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•Septillion: 1024 (1,000,000,000,000,000,000,000,000)





•Quadrillion: 1015 (1,000,000,000,000,000)



El Capitan has 11,039,616 cores



Key Applications

https://fractal.ai/quantum-computing-is-here-is-your-business-ready/



Quantum Machine Learning
⚫ AI and machine learning are growing fields. 

⚫ Quantum machine learning is the integration of quantum algorithms within 

machine learning programs. 

⚫ The most common use of the term refers to machine learning algorithms for 

the analysis of classical data executed on a quantum computer.



Drug Design & Development

⚫ The costs and timelines to develop effective medicines using 

traditional drug discovery methods are much too high, exacerbated 

by outrageous failure rates.

https://drug-dev.com/cloud-computing-using-quantum-molecular-design-cloud-computing-to-improve-the-accuracy-success-probability-of-drug-

discovery/



Financial Modelling



Weather Forecasting
⚫ Currently, the process of analyzing weather conditions by 

traditional computers can sometimes take longer than the 
weather itself does to change.

https://analyticsindiamag.com/top-applications-of-quantum-computing-everyone-should-know-about/

https://www.rigetti.com/news/rigetti-enhances-predictive-weather-modeling-with-quantum-machine-learning



Logistics Optimization
⚫ Improved data analysis and robust modelling will indeed enable a wide range of 

industries to optimize their logistics and scheduling workflows associated with 
their supply-chain management.

⚫ The operating models need to continuously calculate and recalculate optimal 
routes of traffic management, fleet operations, air traffic control, freight and 
distribution, and that could have a severe impact on applications.

https://www.fujitsu.com/global/about/resources/news/press-releases/2020/0910-02.html



Computational Chemistry
⚫ The number of quantum states, even in a tiniest of a molecule, is 

extremely vast, and therefore difficult for conventional computing 
memory to process that.









https://qubitsok.com/

https://qubitsok.com/


History

⚫ The true computer we know nowadays came 
to life when J. Barden, W. Brattain and W. 
Shockley invented Transistor in 1947.

⚫ To invent new families of computers with more 
capabilities, it was necessary to increase the 
number of transistors used on approx. the 
same physical space by decreasing the size of 
the components. (Miniaturization)

⚫ Moore’s Law, 1965:

“The number of transistors per square inch 
on integrated circuits had doubled every 
year since the integrated circuit was 
invented.”

Transistor



Miniaturization



Moore’s Law
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Intel CPUs 2009- 2021



▪  A quantum computer is a machine that performs 

calculations based on the laws of quantum 

mechanics, which is the behavior of particles at the 

sub-atomic level.

What is a Quantum Computer?

In 1982, Richard P. 

Feynman proposed if 

a computer operating 

with the laws of 

quantum mechanics 

will perform more 

efficient.



Public-key Cryptography is no Longer Safe!

⚫Shor’s Algorithm, 1995:

Integer Factorization Problem:

⚫On classical computers the best known algorithm 

is the Multiple Polynomial Quadratic Sieve algorithm 

and runs in 

It means that this algorithm scales exponentially with 

the number of the digits N of the integer number to be 

factorized.

( ) ( ) ( )( )( )1/3 1/3 2/3
exp 64 / 9 ln ln lnO N N

Given integer n 

such that n=p*q 

where p,q are 

prime numbers. 

Find p and q.

This problem is the 

main problem used 

to secure online 

transactions 

(http vs https)

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


Factorization Problem RSA – 129 *

⚫ RSA-129 = 
11438162575788886766923577997614661201
021829672124236256256184293 
57069352457338978305971235639587050589
89075147599290026879543541                 [n]

= 
34905295108476509491478496199038981334
17764638493387843990820577                 [p]

× 
32769132993266709549961988190834461413
177642967992942539798288533               [q]

http://en.wikipedia.org/wiki/RSA_numbers 

http://en.wikipedia.org/wiki/RSA_numbers


Public-key Cryptography - 2

⚫ For instance, in 1994 a 129 digit number (known 
as RSA-129) was successfully factored using 
this algorithm on approximately 1600 
workstations scattered around the world, the 
entire factorization took 8 months.

⚫ It needs 800,000 years to factor 250 digit 
number and 1025 years (significantly longer than 
the age of the universe) to factor 1,000 digit 
number.



Factorization Problem RSA – 2048 *

⚫ RSA-2048 = 
251959084756578934940271832400483985714292821262040320
2777713783604366202070 
759555626401852588078440691829064124951508218929855914
9176184502808489120072 
844992687392807287776735971418347270261896375014971824
6911650776133798590957 
000973304597488084284017974291006424586918171951187461
2151517265463228221686 
998754918242243363725908514186546204357679842338718477
4447920739934236584823 
824281198163815010674810451660377306056201619676256133
8441436038339044149526 
344321901146575444541784240209246165157233507787077498
1712577246796292638635 
637328991215483143816789988504044536402352738195137863
6564391212010397122822 120720357 

Cash Prize Offered: 200,000 USD 

http://en.wikipedia.org/wiki/USD


Public-key Cryptography - 3

⚫ Shor’s algorithm taking the advantage of 

quantum parallelism by using a quantum 

analogue of the Fourier transform runs in 

where  is small.

