1970. Today it is a modern scientific technical University in a pleasant German town surrounded by forests in the centre of Europe. UKL is a state university and, therefore, free of fees, but with strictly controlled admission and a high scientific standard. Courses are offered in nine departments: Mathematics, Computer Science, Physics, Mechanical Engineering, Chemistry, Electrical Engineering, Biology, Architecture/Urban and Environmental Planning/Civil Engineering, Social and Economic Sciences.

Relevant innovations that have been introduced in the Department of Mathematics of the University of Kaiserslautern (UKL) include the internationalization of curricula, the use of English as a language of instruction, the introduction of a bachelor-master system, the establishment of a graduate school, and international marketing. There are transparent quality mechanisms that inform and convince potential students and partners across borders of our quality. The level of mathematical education in Kaiserslautern is high and recognized world-wide.

In more detail, for more than 20 years now the Department of Mathematics of UKL has succeeded in integrating modern mathematics with practice. The Technomathematics and Economathematics programmes were established as the first ones in Germany. 

In 1987, Industrial Mathematics started as an international programme, in cooperation with the DAAD, honouring graduates with a Magister's degree. 

The Graduate Research Training Programme (Graduiertenkolleg) "Industrial Mathematics", starting in 1990, has gained experience in educating highly qualified PhD students. In the winter term 2001/02, its role was redefined leading to the concept "Mathematics and Practice" focussing more on a closer combination of mathematics and practice than ever before. 

Since 1997, the Department of Mathematics offers the Mathematics International MSc / Diplom Programme which is fully taught in English. In addition to Industrial Mathematics, the students can specialize in pure and econo-mathematics. An increasing number of international students (see Table 1) graduate annually from these programmes. 

Students come from more than 50 countries and the portion of foreign students reaches now about 50 % (confer Fig 1.).
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Fig. 1. The white dots mark the origin of our graduates’ countries.

Table 1. Development of student body for MSc, Diplom (after “Vordiplom”), and PhD-students.
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The profile of the Department of Mathematics of the University of Kaiserslautern can be divided into three parts:

Pure Mathematics Programme
· focusses on Algebraic Geometry, Functional Analysis and Probability Theory

· offers subjects like computer algebra, inverse problems and stochastic differential equations to the applied programmes.

Industrial Mathematics (or Technomathematics) Programme

· focusses on modelling, scientific computing, data mining by differential equations

· maintains strong contacts to industry and (geo-)institutions

· offers subjects like theory of partial differential equations, algebraic system theory, constructive approximation to students in the pure mathematics programme.

Economics Programme

· focusses on statistics, combinatorial optimization and finance mathematics

· maintains strong contacts with banks and public institutions

· offers optimization tools, time series analysis and stochastic control to students in other programmes.

The department maintains close contacts with the Fraunhofer-Institute for Industrial Mathematics (ITWM = Institut für Techno- und Wirtschaftsmathematik). This institute, founded in 1996, strengthens the application of mathematics in the real world. In the year 2001, ITWM became the first Fraunhofer-Institute for Mathematics in Germany. The Fraunhofer Society is the leading German organization for applied research with affiliate Fraunhofer-Institutes in Europe, the USA, and Asia. The close cooperation between ITWM and the Department of Mathematics encourages the practical application of the latest innovations in mathematics. 
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Fig. 2. Mathematics as a bridge between real and virtual world

As one of the first ones in Europe, the Department of Mathematics at the University of Kaiserslautern has realized the role of mathematics as a key technology. There are two reasons: the fast technological progress and the continuously increasing observational accuracy. Modern computer technology enables mathematicians to evaluate quite complicated models corresponding to realistic data sets. Modelling, computing, and visualization using high-speed computers lead to reliable simulations of processes and products. Of course, the scientific ingredients of  simulations are not exclusively of mathematical origin and nature. But it must be pointed out that mathematics plays a key role in simulation processes. This fact explains the outstanding role of mathematics to establish an adequate virtual mapping of the real world.

The understanding of mathematics as a key technology is deeply reflected in the research activities both of the Department of Mathematics and the Fraunhofer Institute (ITWM). Simulations of real world processes are used to understand, predict, optimize and control systems which will help make things better, faster, safer, or cheaper. Therefore, mathematics in Kaiserslautern adequately provides the bridge between the real and virtual world, as indicated by Fig. 2.
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As a canonical consequence of the changing character of mathematics in modern life, the Department of Mathematics established the Graduate School “Mathematics as a Key Technology” in autumn 2001 (official confirmation by the state government in 2002) in order to assure even better efficacy of the potential that lies in the advancement of technology and the need of internationalization. 

