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For each IFD-node type, table 2 describes the corresponding Boolean function, term, graphical view 
of the node, corresponding FIFD nodes, and reversible gates, which implement the nodes. The IFD nodes 
realise the functions as follows: c ∧ g ∨ ¬ c ∧ h, c ⊕ g, c ∧ g, ¬ c ∧ h and c ∨ h. Let apply the rules to 
the optimised IFD shown in fig. 7, c. Figure 8, a, depicts the functionally equivalent FIFD. To estimate the 
efficiency of the proposed transformation technique, we apply the rules to the IFD from fig. 7, a, and ob-
tain the immediate FIFD (fig. 9, a). While the FIFD has the size of 7 non-terminal nodes and the depth of 
4 nodes, the optimised FIFD has the size of 4 non-terminal nodes and the depth of 3 nodes. Mapping the 
FIFD nodes to reversible gates yields for optimised and immediate FIFDs the reversible circuits depicted 
in fig. 8, b, and 9, b, respectively. 

The comparison of three reversible circuits shows the efficiency of the proposed synthesis – transfor-
mation – optimisation technique. The circuit from fig. 5, b, synthesised from the ROFDD (see fig. 5, a) 
consists of 8 reversible gates, has the depth of 8 and uses 3 ancillary lines. The circuit from fig. 9, b, syn-
thesised from the direct FIFD (see fig. 9, a) has the worsen parameters since it consists of 10 reversible 
gates, has the depth of 10 and uses 4 ancillary lines. The optimised circuit (see fig. 8, b) derived from 
FIFD has much better parameters since it consists of 5 reversible gates, has the depth of 5 gates and uses 
only 1 ancillary line.

Synthesis of quantum logic circuits  
from reversible circuits 

The synthesis technique and parameters of quantum logic circuits essentially depend on the quantum li-
brary. Since NCV- v1  is a library that allows the generation of good quality quantum circuits [3], we have 
developed a technique of mapping the reversible gates of NCT library to quantum gates of NCV- v1  library, 
which consists of the following steps:

1) replacing all two-control Toffoli reversible gates with the cascade of quantum gates that is depicted in 
fig. 3, b; the procedure reduces the critical path of quantum circuit;

2) reducing the obtained circuit size by annihilating consequent V + and V gates and deleting gates for unes-
sential line outputs;

3) parallelising the execution of quantum gates and reducing the circuit depth.
The procedure searches for such assignment of the V and V + gates to lines, which gives the lowest size and 

depth of resulting circuit. It has been applied to three reversible circuits shown in fig. 8, b, fig. 5, b, and fig. 9, b. 
Table 3 and fig. 10 show that the quantum circuit that is synthesised from the optimised IFD (see fig. 8, b) has 
the lowest size of 9 gates and the lowest depth of 8. The circuit synthesised from the ROBDD has a higher size 
of 16 gates and a higher depth of 11. The circuit synthesised from the direct IFD has a worst size of 21 gates 
and a worst depth of 17. The final and initial figures for the size and depth (see table 3) show that the size re-
duction of 4, 12 and 9 gates and the depth reduction of 1, 5 and 4 are obtained by the technique when applied 
to the optimised IFD, ROBDD and immediate IFD respectively.

Fig. 9. Transforming immediate IFD to FIFD and then to reversible circuit:  
a – FIFD that is functionally equivalent to immediate IFD (1–7 denote the diagram node numbers);  

b – reversible circuit realising the FIFD (diagram node numbers are above columns)


