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БГУ – столетняя история успеха

Ta b l e  3
Comparison of synthesised reduced parallelised quantum circuits

Circuit NOT 
gates

CNOT 
gates V gates CV gates V + gates CV + gates Size  

(initial)
Depth  

(initial)
Ancillary  

lines

Optimised IFD 1 4 2 2 – – 9 (13) 8 (9) 1
ROBDD 0 8 3 4 0 1 16 (28) 11 (16) 3
Immediate IFD 1 9 4 5 1 1 21 (30) 17 (21) 4

Conclusion
The problem of modelling, synthesis and optimisation of digital reversible and quantum circuits has been 

considered. All quantum circuits are reversible, therefore the first step in the quantum circuit synthesis process 
is the optimisation of reversible circuits with further mapping to quantum circuits. Although several models 
and methods have been developed for synthesis of reversible and quantum circuits (Reed – Muller forms or 
Zhegalkin polynomials, quantum operator forms, BDD, FDD and others), the problem of minimising the cir-
cuit size and depth is still open and requires further scientific research.

It is assumed in the literature that the ROBDD that is derived from the Shannon expansion with applying re-
duction rules is a most compact representation of Boolean functions. The promising extension of ROBDD is IFD, 
which is based on decomposition of incompletely specified functions and is capable of increasing the parallelisa-
tion potential of diagrams. This paper has obtained theoretical results which show that the IFD can provide graph 

Fig. 10. Quantum circuits synthesised from optimised IFD (a) and ROBDD (b).  
Numbers of columns indicate parallelisation steps


