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INTRODUCTION
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JUMPING RIGHT IN

RStudio makes starting very easy:

File Edit Code View Plots Session Build Debug Tools Help

New File > R Script Ctri+Shift+N
New Project... :
R Markdown... S
Open File... Ctrl+0 = &5
Text File
Recent Files > - % clo!
C++ File
Open Project...
L ) R Sweave
Open Project in New Window...
RHTML
Recent Projects >
R Presentation
Save Ctrl+s R Documentation »
— Files
Save As... pntributors.
- . on and & 5
Save All CElPAIESS  ges in publications. The R La
Print... or on-line help, or Qtai
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A FIRST EXAMPLE: CONT'ED

The following file gets created:

#include <Rcpp.h>
using namespace Rcpp;

// This is a simple example of exporting a C++ function to R. You can
// source this function into an R session using the Rcpp::sourceCpp
// function (or via the Source button on the editor toolbar).

// [[Rcpp::export]]
NumericVector timesTwo(NumericVector x) {

return x * 2;

// You can include R code blocks in C++ files processed with sourceCpp
// (useful for testing and development). The R code will be automatically
// run after the compilation.

/*-k* R
timesTwo(42)
*/ 4/52



A FIRST EXAMPLE: CONT'ED

So what just happened?

- We defined a simple C++ function

- It operates on a numeric vector argument

- We asked Rcpp to ‘source it’ for us

- Behind the scenes Rcpp creates a wrapper

- Rcpp then compiles, links, and loads the wrapper
- The function is available in R under its C++ name
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AN INTRODUCTORY EXAMPLE: FOCUS ON SPEED

Consider a function defined as

when n < 2

f(n) such that fn—1) + f(n —2) when n > 2
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AN INTRODUCTORY EXAMPLE: SIMPLE R IMPLEMENTATION

R implementation and use:

f <- function(n) {
if (n < 2) return(n)
return(f(n-1) + f(n-2))

## Using it on first 11 arguments
sapply(0:10, f)

## [1] © 1 1 2 3 5 8 13 21 34 55
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AN INTRODUCTORY EXAMPLE: TIMING R IMPLEMENTATION

Timing:

library(rbenchmark)
benchmark(f(10), f(15), f(20))[,1:4]

#it test replications elapsed relative
## 1 f(10) 100 0.018 1.000
## 2 f(15) 100 0.203 11.278

##t 3 £(20) 100 2.213 122.944
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AN INTRODUCTORY EXAMPLE: C++ IMPLEMENTATION

int g(int n) {
if (n < 2) return(n);

return(g(n-1) + g(n-2));

deployed as

Rcpp::cppFunction(’int g(int n) {
if (n < 2) return(n);
return(g(n-1) + g(n-2)); }’)

## Using it on first 11 arguments

sapply(0:10, g)

## [1] © 1 1 2 3 5 8 13 21 34 55
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AN INTRODUCTORY EXAMPLE: COMPARING TIMING

Timing:

library(rbenchmark)
benchmark(f(20), g(20))[,1:4]

#it test replications elapsed relative
## 1 f(20) 100 2.217 443 .4
## 2 g(20) 100  0.005 1.0

A nice gain of a few orders of magnitude.
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USERS ON CORE REPOSITORIES

Rcpp is currently used by

- 667 CRAN packages
- 72 BioConductor packages

- an unknown number of GitHub projects
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TYPES

R Type mapping
Standard R types (integer, numeric, list, function, ... and compound
objects) are mapped to corresponding C++ types using extensive

template meta-programming — it just works:

library(Rcpp)

cppFunction(”NumericVector la(NumericVector x){
return log(abs(x));

")

la(seq(-5, 5, by=2))

Also note: vectorized C++!
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STL TYPE MAPPING

Use of std::vector<double> and STL algorithms:

#include <Rcpp.h>

using namespace Rcpp;

inline double f(double x) { return ::log(::fabs(x)); }
// [[Rcpp::export]]

std::vector<double> logabs2(std::vector<double> x) {

std::transform(x.begin(), x.end(), x.begin(), f);

return x;
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STL TYPE MAPPING

Used via
library(Rcpp)

sourceCpp(”code/logabs2.cpp”)
logabs2(seq(-5, 5, by=2))

