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Integrated Sensing and Communication Toolbox: Information Theory,
Communication Theory, and Machine Learning

Giuseppe Caire
Technical University of Berlin, Germany

Giuseppe Caire was born in Torino in 1965. He received a B.Sc. in Electrical Engineering from Politecnico di Torino
in 1990, an M.Sc. in Electrical Engineering from Princeton University in 1992, and a Ph.D. from Politecnico di Torino
in 1994. He has been a post-doctoral research fellow with the European Space Agency (ESTEC, Noordwiik, The
Netherlands) in 1994-1995, Assistant Professor in Telecommunications at the Politecnico di Torino, Associate
Professor at the University of Parma, ltaly, Professor with the Department of Mobile Communications at the
Eurecom Institute, Sophia-Antipolis, France, a Professor of Electrical Engineering with the Viterbi School of
Engineering, University of Southern California, Los Angeles, and he is currently an Alexander von Humboldt
Professor with the Faculty of Electrical Engineering and Computer Science at the Technical University of Berlin,
Germany.

He received the Jack Neubauer Best System Paper Award from the IEEE Vehicular Technology Society in 2003, the
|IEEE Communications Society and Information Theory Society Joint Paper Award in 2004 and in 2011, the Okawa
Research Award in 2006, the Alexander von Humboldt Professorship in 2014, the Vodafone Innovation Prize in
2015, an ERC Advanced Grant in 2018, the Leonard G. Abraham Prize for best IEEE JSAC paper in 2019, the IEEE
Communications Society Edwin Howard Armstrong Achievement Award in 2020, and he is a recipient of the 2021
Leibniz Prize of the German National Science Foundation (DFG). Giuseppe Caire is a Fellow of IEEE since 2005. He
has served in the Board of Governors of the IEEE Information Theory Society from 2004 to 2007, and as officer from
2008 to 2013. He was President of the IEEE Information Theory Society in 2011. His main research interests are in
the field of communications theory, information theory, channel and source coding with particular focus on wireless
communications.

Integrated Sensing and Communications (ISAC) is one of the new features of future wireless networks (in short, 6G). The
scope and variety of problems and scenarios in ISAC is vast, and there are many ways to formulate and solve relevant
problems. In this talk, we shall review some of these problem formulations and approaches spanning information theory,
statistical signal processing & communication theory, and deep learning. Some beautiful recent results in information
theory show that, in certain idealized scenarios, the fundamental tradeoff between communication and estimation an
be characterized exactly or approximately. This characterization reveals certain fundamental aspects of ISAC system
design. Then, we shall consider the problem of radar parameter estimation in monostatic and multistatic scenarios using
communication waveforms (notably, OFDM and OTFS) instead of traditional radar waveforms. Finally, for the case of the
estimation of extended targets, we shall show how the problem formulated in terms of classical Maximum-Likelihood
detection and parameter estimation may be ill-posed, while schemes based on deep learning can vyield very attractive
results.
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Evolution of Mobile Communication Technology towards 6G
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Recent Trends in Compressing Large—Scale Neural Networks
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Recent Trends in Compressing Large—Scale Neural Networks
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Visiting Researcher at Google(2023~)

14 papers at top-tier ML venues(NeurlPS, ICML, ICLR, COLT, ---), including 2 spotlights.

Ph.D. at University of lllinois at Urbana-Champaign(2019)
M.S. at University of lllinois at Urbana-Champaign(2015)
B.S. at KAIST(2013)

Today's neural network has scaled to an outrageously large size, having over trillion parameters in a single model.
Thankfully, it turns out that one can effectively compress these models to a much smaller size without any performance
drop. In this talk, | introduce the core principles of modern model compression techniques that specifically target giant-
scale neural networks, such as GPT.

Holographic MIMO for 6G Wireless Communications:
An Electromagnetic Information Theory Perspective
U wa
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Senior Editor, IEEE Vehicular Technology Magazine(2020~34A)
|EEE CCNC2023, TPC Chair(2023)
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IEEE Communication Society Asia—Pacific Outstanding Young Researcher Award(2011)
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Deakin University

HIA KAIST, 1994
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- B3, Deakin University, Australia

- |EEE Fellow

- Senior Editor for [EEE Wireless Communications Letters

- Associate Editor for IEEE Trans. Mobile Computing
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Deep Convolutional Neural Networks on Fully Homomorphic Encryption
(ICML 2022)

