Welcome to quantum !

Qiskit Is an open-source quantum computing software development
framework tor working with quantum computers at the level of extended

guantum circuits, operators, and primitives.

» IBM Quantum Platform and its content

» Dashboard, documentation, learning
» How to install and use Qiskit

» Set up, build, run, study a job

» Qiskit-ibm-runtime and its hardware

» Your access with giskit and basic troubleshooting

© 2024 IBM Corporation

IBM Quantum

IBM Quantum Platform
https://quantum.ibm.com

Access to your account via the
platform, the documentation about
Qiskit and Qiskit Runtime and
learning materials

)

Github organization
https://github.com/Qiskit

Find all repositories related to giskit,
such as the documentation, runtime,
giskit itself, etc.

Slack workspace
https://qisk.it/join-slack

Open slack workspace with all the
Qiskit community, lots of channels
dedicated to specific subjects

Youtube channel
https://www.youtube.com/Qiskit

Videos related to QI/OC and Qiskit,
access to seminars, paper reviews,
tips about Qiskit, etc.
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IBM Quantum Plattorm: getting started

Go to the IBM Quantum Plattorm
Nttps://guantum. bm.com Welcome to IBM Create an IBMid

Already have an IBM account? Log in

and create an IBMid to run your own circuits! Create an account to
access trials, demos and 2} AsGo0nt Infgimstion v
SerV|CeS. ¢ 2. Verify email 2

We emailed a 7 digit code to  your.email@gmail.com
This code will expire in 30 minutes.

Sign in to IBM Quantum

Didn’t receive the email? Check your spam filter for an email from

Continue with IBMid ibmacct@iam.ibm.com.

You can resend the verification token in 13 seconds

I'd like IBM to use my contact details to keep me informed about
E products, services, and offers. More information on how IBM uses data
and ways to opt out can be found in the IBM Privacy Statement.

N\

G O m

(] Email

I accept the product Terms and Conditions.

Create an IBMid

v

Having trouble signing in?

Try signing in with an IBMid. If you are still
having issues, contact the IBMid help desk.


https://quantum.ibm.com/

IBM Quantum Platform Dashboard Compute resources Jobs Experiments

Q | (@®  ibm-g-internal/support/core-team v X

Switch applications

Lena Perennes

Platform

Jobs and compute resources
API Token

IBM Quantum Platform e —

Qiskit and API docs

Learning
What's new = Courses, Lab and Composer

Recent jobs View all

® Product update

O 16340 Updates to Learning --

new Learning catalog!

Pending Completed jobs SHTONthS a0 < RBad it

Job ID Status Created Completed Compute resource ® Product update
Introducing ibm_osak:
© Completed 7 days ago 7 days ago iIbm_torino 2 months ago + Read mc

© Completed 10 days ago 10 days ago ibmq_kolkata BB ek
Qiskit.org redirects ant
© Completed 10 days ago 10 days ago ibmq_kolkata Simenti=ago = Read me

® Product update
© Completed 10 days ago 10 days ago ibmq_kolkata Journey toward utility:

Open plan users

© Completed 10 days ago 10 days ago ibmq_kolkata 3 months ago « Read mc

® Product update
. - . . New URL strategy on I
Instance systems = Documentation Open app Learning Open app 3 months ago + Read mc

® Product update
searchidocs Q Catalog = New Updates to our quality
2 2 Explore all courses and tutorials 3 months ago » Read mc

Hello World
Create a simple quantum program and run it on a quantum
t IBM Quantum Composer Oe-
Simulators - System =1

Graphically build circuits

Qiskit Runtime
. oo IBM Quantum Lab —
Introduction to primitives >

Develop quantum experiments

| ————

IBM Quantum 20

Overview of the platform : https://quantum.ibm.com



https://quantum.ibm.com/

IBM Quantum
Documentation

Documentation includes guidance tor those
starting their guantum journey:

©)

©)

Start: Starting with Qiskit
Build: Building quantum circults

Transpile: Optimization of circuits to quantum
hardware

Verity: Evaluation of outputs

Run: Executing jobs on quantum hardware

Documentation also provides usetul
resources for technical practitioners on:

O

O

O

Qiskit
Runtime

Providers

nttps://docs.qguantum.bm.com

IBM Quantum

IBM Quantum Documentation

Documentation

Overview Start Build

Whether you are ready to code your first circuit or execute a large research
workload, you can find documentation for using Qiskit and IBM Quantum

hardware at the links below.

