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Model of standards-based curriculum
For junior division of undergraduate students (years 1 and 2)

Minimal linear algebraQuantum mechanics of qubits

Quantum programming
(Understanding quantum computation via quantum algorithms)

Foundations of quantum protocol
(Understanding quantum effects via quantum protocols)

Algorithms and data structures

Formal language
(Automaton, etc.)

Graph theory

Abstract algebra

Logic engineering

Foundations of information 
theory

Waves and thermodynamics

Classical mechanics

Electrodynamics

Mathematical physics

Theory of computation

Analytical mechanics

Experimental physics

Science of programming
(Meanings of programs: from classical to quantum

Programming and its semantics
(Structured programming, etc.)

Turing machine (for compiler 
and computer architecture)

Formal language and 
automaton (for compiler)

Common subjects
Differential and integral calculus Mathematical logic (set and logic)

Programming Complex analysisProbability and statistics

Spiral approach*
• Quantum communication
• Quantum algorithm
• Quantum error correction
• Quantum optics
• Quantum internet
• Quantum network

*Spiral approach
Spiral approach is a method for education where students learn same themes repeatedly during 
the curriculum. As students move up through grades, the themes that they learn become more 
difficult. Thus, they can find links between what they have learned already and new things that 
they will learn. Because the spiral approach lets the students learn the same themes again and 
again, they can grasp the knowledge with ease by starting with simple ideas and following more 
complex concepts gradually. Through these processes, the students can apply skills that they have 
learned in early stages to difficult problems that they encounter in latter stages.


