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Abstract
Quantum computing is a quickly growing research field. This thesis introduces the basic concepts of quantum computing .Quantum computing combines science with mechanics and it is a fast-growing research field. In 1982, Feynman pointed out that to simulate a quantum system; the computer has to be working quantum mechanically. An effort has been made to explain how quantum computer can simulate with the help of quantum mechanics. We compare the Classical and quantum computing through the analysis of quantum and classical logic gate. Corresponding to each logic gate there exists equivalent hardamard transformation. Here given the proof of no cloning theorem i.e. no quantum system can be cloned by unitary transformation. This thesis contains analysis of different quantum gates, there operations, Quantum flourier transform. Further with the help of quantum programming, Alice and Bob communication problem evaluated. A special effort is made to explain programming basics of quantum computing, develop quantum bubble sort algorithm, insertion sort.
CHAPTER       ONE
INTRODUCTION
Behind every computation there works physics behind it. The classical computing and quantum computing are computation with the help of different branches of physics namely classical and quantum mechanics. The classical computing obeys the laws of classical mechanics and quantum computing obeys the laws of quantum mechanics. Classical mechanics is study of physical system at macroscopic level where as quantum mechanics is study of system at quantum level. Our computer represents the culmination of years of technological advancements beginning with the early ideas of Charles Babbage (1791-1871) and eventual creation of the first computer by German engineer Konrad Zuse in 1941.Surprisingly however, the high speed modern computer sitting in front of us is fundamentally no different from its gargantuan 30 ton ancestors, which were equipped with some 18000 vacuum tubes and 500 miles of wiring. Although computers have become more compact and considerably faster in performing their task, the task remains the same: to manipulate and interpret an encoding of binary bits into a useful computational result. A bit is a fundamental unit of information, classically represented as a 0 or 1 in your digital computer.Each classical bit is physically realized through a macroscopic physical system, such as the magnetization on a hard disk or the charge on a capacitor. A document, for example, comprised of n-characters stored on the hard drive of a typical computer is accordingly described by a string of 8n zeros and ones. Herein lies a key difference between your classical computer and a quantum computer. Where a classical computer obeys the well understood laws of classical physics, a quantum computer is a device that harnesses physical phenomenon unique to quantum mechanics (especially quantum interference) to realize a fundamentally new mode of information processing. In a quantum computer, the fundamental unit of information (called a quantum bit or qubit), is not binary but rather more quaternary in nature. This qubit property arises as a directly from the laws of quantum mechanics which differ radically from the laws of classical physics. 
 A qubit can exist not only in a state corresponding to the logical state 0 or 1 as in a classical bit, but also in states corresponding to a mixture or superposition of these classical states. In other words, a qubit can exist as a zero, a one, or simultaneously as both 0 and 1. The idea of a computational device based on quantum mechanics was first explored in 1982 by Feyman Richard. This then raised the question of whether a new kind of computer could be devised based on the principles of quantum physics. Feynman was among the first to attempt to provide an answer to this question by producing an abstract model in 1982 that showed how a quantum system could be used to simulate classical computations. He also explained how such a machine would be able to act as a simulator for quantum physics. In other words, a physicist would have the ability to carry out experiments in quantum physics inside a quantum mechanical computer. Later, in 1985, Deutsch realized that Feynman's assertion can eventually lead to a  quantum computer and published a theoretical paper showing that any physical process, in principle, could be modeled perfectly by a quantum computer. Thus, a quantum computer would have capabilities far beyond those of any traditional classical computer. After Deutsch published this paper, the search began to find interesting applications for such a machine.
 Unfortunately, all that could be found were a few rather contrived mathematical problems. Presently, Companies D’WAVE working on D.N.A Cloning with the help of quantum Computing. The computer is considered to be the man-made wonder. This machine is used by billions of people today. Since it has come into existence and function it has changed the working scenario of everyday people. It opened doors to astonishing innovations and research. Computers have brought a big change in society, business and politics. Today, the computer can be seen anywhere whether in offices, schools or home. Computer technology has seen exponential growth and it is expected to be in a similar state for the forthcoming decades. This thesis is based on the analysis of newly upcoming technology in computing world that is quantum computing. Quantum computing has been discussed since 1960's and much progress has-been made in this field. It is notable that quantum computing is different from the traditional computing technology that is in use today. Therefore, the evolution of quantum computing is considered to be an entirely new development in the field of computing. Whenever a new technology comes, it brings changes and developments with it. The aim of this dissertation is to find out the implications of quantum computing on the computer industry. Research has been done on quantum technology. It has been found that quantum computing will bring evident changes in computer industry. It will affect the industry leaderships. New names would be heard in computer market. The world will see a new & big technology in next few years. It will also open doors to new developments and innovations. 
1.2 Objective of thesis: The primary focus of this research work is to utilize the enhanced power of     quantum in solving many problems that cannot be solved in such a better way. The objectives of the research work are:
(a) To compare classical and quantum computers with the comparison of        classical and quantum gates.
(b) To develop bubble quantum sort and insertion quantum sort.

