GENERAL

what is an array in math

Published: September 3, 2026 | Index ID: #-

What Is an Array in Math? A Deep Dive into the Building Block of Modern
Mathematics

When you first encounter the term arrayin a mathematics context, you might picture a row of numbers, a table of
data, or even a programming construct that stores values. In fact, an array in mathematics is a fundamental
concept that permeates many areas—from linear algebra to combinatorics, from statistics to computer science.
Understanding what an array is, how it is used, and why it matters can unlock a richer appreciation of the structure
underlying mathematical reasoning and real world applications.
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Definition of an Array

At its core, an array is an ordered collection of elementsdrawn from a set or domain. The key features that
distinguish an array from other collections are:

e Order — The position of each element matters. Two arrays containing the same numbers but arranged
differently are considered distinct.

¢ Indexing — Each element can be accessed via its position, typically using an integer index.

e Multiplicity — Elements may repeat; an array can contain duplicate values.

¢ Fixed or Variable Length — In mathematics, arrays are often treated as having a fixed size, but variable-length
arrays are common in applied contexts.

In plain English, think of an array as a row of boxes, each holding a value. The boxes are numbered from 1 to n (or
0 to n" 1 in computer science), and you can retrieve the value in any box by referencing its number.

Mathematical vs. Computational Arrays

While the term “array” appears in both mathematics and computer science, the contexts differ slightly:

¢ Mathematical arrays are often abstract, focusing on properties like symmetry, rank, or linear independence.
e Computational arrays emphasize storage, memory layout, and performance considerations.

Despite these differences, the underlying concept remains the same: an ordered set of elements that can be



systematically manipulated.

Historical Roots and Evolution

The concept of arranging numbers in rows and columns dates back to ancient civilizations. The Babylonians used
cuneiform tablets to record tables of trade and astronomy. In the 16th and 17th centuries, mathematicians like René
Descartes and Isaac Newton began formalizing the use of tables to solve systems of equations.

Fast forward to the 19th century, and matrices—two dimensional arrays of nhumbers—became a staple of linear
algebra. The development of matrix theory by Carl Friedrich Gauss and others paved the way for modern
computational methods.

In the 20th century, the rise of computers turned arrays into data structures. The ability to store and manipulate
large arrays efficiently led to breakthroughs in numerical analysis, scientific computing, and eventually machine
learning.

Notation and Basic Properties

Mathematicians use several notations to describe arrays. The most common include:

e Bracket notation: [a e, a ,, ..., @ ™] for a one dimensional array (vector).
e Matrix notation: \begin{bmatrix} a_{11} & a {12} \a_{21} & a_{22} \end{bmatrix} for a two dimensional array.
 Array notation with indices: a_{ij} denotes the element in the ith row and jth column.

Key properties of arrays:

1. Element access: a[i] retrieves the ith elementina 1 D array.

2. Subarray extraction: Selecting a contiguous block of elements.

3. Homogeneity: All elements belong to the same mathematical structure (e.g., real numbers, complex
numbers).

One Dimensional, Two Dimensional, and Beyond

Arrays can be classified by their dimensionality:

One Dimensional Arrays (Vectors)

A vector is simply a list of numbers. For example, v = [3, 5, 7] is a 3 element vector. Vectors are the building blocks
for higher-dimensional arrays and are central to vector spaces in linear algebra.

Two Dimensional Arrays (Matrices)

When you arrange numbers in rows and columns, you get a matrix. The element in the ith row and jth column is
written as a_{ij}. Matrices are used to represent linear transformations, solve systems of equations, and model data
in statistics.

Multi Dimensional Arrays

Arrays can extend into three, four, or even higher dimensions. In computer science, a 3 D array might represent a
cube of voxels in medical imaging, while a 4 D array could store time series data for each spatial point.

Mathematically, a multi dimensional array can be viewed as a tensor—a generalization of scalars (0 D), vectors (1 D),
and matrices (2 D) to higher ranks.



Arrays in Linear Algebra

Linear algebra treats arrays as the primary objects of study. Here’s how arrays appear in this field:

e Vector Spaces: Vectors are 1 D arrays that can be added together and scaled by scalars. The set of all
n dimensional vectors over a field forms an n dimensional vector space.

« Linear Transformations: Any linear transformation between finite dimensional vector spaces can be
represented by a matrix (a 2 D array).

¢ Eigenvalues and Eigenvectors: The study of how matrices act on vectors leads to eigenvalues, which are
scalars that scale a vector without changing its direction.

« Systems of Linear Equations: A system can be written as Ax = b, where A is a matrix, x is a vector of
unknowns, and b is a result vector.

Matrix operations such as addition, multiplication, and transposition are all defined in terms of array elements. For
instance, the product of matrices A (m x n) and B (n x p) yields a matrix C (m x p) where each element is
computed as a dot product of rows of A and columns of B.

Determinants and Inverses

Determinants, a scalar value associated with square matrices, measure properties like invertibility and volume
scaling. The inverse of a matrix, if it exists, is another array that, when multiplied by the original, yields the identity
matrix.

Arrays in Statistics and Data Analysis

In statistics, arrays are ubiquitous. They provide a convenient structure for storing observations, variables, and
results.

e Data Frames: Conceptually similar to 2 D arrays, data frames store rows (observations) and columns
(variables). Each cell contains a numeric or categorical value.

e Covariance Matrices: A square matrix that captures the pairwise covariances between variables.

e Correlation Matrices: Normalized covariance matrices that reveal the strength of linear relationships.
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