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Understanding Matrices and Vectors in R

When performing quantitative analysis or developing statistical models within the R programming

language, a clear grasp of foundational data structures--namely matrices and vectors--is

essential. These structures form the backbone of linear algebra operations and are optimized for

efficient computation in R. A matrix is fundamentally a two-dimensional array of data, defined by a

specific count of rows and columns. This structure is indispensable for organizing tabular datasets

where all elements share the same data type, facilitating complex calculations required in fields like

machine learning and quantitative finance.

In contrast to the 2D matrix, a vector represents a one-dimensional sequence containing an

ordered collection of elements. In the R environment, vectors are the most basic data type; even a

single scalar value is internally treated as a vector of length one. While a matrix introduces

structure across two axes (row and column indexing), a vector simply holds values along a single

dimension. The operations explored in this guide, specifically matrix multiplication, rely entirely on

these structural definitions to ensure mathematical validity and proper execution.

The requirement to multiply a matrix by a vector arises frequently across diverse domains,

including calculating weighted sums, applying transformation matrices, and solving systems of

linear equations. Fortunately, R was expertly engineered with robust, high-performance support for

vector and matrix computations, making the implementation of even complex linear algebra tasks

remarkably straightforward. This comprehensive guide details the two most widely utilized and

effective methods available in base R for executing this crucial computational task.

Mathematical Prerequisites for Dimensional Compatibility

Before attempting to execute matrix-vector multiplication in R, it is critical to confirm the

mathematical rules governing dimensional compatibility. These rules are non-negotiable in linear

algebra. For the operation to be defined, the inner dimensions of the two operands--the matrix and

the vector--must precisely match. Specifically, if we define a matrix $M$ with dimensions $m times

n$ (meaning $m$ rows and $n$ columns), the input vector $v$ must be treated as an $n times 1$

matrix, often referred to as a column vector.

Therefore, the number of elements contained in the vector must be exactly equal to the number of

columns in the matrix. If this essential dimensional prerequisite is violated, R will immediately halt

the calculation and return an error, as the fundamental principles of matrix multiplication cannot be

satisfied. The result of multiplying an $m times n$ matrix by an $n times 1$ vector is a new

resulting vector (or matrix) with dimensions $m times 1$.

The actual computation involves calculating the dot product between each row of the matrix and

the input vector. Each element in the resulting $m times 1$ vector is derived from this specific dot
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product calculation. R offers two distinct paths to achieve this outcome, providing users with

flexibility based on criteria such as required computational efficiency, code clarity, and the

necessity to manage potentially problematic characteristics in the data, such as missing values.

Method 1: The Optimized Standard Operator (%*%)

For nearly all standard applications, the most idiomatic, readable, and computationally efficient

technique for performing matrix-vector multiplication in R is through the use of the dedicated built-

in operator: %*%. This operator is explicitly designed to execute true mathematical matrix

multiplication, distinguishing it clearly from element-wise multiplication, which is achieved using the

standard asterisk operator (*).

Employing %*% is the highly recommended default choice for general linear algebra tasks because

it capitalizes on R's highly optimized internal routines, often written in C or Fortran. This

optimization guarantees maximum execution speed and efficiency. Furthermore, its syntax is the

cleanest and most recognizable for anyone familiar with linear algebra concepts within the R

programming language environment.

The fundamental syntax for deploying this powerful operator is straightforward:

#multiply matrix by vector

my_matrix %*% my_vector

This instruction directs R to calculate the true matrix product, multiplying the object designated

my_matrix by the object my_vector. A crucial caveat for this method is its requirement for clean

input data; the %*% operator does not inherently possess mechanisms to gracefully handle missing

or NA values. If any missing data are present in the input operands, the result of the multiplication

involving that element will typically propagate an NA result, potentially rendering the entire

computation unusable.

Example 1: Implementing %*% for Matrix-Vector Products

To demonstrate the practical application of the highly efficient %*% operator, we must first establish

our input data structures. We will construct a matrix, named my_matrix, and a dimensionally

compatible vector, my_vector. The matrix is defined to have six rows and three columns ($6 times

3$). Following the mathematical prerequisites, the vector must contain exactly three elements ($3

times 1$) for the multiplication to proceed successfully.

#create matrix with six rows and three columns

my_matrix <- matrix(1:18, nrow=6)
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#view matrix

my_matrix

1 7 13

2 8 14

3 9 15

4 10 16

5 11 17

6 12 18

#create vector

my_vector <- c(1, 2, 3)

#view vector

my_vector

1 2 3

Since the vector contains three elements--a number that precisely matches the column count of

the matrix--dimensional compatibility is confirmed. We can now confidently execute the standard

matrix multiplication using the %*% operator, knowing that the calculation adheres to the rules of

linear algebra.