1.3 Literature review
 Feynman was among the first to attempt to provide an answer to this question by producing an abstract model in [12], 1982 that showed how a quantum system could be used to do computations. He also explained how such a machine would be able to act as a simulator for. In other words, a physicist would have the ability to carry out experiments in quantum physics inside a quantum mechanical computer. Later in [9],1985, Deutsch realized that Feynman's results could eventually lead to a general purpose quantum computer and published a crucial theoretical paper showing that any physical process, in principle, could be modeled perfectly by a quantum computer. Further Deutsch in 1989 in his research paper [8], gives the description of unitary transformation and quantum networks which facilitate further research in computational analysis of quantum computers.D’Wave ‘Quantum computing company’ find that no quantum system can be cloned by unitary transformation, i.e copying of data is not allowed in quantum computing, proof of this theorem is given in this thesis. Further in 1996 L.K Grover developed a quantum mechanical algorithm for database searching with √N Complexity in unsorted data. This algorithm used to search item in an unsorted database. Presently, Companies D’WAVE working on D.N.A Cloning with the help of quantum. In 2004 Gay. And Nagarajun R published a paper on communication quantum process, here they gives the idea about communication channel problem of Alice and Bob.In 2008, Sonia Schirmer in his research paper gives the implementation of quantum gate, which further gives the idea how the gates act and gives comparison with classical gates.Schirmer S in 2004 published a research paper [22] in which he explained the simulation of quantum gates.

1.4 Organization of thesis
This thesis provides the information about the introduction, Fundamental concepts of quantum, Quantum circuits etc. to obtain broad overview of of the most important techniques and results of the field. This thesis is divided into five chapters. Chapter -2 gives the comparison of two type of computing with quantum, gates . Chapter -3 explain the quantum programming language, Alice and Bob problem, quantum bubble sort and insertion sort. Chapter -4 gives conclusion and future scope.
CHAPTER           Two
Classical

And

Quantum Computers
2.1 Classical computers: A classical computer can be understood in a very broad sense as a machine that reads a certain amount of data, encoded as zeros and ones,performs calculations, and prints in the end output data as zeros and ones again. Zeros and ones are states of some physical quantity, the electric potential in classical computers. Internally, a zero is a state of low electric potential and a one is a state of high electric potential. This point is crucial to the generalization we will discuss ahead. Zeros and ones form a binary number can be converted to decimal notation.Let us think of the computer as calculating a function f: { 0,………, N-1} → {0,…………,N-1}.Where N is a number of the form 2n (n is the number of bits in the computer memory). 
We assume without loss of generality that the domain and co domain of function f are of same size. The process of calculation goes from left to right and result stored in right hand side. Usually f is given in terms of elementary blocks that can be implemented in practice using transistors and other electric devices. The blocks are the AND, OR and NOT gates, known as universal gates. For example, the circuits to add two-bit numbers modulo 2 are given in figure. 2. The possible inputs are 00, 01, 10, 11.The meter symbol in right indicate that measurements of the electric potential are performed, which tell whether the output value of each bit is zero or one. The second bit gives the result of the calculation. The wire for the output of the first bit is artificial and unnecessary; at this point, this circuit, without the first bit outputs
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 XOR gate in term of universal gate. The circuit of fig. 2 is irreversible, since the gates AND and OR are irreversible. If the output of the and gate is 0, nobody can tell what was the output, and similarly when the output of the OR gate is 1. This means that physical theory which describes the processes in Fig. 2 must be irreversible. Then, the AND and OR gates, cannot be straightwardly generalized to quantum gates which must be reversible ones. [1,3]. However, the circuit of fig. 2 can be made reversible. Although the following description is unnecessary from classical point of view, it helps the quantum NOT) gate of fig. 3.The bit a and b assumes value either 0 or 1.The value of the first bit (called controlled bit) never changes in this gate; the second bit (Target bit) is flipped only if a=1.If a=0, nothing happens to both bits, The gate ⨁ is NOT gate controlled by the value of first bit. Now it is easy to verify the value of the second bit for this gate is a + b(mod 2).The CNOT gate is not a universal building block for classical circuits, but its quantum counterpart is a basic block of quantum circuit [4]. We have described the reversible counterpart of the XOR gate. What is the reversible counterpart of the AND gate? The answer is Toffoli [2] (fig. 4) in which third bit (Target) is inverted only if both a and b are1, otherwise it does not change. The following table describes all possible inputs and the corresponding outputs.
                                    000 → 000

