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CQN is developing the entire technology stack to reliably carry quantum data across
the globe, serving diverse applications across many user groups simultaneously... ® H oW

spurring new technology industries and a competitive marketplace of quantum service
providers and application developers.
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Building the Quantum Internet e \What

CQN is developing the entire technology stack to reliably carry quantum data across
the globe, serving diverse applications across many user groups simultaneously... ® H oW

spurring new technology industries and a competitive marketplace of quantum service
providers and application developers.

The Quantum Internet - 5 . B

Quantum network enabling full = s osmn s
quantum connectivity between multiple

* Applications user groups.
 Key components
* Challenges

Networked Quantum
Computing

e, A B L

* QUANTUM COMPUTER (QC)




Centerfor
Quantum
Networks
NSF-ERC

Quantum Network Simulation Software




Centerfor
Quantum
Networks
NSF-ERC

Quantum Network Simulators

(prob already not a complete list anymore...)




1\ Centerfor
7/ Quantum
"~ Networks

NSF-ERC

Quantum Network Simulators

(prob already not a complete list anymore...)

 Quantum-Network Explorer: https://www.quantum-network.com/

e QuISP: https://aqua.sfc.wide.ad.jp/quisp website/
e SeQUeNce: https://github.com/sequence-toolbox/SeQUeNCe

e QuNetSim: https://github.com/tgsd/QuNetSim

* Squanch: https://github.com/att-innovate/squanch

e SimulaQron: https://github.com/SoftwareQuTech/SimulaQron

* NetSquid: https://netsquid.org/



https://www.quantum-network.com/
https://aqua.sfc.wide.ad.jp/quisp_website/
https://github.com/sequence-toolbox/SeQUeNCe
https://github.com/tqsd/QuNetSim
https://github.com/att-innovate/squanch
https://github.com/SoftwareQuTech/SimulaQron
https://netsquid.org/
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Quantum Network Simulators

(prob already not a complete list anymore...)

 Quantum-Network Explorer: https://www.quantum-network.com/

e QuISP: https://aqua.sfc.wide.ad.jp/quisp website/
e SeQUeNce: https://github.com/sequence-toolbox/SeQUeNCe

e QuNetSim: https://github.com/tgsd/QuNetSim

* Squanch: https://github.com/att-innovate/squanch

e SimulaQron: https://github.com/SoftwareQuTech/SimulaQron

* NetSquid: https://netsquid.org/

Aim to offer a way to test out ‘things related to a quantum network’
- without having access to a physical quantum network !

(physical layer, protocols, control software, applications, performance prediction)


https://www.quantum-network.com/
https://aqua.sfc.wide.ad.jp/quisp_website/
https://github.com/sequence-toolbox/SeQUeNCe
https://github.com/tqsd/QuNetSim
https://github.com/att-innovate/squanch
https://github.com/SoftwareQuTech/SimulaQron
https://netsquid.org/
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How to do SOMETHING with a quantum network simulator
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* What one can do with ‘a’” quantum network simulator

* How to doSOMETHING USEFUL with a guantum network simulator

Who this short course is for...
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Quantum Network Simulators

What one can do with ‘a’” quantum network simulator

How to do SOMETHING USEFUL with a guantum network simulator

Who this short course is for...

This short course is for anyone
interested in learning how to use a quantum network simulator.
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Quantum Network Simulators

What one can do with ‘a’” quantum network simulator

How to do SOMETHING USEFUL with a guantum network simulator

Who this short course is for...

This short course is for anyone
interested in learning how to use a quantum network simulator.

Interested in using a quantum network simulator to: - Explore concepts?

- Integrate it in your research?
- Or just have fun with it?
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Quantum Network Simulators

What one can do with ‘a’” quantum network simulator

How to do SOMETHING USEFUL with a guantum network simulator

Who this short course is for...

This short course is for anyone
interested in learning how to use a quantum network simulator.

Interested in using a quantum network simulator to: - Explore concepts?

- Integrate it in your research?
- Or just have fun with it?

Hopefully this short course can help to get you started
in doing SOMETHING THAT YOU CONSIDER USEFUL with a quantum network simulator
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lation Deep Dive: Learning by Doing

Quantum Memory
nthis notebook we praciice storing qubits 0 Quantum Memaory; changing the state of qubits, peeking at the state of qubits, and measuring qubits.

Hands-on Explorations

y import Quantumienory

paquid as D%
ons as insty

10 {2):
from netsquid.comPane
rt etaquid. componert

nts - GUeNoT
5. instructis

swpo

measuring

miper of memory posi

gates,

s) for storng qubits using

ory, initializing,

mory With & presat nul

itions: (r\um»pas\t\on

Example 1 Mem
In NetSquid, we can creale 2 guanturm mer
class netsauid components.armemory. Quantumiemory(name. urm,_positions=1. nodsis=None, mermery. noise_models=Nons, qublt_types=hone:
properties=None. port_names:\lana)
As a first example, We create the quantum memory "Ev.ampleQMem‘l « which Gan store one qubit.
= ame= wgxampleguemi” s num_positions=i}

structions we can nitialize and rneasure

1n [2)5 ememoryl Quantumstemory (™
We can manipultate qubits using instructions which are \ow-tevel commands that run on & quantum memory. Using in
ate on qubits by applying gates.

qublis and also oper

e a qubit in OUF emery using

First, we initializs
class netsquvd‘corﬂnonerts.vns‘trunﬂons,lNSl RINS Tiguantumm. memery, positiens

gy default 2 qubitis initiatized in the 10} state:
1n [3)5 instr.INSTR__INIT(qumDIyl, positiens=101)
Using the peek function

oheok_postiions=True)

peekigelf, positions: skip_nols
we can peek at the qubit stored inthe memory and se€ that indeed oné qubit is stored.
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peeking at the state of qubits, and measuring qubits.

