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Millions of Instructions/sec (MIPS)
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Have we reached the limit of computation power?




BRUTE-FORCE DYNAMIC |
= 9 . SOLUTION: PROGRAMMING SELUNG ON EBAY:
4) 3x9="1 27 ALGORITHMS: O(1)

=3“J§I‘=SH :BJ—g—l = 27 . | STILL WORKING

ON YOUR ROUTE?

http://xkcd.com/759/ http://xkcd.com/399/
“eaSI [” llhard"
(polynomial = efficient) (exponential = intractable)

Algebraic and Number Theoretic Algorithms
Multiplying numbers (factoring)
Word processing Combinatorial optimization (traveling salesman)
Machine learning
Simulating quantum mechanics for chemistry



Our intuition about
what we can compute
IS wrong
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“ Nature isn’t classical, | _
dammit, and if you want s
to make a simulation of | | &
nature, you’d better make V=¥ § At
it quantum mechanical, . \
and by golly, it’s a wonderful “/ _ | \
problem, because it :
doesn’t look so easy.”

-Richard P. Feynman
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Bits




Entanglement

The states of entangled qubits
cannot be described
independently of each other




Using a Quantum Algorithm gt ephon g

to Tackle Big Problems

harness nature
to find solutions

The Spread

Create an equal
superposition of
all 2" states

The Problem

Encode the problem onto
the system by applying a
phase on all 2" of the states

The Magic

Interfere all of these states
back to a few outcomes
containing the solution






Circuit depth (# of operations)

1,000,000

1,000

Towards a quantum advantage

Universal fault-
tolerant QC (distant
future, Shor’s
algorithm for
factoring)

1,000 1,000,000
Circuit width (# of qubits)



Optimization

65

Chemistry

Machine
learning



Quantum Computing Technologies
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Controllability

Coherence Connectivity
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Qubit Processor
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IBM Q Experience (IBM QX)

The World'’s first Cloud quantum computing platform with
guantum researchers, educators and developers ecosystem.

- R TR N W p
Open to public for % % Access via online W|th
research and - ¥ " the web mferface
education o




MORE THAN 70,000 IBM QX USERS

\QI%I& DWIDE
colleges/universities,

300 h |gh schools e et
300 private institutions

Switzerland
Ciement LChastian Javerzac-Galy is using the IBM QX as

pactolthe curriculum in his quantum information science The IBM Quantum Experience has attracted an enthu-
class at Ecol ytechpinue e dzLausanne. slastic i N llowing. Here's a ling of the
activities - from experiments and courses to plenary
sessions = built around our 5-qubit machine.

Quantum Goes Global

Australia
Joanna Batstone, director
of IBM’s Australia lab
in Brisbane, talks about
the potential of quantum
computing duning a panel
at the World Science
F 3
Srica’ estival
Three high schools iSOGt
Africa - Parklands College,
Inkwenkezi Seconddry$nd’
Bloubergrant High<fafy
a quantum worksh
their students usin;
18!

: || |
| m I I o Scott Aaronson integrates

Texas

the 18M QX into recitation
SECHONS 1 a Quantum
information class

for undergraducate

[ ]
upperclassmen at the
University of Texas.

Dr. Christine Corbett Moran
runs experiments on the 18M
QX between measurements on
the South Pole Telescope.

0+ external papers

@ Universities with multiple Quantum Experience users

. Countries with active Quantum Experience users

No active Quantum Experience users

All 7 continents



IBM Q > Experience Home Composer Devices Community GitHub  Signin

FOSTERING A
QUANTUM COMMUNITY "=

Turn Quantum Computing
Knowledge into Action

QISKit Open Source QX User Forums
Quantum Software Exchange information and

Development Kit research results among QX Join the IBM Q experience Community

users wo rI dWi d e an d I B M Q The IBM Q experience Community brings together researchers and quantum
. . enthusiasts to share, connect and collaborate
Fostering developer community. team members.

‘ , This organization Pull requests Issues Marketplace Explore

.
QISKlt ] FaQ

| . Software [IT) Beginner's Guide
Quantum Information Software Kit

2 Unable to get Qiskit to work on Anaconda on windows 10 (7] Fulluser Guide
http:/fwww.giskit.org qiskit@aqiskit.org comments Hi,ive been trying to get iskit to work on windows 10 for ages. Ive followed the instructions but when i run

jupyter i get this error ModuleNotFoundError: No m...