                                    001 → 001

                                        010 → 010
                                    011 → 011

                                    100 → 100

                                    101 → 101

                                    110 → 111

                                    111 → 110

The AND gate can be replaced by the Toffoli gate by taking c=0.The output of third bit is then a AND b.

            a                                                                     b
                                   a              ⨁                             a+ b(mod 2 )

 Figure3: classical controlled –NOT gate.
                        a                                                                     a                                                                                                        

                                 b                                            b
                                           c                     ⨁                              c+ a b

 Figure 4: classical Toffoli gate.                      

2.2 Quantum Computers
Quantum computing tends to trace roots back to a 1959 speech by Sir Richard P. Feyman in which he spoke about the effect of miniaturization, including the idea of quantum effect to create more powerful computers. This speech is also considered as the starting point of nanotechnology. Of course before the quantum effect of computing realized, scientists and engineer had to more fully develop the technology of traditional computers. That is why for many years, there was little progress in the idea of making Feynman Suggestion into reality. A handful of Quantum computers have been built. First, a 2-qubit quantum computer was developed in 1998.A quantum computer is any device that exploits quantum mechanical phenomenon to explore algorithms. Data held in quantum computers is referred to as qubits rather than bits. In conventional computers data is represented by microscopic grooves on a hard disk. In a quantum computer, data is represented by the quantum properties of a given molecule or set of molecules. Instead of computing by retrieving data from hard disk and processing it by using integrated circuits filled with logic gates, quantum computers process data by bombarding the information containing molecule with sort pulses of radiation. Each bombardment cycle represents an algorithm operation on data contained within the molecule. When the algorithm terminates, the quantum, state of the molecule is measured which itself provide the result.

