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БГУ – столетняя история успеха

L is input at target line; C0, C1 are conditions at control lines. The CNOT gate maps two inputs to two outputs: 
G L C L C C, , .0 0 0( ) = ⊕( )  The NOT gate realises Boolean inversion: G L L( ) = ¬( ). Therefore, the reversible 
circuit describes a behaviour with a superposition of three Boolean operations: ¬, ∧ and ⊕.

Quantum logic circuits
Quantum circuits carry out computations by changing states of qubits [1; 3]. The qubit state is Ψ = +α b0 1 ,

Ψ = +α b0 1 , where a and b are complex numbers such that α b2 2
1+ = . Quantum gates perform operations on 

qubits. A cascade of quantum gates applied to qubits is a quantum circuit. Quantum logic gates and circuits 
are reversible. Competitive quantum gate libraries are developed. The NCV library [1] is the most commonly 
used for synthesis of quantum circuits. Its gates require Boolean control lines. To the NOT and CNOT gates, 
the NCV adds V, CV, V + and CV + gates, which are known as square-root of the NOT gate:
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The NCV- v1  [3] library considers a 4-level (0, v0, 1 and v1) quantum system and uses qudits instead of qubits. 
Its gates use v1 as control value. Figure 2, a, depicts the key NCV and NCV- v1  quantum gates. The NOT gate 
without control, and CNOT gate controlled by 1 are similar to the corresponding gates of NCT. NCV- v1  in-
troduces a CNOT gate controlled by v1. The gate keeps the value unchanged if c ≠ v1. There are V and V + gates 
without control and with control by v1. Figure 2, b, describes the gates’ mapping functions.

Since the quantum libraries have no gate that immediately implements the Toffoli gate, they replace the gate 
by a cascade of quantum gates from the NCV (fig. 3, a) or NCV- v1  (fig. 3, b) library. A n-control Toffoli gate can 
be replaced by 2n + 1 quantum gates from NCV- v1 .  After the replacement, minimisation techniques can reduce 
the quantum circuit size. Figure 3, c, depicts a minimised quantum circuit of 1-bit full adder.
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Fig. 1. Reversible gates of NCT library: 
a – reversible gates NOT, CNOT and CCNOT (Toffoli);  

b – realisation of 1-bit full adder by cascade of gates

Fig. 2. Quantum gates of NCV and NCV- v1  libraries: 
a – quantum gates NOT, CNOT, V and V +; b – operation of quantum gates in 4-level quantum system
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