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Lecture 1 

References:

1- Stanford's CS269q course slides 
2- "Quantum Computing Since Democritus"
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Why Quantum Computing? 
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• We are reaching the classical 
computing limit
• Moore's Law: the number of 

transistors per square inch on 
integrated circuits had doubled every 
year since their invention.

• It was later modified to 18 months; 
24 months 

• Scientists expect that Moore's law 
will stop in 2025!

Why Quantum Computing?
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• For example
• Intel i7 (14 nm) has ~ 3 billion transistors

• AMD Ryzen (7& 12 nm) has ~ 5 billion

• Different techniques to design and 
fabricate CPU with this number of 
transistors

• A DNA molecule is about 1 nm; size of 
atom is 0.1 – 0.5 nm

• CPUs with 7 nm are subject to 
Quantum Tunneling

Why Quantum Computing?

Year Transistor 
size

1999 180 nm

2001 130 nm

2003 90 nm

2005 65 nm

2007 45 nm

2009 32 nm

2012 22 nm

2014 14 nm

2016 10 nm

2018 7 nm

2020 5 nm

2025 ??

https://www.techspot.com/article/1840-how-cpus-are-designed-and-built-part-3/
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• Computation demand is ever 
increasing 
• Artificial Intelligence 

• IoT

• Scientific computing

• What can we do other than stuffing 
more transistors? 
• Parallelization: limited by Amdahl's law 

• Exascale computing: requires 
~20 MW to operate 

• Why don't we try Quantum 
Computers?

Why Quantum Computing? 

https://openai.com/blog/ai-and-compute/

COE466: Lecture 1 5

https://openai.com/blog/ai-and-compute/


• Quantum computing can solve problems that is impossible to be 
solved using classical computers 

• Example: Deutsch's Algorithm
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Why Quantum Computing? 

?
Input Output

f0

0 or 1 0

f1

0 or 1 1

f2

0 0

1 1

f3

0

1

1

0

Constant

Balanced

Problem: You have two type of functions 
(constant and balanced) that takes 1-bit 
input, how many time you should evaluate f 
to determine the type of the function?

Quantum computing reduce the number of 
steps from 2 to 1! 



• Generalize the previous algorithm into Deutsch-Jozsa algorithms 

• F takes n-bit inputs

• Constant functions produce a stream of 0s or 1s; balanced functions 
produce outputs with exactly half 0s and 1s 
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Why Quantum Computing? 

f0

N-bits 0010….01010 0000….00000

f1

N-bits 0010….01010 111…1111
Constant

Balanced

Quantum computing reduce the number of 
steps from 2n-1+1 to 1! 

Take a reasonably large number of n, 
e.g.(300). What is 2300+1??

Number of atoms in the universe is 282

f2

N-bits 0010….01010 100…011

f3

N-bits 0010….01010 111…000
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Potential Applications of Quantum Computing 



• First concept of mechanical computers dated back to 
1810s by Charles Babbage and Ada Lovelace

• In 1930s, the foundation of modern computer 
science was laid by Kurt Godel
• Incompleteness theorem 

• Based on Godel's work, Alan Turing and Lorenzo 
Church introduced the formalization of algorithms 
• Turing-Church Theorem

• Turing Machine 

• Overlapping with Turing's work, John Von Neumann 
introduced the modern computer architecture  
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A Brief History of Computation



• History of Computers
• Abacus ~ 3000 BC

• Calculators ~ 1600s

• Punched card devices ~ 1800s

• First computer (ENIAC) 1946

• Mainframes 1950s 

• Minicomputers 1960s

• Microcomputers 1970

• First PC (Xerox Alto) 1973 

• Apple II (1977)

• IBM PC (1980)

• Internet 1990s
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A Brief History of Computers



• Quantum computing originated in 1980s by physicists 
• Paul Benioff proposed a quantum mechanical model of Turing Machine(?)

