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ABSTRACT

Recently, Samsung Electronic just released a new type of
mobile phone model named Galaxy A71 where the quantum
RNG chip is boasted inside for advanced security by capable
of generating truly random and unpredictable numbers. It is
no doubt that the quantum mechanism-based communication
protocols or quantum information technologies are gradually
changing the world with its advantages. It promises the new
information generation where quantum-based computer can
be seen in many living fields. Since the quantum algorithms
and quantum communication protocols need to be verified
before applying on chip set system, or hardware systems, the
verification frameworks need to be done. In this discussion,
we first propose a novel framework by MATLAB emulators.
Then, we analysis the quantum resources or quantum basic
elements such as quantum entanglements, quantum super
positions state, quantum Fourier transformation, and quantum
Arithmetic in proposed novel framework. The open problems
to consider quantum algorithms based on proposed
framework is discussed.

Key words: Quantum communication protocols, Quantum
algorithms, Quantum circuit model, MATLAB.

1. INTRODUCTION

We are experiencing the benefits of information technology
every day [1]. However, there are challenges that today’s
information systems are not be able to solve, to be security the
certain huge and complexity of data [2]. Therefore, quantum
information system, which is a generalization of classical
information system, is a promised candidate to be a next
generation information system [3]. Quantum information
system is quantum mechanism-based computation where we
use the properties of particle and wave to perform
computation and transformation of the state of information
system such as superposition [4] and entanglement [5].

The quantum information systems have the advantages of
security, for example Shor factoring algorithm [6] and
efficient on computation [7], for example Grover search
algorithm. Consequently, there are many researches involved
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on quantum communication protocols [8] and quantum
algorithms [9]. However, quantum information systems have
faced many imperfectly noise, decoherence, and unwanted
transformation which affect the practical design, efficient of
quantum algorithms and quantum communication protocols.
Quantum error control codes (QECC) are a suitable solution
since they bring the advantages from classical error control
codes [10-15]. Since the first QECC was proposed by Shor
[16] for 9-qubits, there are many proposed methods for
construction of QECC with various purposes such as adaptive
code length [17-20], minimum distance [21-24] etc.
Quantum algorithms and quantum communication
protocols are the main application of quantum information
system. Till now, there are many quantum-based products
have been discussed such as chipset QRNG in Galaxy-A71,
quantum teleportation [25]. There are many theoretical
applications are discussed with various fields [26] which will
be reality soon and promise to be a next generation
information  system. Before  implementation  of
quantum-based algorithms or quantum communication
protocols, we need to verify it in classical computers, or we
need to make the hybrid quantum-classical communication
system. Therefore, a novel framework is needed to design to
handle the simulation of quantum information system.
However, they are mostly focused on the programming
language and not flexible pre-design of resources. In this
discussion, a MATLAB based framework is discussed and the
quantum resources, which are popularly used in quantum
algorithms and quantum communication protocols, are
explained therein.
We organize the paper as follows. In Section 2, the basic
about quantum information of quantum states, Hilbert
transformation of quantum computation is discussed. In
Section 3, we first propose a novel framework based on
MATLAB for verification quantum algorithms on classical
computers. Then, the quantum resources are implemented in
proposed framework. Finally, Section 4 is to discuss open
problems on simulation quantum algorithms on our proposed
framework.
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2. HILBERT TRANSFORM OF
COMPUTATION

QUANTUM

2.1. Basics of Quantum Information System

Quantum information is to use the quantum mechanism to
explain of information. Hence, we are going to associate the
information to the particle and waves. In classical
computation system, bits with two elements ‘0’ and ‘1’ are the
basic elements to build up all data. In quantum information,
we have the basic element named ‘qubit’. The most basic
quantum information system is quantum information system
with one qubit which has two basic elements denoted as Dirac
ket notation (|0) and |1)). Since the particle is always moving,
we not only have two basic state, we have something called
superposition state. Therefore, the two basic state must satisfy
the orthogonal condition and we have the Hilbert space to
explain the quantum information system. Hilbert space gives
us the mathematical model of quantum information system as
following,

100 = [g]andin) = [7]. @
And a superposition can be expressed as:
=[] =x[g]+»[}] @

where x and y are complex numbers and [x|? + |y|? =1 as
norm condition. Consequently, there are infinite state in just
1-qubits system.
A multi qubits system of n-qubits is also defined from n
basis elements:
la,) =[100..0]"
la;)=[010...0]" _ 3
la,) =[000..1]"
And we can use the tensor product to explain from 1-qubit
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Figurel:Optic system to generate qubit.