Qubit: A qubit is a fundamental unit in quantum computing, the counterpart to the bit of classical computing. Just as a bit is the basic unit of information in a classical computer, a qubit is the basic unit of information in a quantum computer.In a quantum computer, a number of elemental particles such as electrons or photons can be used (in practice, success has also been achieved with ions), with either their charge or polarization acting as a representation of 0 and/or 1. Each of these particles is known as a qubit; the nature and behavior of these particles (as expressed in quantum theory ) form the basis of quantum computing. The two most relevant aspects of quantum physics are the principles of superposition and entanglement .
2.3 Superposition: Think of a qubit as an electron in a magnetic field. The electron's spin may be either in alignment with the field, which is known as a spin-up state, or opposite to the field, which is known as a spin-down state. Changing the electron's spin from one state to another is achieved by using a pulse of energy, such as from a laser - let's say that we use 1 unit of laser energy. But what if we only use half a unit of laser energy and completely isolate the particle from all external influences? According to quantum law, the particle then enters a superposition of states, in which it behaves as if it were in both states   simultaneously. Each qubit utilized could take a superposition of both 0 and 1. Thus, the number of computations that a quantum computer could undertake is 2n, where n is the number of qubits used. A quantum computer comprised of 500 qubits would have a potential to do 2500 calculations in a single step. This is an awesome number – 2500 is infinitely more atoms than there are in the known universe (this is true parallel processing - classical computers today, even so called parallel processors, still only truly do one thing at a time: there are just two or more of them doing it). But how will these particles interact with each other? They would do so via quantum entanglement. 
Entanglement: Particle that have interacted at some point retain a type of connection and can be entangled with each other in pairs, in a process known as correlation. Knowing the spin state of one entangled particle - up or down - allows one to know that the spin of its mate is in the opposite direction. Even more amazing is the knowledge that, due to the phenomenon of superposition, the measured particle has no single spin direction before being measured, but is simultaneously in both a spin-up and spin-down state. The spin state of the particle being measured is decided at the time of measurement and communicated to the correlated particle, which simultaneously assumes the opposite spin direction to that of the measured particle. This is a real phenomenon (Einstein called it "spooky action at a distance"), the mechanism of which cannot, as yet, be explained by any theory - it simply must be taken as given. Quantum entanglement allows qubits that are separated by incredible distances to interact with each other instantaneously (not limited to the speed of light). No matter how great the distance between the correlated particles, they will remain entangled as long as they are isolated. Taken together, quantum superposition and entanglement create an enormously enhanced computing power. Where a 2-bit register in an ordinary computer can store only one of four binary configurations (00, 01, 10, or 11) at any given time, a 2-qubit register in a quantum computer can store all four numbers simultaneously, because each qubit represents two values. If more qubits are added, the increased capacity is expanded exponentially. In quantum computers, one is allowed to use quantum states instead of classical ones. So, the electric potential can be replaced by some quantum states. The quantum bit (qubit for short).Just as a bit has a state 0 or 1,a qubit also has  a state ￨0> and ￨1>.This is called the Dirac notation and it is the standard notation for states in quantum Mechanics. The difference between the bit and qubit is that a qubit ￨Ψ> can be in a linear combination of states ￨0>
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                                ￨Ψ> =   α ￨0> + β ￨1>.                                            (1)
The α and β are called amplitudes of two states and are complex numbers. The matrix representations of the vectors ￨0> and ￨1> are given by
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What is the interpretation of α and β in equation (1)? Quantum mechanics tells us that if one measures the state ￨Ψ> one gets either ￨0>, with probability ￨α￨2, or ￨1> with probability ￨β￨2 .That is measurement changes the state of a qubit.In fact any attempt to find out the amplitudes of the state ￨Ψ> produces a nondeterministic collapse of the superposition to either ￨0> or ￨1>.If ￨α￨2 and ￨β2 are probabilities and thereare only two possible outputs, then,+￨α￨2+￨β￨2=1.   
(Calculating the norm of ￨
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If a qubit is in state as in equation (1), there are two ways it can interact. The first one is a measurement. This forces the state ￨
[image: image12.wmf]y

> to collapse to either ￨0> or ￨1>with probabilities ￨α￨2 and ￨β￨2 respectively. Note that the measurement does not give the values of   α and β. They are inaccessible via measurements unless one has many copies of the same state. The second type of interaction does not give any information about the state. In this case, the values α and β change keeping t
[image: image13.wmf]he constraint (2).The most general transformation of kind is a linear transformation U That takes unit vectors into unit vectors. Such transformation is called unitary and can be defined by

                                               UTU=UUT=I

Where UT = (U*) T (* indicates complex conjugate and T indicates the transpose operation).  To consider multiple qubits it is necessary to introduce the concept of tensor product. Suppose V and W are complex vectors of dimensions m and n, respectively. The tensor product V 
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 W is a m n-dimensional vector space. The Elements of V
[image: image15.wmf]Ä

W are linear combinations of tensor products [3] ￨ν>
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￨ω2>).
Note that tensor product is non-commutative, so the notation must preserve the ordering.Given two linear operators A and B defined on the vector spaces V and W,    respectively, we can define the operator A 
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 Where O and I are zero and Identity matrix of order 3 respectively.Where A is an m × m matrix and is a n × n matrix (We are using the same notation for the operator and its matrix representation) .So the matrix A
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 B has dimension mn ×mn .For example tensor product ￨0>
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2.4 Quantum memory: In Classical Computers the unit of information is a bit, which can be 0 or 1.In quantum computing, this is a quantum bit (qubit). A single qubit can be in any superposition  

                                                           α ￨0> + β ￨1>., ￨α￨2 + ￨β￨2 =1.Similarly we can think of systems of more than 1 qubit. For, example a 2-qubit system has 4 basis states: ￨0>￨0>, ￨0>￨1>, ￨1>￨0>, ￨1>￨1>.Here for instance ￨1>￨0> means that the first qubit is in its basis state ￨1>,second is in basis state  ￨0>.More generally, a register of n-qubits has 2n basis states, each of the form ￨b1>￨b2>…￨bn>,with bi∊{0,1}.We can abbreviate this as￨b1 b2…..bn>.Since the bit string of length n can viewed as numbers between 0 and 2n-1,we can also write the basis states as numbers ￨0>,￨1>,￨2>,....￨2n-1>.follows from [3] .
                               α ￨0> + β ￨1>…..+ν￨2n-1>.[image: image60.png]



