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Abstract. Quantum Computing (QC) is a research field that has been
in the limelight in recent years. In fact, many researchers and practi-
tioners believe that it can provide benefits in terms of efficiency and
effectiveness when employed to solve certain computationally intensive
tasks. In Information Retrieval (IR) and Recommender Systems (RS) we
are required to process very large and heterogeneous datasets by means
of complex operations, it is natural therefore to wonder whether QC
could also be applied to boost their performance. The goal of this tuto-
rial is to show how QC works to an audience that is not familiar with
the technology, as well as how to apply the QC paradigm of Quantum
Annealing (QA) to solve practical problems that are currently 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 Motivation

Quantum Computing (QC) is a rapidly growing field, involving an increasing
number of researchers and practitioners from different backgrounds to develop
new methods using quantum computers to perform faster computations. With
QC it has been possible to tackle practical problems achieving good results in
terms of efficiency and effectiveness [2,4,6,11,12]. Since Information Retrieval
(IR) and Recommender Systems (RS) face big challenges due to the scalability
of complex algorithms on top of very large datasets, QC seems very promising
but its application to IR and RS has been explored only to a limited extent.

For these reasons, we propose a tutorial covering the fundamental concepts
of QC, with a focus on the practical application of the Quantum Annealing
(QA) paradigm through interactive coding sessions teaching participants how
to use the cutting-edge quantum annealers to solve realistic problems. The
QA paradigm offers a good trade-off between computational power and a low
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access barrier since it requires to formulate the task one wishes to solve as
an optimization problem using the Quadratic Unconstrained Binary Optimiza-
tion (QUBO) [3] formulation, thus hiding the complexity of the underlying
QC system and making it easily accessible even for people without a back-
ground in quantum physics. QA has already been applied to IR and RS tasks
[1,2,8,9] showing that, although not always superior to classical methods, quan-
tum annealers have matured enough to reliably tackle realistic problems.

The tutorial will also introduce QuantumCLEF1 [10], a lab organized at
CLEF 2024 that offers an infrastructure to develop and evaluate QA algorithms.

Overall, we aim at lowering the often perceived barrier-of-entry to QC and at
providing participants the basic knowledge to develop and code QC algorithms.

2 Format

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, includ-
ing IR and RS systems. The duration of the tutorial will be half-day (3 h) plus
breaks and it will be subdivided into 4 parts.

2.1 Materials

The tutorial will include slides and Jupyter Notebooks. The materials will be
available on GitHub prior to the tutorial and openly available afterwards. A
guide on how to create a free D-Wave account, set up the environment, and
connect to quantum annealers will be provided before the tutorial. Participants
will also have access to the infrastructure made available by QuantumCLEF.

2.2 Outline

The tutorial will be divided into 4 parts, starting from the theoretical aspects of
QC, QA and the QUBO problem formulation. Then there will be a practical part
where participants can code and solve some problems using quantum annealers.

Part 1: QC Foundations (30min). The first part consists in a gentle intro-
duction to QC, showing its potential benefits but also limitations. We will also
delve into the QA paradigm. It comprises:

– overview and basic understanding of QC and its potential benefits;
– description of the paradigms of Quantum Circuit model and Adiabatic model.
– the relations between the classical optimizations meta-heuristics Simulated

Annealing [13] and Quantum-inspired Annealing [5] to the Adiabatic model;
– how to represent the energy configuration of a quantum system (i.e., Hamil-

tonian) using the Ising model;
1 https://qclef.dei.unipd.it/.
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– the evolution of a quantum system to a state of minimal energy;
– the similarity between the Hamiltonian of a system and the QUBO represen-

tation for optimizing (NP-hard) problems.

Part 2: QUBO Formulation (30min). This part will show how to represent
classical binary optimization problems in QUBO formulation [7]. In particular,
it will explain how to write NP-complete binary decision problems (e.g., num-
ber partitioning) and NP-hard binary optimization problems (e.g., quadratic
assignment) in QUBO formulation, describing constraints and loss functions.

Part 3: QC for IR and RS and their Evaluation (30min). 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 explain how to use
its development and evaluation infrastructure.

Part 4: Hands-On (90 Min). This part discusses how to use quantum anneal-
ers, which are available as a cloud service. It involves:

– the architecture and topology of a quantum annealer;
– how to use the QUBO formulation of a problem to program the quantum

annealer via Minor Embedding;
– how the density of the QUBO problem impacts the number of variables

required on the quantum annealer;
– how to program a quantum annealer and read the result (hands-on);
– Feature Selection and Clustering (hands-on);
– execution and evaluation of one of the above algorithms on the Quantum-

CLEF infrastructure (hands-on).

3 Audience

This tutorial is intended for people coming from IR and RS but also from other
fields, such as Machine Learning, Big Data, Operations Research, and Optimiza-
tion. In fact, QC and QA can be applied to solve problems in different domains
and, even if the practical part is focused in using QA for IR and RS systems,
the considered problems are very general and common to several research areas.

Targeted audience: Due to the topic’s novelty, the target audience is of
researchers and industry practitioners mainly belonging to IR and RS.

Prerequisite knowledge: This tutorial will be self-contained and has minimal
prerequisite knowledge, mainly consisting on being familiar with the concept
of decision and optimization problems. For those interested in the hands-on
part, basic Python programming skills are required to interact with quantum
annealers through the tools provided by D-Wave2.

2 https://docs.ocean.dwavesys.com/en/stable/.
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4 Tutorial History

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

5 Presenters

Maurizio Ferrari Dacrema is Assistant Professor at Politecnico di Milano,
Italy. His main research focus is the application of Quantum Computing to
machine learning tasks as well as the use of machine learning to improve the
effectiveness 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 Politecnico di Milano 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. He is Demo
and Late-Breaking Results Co-Chair of RecSys 2024 and was co-organizer of
the LERI workshop at RecSys 2023.

Andrea Pasin is a PhD student at University of Padua, Italy, currently study-
ing and investigating the possible applications of Quantum Annealing for
Information Access systems to improve their performance.

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-leader of the Quantum Comput-
ing research activities within the Italian National Research Centre for High
Performance Computing, Big Data and Quantum Computing. He has also
extensive experience in the reproducibility and evaluation of recommender
systems. He has been member of the Steering Committee of ACM RecSys,
among the most important conferences on Recommender Systems, since 2017.
He was General Chair of ACM RecSys 2017 and Program Chair of ACM
TvX 2013. Paolo co-authored and presented several tutorials: on “Recom-
mender Systems” at TvX 2012, on “Evaluation of Recommender Systems” at
UMAP 2013, on “Cross-domain Recommender Systems” at RecSys 2014, on
“Sequence-aware Recommender Systems” at WWW 2019, RecSys 2019 and
UMAP 2019. Paolo was also co-organizer of the LERI workshop at RecSys
2023.

Nicola Ferro is Full Professor in Computer Science at the Department of Infor-
mation Engineering at the University of Padua, Italy. His main research inter-
ests are information retrieval, data management and representation, and their
evaluation. He chairs the Steering Committee of CLEF, the European evalu-
ation initiative on multimodal and multilingual information access systems,
and the Steering Committee of ESSIR, the European Summer School on Infor-
mation 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.
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