Quantum Memory

practice storing qubits 1

n Quantum Memary; changing the state of qubits,

{n this notebook we

Hands-on Explorations

1n {11 import metsquid 2% ns

£rom netsqu'm.cnmpunents.qmamery import Quantumenory
import netsquid.cnmponents.insl:ructicms as inst¥
using

gates,

preset nurmiper of memaory

emory, initializing, measuring
quanturm memory with 8 positions (r\um»pcmt\ms) for storing qubits

Example 1 ™M

we can create 2

In NetSquid,
memory.Q anumiernoryiniame, T positions=1, modeis=Nene: memory_noise. models=None, aubit types=None,

class netsquid.compone
ames:\.lm\e]

prooer\ves:None, port_n:
As a first example, We create the quantum memory "EnampteQMem‘l « which Gan store one qubit.
1n [2)5 ememoryl = Quant\m\ﬂen\ury(name= wgxampleguemi” s num_positions=i}

We can manipultate qubits using instructions which are \ow-tevel commands that run on & quantum memory. Using instructions we can initialize and measure
qublis and also operate on qubits by applying gates.
First, we initiatize & Qubit in our memory using

class netsquid componen ts.vnztmcdonz,lNSl R_INIT(guanturm. mefmory, positiens

gy default 2 qubitis initiatized in the 10 state
10 {31 'mstrJNSTF__INI‘n(qmamnzyl, positions=101)
Using the peek function
peekigelf, positions: skip_NoIs? ock_positions=True)
we can peek at the qubit stored inthe memory and se€ that indeed oné qubit is stored.

* Introduce
you to key buildi
network simul ing blocks of
ators quantum network
S/OIuantum

y W
y g

* Letyousim
ulate a te '
leportation network protocol ina Q
a Quantum Net
work
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How to get the most out of this course...

* Be engaged!
 Work with the provided notebooks
* Tryto apply the material

* Ideally: work with others, discuss your questions etc.
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How to get the most out of this course...

* Be engaged!
 Work with the provided notebooks
* Tryto apply the material

* Ideally: work with others, discuss your questions etc.

Poll: Do you prefer to work alone on your own?
or
Are you interested in working in a breakout room so you can discuss with others?
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Hopefully this short course can help to get you started

in doing SOMETHING THAT YOU CONSIDER USERUL with a quantum network simulator
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Quantum Network Simulators

(prob already not a complete list anymore...)

 Quantum-Network Explorer: https://www.quantum-network.com/

e QuISP: https://aqua.sfc.wide.ad.jp/quisp website/
e SeQUeNce: https://github.com/sequence-toolbox/SeQUeNCe

e QuNetSim: https://github.com/tgsd/QuNetSim

* Squanch: https://github.com/att-innovate/squanch

e SimulaQron: https://github.com/SoftwareQuTech/SimulaQron

* NetSquid: https://netsquid.org/

Aim to offer a way to test out ‘things related to a quantum network’
- without having access to a physical quantum network !

(physical layer, protocols, control software, applications, performance prediction)


https://www.quantum-network.com/
https://aqua.sfc.wide.ad.jp/quisp_website/
https://github.com/sequence-toolbox/SeQUeNCe
https://github.com/tqsd/QuNetSim
https://github.com/att-innovate/squanch
https://github.com/SoftwareQuTech/SimulaQron
https://netsquid.org/

- Networks

1\ Centerfor
~/ Quantum

NSF-ERC

Quantum Network Simulators

(prob already not a complete list anymore...)

 Quantum-Network Explorer: https://www.quantum-network.com/

e QuISP: https://aqua.sfc.wide.ad.jp/quisp website/
e SeQUeNce: https://github.com/sequence-toolbox/SeQUeNCe

e QuNetSim: https://github.com/tgsd/QuNetSim

* Squanch: https://github.com/att-innovate/squanch

e SimulaQron: https://github.com/SoftwareQuTech/SimulaQron

* NetSquid: https://netsquid.org/

Aim to offer a way to test out ‘things related to a quantum network’
- without having access to a physical quantum network !

(physical layer, protocols, control software, applications, performance prediction)


https://www.quantum-network.com/
https://aqua.sfc.wide.ad.jp/quisp_website/
https://github.com/sequence-toolbox/SeQUeNCe
https://github.com/tqsd/QuNetSim
https://github.com/att-innovate/squanch
https://github.com/SoftwareQuTech/SimulaQron
https://netsquid.org/
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Quantum Network Simulators

(prob already not a complete list anymore...)

 Quantum-Network Explorer: https://www.quantum-network.com/

e QuISP: https://aqua.sfc.wide.ad.jp/quisp website/
e SeQUeNce: https://github.com/sequence-toolbox/SeQUeNCe

e QuNetSim: https://github.com/tgsd/QuNetSim

* Squanch: https://github.com/att-innovate/squanch

e SimulaQron: https://github.com/SoftwareQuTech/SimulaQron

Official Disclaimer:
(this does NOT mean the others aren’t great!)

* NetSquid: https://netsquid.org/

Aim to offer a way to test out ‘things related to a quantum network’
- without having access to a physical quantum network !

(physical layer, protocols, control software, applications, performance prediction)


https://www.quantum-network.com/
https://aqua.sfc.wide.ad.jp/quisp_website/
https://github.com/sequence-toolbox/SeQUeNCe
https://github.com/tqsd/QuNetSim
https://github.com/att-innovate/squanch
https://github.com/SoftwareQuTech/SimulaQron
https://netsquid.org/
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For this short course we will use NetSquid.

https://netsquid.org/

About NetSquid

The Network Simulator for Quantum Information using Discrete events
(NetSquid) is a software tool for the modelling and simulation of scalable
quantum networks developed at QuTech. The goal of NetSquid is to enable
scientists and engineers to design the future quantum internet as well as
modular quantum computing architectures.

One of NetSquid's key features is its ability to easily and accurately model
the effects of time on the performance of quantum network and quantum
computing systems. This forms an essential ingredient in developing
scalable systems which require a design that can mitigate the limited
lifetime of quantum bits processed by quantum devices.

Read More

quantum
channel

quantum .
repeater <::>:| switch

:: end
e node

More detailed information about NetSquid is available in our paper.

Please cite this paper if you use NetSquid in your research.

Read More

* Screenshots from https://netsquid.org

QuTech

NetSquid is developed at QuTech

TR 2 i N W
00 e® ™™ gy
e 09 ® ® 0 08y

QuTech

QuTech, a collaboration between:

P . .
TuDelft TNO o

NetSquid is used as a quantum hardware emulator in the

ve, Quantum
o>+ Network Explorer

o By QuTech

Official Disclaimer:
(this does NOT mean the others aren’t great!)
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For this short course we will use NetSquid.

https://netsquid.org/

NetSquid

4’);? The Network Simulator for Quantum Home Get NetSquid Forum &Docs Snippets News Team Contact

Information using Discrete events

* Screenshots from https://netsquid.org Official Disclaimer:
(this does NOT mean the others aren’t great!)
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Simulations are in Python and will be run on a virtual machine using Jupyter Notebooks.