Get started with Qiskit
Run the Hello World

API Reference

Guidance on how to use our key APIs

Tutorials

Explore utility-grade algorithms and applications with
Qiskit Runtime

View all in Learning

Start

Set up and install to use Qiskit

>

Verify

Validate and evaluate your quantum circuits

o)

Qiskit
Open-source toolkit for useful quantum
computing

b2

Qiskit IBM Provider

Provider module in Qiskit to access IBM Quantum
computing services

5

Workflow example @ 28m

Variational quantum eigensolver

Scheduling

Workflow example O 4m
CHSH inequality

Scheduling

Transpile Verify Run

Build

Design and develop quantum circuits
7
4

Run

Execute jobs on quantum hardware

[®

Qiskit Runtime IBM Client

Interface to manage quantum computations and
communicate with Qiskit Runtime

&

Workflow example O 1m

Grover's algorithm

Scheduling

API reference v

Transpile

Optimize circuits to efficiently run on hardware

3

Qiskit IBM Runtime REST API

The platform to execute, manage, and optimize
guantum computing programs in real time

&

Workflow example @ 20m

Quantum approximate optimization algorithm

Scheduling


https://docs.quantum.ibm.com/

IBM Quantum
Learning

Interactive courses, tutorials, and tools to
nelp yvou build a foundation in guantum.

Experiment with the latest IBM Quantum
hardware and software technology.

Badging available for some courses!

nttps://learning.quantum.(bm.com

IBM Quantum

IBM Quantum Learning

Home Catalog Network

IBM Quantum Learning

Learn the basics of quantum computing, and
how to use IBM Quantum services and systems

to solve real-world problems.

Explore the
latest course

Courses

Learn about key concepts,
algorithms, and their
applications

View all

Tutorials

Explore utility-grade algorithms
and applications with Qiskit
Runtime

View all

Basics of quantum information

A detailed course covering mathematical
aspects of quantum computing, comparable to
an advanced undergraduate or introductory...

Lessons Start course —

4

Tutorial

Demonstrate the violation of the CHSH inequality
with the Estimator primitive

%

Composer Lab

Variational algorithm design

Today's hardware is delicate and error-prone.
This course covers variational algorithms,
which play to the strengths of these machines.

Lessons Start course —

7

Tutorial

Variational Quantum Eigensolver using Estimator
primitive and sessions

%

Fundamentals of quantum algorithms

New

Use quantum computers to solve problems more
efficiently, including problems with real-world
relevance such as searching and factoring.

Lessons Your progress

4 0%

Start course

Practical introduction to quantum-safe
cryptography

New
An introduction to quantum-safe

cryptography, and how guantum computing
poses a risk to existing cryptography.

Lessons Start course —

7

Tutorial

Quantum Approximate Optimization Algorithm
using Qiskit Runtime primitives and sessions

%


https://learning.quantum.ibm.com/

Set up your
account with

Ql1skIt
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How to use Qiskit

Option 1 : install Qiskit locally

» Install Python, 3.8 or later compatible
» Recommended to use virtual environments (python
env, Anaconda, miniconda, etc.) along with jupyter
development env
> Isolated space to work with Python for a specific
purpose, without aftfecting the "base" Python
environment on your machine
» Install giskit and giskit-ibm-runtime

> More detalls available here

Nttps://docs.quantum.ibm.com/start/install

IBM Quantum

Qiskit

» Ifyou already have giskit packages installed, make
sure you have all latest versions
» Caretul not to upgrade qgiskit O.x to 1.x in the same

env

QuantumCircuit, execute
Aer, IBMQ
.noise import NoiseModel

iskit impox
iskit impor
iskit.providers.aer

oy
o+ o+
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om
om

O 0 o
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fr
fr
2
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o - © T T