@ anarchy  Postedddaysago  Lastcomment by anarchy 10 hours ago Tags
El Repositories o People 20 0 quantum computing  gates

likes insteilzgory paper  algorithm  IBMQE
measurement  qiskit
Pinned repositories Guriseal newfeatures  basics  doubts
1 Trouble Running Experiment quantum 1M 5Q
. N R comments I'm having trouble running the &quot;Example Real Chip Backend&quot; code show more...
qiSklt‘Sdk“py qusklt—tutorlal opengasm 12 from https://github.com/QISKit/qiskit-sdk-py/blob/master/doc/example_real_backend.rstl...
Software development kit for writing quantum A collection of Jupyter notebooks using QISKit Gate and operation specification for guantum views Q juanignacloatamie  Postedl6howsag  LastEomment by dougmeciure 12 hoiits ago Top Users (Last week)
computing experiments, programs, and circuits 0 P
applications. 0000000
@®Python K 1.3k ¥ 349 @ Jupyter Notebook W 196 ¥ 83 ®Tex K163 Yaz
General

Acknowledgements Twitter Timeline

Iran an experiment in the IBM Q Experience and would like to publish the results. Apart from acknowledging the T 1t
ibqu~ backend-information ibqu-userhguides 1BM team and the IBM Q Experience at the end of ... WeelS vy @BMResearch @
Information about the different backends on the The users guides for the IBM Q experience o @ navascues  Postedadayago  Lastcomment by dougmeclure 16 hours ago )5M Rasearoh Ratweetad
|IBM Q experience 0 e Quantum Sci & Tech

likes @QuantSciT

66 Y30 @HTML %36 Y19 New from @IBMResearch; Multi-

path interferometric Josephson
directional amplifier for qubit readout
ow.ly/123Q30hZW76

General
2 optical computation

comments Does IBM work on optical computer and culd we produce Qbie with light ?

Type: All~ Language: All = 46 @ bt

Posted a day ago Last comment by tucci a day ago




ﬂ Courses » Programs - Schools & Partners About - ‘Scarch Q| Sign In

F O S E R I N G A Home > All Subjects > Computer Science > Quantum Information Science |, Part 1
I Quantum Information Science |,
Part 1 In Session
mechanics? This is the course for yOU! Massachusetts Institute of Technology and
learn about other offerings related to

Want to learn about quantum bits, quantum SEATUMIL AN BRI 15, 2018
logic gates, quantum algorithms, and quantum m
communications, and know some linear algebra
Quantu m Com putl ng QX for Ed uCatIon III-I— ::;:::“:“u Quantum Information Science |, Part 1
L Technology
Outreach

but haven't yet learned much about quantum I would like ta receive email from

MIT Quantum Information
Science course material by About this course

IBM Q team members giving o TE | s
. P rOf I ke C h u ang This course is part of a three-course series that provides an introduction to the theory and practice of week
quantum tutorials and talks at S PG W
@ Frice FREE

COI | eg es a nd un |Ve rs |t|eS . e the physics of information processing 221;:;:2:

Length 5weeks

e guantum logic $49 USD
« guantum algorithms including Shor's factoring algorithm and Grover's search algorithm
T Institution: MIT

e quantum error correction A st :

e guantum communication and key distribution 7= Subject Computer Science
IQG !QC IBM NA Careers S This course will help you establish a foundation of knowledge for uﬁderstamding what quantum *® Lo Intermediate
ey QuantumIQC @IBMH \ Follow Vv computers can do, how they work, and how you can contribute to discovering new things and solving

- : problems in quantum information science and engineering. ¢ Language English

#USEQIP students testing algorithms with the #MITatIBM tech demo: MIT students are Hheflinsecamseseribscomprlins R Vo ngish

#BM #QuantumExperience. Thank hri :
Q p ® CI 4 you C S Iearnlng abOUt #lBMQ and quantum » 8.370.1x: Foundations of quantum and classical computing - quantum mechanics, reversible
Wood and @IBMResearch! i | i i i computation, and quantum measurement
) , , computing! ibm.biz/Bdjaxb #MITatIBM
#daylnthel IfeOfuseq e} : = 8.370.2x: Simple quantum protocols and algorithms - teleportation and superdense coding, the
” =i "- i ( Deutsch-Jozsa and Simon's algorithm, Grover's quantum search algorithm, and Shor's quantum o o @ @ e

factoring algorithm

Share this course with a friend

« 8.370.3x: Foundations of quantum communication - noise and quantum channels, and quantum

key distribution Prerequisites

Calculus and linear algebra
Prior knowledge of quantum mechanics is helpful but not required. It is best if you know some linear
algebra.

