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Welcome to the Qommunity!



Quantum computing is here today.
Quantum advantage (over classical) is not… yet.



The “space race” of this decade is the search for the 
best qubit device for both reliability and scaling.
Once “quantum Moore’s Law” appears, watch out.



A pessimist complains about the wind.
An optimist expects it to change.
A realist adjusts the sails.



“A good player plays where the puck is, 
while a great player skates to where 

the puck is going to be.”  

– Wayne Gretzsky



A falcon flies to where the prey will be…

… rather than where it is

flying to where the 
target will be

flying towards the target

C. H. Brighton, 
et al., PNAS 

(2017)



Our modest goal: to get used to quantum 

“[In quantum] you don’t 
understand things; you 
just get used to them.”
In 1926 (at age 23!) Von Neumann mathematized 
the new physics of quantum mechanics by 
recognizing that quantum observables (e.g., 
energy, momentum, angular momentum, spin, 
etc.) can be represented as linear operators acting 
on a quantum state vector or on a wave function in 
an infinite-dimensional Hilbert space.



Our motivation: KSA plans a “quantum economy”



Quantum computing
• One of the three primary technologies of the “Quantum 

Information Sciences” (QIS)
• Along with Quantum Sensing and Quantum Communication

• Quantum Algorithms are mathematics
• Operations on ideal qubits
• A two-state system in arbitrary superposition until read as |0> or 

|1>
• Quantum Hardware is physics

• Qubits can be built from a variety of physical devices that are 
sufficiently small and protected from “noise”

• Quantum computing applies quantum algorithms on 
physical qubits or emulates them in classical computer 
hardware



Quantum
noun: quantum; plural noun: quanta
1. a discrete quantity of energy proportional in magnitude to the 

frequency of the radiation (Planck’s constant, h ~ 6.6x10-34 Joule-
seconds)

2. a discrete amount of any other physical quantity, such as 
momentum or electric charge

3. a required or allowed amount
4. a share or portion

adjective: quantum
1. subject to discrete quantization (as opposed to “continuous” or 
“infinitesimal”)

From Latin: quantus; related to English: quantity or quantized



Organizational meeting agenda
• a roundtable on the objectives of all who are participating in the 

first meeting
• a short introductory lecture by one of our students sketching the 

state of quantum computing
• a short update from me on Saudi Arabia's initiative in quantum 

computing with the World Economic Forum
• a discussion from Samar on upcoming educational offerings from 

vendors
• selection of a reading for discussion at our next meeting
• organizational details & some diverse resources
• a ceremonial reading of a quantum computing-themed poem 

"Quantum Dynamics"



Quantum Computing Reading Group (QCRG)

(See https://qcrg.kaust.edu.sa)



(See https://qcrg.kaust.edu.sa)
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Majlis roundtable

(See UNESCO video @ https://www.youtube.com/watch?v=59KQbS1DMpQ)



Introduction to Quantum Computing
by Karim Saifullin, PhD candidate, ECE



Quantum Computing Initiatives 
in the KSA

by David Keyes, CEMSE Professor,
Advisory Board of the Center for the Fourth 

Industrial Revolution (C4IR), KSA







Saudi Quantum Economy Workshop, 6 Feb 2024

• In attendance: 8 from PIF, plus Aramco, SABIC, STC, 
SAMA, NEOM-Oxagon, KACST, KFUPM, KSU, WEF, 
C4IR

• Sessions led by: KACST and KFUPM 
• Discussions w/ ORCA, Xanadu, Pasqal & Quantinuum



Takeaways re: Saudi Quantum Economy
• Main motivations for jump-starting the Saudi Quantum Economy

• cybersecurity, the $1B motivation of G20 economies (FOMO)
• to make everything “run 1000x faster”
• to save energy devoted to computation

• The first one is justified; the latter two are not for now
• Schor’s algorithm offers superpolynomial to exponential speedup 

factoring large primes and thus cracking RSA encryption 
• RSA == Rivest, Shamir, Adleman, founded in 1982
• Early decryptors get access to troves of stored encrypted data on 

their rivals
• Quantum-generated encryption keys offer protection again quantum 

decryption









The emergence of quantum technologies presents a new global divide, where unequal access 
leads to serious geopolitical and economic consequences. Saudi Arabia needs a national 
quantum technology strategy that focus on developing and sustaining di=erent focus areas 
namely: R&D, workforce, industry growth, socio-economic impact and international 
collaboration. The quantum economy project provides a clear and detailed roadmap for: R&D, 
workforce development, industry growth, socio-economic translation, and international 
collaboration. 
Impact:
1- Create a roadmap across academia, industry, and government to help countries develop, 
support and commercialize their quantum technology initiatives
2- Aid policy makers and government institutions, industry and academia with a blueprint for 
developing and growing a national quantum ecosystem
Goals:
1- Initiate necessary analysis, with stakeholders, to implement and develop a national quantum 
strategy
2- Cultivate collaborative frameworks and knowledge sharing within the quantum technology 
stakeholder community, leading to a more informed and e=icient approach to governance
3- Promote the importance of quantum technologies to public and decision makers.

