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R has always provided an application programming interface (API) for

extensions. Based on the C language, it uses a number of macros and

other low-level constructs to exchange data structures between the R

process and any dynamically-loaded component modules authors added

to it. With the introduction of the Rcpp package, and its later refinements,

this process has become considerably easier yet also more robust. By

now, Rcpp has become the most popular extension mechanism for R. This

article introduces Rcpp, and illustrates with several examples how the

Rcpp Attributes mechanism in particular eases the transition of objects

between R and C++ code.
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Introduction

The R language and environment (R Core Team, 2023a) has es-

tablished itself as both an increasingly dominant facility for data

analysis, and the lingua franca for statistical computing in both

research and application settings.

Since the beginning, and as we argue below, “by design”, the

R system has always provided an application programming in-

terface (API) suitable for extending R with code written in C or

Fortran. Being implemented chiefly in R and C (with a generous

sprinkling of Fortran for well-established numerical subroutines),

R has always been extensible via a C interface. Both the actual

implementation and the C interface use a number of macros and

other low-level constructs to exchange data structures between

the R process and any dynamically-loaded component modules

authors added to it.

A C interface will generally also be accessible to other languages.

Particularly noteworthy here is the C++ language, developed orig-

inally as a ‘better C’, which is by its design very interoperable with

C. And with the introduction of the Rcpp package (Eddelbuettel

and François, 2011; Eddelbuettel, 2013; Eddelbuettel et al., 2024),

and its later refinements, this process of extending R has become

considerably easier yet also more robust. To date, Rcpp has become

the most popular extension system for R. This article introduces

Rcpp, and illustrates with several examples how the Rcpp Attributes

mechanism (Allaire et al., 2023) in particular eases the transition

of objects between R and C++ code.

Background. Chambers (2008, p. 3) provides a very thorough dis-

cussion of desirable traits for a system designed to program with

data, and the R system in particular. Two key themes motivate

the introductory discussion. First, the Mission is to aid exploration

in order to provide the best platform to analyse data: “to boldly

go where no one has gone before.” Second, the Prime Directive

is that the software systems we build must be trustworthy: “the

many computational steps between original data source and dis-

played result must all be trustful.” The remainder of the book then

discusses R, leading to two final chapters on interfaces.

Chambers (2016, p. 4) builds and expands on this theme. Two

core facets of what “makes” R are carried over from the previous

book. The first states what R is composed of: Everything that exists

in R is an object. The second states how these objects are created

or altered: Everything that happens in R is a function call. A third

statement is now added: Interfaces to other software are part of R.

This last addition is profound. If and when suitable and per-

formant software for a task exists, it is in fact desirable to have

a (preferably also perfomant) interface to this software from R.

Chambers (2016) discusses several possible approaches for simpler

interfaces and illustrates them with reference implementations to

both Python and Julia. However, the most performant interface for

R is provided at the subroutine level, and rather than discussing

the older C interface for R, Chambers (2016) prefers to discuss

Rcpp. This article follows the same school of thought and aims to

introduce Rcpp to analysts and data scientists, aiming to enable

them to use—and create— further interfaces for R which aid the

mission while staying true to the prime directive. Adding interfaces

in such a way is in fact a natural progression from the earliest de-

signs for its predecessor S which was after all designed to provide

a more useable ‘interface’ to underlying routines in Fortran.

The rest of the paper is structured as follows. We start by dis-

cussing possible first steps, chiefly to validate correct installations.

This is followed by an introduction to simple C++ functions, com-

parison to the C API, a discussion of packaging with Rcpp and

a linear algebra example. The appendix contains some empirical

illustrations of the adoption of Rcpp.

First Steps with Rcpp

Rcpp is a CRAN package and can be installed by using

install.packages('Rcpp') just like any other R package. On

some operating systems this will download pre-compiled binary

packages; on others an installation from source will be attempted.

But Rcpp is a little different from many standard R packages in

one important aspect: it helps the user to write C(++) programs

more easily. The key aspect to note here is C++ programs: to

operate, Rcpp needs not only R but also an additional toolchain

of a compiler, linker and more in order to be able to create binary

object code extending R.

We note that this requirement is no different from what is

needed with base R when compilation of extensions is attempted.

How to achieve this using only base R is described in some detail

in the Writing R Extensions manual (R Core Team, 2023b) that

is included with R. As for the toolchain requirements, on Linux

and macOS, all required components are likely to be present. The

macOS can offer additional challenges as toolchain elements can

be obtained in different ways. Some of these are addressed in the

Rcpp FAQ (Eddelbuettel and François, 2023a) in sections 2.10 and

2.16. On Windows, users will have to install the Rtools kit provided

by R Core available at https://cran.r-project.org/bin/windows/Rtools/.

Details of these installation steps are beyond the scope of this pa-
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