Nontrivial Examples of Polynomial Time Algorithm
What is nontrivial polynomial time algorithm?

A nontrivial polynomial time algorithm is an algorithm that can solve
a problem in polynomial time (i.e., the time it takes to solve the
problem is bounded by a polynomial function of the input size), and it
provides a significant improvement in efficiency compared to brute-
force or exponential time algorithms. In other words, it's an algorithm
that efficiently solves a problem without resorting to exponential or
super polynomial time complexity.

Polynomial Time: An algorithm is said to run in polynomial time if its
time complexity is bounded by a polynomial function of the size of the
input. Mathematically, an algorithm has a polynomial time complexity
if T(n) = O(n”k) for some non-negative integer k, where T(n) is the time
it takes to solve a problem of size n.

Nontrivial: The term "nontrivial" in the context of polynomial time
algorithms implies that the algorithm is not just a straightforward or
trivial solution to the problem. It's not an algorithm that merely counts
or processes the input in a linear or simple way. Instead, it involves
sophisticated techniques, data structures, or mathematical insights to
achieve efficiency.

Nontrivial examples of polynomial time algorithms
Dijkstra's Algorithm:
e Problem: Finding the shortest path between two nodes in a
weighted graph.
e Time Complexity: O(VA2) with a simple implementation, O(E + V

log V) with a priority queue (where V is the number of vertices
and E is the number of edges).



Prim's Algorithm:
e Problem: Finding a minimum spanning tree in a weighted graph.
e Time Complexity: O(VA2) with a simple implementation, O(E + V
log V) with a priority queue.
Knapsack Problem (Dynamic Programming):
e Problem: Given a set of items with weights and values,

determine the most valuable combination of items that can fit

into a knapsack of limited capacity.
e Time Complexity: O(nW), where n is the number of items and W

is the knapsack capacity.

Matrix Chain Multiplication:

e Problem: Finding the optimal way to parenthesize a sequence of
matrices to minimize the number of multiplications.
e Time Complexity: O(n”3), where n is the number of matrices.

Longest Common Subsequence (LCS):

e Problem: Finding the longest subsequence that two sequences

have in common.
e Time Complexity: O(m * n), where m and n are the lengths of the

two sequences.
Graph Coloring (Greedy Algorithm):

e Problem: Assigning the minimum number of colors to vertices in
a graph such that no adjacent vertices have the same color.

e Time Complexity: O(VA2 + E) for a simple greedy approach,
where V is the number of vertices and E is the number of edges.



