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ABSTRACT

The field of Quantum Computing (QC) has gained significant popu-
larity in recent years, due to its potential to provide benefits in terms
of efficiency and effectiveness when employed to solve certain com-
putationally intensive tasks. In both Information Retrieval (IR) and
Recommender Systems (RS) we are required to build methods that
apply complex processing on large and heterogeneous datasets,
it is natural therefore to wonder whether QC could also be ap-
plied to boost their performance. The tutorial aims to provide first
an introduction to QC for an audience that is not familiar with
the technology, then to show how to apply the QC paradigm of
Quantum Annealing (QA) to solve practical problems that are cur-
rently faced by IR and RS systems. During the tutorial, participants
will be provided with the fundamentals required to understand QC
and to apply it in practice by using a real D-Wave quantum annealer
through APIs.
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1 COVER SHEET

Title: Using and Evaluating Quantum Computing for Informa-
tion Retrieval and Recommender Systems

Length: The duration of the tutorial will be half-day (3 hours)
plus breaks and it will be subdivided into 4 parts.

Format: All tutorial presenters commit to be on-site.

1.1 Intended Audience

Targeted audience: The intended audience for this tutorial
are researchers and practitioners coming from Information
Retrieval (IR) and Recommender Systems (RS), as well as from
other fields, such as Natural Language Processing, Machine
Learning, Big Data, Operations Research, and Optimization.
In fact, QC and QA are powerful tools that can be applied
to tackle problems in many different domains. Furthermore,
while the practical part of the tutorial is focused on how to
use QA for IR and RS, the problems we consider are quite
general and have wide application to different research areas.

Prerequisite knowledge: This tutorial will be self-contained
and has minimal prerequisite knowledge, mainly consisting
of being familiar with the basic concepts of IR and RS. For
those interested in the hands-on part, basic Python program-
ming skills are required to interact with quantum anneal-
ers through the tools provided by D-Wave! but no specific
knowledge of the D-Wave API is required ahead.

2 PRESENTERS

The tutorial has four presenters:

Maurizio Ferrari Dacrema is Assistant Professor at Politec-
nico di Milano, Italy. His main research focus is the applica-
tion of Quantum Computing to machine learning tasks as
well as the use of machine learning to improve the effective-
ness of current generation quantum computers. He also has
significant experience on reproducibility and evaluation of
recommender systems. He won the ACM Best Paper Award
at ACM RecSys 2019, has been teaching assistant at Politec-
nico di Milano since 2016, in particular for the MSc course
on Recommender Systems since 2017, for the MSc course
on Quantum Computing since 2023 and was Lecturer of the
PhD course Applied Quantum Machine Learning in 2021.

!https://docs.ocean.dwavesys.com/en/stable/
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He is Demo and Late-Breaking Results Co-Chair of RecSys
2024, presenter of the first edition of this proposed tutorial
at ECIR 2024, and was co-organizer of the LERI workshop at
RecSys 2023.

Andrea Pasin (main contact) is a PhD student at University
of Padua, Italy, currently studying and investigating the pos-
sible applications of Quantum Annealing for Information
Access systems to improve their performance. He was pre-
senter of the first edition of this proposed tutorial at ECIR
2024.

Paolo Cremonesi is Full Professor of Recommender Systems
and Quantum Computing at Politecnico di Milano, Italy. He
has extensive experience on Quantum Computing, and he
is the co-director of the Quantum Computing research ac-
tivities within the Italian National Research Centre for High
Performance Computing, Big Data and Quantum Comput-
ing (ICSC?). He has also extensive experience in the repro-
ducibility and evaluation of recommender systems. He is
member of the Steering Committee of ACM RecSys. He was
General Chair of ACM RecSys 2017 and Program Chair of
ACM TvX 2013. Paolo co-authored and presented several
tutorials on: “Quantum Computing for Information Retrieval
and Recommender Systems” at ECIR 2024, “Sequence-aware
Recommender Systems” at WWW 2019, RecSys 2019 and
UMAP 2019, “Cross-domain Recommender Systems” at Rec-
Sys 2014, “Evaluation of Recommender Systems” at UMAP
2013, “Recommender Systems” at TvX 2012.

