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Challenge
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Write solution using High Level
code

Simulate on Classic Hardware Execute on Quantum Hardware

CPU GPU Multi GPU Different technologies Need for calibration Error Correction

~—

High Performance

Is to possible to create from scratch a framework for all of this? 5



Introducing Qibo



Qibo is an open-source full stack API for quantum simulation and quantum hardware
control and calibration.

perd Language API

7 QFT VQE QML QAOA Adiabatic Evolution

Implementation

Hardware
( | 1
Prototyping Quantum Machine Learning  High Performance Control drivers  Calibration
NumpyBackend TensorFlowBacked @ Qibojit @ Qibolab @ Qibocal

https://github.com/qiboteam/qibo


https://github.com/qiboteam/qibo

Introducing Qibojit

Matrix multiplication to simulate circuits:

Qp,(alv s 7Un> - ZG(TvT,)w(Uh . '77-,7 e '7Un) .

% Number of operations scales exponentially with the number of qubits!

We need more sophisticated backends to perform simulation:

® NumpyBackend : Numpy tensors and primitives
% TensorFlowBackend : Tensorflow tensors and primitives
v QibojitBackend : Just-In-time

</> CPU : Numpy tensor + custom operations with Numba JIT
</> GPU(S) : Cupy tensors + custom operations using

e Cupy JIT Raw kernels
o NVIDIA cuQuantum API

Paper published on Quantum:
https://quantum- journal.org/papers/q-2022-09-22-814/


https://quantum-journal.org/papers/q-2022-09-22-814/

Qibojit - Example

from numba import njit, prange

Onjit(parallel=True, cache=True)
def apply_gate_kernel(state, gate, target):
"MiOperator that applies an arbitrary one-qubit gate.
frgs To further speed up:
state (np.ndarray): State vector of size (2 **
o nquvits,). e in-place updates
gate (np.ndarray): Gate matriz of size (2, 2).
target (int): Index of the target qubit.

e exploit sparsity of matrices

k = 1 << target

# for one target qubit: loop over half stailes ) speC|a||Zed Operators for:
nstates = len(states) // 2
for in pr e(nstates): H H .
i gen}::r:‘z%. index with fast binary operaiions o SIngle quIt gate' X’ Y Z
1= g >>m) << (m+ 1)) + (g & (k- 1)) e two qubit gates: SWAP
i2 = il + k .
statel[il], state[i2] = (gate[0, 0] state[il] + \

*
gate[0, 1] * state[i2],
gate[1, 0] * state[i1l] + \
gate[1, 1] * state[i2])

return state
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20 qubits - double precision
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Benchmark library: https://github.com/qiboteam/qibojit-benchmarks


https://github.com/qiboteam/qibojit-benchmarks

Hardware control using Qibo



Hardware control

For superconducting qubits gates are implemented by sending pulses.

We need a framework to control all these devices at the same time.



Introducing Qibolab

experiments

Tasks

calibration

instruments Drivers for experiments

- PulseSequence
circuit

HardwareCircuit

connection

Connection ParamikoSSH

qibolab

BasicPulse

pulse  /  MultifrequencyPulse
\ FilePulse

Rectangular

pulses

Gaussian

PulseShape

Qibolab key features:

e Create custom experimental
drivers for lab setup

e Platform agnostic layout

e Deploy Qibo models on

quantum hardware easily

SWIPHT

schedulers TaskScheduler

readout Tomography




A reporting tool for calibration
using Qibo




Motivation

Suppose that we have assembled a quantum computer and we have a way to send
pulses to the chip... are we done? No

We need to characterize, validate and verificate our qubits (QCVV):
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Single Qubit characterization

Resonator spectroscopy

Resonator calibration Resonator punchout

Resonator-flux dependence

Qubit spectroscopy
Qubit calibration
Qubit-flux dependence

Rabi oscillations
T1 measurement

Characterization

Ramsey oscillation and T2
measurement

Drag pulse tuning

0-1 discrimination
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Quantum benchmarking protocols

After characterizing our quantum hardware we need to compute the gates error
behavior.

In the current state-of-the-art this is computed using Quantum benchmarking
protocols.