@ python’ Py

Jupyter Notebook

 Powerful tool to integrate code and output in single document
 Allows to combine code, output, text, equations, images

You will be working with notebooks online —in your browser.
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To access the notebooks:

* Please goto https://miracqn.stonedwarf5.net/

Username:

Password:

 Accounts are setup and ready to go (userl, user2, ..)
e Password: shortcourse8

Listen for your account info, then log onto the server, please.

Please write down your account!



https://miracqn.stonedwarf5.net/
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What you should see

O

0O 00000000000

Files

(Jo

— Jupyterhub

Running Clusters

Select items to perform actions on them.

~ B/

& A Jupyterintro.ipynb

& B_QuantumMemory_Example1.ipynb
& C_QuantumMemory_Example2.ipynb
& D_QuantumMemory_Example3.ipynb
& E_QuantumProcessor_Example1.ipynb
& F_QuantumProcessor_Example2.ipynb
& G_QuantumProcessor_Example3.ipynb
& H_QuantumChannels_Example1.ipynb
& |_QuantumChannels_Example2.ipynb
& J_QuantumChannels_Example3.ipynb
& K_QuantumNetworks_Example1.ipynb
& |_QuantumNetworks_Example2.ipynb

& M_QuantumNetworks_Example3.ipynb

Name ¥

Logout Control Panel

Upload New =

Last Modified
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago
seconds ago

seconds ago

7~
L

File size

17.4 kB

8.63 kB

5.93 kB

9.82 kB

10.4 kB

7.8 kB

13.2 kB

28.4 kB

11.1 kB

10.8 kB

10 kB

14.4 kB

14.3 kB

If you ever see this: === Server not running

Your server is not running. Would you like to start it?

Just click launch server.
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: Ju pyte rhub Logout = Control Panel
Files Running Clusters

Select items to perform actions on them. Upload | New~ &
(Jo ~ W&/ Name &  Last Modified File size
() & A Jupyterintro.ipynb secondsago  17.4 kB

() & B_Quan emory_Examplel.ipynb seconds ago 8.63 kB
() & C_Quanturfemory_Example2.ipynb seconds ago 5.93 kB
(J) & D_QuantumMemory_Example3.ipynb seconds ago 9.82 kB
(0 & E_QuantumPMcessor_Example1.ipynb seconds ago 10.4 kB
(0 & F_QuantumProfessor_Example2.ipynb seconds ago 7.8 kB
(J & G_QuantumProd@ssor Example3.ipynb seconds ago 13.2 kB
(J & H_QuantumChanfls_Example1.ipynb seconds ago 28.4 kB
(J & |_QuantumChannel Example2.ipynb seconds ago 11.1 kB
(J) & J_QuantumChannel§Fxample3.ipynb seconds ago 10.8 kB
(0 & K_QuantumNetworks@lExamplel.ipynb seconds ago 10 kB
(0 & L_QuantumNetworks_MRample2.ipynb seconds ago 14.4 kB
(J & M_QuantumNetworks_Eflample3.ipynb seconds ago 14.3 kB

Click on A_Jupyterintro to open it.
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Try it out!

_

- Ju p)/te rhub Jupyterintro Last Checkpoint: a few seconds ago (unsaved changes) P Logout = Control Panel
File Edit View Insert Cell Kernel Widgets Help Trusted | Python 3 (ipykernel) O

+ X @O B 4 ¥ PRun B C » Markdown v Memory: 35.5 MB

In a JupyterNotebook, input is inserted in cells.

In [ ]: 1

To input code, we set the format of the cell to Code.
To input descriptive text, equations, figures we set the format of the cell to Markdown.

To run a selected cell we press 'run’'.

In [1]: print("Hello world")

Hello world

In [ ]:
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: Ju p)/te I' Untitled12 Last Checkpoint: a few seconds ago (unsaved changes)

File Edit View Insert Cell Kernel Widgets Help

B + < & B 2+ ¥ PRuin B C » Code v | E=

P Logout

Trusted ¢ |Python3 O

In | l= il
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: Jupyter Untitled12 Last Checkpoint: a few seconds ago (unsaved changes) P Logout
File Edit View Insert Cell Kernel Widgets Help Trusted ¢° |Python3 O
+ < @ B 2+ ¥ PRuin B C M Code v

* Inputisinsertedin cells
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: Jupyter Untitled12 Last Checkpoint: a few seconds ago (unsaved changes) P Logout

File Edit View Insert Cell Kernel idae Halp Trusted ¢* |Python 3 O
+3€@E‘I‘¢>RunIC»
In [ J:| 1
o

Input is inserted in cells

File Edit View Insert Cell Kernel Help
B+ < & B A % PRin B C W Code
' Markdown |
Raw NBConiist
Heading

* Toinput code, we set the format of the cell to Code
 To input text, equations, figures etc., we set the format to Markdown
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: J u the r Untitled 12 Last Checkpoint: a few seconds ago (unsaved changes) ﬁ Logout

File Edit View Insert Kernel Widgets Help Trusted ¢* |Python3 O

B + < & B 4+ ¥

In | l= 1l

* Inputisinsertedin @ells

the format of the cell to Code
s, figures etc., we set the format to Markdown

* Toinput code, we s€
* To input text, equatic
e Torun a selected cell



“{/ Networks

_,_.-;_iii?':';;;“%'-; Centerfor
7/ Quantum

NSF-ERC Quick intro to Jupyter Notebooks

: J U pyte I Untitled12 Last Checkpoint: a few seconds ago (unsaved changes) P Logout

Kernel

B + << & B 4+ v PRuin B C WV

File Edit View Insert Cell Widgets Help Trusted ¢° |Python3 O

In [ ]z

* Inputisinsertedin cells

* Toinput code, we set the format of the cell to Code
 To input text, equations, figures etc., we set the format to Markdown

* Torun a selected cell -~

File Edit View Insert Cell Kernel Widgets Help

+ xx @ B 4 ¥  PRun Interrupt v

Restart |E| |E|

Restart & Clear Output
Restart & Run All

In a JupyterN

To input descriptive text, 1e format of the cell

* To restart the simulation and remove all output
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Ju pyte I' Untitled12 Last Checkpoint: a few seconds ago (unsaved changes) ﬁ Logout
File Edit View Insert Cell Kernel Widgets Help Trusted ¢° | Python3 O

