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Abstract

This thesis presents new algorithms and lower bounds for dynamic variants of classic
algorithm problems: Interval Scheduling and Longest Common Substring and new
algorithms working strictly in-place for leader election in permutations and finding inverse
of permutation.

In Dynamic Interval Scheduling, the goal is to maintain the set of intervals (representing
timeframes of jobs that are to be scheduled on a machine) under insertions and deletions
and to report the size of the maximum size subset of pairwise disjoint intervals after each
update. We obtained the first exact (without approximation) sublinear algorithm for this
problem. We also show interesting separation between unweighted and weighted variant
of this problem. If the goal is to maximize the sum of weights of selected non-overlapping
jobs, we show almost linear lower bound, conditioned on the hardness of Minimum Weight
:-Clique. Additionally, we considered the variant, where the goal is to assign jobs to one of
available < machines in order to maximize the number of accepted tasks. For this variant,
the sublinear algorithm for constant < is presented.

In the Dynamic Longest Common Substring, the goal is to maintain two dynamic strings
that undergo letter substitutions or edit operations in order to return a longest common
substring after each update. In the thesis, we present an algorithm with polylogarithmic
update time in Õ(=)-space regime for the most general variant of the problem where
one can do edit operations on both strings. Additionally, we considered a variant where
one of the strings is guaranteed to remain unchanged (for the letter substitutions and edit
operations in the second string) and obtained algorithms with even better running times.
Additionally, for both these variants, we achieved interesting lower bounds.

Both algorithms and lower bounds for dynamic longest common substring make use
of a structure for the Heaviest Induced Ancestors problem for which we have shown an
optimal solution working in a near-linear space regime and the matching lower bound.

In the leader election problem, there is given a permutation on the input and the goal
is to report exactly one of its elements from each of its cycles. In the thesis, we present
deterministic algorithm working strictly in-place, that is using only O(log =) additional
bits of space for =-element permutation. Additionally, building on these techniques, we
obtained a deterministic algorithm to find the inverse of the permutation that works in the
same space regime.
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