MBSt ATE 0t Z14(2022.09~54Y)
Meljsty M7|HE 26 HAS XA 1(2020.09~2022.08)
AgoiEtn M7 Y255 AetsEE(2014.09~2020.08)
Mastn M7 MEEsk §tAK2010.03~2014.08)
3 OIS BRE A2 M AHY0| 70| 2 BAS BT QI 7| ATSS HEYAL) 0[0f HH4E S0IHLt RelU
AT B2 Hkte CHIOR ZAIBHS A0 MEICY 0[2{3 HHS A% A7I2 5Y 4 UAP HEYT 72X
0l S22 LR It 2 YHOME= 7IE SR HEYTLL AH SAE IR0|HE 102 2R3k B0 55
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Election Coding for Distributed Learning: Protecting SignSGD against
Byzantine Attacks (NeurlPS 2020)
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Chief Scientist, Wecover Platforms(2023)

Visiting Researcher, Krafton Al(2023)

Postdoc, Electrical and Computer Engineering, University of Wisconsin-Madison(2021~2022)
Ph.D., Electrical Engineering, KAIST

Best Paper Award, IEEE International Conference on Communications (ICC)(2017)
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The paper introduces "Election Coding," a coding framework ensuring Byzantine-robustness in distributed learning with
SignSGD, minimizing communication load. It presents two code types (Bernoulli and algebraic) to tolerate attacks and
guarantee convergence, offering insights and perfect tolerance. Real dataset experiments validate improved Byzantine
resilience in SignSGD-based systems.

An Information-Theoretic Justification for Model Pruning (AISTATS 2022)

TA2 Wg
SO|ry5tT FAHE|Z5E

STANFORD University MS/PhD

£olrfsti 24

We study the neural network (NN) compression problem, viewing the tension between the compression ratio and NN
performance through the lens of rate-distortion theory. We choose a distortion metric that reflects the effect of NN
compression on the model output and derive the tradeoff between rate (compression) and distortion. In addition to
characterizing theoretical limits of NN compression, this formulation shows that pruning, implicitly or explicitly, must be a
part of a good compression algorithm. This observation bridges a gap between parts of the literature pertaining to NN and
data compression, respectively, providing insight into the empirical success of model pruning. Finally, we propose a novel
pruning strategy derived from our information-theoretic formulation and show that it outperforms the relevant baselines
on CIFAR-10 and ImageNet datasets.

Robust Deep Learning from Crowds with Belief Propagation (AISTATS

2022)
=X Egn
Hot& et PIEAISst

ISZ IS QIS KISIHaH /AR ESE 2 2019~34A)

UW/UIUC, Postdoctoral Researcher(2018~2019)

KTH Royal Institute of Technology, Postdoctoral Researcher(2017~2018)
St=utst7 &9 BiAK2016)

SIRTEL7 2 SHAH2011)

Crowdsourcing systems enable us to collect large-scale dataset, but inherently suffer from noisy labels of low-paid
workers. We address the inference and learning problems using such a crowdsourced dataset with noise. Due to the
nature of sparsity in crowdsourcing, it is critical to exploit both probabilistic model to capture worker prior and neural
network to extract task feature despite risks from wrong prior and overfitted feature in practice. We hence establish a
neuralpowered Bayesian framework, from which we devise deepMF and deepBP with different choice of variational
approximation methods, mean field (MF) and belief propagation (BP), respectively. This provides a unified view of existing
methods, which are special cases of deepMF with different priors. In addition, our empirical study suggests that deepBP
is a new approach, which is more robust against wrong prior, feature overfitting and extreme workers thanks to the more
sophisticated BP than MF.
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Shape the Future
with Innovation

and Intelligence

Samsung Research is the advanced R&D hub of
Samsung’s Device eXperience (DX) Division
to prepare the future of Samsung Electronics.

I

About Us Research Areas

We lead the development of the future technologies
with about 10,000 researchers and developers
working in overseas R&D centers.

Intelligence

@ Artificial Intelligence

Underthe vision of “Shape the Future with Innovation Data Intelligence

and Intelligence”, Samsung Research is actively
conducting research and development to identify ‘
new future growth areas and secure advanced
technologies to create new value and improve Robotics
people’s lives. Next Gen. Digital Appliances
o o e e Communications & Medi
Vision & Mission
@ Next Gen. Communications
ﬁ@t Securing New Growth Engine "~ Next Gen. Display & Media

Identifying new business opportunities

=

ﬂ%ﬂ Increasing Competitive Edge
Y

Creating new value for our business % Tizen
SoC Architecture
@ Innovating Advanced Core Technologies Security & Privacy
Securing world leading Al competencies @ Software Engineering
& technical leadership in core research
areas

A https://research.samsung.com | ¥ @samsungresearch

Samsung Research



