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Who are we?

⚫ Alexandria Quantum Computing Group (AleQCG) has 
been at the forefront of quantum computing research in 
Egypt since 2016. 

⚫ AleQCG has started by the PhD and Master Students. 

⚫ AleQCG is currently a vibrant community of passionate 
individuals dedicated to advancing quantum computing 
knowledge, research, and applications.



Our Mission

• Research: We aim to drive real-world impact by promoting quantum 

research and its practical applications.

• Education: We provide workshops, seminars, and hands-on sessions 

to demystify quantum concepts and algorithms.

• Innovation: Explore cutting-edge developments in quantum software, 

and applications.

• Collaboration: Connect with like-minded peers, industry experts, and 

academia to foster collaboration and knowledge exchange.

• Community Services: Engage with the broader community through 

outreach programs, public lectures, and educational initiatives to raise 

awareness and understanding of quantum technologies.



https://scialex.org/~aleqcg/

https://scialex.org/~aleqcg/






Members of AleQCG Affiliations

⚫ Alexandria University

⚫ Damanhour University

⚫ Arab Academy for Science, Technology, and Maritime 

Transport

⚫ Suez Canal University

⚫ Cairo University

⚫ Alamein International University

⚫ Alexandria Higher Institute of Engineering and 

Technology



Establishment of AleQCG
PhD Level Course [2005]

MSc Level Course [2007]

Undergrad Graduation Projects [2014]

BSc Level Course [2021]

High School Students [2023]

Center of Excellence for 

Quantum Computers [2020]

Global Initiatives [2021]

Prof Master in

Quant Comput & Quant Info [2022]

Conf & workshops [2016]

IYQ2025 [2024-2025]



Research in AleQCG
⚫ Quantum Search Algorithms.

⚫ Amplitude Amplification Techniques. 

⚫ Quantum Machine Learning.

⚫ Synthesis and Optimization of Reversible/ Quantum Circuits.

⚫ Quantum Data Encoding. 

⚫ Quantum Image Processing.

⚫ Quantum Cryptography.

⚫ Quantum Logic. 

⚫ Quantum Measurements.

⚫ Quantum dot Cellular Automata.

⚫ Quantum Internet.

⚫ Merging between Quantum Computing and DNA Computing.



AleQCG Focus

1. Quantum Algorithms: AleQCG designs novel quantum algorithms to 
address complex computational problems, leveraging the unique properties 
of quantum systems.

2. Quantum Circuit Synthesis and Optimization: The group 
conducts pioneering research in optimizing quantum and reversible circuits, 
ensuring efficient utilization of quantum resources.

3. Quantum Machine Learning: AleQCG explores the intersection of 
quantum computing and machine learning, aiming to unlock new capabilities 
through quantum-enhanced models.

4. Quantum Cryptography: Investigating secure communication 
protocols based on quantum principles, AleQCG contributes to the field of 
quantum-safe cryptography.



Education and Community 
Outreach













Alexandria Quantum 

Computing Hypatia Series 
#hypatia_aqc

Hypatia

(born c. 350–370; 

died 415 AD)

https://en.wikipedia.org/wiki/Hypatia

https://www.facebook.com/hashtag/hypatia_aqc?__eep__=6&__cft__%5b0%5d=AZU4ca5Fv1QXPCeH3BApPjFGmMXWorT_6grxoldQ2BEsoVpKJqhRvseFvXGPs0WdRe80zhxbWE6PBbvCs9617pXxlmT9jIJDhIiN6b1YWEFpFr0Ke0kkVYj-ETosGUmNyr4LAWZiUSpmSH_J4anzOZK3oU0SlGsy1wi2Vn-l7WeyzA&__tn__=*NK-R
https://en.wikipedia.org/wiki/Hypatia
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Center of Excellence for Quantum Computers, Faculty 
of Science, Alexandria University, 2020

In Cooperation with

 Quantum Computing and Information Group, Theoretical Physics 

Department, Wigner Research Centre for Physics, Budapest, Hungary.

 Quantum AI Foundation, The Warsaw Quantum Computing Group, 

Faculty of Mathematics, Computer Science, and Mechanics, University of 

Warsaw, Banacha 2, 02-097 Warszawa, Poland.

