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Abstract. We are at the dawn of quantum era; research efforts are been made on 
quantum information transmission techniques. Properties of quantum mechanics 
poses unique challenges in terms of wave collapse function, No cloning theorem 
and reversible operations. Quantum teleportation and quantum entanglement 
swapping based architecture are utilized to transmit qubit. In this paper we propose 
an approach to transmit qubits using controlled NOT gate (CNOT) gates and 
implement it on quantum machine.  
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1. Introduction 

One of the early quantum applications in field of quantum cryptology was 

demonstrated in 1992 [1], since then there has been a constant interest and research 

done by the scientific community in the field of quantum. Recent development of 

concepts and application has been seen in the areas of quantum authentication [2-4], 

quantum cryptology [5], quantum random number [6], distributed quantum 

computation [7], and quantum networks [8-10]. 

Quantum machines are located over different geographical locations. These 

machines are connected with each other over classical channels. One of the major 

disadvantage of such connections over classical channel is that quantum machine 

performs operations over qubits which has inherent parallelism and other quantum 

features like superposition. The qubit cannot be transferred over a classical channel and 

when the value of qubit is measured it collapse to a single finite value which results in 

loss of its quantum properties [11-15]. The inability of existing communication 

channels to transmit qubit has put a limit on realization of quantum computation over a 

network to its full potential. 

One important component for any quantum network is qubit 

transferring/exchanging technique. In quantum mechanics operations on qubits are 

influenced by wave function collapse [13], No cloning theorem [14] and reversible 

Operations [15]. These properties pose challenges to measure or copy quantum state in 

between transmission and also puts restriction to use only reversible operations. 
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The outline of paper is as follows we first take an insight into various methods of 

quantum information exchange, the fundamentals of quantum mechanics. Then we 

cover our proposed approach, mathematical modelling, experiments and then discuss 

its results. 

2. Related work 

Quantum communication [16] and Quantum internet [17] has been proposed to connect 

various quantum devices spread over different geographical location with exchange of 

qubits or quantum state as the source of information. 

To transmit qubit over an extended range there is a requirement of quantum 

repeater also there is a need of quantum router [18] for routing of information from its 

source to destination. Various Schemes for implementation of quantum information 

transmission involving quantum repeater and quantum router have been proposed. For 

routing function qubits are classified into control and signal qubits in which control 

qubits controls the path of signal qubits [18]. In some schemes function of control qubit 

are implemented with classical bits and classical channels which results in semi 

quantum devices [19]. Techniques have been demonstrated in domain of light-matter 

interaction [20]. Entanglement based router schemes have been proposed involving 

changes in signalling information as the routing process progresses [21] or not 

involving any changes in signalling information as the routing process progresses [22]. 

Routing schemes have been proposed which does not involve entanglement between 

control and signal qubits [23]. Other schemes for quantum information exchange have 

also been proposed which differ in their architectural implementation [24]. 

3. Quantum preliminaries 

Before we begin to explore quantum space for quantum information exchange, we need 

to be familiar with few preliminaries [25]. 

3.1.  Qubit representation 

 In Qubit representation state 0 or |0> and state 1 or |1> is represented by a 2-

by-1 matrix as follow: 

 |0> = �1
0
�      |1> = �0

1
� 

 For Multi Qubits value of |00>, |01>, |10> and |11> can be found by taking 

tensor product (represented by ⊗). For example, value of |00> can be found 

as:  

|00> = �1
0
�⊗ �1

0
� = �10

0

0

�  

 Logical gates for quantum operations are also modeled with matrices. 
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3.2. Existing Techniques for quantum information transmission 

 Quantum Teleportation.  It is one of the methods which can be used to 

transport quantum state from one place to another [26]. 

 Quantum entanglement swapping utilizes bell state measurement to extend the 
entanglement & hence the quantum information [27-28]. 

4. Proposed approach 

In this section we will delve upon our proposed approach of using CNOT gates or 

controlled NOT gate for quantum information transmission. We will study CNOT gate, 

truth table, mathematical modelling and the proposed approach. 

