RANDOMIZED
ALGORITHMS

ALGORITHMS IN JAVA

Sercan Kiilcii | Algorithms In Java | 10.05.2023



Contents

INETOAUCEION ...ttt 2
SOTTITIE ..ttt ettt e st e s et e s e et e e eneeeesneee 3
GTaph COLOTING ....eeeiiiiieeieeeeeee e 3
Graph CONNECHIVILY....cccveeiiieriieiieeieeieeeee et e e eneens 3
Maximum MatChing .........cccooiiiiiiiiiii e 4
Approximate COUNEING.....cccccueeiriiiiiriieeeeiteeeeieeeeireeeeiree e e e sereeeeaeeees 4
MatriX OPETrations ....c..eeeeeuieeiriiieeeeitieesiteeeeiee e et e e eteeesteeeesabeeessaeeesans 4
Monte Carlo Simulations ..........ccceeeiieecieeiieecee e 4
Primality TESHINE ...ccveevuieeieeiiiriieeieeieeete ettt ettt see et seesnaeeseens 5
Randomized Scheduling............cccoeiiniiiiiniiniiieeeeeeee e, 5
Computational GEOMELTY ........ceecuieriiiniiiiieiierie ettt 5

PAGE 1



Introduction

Randomized algorithms are a type of algorithm that uses randomness
to improve its performance. Randomized algorithms can be used to
solve a wide variety of problems, including primality testing, graph
coloring, maximum matching, linear programming, and approximation
algorithms.

Randomized algorithms work by making a small number of random
choices and then using a deterministic algorithm to improve the
solution. The random choices help to ensure that the algorithm does
not get stuck in a local optimum.

Randomized algorithms are a powerful tool that can be used to solve a
wide variety of problems. However, it is important to be aware of their
limitations before using them. Some of the limitations of randomized
algorithms include:

e They may not always find the optimal solution.
e They may be slow to converge to a good solution.
e They may be sensitive to the initial solution.

Despite their limitations, randomized algorithms are a valuable tool for
solving a wide variety of problems. They are often used to solve
problems that are NP-hard, which means that they are very difficult to
solve using deterministic algorithms.
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Sorting

Randomized algorithms, such as QuickSort and QuickSelect, are
efficient methods for sorting and selecting elements in an array. They
use randomization to achieve average-case time complexity
improvements.

Graph Coloring

Randomized algorithms can be applied to solve graph coloring
problems, where the goal is to assign colors to the vertices of a graph
such that no two adjacent vertices share the same color. Randomized
algorithms explore different coloring schemes and use random
decisions to achieve good colorings.

Graph Connectivity

Randomized algorithms are used to determine the connectivity of
graphs and find spanning trees. Randomized algorithms, like
Randomized Depth-First Search (DFS), can efficiently explore the graph
and discover connectivity information.
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Maximum Matching

Randomized algorithms can be employed to find maximum matchings
in graphs. The Randomized Incremental Algorithm is an example that
iteratively adds edges to a matching set based on random selection until
no more augmenting paths are found.

Approximate Counting

Randomized algorithms, such as the Count-Min Sketch, are used for
approximate counting of elements in a large data stream. They use
random hash functions to estimate frequencies and counts with a
controlled level of error.

Matrix Operations

Randomized algorithms are utilized in matrix computations. For
example, Randomized Matrix Approximation algorithms provide low-
rank approximations of matrices and are used for dimensionality
reduction and data compression.

Monte Carlo Simulations

Randomized algorithms, known as Monte Carlo algorithms, are used for
probabilistic simulations and estimation. They employ random

PAGE 4



sampling to approximate solutions for problems with uncertainty, such
as estimating the value of pi or simulating physical systems.

Primality Testing

Randomized algorithms, like the Miller-Rabin primality test, are used to
determine whether a given number is prime or composite. These
algorithms use randomization to make probabilistic judgments about
the primality of a number.

Randomized Scheduling

Randomized algorithms can be applied to scheduling problems, such as
task assignment or job scheduling. Randomization is used to make
decisions, explore different schedules, and find near-optimal solutions.

Computational Geometry

Randomized algorithms are used in computational geometry for
problems like convex hull construction, closest pair of points, and
Delaunay triangulation. Randomization helps in data partitioning,
randomized point selection, and efficient geometric calculations.
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