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Sum-Of-Product(QGFSOP) expressed 1-variable functions by
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Abstract

Even though there are 256 possible 1-qudit(1-variable quantum digit) functions in quaternary logic, the most
useful functions are 4!=24 ones capable of representing in QGFSOP expressions by possible permuting of 0,1,2,
and 3. In this paper, we propose a permutational literal(PL) representation and a QPL(Quaternary PL) gate
which use the operands of a multiplicand A and an augend D in AzC+ D(GFA) operation as a control
variable of multi-cascaded PLs. And we also present new PL synthesis algorithms to synthesize QGFSOP
expressed 24 (1-qudit) functions by applying three PL operators as ab(mutual permutation), + J(addition),
and X A (multiplication). Finally architectures, circuits, and a CMOS implementation to realize proposed PL
synthesis algorithms for AzC+ D(GFA) functions are presented.

Key words : quaternary logic,1-qudit, QGFSOP, Permutational Literal(PL), QPL gate.
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Table 1. 1-qudit functions.

X|Fr |F2 |Fs |Fy (B |- (B | B |~ |Fim | {Fao| |Fo

0 0] 0 0 0 O]10 ] 20| 31| 3
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310/ 1 2] 3 0 3 20« 1| 0f~] 3
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Table 2. The truth table on QGF addition and

multiplication.
N Fg | By |Fus |Fao | | | F1 | Fz | Fs | Fs

011123 01123

0j]0111]2]3 00101010
1111032 1101]2|3
212131011 20121311
313121110 3013112
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Table 3. Truth table of quaternary half addition.

o Fs | Fio7 | Firs | Figo
0123
0|0 111]2]/3
1112310
212131011
3131012

¥ 4 012379 RE x@ow YH P53
Az“+ D(GFA) 89 QGFSOP T&® 24719
353 1-qudit SHSo)th

¥ 4. QGFSOP =&
Table 4. QGFSOP expressions.

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

1 1 0 3 2

2 2 3 0 1

3 3 2 1 0

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

1 2 3 0 1

2 3 2 1 0

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 2

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 2 3 0 1

2 1 0 3 2

3 3 2 1 0
X 3% 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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