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Introducao
Simulacao de Redes Quanticas
Comparacao entre simuladores (basico)
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Aplicacdes Comuns:
a. Send Qubits
b. Send ERP

c. QKD
5. Netsquid
6. QulISP
QuNetsim
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NISQ era: quantum devices
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» Coherence time  « Gate operation time ~  Scalability
» Gate fidelity » Qubit's connectivity ~ « Maturity
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Quantum Simulation

How to experiment if | don’t have a

guantum computer or a quantum

lab?

The challenge of simulating

quantum

o Classical Computers can

simulate a limited number of
Qubits
How to accurately simulate
guantum properties:
superposition, entanglement,
coherence.

QUANTUM SIMULATION
ON NORMAL COMPUTERS

QUANTUM COMPUTERS
EXPONENTIALLY HARD
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TO SIMULATE ON A
CLASSICAL COMPUTER

SURPER

COMIPUNME

| 0100

CAN SIMULATE 48 QUBITS

BUT UP TO ABOUT 61 WITH
SOME CLEVER TRICKS

TIME ON A CLASSICAL COMPUTER

TIME ON A QUANTUM COMPUTER

DENSITY FUNCTIONAL

VANTU.
Sl THEORY

MONTE CARLO

STATISTICAL 4
METHODS

vuﬂi

it




QISKIT PYQUIL

Quantum Simulation g (RIGETT)
. . CIRQ
e There are many quantum simulation tools |o{eRia) . Qf AR 2
available P
e Can we simulate quantum networks using
SINGLE QUBIT GATES MEASUREMENT M
OR CIRCUIT MODEL QUBITS ENTANGLED
QUANTUM COMPUTING WITH EACH OTHER

QUBITS

TWO-QUBIT GATES

ALGORITHM
IS A SERIES OF

~ GATE OPERATIONS



## SETUP
# Protocol uses 3 qubits and 2 classical bits in 2 different registers

gr = QuantumRegister(3, name="q")

Exa m Ie crz, crx = ClassicalRegister(1l, name="crz"), ClassicalRegister(1, name="crx")
teleportation_circuit = QuantumCircuit(gr, crz, crx)
## STEP 1
create_bell pair(teleportation_circuit, 1, 2)
e Coding a network from scratch ey

teleportation_circuit.barrier() # Use barrier to separate steps

o IOW Ievel programming (network) alice_gates(teleportation_circuit, o, 1)
e Teleportation Circuit using Qiskt ## STEP 3

measure_and_send(teleportation_circuit, o, 1)

## STEP 4

teleportation_circuit.barrier() # Use barrier to separate steps
bob_gates(teleportation_circuit, 2, crz, crx)

teleportation _circuit.draw(output="mpl")

The Qiskit Code
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Quantum Network Simulators

® Time-saving for testing Network functions and protocols

e Some Simulators are focus in only one application such as QKD

® Some Researchers choose to create it own simulator to test a particular
problem or experiment.

® For multi-purpose quantum network simulators, a few are available:
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Netsquid QuispP QuNetSim




Conclusion
« Networks Quantum Simulators can help new researchers

« The choice of the simulator depends on:
« The problem you are interested.
« The need for flexibility: do | need to re-write many things?
* Your familiarity with the programming language

« We still don't have a Simulator that implements Mobile or
Satellite quantum networks.