14/52



TYPE MAPPING IS SEAMLESS

Simple outer product of a col.~vector (using RcppArmadillo):

library(Rcpp)
cppFunction(”arma::mat v(arma::colvec a) {
return a*a.t();}”,
depends="RcppArmadillo”)
v(1:3)

it [,11 [,2] [,3]
## [1,] 1 2 3
## [2,] 2 4 6
## [3,1] 3 6 9

Uses implicit conversion via as<> and wrap - cf package vignette

Rcpp-extending. 15/52


http://dirk.eddelbuettel.com/code/rcpp/Rcpp-extending.pdf
http://dirk.eddelbuettel.com/code/rcpp/Rcpp-extending.pdf

C++11: LAMBDAS, AUTO, AND MUCH MORE

We can simplify the Tog(abs(...)) example further:

#include <Rcpp.h>
// [[Rcpp::plugins(cppll)]]

using namespace Rcpp;

// [[Rcpp::export]]
std::vector<double> logabs3(std::vector<double> x) {
std::transform(x.begin(), x.end(), x.begin(),
[I(double x) {
return ::log(::fabs(x));
b s

return x;
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USAGE
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BAsIC USAGE: EVALCPP()

evalCpp() evaluates a single C++ expression. Includes and
dependencies can be declared.

This allows us to quickly check C++ constructs.

library(Rcpp)
evalCpp(”2 + 2") # simple test

#t [1] 4

evalCpp(”std: :numeric_limits<double>::max()")

## [1] 1.79769e+308
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BASIC USAGE: cPPFUNCTION()

cppFunction() creates, compiles and links a C++ file, and creates
an R function to access it.

cppFunction(”
int exampleCpp11() {
auto x = 10;
return Xx;
1", plugins=c(”cppl1”))
exampleCpp11l() # same identifier as C++ function
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BASIC USAGE: SOURCECPP()

sourceCpp() is the actual workhorse behind evalCpp()
andcppFunction(). It is described in more detail in the package
vignette Rcpp-attributes.

sourceCpp() builds on and extends cxxfunction() from package
inline, but provides even more ease-of-use, control and helpers -

freeing us from boilerplate scaffolding.

A key feature are the plugins and dependency options: other
packages can provide a plugin to supply require compile-time

parameters (cf RcppArmadillo, ReppEigen, RcppGSL).
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http://dirk.eddelbuettel.com/code/rcpp/Rcpp-attributes.pdf
http://dirk.eddelbuettel.com/code/rcpp/Rcpp-attributes.pdf

BASIC USAGE: PACKAGES

Package are the standard unit of R code organization.

Creating packages with Rcpp is easy; an empty one to work from can
be created by Rcpp.package.skeleton()

The vignette Rcpp-packages has fuller details.

As of mid May 2016, there are 667 packages on CRAN which use Rcpp,
and a further 72 on BioConductor — with working, tested, and

reviewed examples.
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PACKAGES AND RCPP

Best way to organize R code with Rcpp is via a package:

Edit Code View Plots Session Debug Tools Help
31| & - & Project: (None) -
9] foo.cpp )| Environment History =0
soueansave | Q- 2 (sowme || € @ | @importDataset | f cear | & Liste
1 #include <Rcpp.h> 4 Global Environment -
2 usi Repp; R
2 ustng nanespace Acop Pt
4 [/ Below is a sinple exanple of exporting a C++ function to R. Yol tinesTwo function (x)
5 /] source this functinn intn an B caccinn ucinn tha Bonn:-coucenrl
6 // function (or via NewProject
7
5/ For nare on usig Back Create R Package
16 Repp t]
11+ int tinesTwo(int x) X 5
12 return x * 2; e jackage name: {
13 y Packagew/Repp v iewer —=
1
R Create package based on source
/ i
Remove ~
. A
. Analysis
Create project as subdirectory of:
([ __ Create agit repository For this project
o1 1
e @) ope: Create Project | | Cancel
. cpr
> sourceCpp(" files/tinesTwor.cpp") An Introductionto R The R Language Definition
Error: file not found: 'files/timesTwoA.cpp' R Installation and
In addition: Warning message Writing R Extensions Anetatation and
In normalizePath(file, winslash = "/" !
path[1]="files/timesTwoA.cpp": No such file or directory R Data Import/Export R ntemals
> getwd()
[1] */home /edd"
> Reference 22/52




PACKAGES AND RCPP

Rcpp.package.skeleton() and its derivatives. e.g.
RcppArmadillo.package.skeleton() create working packages.