This course has been authored by one or more members of the Faculty of the Massachusetts Institute
of Technology. Its educational objectives, methods, assessments, and the selection and presentation
of its content are solely the responsibility of MIT. MIT gratefully acknowledges major support for this
course, provided by IBM Research. This course on quantum information science is a collective effort to
further advance knowledge and understanding in quantum information and quantum computing.

For more information about MIT's Quantum Curriculum, visit quantumcurriculum.mit.edu.

What you'll learn

& guantum mechanics



IBM Q Network  Learn  Experiment

ibm.com/ibmq
Go to Experiment

Contact an expert

IBM Q is an industry-first initiative to build commercially available
universal quantum computers for business and science.

Composer  Devices Community  GitHub | Signin

Welcome to the IBM Q Experience!

Explore the world of quantum computing! Check out our User Guides and
interactive Demos to learn more about quantum principles. Or, dive right in to

| | | | : - .
create and run algorithms on real quantum computing hardware, using the
I g l l I l l O a Cce S S Quantum Composer and QISKit software developer kit.
|
IBM Q Experience

Introducing the IBM Q Experience for Visibility for your papers Priority and early access to

devices
Researchers

A community built for individuals who actively contribute to the advancement of the field through
peer-reviewed publications. Our goal is to provide quantum researchers with the support,
collaboration and tooling they need to do high quality work.




v Backend: ibmgx5 (16 Qubits) [UAGTIVEN  AvarLABLE ON QISKIT

Q0 Q1 Q2 03 Q4 Q5 Q6

5-Qubit

? Frequency (GHz) 5.26 5.40 5.28 5.08 4.98 5.15 5.31
u @) +—) O, T1 (us) 3510 37.20 42,50 39.50 52.20 33.00 47.50
- u I t T2 (1) 2930 5030 65.60 6710 86.40 52.50 85.40
Date Calibration: 2018-01-31 06:25:30 Gate error (10~%) 241 426 483 211 113 261 1.37
Fridge Temperature: 0.0135672 K Readout error (10~%) 7.13 693 429 1050 870 571 4.03
a n d More details e CX1.0 CX2_3 CX3_4 CX5_4 CX6_5
MultiQubit gate error (10 %) 639 499 355 488 362
- €x1_2 CX3_14 cX6_7
8.56 3.92 4.79
]
cX6_11
3.94

. I t
S I m u a o r v Backend: ibmgx4 (5 Qubits) - AVAILABLE ON QISKIT

Q0 Q1 Q2 Q3 Q4

a re l Frequency (GHz) 5.24 5.30 5.35 {5l 5 18
T1 (us) 40.60 49.60 4250 43.20 52.60
(=) ()

A u I I I T2 (us) 22.90 45.20 40.10 12.10 29.00
Va I a e Date Calibration: 2018-01-31 08:18:35 Gate error (10°%) 713 094 155 155 1.80
Fridge Temperature: 0.021 K Readout error (10%) 6.20 470 1010 8.80 6.20

|
More detail CX1.0 CX2_0 CX3_2
o r p u I c kil MultiQubit gate error (10~%) 1613 9.94 236

CX2_1 CX3_4

5113 2.70
cx2_4
4.96
v Backend: ibmgx_gasm_simulator - SIMULATOR AVAILABLE ON QISKIT
Number of qubits 20
Conditionals (if) Yes
v Backend: ibmgx_hpc_gasm_simulator - SIMULATOR AVAILABLE ON QISKIT
Number of qubits 32

Conditionals (if) No




www.qiskit.org, twitter: @qiskit

Software kit for short depth quantum circuits and building near term
applications and experiments on quantum computers.

QISKit

Quantum Information Software Kit

‘“- Join our Slack community

Approximate Quantum Computing: From advantage to applications

Recordings now available!