 ITI – Information Technology Institute, Alexandria, Egypt.





https://www.youtube.com/playlist?list=PLkpYqKNqc_Cud5sLg896FsnbkoQiHlkpZ

https://www.youtube.com/playlist?list=PLkpYqKNqc_Cud5sLg896FsnbkoQiHlkpZ&fbclid=IwAR0fbkHbVnNtSewGEpdGeR4dL6wXO084atqhi7pUWCj4YYcHMk9yNXNYn10




https://www.fb.com/AleQCG

https://www.fb.com/AleQCG




AlexQkit, 2020



Javantum1.0, 2016



Javantum 2.0, 2025 (Beta version)



QWorld (Association) is a non-profit global 
organization that brings quantum 
computing researchers & enthusiasts 
together. 
Our main goal is to popularize quantum 
technologies and software. 
Also, through education and skill 
development opportunities, QWorld is 
training the next generation of quantum 
scientists.

qworld.net

2021









https://www.fb.com/QuEgypt

https://www.facebook.com/QuEgypt


https://qworld.net/qcourse110-1/

500+ Students

60+ Egyptian Universities



https://quantum.bibalex.org/



Quantum Computer Programming for High School 

Students



Professional Master in

Quantum Computing and 

Quantum Informatics

2022

36 Credits

⚫ Mandatory Courses: 15 Cr.

⚫ Elective Courses: 15 Cr.

⚫ Project: 6 Cr

⚫ Cover All required background
 Mathematics

 Computer Science

 Physics

 Engineering



Core Courses
15 Cr + 6 Cr Research Project



Elective Courses
15 Cr





MSC IN QUANTUM SCIENCE AND TECHNOLOGY



Africa Quantum Consortium (AQC)

https://africaquantum.org/



About the Africa Quantum 
Consortium (AQC)

Vision

To unite Africa's quantum leaders in a 
collaborative forum, driving innovation and 
shaping the future of quantum technologies 
on the continent.

Mission

To accelerate quantum technology adoption 
in Africa through collaboration, local 
expertise, and global partnerships.



⚫65+ countries

2022



https://worldquantumday.org/quantum-city-prize



AleQCG Research Focus

1. Quantum Algorithms: AleQCG designs novel quantum algorithms to 
address complex computational problems, leveraging the unique properties 
of quantum systems.

2. Quantum Circuit Synthesis and Optimization: The group 
conducts pioneering research in optimizing quantum and reversible circuits, 
ensuring efficient utilization of quantum resources.

3. Quantum Machine Learning: AleQCG explores the intersection of 
quantum computing and machine learning, aiming to unlock new capabilities 
through quantum-enhanced models.

4. Quantum Cryptography: Investigating secure communication 
protocols based on quantum principles, AleQCG contributes to the field of 
quantum-safe cryptography.



Quantum Algorithms



Quantum Algorithms



Quantum Computer; Grover Algorithm; Computational Complexity T.3993



Quantum Computer; Grover Algorithm; Computational Complexity T.3993



Logic Gate; Quantum Computer; Theory of Computation T.7121



Logic Gate; Quantum Computer; Theory of Computation T.7121



Quantum Cryptography; Secret Sharing; Authentication T.4450



Quantum Computer; Image Processing; Steganography T.35465



Neural Network; Quantum Computer; Artificial Intelligence T.27147



Quantum Computer; Machine Learning; Mathematical Optimization T.1516



Quantum Search 

Algorithms and Amplitude 

Amplification Techniques



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. 



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



Quantum Circuit for Grover’s algorithm



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



Highlights
⚫ Employs a Partial Diffusion Operator and entanglement to 

enhance search efficiency in unstructured lists.

⚫ Operates in O(√N/M) time complexity, demonstrating improved 
reliability and performance, particularly when multiple 
(unknown) matches are present.

⚫ An oracle function to map items in the list, creating entanglement 
between solution and non-solution subspaces.

⚫ More robust against de-amplification effects, maintaining a 
higher probability of finding solutions.



Partial Diffusion and Entanglement



Initialization



Superposition



After 1st Iteration



Itr 2: Apply Uf



Itr 2: Apply Pinv



Itr 3: Apply Uf



Itr 3: Apply Pinv





https://arxiv.org/abs/quant-ph/0503205





Highlights
• Fixed Phase: Proposes a fixed phase quantum search algorithm with 

phase shifts set to 1.91684π.
• Performance: Achieves a minimum success probability of 99.58% in 

O(N/M) for searching M matches in an unstructured list of size N.
• Applicability: Handles both known and unknown numbers of 

matches efficiently.
• Significance: Enhances reliability and simplifies hardware 

construction for quantum search engines.





o Objective: The study investigates the effectiveness of three quantum 
search algorithms—Grover’s, partial diffusion, and fixed-phase 
algorithms—in classifying patterns in a three-qubit system. 

o Results: The partial diffusion operator outperformed the other 
algorithms in incomplete superposition input states, achieving a 
100% probability of correct classification in certain iterations. 