• Richard Feynman suggested that quantum computers can simulate models 
that classical computers can't do 

• In 1985, first "Quantum Algorithm" by David Deutsch
• Later generalized into Deutsch-Josza algorithm

• In 1994, first factoring algorithm by Peter Shor 

• In 1996, the first quantum search algorithm by Lov Grover

• …

• In 2019, Google claimed that they reached Quantum Supremacy 
• In a specific problem called Sampling Output Problem 
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History of Quantum Computing 
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What Happened Between 1996 and 2019?
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Who's Involved?
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Market Map
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Number of Patents in Quantum Computing



• A new computing paradigm that exploits Quantum Physics rules 
• Superposition 

• Entanglement 

• Superdense coding

• Teleportation

• Is it difficult?
• Yes and No

What is Quantum Computing? 
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"Quantum Mechanics (Physics) is the operating system that 
other physical theories run on as applications" – Scott 
Aaronson 

"Quantum mechanics is what you would inevitably come up 
with if you started from probability theory, and then said, 
let's try to generalize it so that the numbers we used to call 
"probability" can be negative numbers. As such, the theory 
could have been invented by mathematician in the 
nineteenth century without any input from experiment. It 
wasn't but it could have been" – Scott Aaronson 
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Quantum Computing from Computer Science/Engineering 
Perspective  
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What is Quantum Computing?

But if quantum mechanics is not 
physics in the usual sense – if it isn't 
about matter, or energy or waves –

then what is it about? 

Well, from my perspective, 
it's about information, 

probabilities, and 
observables, and how they 

relate to each other 

That's Interesting!!
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Quantum Computer Architecture 
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Interface Between Classical and Quantum Computers

Smith, Curtis, Zeng. “A Practical Quantum Instruction Set Architecture” arXiv:1608.03355
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Quantum Computing Programming Languages 



How do we study Quantum Computing? 

COE 466 PHYS 471Mathematical 
foundation
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• Course Description
An introduction to the model of quantum computation, quantum processors, 
quantum circuits and instruction sets, quantum programming languages, 
quantum Fourier transform, quantum error correction, quantum algorithms, 
and applications of quantum computing

• Course Objectives
• The objective of this course is to

• Provide basic understanding of how quantum computers work from computer 
science and engineering perspective

• Introduce the state-of-the-art architecture and algorithms of quantum 
computing
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Course Information



• After taking this course, students will have the ability to
• Describe the differences between conventional and quantum computing 

• Explain how quantum computers work

• Design and implement basic quantum computing algorithms and applications

• Analyse the complexity of quantum computing algorithms
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Course Learning Outcomes 



• Introduction to Quantum Mechanics; history and basic concepts, Concept 
of quantization and quantized states. 

• Linear Vector Space; Matrices and Operators, Tensor Products.
• Superposition, The Stern-Gerlach experiment and Young's double-slit 

experiment. 
• Qubits and Quantum States 
• Quantum gates, circuits, and processors.
• Quantum Programming Languages: Assembly programming and PyQuil.
• Quantum algorithms: search, factorization, and Fourier transform.
• Quantum data compression, error correction, and Fault-tolerance.
• Quantum machine learning.
• Applications: Quantum Internet, Quantum Key Distribution.
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Course Topics 
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Textbooks and References 

Textbooks I will be using to extract 
material from 

Recommended references and 
books



• Lectures: Monday & Wedensday, 12:30-13:45 PM

• "Virtual" office hours: MW 2-3PM for calls on Teams (or send me on 
Teams and I will try to accommodate your Qs online )

• Web page:
• Blackboard page

• https://faculty.kfupm.edu.sa/COE/mfelemban/COE466/
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Logistics 

https://faculty.kfupm.edu.sa/COE/mfelemban/COE466/


• Course Work 50 %
• Attendance and class participation (7%)

• in-class and online discussion (8%)

• Homework prog. assignments (20%)

• Quizzes (15%)

• Oral assessment 10%

• Major Exam 15%

• Final Exam 25%
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Evaluation



• Introduction to Quantum Mechanics; history and basic 
concepts, Concept of quantization and quantized states. 

• Linear Vector Space; Matrices and Operators, Tensor 
Products.

• Superposition, The Stern-Gerlach experiment and Young's 
double-slit experiment. 

• Qubits and Quantum States 

• Quantum gates, circuits, and processors.

• Quantum Programming Languages: Assembly programming 
and PyQuil.

• Quantum algorithms: search, factorization, and Fourier 
transform.

• Quantum data compression, error correction, and Fault-
tolerance.

• Quantum machine learning.

• Applications: Quantum Internet, Quantum Key Distribution.
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Course Topics and Plan 

Mathematical 
foundations 

Quantum 
physics

Basic quantum 
programming

Programming 
quantum 
applications