Choose a re
provider = IBM d_

backend = provider.get_backend('ibmqg_vigo')
coupling_map = backend.configuration().coupling_map

device to simulate from IBMQ provider
load_accoun t0O

o

# Generate an Aer noise model for device
noise_model = NoiseModel.from_backend(backend)
basis_gates = noise_model.basis_gates

# Generate 3-qubit GHZ state
num_qubits = 3

circ = QuantumCircuit(3, 3)
circ.h(0)

circ.cx(0, 1)

circ.cx(1, 2)

circ.measure([0, 1, 2], [0, 1 ,2])

# Perform noisy simulation
backend = Aer.get_backend('gasm_simulator')
job = execute(circ, backend,
coupling_map=coupling_map,
ise_model=noise_model,
basis_gates=basis_gates)
result = job.result()

print(result.get_counts(0))

Y ————

/ A\
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https://docs.quantum.ibm.com/start/install

How to set up the account locally
giskit-ibom-runtime

qISKit-lbm-runtime :

»Access to managed services through the Qiskit Runtime
primitives

»For high quality probability distribution or expectation
values, without having to optimize the circuits yourselt

»>Migrate to using Qiskit Runtime primitives
https://docs.quantum.ibm.com/api/migration-
guides/qiskit-runtime

»API token available https://guantum.ibm.com/account

IBM Quantum

£ Qiskit

from giskit_ibm_runtime import QiskitRuntimeService

token="'<MY_API TOKEN>'

instance="hub/group/project’

QiskitRuntimeService.save account(token=token,
instance=1nstance,
channel="'ibm_quantum"')

service = QiskitRuntimeService(channel="'ibm_quantum')

# See your overall access via instances
service.instances()

# Access to backends

service.backends()

service.get_backend('ibm_torino')

service. least_busy(simulator=False, operational=True)

# Access to jobs
service.job('my_job_id")
service.jobs(backend="'ibm_torino')


https://docs.quantum.ibm.com/api/migration-guides/qiskit-runtime
https://docs.quantum.ibm.com/api/migration-guides/qiskit-runtime
https://quantum.ibm.com/account

Getting started
with OIsKit
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Hello World with Qiskit

How to create a guantum circulit to prepare the guantum state we want ?

|00)+|11)

2

We want to create the following quantum state : |y) =

Entrée [4]: 1 from giskit import QuantumCircuit

bell = QuantumCircuit(2,2)
bell.h(0)

bell.cx(0,1)
bell.measure(range(2), range(2))

Outl4]: <qgiskit.circuit.instructionset.InstructionSet at @0x7fd3a27bf2e0>

© 2022 IBM Corporation

£ Qiskit

30



Hello World with Qiskit & Qiskit

bell.draw( 'mpl’) = Hadamard gate (H gate) to induce superposition

= CNOT gate (also known as CX gate) to induce
entanglement

= The measure to collect information on our final
quantum state

© 2023 IBM Corporation 31



QiIskit bit ordering

£ Qiskit

» In most of the textbook/litterature in quantum computing =» big endian notation : [sb to the lett

» Qiskit bit and qubit ordering = little endian notation : lsb to the right

Qubits ordering : |g,,4n—1 ...9190)

P

=
|

do

a1

d:z A

| >
meas

© 2023 IBM Corporation

0.60

0.45

0.30

Probabilities

—)

0.15

0.00

Bits ordering : b,,b,,_1 ... b1by

0.498 0.502

~ ~
S S




Hello World with Qiskit &0

How to run our circuit to check we have good results 7

from qiskit_ibm_runtime import QiskitRuntimeService, SamplerV2 as Sampler
# load your instance along with the backendsavailable to you

service = QiskitRuntimeService(channel="'ibm_quantum')

backend = service.backend('ibm brisbane"')

from gqiskit_aer import AerSimulator
# load an 1deal simulator
sim = AerSimulator()

from qiskit.transpiler.preset_passmanagers import generate_preset_pass_manager
pass_manager = generate_preset_pass_manager(optimization_level=3, backend=backend)
pass_manager_sim = generate_preset_pass_manager(optimization_level=3, backend=sim)

© 2023 IBM Corporation

IS

Kit
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Hello World with Qiskit Qiskit

How to visualize the results ?

