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The QuIC Seminar
Structure and Organization

Welcome to the Quantum Information and Computation Seminar!

This is a weekly reading group/seminar about the rapidly emerging
field of quantum technologies.
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The QuIC Seminar
Structure and Organization

When and Where?
Mondays 3:00 - 4:00 pm in BPS 1300 (unless otherwise noted).

Organizers
I Ryan LaRose

(laroser1@msu.edu)

I Nick Valverde
(valverdn@nscl.msu.edu)

I Justin Lane
(lanejustinr2@gmail.com)

Content
I Quantum Computation.

I Quantum algorithms.
I Quantum software.
I Quantum hardware.

I Quantum Information.
I Qubits, channels, ...
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The QuIC Seminar
Survey Responses
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The QuIC Seminar
Structure and Organization

Tentative Schedule for Fall 2018

Week Content
10/15 Intro/quantum technologies
10/22 Quantum computer science
10/29 Circuit model of quantum computing
11/5 Intro to quantum algorithms
11/12 Grover’s Algorithm
11/19 Quantum Fourier Transform
11/26 Shor’s algorithm part 1
12/3 Shor’s algorithm part 2

Resources
I Nielsen and Chuang.
I Preskill’s lecture notes.
I Mark Wilde’s Quantum

Information.
I Ronald de Wolf’s

lecture notes.

I Check online for the most up-to-date schedule (google
spreadsheet sent in email).

I Weekly emails will announce next session.
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Quantum Technologies
The First Quantum Revolution

The first quantum revolution gave us new rules that govern
physical reality.

i~
∂Ψ

∂t
= HΨ
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Quantum Technologies
The First Quantum Revolution

Developed in 20th century by Planck, Einstein, Schrödinger,
Heisenberg, Born, Dirac, von Neumann, etc.

I Quantization.
I Superposition.
I “Spooky action at a distance.”
I Uncertainty.
I Tunnelling.
I Decoherence.
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Quantum Technologies
The Second Quantum Revolution

The second quantum revolution will take these rules and use them
to develop new technologies.
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Quantum Technologies
The Second Quantum Revolution

Multiple technological areas have seen, or are projected to see,
“quantum enhancements.”

Quantum 
Technologies

Computing

Sensing

Internet Cryptography

Metrology

Internet
I Speed of light communication that is provably secure by the laws

of quantum mechanics.
I Uses quantum teleportation, no-cloning theorem.
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Quantum Technologies
The Second Quantum Revolution

Multiple technological areas have seen, or are projected to see,
“quantum enhancements.”

Quantum 
Technologies

Computing

Sensing

Internet Cryptography

Metrology

Sensing
I Quantum sensors can achieve resolution better than any

classical sensors.
I Uses quantum correlations (entanglement).
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Quantum Technologies
The Second Quantum Revolution

Multiple technological areas have seen, or are projected to see,
“quantum enhancements.”

Quantum 
Technologies

Computing

Sensing

Internet Cryptography

Metrology

Metrology
I Measurement techniques that give better resolution than any

classical framework (e.g., measuring phase states of photons).
I Uses quantum entanglement.
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Quantum Technologies
The Second Quantum Revolution

Multiple technological areas have seen, or are projected to see,
“quantum enhancements.”

Quantum 
Technologies

Computing

Sensing

Internet Cryptography

Metrology

Cryptography
I Quantum key distribution and post-quantum cryptography.
I Uses entanglement, no-cloning theorem.
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Quantum Technologies
The Second Quantum Revolution

Multiple technological areas have seen, or are projected to see,
“quantum enhancements.”

Quantum 
Technologies

Computing

Sensing

Internet Cryptography

Metrology

Computing
I Algorithms are known for quantum computers that are faster (in a

computational complexity sense) than classical algorithms.
I Uses superposition, entanglement.
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Quantum Technologies
The Second Quantum Revolution

The second quantum revolution is rapidly taking off.

I DOE announces $218 million for quantum information science
(9/28/18).

I U.S. government releases National Strategic Overview for
Quantum Information Science and awards $249 Million for over
100 different quantum projects (9/25/18).

I Singapore government to invest $18 million USD into a quantum
engineering program (9/18/18).