// another simple example: outer product of a vector,

// returning a matrix

//

// [[Rcpp::export]]

arma::mat rcpparma_outerproduct(const arma::colvec & x) {
arma::mat m = x * x.t();

return m;

// and the inner product returns a scalar

//

// [[Rcpp::export]]

double rcpparma_innerproduct(const arma::colvec & x) {
double v = arma::as_scalar(x.t() * x);

return v;
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PACKAGES AND RCPP

Two ways to link to external libraries

- With linking of libraries: Do what RcppGSL does and use hooks
in the package startup to store compiler and linker flags, pass to

environment variables

- With C++ template headers only: Do what RcppArmadillo and
other do and just point to the headers

More details in extra vignettes.
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SUGAR
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SYNTACTIC ‘SUGAR’: SIMULATING 7T IN R

Draw (x, y), compute distance to origin. Do so repeatedly, and ratio of
pownsbekwvoneU)numberNofsnnuwﬂonstlapmoadwW/Aas

we fill the area of 1/4 of the unit circle.

piR <- function(N) {
x <- runif(N)
y <- runif(N)
d <- sqrt(x™2 + y"2)
return(4 * sum(d <= 1.0) / N)

set.seed(5)
sapply(10°(3:6), piR)

## [1] 3.15600 3.15520 3.13900 3.14101 26/52



SYNTACTIC ‘SUGAR’: SIMULATING 7T IN C++

The neat thing about Rcpp sugar enables us to write C++ code that

looks almost as compact.

#include <Rcpp.h>

using namespace Rcpp;

// [[Rcpp::export]]

double piSugar(const int N) {
NumericVector x = runif(N);

runif(N);

NumericVector d = sqrt(x*x + y*y);

return 4.0 * sum(d <= 1.0) / N;

NumericVector y

The code is essentially identical. 27/52



SYNTACTIC ‘SUGAR’: SIMULATING 7T

And by using the same RNG, so are the results.

library(Rcpp)
sourceCpp(”code/piSugar.cpp”)
set.seed(42); a <- piR(1.0e7)
set.seed(42); b <- piSugar(1.0e7)
identical(a,b)

## [1] TRUE

print(c(a,b), digits=7)

## [1] 3.140899 3.140899
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SYNTACTIC ‘SUGAR’: SIMULATING 7T

The performance is close with a small gain for C++ as R is already
vectorised:

library(rbenchmark)
sourceCpp(”code/piSugar.cpp”)
benchmark(piR(1.0e6), piSugar(1.0e6))[,1:4]

## test replications elapsed relative
#t 1 piR(1e+06) 100 12.395 1.00
## 2 piSugar(1e+06) 100 13.390 1.08
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EXAMPLES
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CUMULATIVE SUM: vector-cumulative-sum

A basic looped version:

#include <Rcpp.h>
#include <numeric> // for std::partial_sum
using namespace Rcpp;

// [[Rcpp::export]]
NumericVector cumsuml(NumericVector x){

double acc = 0; // init an accumulator variable
NumericVector res(x.size()); // init result vector

for(int i = 0; i < x.size(); i++){
acc += x[il;
res[i] = acc;

}

return res;
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CUMULATIVE SUM: vector-cumulative-sum

An STL variant:

// [[Rcpp::export]]

NumericVector cumsum2(NumericVector x){
// initialize the result vector
NumericVector res(x.size());
std::partial_sum(x.begin(), x.end(), res.begin());
return res;
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CUMULATIVE SUM: vector-cumulative-sum

Or just Rcpp sugar:
// [[Rcpp::export]]

NumericVector cumsum_sug(NumericVector x){
return cumsum(x); // compute + return result vector

}

Of course, all results are the same.
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R FUNCTION CALL FROM C++: r-function-from-c++

#include <Rcpp.h>

using namespace Rcpp;

// [[Rcpp::export]]
NumericVector callFunction(NumericVector x,
Function f) {
NumericVector res = f(x);
return res;

/*** R
callFunction(x, fivenum)

*/
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USING BOOST VIA BH: using-boost-with-bh

// [[Rcpp::depends(BH)]]
#include <Rcpp.h>

// One include file from Boost
#include <boost/date_time/gregorian/gregorian_types.hpp>

using namespace boost::gregorian;

// [[Rcpp::export]]
Rcpp::Date getIMMDate(int mon, int year) {
// compute third Wednesday of given month / year
date d = nth_day_of_the_week_in_month(
nth_day_of_the_week_in_month::third,
Wednesday, mon).get_date(year);
date::ymd_type ymd = d.year_month_day();
return Rcpp::wrap(Rcpp::Date(ymd.year, ymd.month, ymd.day));
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USING BOOST VIA BH: using-boost-with-bh