B + < & B 2 ¥ PRuin B C

In [ ]z

* Inputisinsertedin cells

* Toinput code, we set thalformat of the cell to Code
 To input text, equations, figures etc., we set the format to Markdown

* Torun aselected cell
 To restart the simulation afhd remove all output

 To run all cells (whole file)
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: Ju p)/te rhub Logout = Control Panel
Files Running Clusters

Select items to perform actions on them. Upload | New~ | &
(Jo ~ W/ Name ¥  Last Modified = File size
(] & A_Jupyterintro.ipynb seconds ago 17.4 kB
(J & B_QuantumMemory_Examplel.ipynb seconds ago 8.63 kB
(J & C_QuantumMemory_Example2.ipynb seconds ago 5.93 kB
(J) & D_QuantumMemory_Example3.ipynb seconds ago 9.82 kB
(J & E_QuantumProcessor_Example1.ipynb seconds ago 10.4 kB
(J & F_QuantumProcessor_Example2.ipynb seconds ago 7.8 kB
(J) & G_QuantumProcessor_Example3.ipynb seconds ago 13.2 kB
(J & H_QuantumChannels_Example1.ipynb seconds ago 28.4 kB
(J & |_QuantumChannels_Example2.ipynb seconds ago 11.1 kB
(J & J_QuantumChannels_Example3.ipynb seconds ago 10.8 kB
() & K_QuantumNetworks_Examplel.ipynb seconds ago 10 kB
(0 & L_QuantumNetworks_Example2.ipynb seconds ago 14.4 kB
(0 & M_QuantumNetworks_Example3.ipynb seconds ago 14.3 kB
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Hands-on Explorations

: Ju p)/te rhub Logout | Control Panel
Files Running Clusters

Select items to perform actions on them. Upload | New~ | &
(Jo -~ W/ Noamnn ale | 1 oot Madifind Eiln ainn
(] & A_Jupyterintro.ipynb P I'a CtICE h ow tO

S S Cm MemonSxample LRye * Store a qubit (quantum memory)

- B C Quanmitemen Bamplez prn: * Change the state of a qubit (apply gates)

(J) & D_QuantumMemory_Example3.ipynb . . .

S TP ty—————  Peek at the state of a qubit (not physical, but convenient!)
() & F_QuantumProcessor_Example2.ipynb * Enta ngle qu bits

O & G_QuantumProcessor_Example3.ipynb * Perform local state teleportation

(J & H_QuantumChannels_Example1.ipynb seconds ago  28.4 kB
(J & |_QuantumChannels_Example2.ipynb secondsago  11.1 kB
(J & J_QuantumChannels_Example3.ipynb secondsago  10.8 kB
() & K_QuantumNetworks_Examplel.ipynb seconds ago 10 kB
(0 & L_QuantumNetworks_Example2.ipynb seconds ago 14.4 kB
(0 & M_QuantumNetworks_Example3.ipynb seconds ago  14.3 kB




7 Centerfor
Z / Quantum

| Networks Simulation Deep Dive: Learning by Doing

Hands-on Explorations

: Ju p)/te rhub Logout | Control Panel
Files Running Clusters

Select items to perform actions on them. Upload | New~ | &
(Jo ~ W/ Name ¥  Last Modified = File size
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Agent A has qubit in state )
e
End: Agent B

Agent B has qubit in state
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Quantum State Teleportation - Refresher
Goal: Teleport state of qubit from Agent A to Agent B
Quantum State Teleportation
Beginning:

Agent A Agent B

Agent A has qubit in state

End:

Agent A Agent B

Agent B has qubit in state
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Quantum State Teleportation - Refresher

Goal: Teleport state of qubit from Agent A to Agent B

Agent A Agent B

_ VANVAVAVAVAVAVAVAVAVAY

Agent A and Agent B share an entangled qubit pair.
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Quantum State Teleportation - Refresher

Goal: Teleport state of qubit from Agent A to Agent B

Agent A Agent B

_ VANVAVAVAVAVAVAVAVAVAY

Agent A and Agent B share an entangled qubit pair.

Agent A has a qubit in state C2)which he wants to teleport to Agent B.
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Quantum State Teleportation - Refresher

Goal: Teleport state of qubit from Agent A to Agent B

Agent A Agent B

/@

Step 1: Agent A performs a joint (or Bell State) measurement on the local qubits.
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Quantum State Teleportation - Refresher

Goal: Teleport state of qubit from Agent A to Agent B

Agent A (a,b) Agent B

Step 2: Agent A send the measurement outcomes to Agent B (classical bits).

Step 1: Agent A performs a joint (or Bell State) measurement on the local qubits. [
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Quantum State Teleportation - Refresher

Goal: Teleport state of qubit from Agent A to Agent B

Agent A AgentB 5 p)

Q (a,b) ‘
O

Step 3: Agent B uses the classical bits to correct state of local qubit.
Step 2: Agent A send the measurement outcomes to Agent B (classical bits). v

Step 1: Agent A performs a joint (or Bell State) measurement on the local qubits. i
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Quantum State Teleportation - Refresher

Goal: Teleport state of qubit from Agent A to Agent B i

Agent A

O (a,b)

Step 3: Agent B uses the classical bits to correct state of local qubit. [

Step 2: Agent A send the measurement outcomes to Agent B (classical bits). [V

Step 1: Agent A performs a joint (or Bell State) measurement on the local qubits. i
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Goal: Teleport state of qubit from Agent A to Agent B

NSF-ERC

Step O0: Agent A and Agent B share an entangled qubit pair.
Step 1: Agent A performs a joint (or Bell State) measurement on the local qubits.

Step 2: Agent A send the measurement outcomes to Agent B (classical bits).
Step 3: Agent B uses the classical bits to correct state of local qubit.

Agent A Agent B

‘ O (ab)
FYAVAVAVAVAVAVAVAVAVAN O
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Goal: Teleport state of qubit from Agent A to Agent B

NSF-ERC

Step O0: Agent A and Agent B share an entangled qubit pair.
Step 1: Agent A performs a joint (or Bell State) measurement on the local qubits.

Step 2: Agent A send the measurement outcomes to Agent B (classical bits).
Step 3: Agent B uses the classical bits to correct state of local qubit.