Ideal classical simulation Real quantum hardware
'201: trans = pass_manager_sim.run(bell) '141: trans = pass_manager.run(bell)
job = sim.run(trans) job = Sampler(backend=backend).run((trans,))
'211: from qiskit.visualization import plot_histogram '191: from qiskit.visualization import plot_histogram
counts = job.result().get_counts() counts = job.result()[0].data.c.get_counts()
plot_histogram(counts) plot_histogram(counts)
[21]: [19]:
506 518 1989 2034
2000 1
450 A
1500 -
c 1=
- — =
S S 1000 -
150 A
500 -
42 31
0 - 0-
S S ~

© 2023 IBM Corporation 34



Characteristics of a real backend

Ibm _brisbane openoasus « » ) X
Details N
1 2 7 Status: ® Online Median ECR error: 7.741e-3
Oubits Total pending jobs: 82 jobs Median SX error: 2.270e-4
1 9 % Processor type @:  Eagler3 z,-iél,l-én readout 1.3106-2
EPLG Version: 1.1.23
""" Median T1: 231.94 us
Basis gates: ECR, ID, RZ, SX, X
5 K Median T2: 132.71 us
CLOPS Your instance usage: 1 job

» Topology of the backend

» Errors related to gates

and measures

» Characteristics related to qubits

> More detalls available

https://docs.quantum.

nere

bm.com/run/processor-types

© 2024 IBM Corporation

Calibration data

==To

IS

Last calibrated: 36 minutes ago

bl Graph view B8 Table view Expand map view

Qubit:

Readout assignment error Vv

Median 1.310e-2 Connec tion: Median 7.741e-3
v

ECR error v

min 5.500e-3 max 2.475e-1 min 3.009e-3 max 1.000e+0

0-0-0-0-0-0-0-0-0-0-0-0-0-0
? ? ? ?
0-0-9-0-0-0-0-0-0-0-0-0-0-0-0
? ) ? ?
9-0-9-0-0-0-0-0-0-0-0-0-0-0-0
® ® ® ®
0-9-9-0-0-0-0-0-0-0-0-0-0-0-0
® ® ® ®
©-0-0-0-0-0-0-0-0-0-0-0-0-0-0
? ? ) ?
©-0-0-0-0-0-0-0-0-0-0-0-0-0-0
? ? ? ?
©-C-0-0-0-0--0-0-0-8-8-0-0

Kit

[«

N
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https://docs.quantum.ibm.com/run/processor-types

Running on a real backend £9 Qiskit

Considering all this difterent characteristics, the quantum computer will not be able to understand an abstract quantum circuit we
just created without some modifications.

=» The circuit needs to be re-written, translated in order to run smoothly and in an etficient way on the quantum computer

Global Phase: n/4

g1~ 3

do w2 - n2

2

C

© 2023 IBM Corporation 36



Qiskit — The transpile process £S Qiskit

> Transpilation is the process of rewriting a given input circuit to match the topology of a specific guantum device, and optimize
the circult instructions for execution on noisy quantum systems.

» The transpiler is designed for modularity and extensibility. Its main goal is to write new circuit transformations (known as
transpiler passes), and combine them with other existing passes, greatly reducing the depth and complexity of quantum
CIrcuits

» There are six stages: init, layout, routing, translation, optimization, scheduling

» More details available here https://docs.quantum.ibm.com/transpile

Global Phase: /4

qO_H__a_ Q1H3—
)

N r—ﬁa—
2
C YIA TYI

C

© 2023 IBM Corporation 37
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Study a job from
peginning to enc
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Study a job from beginning to enda
Runtime

Qiskit I

What is Qiskit runtime?

