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Ziele, Inhalt und Methoden  

Lernziele, zu erwerbende Kompetenzen  
All participants can independently understand and explain scientific results in the field of quantum computing and its 
applications. 
 
All participants must be able to: 
• acquire, read, and understand the mathematical ideas / derivations of quantum algorithms. 
• write a short summary expressing their understanding of the topic. 
• present and discuss the topic to the other participants of the seminar. 
• contribute to the scientific discussion in the seminar. 
 
Although the topics chosen for this seminar are specific to its chosen field, participants must be able to apply the same 
research and presentation skills in other areas of science and engineering. 
 
Modulinhalt 
Introduction into the field of quantum computing with a special focus on quantum algorithms. A short introduction into the  
fundamental principles of quantum mechanics will be given by the supervisor. 
Course content: 
• Modular computing and RSA cryptography 
• Fourier transformation 
• Scheme of Shor’s algorithm (How can the RSA cryptosystem be cracked?) 
• Principles of quantum mechanics 
• Classic bits and qubits 



 
 
 

   
 
• Quantum gates 
• The problem of Deutsch (How can counterfeit coins be identified?) 
• Entanglement and ERP paradox 
• The Deutsch-Josza algorithm (deciding whether an n-bit function is constant or balanced) 
• Quantum circuits and no-cloning theorem 
• Teleportation 
• The Grover algorithm (search in unstructured databases.) 
• Quantum cryptography 
• Quantum Fourier Transform 
• Optional: Simon’s algorithm (deciding whether an n-bit function is bijective or periodic) 
• The Shor algorithm (cracking the RSA cryptosystem) 
• Error correction 
• Realizations of quantum computing 
 
Lehr- und Lernmethoden  
Each participant is assigned to a relevant topic before the start of the seminar. This is followed by an independent study of 
the course material by the participants. In particular, every participant must study his or her course chapter in full detail. 
Each participant is expected to be able to express his understanding of the chosen topic to his peers in the form of a short 
summary and a detailed scientific presentation. Additionally, each participant is expected to positively contribute to the 
scientific discussion in the seminar. 
 
The supervisor meets with each participant one week before the participant’s presentation to discuss open questions, to 
review the summary and to give feedback on the participant’s progress. Only participants with an adequate understanding of 
their topic will be allowed to continue with the seminar and to give their presentation. 
  
Voraussetzung, Vorkenntnisse und Eingangskompetenzen  
• Interest in mathematics and nonclassical physics is a prerequisite for this seminar. 
• Prior knowledge in quantum mechanics is not assumed! 
• The language of the seminar will be German, but presentations can be given in English if preferred. The ability to 

understand texts in English might be helpful. 
 

Unterlagen  
The topics for each execution will be distributed before the start of the seminar, depending on the interests of each 
participant. The course material will be provided by the supervisor. 

 
Leistungsbewertung 

Zulassungsvoraussetzung   
A summary (in German or English) reviewed by the supervisor to be of adequate quality. 
Prüfungsart 
Oral Exam (Blackboard presentation with detailed explanations) 
Prüfungsdauer 
80 min. Presentation & Discussion 
Leistungsbewertung 
The grade for this seminar will consist of an evaluation of the following aspects by the supervisor: 
• Preparation & execution (planning, research) 
• Summary (content, structure, language) 
• Presentation (content, structure, language, style, quality of answers) 
• Participation in discussion (active participation, positive contribution to discussions, reflection w.r.t. chosen topic) 
 

 