Agent A Agent B

‘ O (a.b)
FYAVAVAVAVAVAVAVAVAVAN O

Or: Goal: Teleport state of one qubit to another qubit

4

O(a,b)
o
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Goal: Teleport state of qubit from Agent A to Agent B

NSF-ERC

Step O0: Agent A and Agent B share an entangled qubit pair.
Step 1: Agent A performs a joint (or Bell State) measurement on the local qubits.

Step 2: Agent A send the measurement outcomes to Agent B (classical bits).
Step 3: Agent B uses the classical bits to correct state of local qubit.

Agent A Agent B Agent A Agent B

‘ O (a.b)
FYAVAVAVAVAVAVAVAVA VAN _ O

Or: Goal: Teleport state of one qubit to another qubit

Step 1: Start with three qubits

Qubit 1 |>
Qubit 2 | O>
Qubit 3 | O>
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Goal: Teleport state of qubit from Agent A to Agent B
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Step O0: Agent A and Agent B share an entangled qubit pair.
Step 1: Agent A performs a joint (or Bell State) measurement on the local qubits.

Step 2: Agent A send the measurement outcomes to Agent B (classical bits).
Step 3: Agent B uses the classical bits to correct state of local qubit.

Agent A Agent B

‘ O (a.b)
FYAVAVAVAVAVAVAVAVA VAN _ O

Or: Goal: Teleport state of one qubit to another qubit

Step 2: Apply H gate to Qubit 2

Qubit 1 |>

aubit2 |0) ||||
O Qubit 3 ‘O)
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Goal: Teleport state of qubit from Agent A to Agent B

NSF-ERC

Step 0: Agent A and Agent B share an entangled qubit pair.
Step 1: Agent A performs a joint (or Bell State) measurement on the local qubits.

Step 2: Agent A send the measurement outcomes to Agent B (classical bits).
Step 3: Agent B uses the classical bits to correct state of local qubit.

Agent A Agent B

‘ O (a.b)
FYAVAVAVAVAVAVAVAVA VAN _ O

Or: Goal: Teleport state of one qubit to another qubit

Step 3: Apply CNOT gate to Qubit 2 (control) and Qubit 3 (target)

Qubit 3
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Goal: Teleport state of qubit from Agent A to Agent B

NSF-ERC

Step 0: Agent A and Agent B share an entangled qubit pair.
Step 1: Agent A performs a joint (or Bell State) measurement on the local qubits.

Step 2: Agent A send the measurement outcomes to Agent B (classical bits).
Step 3: Agent B uses the classical bits to correct state of local qubit.

Agent A Agent B

‘ O (a.b)
FYAVAVAVAVAVAVAVAVA VAN _ O

Or: Goal: Teleport state of one qubit to another qubit

Step 4: Apply CNOT gate to Qubit 1 (control) and Qubit 2 (target)

Qubit 1 |>

Qubit 2 ‘0) 4‘ H| ®

Qubit 3 ‘0) 2>
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Goal: Teleport state of qubit from Agent A to Agent B

NSF-ERC

Step 0: Agent A and Agent B share an entangled qubit pair.
Step 1: Agent A performs a joint (or Bell State) measurement on the local qubits.

Step 2: Agent A send the measurement outcomes to Agent B (classical bits).
Step 3: Agent B uses the classical bits to correct state of local qubit.

Agent A Agent B

‘ O (a.b)
FYAVAVAVAVAVAVAVAVA VAN _ O

Or: Goal: Teleport state of one qubit to another qubit

Step 5: Apply H gate to Qubit 1 \

Qubit 1 |>

Qubit 2 ‘0)

Qubit 3 ‘0> >




1\ Centerfor

7 Juantum Quantum State Teleportation - Refresher
Goal: Teleport state of qubit from Agent A to Agent B

NSF-ERC

Step 0: Agent A and Agent B share an entangled qubit pair.
Step 1: Agent A performs a joint (or Bell State) measurement on the local qubits.

Step 2: Agent A send the measurement outcomes to Agent B (classical bits).
Step 3: Agent B uses the classical bits to correct state of local qubit.

Agent A Agent B

‘ O (a.b)
FYAVAVAVAVAVAVAVAVA VAN _ O

Or: Goal: Teleport state of one qubit to another qubit

Step 6: Measure Qubit 1 and Qubit 2 \

Qubit 1 |> 0 H /7<

Qubit 2 ‘0> 1 .

A
¢

Qubit 3 ‘0> an




1\ Centerfor

7 Juantum Quantum State Teleportation - Refresher
Goal: Teleport state of qubit from Agent A to Agent B

NSF-ERC

Step 0: Agent A and Agent B share an entangled qubit pair.
Step 1: Agent A performs a joint (or Bell State) measurement on the local qubits.

Step 2: Agent A send the measurement outcomes to Agent B (classical bits).
Step 3: Agent B uses the classical bits to correct state of local qubit.

Agent A Agent B

‘ O (a.b)
FYAVAVAVAVAVAVAVAVA VAN _ O

Or: Goal: Teleport state of one qubit to another qubit

Step 7: Use measurement results to decide if need to correct state
o @ —
Qubit 1 |> — H A »
Qubit 2 ‘0) —H —D X
O
(a,b)
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Goal: Teleport state of qubit from Agent A to Agent B

NSF-ERC

Step 0: Agent A and Agent B share an entangled qubit pair.
Step 1: Agent A performs a joint (or Bell State) measurement on the local qubits.

Step 2: Agent A send the measurement outcomes to Agent B (classical bits).
Step 3: Agent B uses the classical bits to correct state of local qubit.

Agent A Agent B Agent A Agent B

‘ O (a.b)
FYAVAVAVAVAVAVAVAVA VAN _ O

Or: Goal: Teleport state of one qubit to another qubit

Teleport state from qubit 1 to qubit 3

Qubit 1 |> — H A .

o |

entangling correction

Qubit 2 ‘0) — H o

A
¢/
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Teleport state from qubit 1 to qubit 3

Qubit 1 |> . H A ®

Qubit 2 ‘O) — H o

D

</
A

A
E—

Qubit 3 ‘0>

D
¢/
S
N

What do we need?

* Quantum memory (way to store qubits)
 Manipulate state of qubits (apply gates)
* Measure qubits
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Self-contained notebooks
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Quantum Memory - Example 1: Memory, initializing, gates, measuring

In this notebook we practice storing qubits in Quantum Memory, changing the state of qubits, peeking at the state of qubits, and measuring qubits.