Note that we need 2n complex numbers to completely specify the state of an n-qubit system, whereas we need only n bits to specify the state of a classical n-bit system. Thus quantum memory can contain vastly more information than classical memory. The art of quantum computing is to use this information for interesting computational purposes. A quantum register with three qubit is given below, it can aquires 23 quantum states simultaneously.
2.5 Quantum Circuit

Simple quantum gate which transform one-qubit state are given below. We call them one qubit gates in the following. Linearity guarantees that the action of a gate is completely specified as soon as it’s action on the basis {￨0>,￨1>} given. Let us consider the gate whose action on the basis vectors are defined by
                         I: ￨0> → ￨0>,  ￨1>→￨1>.

The matrix representation of this gate is easily found as

                                             I = ￨0> <0￨ + ￨1> <1￨ =[image: image62.png][o 31l



 .      
Similarly we introduce X: ￨0→￨1>, ￨1→￨0>, Y: ￨0→-￨1>,￨1> →￨0>,  Z : ￨0>→￨0>, ￨1>→ -￨1>,whose matrix representations are   
                                   X = ￨1><0￨ + ￨0><1￨ = [image: image64.png](1 o



                (3) 

                   Y = ￨0><1￨ - ￨1><0￨ = [image: image66.png](1 o)



                              (4)

                                   Z =￨0> <0￨ - ￨1><1￨=[image: image68.png](6 2



                               (5)

The transformation I is the trivial (identity) transformation, while X is the negation (NOT),Z the phase shift and Y=XZ the combination of them. It is easily verified that these gates are unitary follows from [2].The CNOT (controlled –NOT) gate is a two – qubit gate, which plays quite an important role in quantum computing. The gate flips the second qubit (the target qubit) which the first qubit (the controlled qubit) is￨1>, while leaving the second bit unchanged when the first qubit state is ￨0>.Let {￨00>, ￨01>, ￨10>, ￨11>} be a basis for the two –qubit system. In the following, we use the standard basis vectors with components

                   ￨00>=(1,0,0,0)t , ￨01>=(0,1,0,0 )t , ￨10>=(0,0,1,0 )t, ￨11>= (0,0,0,01)t .

 The action of C-NOT gate, whose matrix expression will be written as UCNOT, is

                   UCNOT: : ￨00> → ￨00>,￨01> → ￨01>, ￨10> →￨11>,￨11> →￨10>.

It has two equivalent expressions

                   UCNOT =￨00><00￨+￨10><01￨+￨11><10￨+ ￨10><11￨

                             =￨0><0￨
[image: image69.wmf]Ä
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Having the matrix form

                       
UCNOT =[image: image72.png](7 o)




Where O and I are zero and Identity matrix of order 2 respectively. UCNOT is unitary and, moreover, idempotent i.e. U2 CNOT=I. Let ￨i>be the basis vectors, where I ∊ {0, 1}. The action of CNOT on the input state ￨i>￨j> is written as ￨i>￨ i ⨁ j>,where  i  ⨁ j  is addition modulo 2, that is 0 ⨁ 0 =0,0 ⨁1=1,1 ⨁ 0=1,1⨁1=1.
 Walsh Hardamard Transformation: The Hardamard gate or the Hardamard transformation is an important unitary transformation defined by

                            U H  : ￨0> →  1/√2(￨0> + ￨1>)  


         ￨1> → 1/√2 (￨0> - ￨1>). It is used to generate superposition state from ￨0> or￨1>.The matrix representation of H is 
U H = 1/√2 (￨0> + ￨1>) <0￨+ 1/√2 (￨0> - ￨1>)>) <1￨=[image: image74.png]1/ ‘/2(1 —1



.There are numerous important applications of Hardamard Transformation. All possible 2n states are generated, when U H is applied on each qubit of the state ￨000….0>:
      (H
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H) ￨00000…0>
              =1/√2 (￨0> + ￨1>) 
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1/√2(￨0> + ￨1>)
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.....1/√2 (￨0> + ￨1>) 

    = 1/√2n[image: image81.png]


. Therefore we produce a superposition of all the states (￨x> with 0 to 2n-1 simultaneously. This action of H on an n-qubit system is called the Walsh Transformation [3].

