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Preface

This volume contains the papers presented at CSR 2022, the 17th International Computer
Science Symposium in Russia, held online during June 29 — July 1, 2022. CSR covers
a wide range of areas in theoretical computer science and its applications. Initially,
CSR 2022 was planned as a satellite event for the International Congress of Mathemati-
cians (ICM) in St. Petersburg, Russia. However, as the Program Committee (PC) was
starting its deliberations after completing submission reviews, Russia attacked Ukraine.
As aresult, ICM and CSR 2022 were moved online. Many PC members expressed dis-
may at the attack and three PC members resigned. Others chose to continue their work,
but many wanted to emphasize that they did not support or condone the actions of the
Russian government against Ukrainian people.

We received 51 submissions, and out of these the Program Committee selected 21
papers for presentation at the symposium and for publication in the proceedings. Each
submission was reviewed by at least three Program Committee members. Submissions
by Program Committee members were reviewed by at least four other members of the
Program Committee.

The opening lecture at CSR 2022 was given by Umesh Vazirani (University of
California at Berkeley), the closing lecture was given by Mark Braverman (Princeton
University). Three invited plenary lectures were given by Irit Dinur (Weizmann Institute
of Science), Jelani Nelson (University of California at Berkeley), and Mary Wootters
(Stanford University).

Many people and organizations contributed to the smooth running and the success
of CSR 2022. In particular, our thanks go to

all authors who submitted their work to CSR;

the members of the Program Committee who graciously devoted their time and energy
to the evaluation process;

the expert reviewers who helped us evaluate the papers;

the invited speakers; and

— the members of the local Organizing Committee who made the conference possible.

May 2022 Alexander S. Kulikov
Organizing Committee Chair

Sofya Raskhodnikova

Program Committee Chair



Program Committee

Alexander Belov
Sergio Cabello
Michael Elkin

Edith Elkind
Nathanaél Fijalkow
Fedor Fomin
Moses Ganardi

Alexander Golovnev
Prahladh Harsha
Oded Lachish
Daniel Lokshtanov
Daniel Marx

Pierre Ohlmann
Alexander Okhotin
Madhusudan Parthasarathy
Vladimir Podolskii
Svetlana Puzynina
Ramyaa Ramyaa

Sofya Raskhodnikova
Barna Saha

Jeffrey Shallit

Alexander Shen

Additional Reviewers

Some chose to remain anonymous.

Anand, Ashwani
Babu, Jasine
Barenboim, Leonid
Bergstrifler, Pascal
Bienvenu, Laurent
Cenzer, Douglas

Organization

University of Latvia, Latvia

University of Ljubljana, Slovenia

Ben-Gurion University of the Negev, Israel
(Resigned on March 1, 2022)

University of Oxford, UK

CNRS, LaBRI, University of Bordeaux, France

University of Bergen, Norway

Max Planck Institute for Software Systems,
Germany (Resigned on March 3, 2022)

Georgetown University, USA

Tata Institute of Fundamental Research, India

Birkbeck, University of London, UK

University of California, Santa Barbara, USA

Max Planck Institute for Informatics, Germany
(Resigned on March 1, 2022)

University of Warsaw, Poland

Saint Petersburg State University, Russia

University of Illinois at Urbana-Champaign, USA

Steklov Mathematical Institute, Russia

Saint Petersburg State University, Russia

New Mexico Institute of Mining and Technology

Boston University, USA

University of California, Berkeley, USA

University of Waterloo, Canada

LIRMM, CNRS and Université de Montpellier,
France, on leave from IITP RAS, Russia

Chakraborty, Dibyayan
Chen, Lijie

Chew, Leroy

Chou, Chi-Ning

Das, Bireswar
Dorfman, Dani
Efremenko, Klim



viii Organization

Eiben, Eduard
Erlebach, Thomas
Gawrychowski, Pawel
Giannopoulos, Panos
Goldberg, Paul
Gurvich, Vladimir
Haviv, Ishay
Hirahara, Shuichi
Itsykson, Dmitry
Kalimullin, Iskander
Kavitha, Telikepalli
Knop, Alexander
Kozachinskiy, Alexander
Kumar, Mrinal