In [ ]: 1 # import needed content from netsquid package

import netsquid as ns

from netsquid.components.gmemory import QuantumMemory
import netsquid.components.instructions as instr

g Lad Pad |

In NetSquid, we can create a quantum memory with a preset number of memory positions (num_positions) for storing qubits using

class netsquid.components.gmemory.QuantumMemory(name, num_positions=1, models=None, memory_noise_models=None, qubit_types=None,
properties=None, port_names=None)

As a first example, we create the quantum memory "ExampleCiMem1® which can store one qubit.
In [ ]: 1 gmemoryl = QuantumMemory{name="ExampleQMeml", num_positions=1) # create quantum memory with one slot

We can manipulate qubits using instructions which are low-level commands that run on a quantum memory. Using instructions we can initialize and
measure qubits and also operate on qubits by applying gates.
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Blue box: quick summary of notebook

Quantum Memory_' Example 1: Memory, initializing, gates, measuring

In this notebook we practice storing qubits in Quantum Memory, changing the state of qubits, peeking at the state of qubits, and measuring qubits.

In [ ]: 1 # import needed content from netsquid package

import netsquid as ns

from netsquid.components.gmemory import QuantumMemory
import netsquid.components.instructions as instr

g LAt P

In NetSquid, we can create a quantum memory with a preset number of memory positions (num_positions) for storing qubits using

class netsquid.components.gmemory.QuantumMemory(name, num_positions=1, models=None, memory_noise_models=None, qubit_types=None,
properties=None, port_names=None)

As a first example, we create the quantum memory "ExampleCiMem1® which can store one qubit.

In [ ]: 1 gmemoryl = QuantumMemory{name="ExampleQMeml", num_positions=1) # create quantum memory with one slot

We can manipulate qubits using instructions which are low-level commands that run on a quantum memory. Using instructions we can initialize and
measure qubits and also operate on qubits by applying gates.
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Quantum Memory - Example 1: Memory, initializing, gates, measuring

In this notebook we practice storing qubits in Quantum Memory, changing the state of qubits, peeking at the state of qubits, and measuring qubits.

In [ ]: # import needed content from netsquid package

import netsquid as ns

from netsquid.components.gmemory import QuantumMemory
import netsquid.components.instructions as instr

o bt ot

In NetSquid, we can create a quantum memory with a preset number of memory positions (num_positions) for storing qubits using

class netsquid.components.gmemory.QuantumMemory(name, num_positions=1, models=None, memory_noise_models=None, qubit_types=None,
properties=None, port_names=None)

As a first exam; e, we create the quantum memory "ExampleCMem1” which can store one qubit.

In [ ]: 1 gmemoryl §\ QuantumMemory{name="ExampleQMeml", num_positions=1) # create quantum memory with one slot

We can manipulate
measure qubits and

bits using instructions which are low-level commands that run on a guantum memory. Using instructions we can initialize and
0 operate on qubits by applying gates.

Yellow boxes: new definitions with default settings (for future reference)
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What you will find in each notebook:

Quantum Memory - Example 1: Memory, initializing, gates, measuring

In this notebook we practice storing qubits in Quantum Memory, changing the state of qubits, peeking at the state of qubits, and measuring qubits.

In [ ]: 1 # import needed content from netsquid package

2 import netsquid as ns

3 from netsquid.components.gmemory import QuantumMemory
4 import netsquid.components.instructions as instr

In NetSquid, we can create a quantum memory with a preset number of memory positions (num_positions) for storing qubits using

class netsquid.components.gmemory.QuantumMemory(name, num_positions=1, models=None, memory_noise_models=None, qubit_types=None,
roperties=MNone, port_names=None)

As a1\ st example, we create the quantum memory "ExampleCiMem1” which can store one qubit.
In [ ]: 1 gmeéworyl = QuantumMemory{name="ExampleQMeml", num_positions=1) # create quantum memory with one slot

ulate qubits using instructions which are low-level commands that run on a quantum memory. Using instructions we can initialize and
and also operate on qubits by applying gates.

File Edit View Insert Cell Kernel Widgets Help

Code cells: code to run + % BB v

B C » Code v

(Click in cell to select)
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What you will find in each notebook:

Before code has been run:

Let's apply the X gate to the qubit.

instr.INSTR_X(gmemoryl, positions=[@]) # apply X gate to slot 1
print("gmeml_s1 as ket", gmeml_sl.qgstate.qrepr) # print state of qubit in slot 1

We see that after applying an X gate,the state of the qubit is now

. ?2?? (some text might not make sense before
H'}z(l) =10 code has been run)

If we next apply a Hadamard gate, we obtain:

instr.INSTR_H(gmemoryl, positions=[8]) # apply H gate to slot 1
print("gmeml_s1 as ket", gmeml_sl.qgstate.qrepr) # print state of qubit in slot 1

We see that after applying an H gate,the state of the qubit is now

W}=$(‘1‘)=$(m>—u}).
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After code has been run:

Let's apply the X gate 1o the qubit.
In [6]:] 1 instr.INSTR_X(qmemoryl, positions=[@]) # apply X gate to slot 1
2 print("gmeml_sl as ket", qmeml_sl.qstate.qrepr) # print state of qubit in slot 1

gmeml_sl as ket KetRepr(num_qubits=1,
ket=

[[0.+0.7]
[1.+8.71])

We see that after applying an X gate.the state of the qubit is now

r*P}=('f) = 1),

If we next apply a Hadamard gate, we obtain:

When output is shown text might
make more sense

In [7]:] 1 instr.INSTR_H(gmemoryl, positions=[@]) # app
2 print("gmeml_s1 as ket", gmeml_sl.qstate.q

H gate to slot 1
r) # print state of qubit in slot 1

gmeml_sl as ket KetRepr(num_qubits=1,
ket=

[[ 8.70710678+0.7]
[-8.70710678+0.j]1])

We see that after applying an H gate,the state of the qubit is now

W =2(7) = %(m-m).

(if you see In [*]:then code is not done running yet)
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Practice suggestions:

Practice Suggestions:

« Create a new CQuantum Memory which can store one qubits.
« [nitialize the qubit.

« Apply the Y gate (or a different gate) to the qubit.

« Peek at the state of the gubit.

« Measure the qubit.

How to get the most out of this short course:

* Be engaged!
 Work with the provided notebooks

* Tryto apply the material

* I|deally: work with others, discuss your questions etc.
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Teleport state from qubit 1 to qubit 3

Qubit 1 |> . H A ®

Qubit 2 ‘O) — H o

D

</
A

A
E—

Qubit 3 ‘0>

D
¢/
S
N

What do we need?