2.6 Correspondence with Classical Logic Gates: Before we proceed further, it is instructive to show that call the elementary gates, NOT, AND, XOR, OR and NAND, in classical logic circuits can be implemented with quantum gates.[ 3,4]

 NOT Gate: Let us consider the NOT gate first. It is defined by the following logic function,
                     NOT(x) = 
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Where
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stands for the negation of x. Under the natural correspondence 0
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￨0> and 1
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￨1>, we have already seen in equation (3) that the gate X negates the basis vectors as

                            X ￨x>= ￨
[image: image88.wmf]x

Ø

>=￨NOT(x)>, (x=0, 1).AND gate can be obtained from CCNOT gate or Toffoli gate as explained in section 2.1 by setting first and second input qubit as 1 to obtained NOT as

                      UCCNOT ￨1, 1, x>=>= ￨1, 1,
[image: image89.wmf]x

Ø

>.
XOR Gate: We define XOR gate as f (x, y) = ( x, x⨁ y ) where x⨁ y stands for addition modulo 2.The quantum gate which does this work is nothing but CNOT gate defined by equation (6). 

 UXOR= UCNOT = ￨0><0￨
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𝐈 + ￨1><1￨
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X. Note that the XOR gate may be obtained from CCNOT gate as                                                                                                           
                 UCCNOT ￨1, x, y>= ￨1, x, x⨁ y >.
AND Gate: AND(x, y) = x
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 {0, 1}. Clearly this operation is not reversible and we have to introduce the same sort of prescription which we employed in the XOR gate. Let us define the logic function f (x, y) = ( x, y, x 
[image: image96.wmf]Ù

 y ).Which we also called AND. Note that we have to keep both x and y for f to be reversible since x= x 
[image: image97.wmf]Ù

 y = 0 implies both x=y=0 and x=0,y=1.The unitary matrix that computes f is 
 UAND = (￨00><00￨+￨10><01￨+￨10><10￨) 
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 I +￨+￨11><11￨ 
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 X. 
 UAND￨ x, y, 0>= ￨x, y, x 
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 {  0, 1 }. 

OR Gate: OR(x, y) = x
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 {0, 1}.This function is not reversible either and special care must be taken. Let us define f (x, y,0) = (
[image: image106.wmf]Ø

 x, 
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 {0, 1}.Which we also call OR. Although the first and second bit are negated, it is not essential in the construction of the OR gate. Let ￨(x, y, 0)> be the input state. The unitary transformation represents f is

   UOR = ￨00><11￨ 
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 X +￨01><10￨ 
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NAND Gate: NAND(x, y) = 
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 {0, 1}.Thus we shown that all the classical logic gates, NOT, AND, OR, XOR, and NAND gates, may be obtained from the CCNOT gate. Thus all the classical computation may be carried out with a quantum computer.We copy classical data almost every day. In fact, this is amongst the most common functions with digital media. This cannot be done in quantum information theory. We cannot clone an unknown quantum state with unitary operations.
Theorem :( No- Cloning),[4, 5]. An unknown quantum system cannot be cloned by unitary transformations.
Proof: Suppose there would exist a unitary transformation U that makes a clone of a quantum system. Namely, Suppose U acts, for any state ￨
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> be two states that are linearly independent. Then we should have    U￨
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>), This contradicts the previous result. Therefore, there does not exist a unitary cloning transformation.
2.7 Quantumn Integral and Fourier Transform
Quantum integral transform:Definition: (Discrete Integral Transform). [6, 7] Let n [image: image155.png]


 N and Sn= {0, 1….2n-1 } be a set of integers. Consider a map  K: Sn ×Sn → C.For any function f: Sn → C, its discrete Integral transform (DIT) [image: image157.png]


 : Sn → C with Kernel K is defined as:[image: image159.png]
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The transform  [image: image163.png]
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 is also called the discrete integral transform. We define N=2n  to simplify our notations. The Kernel K is expressed as a matrix,           K =[image: image167.png]k(@00 - KON-1) )
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t .The definition of DIT is  then reduces to the ordinary multiplication of a matrix on a vector as    [image: image173.png]
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.