I U.S. House of Representatives passes the National Quantum
Initiative Act (H.R. 6227) (9/13/18).

I Rigetti announces quantum cloud services and a $1 million
quantum advantage prize (9/7/2018).

Ryan LaRose | Quantum Technologies and the Second Quantum Revolution

https://www.energy.gov/articles/department-energy-announces-218-million-quantum-information-science#.W8KRQdOjbmI.twitter
https://www.energy.gov/articles/department-energy-announces-218-million-quantum-information-science#.W8KRQdOjbmI.twitter
https://quantumcomputingreport.com/news/u-s-government-releases-national-strategic-overview-for-quantum-information-science-and-awards-249-million-for-over-a-hundred-different-quantum-related-research-projects/
https://quantumcomputingreport.com/news/u-s-government-releases-national-strategic-overview-for-quantum-information-science-and-awards-249-million-for-over-a-hundred-different-quantum-related-research-projects/
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https://www.nrf.gov.sg/Data/PressRelease/Files/201809171437155314-Press%20Release%20(Quantum%20Engineering%20Programme).Final.pdf
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Quantum Computing
Quantum Algorithms

Quantum computers store information in qubits. A quantum algorithm
is a sequence of qubit operations to solve a particular problem.

Several quantum algorithms admit speedups over the best known
classical algorithms.

I Quantum Fourier Transform (Shor, 1995)
I Compute FT in polynomial time.
I Used as subroutine in factoring,

approximating eigenvalues (PEA).
I Matrix Inversion (HHL Algorithm, 2008)

I Input |b〉, output ∼ |A−1b〉 where A is
sparse and well-conditioned.

I Exponential speedup over best classical
algorithm.

QFT Circuit

I Grover’s algorithm (1996)
I Time O(

√
N) to probably

find an item in N unordered
items.

I Quadratic speedup.

Ryan LaRose | Quantum Technologies and the Second Quantum Revolution
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Quantum Algorithms for Chemistry
Key Area #1 | Quantum Computing Software

First proposed by Richard Feynman [1], quan-
tum computers may handle well the exponen-
tial “explosion” inherent in simulating many
body physics.

“NATURE ISN’T CLASSICAL, DAMMIT, AND IF YOU

WANT TO MAKE A SIMULATION OF NATURE, YOU’D BET-

TER MAKE IT QUANTUM MECHANICAL.” - FEYNMAN

Hamiltonians are expressed in second
quantization

H =
∑
p,q

〈p|ẑ|q〉a†paq+
1

2

∑
p,q,r,s

〈pq|v̂|rs〉a†pa
†
qasar

and the fermionic creation/annihilation
operators are mapped to qubit opera-
tors via, e.g., the Jordan-Wigner trans-
form

a
†
p → (Xp + iYp)Z1 · · ·Zp−1

ap → (Xp − iYp)Z1 · · ·Zp−1

to obtain quantum circuits [2].

Variational Quantum Eigensolver
Algorithm to approximate the ground
state energy of molecules using the
Raleigh-Ritz variational principle [3].

Ryan LaRose | Quantum Technologies and the Second Quantum Revolution
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Quantum Algorithms for Optimization
Key Area #2 | Quantum Computing Software

Combinatorial optimization can be thought of
as a particle traversing a fitness landscape [4].

I Quantum mechanically, the particle could
tunnel through barriers to *maybe* find a
local/global minimum faster.

I D-wave’s adiabatic quantum computers
are designed to solve the quadratic
unconstrained binary optimization
(QUBO) problem [5]

minxTQx (1)

where Q ∈ Rn×n and x ∈ Rn.
The quantum approximate optimization algorithm (QAOA) finds approximate
solutions to problems and has been applied to MaxCut [6].

Ryan LaRose | Quantum Technologies and the Second Quantum Revolution



25

Quantum Algorithms for Machine Learning
Key Area #3 | Quantum Computing Software

The big data era requires advanced computational techniques to
analyze massive data sets in, e.g., health, weather, and science.

Potential Quantum Speedups
I Data queries (Grover-like

quadratic speedups)
I Feature learning.

MNIST DATA

Farhi and Neven acheived a 2% cate-
gorical error on classifying handwritten
digits using a 17 qubit simulated quan-
tum computer [7] .

