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Day 1: Foundations of Quantum Computing - For Quantum Newbies

Day 2: Implementing Your First Quantum Algorithms 

Day 3: From Abstract Code to Physical Pulses
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Each day will have:
• About 1.5 hours of live lecture, with pauses for interactive activities.

• About 1.5 hours of lab/Q&A, where you can experiment with notebooks hosted in Google 
Colab

• We will demonstrate some of the notebooks, then we will be present for Q&A time.

• Each notebook has homework, which you are encouraged to complete on your own. Solutions 
will be posted.

• These notebooks will guide you through running programs on IQM’s quantum computers

What to expect
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• We will be doing some coding in qrisp, which is a module within Python. If you 
have worked with lists and functions before, you should have enough coding 
background.

• The only math background we are assuming is high school algebra, but having 
worked with matrices will be helpful.

Prerequisites
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• You should have made/received an account on IQM Resonance. Make sure 
that is working. 

• You will need access to Google Colab, which can be done through any Google 
account.

Technical requirements



Day 1 – Foundations 
of Quantum 
Computing
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Please make a copy of the notebook (File -> Save a Copy). You will be able to 
modify and run the code in the modified notebook.

Find the Day 1 lab here

https://tinyurl.com/25bj9hd4
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In today‘s sessions we will ...

• … learn what problems quantum computers can tackle.

• … learn how quantum computers are different to classical computers.

• … use qrisp to perform our first quantum computations on real quantum computers

Outline of the day



We build world leading 
quantum computers 
for the well-being of 
humankind, now and 
for the future

Our Mission

21



IQM in numbers

Employees PhDs full systems 
built

50+2018
Founded

150
qubit chip in 

development

10.000+

Cloud users

On-prem  
& cloud

314 132 30+

full systems  
sold

investments

$600M 15

Nationalities



IQM builds and delivers full-stack 
quantum computers globally

• 15+ full systems sold

 
• Sold and installed our flagship system 

IQM Radiance in Germany and Finland 

• Most comprehensive product portfolio in 
the market for al l price points and budgets

 
• Superconducting technology leader 

with the only Quantum Fab in Europe 

and proprietary Quantum Error 
Correction technology 

Poland
Warsaw

Singapore

Taiwan
Taipei (so on)

Japan
Tokyo

Finland (HQ)
Espoo

Germany
Munich

France
Pa ris

Spain
Madrid

US
Pa lo Alto

South Korea
Seoul

Global IQM 
offices

Italy
Milan



IQM Customer Deliveries

10+ full systems 

delivered and installed

Global Deliveries

Czech Republic

Taiwan

Finland

Germany

France

Italy

US*

South Korea

Poland
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About Quantum 
School

• Understand what quantum 
computing is about

• Get a feeling if quantum is 
something for you

• Be inspired and curious to learn 
and explore more

• You can expect more (and also 
deeper) events in the future

• We also do regular webinars, 
check out our website for these
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Certificate



https://docs.google.com/forms/d/e/1FAIpQLSd9_RT_r5qN0U60m0q057q3w342jNADgPJRl5fKJU3woRr1

UA/viewform 

https://docs.google.com/forms/d/e/1FAIpQLSd9_RT_r5qN0U60m0q057q3w342jNADgPJRl5fKJU3woRr1UA/viewform
https://docs.google.com/forms/d/e/1FAIpQLSd9_RT_r5qN0U60m0q057q3w342jNADgPJRl5fKJU3woRr1UA/viewform


Why think about
different 

computing
paradigms?
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Sorting a list of numbers

8 2 5 3
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Sorting a list of numbers

2 8 5 3



31

Sorting a list of numbers

2 3 5 8
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Thinking about new 

computing paradigms can 

lead to more efficient 

solutions
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• Example: Evaluate the complete elliptic integral of the first kind 

      𝐾 𝑘 =                               . . 𝐾 𝑘 =
𝜋

2
σ𝑛=0

∞ [
2𝑛−1

2𝑛
]2𝑘2𝑛 .