SM

£ Qiskit

New model tor quantum computing access : Qiskit Runtime is a new architecture that streamlines computations requiring many
iterations. These experiments will execute significantly taster within its improved hybrid quantum/classical process

Documentation https://docs.qguantum.ibm.com/api/giskit-ibm-runtime/runtime_service

Qiskit
Program

/>

run job

Quantum Datacenter

Kubernetes Cluster

Queue

Runtime
Manager

IBM Quantum

Streamed

results

Runtime Job

Primitives
(Estimator & Sampler)

Circuits\

\ Results

Execution
Kernel

Quantum

—> Hardware
(__
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https://docs.quantum.ibm.com/api/qiskit-ibm-runtime/runtime_service

Study a job from beginning to enda
Understanding primitives

Sampler:

» takes circuits and returns the corresponding
sampled bitstrings from the measurement

Estimator:

» computes expectation values of observables with
respect to states prepared by quantum circuits

Introduction to primitives
https://docs.guantum.ibm.com/run/primitives

Introduction to execution mode
https://docs.quantum.ibm.com/run/sessions

IBM Quantum

Qiskit SDK

Build circuits in Python with Qiskit’s suite of quantum

libraries and optimization tools

Circuits

Use Primitive programs to run the circuits based
on your desired output type

Sampler
Estimator 0
Interim and final results
Results

are returned

How Qiskit connects
with Qiskit Runtime

Qiskit Runtime service

Run your programs using one of the following
access channels

IBM Cloud IBM Quantum
platform

l

The API handles orchestration and execution between the
containerized runtime environment and quantum systems

Qiskit Classical Quantum
Runtime co-located Systems
API — cluster

—> E | €

40
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Check your
Access witn
Ql1skIt
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Access to Instances and backends information

Account access

» Save and delete accounts
» Check all saved accounts

» Look at your access through the
Instances

from qiskit_ibm_runtime import QiskitRuntimeService
QiskitRuntimeService.save_account(token=token)
QiskitRuntimeService.saved _accounts()
QiskitRuntimeService.active account()
QiskitRuntimeService.delete account()

# See you access

service = QiskitRuntimeService(channel="'ibm_quantum')
service.instances()

IBM Quantum

Backend view

» See all backends you have access though
your account

> Filter backends to your liking

» Get a specific backend

from qiskit_ibm_runtime import QiskitRuntimeService
service = QiskitRuntimeService(channel='ibm_quantum')
service.backends()
service.backends(filters=lambda x: ("rz" in x.basis_gates))
service.backends(simulator=False,

operational=True,

min_num_qubits=30)

service. least_busy(simulator=False)

service.get_backend(name="'ibm_torino")

Qiskit

Job load

» Access to jobs through filtering
» Get a specific job

» See all Info about one job
from qiskit_ibm_runtime import QiskitRuntimeService
service = QiskitRuntimeService(channel="'ibm_quantum')

service.jobs(limit=None,
backend _name='ibm_torino',
instance="'hub/group/project’,
pending=False)

job = service.job('MY_JOB_ID')

job.creation_date
job.metrics()
job.program_id()
job.properties()
job.result()
job.session_id

42
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troublesnooting
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How to do basic troubleshooting in Qiskit

It you ever encounter an error within your code, there could be multiple reasons and causes to this. It
can either be sortware or hardware-related, it might come tfrom another package giskit uses, etc.
ere are some tirst steps you can take to try and tind it

Error message Frror code Packages versions Technical support
Lots of clues as to why the Within the error message, you Code can sometimes break I'll be here all day to help with
error is appearing can be found might have an error code because of version upgrades any technical issue or question
In the error message. That way related. You can check the and changes within giskit or you might be having about our
you can pinpoint whether it’s error code registry to know runtime/provider packages. software, hardware.
coming from the code, or what the error means and Make sure you have the latest
Qiskit, orif it's just a either solve it directly or version. You can check on
deprecation warning. contact us for more github or pypi to check this.

Information if needed

IBM Quantum 44


https://docs.quantum.ibm.com/errors

IBM Quantum
Challenge 2024

Learn how to use Qiskit 1.0
~and build toward utility-scale
uantum experiments.

IBM Quantum Network

on using Qis
you to learn

The IBM Quantum Challenge is the annual code challenge tocusec

KIt. It consists of a series o
new features, use Qiskit, a

Jun 05 — Jun 14, 2024

t Jupyter notebooks that ask
nd solve problems.

