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Abstract. In this paper a new approach for quantum computer simulations is
presented. The proposal is creating a simulator where the main concern is not
simply the results of the algorithm for a given input. Instead, this simulator will
imitate, as close as possible, the internal behavior of a real quantum computer.
In order to do that, Distributed Computing is necessary.

1. Introduction
Quantum Computation is a recent area of investigation, where computers are studied under a different perspective, which is the Quantum Mechanics. These studies were originated specially by [Feynman, 1982, Manin, 1980]. When a computer is built according
to the principles of Quantum Mechanics, some interesting properties appear, allowing the
development of faster algorithms and safer cryptosystems [Marquezino, 2003]. However,
the building of this kind of computer is still a technological challenge.
In order to test the algorithms for this new model of computation, some researchers throughout the last years have developed many quantum computer simulators [Raedt and Michielsen, 2004]. They are never efficient [Feynman, 1982], but necessary to the understanding of Quantum Computation. The proposal of this work is to
create a quantum computer simulator emphasizing the internal behavior of a real quantum computer, and not the results per si of the algorithm.
When creating a simulator of quantum physical systems, a natural choice certainly is Distributed Computing [Rosé et al., 2004]. It is important to stress that in the
present work these techniques will not be used to obtain performance. Instead, the proposed simulator will be distributed only with the goal of imitating, as close as possible, the behavior of a quantum computer. It seems that a quantum computer simulator
for grids would be efficient only if an exponential number of computers were provided
[Feynman, 1982, Rosé et al., 2004].

The algorithm chosen for simulation is the Quantum Fourier Transform (QFT). It
is an important algorithm, developed by Peter Shor [Shor, 1994], with many interesting
applications, such as the factorization of large integers and the solution of the discrete
logarithm problem. While the best classical1 algorithm to perform the Discrete Fourier
Transform, known as Fast Fourier Transform, requires θ(n2n ) operations, the quantum
algorithm by Peter Shor needs only θ(n2 ) operations [Nielsen and Chuang, 2000].
All the time expended by the simulator in calculations without physical meaning
shall be eliminated from the total simulation time. It is expected that the remaining time
reveals the polynomial complexity of the algorithm, – against the exponential complexity of the whole simulation – when it is run in a real quantum computer. The statistics
expected to be generated by the simulator may reveal important aspects of Quantum Computation, contributing for the researches in this area.

2. Basic Concepts of Quantum Computation
The fundamental concept in Quantum Computation is the quantum bit (also known as
qubit). While a classical bit represents only one of two different states (0 or 1), a quantum
bit may represent both, at the same time (|0i and |1i, where |·i is the so-called Dirac’s
notation, very useful in Quantum Mechanics). The qubit is represented as
|ψi = α|0i + β|1i,

(1)

with α, β ∈ C, and kαk2 + kβk2 = 1.
Although one qubit may store a huge amount of information, it is not completely
accessible. When someone measures it, the state of the qubit collapses into a classical bit
|0i or |1i, with probabilities kαk2 and kβk2 , respectively.
When a quantum computer is composed by several qubits, the complete state is
represented by the tensorial product of each qubit. Hence, the state of a quantum computer
composed by two qubits, |ψA i and |ψB i is |ψA i ⊗ |ψB i ≡ |ψA i|ψB i ≡ |ψA ψB i. It is
important to notice that |ψA ψB i may occur as any superposition of the kind
|ψA ψB i = α|00i + β|01i + δ|10i + γ|11i,

(2)

with α, β, δ, γ ∈ C, and kαk2 + kβk2 + kδk2 + kγk2 = 1.
There are some states |ψi, for instance, √12 (|00i + |11i), for which no states |ψA i
and |ψB i can be found such that |ψi = |ψA i ⊗ |ψB i. These states are called entangled
states, and they play an important role in Quantum Computation.
A logical operation in Quantum Computation is represented by a unitary operator.
If the input of a quantum computer is |ψi, and the logical gate to be executed is represent
bu U , then the output is obtained by
|ψoutput i = U |ψi.
1

(3)

By classical we mean any physical system, or algorithm, or model of computation, which is related
only to the Newtonian Mechanics, and not with the Quantum Mechanics.

It is possible to build a quantum circuit to perform the following operation
U

|ai|bi −→ |ai|b ⊕ f (a)i,

(4)

using a unitary operator U [Nielsen and Chuang, 2000].
If the input qubit |ai, in eq. (4) is in a superposition state, for instance,


1
√ |0i + |1i ,
2
we have the quite interesting output


1
√ |0i|b ⊕ f (0)i + |1i|b ⊕ f (1)i .
2
The important fact is that the quantum computer could find the values of f (0) and
f (1) with only one execution of the program (i.e., the operator U ), while any classical
computer should run it twice. This property is called quantum parallelism.

3. The Simulator
In the proposed distributed simulator, each process must have a physical interpretation.
This is the main concern before modeling the system. The natural choice is to make each
process take care of one particle. In this version of the simulator, for simplicity, only
quantum computers built on two-level quantum particles will be considered. In this case,
each process will take care of exactly one qubit.
An additional process will be necessary, so that the master node will be able to
represent the circuit to be simulated, and to send the appropriate logical gates to the correct
qubits. If the processes running on the slave nodes are equivalent to the quantum particles
in a quantum computer, then the process running on the master node is equivalent to the
physical apparatus used to manipulate the qubits.
The first question that may arise in this model is how to simulate entangled particles. The proposed simulator should isolate the representation of each quantum particle
in one process. However, if two or more of these particles are entangled, by definition,
their states cannot be represented isolatedly. The solution is to represent each state with
redundancy. When a logical gate is sent to a process representing an entangled state, the
message must be retransmitted to all others it is entangled with.
All the inefficiency caused by this redundant representation must be counted and
eliminated from the total simulation time. By doing this, the physical interpretations of
the simulation are not lost.

4. Conclusion
This work has presented a different approach for quantum computer simulations, where
Distributed Computing is used in order to obtain a better comprehension of the quantummechanical concepts. Here, the concern was not performance but the physical interpretation of the quantum processes involved.

There is a software under development, using the ideas exposed here. The choice
was the C++ language in a message passing environment using PC clusters. The platforms
used for most part of the development are Red Hat Linux 9 and Sun OS.
The future directions of this work are full of possibilities. It will be important to
simulate different quantum algorithms. It will be also interesting to simulate quantum
computers in the presence of noise, using quantum error correction. Finally, the simulation of large inputs using LNCC’s grid environment and UCP’s experimental cluster
should reveal important aspects about quantum computation.
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Segura de Chaves. Centro Brasileiro de Pesquisas Fı́sicas, Série Monografias, (CBPFMO-001/03).
Nielsen, M. and Chuang, I. (2000). Quantum Computation and Quantum Information.
Cambridge University Press, UK.
Raedt, H. D. and Michielsen, K. (2004). Computational Methods for Simulating Quantum
Computers. <http://www.arxiv.org/quant-ph/0406210>.
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