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Quantum Information Science (QIS)
● Quantum mechanics explains how world works at microscopic level, which 

governs behavior of all physical systems, regardless of their size
● Information science revolutionized how information is collected, stored, 

computed, analyzed, manipulated, protected, and moved
● We see convergence of two 20th century greatest revolutions in the form of 

Quantum Information Science (QIS)



Quantum Information Science
QIS exploits unique quantum effects such as superposition, interference, and 
entanglement to obtain, compute, and transmit information in the ways that are 
superior compared to classical technology (digital, Newtonian)
The key concept is entanglement (“spooky action at a distance”, EPR pair ). Works 
only for only very small object (electrons, photons, atoms etc). It is proven to be 
essential to achieve “quantum advantage” or for “quantum teleportation”



Key concepts
● Qubit -  basic unit of quantum information, which is the quantum version of the 

classical binary bit. It can exist in superposition – any state between 0 and 1
● Qubit fidelity – how long qubit stays coherent/operational
● Quantum effects - superposition, interference, and entanglement
● NISQ - Noisy Intermediate-Scale Quantum technology, often refers in the 

context of modern very noisy quantum computers
● QASM - Quantum Assembly used for programming quantum computers
● Quantum supremacy - demonstration of that a programmable quantum device 

can solve a problem (any problem) that no classical computer can solve in any 
feasible amount of time

● Quantum advantage - same as supremacy, but for useful applications



Why quantum computing?
Commercialization of a quantum use case



Quantum computing’s potential for significant speedup over classical computers

Why quantum computing?



Quantum Simulator Use Cases:
Simulation of Supremacy Circuits

(CNN Business): Google claims it has designed a machine that needs only 200 
seconds to solve a problem that would take the world’s fastest supercomputer 
10,000 years to figure out.





Quantum Computing for Finance
Stochastic Modeling:
Derivative Pricing: Options. Collateralized Debt Obligations
Risk Modeling: Value at Risk, Economic Capital Requirement, Credit Value 
Adjustments
Combinatorial Optimization:
Portfolio Optimization: Combinatorial Formulations, Convex Formulations
Swap Netting, Optimal Arbitrage, Identifying Creditworthiness, Financial Crashes
Machine Learning:
Anomaly Detection, Asset Pricing, Implied Volatility

Herman, D., Googin, C., Liu, X., Galda, A., Safro, I., Sun, Y., Pistoia, M. and 
Alexeev, Y., 2022. A survey of quantum computing for finance. arXiv preprint 
arXiv:2201.02773.

.



Modern Quantum Computers



IBM quantum computers



DWave quantum computer



Google's Sycamore quantum computer



Ion trap quantum computer





Available and announced quantum computers





DWave



IonQ Quantum Computers









PsiQuantum
Goal build: 1 million 
qubit device in 5 
years
Activities: 
manufacturing 
300-millimeter 
wafers containing a 
25 layer stack, 
single-photon 
detectors, and 
high-performance 
optical switches



ColdQuanta



Chinese quantum computers
1. Zuchongzi - 56 superconducting qubit quantum computer. It was 

used for sampling from a random distribution. They found Zuchongzi 
completed such a sampling task in 1.2 hours, one they estimated 
would take Summit at least 8.2 years to finish.
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.180501

2. Jiuzhang 2.0 - a photonic quantum computer. It is used for Gaussian 
boson sampling, a task where the machine analyzes random patches 
of data. Using 113 detected photons, they estimated Jiuzhang 2.0 
could solve the problem roughly 10^24 faster than classical 
supercomputers.
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.180502



Microsoft



 Amazon



QCUP
Oak Ridge Leadership Computing Facility (OLCF) Quantum Computing User 
Program (QCUP)
https://www.olcf.ornl.gov/olcf-resources/compute-systems/quantum-computing-user-
program/
Quantum Project Application:
https://www.olcf.ornl.gov/for-users/documents-forms/quantum-project-proposal/
Quantum Account Application:
https://www.olcf.ornl.gov/for-users/documents-forms/quantum-account-application/
Available quantum systems: IBM, Rigetti, Honeywell

https://www.olcf.ornl.gov/olcf-resources/compute-systems/quantum-computing-user-program/
https://www.olcf.ornl.gov/olcf-resources/compute-systems/quantum-computing-user-program/
https://www.olcf.ornl.gov/for-users/documents-forms/quantum-project-proposal/
https://www.olcf.ornl.gov/for-users/documents-forms/quantum-account-application/


Current Public and Private Funding Situation
China: $15 billion 
European Union: $7.2 billion
U.K. $1.2 billion
Russia: $790 million
India and Japan $1 billion each
U.S. $1.3 billion
Private funding $1.7 billion in 2021

National Laboratory for 
Quantum Information Science in Hefei







Major Players in U.S.

Technological giants: IBM, Google, Microsoft, Amazon, Intel, Tesla, Alibaba,
JPMorgan Chase
NSF Quantum Leap Challenge Institutes (total 5)
DOE National Quantum Centers:
ANL: Q-NEXT · Next Generation Quantum Science and Engineering
BNL: C2QA · Co-design Center for Quantum Advantage
FNAL: SQMS · Superconducting Quantum Materials and Systems Center
LBNL: QSA · Quantum Systems Accelerator
ORNL: QSC · The Quantum Science Center
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Quantum Simulator Use Cases
 
- Verification of quantum advantage and 

supremacy claims
- Verification of large quantum devices
- Co-design quantum computers
- Energy efficiency studies of quantum 

computers
- Design of new quantum algorithms
- Finding parameters for variational 

quantum algorithms



Quantum simulators developed at Argonne 
National Laboratory: QTensor and QuaC

Simulated 1,000,000 qubit QAOA 
circuit with depth p=6 in 1 hour and 20 
minutes on 512 nodes of 
supercomputer Theta



Limitations of quantum simulators


