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Quantum mechanics is believed to govern our world and it is worth exploring its basic nature and promoting our
understandings of this physics principle. In the past few decades, researchers have sought its application to
computer science, particularly, quantum computation and quantum cryptography. This course aims at providing a
basic knowledge on quantum computation and quantum cryptography, which have been developed solely on
quantum mechanics. The lecture begins with exploring basics of quantum mechanics, which is a core concept of
this course. Based on this concept, the lecture will move to an introduction of two important applications: the
theories of quantum computational complexity and quantum cryptography.

Selected topics include:

(1) basic principles of quantum mechanics;

(2) quantum decoherence, quantum information;

(3) quantum Turing machines, quantum one-way functions, quantum hardcore, quantum list-decoding.

B HME Course goal

+ understand the basic concepts of quantum mechanics

* understand the relationship between the time dependent and the time independent Schrédinger equations
+ able to solve the time independent Schrodinger equation for simple potentials

* a better understanding of quantum computation and cryptography

+ a better understanding of classical computational complexity theory

FZ2EN% Course description

particle and wave nature of quantum mechanical particle (double slit experiment)
wave function and its probabilistic interpretation

time dependent Schrodinger equation

time independent Schrodinger equation

eigenfunction expansion of time dependent wave functions

example of energy eigenstates (1)

example of energy eigenstates (2)

classical complexity theory I
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classical complexity theory II
10. quantum information basics
11. quantum finite automata




12. quantum state complexity

13. quantum interactive proof systems
14. quantum list decoding

15. quantum cryptography

el (7 - 18%) % Preparation / Review

Preparation: Check the meaning of the following words/terms before the class begins.
wave-particle duality, double-slit experiment

wave function, probability interpretation of wave function

Einstein's light quanta hypothesis, De Broglie's hypothesis

energy eigenstates

orthogonality and completeness of energy eigenstates

method for solving the second order ordinary differential equations

tunneling effect

classical complexity theory I
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quantum list decoding
15. quantum cryptography
Review: Make a summary of the class content soon after the class ends. Submit the reports when required.

L Class style
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The lectures will be given weekly based on the textbook, printout, or other references provided or specified by
each lecturer. There is no special exercise classes that supplement the lectures.
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The progress of each student will be measured by oracle examinations after the end of the course. If his/her
understandings exceed more than 60% of what the whole lectures cover, then he/she will pass the course.
S(Excellent):90%-100%, A(Very Good):80%-90%, B(Good):70-80%, C(Fair):60-70%, F(Fail):Below 60%
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In the first part of the class, no textbooks are specified (helpful web pages will be shown instead).
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Those who want to take this course must have skills of calculus (differentiation and integration) ,
linear algebra, and a basic understanding of “computation” (Turing machines etc.). There might be a
qualification exam to check basic knowledge on these subjects. If the score is low, the student is not
qualified to take this course.
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This is a face-to-face class unless the status of COVID-19 requires a shift to online learning.
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This syllabus is subject to revision with prior notification to the students by the instructors.




