
Abstract

This dissertation is composed of papers on two research topics. The �rst and main one is a

decentralised representation of graphs, formalised as labeling schemes. Instead of storing one

global data structure, we aim to evenly distribute information about the graph among single

vertices. Each vertex is assigned a bitstring, called its label, such that later given the labels of

two vertices and no additional information, we can decide for example whether these two vertices

are adjacent in a graph, or what is the distance between them. The second topic is dynamic

algorithms, also useful in handling large data sets, as their purpose is to enable data modi�cation

without the need to every time recompute regular algorithms from scratch.

The focus of this work is on three labeling schemes. After a short warm-up about multi-

functional labeling schemes for trees (combining ancestry, adjacency, and more), an e�cient

routing labeling scheme for trees is described. In such a scenario, given the labels of two vertices

u, v we want to decide on a number of the �rst edge on the shortest path from u to v. Trees

are especially interesting in this context, as many existing routing methods in general graphs

depend, as a subproblem, on routing in trees.

Then, a simpler than previously existing adjacency labeling scheme for planar graphs is

designed. As adjacency in general graphs requires large polynomial-sized labels, classes of graphs

for which more viable logarithmic-size labels exist are of special importance, and planar graphs

are one of the most complex among them. Adjacency labelings are also important due to their

connection to the notion of induced-universal graphs, interesting combinatorial objects.

Another subject is an optimal labeling scheme for distances in permutation graphs. In the

literature, distance is the most often considered function beyond adjacency, and permutation

graphs admit particularly e�cient schemes for distance. This is also worth attention as it closes

an open problem by matching an existing lower bound up to the second-order term.

The dissertation ends with the description of fully dynamic approximation for the longest

increasing subsequence (LIS) problem. LIS is one of the oldest algorithmic problems with a classic

dynamic programming solution. Existing methods for exact dynamic LIS work in polynomial

time, but approximation allows for polylogarithmic time, even worst-case. There are no known

(nontrivial) lower bounds for dynamic LIS, thus weighted and 1D query natural variants of the

problem are considered, for which conditional polynomial time lower bounds are designed.