Ko6ppl, Dominik

Li, Jason

M. Sridharan, Ramanujan
Makarov, Vladislav
Meeks, Kitty
Michielini, Vincent
Milovanov, Alexey
Mozes, Shay
Nanashima, Mikito
Neiman, Ofer

Neuen, Daniel
Ochem, Pascal

Parreaux, Julie

Paul, Erik

Pentus, Mati

Perifel, Sylvain
Peters, Spencer

Pruhs, Kirk
Pérez-Lantero, Pablo
Raskin, Michael
Renault, Marc
Romashchenko, Andrei
Rosenfeld, Matthieu
Schléter, Miriam
Seelbach Benkner, Louisa
Selivanov, Victor
Sering, Leon

Serre, Olivier
Slivovsky, Friedrich
Solomon, Shay
Spoerhase, Joachim
Srinivasan, Srikanth
Suksompong, Warut
Trehan, Chhaya
Vereshchagin, Nikolay
Vinyals, Marc
Wlodarczyk, Michal



Invited Talks



Optimization-Friendly Generic Mechanisms Without
Money

Mark Braverman

Princeton University, Princeton, NJ 08540, USA
https://mbraverm.princeton.edu

Our goal is to develop a generic framework for converting modern gradient-descent
based optimization algorithms into mechanisms where inputs come from self-interested
agents.

We focus on aggregating preferences from n players in a context without money.
Special cases of this setting include voting, allocation of items by lottery, and matching.
Our key technical contribution is a new meta-algorithm we call APEX (Adaptive Pricing
Equalizing Externalities). The framework is sufficiently general to be combined with
any optimization algorithm that is based on local search. In the talk we outline the
algorithm, and open problem/research directions that it raises, with a particular focus
towards mechanism design + machine learning.

We discuss a special case of applying the framework to the problem of one-sided
allocation with lotteries. In this case, we obtain a strengthening of the 1979 result by
Hylland and Zeckhauser on allocation via a competitive equilibrium from equal incomes
(CEEI). The [HZ79] result posits that there is a (fractional) allocation and a set of item
prices such that the allocation is a competitive equilibrium given prices. We further
show that there is always a reweighing of the players’ utility values such that running the
standard unit-demand VCG with reweighed utilities leads to a HZ-equilibrium prices.
Interestingly, not all HZ competitive equilibria come from VCG prices.

Reference

[HZ79] Hylland, A., Zeckhauser, R.: The efficient allocation of individuals to positions.
J. Polit. Econ. 87(2), 293-314 (1979)



Expanders in Higher Dimensions

Irit Dinur
Weizmann Institute of Science

Expander graphs have been studied in many areas of mathematics and in computer
science with versatile applications, including coding theory, networking, computational
complexity and geometry.

High-dimensional expanders are a generalization that has been studied in recent
years and their promise is beginning to bear fruit. In the talk, I will survey some pow-
erful local to global properties of high-dimensional expanders, and describe several
interesting applications, ranging from convergence of random walks to construction of
locally testable codes that prove the ¢ conjecture (namely, codes with constant rate,
constant distance, and constant locality).



Private Frequency Estimation via Projective Geometry

Jelani Nelson

UC Berkeley, Berkeley, CA 94705, USA
https://people.eecs.berkeley.edu/~minilek

We propose a new algorithm ProjectiveGeometryResponse (PGR) for locally dif-
ferentially private (LDP) frequency estimation. For a universe size of k and with n users,
our e-LDP algorithm has communication cost [log, k1 bits in the private coin setting and
elog,e 4+ O(1) in the public coin setting, and has computation cost O(n + k exp(e)logk)
for the server to approximately reconstruct the frequency histogram, while achieving
optimal privacy/utility tradeoff, including optimality of the leading constant factor.
Our empirical evaluation shows a speedup of over 50x over PI-RAPPOR [FT21],
while using approximately 75x less memory for practically relevant parameter set-
tings. In addition, the running time of our algorithm is within an order of magnitude of
HadamardResponse [ASZ19] and RecursiveHadamardResponse [CKO20] which
have significantly worse reconstruction error. Our new algorithm is based on using Pro-
jective Planes over a finite field to define a small collection of sets that are close to
being pairwise independent and a dynamic programming algorithm for approximate
histogram reconstruction on the server side. We also give an extension of PGR, which
we call HybridProjectiveGeometryResponse, that allows trading off computation
time with utility smoothly.

