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A new class of expressions for reversible logic synthesis and its minimization
algorithm

HIRAYAMA, Takashi

1,600,000

AND-EXOR AESP
AESP

AESP

i i The reversible logic synthesis with as fewer quantum gates as possible is
required to implement quantum computers. The novelty of this research is that a new class of AND-EXOR

expressions, AESPs, is proposed in order to synthesize reversible circuits. Consequently, the i
minimization problem of gates in reversible circuits has been reduced to the minimization of products in

AESPs. Moreover, minimization algorithms for AESPs and lower bounds on the gate count of reversible
circuits have been presented. These results contributes to the synthesis of quantum circuits and possibly

to the implementation of future quantum computers.
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I3 - j3 1: function aesp(f)
1 T _ 2: if n < m then
L2 ~ L2 3 return (f D/ AESP)
I1 ® CD Q_jl 4: end if
0 4B C\ () s D F 5: Fpin := (a large dummy)
F = 7217273 © T1T3 © T2T3 © T1T2T3 © T1T2 6: for g in 71 do
2 AESP 1 7: F, := pprm(f,—1 ® g)
3 T3 8: Fy := aesp(fy,—0 © 8)
T N _ 9: F, := aesp(g)
2 N T2 10: F = x,F, ® 5.Fy @ Fy
T <, T1 11: if T(F) < T(Fypn) then
12: Fmin =F
0 Oo—D o~ F
F = x12023 ® T3 ® x122T3 D T1T2 13: end if
1 AESP 2 14: end for
15: return (Fp;,)
PPRM FPRM ]
16: end function
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1: function SicMALB3(S): Integer
non-negative integers.
Var min: Integer;
Var ht: Hash Table;
procedure HELPER(S, ¢)

> Input: § is a vector of

E ol

> Input: S is a vector and c is an

integer.
> Side Effect: Updating min.

5: if ¢ + [log(} S + 1)1 > min then return ;

6: end if

7 if S = 0 then

8: min « c;

9: return ;

10: end if

11: if ht[rep(S)] = 0 or ¢ < ht[rep(S)] then

12: if (all elements of S are even) then

13: HELPER(D(S, 1), ¢ + 1);

14: else

15: fori — 1tondo

16: if (S[:] is odd) then

17: HELPER(D(S, i), c + 1);

18: end if

19: end for

20: end if

21: ht[rep(S)] « c;

22: end if

23: end procedure

24: min « alarge integer;

25: HELPER(S, 0);

26: return min;

27: end function
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