Nicola Ferro is Full Professor in Computer Science at the De-
partment of Information Engineering at the University of
Padua, Italy. His main research interests are information
retrieval, data management and representation, and their
evaluation. He chairs the Steering Committee of CLEF, the
European evaluation initiative on multimodal and multilin-
gual information access systems, and the Steering Commit-
tee of ESSIR, the European Summer School on Information
Retrieval. He is Senior PC Member in top-tier conferences,
like ECIR, ACM SIGIR, ACM CIKM, WSDM. He was General
Chair of ESSIR 2016 and Associate Editor for ACM TOIS. He
was awarded the SIGIR Academy in 2023. He was presenter
of the first edition of this proposed tutorial at ECIR 2024.

3 MOTIVATION

The interest for the Quantum Computing (QC) field has been rapidly
growing in recent years [1], with many researchers and practi-
tioners from different backgrounds building new methods using
quantum computers to perform faster computations. Thanks to
considerable technological advancements, it has been possible to
use QC to tackle practical problems achieving good results in terms
of efficiency and effectiveness [4, 7, 9, 17, 18, 25] and QC is moving
more and more out from being a still exploratory research field into
becoming a viable computing paradigm with more and more consol-
idated infrastructures and software engineering practices [20, 21].

IR and RS deal with large and heterogeneous datasets and rely
on complex and computationally demanding algorithms and tech-
niques. Therefore, both fields could substantially benefit from the
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efficiency improvements delivered by QC. Moreover, due to the
intrinsic uncertainty and vagueness entailed by the retrieval and
recommendation tasks, effectiveness is of primary concern for both
IR and RS and this trade-off between efficiency and effectiveness is
an interesting angle for QC itself.

Despite quantum mechanics concepts and formalism have been
widely theorized and explored in the Quantum IR area [2, 11, 22, 24],
the use of QC technologies themselves to formulate, implement,
and execute IR and RS algorithms has been explored to a limited
extent and it is much less familiar for researchers and practitioners
in the area.

Finally, benchmarking and evaluation of QC is an open research
area in itself [19] and almost unexplored when it comes to evalua-
tion of QC for IR and RS.

For these reasons, we propose a tutorial covering the fundamen-
tal concepts of QC, with a focus on the practical application of
the Quantum Annealing (QA) paradigm [25] through interactive
coding sessions teaching participants how to use the cutting-edge
quantum annealers to solve realistic problems. We have chosen QA,
among the available paradigms, because it offers a good trade-off
between computational power and a low access barrier. In fact,
in order to perform a task on a quantum annealer one needs to
describe it as an optimization problem using the relatively straight-
forward Quadratic Unconstrained Binary Optimization (QUBO) [6]
formulation. This hides the underlying complexity of the QC sys-
tem and makes it easily accessible for people without a background
in quantum mechanics. Furthermore, QA has already been applied
to IR and RS tasks [3, 4, 13, 14] showing that, although not always
superior to classical methods, quantum annealers have matured
enough to reliably tackle realistic problems. Finally, The tutorial
will also present the lessons learned from QuantumCLEF? [15, 16],
a new lab organized at CLEF 2024 that offers an infrastructure to
develop and evaluate QA algorithms applied to IR and RS tasks amd
that, to the best of our knowledge, is the first activity of this kind
for IR and RS.

4 OBJECTIVES

The objective of this proposed tutorial is threefold. The first goal is
to provide an introduction to QC and QA for an audience that is not
familiar with it, with a particular focus on reducing what is often
perceived as a high barrier of entry. The second goal is to present
all necessary steps to formulate problems for QA in practice, with
specific reference to algorithms for IR and RS. The third goal is to
allow participants to run their own algorithms on a real QC with a
hands-on session and to experiment with the technology.

Overall, we hope that this tutorial, and other related activities,
sow the seeds of the growth of a vibrant IR and RS community,
capable leveraging QC technologies to innovate the field.

5 RELEVANCE TO THE INFORMATION
RETRIEVAL AND RELATED TUTORIALS

QC offers a computational paradigm that has the potential to sig-

nificantly accelerate tasks that are difficult to tackle on traditional

hardware. Both IR and RS face challenges in ensuring efficient pro-

cessing and scalability. As such, successful application of QC would

3https://qclef.dei.unipd.it/


https://www.supercomputing-icsc.it
https://qclef.dei.unipd.it/

Using and Evaluating Quantum Computing for Information Retrieval and Recommender Systems

be greatly impactful. Furthermore, QC may open new research di-
rections allowing to perform efficiently tasks that are difficult to
tackle on traditional hardware and that, due to this, have received
less attention.

