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Quantum computing 

 Quantum computing is a field of science which investigates the 
computational power of computers based on quantum 
mechanical principles. 

 
 Recent research has proved the potential of quantum computing 

systems to solve problems that are considered unsolvable due to 
the necessary computing effort. 



Qubit 

 The fundamental unit of quantum information  is called 
quantum bit or qubit. 

 A qubit can be |0 or |1  (basis states) or  a superposition: 

  ()

where 

  ()



If a measure is performed, it obtains 

  0 with probability  ||2 (the state of the qubit becomes |0 ) 

  1  with probability | |2  (the state of the qubit becomes |1 ) 

  





Quantum register 

 A collection of n qubits is called a quantum register of size n.  

 The state of the quantum register is : 

 𝜓  =  𝐶𝑘 𝑘                            

2𝑛−1

𝑘=0

(3) 

         

where 

│k〉 = │kn-1〉 . . . │k1〉│k0〉   (4) 

  

 𝐶𝑘
2 = 1                                (5)

2𝑛−1

𝑘=0

 

If a measure is performed it obtains  |k with probability |𝐶𝑘|
2 and the state of 

the system becomes |k . 

 



Quantum gates 

 Evolution of a quantum system can be described by a unitary 
transformation U called gate, in analogy to classical logic gates. Unlike 
the logic gates, a quantum gate has the same number of inputs and 
outputs.  

 

 A one-qubit elementary gate is described by a 2x2 matrix: 

 

𝑈 =
𝑎 𝑏
𝑐 𝑑

 

 

     which transforms │0〉 into a│0〉+c│1〉 and │1〉 into b│0〉+d│1〉. 

  

 

 



Quantum gates 

 Hadamard H  𝐻 =
1

2

1 1
1 −1

 - one-qubit 

 

  Controlled-NOT (CNOT)                                                          2-qubit gate 
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Classical random walk 

 A walker is placed at the origin (0) of a line numbered from –N to N. 
The walker tosses an unbiased coin and moves either left or right by 
one position depending on outcome.  



Discrete time quantum walk on the line 

  

 Since quantum operations must be reversible , „toss”  must be performed by 
a unitary operator called coin operator. 

 

 If one obtains “head” after tossing, the walker “moves” from the position 
described by the vector |n to the position described by |n+1. If one obtains 
“tail” the walker “moves” from |n to the position described by |n-1. 



Discrete time quantum walk on the line 

 the position of the walker is a vector in a Hilbert space HP with the following 
computational basis 

   { |x : x  Z } 
 

 The quantum “coin” is a vector in a Hilbert space HC, with the following 
computational basis 

   {|0, |1} 
 

 The Hilbert space of the quantum system is H = HP  HC.  



Discrete time quantum walk on the line 

 The most used coin for unidimensional quantum walks is the Hadamard 
operator: 

 

 
 

The shift from |n to |n+1 or |n-1 is described by a unitary operator, called 
shift operator S. This acts as follows: 

   S|0|n = |0|n+1  

   S|1|n  = |1|n-1  

𝐻 =
1

2

1 1
1 −1

 H|0,x = 
𝟏

𝟐
(|0,x+|1,x) 

H|1,x = 
𝟏

𝟐
 (|0,x -|1,x) 



Discrete time quantum walk on the line 

In the classical random walk, the walker can only go in one direction at a time. 
In contrast, in quantum walk he can go in both directions until the measuring 
operation is performed. 

 



Discrete time quantum walk on the line 

The algorithm which implements the quantum walk can be implemented as 
follows: 

 1.initialize the system 

 2.for every iteration  

 toss the coin 

 shift the position 

 3.perform measurement 

 



Discret time quantum walk on a regular graph 

 The difference between the quantum walk on a regular graph and the 
quantum walk on the line is the Hilbert space of the quantum system. 

 Let G = (V,E) be a regular undirected graph,  where V = {1,2,…N} is the 
set of vertices and E is the set of edges. The Hilbert space of the 
quantum system is  

 H = HC  Hv 
    where Hv is the vertices space which has the following computational   
    basis 
 Hv = { |v: v ∊ ZN} 
    where N is the number of vertices, and HC  is the coin space and has  
    the computational basis  
 HC = {|k: k ∊ Zd } 
    where d is the degree of every vertex.  
 