Quantum Fourier Transform: One of the most important quantum integral transform is quantum Fourier transforms. Let 
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n be the primitive root of 1; 
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 ,Where N=2n as before. The complex 
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n defines a Kernel K by K(x, y) = [image: image182.png]
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. The discrete integral transform with kernel K,  [image: image186.png]
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is called the discrete Fourier transform (DFT).The kernel K is unitary since(KK†) (x, y) =<x￨ K [image: image190.png]. lz =<z
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 The quantum integral transform is defined with this kernel is called the quantum Fourier transform (QFT)  [22].
2.8 Application of QFT: Period- finding: There is a cool application of QFT, which is essential in Shor’s factorization algorithm [7].Let ￨REG1> be the input register and ￨REG1> be the output register. Each register is a three qubit system. Let the initial state of ￨REG1> be 1/√23 (￨000
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 S3 → S3 be a function. Apply [image: image206.png]


 on the initial state to obtain,￨
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.It is interesting to visualize coefficient of each vector as in table 1.1.Let us apply following QFT, ￨x> →[image: image217.png]Ve
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, on first register. Then we obtain,
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Table 1.2.Only for 0 and 1 pattern matches therefore period is 2. 2.[25]
Conclusion: The conclusion from above is that for every state there is one orientation for which amplitude is not zero.                                     
CHAPTER          Three
Quantum   Algorithms
3.1 Quantum computing language: QCL is the most advanced implemented programming language.Its syntax resembles with C language and classical data type is similar to data type in C.The basic buid up in quantum computing language is quantum register( qreg).It can be interpreted as an array of qubits.

 Simple pseudo code: 

                                     qureg x1[2];  //2-qubit quantum register 1

                                     qureg x2[2]; // 2-qubit register 2;

                                     H(x1); // Hardamard operation on x1.

                                     H(x2[1]); // Hardamard operation on the first qubit of register

Operations of register: 
qreg x1(2,0); //2-qubit quantum register with initial value zero//                                  Qreg a_register(5); // allocate five qubit  to register//

 Int the size = a_ register.size();  //get size of register//

Qreg a_qubit= a_register[3]  // selects the 4th qubit from register//                                            
Addressing
Qreg a_subreg=a_register(2,5);  //selects five qubit starting at the 3rd one//                                    Cancatination

Qreg new reg=a_subreg & a_qubit;  //concatenate two registers//                                              Resizing : a_ register +=5  //add five qubit  to my register//
                  a_register -=3  //drop three register//. In quantum computing if we want to resize it will take huge coding.
3.2 Quantum Bubble sort: Pseudo code:  
Qreg a_register(n), b_register(n);//allocate n qubit to register//

 Int the size = a_register size ();//get the size of register       suppose n//                                  

  for ( i=0; i<size; i++) 

   {  for(j=0; j<=size-1;j++)

   If(a_register[j] ,a_register[i] )

     {       b_register =a_register[j];

              a_register[j] =a_register[i];

              a-register[j+1]=b_register;

        }

     }   
3.3 Insertion sort: pseudo code  

 Qreg a_register(n), int value, i;

Int the size= a_register(size);

 for(i=0;i<size;i++)

       {         value =a_register[i];

                   J=i-1;

                  While(j>0 & a_register[j]>value)

                 {  

                   a_register[j+1]=a_register[j];

                   j=j-1;

                  a-register=value;

            }

}  

 3.2 A QLC toy programme: quantum teleportation.communication between Alice and Bob can be describe as an exchange of the qubits between two modules .
Module alice
{    new qubit a=0;

      new qubit b=0;

      send qubit  a to bob;

      send qubit  b to bob; 

         }  

module bob{ 
  receive q1:qubit from Alice;

  receive q2;qubit from bob;

  dump q1;

  dump q2; //by dump one can observe internal states of machines;

           }
Quantum Teleportation
Alice      a[0]….;

              a[1]….;

Bob       a[0] → b[0]

Declaration
Int count;                                                                                             

Int Max=5000; /* no. of experiment*/


Int m1,m0, m;

qreg a[2]; /*Alice’s 2- qubit register*/

qreg b[2];/* bobs 1-qubit register*/

Operator entangled(qreg p, qreg q)

{   

        Mix p;

        CNOT (q, p);

         }

Procedure prepare (real x)