This proposal would be the second edition of our tutorial "Quan-
tum Computing for Information Retrieval and Recommender Sys-
tems" presented at ECIR 2024* [5]. The tutorial was well received,
with approximately 40 registered participants, and attendees said
to be enthusiastic about what they learned from the tutorial.

This proposal builds upon the experience of the first edition,
but it will also differentiate from it since we plan to expand the
section concerning evaluation by including a discussion on the
lessons learned from the QuantumCLEF lab, which currently has 18
registered participants®. Indeed, even if the actual CLEF conference
happens in September, by July 2024 the activities of QuantumCLEF
will be completed and the tutorial will thus allow us to accelerate
knowledge transfer to the community.

To the best of our knowledge, are not aware of any other similar
tutorial in the IR and RS fields.

6 FORMAT AND DETAILED SCHEDULE

The tutorial will cover theoretical and practical aspects underneath
QC (and especially QA), by allowing participants to code and use
real quantum annealers to solve optimization problems usually
faced by many computer systems, including IR and RS systems.

6.1 Outline

The tutorial will be divided into 4 parts, starting from the theoretical
aspects of QC, QA and the QUBO problem formulation. There will
be a practical part where participants will be invited to code and
solve a few selected problems using quantum annealers.

6.1.1  Part 1: QC Foundations (40 min). The first part consists of a
gentle introduction to QC, showing its potential benefits as well as
its limitations. We will also delve into the QA paradigm, trying to
explain the difference between classical and quantum computation
and dispelling some QC-related myths. It includes:

e an overview and basic understanding of QC and its potential
benefits;

e a basic understanding of Quantum Circuit and Quantum
Adiabatic models;

e relations between the classical optimizations meta-heuristics
Simulated Annealing [23] and Quantum Annealing [8] with
the Quantum Adiabatic model;

e the evolution of a quantum system to a state of minimal
energy;

e how to represent the energy configuration of a quantum
system (i.e., Hamiltonian) using the Ising model;

e the similarity between the Ising model and the QUBO repre-
sentation for optimizing (NP-hard) problems.

6.1.2  Part 2: QUBO Formulation (50 min). This part will show how
to represent classical binary optimization problems in QUBO formu-
lation [10]. In particular, it will explain how to write NP-complete
binary decision problems (e.g., number partitioning) and NP-hard

4https://qclef.dei.unipd.it/ecir- 2024- tutorial. html
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binary optimization problems (e.g., quadratic assignment) in QUBO
formulation, describing constraints and loss functions.

6.1.3  Part 3: QC for IR and RS and their Evaluation (30 min). This
part will introduce IR and RS problems which can be solved by using
QA , namely Feature Selection, Clustering and Model Boosting.
Moreover, we will discuss how to evaluate such QA algorithms
from both the efficiency and effectiveness point of view. Finally,
it will introduce the QuantumCLEF lab and present the lessons
learned from it.

6.1.4  Part 4: Hands-on (60 min). This part discusses how to use
quantum annealers, which are available as a cloud service. It in-
volves:

o the architecture and topology of a quantum annealer;

e how to use the QUBO formulation of a problem to program
the quantum annealer via Minor Embedding;

e how the density of the QUBO problem impacts the number
of variables required on the quantum annealer;

e how to program a quantum annealer and read the result
(hands-on);

o Feature Selection and Clustering(hands-on);

o execution and evaluation of one of the above algorithms on
the QuantumCLEF infrastructure (hands-on).

7 TYPE OF SUPPORT MATERIALS TO BE
SUPPLIED TO ATTENDEES

The tutorial will include slides and Jupyter Notebooks. The mate-
rials will be available on GitHub prior to the tutorial and openly
available afterwards, as was done for the first edition of the tutorial.

During the hands-on session, participants will also have access
to the infrastructure made available by QuantumCLEF® that will
provide virtual machines with all necessary tools already installed.
This will enable participants play and experiment with D-Wave
quantum annelears via Jupyter notebooks.
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