• Use a physical system as a (specialized) computer:

•  The period of a pendulum is 𝑇 = 4
𝐿

𝑔
𝐾 𝑘 , 𝑘 = sin

𝜃0

2
. 

Information is Physical. (R Landauer, 1991) 

• It may take a few minutes to set up a pendulum. 

It is much shorter than the time required to build 

a digital computer from scratch. 

• Pendulums are very effective at computing this 

integral!

𝜃0

𝐿
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Complexity depends on the physical system used to design an algorithm.  
• There is a very efficient algorithm that uses a pendulum to compute elliptic integrals, but not for 

most other tasks

• Efficient algorithms on digital computers exist for many problems, but not all (e.g. finding the 
prime factors of integers)

• Computers based on the laws of quantum physics allow efficient algorithms for some of the 
problems digital computers struggle with – let’s use this!

Complexity depends on the device for processing
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Problem with current computers:

•  Mathematical limits

•  Physical limits

•  Time & power limits

“Latest findings suggest global computing is more likely 

responsible for between 2.1% and 3.9% of greenhouse 

gas emissions.“

Current approach is not scalable!

https://www.upi.com/Science_News/2021/09/10/communications-tech-

carbon-emissions/8771631295350/ 

There are problems a classical computer cannot 
(efficiently) solve

https://www.upi.com/Science_News/2021/09/10/communications-tech-carbon-emissions/8771631295350/
https://www.upi.com/Science_News/2021/09/10/communications-tech-carbon-emissions/8771631295350/
https://www.upi.com/Science_News/2021/09/10/communications-tech-carbon-emissions/8771631295350/
https://www.upi.com/Science_News/2021/09/10/communications-tech-carbon-emissions/8771631295350/
https://www.upi.com/Science_News/2021/09/10/communications-tech-carbon-emissions/8771631295350/
https://www.upi.com/Science_News/2021/09/10/communications-tech-carbon-emissions/8771631295350/
https://www.upi.com/Science_News/2021/09/10/communications-tech-carbon-emissions/8771631295350/
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There are problems a classical computer cannot 
(efficiently) solve

Graphics: ETH Zurich, Microsoft, ACM
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Quantum computers can unlock powerful 
applications in the future

Quantum simulation

Optimization

Artificial intelligence / machine learning

(e.g. fertilizer production)

(e.g. portfolio optimization)

(e.g. learning from quantum data)

Other

(e.g. factorization)



Solving problems that reduce carbon footprint: 
Battery optimization

Battery materials 

that are easier to 
source

Batteries with 

higher energy 
densities

Batteries with 

faster charge - 
discharge cycles 

Batteries with a 

higher lifetime

X



Solving problems that reduce carbon footprint: 
Battery optimization

Source: A Review of Lithium-Ion Battery Fire Suppression - Published in 2020 

→ Understanding the chemical reactions of 
the electrolyte region is key to increase 
battery performance and longevity. 

→ This region contains electrons that are 
strongly correlated (heavily entangled): 
very hard to compute classically. 

https://www.researchgate.net/publication/344448023_A_Review_of_Lithium-Ion_Battery_Fire_Suppression?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/publication/344448023_A_Review_of_Lithium-Ion_Battery_Fire_Suppression?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/publication/344448023_A_Review_of_Lithium-Ion_Battery_Fire_Suppression?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
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Partner
Global insurance company

Clusters of points 
represent normal activity

Isolated points represent 
anomalous activity

Fraud Detection

→ Endpoint detection and response based on training normal behavior 

and flagging anomalous behavior in operation

→ Quantum kernels produce mappings intractable to classical 

computers. 

→ Quantum kernels can represent complex functions with fewer 

resources 

→ In summary, quantum may be able to capture more difficult 

patterns, which could result in high accuracy fraud detection

We use one-class support vector machine: 

1. Using a quantum kernel method, we map data points into high-

dimensional space where differences between normal and 

anomalous behaviour are easier to distinguish. 