The Graduate School in its present form consists of two constituting structures, i.e. the MSc/Diplom programme undertaken in “Mathematics International” with a choice of 5 specializations (see Table 2) and the PhD programme offered by 11 working groups (see Table 4).

 Mathematics International started in 1997 and was integrated in the study programme of the Graduate School in 2001. It offers a comprehensive programme comprised of a MSc / Diplom track and PhD track and takes 5 years (Diplom: 5.5 years) altogether. A credit point system supports international comparability and guarantees high transparency of the work accomplished. The courses are taught entirely in English. Language competence of students and staff is well-established.
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Table 2: The MSc/Diplom programme Mathematics International within the Graduate School.
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Fig. 3: The five specialization fields in Mathematics International.

The five specialization fields in Mathematics International may be characterized briefly as follows:

1. Algebraic Geometry and Computer Algebra

World-wide there are only a few universities where the relation between theoretical research in Algebraic Geometry, Complex Analysis, Singularity Theory and Computer Algebra together with industrial applications is as well developed as in Kaiserslautern.

This fact is mirrored in teaching: courses are offered in these fields guiding the student to interesting problems in theory and applications.

Accompanying lectures in Algebra, Topology and Differential Geometry simultaneously open wider perspectives on mainstream mathematics.

2. Financial Mathematics

In this specialization the aim is the acquisition of a working knowledge of models and procedures, which are applied in major banks, brokerages and insurance companies and financial departments of large companies, for example Financial Time Series Analysis, Mathematical Risk Management, Stochastic Processes for Derivative Pricing and Portofolio Management.

3. Applicable Analysis and Probability

Students in this specialization choose courses from the following fields: Functional Analysis, Geomathematics, Approximation Theory, and Stochastic Processes. The fascination of these subjects comes both from their complex mathematical structure und the availability of applications through interacting with various real world problems.

4. Industrial Mathematics: Modelling and Scientific Computing

Industrial Mathematics consists of Mathematical Modelling and Scientific Computing in connection with problems posed by industry. This specialization teaches how to simulate, optimize and control technical and organizational processes, e.g., casting, air spinning, the production of glass or textiles, the design of  compound materials or electrical circuits, the control of machines or the quality of textures. 

5. Optimization and Statistics

Studies in Optimization and Statistics encompass methods of Mathematical Optimization and Statistics. The programme strongly emphasizes the combination of mathematical research and applications in diverse fields of economy and society. The available expertise in Combinatorial Optimization, Locational Planning, Multicriterian Decision Making, Time Series Analysis, Non-parametric Statisics and Data-adaptive Modelling ensures high standards of both teaching and research.

The research work provided by the two years on the MSc level and 2.5 years on Diploma level, respectively, can be followed by a PhD degree. Qualified MSc degree holders can directly enter on the PhD level. PhD students are expected to conduct scientific research on a very high level independently. Only the very best of all „masters“ will be able to continue successfully in the PhD programme (less than 20% of our master students are accepted).

The PhD programme within the Graduate School is essentially based on four columns (see Table 3):

· the set of staff members at the Department of Mathematics involved in PhD work

· the Graduate Research Training Programme “Mathematics and Practice” supported by DFG and the State Government Rheinland-Pfalz

· the Fraunhofer College Programme supported by ITWM

· the Sandwich PhD Programme supported by DAAD.
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Table 3: The four constituting elements of the PhD programme within the Graduate School.

To be more specific, the Graduate Research Training Programme „Mathematics and Practice“ - sponsored by the German Research Foundation (DFG) and the state Rheinland-Pfalz - offers 15 PhD scholarships and one Postdoc position altogether. Each thesis is supervised by an academic supervisor and an associate supervisor from the industry or other non-universitary institutions.
The Fraunhofer College is a new educational activity of the Fraunhofer Society. Up to 20 PhD students are sponsored for a period of three years. The students work on subjects in fundamental research, which are relevant for the applied research at the institute. The Fraunhofer College organizes, partly together with the university, a visitor’s programme for guest scientists, very often top specialists in areas of high relevance for the Graduate School’s research.
The „Sandwich PhD programme“ is sponsored by the German Academic Exchange Service (DAAD) through 7 to 9 scholarships each year. Sandwich PhD means, that the student starts and graduates at the home university, where the student must be registered as a PhD student. In between, there is a period of 20 months at the University of Kaiserslautern followed by a 9 month placement in the industry, where a large part of the research is completed. The subject of the thesis is determined in a co-operation of the home supervisor, the Kaiserslautern supervisor from the Department  of Mathematics or from the Fraunhofer-Institute, and the industrial partner. The coordination of the formalities at the home and the host university as well as with the industry partners requires a lot of extra effort from all involved parties.
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Table 4: The constituting elements of the Graduate School: Mathematics as Key Technology.

