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Introdu

* Recently we obtained the access to Lagrange, a 5-qubit quantum computer
installed in 2023 at Politecnico di Torino

» This was possible thanks to an agreement between the INFN director of Firenze
and the scientific director of INRIM (Istituto Nazionale di Ricerca Metrologica)

*We have received a single account, in order to test Lagrange for possible INFN
applications

This is an exploratory phase, so we are not yet allowed to give accounts to
other INFN users, and all the resources are managed by INRIM
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The story

*We have received a personal account on the gitlab of the LINKS foundation,
that manages the access to Lagrange

» With this account we can log to the Lagrange dashboard, and we can create the
token used for the job submission to Lagrange

*We have been assigned to the project INRIM_INFN, and a certain amount of
qgpu time has been allocated in the project (1 hour + 1 hour at the moment)

*We have prepared few Jupyter notebooks using Qiskit as main library

- We performed the installation of the software and the submission of the
jobs both in my personal laptop and in a Al_INFN virtual machine



Installati

Installing necessary packages

Before we begin, you will need to install some prerequisites into your environment. This notebook can be executed as-is within google colab. Locally, it is necessary to create a

conda environment as following uv plp InSta” \

conda create -n igm312 python=3.12 ipykernel jupyter qlSkIt_—1-4-2 \

Run the cell below to complete the installations of the dependencies. CI |S <it' mac h | ne- | edarn | ng==084 \
qiskit-ibm-runtime==0.43.1 \

%pip install uv --quiet

luv pip install "igm-client[qiskit]==29.12" --quiet

luv pip install matplotlib --quiet

luv pip install lagrangeclient --index-url https://gitlab.linksfoundation.com/api/v4/projects/1709/packages/pypi/simple

Not all the up-to-date
versions of qiskit libraries
work in the framework:

A bit of trial and error was
necessary to identify the
correct ones

Let's now get our token using the authentication client.

Ilagrangeclient

Now, we can import the main igm package

from igm import qiskit_iqgm

- We have created the environment in the AL_INFN platform, and we deployed it to CVMFS
» The full software stack can correctly run



Our application
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* ROC curve evaluated by processing the
circuits on Lagrange



Job submission

Then we can create an IQM backend connecting and authenticating to Lagrange

from igm.qgiskit_igm import IQMProvider
from giskit import transpile
from qiskit.visvalization import plot_histogram

import os
os.environ["IQM_TOKENS_FILE"] = "./tokens.json"
igm_url = "https://spark.quantum.linksfoundation.com/station"

provider = IQMProvider(igm_url)
backend = provider.get_backend()

Finally, we can run the circuit on the machine

transpiled_circuit = transpile(circuit, backend=backend)
job = backend.run([transpiled_circuit], shots=1024)
counts = job.result().get_counts()

print(job.job_id())

print(counts)

plot_histogram(counts)



Running
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» Each job (single circuit evaluation) takes < 1 sec

* There is also the possibility to submit several circuits with the same job

» Sometimes (1 over 100) the job may fail for different reasons (e.g. on-going calibration of
Lagrange)



Conclusior

» We tested the job submission to the Lagrange 5-qubit quantum computer

* The installation of the necessary libraries, based on Qiskit, was more or less straightforward

» We succeeded in preparing the environment in the Al_INFN platform, and in
submitting the job from it. The environment is also uploaded to CVMFS

* The job running is pretty smooth, with a low rate of failed jobs

* The number of 5 qubit is pretty low for many applications

» Overall experience was pretty positive, also good support from the Politecnico di Torino

* The quantum computer that is being prepared at Cineca comes from the same company
(IQM) and has 54 gbits. These tests with Lagrange can be considered as a gym for working

with It
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