2. From the mapping we obtain a decision function to decide whether 

future data points are anomalies or not

Problem

Solution

Why 
Quantum



Partner: Électricité de France SA (EDF)

Power Plant Maintenance Scheduling​

→ Planning the maintenance schedule of power plants​ 

→ Satisfying constraints with regular maintenance intervals​ 

→ Prevent power grid failure because of multiple power plants being 

maintained at the same time, and therefore not providing power

Quantum computers leverage quantum superposition for parallel 

exploration of the solution space, as well as entanglement for complex 

correlations. Once the HW is ready in terms of precision and qubit 

number, they may potentially outperform classical approaches both in 

accuracy and time-to-solution

1. Represent the problem as graph (nodes = individual schedules, 

edges = incompatibility)​ 

2. Define a Maximum independent set (MIS) problem (NP complete) 

on the above defined graph​ 

3. Solve the above MIS problem with tailored QAOA problem

Problem

Solution

Why 
Quantum
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• Some problems  scale too fast for ordinary digital computers, meaning digital 
computers need a lot of time and/or memory to solve them.

• Different  physical systems may offer different computational complexity

• Quantum information processing can reduce computational complexity for some 
tasks in 

• Optimization

• Simulation 

• and machine learning.

Overview
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Classical Computer vs. Quantum Computer

Classical computer

Quantum computer

Ion Trap By Coldsmokerider - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=140354004



Bits and Qubits
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Computers encode information in many bits

Classical bit

0

1

switch on/off

We can invent codes that 

store information (or 

messages) as bits, then 

manipulate that message.

Message Bits

I 01001001

Q 01010001

M 01001101

IQM 01001001 01010001 01001101

Ordinary physical object 

with 2 distinct states

Measuring the 

state does not 

change the state
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Classical Computer vs. Quantum Computer

Quantum bit

Classical bit

0

1

0

1

switch on/off

Measuring the 

state does not 

change the state

Physical object which can 

be in a “quantum 

superposition” of 2 states

Point on the 

surface of a 

sphere

Measurement of 

the state will 

cause it to 

irreversibly 

change to 0 or 1

Ordinary physical object 

with 2 distinct states
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What is quantum computing?

Quantum computers follow different 

rules than classical computers – those 

of quantum physics. 

A bit can be either 0 or 1, while a 

qubit can be in a superposition: qubit 

can be both 0 and 1 at the same time.

Measurement will yield either 0 or 1.

0

1

0

1

Two qubits can 

be entangled. 

Changing one 

directly impacts 

the other.

1Qubit

Basis states:

- 0

- 1

Classical vs quantum computer

Bit vs qubit (quantum bit)

→ 1 qubit can be in a superposition of 

2 basis states

→ 1 bit can be in just one state
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What is quantum computing?

2 Qubits

1Qubit

2 Qubits

2 x basis 

states

Basis states:

- 00

- 01

- 10

- 11

Quantum computers follow different 

rules than classical computers – those 

of quantum physics. 

A bit can be either 0 or 1, while a 

qubit can be in a superposition: qubit 

can be both 0 and 1 at the same time.

Measurement will yield either 0 or 1.

0

1

0

1

Two qubits can 

be entangled. 

Changing one 

directly impacts 

the other.

Classical vs quantum computer

Bit vs qubit (quantum bit)

→ 2 qubits can be in a superposition of 

all 4 basis states

→ 2 bits can be in just one state
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What is quantum computing?

3Qubits

2 Qubits

3Qubits

1Qubit

2 Qubits

3Qubits

2 x basis 

states

2 x basis 

states

Basis states:

- 000

- 100

- 010

- 110

- 001

- 101

- 011

- 111

Quantum computers follow different 

rules than classical computers – those 

of quantum physics. 

A bit can be either 0 or 1, while a 

qubit can be in a superposition: qubit 

can be both 0 and 1 at the same time.

Measurement will yield either 0 or 1.

0

1

0

1

Two qubits can 

be entangled. 

Changing one 

directly impacts 

the other.

