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Reviews

"The Model M revolutionized classical programming, and the
Model Q is bound to do the same for quantum. The Model Q
Quantum Keyboard is the must-have accessory for any serious
QISKitter. | particularly appreciate the tactile and auditory
feedback it provides." Lev D. Bishop

00:50% 01:0% 10:0% . . :
11:50% "lt's amazing! The keys create the physical entanglement

between Q-chip and me. | love the feature of assigning a
waveform sound to every interaction -- it's like playing a Q-
piano. Every second that | use it, my brain enters into a
superposition state.” Ismael C. Faro, IBM Q developer team

"We've been working on this in the laboratory for the past year.
It's taken several prototypes to get the color scheme just right.
The first few put some programmers in the hospital, but we've
worked out all those bugs.” David R. McKay, technical lead of
keyboard development and engineering

"Using the Model Q Quantum Keyboard always leaves me in an
excited state! Its ergonomic design allows your hand to rest in a
superb-position, and it feels as if you could almost touch the
qubits. It's so cool!” Lead QISKit Developer Diego E. Moreda

"It's greatly improved the quality of my daily calibration runs.”
- Sarah D. Sheldon, qubit calibration engineer

"I am no longer confused about quantum programming! Now it's
child's play.”
- Jerry . Chow, head of quantum development

"I like the colors and its developer console.” - Remarked
Dr. Chris T. Wood, PhD.

“Happy April Fools 2018"
from the IBM Q Team

https://giskit.org/modelq/*



https://quantumexperience.ng.bluemix.net
https://qiskit.org/modelq/
https://akarazeev.github.io
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1BV Quantum Experience

* Wide range of quantum devices with free access to users (5
and 16 qubits). IBM Q 20 is available only if you are a partner
of IBM or a member of the IBM Q Network.

* Quantum processor with 50 qubits was announced in the
end of 2017.

e QISKit (Quantum Information Software Kit) — open source
SDK for working with OpenQASM and the IBM Q quantum
processors.

* Create quantum computing programs, compile, and execute
them.online N a rgal guantum processors or simulators.


https://quantumexperience.ng.bluemix.net

rigetti

RIGETTI COMPUTING INTRODUCES

Forest

An API for quantum computing in the cloud.

NEw 19Q Processor REQUEST UPGRADED ACCESS >

Get started for free

Full Name

Forest is a developer environment for quantum programming.

Forest provides free developer access for up to 26-qubits of our simulator the Quantum Virtual

Machine™ and private access to our quantum hardware systems for select partners.

( » ) watch Video 55:38

Open Source Software [r] Superconducting Quantum Processors

Example Algorithms [@] Python Development Tools

EMAIL API KEY
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https://www.rigetti.com

taetti
vigedu > Rucm

D

Quantum Virtual

M ach i ne ' ‘ The latest generation of our supercondugting:

quantum processors provides 19 fully progr -
The QVM is a high performance simulation ‘

environment for developing and testing quantum
programs.
B available ever.

Free access to up to 26 simulated qubits
REQUEST ACCESS

(ll,. Customizable noise models

Q] Private access for 30+ qubits

https®//www.rigetti.com/forest
» E—


https://www.rigetti.com
https://www.rigetti.com/forest
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Rigettl
* Free access up to 26 simulated qubits.

* Access by reqguest to superconducting quantum
processor with 19 fully programmable qubits (19Q).

* Open source Python library pyQuil for constructing,
analysing, and running quantum programs.

 (Grove — a repository with implemented quantum
algorithms using Forest API (including quantum
Fouzier transfo&m, QAOA, phase estimations, etc.)



https://github.com/rigetticomputing/grove
https://www.rigetti.com
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trawberry Fields (by Xanadu
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https://www.xanadu.ai
https://strawberryfields.ai

- RO
Strawberry Fields (by Xanadu)

 They developed a full stack software solution for
simulating quantum photonics and continuous
variable quantum computing. \

 Integrated support for TensorFlow — creating a
framework that combines the latest advances in
{deep, machine} learning with quantum
computation.

o Strawberry Fields includes a suite of quantum
simulators implemented using NumPy and
TensorFlow — these convert and optimise Blackbird
code for classical simulation.

