
Quantum Computing at KFUPM 
Present and Future



History of Computing
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Why..

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

simulated by a universal computer? “

Simulating Physics with Computers 



How..

Superposition Interference Entanglement
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Spooky actions 
at a distance…



Between Hope and Hype 



Quantum Computing Landscape 
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Quantum Computing CX/MX Alumni

*Total number of graduates from CX and MX programs is 35
**Alumni studying or working in jobs related to quantum computing

Muhammad Al-Saiyari
Team Lead, Quantum Valley
Saudi Aramco  

Mohammed Alghadeer
PhD Candidate (Rhodes Scholar)
University of Oxford

Sarah Alwadaah
Quantum Computing Group
Saudi Aramco  

Shuroog Alogbi
Lab Engineer, IR-ISS
KFUPM

Rawan Eraqi
Technical Business Developer
PASQAL

Hajar Almutairi
Cryptography Specialist
(Confidential Government) 

Fahad Almunif
Quantum Computing Group
Saudi Aramco  

Abdulelah Almimoni
Cryptography Researcher, KSU
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Chair Professor Program Objectives

• Seminars, conference, and professional 
development programs and short courses

• Introductory and advance short courses  

Community

Steer R&D in solving problems related to 
Saudi Aramco

IndustryResearch

• Establish and lead research group

• Advance the global knowledge in QC

Chair 
Professor

Academic

• Build educational capacity

• Teaching and developing courses

• Develop local talent 
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Industry agreements: 
NTIS 

Xanadu
Pasqal

August
2024

30+ students in MX 
and CX



MX Program

PHYS 512 
Introduction to Quantum 

Information and Computing

ICS 560 
Foundations of Quantum 

Computing

First  semester

COE 530
Quantum Computers & 

Architecture

ICS 561
Quantum Algorithms 

Second   semester

PHYS 514
Quantum Hardware

Third  semester

ICS 562
Quantum Cryptography

COE 532  
Emerging Quantum 

Technolgies

Fourth   semester

COE 619
Project

COE 531 
Advanced Quantum 

Computing and 
Communication

Foundation Hardware
Software and 
applications 

Advanced topics 



Ongoing Projects 



Neurons in the human brain

transmit information through

electrical impulses, optimizing

energy use. Similarly,

superconducting wires transmit

electrical signals without

resistance, minimizing energy loss

during conduction.

Neurons transmit and process signals

in networks, enabling complex

computations in the brain. Similarly,

superconducting wires can form

networks in quantum computing

systems, facilitating complex

information processing and

computations.

Biological Neuron

Superconducting Wire

Artificial Superconducting Neuron

PI: Prof. Khalil Harrabi



Aim to develop a prototype for:

Quantum Computing: Superconducting artificial neurons can be integrated into quantum computing networks, providing

fast, energy-efficient processing for quantum machine learning and quantum neural networks. This could accelerate tasks like

pattern recognition and optimization in quantum systems

Neuromorphic Computing: Superconducting neurons can mimic the behavior of biological neurons, enabling the

development of neuromorphic computing systems. These systems aim to replicate the efficiency and adaptability of the

human brain, offering improvements in AI, machine learning, and real-time decision-making tasks.

Quantum cryptography: Quantum cryptography using the nonlinear inductance of superconducting wires enables secure

communication by controlling quantum states. This allows for tamper-proof encryption, as any eavesdropping attempt alters

the quantum states, ensuring secure quantum key distribution (QKD). Superconducting circuits, like Josephson junctions, enhance

the sensitivity and reliability of this process.

Future Directions: 
Quantum Design

PI: Prof. Khalil Harrabi



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



Discovery of Quantum Algorithms Using Genetic Algorithms: 
Exponential Speedup via Random Sampling*

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



Quantum-speedup for Non-linear Partial Differential Equations  

PI: Shuroog Al-Ogbi – Researcher, IRC-ISS



Moving Forward 



2024 2026 2028 20302020

Phase I: Building 
Capability

Faculty and 
Researchers

Graduate 
(PhD) 

Students

Facilities 
(Labs and 

infrastructure)



•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



Superconducting 
Quantum System 
Lab



•The lab will be used to emulate quantum circuits for developing and 
testing quantum algorithms and applications

•Eventually, the emulators will interface with the superconducting 
quantum system to execute quantum algorithms on our own quantum 
superconducting chips

Quantum Computing Lab



Phase II: Establishing a 
niche in QCT 

• Collaboration with national universities and research institutes 

• Collaboration with International Universities 

• Industry

2024 2026 2028 20302020

Phase I: Building 
Capability

QCT



Phase III: Deep 
Tech. Startups

Quantum 
Software

Quantum 
Hardware

Quantum Middleware

Phase II: National Center 
for QCT led by KFUPM

2024 2026 2028 20302020

Phase I: Building 
Capability

Quantum 
Foundry 

QCT

Circuit design

Chip fabrication

Cryogenic 
characterization 

https://www.rbquantum.com/



What’s next 

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

HPC

AI Quantum

Quantum Computing  
Technology

Computing Simulation Communication Sensing



Thank you 