Since in quantum mechanism the particle always moves
around the axis, quantum information can see that movement
as the change of a quantum state to another quantum state. As
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Hilbert space of qubits, we have the Hilbert transformation of
quantum states. Modeling as mathematic space, the
movement can be expressed as a multiplication of a matrix
and we will consider the Hilbert transformation of matrices.
Assume that we have a quantum state [¢), it can be change to
next state U[y). As the energy reservation, and the revertible
of transformation, the matrix U must satisfy U~! = U*, the
matrices which satisfy that pre-condition are called Unitary
matrices. Unitary matrices can be expressed by four Pauli
element matrices such as I, X, Z, and Y. And any Unitary
matrices can be view as their combination.

2.2. Proposed a MATLAB based Framework for
Simulation of Quantum Algorithm

Nowadays quantum information system, optics is the source
to generate quantum bits since light consists of many
elementary “particles” called photons and photons exhibit in
certain situations a random number. The detail of an optics
system is given as figure 1where light emitting diode LED is
used to generate photons; the Semi-transparent mirror will
decide the probability a photon is in each basis state. One such
situation, LED is used as optical source for qubits on Samsung
mobile phone Galaxy A71.
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Figure 3:System model and MATLAB predefinition of
some quantum basic resources.

Working with light or setup a system by LED will need to
spend a lot of human resource and time. To fast verify and
simulation of quantum algorithm or quantum communication
protocol, a novel system model needs to be considered. And
quantum circuit model is popular used to explain the quantum
algorithms and quantum communication protocol. Figure 2
gives an example of a novel quantum information system with
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three qubits. Three qubits include an information qubit (]q,))
and two ancilla zeros qubits (|g,) = [0}, |q3) = |0)). The full
start qubits are combined of those three qubits by a tensor
product, and it is denoted by: |¢:9,493) = |91)®|q2)R]q5).
Transformation of initial qubits to next step are given by
Unitary matrices. In system of figure 2, 1-qubit gate is
Hadamard gate, 2-qubits gate is Controlled-NOT gate, X and
Z are bit-flip gate and phase-flip gate.

MATLAB or matrix laboratory is a multi-paradigm numerical
computing environment and proprietary language developed
by Mathworksinc. with a programming language that
expresses matrix and array computation. Since the Hilbert
space and Hilbert transformation be matrix expression and
matrix multiplication, MATLAB is suitable environment for
us to build a novel framework for simulation of quantum
circuit model. The MATLAB pre-definition of those gates and
qubits in quantum system in figure2 are given as figure 3.

3. SIMULATION OF QUANTUM ALGORITHMS OVER A
PROPOSED FRAMEWORK

3.1. Simulation ofQuantum Superposition States

Hadamard matrix can be seen everywhere in quantum
algorithms and quantum computation. It is from a fact that
Hadamard matrix help to create a 50/50 superposition
quantum state with 2-qubits system. In addition, general
Hadamard matrix will create a balance superposition
quantum state which is generating super positions of all basis
states. Hence, Hadamard matrices are used as encoding part
to generate superposition state and decoding part to rollback
superposition state to initial state of a quantum information
system. The matrix form and the Hadamard transformation in
1-qubit is given in figure 4.

1 1

[0): H \/—7|0)+\/_§ll) H — |0)
1 b 1 1

) - H > ﬁl )_\/_El ) H > |1)

Figure 4:Hadamard matrix for 1-qubit system.