-

* Future releases willgarget experimental backends.



https://www.xanadu.ai
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(Gooagle Quantum Research

e /2 qubits based on superconducting circuits in 2018.



https://ai.google/research/pubs?area=QuantumAI
https://ai.googleblog.com/2018/03/a-preview-of-bristlecone-googles-new.html
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Quantum companies

Company

IBM Q

Devices with 5 and 16
qubits, simulators with
20 and 32 qubits

QISKit

Manuals are available

Actively trying to
achieve gquantum
supremacy

By request to 19Q
processor, free access
up to 26 simulated
qubits

Forest

Library with implemented
quantum algorithms called Grove

Quantum startup. Now
they have quantum
chips and all kinds of
quantum software

You have to contact D-
Wave engineers and
collaborate with them

Few libraries are available here
but it’'s hard to use them without
help from D-Wave

The only company
offering a quantum
computer to
marketplace

Leaders by the
numbers of qubits

Q# language and compiler

Strawberry Fields
interface

Strawberry Fields

Quantum programming

language Blackbird
- -

They are developing a
quantum photonic
processor



https://quantumexperience.ng.bluemix.net
https://github.com/QISKit/qiskit-sdk-py
https://www.rigetti.com
https://www.rigetti.com/forest
https://github.com/rigetticomputing/grove
https://www.dwavesys.com
https://github.com/dwavesystems
https://docs.microsoft.com/en-us/quantum/quantum-qr-intro?view=qsharp-preview
https://www.xanadu.ai
https://strawberryfields.ai
https://github.com/XanaduAI/strawberryfields
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Series of seminars

¥= A series of jupyter notebooks dedicated to introduction to Quantum Computing http://rqc.ru/

quantum-computing russian-quantum-center seminars Manage topics

D 26 commits ¥ 2 branches © 0 releases 42 1 contributor sfs Apache-2.0

Branch: master v New pull request Create new file  Upload files = Find file Clone or download v

A akarazeev Fix probs Latest commit d@c49c4 17 days ago

B8 01_Introduction Fix probs 17 days ago
BB 02_IBM_QISKit Fix latex 18 days ago
B8 03_Rigetti_pyQuil Fix X and | 17 days ago
i img Add img folder 18 days ago
£) .gitignore Up 19 days ago
£) LICENSE Rename LICENSE 19 days ago
E) README.md Up README 18 days ago

) requirements.txt Add requirements 18 days ago

. B
https:/github.com/RQC-QApp/Seminars
_ o .



https://github.com/RQC-QApp/Seminars
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README.md

BesepeHue B KBaHTOBbIE BblYUceHUs. CeMUHapbl \\}\ Rﬂc

Russian Quantum Center

CopepxxaHue

e BepeHue:
i. [intro_to_qgc.ipynb]
= OCHOBHbI€ NOHATUS U3 TUHENHOM anrebpbl
= [MpUHLMMNbI KBAHTOBOW MEXaHUKM

e BblumcneHnus ¢ nomoupto QISKit'a u o6nayHor nnatpopmbl IBM Q Experience:
i. HacTpolika coeanHeHus ¢ APl cepeucos IBMQX: [ibm_setup.md]

ii. [ibm_intro.ipynb]
= BasoBble onepauuu, remTbl
= [IpencraBneHue pesysbTaToB

e BbluncneHus ¢ nomolupbto pyQuil'a, Grove 1 obnavHoi nnatdpopmbl Forest ot Rigetti:
i. Hactpolika coeanHeHus ¢ APl cepeucos Rigetti Forest: [rigetti_setup.md]