KSA and the WEF C4IR’S Quantum Economy Project



WEF’s Quantum Hub & KSA’s Quantum Economy Project

(in the QCRG repo)
✔

✔

✔



20 May 2024



quantum.gov



quantum.gov.sa



Introduction to Educational Opporunities 
from Quantum Vendors

by Samar Aseeri, Research Scientist, CEMSE



Quantum algorithms

c/o Stephen Jordan
PhD Physics, 2008, MIT

Currently:
• Google’s Quantum AI

Previously: 
• CompuNng and 

CommunicaNons 
• Theory Group, NIST
• InsNtute 
• for Quantum InformaNon, 

Caltech

Survey of 435 papers (1982-2021)

60 Algorithms



Int. J. Theor. Phys. 
21:467-488, 1982





From Automata Studies, Claude Shannon, ed., Princeton University Press, 1956



Factoriza)on (Shor, 1997), superpolynomial

Discrete-log (Shor, 1997), superpolynomial

Pell’s Equa)on (Halgren, 2002), superpolynomial

Principal Ideal (Halgren, 2002), superpolynomial

Unit Group (Halgren, 2005), superpolynomial

Class Group (Halgren, 2005), superpolynomial

Gauss Sums (van Dam et al., 2002), superpolynomial

Exponen)al Congruences (van Dam et al., 2008), polynomial

Matrix Elements of Group Representa)on (Beals, 1997), polynomial

Verifying Matrix Products (Ambainis, 2002), polynomial

Zoo of quantum algorithms (1/6)



Subset-sum (Bernstein et al., 2013), polynomial

Decoding (Grice, 2014), varies

Constraint Satisfaction (Ambainis, 2004), polynomial

Quantum Cryptanalysis (Shor, 1997), various

Searching (Grover, 1997), polynomial

Abelian Hidden Subgroups (Boneh et al., 1995), superpolynomial

Non-Abelian Hidden Subgroups (Ettinger et al., 2004), superpoly.

Bernstein-Vazirani (Bernstein et al., 1993), superpolynomial

Deutsch-Jozsa (Deutsch, 1985), exponential

Formula Evaluation (Reichardt, 2011), polynomial

Zoo of quantum algorithms (2/6)



Gradients, Structured Search (Jordan, 2005), polynomial

Hidden Shi[ (van Dam et al., 2006), superpolynomial

Polynomial Interpola)on (Boneh et al., 2013), constant factor

Pa]ern Matching (Benne] et al., 1997), superpolynomial

Linear Systems* (Harrow et al., 2009), superpolynomial

Ordered Search (Farhi et al., 1999), constant factor

Graph Proper)es, Adjacency Matrix (Durr et al., 1996), polynomial

Graph Proper)es, Adjacency List (Ambainis et al., 1996), polynomial

Welded Tree (Childs et al., 2011), superpolynomial

Collision Finding (Brassard et al., 1997), polynomial
* not what we usually mean, but finding expectaNon values of f(A)b, for various f

Zoo of quantum algorithms (3/6)



Graph Collision (Magniez et al., 2007), polynomial

Matrix Commuta)vity (Itakura, 2005), polynomial

Group Commuta)vity (Magniez et al., 2005), polynomial

Hidden Nonlinear Structures (Childs et al., 2007), superpolynomial

Center of Radial Func)on (Liu, 2009), polynomial

Group Order and Membership (Mosca, 1999), superpolynomial

Group Isomorphism (Cheung et al., 2001), superpolynomial

Sta)s)cal Difference (Bravyi et al., 2011), polynomial

Finite Rings and Ideals (Arvind et al., 2006), superpolynomial

Counterfeit Coins (Terhal et al., 1998), polynomial

Zoo of quantum algorithms (4/6)



Matrix Rank (Reichardt, 2009), polynomial

Matrix Mul)plica)on over Semi-rings (Le Gall et al., 2005), poly.