It means a 1,000 digit number requires about 

20 min on a quantum computer.

( )( )2
logO N

+



⚫ L. Grover, 1996:

Describes a very efficient algorithm for 

database search.

Classical search algorithm for unsorted 

list of n records requires           .

His algorithms runs in               .

Quantum Search Engine

( )O N

( )O N



⚫ L. Grover, 1996:

Describes an efficient algorithm 

for database search.

Classical search algorithm for 

unsorted list of n records 

requires           .

His algorithms runs in               .

Quantum Search Engine

( )O N

( )O N



Quantum Computer Science
⚫ Quantum Circuits.

⚫ Quantum Algorithms.

⚫ Quantum Complexity Theory.

⚫ Quantum Neural Network.

⚫ Quantum Pattern Recognition.

⚫ Quantum Relational Databases.

⚫ Quantum Images Recognition.

⚫ Quantum Genetic Information.

⚫ Quantum Cryptography.

⚫ Quantum Programming Languages. 

⚫ Quantum Route Finding.

⚫ Quantum Machine Learning.

⚫ Quantum Image Processing.

⚫ Quantum NLP.

⚫ Quantum Origin cybersecurity. Universities

https://quantumcomputingreport.com/universities/


Quantum Algorithms Vs. Classical Algorithms

https://math.nist.gov/quantum/zoo/ local

https://math.nist.gov/quantum/zoo/
screencapture-quantumalgorithmzoo-org-2022-11-19-18_51_47.png


Basics of Quantum Computing



A quantum bit of data is represented by a single atom that is in 

one of two states denoted by |0> and |1>.  A single bit of this 

form is known as a qubit

Quantum Data (qubit)



Superposition - 1



Superposition - 2



A single qubit can be forced into a superposition of the two states 

denoted by the addition of the state vectors:

|> = a  |0> + b |1>

Where a and b   are complex numbers and |a|2   +  |b|2  = 1 

1 2

A qubit in superposition is in both of the 

states |1> and |0> at the same time 

Representation of Quantum Data - 
Superposition



Bloch Sphere



A physical implementation of a qubit could use the two energy 

levels of an atom.  An excited state representing |1> and a 

ground state representing |0>.  

Light pulse of 

frequency  for 

time interval t

Excited 

State

Ground 

State

Nucleus

Electron

State |0> State |1>

Physical Qubit (Trapped Ions)



Trapped Ions



Superconducting Qubits



Light Polarization







Essential Mathematical Topics
Math. Topic Quantum Computing Topics

Linear Algebra: Dirac notation, quantum gate is unitary matrix, 

quantum data is a normalized vector.

Differential Equations: Adiabatic quantum computing,  quantum 

annealing.

Statistics/Probability 

Theory:

Quantum computers are probabilistic devices, 

quantum measurement, quantum amplitude 

amplifications.

Complex Analysis: Amplitudes of quantum states are complex 

numbers.

Information Theory: Quantum information theory, quantum noise, 

quantum error correction, quantum compression 

entropy.



Essential Mathematical Topics (cont.)

Math. Topic Quantum Computing Topics

Topology: Topological quantum computing.

Group Theory: Stabilizer codes, Quantum error Correction, 

reversible computing, permutation group, 

universal quantum gates.

Graph Theory: Graph state quantum computing, quantum 

walk on a graph.

Algebraic Geometry: Quantum annealing.

Boolean Algebra: Quantum Boolean circuits, quantum logic, 

quantum gates.



Essential Mathematical Topics (cont.)

Math. Topic Quantum Computing Topics

Coding Theory: Quantum error correcting codes.

Number Theory: Quantum cryptography and Shor’s 

Algorithm.

Differential Geometry: Quantum information theory and quantum 

gravity.

Formal Language Theory: Quantum computation models, quantum 

complexity, quantum computability, quantum 

Turing machines.

Fractional Calculus: Fractional quantum calculus, generalization 

of quantum mechanics, fractional 

Schrödinger equation.



Computation with Qubits - 1

How does the use of qubits affect computation?

Classical Computation

Data unit: bit

x = 0 x = 1

0

1

0

1

Valid states:
x = ‘0’ or ‘1’ | = c1|0 + c2|1 

Quantum Computation

Data unit: qubit

Valid states:

| = |0 | = |1 | = (|0 + |1)/√2

=|1 =|0= ‘1’ = ‘0’



Computation with Qubits - 2

0 1

1 0

How does the use of qubits affect computation?