ii. [rigetti_intro.ipynb]
= Ba3oBble onepauuu, reiTbl

= [IpencraBrieHue pesysbTaToB
3aBUcCUMoOCTH

[ng paboTbl C ceMnHapamMm HeobxogmMMo Hanuuue cnegyowmx Python-nakeTos:

e NumPy >=1.13.3
SciPy >=1.0.0
pyQuil >=1.6.2
QISKit >=0.4.9

https:/github.com/RQC-QApp/Seminars
. - .
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\ * Anton Karazeev: a.karazeev@rqc.ru or t.me/akarazeev
‘ \ * Based on Introduction to Quantum Computing
N

Russian Quantum Center  + The latest version of this notebook is available here

OT1 Knaccu4yeckoro 6urta K kyourty / From Bit to Qubit

BeposiTHOCTHbIe OMTbI Kak BEKTOPHbIe npocTpaHcTBa / Probabilistic Bits as Vector Spaces

- -
Bo3mMoXHble pe3ynbTaTbl USMEPEHUs buta npeancraBMm B Buae OPpTOHOPMUPOBAHHbIX 6a3uUCHbIX BEKTOpOB 0 n 1.W Ha3oBéM ux ncxopgamm.

- 1 - 0
Hanpumep, B ABYMEPHOM npocTpaHcTee 6a3ncHble BEKTOPbI MOXHO NPeAcTaBuTb creaytowmm obpasom: 0 = ( 0) nl= ( ) )

Bbi6op obycnoBneH cnegyoLmm:

o OHV HOpMUpOBaHbI (MX ONTMHbI PaBHbl EOUHNLE):

(1))=1-1+0-0=1—>1ength(6’)=\/i=1

._1)=(0 1)((1))=0-0+1-1=1—>1ength(_1))=\/i=;1

« U opToroHanbHbl (ckansipHoe npouaseaeHue pasHo 0):

- > - > ->T > 0
(1,0)=(0,1)=0 -1 =(1 0)(1>=1-0+0~1=0

O6o3HaueHus

T —
V 03Ha4yaeT TpaHCMOHUpOBaHMe BeKTopa Vv .

- - 2 = =
Onepauus ( u,v ) Ha3blBaeTCsA onepauuen cKanasipHOro npom3seaeHust BEKTOPOB U U V .

i - - - =
mHHOM BEKTOpa VvV Ha3blBaeTcs Be/IM4nHa | v I = ( 1Y )

Mpumepbl

1 i 2 1 3
TpaHCNoOHUPOBaHMe: NyCTb V= (0 ) Torga T}ﬂ = ( 1 0 ) B cnyyae ¢ matpuuamu: nycte X = ( 3 4 > torpa X7 = (2 4 >

— up — V1 - > -7 - V1
CkansipHoe npou3BegeHue: Nyctb U = NVE— , TOrga ( u,v ) =UuU -V = (ul U ) =u; vy +up v,
U V2 12}

- - N — -
A ucxoabl (0 n 1) obpasyioT AByMEpHOE BEKTOPHOE NPOCTPaHCTBO, KOTOPOe NpeacTasnseT BeposiTHOCTHeIM 6ut: v =a- 0 +b- 1, rpeanb

- BEPOSAITHOCTU TOro, YTO 6UT NpUHUMaeT 3HadYeHue 0 unu 1 cooTBeTcTBeHHO. OYeBMAHO, 4YTO @ + b [OOJIXXHO paBHATLCA 1.

INntro_to_qgc.ipynb - -
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Cdepa bnoxa / Bloch Sphere

3TOT Nepexof K KOMMJIECKHbIM BEKTOPaM 03HayaeT CnyaytoLlee - BMECTO TOro, YToBbl NPeACTaBAaTb BEKTOP COCTOSIHUS Ha MIOCKOCTU, Mbl ByaeM
NpeacTaBnsTh ero Ha caepe.

