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in a simplified and systematic manner. This research paper discusses the major data structures in R,
their characteristics, syntax, operations, and applications in real-world data analysis. A comparative
study is also presented to highlight the advantages and limitations of each data structure. The study
concludes that understanding R data structures is essential for efficient programming and research-
based analytics.
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INTRODUCTION e To compare the data structures based on their usage and

performance.
e To understand the role of data structures in data analysis

Data structures are the backbone of programming and
and research.

computational problem solving. A data structure is defined as a
method of organizing data in memory in order to perform
operations such as insertion, deletion, traversal, searching, and
sorting efficiently.

OVERVIEW OF DATA STRUCTURES IN R

R supports the following major data structures

Selecting an appropriate data structure reduces time

complexity and improves program performance. ¢ Vect(?r

R is an open-source programming language designed for *  Matrix

statistical computing and research applications. It is widely ~®  ArTay

used in academic research, data analytics, artificial ® List

intelligence, and machine learning. R includes powerful built- * Data Frame
e  Factor

in data structures that support data handling and analysis
effectively. This paper presents an overview of the primary
data structures in R and demonstrates their usage through  Each data structure has unique features and is used for
examples. specific applications in statistical analysis and research
computing.
OBJECTIVES OF THE STUDY
VECTOR: A vector is the most basic data structure in R. It

The objectives of this research paper are: is a one-dimensional collection of elements where all
elements must be of the same data type such as numeric,
e To study the different types of data structures in R. character, or logical.
e To analyze the characteristics and functionality of each
structure. Types of Vectors

e To provide practical syntax and examples for
implementation. e  Numeric Vector
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. Character Vector
e  Logical Vector

Vector Example

v <-¢(10, 20, 30, 40)
print(v)

OUT-PUT

[1] 10203040

C. Vector Operations
vl <-¢(1,2,3)
v2<-¢c(4,5,6)

result <- vl +v2
print(result)

OUT-PUT

11579

Vectors are widely used in mathematical operations, statistical
analysis, and data manipulation.

MATRIX: A matrix is a two-dimensional data structure that
stores elements in the form of rows and columns. A matrix in
R can store only one type of data.

Matrix Creation

m <- matrix(c(1,2,3,4,5,6), nrow=2, ncol=3)

print(m)
OUT-PUT
1] [,2] [,3]
L] 1 3 5
2] 2 4 6

Matrix Operations

ml <- matrix(c(1,2,3,4), nrow=2)
m2 <- matrix(c(5,6,7,8), nrow=2)
sum <- ml + m2

print(sum)

OUT-PUT

[,11 [,2]
1] 6 10
2] 8 12

Matrices are mainly used in linear algebra, mathematical
computations, and scientific research.

ARRAY: An array is a multi-dimensional data structure in R.
Arrays can store data in more than two dimensions.

Array Example
a <-array(1:12, dim=c(2,3,2))
print(a)
OUT-PUT
%9 1
11 [,21 [,3]
L] 1 3 5
2] 2 4 6
)52

[1] [,2] [,3]
) 7 9 11
2] 8 10 12

Here, dim=c(2,3,2) represents:

. 2 rows
. 3 columns
e 2 layers

Arrays are useful in scientific experiments, image processing,
and multi-dimensional computations.

LIST: A list is a flexible data structure in R that can store
different types of data such as vectors, matrices, functions, and
even other lists.

List Example

list]l <- list(name="R", version=4.0, marks=c(80,90,85))
print(list1)

OUT-PUT
$name
[1] 'VR"

$version
1] 4

$marks
[1] 80 90 85
B. Accessing List Elements

print(list] $name)
print(list1 $marks)
OUT-PUT

[1] VIRH

[1] 80 90 85

Lists are useful in storing complex datasets and objects in a
single structure.

DATA FRAME: A data frame is the most important and
widely used data structure in R. It is a two-dimensional table-
like structure where each column can contain different data

types.
Data Frame Example

df <- data.frame(
ID =¢(1,2,3),
Name = c¢("Asha","Ravi","Kiran"),
Marks = ¢(85,90,78))
print(df)
OUT-PUT
ID Name Marks

11 Asha 85

2 2 Ravi 90

3 3Kiran 78

B. Adding a Column
df$Grade <- ¢("A","A+","B")
print(df)
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OUT-PUT

ID Name Marks Grade

11 Asha 85 A

2 2 Ravi 90 A+

3 3Kiran 78 B

Data frames are extensively used in data science, research
studies, and machine learning datasets.

FACTOR: A factor is a special data structure in R used for
storing categorical data. Factors are commonly used in
statistical analysis and modeling.

Factor Example

gender <- factor(c("Male","Female","Male","Female"))
print(gender)
OUT-PUT

Male Female Male Female
Levels: Female Male

B. Factor Levels
levels(gender)

OUT-PUT

[1] "Female" "Male"

Factors are useful in regression analysis, classification, and
experimental research.

COMPARISON OF DATA STRUCTURES IN R
A comparison of R data structures is shown in Table 1.

Table I. Comparison of data structures in r

Data Structure | Dimension | Data Type Suitable For

Vector 1D Same type Simple data storage
Matrix 2D Same type Linear algebra

Array Multi-D Same type Multi-dimensional data
List Multi Different types | Complex objects

Data Frame 2D Different types | Tabular datasets

Factor 1D Categorical Statistical modeling

APPLICATIONS OF DATA STRUCTURES IN R

Data structures in R play an important role in research and
industry applications such as:

Statistical Data Analysis

Machine Learning and Artificial Intelligence
Data Visualization and Reporting

Medical and Healthcare Research

Financial Forecasting

Business Analytics

Scientific Simulations

ADVANTAGES OF DATA STRUCTURES IN R

The main advantages are:

Easy and efficient data handling.

Supports statistical operations directly.

Strong library support for analytics.

Suitable for academic and research-based projects.
Works well with large datasets using packages.

LIMITATIONS OF DATA STRUCTURES INR

Some limitations are:

e  Large datasets require high memory.

e  Performance is slower compared to C/C++.

e  Matrices and arrays cannot store mixed data types.
e  Complex loops may reduce efficiency.
CONCLUSION

Data structures are essential in computer science for effective
data organization and problem solving. R provides powerful
built-in data structures such as vectors, matrices, arrays, lists,
data frames, and factors. These structures support statistical
computing, data analysis, and research applications. This paper
has discussed each data structure with examples and compared
them based on their functionality. Understanding data
structures in R improves efficiency in programming and
enhances the quality of research and analytics.
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