Classical vs quantum computer

Bit vs qubit (quantum bit)

000         001         010         011   

100         101         110         111

→ 3 qubits can be in a superposition of 

all 23 = 8 basis states

→ 3 bits can be in just one
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What is quantum computing?

50 Qubits
50 Qubits

3Qubits

50 Qubits

2 Qubits

3Qubits

1Qubit

50 Qubits

2 Qubits

3Qubits

2 x basis 

states

2 x basis 

states

250 

states

Classical supercomputers 

hit a roadblock at 50 qubits 

(Technology Review)

300 Qubits300 Qubits300 Qubits51 Qubits000         001         010         011   

100         101         110         111

→ 3 qubits can be in a superposition of 

all 23 = 8 basis states

→ 3 bits can be in just one

Quantum computers follow different 

rules than classical computers – those 

of quantum physics. 

A bit can be either 0 or 1, while a 

qubit can be in a superposition: qubit 

can be both 0 and 1 at the same time.

Measurement will yield either 0 or 1.

0

1

0

1

Two qubits can 

be entangled. 

Changing one 

directly impacts 

the other.

Classical vs quantum computer

Bit vs qubit (quantum bit)
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What is quantum computing?

50 Qubits

300 Qubits

50 Qubits

3Qubits

300 Qubits

50 Qubits

2 Qubits

3Qubits

300 Qubits

1Qubit

50 Qubits

2 Qubits

3Qubits

300 Qubits

2 x basis 

states

2 x basis 

states

250 

states

2300 

states

Classical supercomputers 

hit a roadblock at 50 qubits 

(Technology Review)

→ Exponential increase in computational capacity

→ Enables new algorithms and solutions to previously intractable problems

Quantum computers follow different 

rules than classical computers – those 

of quantum physics. 

A bit can be either 0 or 1, while a 

qubit can be in a superposition: qubit 

can be both 0 and 1 at the same time.

Measurement will yield either 0 or 1.

0

1

0

1

Two qubits can 

be entangled. 

Changing one 

directly impacts 

the other.

Classical vs quantum computer

Bit vs qubit (quantum bit)

000         001         010         011   

100         101         110         111

→ 3 qubits can be in a superposition of 

all 23 = 8 basis states

→ 3 bits can be in just one
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Bit is replaced by qubit in quantum computing.  

𝑛 qubits represent up to 2𝑛 different states 

"simultaneously”.

“Quantum Parallelism” 𝒏 𝟐𝒏

1 2

10 1,024

20 1,048,576

30 1,073,741,824

40 1,099,511,627,776

50 1,125,899,906,842,624 ∼ 1015

60 ∼ 1018

70 ∼ 1021

80 ∼ 1024

90 ∼ 1027

100 ∼ 1030

1,000 ∼ 10301

Eddington number ∼ 1080. The number 

of atoms in the visible universe. 

1,099,511,627,776

1,073,741,824



How to work 
with qubits?



66

Different ways to work with qubits

Gate-based quantum computingQuantum annealing

designed for particular 

optimization problems
designed for universal 

(quantum) computing
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• Bits are the foundation of conventional computers

Conventional computer: bits

0

1
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• Information processing is performed with the help of logical gates

Conventional computer: working with bits

0

1

NOT
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• Multiple gates form a circuit

• An algorithm is implemented in a sequence of gates

• Circuits are represented as a time sequence like musical notes

• Classical circuits are irreversible: Two inputs, but just one output in above case

Conventional computer: algorithms

Bit 1

Bit 2
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Quantum computing: algorithms

1-qubit gate

2-qubit gate

Quantum operations
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Open https://www.iqmacademy.com/curriculum/workshop-en-1.html 

and investigate the effects of gate H and gate X !

Take it further: 

• Apply the Hadamard gate H two times in a row while choosing 0 and 1 as starting

values. Describe your observation! What does it mean for the information stored in 

the qubit?

