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Recenzja rozprawy doktorskiej Karola Pokorskiego
,INowe algorytmy i warunkowe ograniczenia dolne dla
probleméw dynamicznych i w matej pamieci”
(,,New algorithms and conditional lower bounds for
dynamic problems and in small space”)

Recenzja jest napisana w jezyku angielskim aby umozliwi¢ jej przeczyta-
nie pozostalym recenzentom rozprawy. Wnioski koncowe recenzji sg napisane
w jezykach angielskim i polskim.

Contents

The thesis consists of an Introduction (Section 1) and four sections that are
devoted to the following problems:

1. In-Place Permuting and Inverting Permutations (Section 2)
2. Dynamic Interval Scheduling (Section 3)
3. Heaviest Induced Ancestors (Section 4)
4. Dynamic Longest Common Substring (Section §)
The sections were based on the following publications:

[1] Barttomiej Dudek, Pawel Gawrychowski, and Karol Pokorski, Strictly in-
place algorithms for permuting and inverting permutations, WADS 2021;

(2] Pawel Gawrychowski and Karol Pokorski, Sublinear dynamic interval sche-
duling (on one or multiple machines), ICALP 2022;

[3] Panagiotis Charalampopoulos, Bartlomiej Dudek, Pawel Gawrychowski,
and Karol Pokorski, Optimal near-linear space heaviest induced ancestors,
CPM 2023;

(4] Panagiotis Charalampopoulos, Pawel Gawrychowski, and Karol Pokorski,
Dynamic longest common substring in polylogarithmic time, ICALP 2020.

Subsequent sections in the thesis correspond to the respective publications, with
an exception that the results on Heaviest Induced Ancestor queries from [4] are
included in Section 4.

First 1 describe the problems considered in the respective sections.

In the In-Place Permuting and Inverting Permutations problem, we are given
an oracle for some permutation 7 of {1,...,n}. Our goal is, given an (integer)
array A[l..n], to compute an array A’ such that A'[i] = A[r(i)] (permuting) or to



compute the inverse permutation 7~ (inverting); for both problems, additional
available space is strictly limited.

In Dynamic Interval Scheduling, we are given a collection of intervals that
allows performing insertions and deletions of intervals. We are to compute, after
each operation, the size of the maximum subset of the collection in which no two
intervals intersect. The problem is then generalized to covering the collection
with a given number of such subsets of non-intersecting intervals (scheduling on
multiple machines) and to a variant in which intervals are assigned weights and
we are to compute the heaviest subset of non-intersecting intervals.

The Heaviest Induced Ancestors problem is a data structure problem on a
pair of static weighted rooted trees. We aim at a small-space data structure that,
given a pair of nodes u, v from one tree each, computes a pair of ancestors, u’
of u and v’ of v, that contain an equally labeled leaf in their subtrees and such
that the sum of weights of v’ and v’ is minimal. Such queries are a common
intermediate problem in variants of the Longest Common Substring problem.

Finally, in Dynamic Longest Common Substring we are given two strings o
and T of total length n that are subject to basic edit operations and we are
to determine a longest common substring (longest subsequence of consecutive
letters) of § and T after each operation.

Evaluation

The problems studied in Sections 2 and 3 are examples of fundamental problems
in Theoretical Computer Science. Their basic variants are commonly present in
the curriculum of introductory courses on programming. The problems studied
in Sections 5 and (especially) 4 are more advanced stringology problems. Ho-
wever, computing the longest common substring of two strings off-line is one of
the best known applications of suffix tree. The results presented in Sections 3
and 5 are dynamic algorithms. Section 4 could be viewed as auxiliary to Section
5; still, it tackles a standalone data structure problem that can be stated in a
completely clementary way. In this view, the results of Section 2 (algorithms
in small space) could seem to be detached from the other sections. However,
there are some links: (1) the thesis proposes an application of the algorithms of
Section 2 to text algorithms; (2) also, the usage of “reducing by a factor of n®”
trick is common to Sections 2 and 4.