#multiply matrix by vector

my_matrix %*% my_vector

54

60

66

72

78

84

The final result is a $6 times 1$ matrix, which represents the resulting column vector. This output is

generated by calculating the dot product for each row of the matrix against the input vector. For

instance, we can verify the first three resulting values by examining the principle of matrix

multiplication:

First value (Row 1): (1 * 1) + (7 * 2) + (13 * 3) = 1 + 14 + 39 = 54

Second value (Row 2): (2 * 1) + (8 * 2) + (14 * 3) = 2 + 16 + 42 = 60

Third value (Row 3): (3 * 1) + (9 * 2) + (15 * 3) = 3 + 18 + 45 = 66
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The subsequent results (72, 78, and 84) are computed using the exact same methodology, applied

sequentially to the remaining rows of my_matrix.

Method 2: Functional Approach Using apply() and rowSums()

An alternative, albeit more verbose and functionally complex, method involves strategically

combining several powerful base R functions: apply(), rowSums(), and often the transpose

function, t(). While this approach sacrifices the immediate readability offered by the %*% operator,

it provides a distinct and often critical advantage: explicit, user-controlled handling of NA values

(missing data) throughout the calculation.

This functional method decomposes the matrix multiplication into its constituent steps. First, it

performs element-wise multiplication between the vector and each row of the matrix, and second, it

sums those resulting products. The apply() function is used to iterate over the matrix rows

(specified by the margin argument 1), applying a custom anonymous function that executes the

element-wise multiplication between the current row and the vector. The resulting matrix of

products is then processed.

The critical element of this functional chain is the inclusion of the na.rm=T argument within the

rowSums() function call. This argument instructs R to ignore any NA values when calculating the

sum for each row, thereby allowing a partial sum to be returned instead of propagating an NA

result. This robust behavior is impossible to achieve directly using the optimized %*% operator,

making this functional approach indispensable when working with real-world, potentially

incomplete, datasets that must still contribute to the overall calculation.

The complete, though admittedly complex, syntax required for this functional approach is

presented below:

#multiply matrix by vector

rowSums(t(apply(my_matrix, 1, function(x) my_vector*x)),na.rm=T)

Example 2: Verifying Functional Multiplication and Output Differences

To confirm the mathematical accuracy of the functional method, we will utilize the exact same input

matrix and vector defined in Example 1. This demonstration serves to prove that both

computational paths yield mathematically identical results when the input data is clean (i.e.,

contains no NA values). This outcome validates that the functional approach, despite its layered

complexity, accurately implements the core rules of matrix multiplication.

#create matrix with six rows and three columns
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my_matrix <- matrix(1:18, nrow=6)

#view matrix

my_matrix

1 7 13

2 8 14

3 9 15

4 10 16

5 11 17

6 12 18

#create vector

my_vector <- c(1, 2, 3)

#view vector

my_vector

1 2 3

Executing the full functional multiplication syntax on these previously defined objects confirms the

generation of the identical numerical output:

#multiply matrix by vector

rowSums(t(apply(my_matrix, 1, function(x) my_vector*x)),na.rm=T)

54 60 66 72 78 84

Note that this output successfully returns the same six scalar values (54, 60, 66, 72, 78, 84) that

were derived in Example 1. The primary distinction between the two methods is purely structural:

the %*% operator returns the result as a $6 times 1$ matrix, whereas the approach leveraging

rowSums() and apply() returns a standard R vector of length 6. Both resulting forms are

mathematically equivalent and are suitable for subsequent processing steps.

Choosing the Right Tool: Performance vs. Data Robustness

When determining which of these two powerful methods to employ, the user must carefully balance

computational performance against the required robustness to handle missing data. For tasks

where maximizing speed and simplicity is paramount, and where the integrity of the data is

guaranteed, the %*% operator is the unambiguous optimal choice. Its dedicated optimization makes

it the default, high-speed solution.

https://stat.ethz.ch/R-manual/R-devel/library/base/html/rowSums.html
https://stat.ethz.ch/R-manual/R-devel/library/base/html/apply.html
https://en.wikipedia.org/wiki/Vector_(mathematics_and_physics)
https://statistics.arabpsychology.com/?p=24123
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com


Learning Matrix-Vector Multiplication with R: A Comprehensive Tutorial 7

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com

However, when confronted with real-world datasets where NA values may be present in either the

matrix or the vector, the functional approach utilizing rowSums() and apply() becomes absolutely

necessary. By explicitly setting na.rm=T within the rowSums() call, this method permits R to

calculate the sum of products using only the available non-missing data points. This crucial feature

ensures that a meaningful result is produced, rather than having the NA value propagate and

invalidate the entire row calculation.

It is an important characteristic of the R programming language environment that both specialized

methods, along with all the underlying functions (%*%, rowSums(), apply(), t()), are included

directly within base R. This native inclusion eliminates any requirement for users to install or load

external packages to perform these essential linear algebra operations, ensuring high availability,

stability, and compatibility across virtually all R installations.

Conclusion and Further Resources

A mastery of matrix-vector multiplication is foundational for anyone engaged in advanced statistical

computing and data modeling in R. While the standard %*% operator offers the most direct and

computationally efficient solution for processing clean data, the functional combination of

rowSums() and apply() provides indispensable flexibility for managing missing data.

Understanding the strengths and weaknesses of each method allows data scientists to select the

tool that best aligns with the specific requirements of their data structure and computational

environment, enhancing the overall reliability and efficiency of their code.

The following resources provide tutorials explaining how to perform other common tasks in R:
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