Classical Computation

Operations: logical

Valid operations:

AND =

0 i

-i 0

1 0

0 -1

1 1

1 -1

0   1

0

1

0 0

0 1

NOT =
0    1

1 0

in

out

out

in

in

1 0 0 0

0 1 0 0

0 0 0 1

0 0 1 0

1-bit

2-bit

Quantum Computation

Operations: unitary

Valid operations:

σX = 

σy = 

σz = 

Hd  =

CNOT =

√2

1
1-qubit

2-qubit



Computation with Qubits - 3

⚫Computation in quantum systems must be 

reversible, so that no loss in energy during 

the computation process.

⚫Quantum gates are represented as square 

matrices U  that satisfy the unitary 

condition:





Quantum Circuit Model



Tracing a Quantum Circuit

⚫What is  the truth table?



Two qubit gates

The Controlled-NOT 
Gate (Cnot) 

If C=0  then no change

Else If C=1 then T is 
flipped
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Examples

Swap Circuit:
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Three qubit gates

Toffoli gate :

Is considered to be 
universal…

Setting C=1 will convert 
it to classical NAND gate 
which is universal from 
classical point of view.
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00100000
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Controlled Swap Circuit 

(Fredkin Gate)



Two-qubits Boolean Circuits



Boolean Quantum Circuits



1-bit Half Adder



1-bit Full Adder

Let    |c> = |1>,   |x> = |0>,  |y> = |1> 
Then |s> = |0>,       |c’> = |1>



Entanglement

Hidden correlation between qubits - 

spooky action at a distance



Communication with Entanglement



Quantum Computing in Market





Superconductor Quantum Computers

⚫ https://www.research.ibm.com/ibm-q/ https://quantumai.google/

https://www.rigetti.com/ https://originqc.com.cn/en/

https://www.research.ibm.com/ibm-q/
https://quantumai.google/
https://www.rigetti.com/
https://originqc.com.cn/en/


Photonics Quantum Computers

https://www.xanadu.ai/ https://psiquantum.com/

https://www.xanadu.ai/
https://psiquantum.com/


Ion Traps  Quantum Computers

https://ionq.com/
https://www.oxionics.com/

https://www.honeywell.com/us/e

n/company/quantum/quantum-

computer

https://www.sandia.gov/quantum/

https://ionq.com/
https://www.oxionics.com/
https://www.honeywell.com/us/en/company/quantum/quantum-computer
https://www.honeywell.com/us/en/company/quantum/quantum-computer
https://www.honeywell.com/us/en/company/quantum/quantum-computer
https://www.sandia.gov/quantum/


Adiabatic Quantum Computers

www.dwavesys.com/ 

http://www.dwavesys.com/


Topological Quantum Computers

https://www.microsoft.com/en-us/quantum

https://www.microsoft.com/en-us/quantum


Neutral Atoms Quantum Computers



Desktop Quantum Computer



More Quantum Computers

https://www.tudelft.nl/en/2015/tu-

delft/qutech-quantum-institute-enters-

into-collaboration-with-intel

TU Delft University and Intel

https://quantumbrilliance.com/

Quantum Brilliance

https://qutech.nl/

QuTech Qilimanjaro

https://www.qilimanjaro.tech/

https://www.tudelft.nl/en/2015/tu-delft/qutech-quantum-institute-enters-into-collaboration-with-intel
https://www.tudelft.nl/en/2015/tu-delft/qutech-quantum-institute-enters-into-collaboration-with-intel
https://www.tudelft.nl/en/2015/tu-delft/qutech-quantum-institute-enters-into-collaboration-with-intel
https://quantumbrilliance.com/
https://qutech.nl/
https://www.qilimanjaro.tech/


Open-Source Quantum Software Tools

⚫ IBM Quantum Experience (QISKIT)

⚫ Microsoft Quantum Development Kit (Q#)

⚫ Cirq (Google AI Quantum Team)

⚫ PennyLane and Strawberry Fields from Xanadu

⚫ Intel Quantum Simulator

⚫ CAS-Alibaba Quantum Computing Laboratory

⚫ ProjectQ

⚫ Open Controls from Q-CTRL

⚫ Silq

⚫ Tequila

⚫ Quantum User Interface (QUI)

⚫ Quirk

⚫ QuEST

⚫ QuTiP: Quantum Toolbox in Python

https://quantumcomputingreport.com/tools/

http://www.research.ibm.com/quantum/
https://www.microsoft.com/en-us/quantum/development-kit
https://github.com/quantumlib/cirq
https://www.xanadu.ai/software/
https://github.com/intel/Intel-QS
http://quantumcomputer.ac.cn/index.html
https://projectq.ch/
https://github.com/qctrl/python-open-controls
https://silq.ethz.ch/
https://github.com/aspuru-guzik-group/tequila
http://qui.research.unimelb.edu.au/
https://algassert.com/quirk
https://quest.qtechtheory.org/
http://qutip.org/
https://quantumcomputingreport.com/tools/


Quantum Key Distribution



Quantum Key Distribution





Quantum cryptography Companies









Quantum Teleportation



Quantum Dense Coding







1925 2025

100 Years of 
Quantum Mechanics is just 

beginning… 

www.quantum2025.org



www.quantum2025.org
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