. Let’s simulate it!
* Quantum memory (way to store qubits)

 Manipulate state of qubits (apply gates)
* Measure qubits
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Files Running Clusters
Select items to perform actions on them. Upload | New~ | &
Do -~ W/ Name ¥  Last Modified = File size
(] & A_Jupyterintro.ipynb seconds ago 17.4 kB

(J & B_QuantumMemory_Examplel.ipynb seconds ago 8.63 kB

Quantum Memory - Example 1: Memory, initializing, gates, measuring

In this notebook we practice storing qubits in Quantum Memory, changing the state of qubits, peeking at the state of qubits, and measuring qubits.

(J & |_QuantumChannels_Example2.ipynb seconds ago 11.1 kB
(J & J_QuantumChannels_Example3.ipynb seconds ago 10.8 kB
() & K_QuantumNetworks_Examplel.ipynb seconds ago 10 kB
(0 & L_QuantumNetworks_Example2.ipynb seconds ago 14.4 kB
(0 & M_QuantumNetworks_Example3.ipynb seconds ago 14.3 kB
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Notebook: B_QuantumMemory_Examplel.ipyn

Quantum Memory - Example 1: Memory, initializing, gates, measuring

In this notebook we practice storing qubits in Quantum Memory, changing the state of qubits, peeking at the state of qubits, and measuring qubits.

Quantum Memory

o oitiese=h “_]-]

Positions=[0]

 Place a qubitin a memory

 Apply gates to change state

 Peek at a qubit (not physically possible but so convenient..)
* measure
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: J u pyte r h u b Logout Control Panel
Files Running Clusters
Select items to perform actions on them. Upload | New~ | &
Do -~ W/ Name ¥  Last Modified = File size
(] & A_Jupyterintro.ipynb seconds ago 17.4 kB
(J & B_QuantumMemory_Examplel.ipynb seconds ago 8.63 kB

(J & C_QuantumMemory_Example2.ipynb seconds ago 5.93 kB

Quantum Memory - Example 2: Bell States

In this notebook we practice operating on two qubits and entangling them.

(J & |_QuantumChannels_Example2.ipynb seconds ago 11.1 kB
(J & J_QuantumChannels_Example3.ipynb seconds ago 10.8 kB
() & K_QuantumNetworks_Examplel.ipynb seconds ago 10 kB
(0 & L_QuantumNetworks_Example2.ipynb seconds ago 14.4 kB
(0 & M_QuantumNetworks_Example3.ipynb seconds ago 14.3 kB
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Notebook: C_QuantumMemory Example2.ipyn

Quantum Memory

1 [0

Qubit 2 ‘0> @

Place two qubits in a quantum memory
Entangle the two qubits
Measure the two qubits
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(] & A_Jupyterintro.ipynb

(J & B_QuantumMemory_Examplel.ipynb Quantum Memory - Example 3: Teleportation Circuit

(J & C_QuantumMemory_Example2.ipynb

O & D_QuantumMemory_Example3.ipynb

(J & E_QuantumProcessor_Examplel.ipynb Teleport state from quit 1to quit 3

In this notebook, we practice how to teleport the state of a qubit between different memory positions.

& F_QuantumProcessor_Example2.ipynb

& G_QuantumProcessor_Example3.ipynb QLI blt 1 |> H

& H_QuantumChannels_Example1.ipynb

& |_QuantumChannels_Example2.ipynb .
Qubit 2

0)

& J_QuantumChannels_Example3.ipynb

& K_QuantumNetworks_Example1.ipynb b
ubit 3
& |_QuantumNetworks_Example2.ipynb Q ‘O) O X Z

& M_QuantumNetworks_Example3.ipynb

0O 0000000

entangling correction
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Notebook: D_QuantumMemory Example3.ipyn

Quantum Memory

Teleport state from qubit 1 to qubit 3
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entangling correction
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* Place three qubits in a quantum memory
* Entangle two qubits

 Perform a BSM on two qubits

* Perform corrections

* Calculate fidelity
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What do we need?

. Let’s simulate it!
* Quantum memory (way to store qubits)

 Manipulate state of qubits (apply gates)
* Measure qubits
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What do we need?
Let’s simulate it!

=
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Quantum Processor - Example 1: Processor, specifying instructions,
executing events

In this notebook we practice how to use a Quantum Processor with specified physical instructions. This allows us to take into account the physical
duration of a process and include potential errors. We will also start using discrete event simulation where the operation of the system is modeled as a
discrete sequence of events in time. Each event occurs at a specified instant and changes the state of the system. Between events the system is
assumed to not change.
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Positions=[0] physical instructions:
e |nitialize

* Measure
 Apply Gates

Quantum Processor:

* Quantum processor

* Physical instructions (time duration)

* Discrete event simulation

 QOperate on qubits in a quantum processor
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Quantum Processor - Example 2: Topology

In this notebook we practice how to use a Quantum Processor with specified physical instructions to include a given topolgy, e.g. restrict which gates
can be applied to a given memory position.

(0 & M_QuantumNetworks_Example3.ipynb seconds ago 14.3 kB
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Quantum Memory

-

Quantum Processor: ) ) :
physical instructions:

 |nitialize
* Measure
 Apply Gates

* Quantum processor

Positions=[1]
* Physical instructions|(topology) I
 Discrete event simulation Positions=[0]

 QOperate on qubits in a quantum processor - Positions=[2]
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Quantum Processor - Example 3: Quantum Programs 3 kB
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In this notebook we practice how to use a quantum programs to run operations on the qubits sequentially. We will use quantum programs to run the 5 KB
teleporation circuit on the qubits inside the processor.
4 kB
e : Y - .8 kB
(J & H_QuantumChannels_Example1.ipynb seconds ago 28.4 kB
(J & |_QuantumChannels_Example2.ipynb seconds ago 11.1 kB
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() & K_QuantumNetworks_Examplel.ipynb seconds ago 10 kB
(0 & L_QuantumNetworks_Example2.ipynb seconds ago 14.4 kB
(0 & M_QuantumNetworks_Example3.ipynb seconds ago 14.3 kB




) Centerfor
7/ Quantum
. _ Networks
" NSF-ERC

Notebook: G_QuantumProcessor Example3.ipyn

Quantum Memory

Teleport state from qubit 1 to qubit 3

Qubit 1 ‘) * H

BSM ﬂ

Qubit 3 ‘0) D X 7

entangling correction

)

Qubit 2 ‘O) — H o

A
W

 Quantum program for teleportation circuit
* Physical instructions (time duration, topology)
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o Goal: Teleport state of qubit from Agent A to Agent B

Step 0: Agent A and Agent B share an entangled qubit pair.
Step 1: Agent A performs a joint (or Bell State) measurement on the local qubits.

