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Abstract— This paper presents a quantum algorithm for find-
ing minimal ESCT (Exclusive-or Sum of Complex Terms) or
ESOP (Exclusive-or Sum Of Products) expressions for any
arbitrary incompletely specified switching function. The proposed
algorithm takes advantage of the inherent massive parallelism of
quantum circuits in order to achieve better complexity than the
conventional ones. The proposed xor expressions such as ESCT
can be used to implement an arbitrary Boolean function into a
reversible or even a quantum circuit.

I. INTRODUCTION

Quantum circuits have already begun to establish them-
selves as the future in the computer design technology. Despite
the technical difficulties in implementing a complete quantum
computer, quantum circuits are already being studied thor-
oughly. Many algorithms, specifically designed for quantum
computers, have been proposed and some of them prove
that, in certain kind of problems, a quantum computer can
achieve far better complexity than a conventional one. The
three algorithms that constitute, so far, the foundations of
quantum algorithms are the Shor’s [1], the Grover’s [2] and the
Quantum Fourier Transformation [3] algorithms. In particular
the Shor’s algorithm can find the periodicity of a function
in polynomial time, providing exponential speedup which, in
principle, renders RSA and related cryptography algorithms
obsolete. Grover’s algorithm is the optimal quantum searching
algorithm even though it doesn’t achieve the spectacular
speedup of the previous one. Finally, the quantum Fourier
Transform is actually the implementation of the Discrete
Fourier Transform as a quantum circuit and has many appli-
cations in quantum algorithms as it provides the theoretical
basis to the phase estimation procedure and is a key feature
for many important quantum algorithms.

Finding minimal ESCT (Exclusive-or Sum of Complex
Terms) or ESOP (Exclusive-or Sum Of Products) expressions
for an arbitrary completely specified switching function is a
very difficult problem for a conventional computer. Finding
minimal ESCT or ESOP expressions for an incompletely
specified function is even more difficult.
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An ESCT or ESOP expression of a boolean function is Q =
P1⊕P2⊕ . . .⊕Pn, where Pi = (. . . ((x∗1¯x∗2)¯x∗3) . . . x∗n),
x∗i is a variable literal and ¯ represents the logical AND,
OR or XOR function. If ¯ represents only the logical AND
function, then Q is an ESOP expression, otherwise it is an
ESCT expression. A minimal ESCT or ESOP expression is
the one with the least possible number of Pi terms.

An interesting property of the ESCT and ESOP expressions
is that they can be directly mapped to cellular architectures
like the Maitra Cellular Architecture (Fig. 1) which has been
proved to be reversible [4]. Therefore expressing a Boolean
function in ESCT or ESOP form results in a reversible circuit
and may help in designing quantum circuits [4].

Some algorithms for finding minimal ESOP or ESCT
expressions for an arbitrary completely specified switching
function, but with limitations on its number of input variables
or the number of terms in its minimal forms, have been
presented in the past [5], [6], [7], [8], [15], [14], [11]. Others
have been designed in order to detect almost minimal ESOP or
ESCT expressions but for more input variables [4], [9], [10],
[14], [11], [13]. Algorithms for finding almost minimal ESCT
or ESOP expressions for incompletely specified functions are
significantly less [16], [17], [18], [19].

In [12] a quantum algorithm for finding FPRM (Fixed Po-
larity Reed Muller) expressions with number of terms less than
a specified threshold is described. It proposes the construction
of a specialized quantum operator (oracle) which evaluates
FPRM expressions. It then uses this oracle in conjunction with
Grover’s algorithm [2] in order to find the FPRM expressions
with the desired characteristics. In [20] a quantum algorithm
for finding ESCT or ESOP expressions with number of terms
less than a specified threshold is described (and if the threshold
is appropriately selected, it finds minimal expressions). QMin
algorithm uses a modified oracle for Grover’s algorithm and
detects minimal ESCT or ESOP expressions for an arbitrary
completely specified Boolean function.

In this work the previously mentioned QMin algorithm [20]
is extended in order to detect minimal ESCT or ESOP ex-
pressions for incompletely specified Boolean functions (QMin
is designed for completely specified Boolean functions). To
the best of the authors’ knowledge, this is the first quantum
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Fig. 1. Reversible wave cascade CA

algorithm that detects minimal ESCT or ESOP expressions for
an arbitrary incompletely specified Boolean function.
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