Latest version e %8 Learn Run a quantum program
The Quantum lnformatic?n Software Kit ((?ISKi.t for short) is a Use QISKit to create quantum computing program.s, compile them, [python3] $ pip 1nstall qiskit
software development kit (SDK) for working with OpenQASM and and execute them on one of several backends (online Real

the IBM Q experience (QX). quantum processors, and simulators).

from giskit import QuantumProgram

gp = QuantumProgram()

qr = gp.create_quantum_register('qr',2)
cr = gp.create_classical_register('cr',2)
GitHub Tutorials gzlh‘:gs.[;ﬁate_cnculh Bell®, [qr], [cr])
qc.cx(qrl@l, qrl1])

qc.measure(qr[@], crio])
qc.measure(qgr[1], crll])

result = gp.execute('Bell’)
print(result.get_counts('Bell'))

Python 3.5+ required, see more in the docs

Documentation

Road map

IBM Q experience



http://www.qiskit.org/

Quantum
Information
Software Kit

Table Of Contents

Installation and setup
Cetting started

QISKit overview
Developer documentation
SDK reference

Installation and setup

This Page

Show Source

QISKit Documentation

Quantum Information Software Kit (QISKit), SDK Python version for working with OpenQASM and the IBM Q experience (QX).

Table of Contents

e |nstallation and setup
o Installation

o Install Jupyter-based tutorials

o FAQ
* Getting started
o Quantum Chips

o Project Organization

e QISKit overview
o Philosophy

o Project Overview

e Developer documentation

o Programming interface

QISKit / giskit-sdk-py

<> Code Issues 15

—

Pull requests 8 Boards Reports

® Watch 151

Projects 0 Wiki

Python software development kit for writing quantum computing experiments, programs, and applications.

http://www.qiskit.org

guantum-computing giskit

D 1,080 commits

sdk

python guantum-programming-language

¥ 5 branches © 10 releases

A2 35 contributors

* Star 909 YFork 261
Insights
sfs Apache-2.0

Branch: master ~

i .github

New pull request

Pl westurner committed with diego-plan® Update README.md Jupyter Notebook(s) (#176)

Add templates for issues and pull requests

Gl

Latest commit d2e9c2d 3 hours ago

5 months ago



Construct a quantum program in QISKit

In QISKit, a quantum program is a collection of quantum circuits, together with
methods to execute them on different backends (simulators, devices)

# Create a GHZ state

qc.h(q["])
for i (4):

qgc.cx(qfi], q[i+1])

from qiskit import QuantumProgram
import Qconfig

gp = QuantumProgram()

g = gp.create_quantum_registers(“0”, ©)
Cc = gp.create_classical_registers(“c”, ©)
gc = gp.create_circuit("0 2", [q], [c])

# Insert a barrier before measurement
gc.barrier()

# Measure all of the qubits in the standard basis
fori ():
gc.measure(q[i], c[i])




Chemistry with a quantum computer!
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Provided as a QISKit notebook using IBM Q Experience devices w

Hardware-efficient variational quantum eigensolver for small molecules and quantum magnets ||:||:||
Abhinav Kandala, Antonio Mezzacapo, Kristan Temme, Maika Takita, Markus Brink, Jerry M. Chow & Jay M. Gambetta, doi:10.1038/nature23879 [[1m]]
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CHEMICAL
SOLUTIONS

Quantum computers
extend their reach

to solve electronic
structures of &
smallmolecules !

PAGE 242

NATURE.COM/NATURE
14 Septembue 2017 £10
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doi:10.1038/nature23879

Hardware-efficient variational quantum eigensolver
for small molecules and quantum magnets

Abhinav Kandala'*, Antonio Mezzacapo'*, Kristan Temme', Maika Takita!, Markus Brink', Jerry M. Chow! & Jay M. Gambetta'

Quantum computers can be used to address electronic-structure
problems and problems in materials science and condensed matter
physics that can be formulated as interacting fermionic problems,
problems which stretch the limits of existing high-performance
computers’. Finding exact solutions to such problems numerically
has a computational cost that scales exponentially with the size of
the system, and Monte Carlo methods are unsuitable owing to the
fermionic sign problem. These limitations of classical computational

problem using the quantum phase estimation algorithm'®. Although
this algorithm can produce extremely accurate energy estimates for
quantum chemistry2’3’5'8, it applies stringent requirements on the
coherence of the quantum hardware.

An alternative approach is to use quantum optimizers, which
have previously demonstrated utility, for example, for combinatorial
optimization problems'®!” and in quantum chemistry as variational
quantum eigensolvers (VQEs) where they were introduced to reduce



Thank You!