Source

CoCTOosiHNE U3 HECKOMNbKMX KYBUT MOXET BbiTb TOYHO TaK Xe NpeacTaB/ieHO, CNY B3ATb TEH30PHbIE NPOU3BEAEHUsI MPOCTPAHCTB U COCTOSIHWIA.
Takum 06pa3oM, cuctema na 1 KybuT yaet uMmeTb 2" BO3MOXHbIX COCTOSIHUIA.

Onepauuun Hap Kyoutamm / Qubits Operations
Ha npumepe IBM Q Experience Composer

alo] [0)

a1l (o)

Tak BbIFNSAUT NPOCTENLLIAn KBaHTOBas Lienb, cocTosiwas ua reintos Agamapa (H) n CNOT (Feit == Onepauusi == Marpuua). B KoHLe cTosiT 6510Ku,
KOTOpble OTBEYAlOT 3a MU3MepPeHue COCTosHUA KybuT B 6asuce o-.

. INntro_to_qgc.ipynb -
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Series of seminars

\ » Anton Karazeev: a.karazeev@rqc.ru or t.me/akarazeev
‘ \ + Based on QISKit Tutorial

N FRussian Quantwm Center  + The latest version of this notebook is available here

IBM Q Experience

BBepeHue

from giskit import QuantumProgram

# Co3paém 06beKT A/1si KBAHTOBOW IpOrpammsl.
gp = QuantumProgram()

# Tenepb HeEObXOAMMO yKa3AaThb CKOJIbKO HAM MOHAROOUTCS KBAHTOBbIX PErNUCTPOB (KYyobUT)
# U KNAaCCUHECKHUX PErnCTpOB.

#

# B oboux cnydasix ykasaHo 2. [loMMMO KONMYECTBA UM MpUCBAUBAIOTCS WBEHTUPUKATOPSI
# B pamkax nporpamusl “gp~: "gr" un "cr" COOTBETCTBEHHO.

gr = gp.create_quantum register('gr", 2)

cr = gp.create_classical_register('"cr", 2)

# (038aéM KBAHTOBYI UMb C KBAHTOBbIMA PErUCTpamn “qr>, KAACCUYECKUMU pErnucTpamu “cr” U HasbiBaem €€ "Bell'.
gc = gp.create_circuit("Bell",[qr],[cr])

# HauynHaem [06aBNsiTb pa3MyHble relTsl (onepaumn Hag Kyburtamm).

#

# CUHTaKCUC Chesyoumi:

# "<KBAHTOBASl _LEMNb>.<rehT>(<KBAHTOBbIN/KNACCUYECKNI pErucTp, napameTpsl, etc. - B 3ABUCUMOCTH OT reita>)".

# ledT Agamapa Ha HyneBou KybuT.

gc.h(gr[0]) 5 5 ;

# Controlled NOT (CNOT) relT, KOTOpPbIi UCMONb3YeT “qr[0] KybuT Kak yrnpasnsiouymi, a Kybut “qr[l]> Kak Taprer.
gc.cx(qr[0], qr[l]) .

# U3MepnTb HyneBowi KybuT u 3anucatb U3MEPEHHOE 3HAYEHUE B HYJIEBOW PErucTp.

gc.measure(gr[0], cr[0])

# W3Mmeputb “gr[l]° u 3anucatb B “cr[l]".

gc.measure(gr[l], cr[l])

# 3anyCcTuTb BbINONIHEHUE MNporpamvbl "Bell" Ha 63K3HAE (HBEPONTHO Mporpammsl 3anyCKawTCs HA CUMYISITOPE
# "local gasm simulator”).
result = gp.execute("Bell")

# locMoTpeTs Ha pe3ynbTartsl nporpamvel B Buge "{'00': nl, '01': n2, ...}", r4e nl, n2,
# COOTBETCTBYWIUNX NCXO[OB.
print(result.get_counts("Bell"))