  



 

The walker can move in any of d directions.  

 

The shift operator S maps the state |k,v into |k,vj , where the (v, vj) is 
the j-th edge which connects the vertices v  and vj. 

Discret time quantum walk on a regular graph 



 The hypercube of dimension n is a regular graph with  N = 2n vertices. 

 The every vertex degree is n.  

 Vertices are labeled by n-bit strings and two vertices are adjacent if 
and only if their labels differ only by one bit.  

 If two vertices differ by the j-th bit, the label of the edge connecting 
these vertices is j. 

 

Discret time quantum walk on the hypercube 



On a hypercube, the shift operator maps the state |k,v into |k,vj, where 
the n-bit strings v and vj differ by the j-th bit. So, the shift operator S can 
be represented as follows 

  

S|1|p1,p2,…,pn = |1|p11, p2,…,pn  

S|2 |p1,p2,…,pn = |2 |p1, p21,…,pn  

 . . . 

S|n|p1,p2,…,pn = |n|p1,p2,…,pn1  

  

where  denotes addition modulo two. 

0 

1 

2 

Discret time quantum walk on the hypercube 



If n is a power of two, the action of this operator can be reproduced by 
(Controlled)m-NOT quantum gates as shown in figure  

where |c1|c2…|cm is the coin state and |p1|p2…|pn the position state (the vertex 
state).  

Discret time quantum walk on the hypercube 



procedure walk4(int steps) { 

  qureg c[2]; //coin register 

  qureg v[4]; //vertices register 

  int i; 

  int m1; 

  int m2; 

  for i=1 to steps { 

    H(c); //Hadamard coin 

    //the first gate 

    Not(c);  

    CCNot(c[0],c[1],v[3]); 

    Not(c); 

    //the second gate 

    Not(c[1]); 

    CCNot(c[0],c[1],v[2]); 

    Not(c[1]); 

    //the third gate 

    Not(c[0]); 

    CCNot(c[0],c[1],v[1]); 

   Not(c[0]); 

    //the last CCNOT gate 

    CCNot(c[0],c[1],v[0]); 

  } 

  measure c,m1; 

  measure v,m2; 

  print "m1 = ",m1, " m2= ", m2;   

} 

The shift operator for the quantum walk on 
the hipercube of dimension 4 : 

The first gate flips the target qubit if and 
only if the control qubits are set to 0.  

Discret time quantum walk on the hypercube 



In the case of n>4, the quantum circuit for the shift operator uses 
(Controlled)m-NOT gates. Such gates can be implemented using 
2(m-1) CCNOT gates and (m-1) ancilla qubits as follows 

Discret time quantum walk on the hypercube 



  

operator CmNOT(int m, qureg x, qureg y) { 

  qureg a[m-1]; //ancilla qubits  

  int i; 

  CCNot(x[m-1], x[m-2], a[m-2]); 

  for i=3 to m-1 { 

    CCNot(x[m-i],a[m-i+1],a[m-i]);} 

  for i=3 to m-1 step -1 { 

    CCNot(x[m-i],a[m-i+1],a[m-i]);} 

  CCNot(x[m-1], x[m-2], a[m-2]); 

} 

Discret time quantum walk on the hypercube 



Conclusions 

 In the last years new model of quantum algorithms have apperead: the 
quantum walk based algorithms.  

 Quantum walks present different behaviour than classical random 
walks.  

 In absence of quantum devices, quantum computing simulators helps 
programmers to understand the constraints imposed by these devices. 
I presented a quantum circuit for the shift operator of a quantum walk 
on the hypercube 

 I presented a QCL implementation of the quantum walk algorithm on 
the hypercube . 
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A03  Design of Portable ECG Module 
Valentina Markova, Ventseslav Draganov, Edy Velikov, Yasen Kalinin 

Technical University – Varna (Bulgaria) 
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Section ‘E’: Technological Aspects of e-Governance and Data Protection 
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C07 FPGA Robotic System for Tracking Objects and Digital Image Processing 
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Kaloyan Yankov 

Trakia University (Bulgaria) 
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