Activity 1: Exploring the  H  gate 

https://www.iqmacademy.com/curriculum/workshop-en-1.html
https://www.iqmacademy.com/curriculum/workshop-en-1.html
https://www.iqmacademy.com/curriculum/workshop-en-1.html
https://www.iqmacademy.com/curriculum/workshop-en-1.html
https://www.iqmacademy.com/curriculum/workshop-en-1.html
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Activity 1: Bloch Sphere

Open 

https://www.iqmacademy.com/play/bloch/ 

and investigate the effects of gate H and 

gate X again! See what happens if you 

apply the H  gate twice.

https://www.iqmacademy.com/play/bloch/
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A single-qubit quantum state 𝜓 can be described mathematically as

𝜓 = 𝑎 0 + 𝑏|1⟩ with 𝑎 2 + 𝑏 2 = 1 

with a, b ∈

Activity 1: Description of a quantum state

This is called a ket, 

Dirac notation for

vectors
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A single-qubit quantum state 𝜓 can be described mathematically as

𝜓 = 𝑎
1
0

+ 𝑏
0
1

=
𝑎
𝑏

 with 𝑎 2 + 𝑏 2 = 1 

with a, b ∈

Activity 1: Description of a quantum state
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• A quantum gate that acts on a single qubit is called a 1-qubit gate. 

         

• 𝑋 =
0 1
1 0

 .𝑋 0 = 1 & 𝑋 1 = |0⟩ .𝑋 NOT. 

• Hadamard gate 𝐻 =
1

2

1 1
1 −1

 .It maps 0 and 1 to superposition states.

  𝐻 0 =
1

2
(|0⟩ + |1⟩), 𝐻|1⟩ =

1

2
( 0 − |1⟩).

One-Qubit Gates

|𝜓in⟩ |𝜓out⟩ = 𝑈|𝜓in⟩

|𝜓in⟩ 
𝜓out = 𝑈2𝑈1|𝜓in⟩

0 = 1
0

and 1 = 0
1

This is how it

looked last time
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• A quantum gate that acts on a single qubit is called a 1-qubit gate. 

         

• 𝑋 =
0 1
1 0

. 𝑋 0 = 1  & 𝑋 1 = |0⟩. 𝑋  NOT. 

• 𝑍 =
1 0
0 −1

 ;𝑍 0 = 0 & 𝑍 1 = − 1 . No classical counterpart. 

• 𝑌 =
0 𝑖

−𝑖 0
 .𝑌 = −𝑖 𝑍𝑋. No classical counterpart.

One-Qubit Gates

The line denotes a qubit. Time 

flies from left to right.|𝜓in⟩ |𝜓out⟩ = 𝑈|𝜓in⟩

|𝜓in⟩ 
𝜓out = 𝑈2𝑈1|𝜓in⟩

0 = 1
0

and 1 = 0
1

This is how it

looked last time
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• Open https://iqmacademy.com/curriculum/workshop-en-
1b.html and investigate the effects of the new T gate! See 
what happens if sandwich the T gate between 
two H gates.

Exercise: Exploring another 
gate

https://iqmacademy.com

/curriculum/workshop-

en-1b.html

https://iqmacademy.com/curriculum/workshop-en-1b.html
https://iqmacademy.com/curriculum/workshop-en-1b.html
https://iqmacademy.com/curriculum/workshop-en-1b.html
https://iqmacademy.com/curriculum/workshop-en-1b.html
https://iqmacademy.com/curriculum/workshop-en-1b.html
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• Consider a system made of 2 qubits. If the state of the first qubit is 0 and the 
second qubit is |1⟩, the total state is written as 0 1 or 01 or  0 ⊗ |1⟩ .

• A state Ψ =
1

2
(|0⟩ 0 + 1 |0⟩) is decomposed as 

1

2
0 + 1 0 . It is a tensor 

product state or a product state. 

1

2
0 + 1 0

• Measure the first qubit → 50% 0 , 50% 1 . Measure the second qubit 
→ 100% 0 independently of the outcome of the first qubit. They are not 
correlated.

Multi-qubit Systems and Entanglement
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• With two qubits, the gate flips the second (target qubit) if the first 
(control qubit) is in state | ⟩1

• If the control qubit is in the | ⟩0  state, nothing happens to the target qubit..

