
From Classical to 
<Quantum|Computing>

Muhamad Felemban

Director, IRC for Intelligent Secure Systems

Assistant Professor, Computer Engineering Dept.

Assistant Professor, Computer Science Dept.

KFUPM
1



History of computing
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Moore's law
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Can we think of another computing paradigm?

“The first question is, What kind of computer
are we going to use to simulate physics? ….

Simulating Physics with Computers - 1982 

Can physics be simulated by a universal
computer? “

Quantum Computing
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How many draws?

1~2n
In general

Classically, we 
need 

Using quantum 
computing

Deutsch-Jozsa
algorithm - 1985
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Quantum Computer Architectures 

Google Quantum AI

Gate-based quantum computers
Quantum annealers
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What is quantum computing?

Four postulates 



Superposition
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First postulate
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Qubit Evolution
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Second postulate

X ZY
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Quantum parallelism 
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We can “ADD” two qubits



Measurement
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Third postulate
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States collapses 
probabilistically .. 

OR



Entanglement
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Fourth postulate

Measurement 

Spooky actions at a 
distance…



A quantum computer consists of multiple qubits

Can apply quantum gates to a subset of qubits in a multi-qubit state
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Full-fledged quantum computers

|00〉 |01〉

𝛼 2 + 𝛽 2 + 𝛾 2 + 𝛿 2 = 1

𝜓0𝜓1 = 𝛼 + 𝛽 𝛼, 𝛽, 𝛾, 𝛿 ∈ 𝑪|10〉 |11〉+ 𝛾 + 𝛿



•Warning: a quantum computer does not
simply "try out all solutions in parallel"

•The magic comes from allowing complex
(or even just negative real) superposition amplitudes

•Can carefully choreograph computations so that 
wrong answers "cancel" out their amplitudes, while 
correct answers "combine" to produce the desired 
output (quantum interference)
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Secret sauce of quantum algorithms

𝜓 = 𝛼 0 + 𝛽 1

Input

Desired output

𝛼 2 + +𝛽 2 = 1
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Shor’s algorithm - 1994
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The algorithms to machines gap

Year
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GAP!

Grover’s Algorithm (Database search)

Shor’s Algorithm (Integer Factorization)

# Qubits Needed

# Qubits Buildable



Quantum computing landscape 
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Quantum hardware 

Trapped ions

Superconducting qubits

Neutral atoms

Spin qubits
Photonic qubits
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Recent breakthroughs in QC
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Quantum computing applications

Chemistry Optimization Material science

Quantum ML Quantum simulation Quantum GenAI
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Disentagling hype from practicality 

Hoefler, Torsten, Thomas Häner, and Matthias Troyer. "Disentangling hype from practicality: On 

realistically achieving quantum advantage." Communications of the ACM 66, no. 5 (2023): 82-87.

“the most promising candidates 
for quantum practicality are 
small-data problems with 
exponential speedup. Specific 
examples where this is the case 
are quantum problems in 
chemistry and materials science”



A VQA is an algorithm that is based 
on the variational method based on 
a series of educated guesses, in the 
form of parameterized quantum 
circuits, with each guess being 
refined by classical optimizers until 
an approximate solution is found.
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Variational quantum algorithms (VQAs)
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Vehcile routing problem using quantum computing
VRP

Alsaiyari, Muhammad, and Muhamad Felemban. "Variational Quantum Algorithms for Solving Vehicle Routing 

Problem." In 2023 International Conference on Smart Computing and Application (ICSCA), pp. 1-4. IEEE, 2023.



Quantum-speedup for non-linear PDEs

PI: Shuroog Al-Ogbi – Researcher, IRC-ISS
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Solving linear systems with quantum computing

HHL Algorithm

Solve 𝐴𝑥 = 𝑏

𝑂(log 𝑁 𝜅2/𝜖)

Duan, Bojia, Jiabin Yuan, Chao-Hua Yu, Jianbang Huang, and Chang-Yu Hsieh. "A survey on HHL 
algorithm: From theory to application in quantum machine learning." Physics Letters A 384, no. 
24 (2020): 126595.



• The development of quantum machine learning 
was heavily biased by conventional approaches 
to quantum computing, and search for the 
computational speed-up

• This has now evolved into several new 
directions of how advantage can be achieved

• Possible advantages (space-time complexity):
• computational (training)
• expressivity
• generalization
• learning
• sampling
• memory
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Quantum machine learning 

Al-Ogbi, Shuroog, Abdulrahman Ashour, and Muhamad Felemban. "Quantum image classification on 

NISQ devices." In 2022 14th International Conference on Computational Intelligence and 

Communication Networks (CICN), pp. 1-7. IEEE, 2022.
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Molecular modeling with quantum computing
Jacob’s ladder of quantum mechanical methods

*Taken from Matthias 
Troyer, Microsfot 
Keynote speech at 
IEEE QCE 2024



Discovery of quantum algorithms using genetic 
algorithms: exponential speedup via random sampling*

PI: Tariq Almuqbil – MX Student *Demo paper – IEEE QCE 2024



Mitigation of coherent losses in 
superconducting quantum circuits

Input

output

Qubit of transition 
frequency w01 and 
long coherence time

Can ‘read’ the 

state of qubit

Can flip the 
state of qubit

‘Cavity’ superconducting coplanar 
transmission-line resonator of 
fundamental mode frequency w0

Figure. 1  Coupling between Qubits and CPW resonators

nl

Ø 8 - Transman Qubits 
(Charge Qubit)

Ø CPW resonators : 

• Qubit-Qubit coupling 
bus resonators

• Single-Qubit readout 
resonators 

Ø Microwave drive lines

Ø Feedline resonators

Figure. 3  8-Qubits connected to superconducting resonators for controlling their 
quantum states that allow direct processing of information 

Figure. 4  10 mm by 10 mm chip of Nb resonators of similar dimensions but 

different positions on 674 µm thick Si substrate same as used in the 8-Qubit chipPI: Dr. Saleem Rao



Quantum computing and 
technology group in IRC-ISS
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•This lab will be for research in superconducting based quantum systems 

•The lab will used to characterize superconducting quantum chips, i.e., 
control and measure qubits 

Superconducting quantum system lab
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QC at KFUPM 
CX and MX in Quantum Computing



From hype to hope

Solving real-world problems that 
will impact 100% of humans 
requires a combination of .. 

HPC

AI Quantum

Quantum Computing  
Technology

Computing Simulation Communication Sensing
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For more information about our research

https://ri.kfupm.edu.sa/ISS

https://faculty.kfupm.edu.sa/COE/mfelemban/
mfelemban@kfupm.edu.sa

Thank you

https://ri.kfupm.edu.sa/ISS
https://faculty.kfupm.edu.sa/COE/mfelemban/
mailto:mfelemban@kfupm.edu.sa