Highlights
• Objective: Proposes a quantum algorithm to minimize test 

suites in software engineering.
• Method: Utilizes amplitude amplification and two quantum 

search algorithms to efficiently find the minimum number of 
test cases needed to cover all requirements.

• Outcome: Achieves high probability solutions in O(√2^n) time, 
enhancing software testing efficiency and reducing 
redundancy in test cases.





Highlights
• The paper presents four quantum algorithms for set operations on 

Boolean functions: True Intersection,  False Intersection, 
Difference, and Union.

• Algorithms utilize amplitude amplification techniques, achieving 
O(√N) time complexity.

• Proposed algorithms outperform classical methods and enhance 
applications in database systems, cryptography, and machine 
learning.



True Intersection



False Intersection



Difference



Union



Highlights
⚫ Objective: Propose a Quantum Answer Set Programming 

Solver (QASP) for NP-hard combinatorial search problems.

⚫ Methodology: Reduces problems to MAX-3-SAT, solved 
using quantum algorithms with O(√2n/m) steps.

⚫ Advantages: Outperforms classical solvers and quantum 
annealing in efficiency and scalability.







Highlights
1. Quantum State Hiding of specific quantum states in superpositions, 

enhancing the security of encrypted messages during transmission.
2. Fast Process as the hiding and unhiding process is efficient, with a time 

complexity of O(1) for preparing a single qubit message.
3. Eavesdropping Resistance to Guarantee that any eavesdropper has a 

maximum chance of 25% to correctly guess the hidden message, ensuring 
high security.

4. Flexible Protocol because the transmission protocol allows for the use of 
multiple quantum channels and can be combined with existing encryption 
algorithms for improved security.









⚫ Quantum signature is the use of the principles of 

quantum computing to establish a trusted 

communication between two parties



• Focus: Proposes a secure quantum two-bit commitment protocol 
involving a committer (Alice) and a receiver (Bob) using quantum and 
classical channels.

• Key Phases: Commitment and revealing phases ensuring binding 
and concealing conditions.

• Security: Utilizes quantum states in superposition and unitary 
transformations to prevent cheating and eavesdropping.

• Verification: Success verified by comparing outputs from both 
parties.





Highlights

• Protocol Design: Uses a two-qubit state for encoding, 
with one qubit for the data and the other for the 
measurement basis. A partial diffusion operator hides the 
qubit state.

• Security Against Collective Attacks: Utilizes unitary 
transformations and the partial diffusion operator to 
prevent undetected interception and measurement.

• Performance and Efficiency: Achieves a high ratio of 
key bits to qubits, enhancing practical efficiency.







Synthesis and Optimization of 

Quantum Circuits





Boolean Quantum Circuits



Two-qubits Boolean Circuits









Applications of Partial Negation 

Operator



The Partial Negation Operator

|0> → |1>

|1> → |0>



Gray Scale Levels

Scaling the Negation



Quantum Image Processing



Representations of Digital Images on Quantum 
Computers

FRQI : Flexible representation of quantum images.



Quantum RGB Pixel



Data Encoding



Preparation of Complete 

Superposition



Preparation of Incomplete 

Superposition

Prime Numbers Even Numbers

Odd Numbers
Fibonacci Numbers



Preparation of Quantum Superposition Using Partial Negation



The Variational Circuit





The Space of Probability Distributions using the rth Root 
over 3 Qubits





Reading Quantum Data



Reading the Contents of a Single 

Qubit
⚫ Qubit is usually read using sharp measurement. 

⚫ Sharp measurement is irreversible operation.



The Algorithm - Simplified



Measurement 

Based 

Quantum 

Random Walks





Correctness of Weak Measurement



Quantum State Discrimination 



Quantum State Discrimination 







Thank You

ayounes@alexu.edu.eg

ayounes@aiu.edu.eg

dr.a.younes@gmail.com

mailto:ayounes@alexu.edu.eg
mailto:ayounes@aiu.edu.eg
mailto:dr.a.younes@gmail.com
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