
Randomized Algorithms: 

Definition: Randomized algorithms make use of random numbers during their 

execution to make decisions or achieve specific objectives. 

Purpose: Randomization is often employed to simplify algorithms, improve their 

efficiency, or provide probabilistic guarantees. In some cases, randomized 

algorithms can outperform their deterministic counterparts. 

Examples: QuickSort with random pivot selection, Las Vegas algorithms (which 

always produce correct results but with a variable running time), Monte Carlo 

algorithms (which have a fixed running time but may produce incorrect results 

with a certain probability). 

Benefits: 

Simplicity: Randomized algorithms can be simpler and more elegant than their 

deterministic counterparts. 

Efficiency: Randomization can lead to algorithms with improved average-case 

performance, even if worst-case performance is not guaranteed. 

Examples of Randomization in Algorithms: 

Randomized Quicksort: In Quicksort, choosing a random pivot element can 

improve the expected time complexity, reducing the likelihood of worst-case 

behavior. 

Randomized Primality Testing: Algorithms like the Miller-Rabin primality test 

use randomization to efficiently determine whether a given number is likely to 

be prime. 

Applications: 

Cryptography: Randomization is often used in cryptographic algorithms to 

enhance security and resistance against various attacks. 

Machine Learning: Randomization is used in training machine learning models, 

such as initializing parameters randomly or introducing randomness in the 

sampling of training data. 

Analysis: 

Probabilistic Guarantees: Randomized algorithms are often analyzed in a 

probabilistic sense, providing guarantees that hold with high probability. 



Randomized Algorithm: Graph Problem 

Randomized graph algorithms are algorithms that use randomization as a 

fundamental part of their design to solve various graph problems. The use of 

randomness allows these algorithms to achieve certain desirable properties, 

such as improved average-case performance or faster expected running times. 

Here are a few examples of randomized graph algorithms: 

Randomized Minimum Spanning Tree Algorithm: 

Algorithm: Karger's algorithm is an example of a randomized algorithm to find a 

minimum spanning tree in a graph. 

Idea: The algorithm works by repeatedly contracting randomly chosen edges 

until only two nodes remain, and then the contracted edges form a minimum 

spanning tree with high probability. 

Randomized Shortest Path Algorithm: 

Algorithm: RandoMized Contraction (RMC) algorithm can be used to 

approximate the shortest path in a graph. 

Idea: Similar to Karger's algorithm, RMC works by randomly contracting edges 

until a small graph is left, and then a deterministic algorithm can find the 

approximate shortest path efficiently. 

Randomized Coloring Algorithm: 

Algorithm: The algorithm by Luby, Sinclair, and Zuckerman is an example of a 

randomized algorithm for graph coloring. 

Idea: The algorithm assigns colors to vertices using a random process that 

guarantees a good coloring with high probability. 

Randomized Maximal Independent Set Algorithm: 

Algorithm: The R (randomized) algorithm by Luby finds a maximal independent 

set in a graph. 

Idea: Vertices are added to the independent set with a certain probability, 

resulting in a set that is likely to be maximal. 

 

 



Randomized Cut and Flow Algorithms: 

Algorithm: Randomized algorithms are used in approximating minimum cuts 

and maximum flows in graphs. 

Idea: By using random sampling or contraction techniques, these algorithms can 

find approximations to these graph problems efficiently. 