{'11': 529, '00': 495}
%load_ext autoreload

$autoreload 2
import utils

. ibm_intro.ipynb -
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In [84]: | # [lpoBepsieM CTATyC nporpamMmsi.
result_real.get status()

Out[84]: 'COMPLETED'
In [86]: %%time

# ucrtorpamma pacrnipeneneHnsi UICXo40B HA HACTOSIEM KBAHTOBOM yCTPOUCTBE.
plot_histogram(result_real.get_counts('Bell'))

0.486328

0.417969

Probabilities

0.045898 0.049805
§ §
8§ ]

Mpo KpeguTbl:

Experiment Units: 3 @

Experiments with 1024 shots
or less = 3 units.

Experiments with more than
1024 =5 units.

If you execute the experiment
on a simulator, units are not
consumed.

Source

Peannsauusa KBaHTOBbIX Leneun

o) —7]

. Ibm_intro.ipynb o 8 .
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\ « Anton Karazeev: a.karazeev@rqc.ru or t.me/akarazeev
‘ \l « Based on Introduction to Quantum Computing

N Russian uantum Center  + The latest version of this notebook is available here

Rigetti Forest

BBepeHue

In [32]: from pyquil.quil import Program
from pyquil.gates import H, CNOT
from pyquil.api import QVMConnection

# Co3paéM O6bEKT A1 KBAHTOBOWM MPOrpamMl.
p = Program()

# "MyTupoBaHmne" KBAHTOBOW Mporpamvbl 1nof [EACTBUEM oneparopa “H(0) - redt Agamapa, KOTOpbiA

# [AeNCTBYET Ha Hy/NeBow KybuT.

p.inst(H(0))

# JlobaBneHne CNOT revta, KOTOPbIM MCIONb3YET HYNEBOW KyOUT Kak yrnpasisiowmvi, a nepsbii KyouT Kak taprer.
p.inst(CNOT(0, 1))

# 06beKT "KBAHTOBOW BUPTYANIbHON MAWWHbI" - CO3[AET COEAUHEHME C 0b6/1a4HbIM GIK3HAOM.
gvm = QVMConnection()

# 3anyckaeM KBAHTOBYW nporpamMdy “p~ Ha 63K3HAe.
result = gvm.wavefunction(p)

# [locMoTpeTb Ha pe3ynbTarsl nporpammsl B Bupge "{'00': pl, '01': p2, ...}", rge pl, p2, ... - BEPOSITHOCTYU
# COOTBETCTBYWOINX UCXOH[O0B.
print(result.get_outcome_ probs())

{'00"': 0.49999999999999989, '01': 0.0, 0.49999999999999989}

In [33]: # [locTpouM rucrorpamMy UCXOA[OB.
result.plot()

05

rigetti_intro.ipyn . .
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N3mepeHune Kyourta

# YKa3biBaeM WHAEKCblI KAACCUYECKUX PErUCTPOB AJIS 3alUCH.
classical_reg_index_ 0 = 0
classical_reg_index_ 1 1

# YKka3biBaeM WHAEKCbl KBAHTOBbIX PErnuCTPOB A/ U3MEPEHMUS.
quantum _reg_index 0 0
quantum _reg_index 1 1

# Co3paém npocTyw nporpamdy, pe3y/bTaTsl U3MEPEHWUV 3anUCbIBAEM B COOTBETCTBYOUMNE PETNUCTPbI.
p = Program(I(0), X(1))

p.measure(quantum reg index 0, classical reg_ index_0)
p.measure(quantum reg index 1, classical_ reg_index_1)

Out[41]: <pyquil.quil.Program at 0x10£005240>
In [42]: | # YKka3biBaeM KAACCUYECKNE PErucTpbl, COCTOSIHUE KOTOPbIX HaM UHTEPECHO MOC/E 3ABEPUEHUS MPOrpammbl.
classical_regs = [0, 1]