• This gate is called CNOT (short for Controlled NOT)

Activity 2: A 2-qubit gate

81

https://bit.ly/iqm-2

▪ Activity 2: What happens, if the control qubit is in a superposition state of both | ⟩0  and | ⟩1 ?

▪ Open https://bit.ly/iqm-2 to check it out!

https://bit.ly/iqm-2
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• If the control qubit is in a superposition, the 
measurement result of the target qubit depends 
on which value the control qubit now assumes.

• This combination of gates "entangles" the two 
qubits.

• If the state of one of the qubits is then measured, 
the state of the other qubit is automatically 
known.

• Viewed as a whole, the two qubits have a well-
defined state, but the individual qubits cannot be 
assigned their own well-defined state.

• Only with entanglement is it possible to create 
truly arbitrary states

Activity 2 - Discussion

82
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A two-qubit quantum state 𝜓 can be described mathematically as
𝜓 = 𝑎 00 + 𝑏 01 + 𝑐 10 + 𝑑 11

with 𝑎 2 + 𝑏 2 + 𝑐 2 + 𝑑 2 = 1 

The entangled state we just created can be written as

𝜓 = ൗ1
2

00 + ൗ1
2

11

Activity 2: Description of a two-qubit 
quantum state
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“Viewed as a whole, the two qubits have a well-defined state,
 but the individual qubits cannot be assigned their own well-defined state.”

Entanglement

84

▪ The state we generated was: 
1

2
| ⟩00 +

1

2
| ⟩11

▪ Let’s assume, it is comprised of two independent qubits, meaning we could write:

1

2
| ⟩00 +

1

√2
| ⟩11 =

?
(𝑎| ⟩0 + 𝑏| ⟩1 ) ⊗ (c| ⟩0 + 𝑑| ⟩1 )

1

2
| ⟩00 +

1

2
| ⟩11 =

?
𝑎𝑐| ⟩00 + 𝑎𝑑| ⟩01 +bc| ⟩10 + 𝑏𝑑|1 ⟩1

Comparing both sides yields to:
1

2
= 𝑎𝑐, 0 = 𝑎𝑑, 0 = 𝑏𝑐,

1

2
= 𝑏𝑑

Symbol for

tensor product
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• Classical logic circuits require two-bit gates such as NAND and XOR for universality.

• This is also true for quantum circuits. Two-qubit gates are required for universal quantum 
computation.

• Examples

• 𝑈CNOT =

1 0 0 0
0 1 0 0
0 0 0 1
0 0 1 0

 .

• 𝑈SWAP =

1 0 0 0
0 0 1 0
0 1 0 0
0 0 0 1

    .𝑈SWAP 𝜓 𝜙 = 𝜙 𝜓 .

Two-Qubit Gates

𝑈CNOT 𝑥 𝑦 = |𝑥 ⊕ 𝑦⟩|𝑦⟩ . 𝑈CNOT flips |𝑥⟩ if 𝑦 = |1⟩ .

Does nothing to |𝑥⟩ if 𝑦 = |0⟩ .Similar to XOR.

|𝑥⟩ 

𝑦 𝑦

|𝑥 ⊕ 𝑦⟩

𝜓

𝜓

𝜙

𝜙
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• Universality Theorem: Any 𝑛-qubit unitary (∈ 𝑈(2𝑛)) gate can be decomposed into 
one-qubit gates and CNOT gates.  

   The proof is highly technical. See Nielsen & Chuang or Nakahara & Ohmi. 

• CNOT above may be replaced by most 2-qubit gates. The SWAP gate and tensor 
products of 1-qubit gates are exceptions. 

• Two-qubit gates are necessary to entangle tensor product states.

                                             

•
1

2
(|00⟩ + |11⟩).

Two-Qubit Gates

|0⟩

|0⟩
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Open http://iqmacademy.com/play/composer and 

create a circuit that entangles all 

five qubits.