4.1.  CNOT gates 

CNOT gate or controlled NOT gate [25] is drawn as shown in Figure 1. 

 

 

Figure 1. CNOT gate. 

  This gate has two inputs and gives two outputs, the top input ( |X> ) can be 

called as control qubit and bottom input ( |Y> ) can be called as target qubit. If 

the value of control |X> = 1 then the value of target flips and if the value of 

control is |X> = 0 then value of target does not change and remains same as 

the input. The output value of target can be depicted by the expression 

|X>XOR|Y> where XOR is the exclusive OR. It can be summarized as shown 

in table 1: 

 

Table 1. Truth table CNOT gate 

 

               

 

 

 

4.2. Mathematical modelling  

     CNOT gate can be mathematically modelled as: 

CNOT � �1 0 0 00 1 0 00 0 0 10 0 1 0�  

S.no 
Input Output 

Control Target Control Target 

1 |0> |0> |0> |0>

2 |0> |1> |0> |1>

3 |1> |0> |1> |1>

4 |1> |1> |1> |0>
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e.g.  if we provide it with input |11> ( |X>=1 control and |Y>=1 target) we get 

output as |10> ( |X>=1 remains same and |Y>=0 flips). 

 

 Passing |11> to CNOT gate can be shown as matrix multiplication as shown: 

�1 0 0 00 1 0 00 0 0 10 0 1 0��0001� which gives result equal to �0010�  

Result obtained can be simplified as �01�⊗ �10� which is equal to |10> 

 Similarly, other values of Table 1 can be verified by this mathematical 

modelling. 

4.3. Proposed methodology 

CNOT gate uses two qubits as input and gives two qubits as output if we use control 

qubit to pass signaling information and target qubit to pass quantum information then 

we can use CNOT gate for quantum information transmission. 

Such an implementation would be helpful in quantum information transmission 

system which is working in quantum domain connected to quantum devices. 

 It can be used for sharing networking information between quantum devices. 

 It can be utilised for establishing quantum information transmission system. 

 Control and target qubit both can be passed in the quantum network or either 

one of them can be passed forward depending upon the requirement and 

architecture of the quantum network employed. 

 Such a passing of quantum information in quantum network can help build 

quantum networks independent of classical channels. 

 Operations based on CNOT gate are faster and low cost in terms of quantum 

memory and processing when compared with other quantum operations like 

quantum teleportation. 

5. Experiment and results 

We have used IBM quantum experience an open-source platform to conduct our 

experiments. Figure 2 we designed a quantum circuit in which the different parameter 

values generated by Hadamard gate and entanglement circuit in qubits q0 and q1 are 

transferred/passed through different qubits q2, q3, q4, q5 signifying different 

values/paths.  

 

Figure 2. CNOT gate-based quantum circuit. 
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Figure 3. Result obtained after execution of circuit. 

 

Figure 3 shows the results obtained after running the circuit on IBM quantum 

experience simulator. It can be observed in results that depending on values of q0 & q1 

other qubits (q2, q3, q4 & q5) representing different values/paths are getting activated. 

These can be summarized as given in table 2. 

 

Table 2.  Analysis of result obtained from execution of circuit. 

S.no Result value 

Value of q0 

(Control/ Signaling 

information) 

Value of q1 

(Target/ quantum 

information) 

Path 

activated 

1 000111 1 1 q2 

2 001010 0 1 q3 

3 010001 1 0 q4 

4 100000 0 0 q5 

 

In this circuit we have chosen to activate a path on the value of control and target 

qubit. Similarly, we can draw circuit in which we can transfer the values of either both 

control and target or any one of them. 

6. Conclusion 

For transferring of qubits in quantum network, circuit based on CNOT gate can be 

utilized. Such a circuit would consume less resources, and would use simple quantum 

operations and hence would be easy to implement. Information from passing of qubits 

can further be enhanced with predefined quantum functions. 
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