# 3anyckaeMm rnporpamMmy Ha KBAHTOBOM CUMYJISITOpE.
print(quantum simulator.run(p, classical_regs, trials=4))

(eo, 11, o, 11, 10, 11, [0, 11]

lenT Apamapa

i i
Hzﬁ(l —1>:
HIO)=¢(1 _11) ((1)) ;2 (i) =$(|0)+|1))=|+>,

HIl) = ﬁ(i _11) (?) LZ (_11) = é(lO)—ll)):l—).

from pyquil.gates import H

program = Program(H(0))

wavefunction = quantum simulator.wavefunction(program)
print("H|0> = ", wavefunction)

print("BeposiTHOCTM MCXx0poB:", wavefunction.get outcome probs())

H|0> = (0.7071067812+03)|0> + (0.7071067812+07) | 1>
BeposATHOCTM MCXOA0B: {'0': 0.49999999999999989, '1': 0.49999999999999989}

. rigetti_intro.ipynb
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Applications of QCs

Quantum chemistry

Simulations of physical systems

Optimisation tasks such as MaxCut, k-SAT, etc.

Grover’s algorithm, Shor’s algorithm

Quantum PCA, SVM, etc.
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What about Machine Learning

algorithms?

Quantum Neural Network (Hopfield Network)

Unsupervised Machine [ earning (Clustering)

Quantum Classification (MNIST dataset)

Quantum Approximate Optimisation Algorithm (QAOA)

Restricted Boltzmann Machine: guantum training,

quantum state tomography
- .



https://medium.com/xanaduai/making-a-neural-network-quantum-34069e284bcf
https://medium.com/rigetti/unsupervised-machine-learning-on-rigetti-19q-with-forest-1-2-39021339699
https://www.ibm.com/blogs/research/2017/03/quantum-algorithm-classifies-9500-handwritten-numbers/
https://arxiv.org/abs/1411.4028
https://arxiv.org/abs/1712.05304
https://www.nature.com/articles/s41567-018-0048-5

- ROCE:
Quantum Machine Learning

Quantum ML to
quantum problems

Quantum ML to

to to
quantum problems

1. Quantum RBM for
MaxCut problem
(using QAOA for

RBM training)

1. Classical RBM for
Quantum state
tomography

DO

2. Training of RBM

on D-Wave
processors required We have ideas
less iterations to concerning such
achieve high cases
accuracy of MNIST
dataset classification

We don'’t deal with | 2. Identitying phases
such cases of matter using CNNs
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Design tool flows in Classical and
Quantum computers

a 1950s computing

Assembly language
(low-level) programs

Relay circuits and
discrete wires

. gal

Programmin
istic quantu

languages and compiler design for
ardware, do.i :10.1 03.8/natu re23459



. . . RQRAC =
Design tool flows in Classical and

Quantum computers

a 1950s computing b Classical computing today

Algorithms

Compiler

Hardware building
blocks: gates, bits

Relay circuits and
discrete wires

Programming languages and compiler design for
Qalistic quantumthardware, d%ﬂ 0.1 03.8/nature23459
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Design tool flows in Classical and

Quantum computers

a 1950s computing b Classical computing today € Quantum computing

Algorithms Algorithms

High-level languages High-level languages

Compiler Classical compiler Quantum compiler

Classical architecture

(memory, arithemetic Cla‘ssmal Ouantu
operations, control architecture uantu

: i (control operations) architecture
operations, communication) (QC gates, qubits,

Hardware building Hardware building communication)
blocks: gates, bits blocks (gates, bits)

Error-correction

Assembly language VLSI circuits VLSI circuits and control pulses

(low-level) programs

Relay circuits and
discrete wires

Programming languages and compiler design for
galistic quanturr?hardware, do.i:10.1038/nature23459
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“The best way to predict the future is to create it.”

— Abraham Lincoln

Anton Karazeev
Russian Quantum Center
a.karazeev@rqgc.ru
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