{ 

    real t=2*pi*x; //prepare a example state*/

    matrix 2*2(cos(t),-sin t,sin t, cos t,a[0]);

    entangle (a[1], b[0]);

           }

Procedure alice( )

{ 

       !entangle(a[0],a[1]);

       measure a[0],a[1];

        measure a[1],m1;

            }

Procedure bob()

   {  

     if m1==1;//apply sigma_x;

     matrix 2*2(1,0,0,-1,b[0]);

                 }

If m1==0

        {     // Apply sigma_z;

 matrix 2*2(1,0,0,-1,b[0]);

                             }

  Measure b[0], m;

Actions
real sum=0.0;real x =random();

 print current “parameter”:x;

 for count 1 max

     {

        prepare(x);

         alice();

         bob();

          sum=sum+m;

                           }  //print result//

Print “measured:”,(sum/max); // compare with computed result:

real y=sin(2*pi*x);

Print “computed:” (y*y);

The basic idea of above algorithm is, two parties namely Alice and Bob, posses ab    Couple of qubits, by assumption, they are able to perform local operations on their qubits and to communicate via some channel (Local operations, classical communication,LOCC).if, initially ,they share an entangled qubit, Then Alice one qubit quantum state can be transferred to Bob by a certain protocol. The transferred state is Alice first qubit . 
CHAPTER            Three
Concluding observation

Conclusion: This thesis has given the basics required for a quantum computing. A development of more algorithms for quantum computing will certainly remove the traditional computing algorithms .The basics states in quantum computing called qubit can take a quantum state of superposition of different states and we manipulate in quantum computing by tensor product of quantum states instead of simple operators in classical computers, only one operator plays the role of each concerned operator in classical computing. The quantum memory exhibits the property of quantum parallelism, which means one n-qubit bit exhibits 2n different states, so quantum memory is more extensive than classical memory. In quantum computers we have different hardamard gate for different logic gate in classical computers, so we can solve any logical problem in quantum computers, moreover these gates are reversible so it can provide speed to computation. We also analyse who quantum flourier transforms can transfer one quantum state to another. We find the way to find period of a state with the help of quantum flourier transform and find that for every state there are some orientation for which amplitude of quantum state is zero. Quantum communication problem of Alice and Bob can be programmed in quantum computing through quantum programming. The time complexity of algorithm in quantum computing is very less as compare to classical algorithm.
 Future scope:D-Wave Systems, a Canadian manufacturer, announced what they call “the world’s first commercially viable quantum computer.” While this gives hope for the future, D-Wave admitted not knowing whether the machine is performing calculations on a true quantum level. A true quantum computer is classified as any computational device that makes use of distinct quantum mechanical phenomena to process data. In a quantum environment, data is measured by qubits, as opposed to bits. D-Wave’s quantum computer, Orion, is based on a silicon chip that houses 16 qubits, equal to one bit in standard computing. Orion uses an analog processor to tap into the quantum level for computing data-Wave introduced the quantum computer at the Computer History Museum in Mountain View, CA on Tuesday. Herb Martin, CEO of D-Wave, noted, “It (Orion) does mark the end of the beginning of quantum computers.”At the introduction, CTO Geordie Rose had the computer solve such problems as Sudoku puzzles and calculate seating charts based on brain teasing seating requirements. In a more interesting demo, Rose had the computer find similar molecules that had a mutual resemblance to the drug Prilosec. Orion quickly spit out “Nexium,” which is near identical molecule. The demo computer was not actually in California; the company claimed it was way too sensitive to transport, and had a device that accessed it remotely. Many scientists are skeptical about the way Orion actually processes data, claiming that the privately held company, D-Wave, has not submitted their findings for review; however, Martin says all evidence that his company holds indicates that the device is performing quantum computations, but he wasn’t certain enough to rule out the possibility that Orion is a true quantum computer. Martin noted that he will release his findings in a journal some time in the near future. It is widely believed that if quantum computers can be built on a larger scale, they will be able to solve specific problems exponentially faster than any standard computer. “Users don’t care about quantum computing - users care about application acceleration. That’s our thrust,” Martin said. “A general purpose quantum computer is a waste of time. You could spend hundreds of billions of dollars on it and not create a working computer.”D-Wave plans to create an online prototype that will allow users to enter problems for the quantum computer to solve, and they hope to have a 1,000 qubit version available for purchase next year. 
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