Subset Finding (Ambainis, 2007), polynomial

Search with Wildcards (Ambainis et al., 2012), polynomial

Network Flows (Ambainis et al., 2007), polynomial

Electrical Resistance (Wang, 2017), exponen)al

Machine Learning (Lloyd et al., 2013), varies

Finite Rings and Ideals (Arvind et al., 2006), superpolynomial

Junta and Group Tes)ng (Ambainis et al., 1998), polynomial

Quantum Simula)on (Childs, 2004), superpolynomial

Zoo of quantum algorithms (5/6)



Knot Invariants (Freedman et al., 2002), superpolynomial

Three-manifold Invariants (Alagic et al., 2010), superpolynomial

Adiabatic Algorithms (Jansen et al., 2007), unknown

Quantum Approximate Optimization (Farhi et al., 2014), superpoly.

Semidefinite Programming (Brandao et al., 2016), polynomial

Zeta Functions (Kedlaya, 2006), superpolynomial

Weight Enumerators (Knill et al., 2001), superpolynomial

Simulated Annealing (Szegedy, 2004), polynomial

String Rewriting (Janzing et al., 2010), superpolynomial

Matrix Powers (Janzing et al., 2007), superpolynomial

Zoo of quantum algorithms (6/6)



Suggested reading for next meeting



Key insights from Hoefler et al.
• Most of today’s quantum algorithms may not achieve practical 

speedups over classical counterparts on every-improving 
classical computers

• Material sciences and chemistry have a huge potential and we 
hope more practical algorithms will be invented based on our 
guidelines

• Due to limitations of input and output bandwidth, quantum 
computers will be practical for “big compute” problems on small 
data, not big data problems.

• Quadratic speedups delivered by algorithms such as Grover’s 
search are insufficient for practical quantum advantage without 
significant improvements across the entire software/hardware 
stack.



Resources for Hoefler et al.
• DOI:10.1145/3571725
• https://vimeo.com/811415204



A 90-minute video with “meat” for geeks
• Quantum Computing for Computer Scientists
• https://www.youtube.com/watch?v=F_Riqjdh2oM



A short article for corporate planners
• Quantum Computing is Becoming Business Ready
• https://www.bcg.com/publications/2023/enterprise-grade-quantum-computing-almost-ready



A directory for getting started in the cloud



Quantum Dynamics
We are ge'ng used to you!
Like Von Neumann, so we, too.
Feynman1 took a careful look
And since that day, we’ve all been hooked.
In most of life, large size takes all
But your potenGal’s in the small,
O Quantum.

Entanglement defies belief;
Of all your miracles, it is chief!
SuperposiGon reigns supreme:
At once, all values – what a dream!
But decoherence complicates;
We trust soluGons lie in wait…
O Quantum.

To stay ahead in crypto wars
We are studying Peter Schor2.
For large-scale search, we’ll ask Lev Grover3 –
In square root Gme, the search is over!
To opGmize, we have a feeling
We can’t do beXer than annealing,
O Quantum.

Qisket, Q-sharp, Silq, or Cirq –
Which language will streamline our work?
Photonic networks, neutral atoms, 
Trapped ions, quantum dots,
Tunnel juncGons, diamond defects …
For devices, we will take our shots,
O Quantum.

Science is but half your story;
Mystery adds to your glory.
Into our thoughts determinisGc
You inject a touch arGsGc.
We celebrate the great expanse
Opened by your world of “chance”,
O Quantum.

Watching’s fun, but we want more;
Thus, we’re swarming at your door.
Older souls may skip this race;
Let the younger set the pace!
NaGons that in you invest
AnGcipate a future blessed,
O Quantum.

You are not for the fainthearted
But we are ready to get started.
We know we have lots to learn
But bargain on a large return!
Early though your hour is
We gather where your power is,
O Quantum.

© 2024 David Keyes

1 R. Feynman,  1982, Simulating Physics with 
Computers, Int. J. Theoretical Physics, 21, No. 6/7. 
2 P. Shor, 1997, Polynomial-time algorithms for prime 
factorization and discrete logarithms on a quantum 
computer, SIAM J. Computing, 26, 1484-1509.
3 L. Grover, 1996,  A fast quantum mechanical 
algorithm for database search, 28th  ACM Symp. 
Theory  Comput, pp. 212-219.



Word pairs to disambiguate
• Quantum vs. classical / traditional / conventional
• Best not to say “quantum vs. digital” because digital has meanings 

within both classical and quantum
• Digital vs. analog
• Within classical, “digital” refers to discretely representable values, e.g., 

floats or ints, and analog to continuously representable values, e.g., 
voltages or currents

• Within quantum, digital may refer to gate-based and analog to adiabatic 
systems

• Simulation vs. emulation
• Within classical, “simulation” refers to approaches based on first 

principles laws and “emulation” to statistical or learned approaches
• Within quantum, “simulation” refers to mimicking a physical quantum 

system, as in chemistry, and “emulation” to carrying out a quantum 
algorithm on a classical computer


