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Abstract  Least common multiple (LCM) is a basic tool to solve many mathematical problems.
It is worth to research how to calculate the LCM of multi parties collaboratively with privacy
protection. Some classical secure multi-party computation protocols can solve this problem, but the
computational complexity is exponential. In this paper, by transforming the LCM problem into
finding the period of the connection of multiple periodic functions, an LCM protocol based on the
quantum period-finding algorithm (QPA) is proposed, which reduces the complexity to polynomial
level. In the protocol, the initiator sends a quantum register to each other participant. Each
participant applies an Oracle operator on the register, where the Oracle function’s period is the
party’s own private integer. Finally, the initiator runs QPA to obtain the period of the connection

function, i.e., the LCM of all private integers. In order to defend collusion and forgery attacks,
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we use a star-ring hybrid topology structure to test the honesty of the register sender. Since QPA

has a certain failure probability, we design a quantum anonymous output validation protocol to

validate the correctness of the LCM results. Security analysis shows that the proposed protocol is

unconditionally secure under malicious model. Its computational complexity and communication

complexity are O(n* m*log(nm)) and O(n*mlog(nm)), respectively, which are polynomial. In

addition, the proposed protocol has good scalability, and can be applied to implement secure

multi-party greatest common divisor computation, fraction summation, maximum (minimum)

computation, etc.
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Background

In this paper, we mainly study the secure multiparty
computation (SMC) of least common multiple (LCM), as an
important number theoretic function. In 2018, Yang et al
proposed a LCM protocol based on private maximum (mini-
mum) computation, but the complexity depends on the choice
of prime factors, which can reach exponential level in the
worst case. As far as we know, there is no more efficient
LLCM protocol.

In this paper, we use quantum computing with higher
potential to realize the SMC of LCM. Shor’s quantum period-
finding algorithm (QPA) can find the period of multi-bit
function in polynomial time, but it has a certain failure prob-
ability. We propose an efficient LCM protocol based on QPA
by using the following property of periodic functions: the
connection of multiple periodic functions is also a periodic
function, and its period is exactly the LCM of these small
periods. We use a star-ring hybrid topology structure to
defend against collusion attacks, and a quantum anonymous
output validation ( AOV) protocol to validate the LCM
results. The proposed LCM protocol has polynomial compu-
tational and communication complexity, which is the lowest
among the known protocols of the same kind, and has uncon-
ditional security under known malicious attacks. In addition,
we also propose some extended applications based on the
LCM protocol, including secure multi-party greatest common
divisor computation, fraction summation, maximum (minimum)
computation.
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