Each of the four sections contains results that clearly improve and extend
the state of the art. Section 2 presents in-place algorithms for permuting and
inverting premutations that use O(logn) bits of space and require O(n!*e) time,
for any constant € > 0. This directly improves upon the O(n!®)-time algorithm
for inverting permutations of Guépiel (2019). Moreover, the algorithms use less
space than the classic algorithm of Fich et al. [STCOMP 1995] (for permuting)
and the algorithm of El-Zein et al. [ISAAC 2016] (for inverting), each of which
requires O(log? n) space in bits, while keeping the time complexity close to linear
(the aforementioned results have time complexity O(nlogn)). In Section 3, a dy-
namic algorithm for interval scheduling is shown with O(nl/ 3)-time insertions,
deletions and queries. Previously, only approximation algorithms were known
for this problem (see, e.g., Henzinger et al. [SoCG 2020]). For Heaviest Indu-
ced Ancestor queries, several space/query time trade-offs were known before
(Gagie et al. [CCCG 2013], Abedin et al. [Algorithmica, 2022]) with query time



Q(log ). Section 4 and the related publications propose the first data structures
with o(logn)-time queries (namely, O(log n/ loglog n)-time and even O(1)-time
queries) using data structures with close to lincar space. Finally, in Section 5,
a data structure with near-linear space is shown that processes updates to the
strings in O(1) time; notably, the previous data structure of Amir et al. [Al-
gorithmica, 2020] for this problem requires O(n*®) time per update. Similarly,
for the partially dynamic variant of the problem, in which one of the strings
is static, O(logn/loglogn) update time is achieved whereas Amir et al. used
O(+/n) time per update.

The thesis contains complementary lower bounds, conditional and uncondi-
tional, that highlight the quality of proposed algorithms. Providing (matching)
lower bounds is well-appreciated in contemporary algorithmics. The proof that
Q(logn/loglogn) query time is necessary to obtain O(n) space in Heaviest In-
duced Ancestors and in partially dynamic Longest Common Substring makes
the matching upper bounds particularly strong. I have also found interesting and
neat the conditional lower bound suggesting a separation between unweighted
and weighted versions of Dynamic Interval Scheduling.

The thesis contains an admirable mix of novel ideas and applications of
known results. One particular new concept that was the most compelling to me
was the recursive Ptr pointer developed in Section 2. The command of classic and
recent techniques of algorithm design in the thesis is exceptional. In Section 2,
intricate modifications are made in the algorithms of Fich et al. (for permuting)
and El-Zein et al. (for inverting) that originally are already quite tricky. Section
3 uses top trees developed by Alstrup et al. [ACM TALG 2005]. In the upper
bounds of Section 4, the main techniques, in addition to the basic approach of
Gagie et al., arec the ART decomposition and fractional cascading, whereas in
Section 5, these are dynamic locally consistent parsing of Gawrychowski et al.
[SODA 2018] and dynamic 2D range trees of Willard and Lueker [JACM, 1985].
1 was particularly impressed by how all the ingredients were cleverly combined
together in the upper and lower bounds of Sections 4 and 5.

The write-up of the thesis is of very high quality; I have only found few
minor typos. However, the thesis was not an easy read for me, even though the
second half (Sections 4 and 5) is close to my expertise. The main reasons are
the technical complexity of the thesis, as mentioned above, and the fact that it
was formed from publications at conferences where space is limited. For journal
publications (and easier comprehension), it would be desired to fill in missing
details here and there and provide several more examples, especially for the
most intricate parts of the algorithms. The thesis quite commonly uses phrases
like “using standard techniques”, “by a standard argument/analysis”, “there
is no difficulty in extending”, “straightforwardly” which could be extended to
complete arguments. I encourage the candidate to publish full versions of the
contributions in this thesis. The structure of the thesis is sensible except for the
quite chaotic partition of the material on lower bounds between Sections 4.4 and
5.4. The references are adequate; some of them are missing conference/journal
names.

The articles [1-4] were published at well-renowned, high-quality international
conferences devoted to theoretical computer science (articles [2,4], arguably one
of top TCS conferences with core A ranking; articles [1,3], core B). All papers
are co-authored by one of the supervisors of the candidate. The sets of authors
in each paper are relatively small and, notably, include an author from abroad.



The contents of the thesis do not allow to asses the individual contribution
of the candidate in the publications.

Conclusions

In my opinion, the PhD thesis is of high quality. The articles forming the thesis
contain new important results in the field of discrete algorithms and improve
upon and extend previous work. I claim that Karol Pokorski without doubt
should be granted the PhD title in computer science.

Whniosek konicowy

W mojej opinii rozprawa doktorska stoi na wysokim poziomie. Artykuly na-
ukowe tworzace rozprawe zawieraja nowe a zarazem istotne wyniki w teorii
algorytméw na strukturach dyskretnych i poprawiajg oraz rozszerzajg weze-
éniej znane wyniki. W mojej ocenie rozprawa moze byé bez watpienia
podstawa do nadania stopnia doktora w dyscyplinie naukowej infor-
matyka. Wnosze o dopuszczenie mgr. Karola Pokorskiego do dalszych
etapéw postgpowania w sprawie nadania stopnia doktora.