I Limitations
I Used downscaled images
I Data easily classified

classically

Several standard machine
learning algorithms are known for
quantum computers with
exponential speedups [8, 9, 10].

I Principal Component Analysis
I Classification (SVM)
I Singular Value Decomposition

Recent studies of quantum neural
networks and tensor networks
show promise in deep learning
[11].

Ryan LaRose | Quantum Technologies and the Second Quantum Revolution
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Quantum Computing Hardware
Overview

Physically, a quantum computer is a quantum system whose
dynamical evolution can be interpreted as a useful computation.

An operational quantum computer
must include the following:

DiVincenzo’s Criteria [12]
1. Qubits with long coherence

times.
2. Capacity to implement a

universal gate set.
3. Ability to prepare an initial

state (e.g. |00 · · · 0〉).
4. Ability to make a

measurement.

How to build a quantum computer is
understood. How to build it well is the
question.

Qubit Quality
I Long coherence times.
I Independence & connectivity.

Gate Quality
I Short operation time.
I Small error rate.

Ryan LaRose | Quantum Technologies and the Second Quantum Revolution
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Quantum Computing Hardware
Overview

Not Currently Available to General Users

QISKit  
(IBM)

pyQuil  
(Rigetti)

 Quantum
Development Kit 

(Microsoft) 

Project Q 
(ETH Zurich) 

Mac, Windows,
Linux 

Mac, Windows,
Linux 

Mac,
Windows,
Linux 

IBMQX4 
5 Qubits 

IBMQX5 
16 Qubits 

IBM Quantum
Experience

Rigetti 
Forest

Agave 
8 Qubits

Mac,
Windows,
Linux 

IBMQX2 
5 Qubits 

QS1_1 
20 Qubits 

Local Simulator 
~20­30 Qubits

Local Simulator 
~20­30 Qubits 

Member of
IMBQ Network 

Google 

Bristlecone 
72 Qubits 

Local Simulator 
~20­30 Qubits QVM Simulator 

30+ Qubits 

Connecting to Gate Level Quantum Hardware

Register for
API key 

Register
for API
key 

Azure  
Cloud 

Simulator 
40+ Qubits 

Paid subscription
service 

HPC Simulator 
30 Qubits Request

access 

Intel/ 
QuTech 

Tangle Lake 
49 Qubits 

50 Qubit
Prototype 

Local Simulator 
~20­30 Qubits

Acorn 
20 Qubits

Currently
Offline 

ibmq_20_tokyo 
20 Qubits 
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Quantum Computing Hardware
Cloud Quantum Computers

Superconducting qubits have become a popular choice for near-term
quantum devices for their long coherence times.

IBM

I 20 qubit computer available to partners
and members of the IBMQ network.

I 16 qubit computer publicly available for
(limited) use through QISKit.

I Coherence times ∼ 30− 100 µs.
I Gate times ∼ 80 ns for single qubit

gates (SQG), O(100) ns for CNOT
gates

I Gate errors < 0.4%
IMBQX5

Ryan LaRose | Quantum Technologies and the Second Quantum Revolution
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Quantum Computing Hardware
Cloud Quantum Computers

Qubit Quantity

Company Type Technology Quantity
Intel Gate Superconducting 49

Google Gate Superconducting 72
IBM Gate Superconducting 50

Rigetti Gate Superconducting 19
USTC (China) Gate Superconducting 10

IonQ Gate Ion Trap 7
D-Wave Annealing Superconducting 2048

I Qubit number has been slowly
but steadily increasing over time.

I “Quantum Moore’s Law” -
Computational power of quantum
computers ∼ doubles for each
additional qubit.

After QPU Retuned

Before QPU Retuned

Angle in Diagonalizing Unitary

C
os

t

0.0

0.1

0.2

0.3

0.4

0.5

Qubit Quality

“NOT ALL QUBITS ARE CREATED EQUAL.” - DOUG FINKE [14]

Significant limitations remain on cur-
rent and near-term quantum comput-
ers in terms of connectivity, gate and
measurement fidelity, availability, etc.

Ryan LaRose | Quantum Technologies and the Second Quantum Revolution
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Thank you for your attention.
Questions?

These slides are available at https://www.ryanlarose.com

https://www.ryanlarose.com/
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