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Quantum Communication 

Protocols



Outline

⚫ Light Polarization

⚫Quantum Dense Coding

⚫Quantum Teleportation



Light Polarization





Optical Fiber





Quantum Dense Coding -1

Is used to send two classical bits using a 

single quantum channel.



Quantum Dense Coding - 2



Sender



Receiver



Quantum Teleportation - 1

⚫ Is used to teleport an unknown quantum 

state using two classical channels.



Quantum Teleportation -2



Quantum Teleportation - 3







Quantum Algorithms



Outline

⚫Quantum Parallelism

⚫ Superposition Preparation

⚫ Parallel Evaluation of a function

⚫Marking Solutions

⚫Grover’s Quantum Search Algorithm



Quantum Algorithms

⚫What class of computations can be 

performed using quantum circuits? 

⚫How does that class compare with the 

computations which can be performed 

using classical logical circuits?

⚫Can we find a task which a quantum 

computer may perform better than a 

classical computer?



Quantum Parallelism

⚫ Quantum parallelism is a fundamental feature of many 

quantum algorithms.

⚫ Allows quantum computers to evaluate a function f(x) for 

many different values of x simultaneously.



Superposition Preparation

⚫ This procedure can easily be generalized to functions on 

an arbitrary number of bits, by using a general operation 

known as the Hadamard transform, or sometimes the 

Walsh– Hadamard transform.

⚫For n = 2, 



Superposition Preparation

⚫For n = 3,

⚫For arbitrary n>0



Boolean Quantum Circuits



Parallel Evaluation of f



Tracing the Circuit





Effect of Entanglement

⚫ If we measure the extra qubit and finds 

|0>, then the system collapses to

⚫ If we measure the extra qubit and finds 

|1>, then the system collapses to



General Form (Marking by Entanglement)

This method is called Marking 

the solutions by 

Entanglement



Marking the Solutions by Phase Shift





General Form (Marking by Phase Shift)



Grover’s Quantum Search Algorithm

⚫Given a List L of N=2n items

Step 1 – Prepare a superposition on N items on O(log N)

Step 2 – Iterate the Amplitude Amplification for 

Step 3-   Measure the quantum register

⚫ Classical Computers require O(N) iteration.

( )NO



Example: Search for ?.



Example: Search for ?.



Example: Search for 7.



Example: Search for 7.



Example: Search for 7.



Example: Search for 7.



Example: Search for 7.



Inversion about the mean

Average of all Amplitudes Flip all Amplitudes around Avg

Original Amplitudes Negate Amplitude







Thank you
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