
Quantum Computing Tutorial -
An introduction for the uninitiated 

(or nearly so)
Eric Chitambar

ITW 2020

April 12, 2021

http://quantum-entangled.ece.Illinois.edu

echitamb@Illinois.edu





Outline
• Part I: Principles of Quantum Computing (50 minutes)

• Physical qubits
• Mathematical description of qubits
• Gates and measurements
• Quantum circuit model
• Decoherence and error correction

• Break (5 minutes)

• Part II: Some Examples of Quantum Algorithms (45 minutes)
• Deutsch-Jozsa algorithm
• Grover’s search algorithm

• Q&A (10 minutes)



Part I: Principles of Quantum Computing
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Applications/Advantages of Quantum Information



Quantum versus Classical Computers



DiVincenzo’s Five Requirements for the Implementation of 
Quantum Computation
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1. A scalable physical system with well-characterized qubits

2. A qubit-specific measurement capability

3. The ability to initialize the state of the qubits to a simple fiducial 
state, such as |00 ۧ0…

4. A “universal” set of quantum gates

5. Long relevant decoherence times, much longer than the gate 
operation time
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Example:
Photon Polarization

Physical Qubits: Photons

Jiuzhang Suanshu optical quantum computer, Jian-wei Pan’s group



Institute for Theoretical Physics, University of Innsbruck 

Ground state 1st excited state

Physical Qubits: Trapped Ions

Honeywell’s trapped ion quantum computer



Christian Dickel – QuNet blog

Physical Qubits: Superconducting Circuits

IBMQ quantum computer

Google’s Sycamore quantum computer



The Theory of Qubits
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The probability of outcome 0 is p

The probability of outcome 1 is 1 - p

Quantum Measurement



The probability of outcome 0 is |𝛼|2

The probability of outcome 1 is |𝛽|2

Quantum Measurement
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A Universal Gate Set
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The Fight Against Decoherence
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Quantum Error Correction
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Part II: Some Basic Examples



Query Model

Classical Oracle

Quantum Oracle



Deutsch-Jozsa Problem
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Grover’s Search
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Grover’s Search: High-Level Idea



Geometric Analysis



Grover’s Search



Quantum computing is just one branch of 
quantum information science



The Interdisciplinary Island of 

Quantum Information Science