Standard RB
Randomized Benchmarking Filtered RB

Crosstalk RB

Quantum
benchmarking Gate set tomograpy
protocols

In Qibocal we are currently developing a suite for the execution of the latest QBP
available.
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We are developing a new tool called Qibocal to perform qubits calibration in Qibo
using Qibolab as the main driver.

The main features that we are implemented are the following:

(® Platform agnostic approach ® Live-fitting tools
() Launch calibration routines easily ) Save and share your data
® Live-plotting tools ® Autocalibration

12



Qibocal: implementation

Run calibration routine/

Compare calibration results
Live-Plot
/ Share your results

13



How to use qq

To run a specific set of calibration it is sufficient to write a runcard:

platform: tiis5q
qubits: [2]
format: csv

actions:

resonator_spectroscopy:
lowres _width: 5 0e@ o0
lowres step: 2 000 000
highres width: 1 560 000
highres step: 200 000
precision width: 1 500 @00
precision step: 106 000
software averages: 1
points: 1

qubit spectroscopy:
fast start: -50 000 000
fast_end: 50 000 060
fast step: 500 000
precision start: -500 000
precision end: 500 000
precision step: 1600 000
software_averages: 1
points: 1

You can execute the following runcard by

typing:

qq <runcard.yaml>

qq will take care of:

e connecting to the platform

e executing the routines listed under
actions

e generating an update runcard for the

platform

e generating a web report containing
the results

14



How to use gqg-live

Using qg-1live it is possible to visualize the results during (after) the execution

Resonator Spectroscopy

MSR and Phase vs Frequency - Qubit 2
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Qubit Spectroscopy

MSR and Phase vs Frequency - Qubit 2
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How to use qg-upload

You can share your results by uploading the report generated by qq using qq-upload

Qibocal Reports

2022-10-18-000-andrea-pasquale
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Resonator Spectroscopy

MSR and Phase vs Frequency - Qubit 2

Rabi Pulse Length

MSR s Time - Qubit 2

16



Applications




Applications

What can we achieve using Qibo + Qibolab + Qibocal?

Successfully performed a gradient descent on a QPU with one qubit using the
Parameter Shift Rule algorithm.

Normalised measures with respect to the true law

1.05
—— Mean of the measurements performed with éfvm,a
—— Mean of the measurements performed with éfvps,
1.04 =
Measured confidence belt with 8¢ cma
Measured confidence belt with éﬁps,

1.03 Simulated theoretical model with 6 cma
§ Simulated theoretical model with éf,ps,
+ 1.02 — True law: y =sin2x
% ’ ® True images of the training sample
=
g
S1.01
+
>

1.00

0.99

0.98

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
X

https://arxiv.org/pdf/2210.10787.pdf
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https://arxiv.org/pdf/2210.10787.pdf

Qibo is growing to accommodate different tasks:

« High performance quantum simulation: gibojit Qm
« Hardware control: gibolab

« Hardware calibration: qibocal

What makes Qibo different from other libraries:

4+ Public available as an open source project.
+ Modular layout design with possibility of adding

e a new backend for simulation
e a new platform for hardware control

4+ Community driven effort

https://github.com/qiboteam/qibo
https://github.com/qiboteam/qibocal

https://github.com/qiboteam/qibolab
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https://github.com/qiboteam/qibocal
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Thanks for listening!
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How can we implement physical
qubits?




Quantum technologies

Current
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How to use qgibolab?

=m

1. Gates to pulses conversion

2. Pulse sequence definition

Qibo circuit i HardwareCircuit 3. Pulse to experiment drivers conversion :

Lab User

4, Operation scheduling and execution

5. Results reconstruction

from gibo import models, gates

e A single object to execute both on
circuit = models.Circuit{nqubits=1)

circuit.add(gates.H(8)) hardware and simulation
i it.add tes.X(0 .
Eiigﬂ;t.gddgg:t:z.ﬂiﬁﬂ e Job scheduling to access the hardware
using slurm
# Simulate the circuit )
set backend("gibojit") .=.=.
simulation = circuit() H1 THH
# Execute circuit on quantum hardware E;I r11
set_backend("gibolab™) workload manager

hardware = circuit() 20
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