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Outline

⚫Quantum Parallelism

⚫ Superposition Preparation

⚫ Parallel Evaluation of a function

⚫Marking Solutions

⚫ Deutsch-Jozsa Algorithm

⚫Grover’s Quantum Search Algorithm



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.



Quantum Parallelism



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)



Deutsch-Jozsa Algorithm





Example

Constant Function Balanced Function



The Quantum 

Circuit



Tracing the Algorithm





















Grover’s Quantum 

Search Algorithm



Unstructured Search Problem
⚫ Consider an unstructured list L of N items. 

⚫ For simplicity and without loss of generality we will assume that  

N = 2n for some positive integer n. 

⚫ Suppose the items in the list are labelled with the integers {0, 1, ..., 

N −1}, and consider a function (oracle) f which maps an item i ∈ L 

to either 0 or 1 according to some properties this item should 

satisfy, i.e. f : L → {0, 1}. 

⚫ The problem is to find any i ∈ L such that f(i) = 1 assuming that 

such i exists in the list. 



Classical Searching

⚫ In conventional computers, solving this problem needs 

O(N/M) calls to the oracle (query), where M is the number of 

items that satisfy the oracle. 

⚫ The unstructured search problem can be considered as a general 

domain for a wide range of applications in computer science, 

for example: 

 The database searching problem, where we are looking for an item in an 

unsorted list. 

 The Boolean satisfiability problem, where we have a Boolean expression 

with n Boolean variables and we are looking for any variable assignment 

that satisfies this expression.



Quantum Circuit for Grover’s algorithm



Grover’s Diffusion Operator G



Steps
1. Prepare a quantum register of n + 1 qubits. The first n qubits 

all in state |0> and the extra qubit in state |1>. 

2. Apply the Hadamard gate H on each of the n + 1 qubits in 

parallel. 

3. Iterate the following steps q times, 

i. Apply the oracle Uf . 

ii. Apply the diffusion operator G on the first n qubits. 

4. Measure the first n qubits to get the result with probability Ps 

.



Example: Search for ?.



Example: Search for ?.

initialization



Example: Search for 7.

1st Iteration



Example: Search for 7.

2nd Iteration



Example: Search for 7.

3rd Iteration



Example: Search for 7.

4th Iteration



Example: Search for 7.

5th Iteration





Inversion about the Mean













Thank you
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