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Abstract

Multiple-control ToffoliMCT) gates are macro-level multiple-valued gates needing quantum technology
dependent primitive gates, and have been used in Galois Field sum-of-product (GFSOP) based synthesis of
quantum logic circuit. Reversible logic is very important in quantum computing for low-power circuit design.
This paper presents a reversible GF4 multiplier at first, and GF4 multiplier based quaternary MCT gate
realization is also proposed. In the comparisons of MCT gate realization, we show the proposed MCT gate
can reduce considerably primitive gates and delays in contrast to the composite one of the smaller MCT gates
in proportion to the multiple-control input increase.

Key words: multiple-control Toffoli(MCT) gate, multiple-valued, reversible circuit, GF4 multiplier, Galois
Field sum-of-product(GFSOP)
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1. 1-qudit &=
Table 1. 1—-qudit functions.

X 256 74%9 QUatemaIy l-qudit 3

010 1010 {010 |10 |1 [=12 |13 |13
1[0 o Jo [0 [0 =1 - [0 [~ [3 [~ 2 [~ 3
200 0 o o [1 [~ 2 [~ 3 [~ [~ |1 |- 3
30 11 12 13 10 =3 =2 |-t =0 |- 3

E 2. 2470 1-qudit &=29| quatemnary GFSOP E&.
Table 2. Quaternary GFSOP expressions to 24
1-qudit functions.

X X x+1 X+2 x+3
0 0 1 2 3

1 1 0 3

2 2 3 0 1

3 3 2 1

X 2x 2x+1 2x+2 2x+3
0 0 1 2

1 2 3 0 1

2 3 2 1

3 1 0 3 2
X 3x 3x+1 3x+2 3x+3
0 0 1 2 3

1 3 2 1 0

2 1 0 3

3 2 3 0 1

X X x+1 x+2 x+3
0 0 1 2 3

1 1 0 3 2

2 3 2 1 0

3 2 3 0 1

x | 2%° 2x°+1 2x+2 2x°+3
0 0 1 2 3

1 3 0 1

2 1 0 3 2

3 3 2 1 0
x | 3x° 3x%+1 3x+2 3x+3
0 0 1 2 3

1 3 2 1 0

2 2 3 0 1

3 1 0 3 2
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Table 3. Addition and multiplication on GF4.
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Table 4. Z transformation of 1—-qudit quaternary gates.
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Fig.1 2-qudit quaternary M-S gate.
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Fig.2. mM-S gate.
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Table5. Threshold to mM-S gate.
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Fig.3. Realization of mM-S gate.
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Fig.4. Quaternary Feynman gate.
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Fig.5. Realization of quaternary Feynman gate.
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Fig.6. 3-input quaternary MCT gate.
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Fig.7. 3-input quaternary MCT gate.
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Fig.8. Realization of 3-input quaternary MCT gate.
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Fig.9. A proposed irreversible GF4 multiplier in this
paper.
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Fig.10. Signal flows on Fig.9.
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Fig.11. A proposed two-input reversible GF4
multiplier.
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Fig.12. A proposed realization of 3-input quaternary MCT gate.
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Fig.13. 2-input reversible GF4 multiplier module.
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Fig.14. A realization of 4-input MCT gate.
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Fig.15. A realization of n—input MCT gate.
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