Sign up using your IBM Quantum Network email address —
challenges.quantum.ibm.com

Participation is free, so join and take part in the IBM Quantum

Challenge !

2

Key Information

» Adapt to utility-scale workloac

Instead running your code locally.

s by shifting away from the IBM Quantum Lab and

« Earn a Credly badge to showcase your achievement by completing the challenge.

 Read more here = https://www.ilbm.com/quantum/blog/2024-quantum-challenge



mailto:https://challenges.quantum.ibm.com/2024
https://www.ibm.com/quantum/blog/2024-quantum-challenge

Léna Pérennes
IBM Quantum Support team

Runtime 03



mailto:Lena.perennes@ibm.com

Oiskit — usetul links tor the hackathon

IBM Quantum Platform https://quantum.ibm.com

Documentation https://docs.quantum.ibm.com

Learning https://learning.quantum.ibm.com

Intro to start with qiskit

https://docs.quantum.ibm.com/start

Qiskit documentation

https://docs.quantum.ibm.com/api/qiskit

> Qiskit-ibm-runtime documentation
https://docs.quantum.ibm.com/api/qiskit-ibm-
runtime

» Migration guide
https://docs.quantum.ibm.com/api/migration-guides

> All tutorials

https://learning.quantum.ibm.com/catalog/tutorials

V V V VY
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https://quantum.ibm.com/
https://docs.quantum.ibm.com/
https://learning.quantum.ibm.com/
https://docs.quantum.ibm.com/start
https://docs.quantum.ibm.com/api/qiskit
https://docs.quantum.ibm.com/api/qiskit-ibm-runtime
https://docs.quantum.ibm.com/api/qiskit-ibm-runtime
https://docs.quantum.ibm.com/api/migration-guides
https://learning.quantum.ibm.com/catalog/tutorials

Qiskit — links to go turther

» Qiskit-aer documentation

nttps://qiskit.github.io/qgiskit-aer/

» Dynamic circult introduction

nttps://docs.quantum.ibm.com/build/classical-

feedforward-and-control-flow

» Opengasma3 introduction
https://docs.quantum.ibm.com/build/interoperate-
giskit-gasm3

» Information on backend characteristics
https://quantumcomputing.stackexchange.com/ques

tions/17054/characteristics-of-the-ibm-guantum-
computer/

» Circuit library

https://docs.quantum.ibm.com/build/circuit-library

» Build circuit

ttps://docs.quantum.ibm.com/build/circuit-
construction

» Build operator
https://docs.quantum.ibm.com/build/operators-
oVerview

» Transpile https://docs.quantum.ilbm.com/transpile

» Pulse https://docs.quantum.ibm.com/build/pulse

» Build noise model

nttps://docs.quantum.ibm.com/verity/building noise

models



https://docs.quantum.ibm.com/build/circuit-library
https://docs.quantum.ibm.com/build/circuit-construction
https://docs.quantum.ibm.com/build/circuit-construction
https://docs.quantum.ibm.com/build/operators-overview
https://docs.quantum.ibm.com/build/operators-overview
https://docs.quantum.ibm.com/transpile
https://docs.quantum.ibm.com/build/pulse
https://docs.quantum.ibm.com/verify/building_noise_models
https://docs.quantum.ibm.com/verify/building_noise_models
https://qiskit.github.io/qiskit-aer/
https://docs.quantum.ibm.com/build/classical-feedforward-and-control-flow
https://docs.quantum.ibm.com/build/classical-feedforward-and-control-flow
https://docs.quantum.ibm.com/build/interoperate-qiskit-qasm3
https://docs.quantum.ibm.com/build/interoperate-qiskit-qasm3
https://quantumcomputing.stackexchange.com/questions/17054/characteristics-of-the-ibm-quantum-computer/
https://quantumcomputing.stackexchange.com/questions/17054/characteristics-of-the-ibm-quantum-computer/
https://quantumcomputing.stackexchange.com/questions/17054/characteristics-of-the-ibm-quantum-computer/