Step 2: Agent A send the measurement outcomes to Agent B (classical bits).
Step 3: Agent B uses the classical bits to correct state of local qubit.

Agent B Agent A

o —_—

Or: Goal: Teleport state of one qubit to another qubit

Teleport state from qubit 1 to qu
Qubit 1 |> 2
Qubit 2 ‘0) — H o {
| BSM 1
Qubit 3 ‘0) () X 7

entangling correction
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e Goal: Teleport state of qubit from Agent A to Agent B

Step O0: Agent A and Agent B share an entangled qubit pair.
Step 1: Agent A performs a joint (or Bell State) measurement on the local qubits.

Step 2: Agent A send the measurement outcomes to Agent B (classical bits).
Step 3: Agent B uses the classical bits to correct state of local qubit.

Agent A Agent B Agent A Agent B

@ O a,b

:/\/\/\A/\/\/\/V\M ' 5“)

Agent A Agent B
Node Quantum Channel Node

® .
Classical Channel
@

What do we need?

* Everything we covered so far
* Channels

* (Connections

* Node Protocols

Let’s simulate it!
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Quantum Channels - Two nodes connected by a quantum channel

In this notebook we practice how to to connect nodes to each others so that qubits can be send between nodes.

Logout Control Panel

Up to now, we stored qubits and manipulated and measured them. Now we will go a step further and also send qubits between different locations.

First, we now switch from working directly with gquantum memories or quantum processors to instead working with nodes which have quantum
processors inside them. Nodes can have input and output ports which allow us to connect different nodes to each other through classical or quantum

channels.

| ] & A \LUd v LS Il - IS 1LY .

(J & |_QuantumChannels_Example2.ipynb

(J & J_QuantumChannels_Example3.ipynb
() & K_QuantumNetworks_Examplel.ipynb
(0 & L_QuantumNetworks_Example2.ipynb
O

& M_QuantumNetworks_Example3.ipynb

seconds ago 28.4 kB
seconds ago 11.1 kB
seconds ago 10.8 kB
seconds ago 10 kB
seconds ago 14.4 kB
seconds ago 14.3 kB
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 Nodes (with processor and memory)
* |nput/Output ports
* Quantum Channel
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Quantum Channels - Example 2: Two nodes connected by a classical
channel

In this notebook we practice how to connect two nodes by a classical channel. We use a quantum program to send a classical bit. The bit we are
sending will then dictate how to modify a qubit stored on the second node.

(J & |_QuantumChannels_Example2.ipynb seconds ago 11.1 kB

(J & J_QuantumChannels_Example3.ipynb seconds ago 10.8 kB
() & K_QuantumNetworks_Examplel.ipynb seconds ago 10 kB
(0 & L_QuantumNetworks_Example2.ipynb seconds ago 14.4 kB

(0 & M_QuantumNetworks_Example3.ipynb seconds ago 14.3 kB
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* Nodes (with processor and memory)
* |nput/Output ports

* C(Classical Channel

* Quantum Programs
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Quantum Channels - Example 3: Quantum Protocols

In this notebook we practice how to work with guantum protocols which we can attach to the nodes and which we can then use to run programs on

the nodes. This will help us to more easily simulate more complex scenarios.

(J & J_QuantumChannels_Example3.ipynb

() & K_QuantumNetworks_Examplel.ipynb
(0 & L_QuantumNetworks_Example2.ipynb

(0 & M_QuantumNetworks_Example3.ipynb

seconds ago
seconds ago
seconds ago

seconds ago

10.8 kB

10 kB

14.4 kB

14.3 kB
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* Nodes (with processor and memory)
* |nput/Output ports

* C(Classical Channel

* Node Protocols
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Quantum Networks - Example 1: Connections

In this notebook we practice using connections between nodes so that we can more easily model more complex situations (e.g. supplying
entanglement through a quantum source)

() & K_QuantumNetworks_Examplel.ipynb seconds ago 10 kB

(0 & L_QuantumNetworks_Example2.ipynb seconds ago 14.4 kB

(0 & M_QuantumNetworks_Example3.ipynb seconds ago 14.3 kB
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Quantum Networks - Example 2: A first Quantum Network

In this notebook we now combine all parts and create a network which consists of two nodes, a connection with a quantum channel and a connection
with a classical channel. We then run a full teleportation protocoll

(0 & L_QuantumNetworks_Example2.ipynb seconds ago 14.4 kB

(0 & M_QuantumNetworks_Example3.ipynb seconds ago 14.3 kB
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Quantum Channel

Classical Channel

Full network with

* Nodes

* Connections

* Quantum Programs » first we initialize three qubits on node2a

e Node Protocols « we change the state of the first qubit to

« then we entangle the two other qubits

« we send one of the entangled qubits to node2b

« Now we perform a BSM on the two remaining qubits on node2a
« we send the outcome of both measurements to nodeZb

« We correct the qubit on nodezZb

« we check the fidelity of the teleported state
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Quantum Networks - Quantum Teleportation in a Quantum Network with
Errors

In this notebook we last introduce errors for the memory and delay times for the channels into the system. This allows us to investigate how the
fidelity of the teleported state changes under more 'realistic' conditions.

(0 & M_QuantumNetworks_Example3.ipynb seconds ago 14.3 kB
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With ERRORS!

Full network with

* Nodes

* Connections

* Quantum Programs » first we initialize three qubits on node2a

e Node Protocols « we change the state of the first qubit to

« then we entangle the two other qubits

« we send one of the entangled qubits to node2b

« Now we perform a BSM on the two remaining qubits on node2a
« we send the outcome of both measurements to nodeZb

« We correct the qubit on nodezZb

« we check the fidelity of the teleported state
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Interested in using a quantum network simulator to: - Explore concepts?
- Integrate it in your research?
- Or just have fun with it?

Hopefully this short course can help to get you started

in doing SOMETHING THAT YOU CONSIDER USEFUL with a quantum network simulator

If want to keep using the notebooks: « pownload your notebooks
* Install NetSquid
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