Activity 3 – More qubits, more fun

http://iqmacademy.com/play/composer
http://iqmacademy.com/play/composer


Conclusion
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Conclusion: Foundations

• Qubits can not only be in the two states | ⟩0 and | ⟩1 , but also in a superposition of 
| ⟩0 and | ⟩1 . In this case, they have a certain probability of being measured as | ⟩0 or 
| ⟩1 . However, a measurement destroys the superposition.

• Quantum computers use quantum gates to manipulate the state of qubits.

• Even though the measurement results of a qubit are random, the qubit is still 
always in a precisely defined state.

• Two qubits can entangled with each other. If you then measure the state of one of 
the qubits, you automatically know the state of the other qubit.
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The tools



IQM Resonance

www.meetiqm.com

https://resonance.meetiqm.com/signup

http://www.meetiqm.com/
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Cursor with solid fill

IQM Resonance Intro

https://resonance.meetiqm.com/
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3

• qrisp is a high level programming framework for working with 
quantum computing programs

• It’s pythonic

• It’s open source

• Created at Fraunhofer Fokus, IQM actively contributing to 
development

https://github.com/eclipse-qrisp/Qrisp

pip install „qrisp[iqm]“

https://github.com/fraunhoferfokus/Qrisp
https://github.com/fraunhoferfokus/Qrisp
https://github.com/fraunhoferfokus/Qrisp
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3

Features of qrisp

Typed quantum variables

Modularity

Compatibility Full support for

IQM hardware

Arithmetics

Automatic uncomputation, 

i.e. garbage collection
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There are different quantum computing frameworks, 
but qrisp will enable you to learn what matters
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Setting up qrisp & first gates
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Please make a copy of the notebook (File -> Save a Copy). You will be able to 
modify and run the code in the modified notebook.

Find the Day 1 lab here

https://tinyurl.com/25bj9hd4



Interview with
Raphael Seidel
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Creating a GHZ state in qrisp



Quantum 
Computing Eras
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Quantum computers: 
NISQ era

Moderate 

number of 

qubits with 

limited 

connectivity 

(intermediate 
scale)

Limited circuit depth

Noisy (erroneous) 

operations

# gates in 

algorithm

Algorithm 

fidelity

1 99.9%

10 99.0%

100 90.5%

1000 36.8%

Error rate: 1/1000 = 0.1%
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http://iqmacademy.com/curriculum/assets/bloch-
viz/index.html?gates=H,X,T,Y&noKet&noise 

One type of noise: 
slightly imperfect gates

If we apply a gate such as the X gate 

multiple times in a row, we see the error 

stacking up

 

http://iqmacademy.com/curriculum/assets/bloch-viz/index.html?gates=H,X,T,Y&noKet&noise
http://iqmacademy.com/curriculum/assets/bloch-viz/index.html?gates=H,X,T,Y&noKet&noise
http://iqmacademy.com/curriculum/assets/bloch-viz/index.html?gates=H,X,T,Y&noKet&noise
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Physical qubits
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Fault Tolerant 

Quantum 

Computers

(FTQC)

• Horizon: Fault Tolerant (FT) area

NISQ and FTQC

• Error correction is based on 

redundancy

• 1 single fault tolerant qubit 

requires multiple physical 

qubits

• Noise needs to be reduced 

below a certain threshold

Why so complex?

Now: 

Foundation
(IQM, Google, IBM, 

Rigetti, ….)

99

90

Connectivity of qubits, speed of

operations and other

parameters can bring down the

requirements
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Physical qubits
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Now: 

Foundation
(IQM, Google, IBM, 

Rigetti, ….)

• Horizon: Fault Tolerant (FT) area

NISQ and FTQC

NISQ Utility 

(NISQ Advantage)

•  But before that: NISQ Utility
(NISQ Advantage)

o Hybrid approaches

o Potential for NISQ quantum utility

o Solving tasks

o faster,

o better,

o or using less energy

Fault Tolerant 

Quantum 

Computers

(FTQC)

99,9

99

90



Thank you for
joining!

See you tomorrow
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