Joint work with Vitaly Feldman (Apple), Huy Le Nguyen (Northeastern), and Kunal
Talwar (Apple). This work is to appear in ICML 2022.

References

[ASZ19] Acharya, J., Sun, Z., Zhang, H.: Hadamard response: estimating distributions
privately, efficiently, and with little communication. In: Proceedings of the 22nd Inter-
national Conference on Artificial Intelligence and Statistics (AISTATS), pp. 1120-129
(2019)

[CKO20] Chen, W.-N., Kairouz, p., Ozgiir, A.: Breaking the communication-privacy-
accuracy trilemma. In: Proceedings of the 32nd Annual Conference on Advances in
Neural Information Processing Systems (NeurIPS) (2020)

[FT21] Feldman, V., Talwar, K.: Lossless compression of efficient private local ran-
domizers. In: Proceedings of the 38th International Conference on Machine Learning
(ICML), pp. 3208-3219 (2021)



Contents

Parameterized Algorithms for Finding Highly Connected Solution ............ 1
Ankit Abhinav, Susobhan Bandopadhyay, Aritra Banik, and Saket Saurabh

Coloring a Dominating Set Without Conflicts: g-Subset Square Coloring ...... 17
V. P. Abidha, Pradeesha Ashok, Avi Tomar, and Dolly Yadav

Quotient Structures and Groups Computable in Polynomial Time ............. 35
Pavel Alaev
Parameterized Complexity of List Coloring and Max Coloring ............... 46

Bardiya Aryanfard and Fahad Panolan

Eternal Vertex Cover on Bipartite Graphs ................................. 64
Jasine Babu, Neeldhara Misra, and Saraswati Girish Nanoti

Non-crossing Shortest Paths in Undirected Unweighted Planar Graphs
inLinear TIMe ... ... ... Tl
Lorenzo Balzotti and Paolo G. Franciosa

Lossy Kernelization of Same-Size Clustering ............. ..., 96
Sayan Bandyapadhyay, Fedor V. Fomin, Petr A. Golovach,
Nidhi Purohit, and Kirill Siminov

Output Sensitive Fault Tolerant Maximum Matching ........................ 115
Niranka Banerjee, Manoj Gupta, Venkatesh Raman, and Saket Saurabh

Bounds for Synchronizing Markov Decision Processes ...................... 133
Laurent Doyen and Marie van den Bogaard

Parameterized Complexity of Set-Restricted Disjoint Paths on Chordal
Graphs ... 152
Petr A. Golovach, Fahad Panolan, Ashutosh Rai, and Saket Saurabh

Discrete Versions of the KKM Lemma and Their PPAD-Completeness . ....... 170
Alexander Grishutin and Daniil Musatov

The Fast Algorithm for Online k-server Problem on Trees ................... 190
Kamil Khadiev and Maxim Yagafarov



XVi Contents

Finite Ambiguity and Finite Sequentiality in Weighted Automata
over Flelds ... .o o 209
Peter Kostoldnyi

New Bounds for the Flock-of-Birds Problem .............................. 224
Alexander Kozachinskiy

Heterogeneous Multi-commodity Network Flows over Time ................. 238
Yifen Li, Xiaohui Bei, Youming Qiao, Dacheng Tao, and Zhiya Chen

On the Determinization of Event-Clock Input-Driven Pushdown Automata .... 256
Mizuhito Ogawa and Alexander Okhotin

The GKK Algorithm is the Fastest over Simple Mean-Payoff Games .......... 269
Pierre Ohlmann

Partial Vertex Cover on Graphs of Bounded Degeneracy .................... 289
Fahad Panolan and Hannane Yaghoubizade

Abelian Repetition Threshold Revisited ................................ ... 302
Elena A. Petrova and Arseny M. Shur

Characterizing Level One in Group-Based Concatenation Hierarchies ......... 320
Thomas Place and Marc Zeitoun

How Much Randomness is Needed to Convert MA Protocols to AM
ProtOCOIS? .o 338
Nikolay Vereshchagin

Author Index . ... e 351



	 Preface
	 Organization
	Invited Talks
	 Optimization-Friendly Generic Mechanisms Without Money
	 Expanders in Higher Dimensions
	 Private Frequency Estimation via Projective Geometry
	 Contents




