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Abstract

The Repp package simplifies integrating C++ code with R. It provides a consistent
C++ class hierarchy that maps various types of R objects (vectors, matrices, functions,
environments, ...) to dedicated C++ classes. Object interchange between R and C++
is managed by simple, flexible and extensible concepts which include broad support for
C++ Standard Template Library idioms. C++ code can both be compiled, linked and
loaded on the fly, or added via packages. Flexible error and exception code handling
is provided. Repp substantially lowers the barrier for programmers wanting to combine
C++ code with R.
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1. Introduction

R (?) is an extensible system. The ‘Writing R Extensions’ manual (?) describes in detail how
to augment R with compiled code, focusing mostly on the C language, but also mentioning
C++ and Fortran. The R application programming interface (API) described in ‘Writing R
Extensions’ is based on a set of functions and macros operating on SEXP (pointers to SEXPREC
or ‘S expression’ structures, see the ‘R Language’ manual ? for details) which are the internal
representation of R objects. In this article, we discuss the functionality of the Rcpp package
(?), which simplifies the usage of C++ code in R. Combining R and C++ is not a new idea,
so we start with a short review of other approaches and give some historical background on
the development of Rcpp.

The Rcepp package provides a consistent API for seamlessly accessing, extending or modifying
R objects at the C++ level. The API is a rewritten and extended version of an earlier API
which we refer to as the ‘classic Repp API’. It is still provided in the RceppClassic package
(?) to ensure compatibility, but its use is otherwise deprecated. All new development should
use the richer second API which is enclosed in the Repp C++ namespace, and corresponds to
the redesigned code base. This article highlights some of the key design and implementation
choices of the new API: Lightweight encapsulation of R objects in C++ classes, automatic
garbage collection strategy, code inlining, data interchange between R and C++, and error
handling.

Several examples are included to illustrate the benefits of using Repp as opposed to the tradi-
tional R API. Many more examples are available within the package, both as explicit examples
and as part of the numerous unit tests. The Repp package is available from the Comprehensive
R Archive Network (CRAN) at http://CRAN.R-project.org/package=Rcpp.

This vignette corresponds to the paper published in the Journal of Statistical Software (and is



2 Rcpp: Seamless R and C++ Integration

still mostly identical to the published paper). It had been distributed with the Repp package
as file Rcpp-introduction.pdf for several years but has now been superceded by an updated
introduction (?7).

For citations, please use the 7 or 7; details are also provided in R via citation("Rcpp").

This version corresponds to Repp version 1.0.8 and was typeset on January 11, 2022.

1.1. Historical context

Repp first appeared in 2005 as a contribution (by Dominick Samperi) to the RQuantLib pack-
age (?) and became a CRAN package in early 2006. Several releases (all by Samperi) followed
in quick succession under the name Repp. The package was then renamed to ReppTemplate;
several more releases followed during 2006 under the new name. However, no further releases
were made during 2007, 2008 or most of 2009. Following a few updates in late 2009, it was
withdrawn from CRAN.

Given the continued use of the package, Eddelbuettel decided to revitalize it. New releases,
using the initial name Repp, started in November 2008. These included an improved build
and distribution process, additional documentation, and new functionality—while retaining
the existing ‘classic Repp’ interface. While not described here, this API will be provided for
the foreseeable future via the RcppClassic package.

Reflecting evolving C++ coding standards (see ?7), Eddelbuettel and Frangois started a signif-
icant redesign of the code base in 2009. This added numerous new features several of which
are described in this article as well as in multiple vignettes included with the package. This
new API is our current focus, and we intend to both extend and support the API in future
development of the Rcpp package.

1.2. Related work

Integration of C4++ and R has been addressed by several authors; the earliest published
reference is probably 7. An unpublished paper by 7 expresses several ideas that are close to
some of our approaches, though not yet fully fleshed out. The Rserve package (?7) acts
as a socket server for R. On the server side, Rserve translates R data structures into a
binary serialization format and uses TCP/IP for transfer. On the client side, objects are
reconstructed as instances of Java or C++ classes that emulate the structure of R objects.

The packages rcppbind (7), RAbstraction (?) and RObjects (?) are all implemented using
C++ templates. None of them have matured to the point of a CRAN release. CXXR (?)
approaches this topic from the other direction: Its aim is to completely refactor R on a
stronger C+—+ foundation. CXXR is therefore concerned with all aspects of the R interpreter,
read-eval-print loop (REPL), and threading; object interchange between R and C++ is but
one part. A similar approach is discussed by 7 who suggests making low-level internals
extensible by package developers in order to facilitate extending R. 7, using compiler output
for references on the code in order to add bindings and wrappers, offers a slightly different
angle.

1.3. Rcpp use cases

The core focus of Repp has always been on helping the programmer to more easily add C++4-
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based functions. Here, we use ‘function’ in the standard mathematical sense of providing
results (output) given a set of parameters or data (input). This was facilitated from the
earliest releases using C++ classes for receiving various types of R objects, converting them
to C++ objects and allowing the programmer to return the results to R with relative ease.

This API therefore supports two typical use cases. First, existing R code may be replaced by
equivalent C++ code in order to reap performance gains. This case is conceptually easy when
there are (built- or run-time) dependencies on other C or C++ libraries. It typically involves
setting up data and parameters—the right-hand side components of a function call—before
making the call in order to provide the result that is to be assigned to the left-hand side.
Second, Rcpp facilitates calling functions provided by other libraries. The use resembles the
first case but with an additional level of abstraction: data and parameters are passed via
Rcpp to a function set-up to call code from an external library.

Apart from this ‘vertical mode’ of calling C++ from R, additional features in the new API
also support a more ‘horizontal mode’ of directly calling Repp objects. This was motivated by
the needs of other projects such as RInside (?) for easy embedding of R in C++ applications
and RProtoBuf (?) to interface with the Protocol Buffers library. This use will be touched
upon in the next section, but a more detailed discussion is outside the scope of this paper.
Lastly, the more recent additions ‘Repp modules’ and ‘Repp sugar’ also expand the use cases;
see Section 9 below.

2. The Rcpp API

2.1. A first example

We can illustrate the Repp API by revisiting the convolution example from the ‘Writing R
Extensions’ manual (7, Chapter 5). Using Repp, this function can be written as follows:

#include <Rcpp.h>

RcppExport SEXP convolve3cpp(SEXP a, SEXP b) {
Rcpp: :NumericVector xa(a);
Rcpp: :NumericVector xb(b);
int n_xa = xa.size(), n_xb = xb.size();
int nab = n_xa + n_xb - 1;
Rcpp: :NumericVector xab(nab);

for (int i = 0; i < n_xa; i++)
for (int j = 0; j < n_xb; j++)
xab[i + j] += xali] * xb[j];

return xab;

}
We can highlight several aspects.

1. Only a single header file Rcpp.h is needed to use the Repp API.



















