Collaboration with institutions in other parts of the world plays a major role in developing an attractive profile for UKL. The Department of Mathematics obtained as well as provided significant concepts and ideas within the collaboration processes with its partners, leading to concrete improvements such as the introduction of joint courses of study, double-diplomas etc. In this respect, proposed by the HRK (Association of Universities and Other Higher Education Institutions in Germany) and the corresponding organization in Italy, a recent PhD programme in Industrial Mathematics was initiated between the Scuola Normale Superiore in Pisa and Catania and the Graduate Research Training Programme (Graduiertenkolleg) “Mathematics and Practice” in Kaiserslautern. It is intended that students in this shared programme spend one or two semesters at the partner university, have an academic supervisor at the home and another one at the partner university, and receive a common degree awarded from both universities.
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Fig. 4: Graduate School and its present relations to other institutions.

Based on the experience with different study programmes over the years  the department was able to specify – and in most cases to solve – inherent problems in finding the right balance between the partner constitutions for maintaining high academic standards. The crucial success factors for partnerships is to bring the partners in complementary competencies. 
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Fig. 5: The Kaiserslautern network in its present form

A critical point in the organizational concept of the department is that about 2000 inquiries must be handled by the responsible staff of the Graduate School per year, leading to about 300 – 400 applications. The people of the department had to learn the adequate reading and classifying of certificates from all over the world. There is a clear standard that any decision about admission is largely based on adequate understanding and handling of available certificates. 

Furthermore, it is worth mentioning that about 100 new students arrive at the Department of Mathematics of UKL every year. The department provides full support: accommodation is organized, all types of registrations are done together with the new students (health insurance, city hall, foreigner’s office, university) and a special orientation programme is offered. A basic German language course with extra activities in the afternoon or on the weekends helps the new students to become independent of our support. Excursions and intercultural seminars for participants from all over the world (of course together with German students!) are offered and provide an international atmosphere. 

Obviously, a large amount of students results in a lot of examinations. Over one year we are expecting about 20-25 PhD-examinations. As the whole department is involved in the quality control, we are convinced to be able to handle an amount as large as this.

All our work requires a lot of energy and money. The sources of funding need active management. Successful programmes and partnerships depend crucially on financial viability. Financial, fund raising and project development capability are decisive in this regard. However, there is consensus that financial sustainability should come from the department (only starting aid by DAAD, later on carried by UKL itself). 

The Department of Mathematics of UKL is particularly glad that the DAAD generously provided stimulating (start-)support for our different activities since the late eighties (see Table 4). Thus far, most of the funding has proven successful to ensure mutual gains, building long-term partnerships with a trend to diversify sources of funding to include industry sponsoring.
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1987-2002 Scholarships for the Postgraduate Study Programme „Industrial Mathematics“ 

                        (Postgraduate
Programmes related to developing countries)

 1996, 1999
Summer schools „Industrial Mathematics“

 1997-2000
Partnership with IISc Bangalore, India

 1998-2001
Partnership with IIT Madras, India

 2001-2005
Network with the University of Addis Ababa (Ethiopia), the Institute of Technology Bandung (Indonesia), the University of Colombo (Sri Lanka) and the University of Roorkee (India)

 1997-2001
MSc. Study Programme „Mathematics International“

 2001-

Sandwich PhD-Programme „Industrial Mathematics“

 2002-
Graduate School: Mathematics as a Key Technology (Promotion an Hochschulen in Deutschland / PhD at universities in Germany)

Table 4:  Funds by DAAD over the years.
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The international character, the understanding of mathematics as key technology in the solution of real world problems as well as the diversity of teaching, research and study 

programmes are the distinguishing features of our department. Not only motivated on the opinion of our visitors, but also encouraged by our large experience in international study programmes we are proud to say that the high level of internationalization and application-oriented mathematics makes Kaiserslautern a unique place. Thanks to our partners and supporters the chance is seen to maintain and even to improve the “characteristics in the Kaiserslautern education system”.

Address of the authors:

University of Kaiserslautern

Department of Mathematics

P.O. Box 3049

67653 Kaiserslautern 
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						All Students		Foreign Students		Anteil Ausländer

				1996		229		48		19.70%

				1997		276		73		26.40%

				1998		264		95		36.00%

				1999		262		115		43.90%

				2000		251		124		49.40%
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