To make a superposition of n-qubits, we are going to use a
general Hadamard matrix which is tensor product of n
Hadamard matrices. And we can use the tensor product to
explain from 1-qubit system. The general matrices of
Hadamard is expressed as follows,

R I B AN [ O R G R
m=Gl Sl=Elcn Coml o ©
HY" = H,®H, ... ®H,. (6)

As equation (5) and (6), we can obtain the formula for general
Hadamard matrix as HS"[i,j] = \/%(—1)(”), where i, j are

the row and column numbers in binary. The main properties
of Hadamard matrix is to generate the superposition state as
follows,
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1
111 1
HE"[0) = | = |x), 7
vr 1 @xe{m}n
1
HEy)=— (=1)*P|x). (8)
@xe{o,l}n

The implementation of Hadamard matrix in n-qubits system
are shown in Figure 5.

%Implementation of Hadamard gate based on
proposed framework

function H = hadamard(n)
it n==1

H=[1 1;1 -1]/sqrt(2);
else

H=kron(hadamard(n-1) ,hadamard(1));
end

Figure 5:MATLAB-based implementation of general
Hadamard matrix.

3.2. Simulation of Quantum Entanglement States

Entanglement is the most important role of quantum-based
information system. Highly quantum entangled state such as
BELL,GHZ, W-states are using a lot in many theoretical and
reality application such as quantum teleportation system,
quantum random number generators, quantum error
correction codes, quantum super dense coding etc. In this part,
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Figure 6:BELL state preparation by circuit model.
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The MATLAB-based framework to prepare of BELL state
is given in figure 6, 7.

% Implementation of BELL state based on proposed
framework
function g=qubit0(n)

it n==1
a=[1;0];
else
g=kron(qubitO(n-1),qubit0(1));
end
%Setup qubit Input:
q_one = qubit0(l);
_two = qubit0(1);
firstState = kron(g_one,q_two);
Xgate =[01; 10];
gatel = kron(hadamard(l),eye(2));
gate2CN =[1000;
010 0;
000 1;
0010:;:];
finalState = gate2CN*gatel*firstState;

Figure 7: MATLAB-based implementation of BEL Lstate.
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3.3. Simulation of Quantum Fourier Transformation

Quantum Fourier transform (QFT) and its invert QF T are a
variant of Discrete Fourier Transform (DFT) and DFT invert
in quantum information system. The purpose of QFT are
shown in figure 8 where we consider QFT in case of 1, 2, and
3-qubits.

In figure 9, the implementation based on quantum circuit
model is considered. It is proven that QFT is more suitable for

quantum computers since it requires n Hadamard gates and

# phase shifts gates. Therefore, the complexity or the size

of network is "(n;l).
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Figure 8: Purpose of QFT.
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Figure10:Implementation of Quantum Arithmetic on
quantum circuit model.
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3.4. Quantum Arithmetic

Quantum equivalents of conventional arithmetic modulo 2
can be implanted from basic 2-qubits quantum gates. The
equation and implementation of arithmetic is explained in
figure 10. The MATLAB-based framework to prepare of
quantum arithmetic states are given in figure 11.

%Implementation of Quantum Arithmetic state based on

proposed framework

gateCN = [1 00000 0 O;
0100000 O0;
0010000 O0;
0001000 O0;
0000O0O0O0 1;
000O0O0O01O0;
0000010 O0;
0000100 0];

gateCT = [1 00000 0 O;
0100000 O0;
0010000 O0;
0000O0O0O0 1;
0000100 O0;
0000010 O0;
0000O0O01O0;
0001000 0];

Figure 11:MATLAB-based implementation of Quantum
Arithmetic state.

4. CONCLUSION

The discussion has presented firstly a basic view and contents
of quantum-based information system. The novel framework,
which is based on MATLAB tool, has been presented. Many
quantum resources such as quantum entanglements, quantum
superposition states, quantum Fourier transformation, and
quantum arithmetic are implemented by using proposed tool
and which gives us an outstanding result.

The visible result proves that the proposed framework is
novel for further uses of this framework for implementation
and simulation of many quantum algorithms, quantum
communication protocols, quantum teleportation, quantum
key distribution protocols, quantum walks, quantum image
system, etc. We are going to implement and investigatethem
based on proposed framework.
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