#include <Rcpp.h>

#include <boost/foreach.hpp>
using namespace Rcpp;

// [[Rcpp::depends(BH)]]

// the C-style upper-case macro name is a bit ugly
#define foreach BOOST_FOREACH

// [[Rcpp::export]]
NumericVector square( NumericVector x ) {

// elem is a reference to each element in x
// we can re-assign to these elements as well
foreach( double& elem, x ) {

elem = elem*elem;

}

return x;

C++11 now has something similar in a smarter for loop. 36/52



VECTOR SUBSETTING: subsetting

#include <Rcpp.h>
using namespace Rcpp;

// [[Rcpp::export]]
NumericVector positives(NumericVector x) {
return x[x > 0];

// [[Rcpp::export]]

List first_three(List x) {
IntegerVector idx = IntegerVector::create(0, 1, 2);
return x[idx];

// [[Rcpp::export]]
List with_names(List x, CharacterVector y) {
return x[y];
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ARMADILLO EIGENVALUES: armadillo-eigenvalues

#include <RcppArmadillo.h>

// [[Rcpp::depends(RcppArmadillo)]]

// [[Rcpp::export]]

arma::vec getEigenValues(arma::mat M) {

return arma::eig_sym(M);

}
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ARMADILLO EIGENVALUES: armadillo-eigenvalues

sourceCpp(”code/armaeigen.cpp”)

set.seed(42)

X <- matrix(rnorm(4*4), 4, 4)
Z <- X %*% t(X)
getEigenValues(Z)

#it [,11]
## [1,] ©0.331887
## [2,] 1.685588
## [3,] 2.409920
## [4,] 14.210011

# R gets the same results (in reverse)

# and also returns the eigenvectors.
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CREATE XTS FROM IN C++: creating-xts-from-c++

#include <Rcpp.h>
using namespace Rcpp;

NumericVector createXts(int sv, int ev) {

IntegerVector ind = seq(sv, ev); // values

NumericVector dv(ind); // date(time)s == reals
dv = dv * 86400; // scaled to days
dv.attr(”tzone”) = "UTC”; // index has attributes
dv.attr(”tclass”) = "Date”;

NumericVector xv(ind); // data has same index
xv.attr(”dim”) = IntegerVector::create(ev-sv+1,1);
xv.attr(”index”) = dv;

CharacterVector cls = CharacterVector::create(”xts”,”zoo”);
xv.attr(”class”) = cls;

xv.attr(”.indexCLASS"”) = "Date”;

// ... some more attributes

return xv;

} 40/52



RCPPPARALLEL 1/3: parallel-matrix-transform

#include <Rcpp.h>
using namespace Rcpp;

#include <cmath>

#include <algorithm>

// [[Rcpp::export]]
NumericMatrix matrixSqrt(NumericMatrix orig) {

// allocate the matrix we will return
NumericMatrix mat(orig.nrow(), orig.ncol());

// transform it

std::transform(orig.begin(), orig.end(), mat.begin(), ::sqrt);

// return the new matrix

return mat;
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RCPPPARALLEL 2/3: parallel-matrix-transform

// [[Rcpp::depends(RcppParallel)]]
#include <RcppParallel.h>

using namespace RcppParallel;

struct SquareRoot : public Worker {

b8

const RMatrix<double> input; // source matrix
RMatrix<double> output; // destination matrix

// initialize with source and destination
SquareRoot(const NumericMatrix input, NumericMatrix output)
input(input), output(output) {}

// take the square root of the range of elements requested
void operator()(std::size_t begin, std::size_t end) {
std::transform(input.begin() + begin,
input.begin() + end,
output.begin() + begin,
tisqrt);
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RCPPPARALLEL 3/3: parallel-matrix-transform

// [[Rcpp::export]]
NumericMatrix parallelMatrixSqrt(NumericMatrix x) {

// allocate the output matrix
NumericMatrix output(x.nrow(), x.ncol());

// SquareRoot functor (pass input and output matrixes)
SquareRoot squareRoot(x, output);

// call parallelFor to do the work
parallelFor(0, x.length(), squareRoot);

// return the output matrix
return output;
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RCPPMLPACK: K-MEANS EXAMPLE

#include "RcppMLPACK.h"

using namespace mlpack::kmeans;
using namespace Rcpp;

// [[Rcpp::depends(RcppMLPACK)]]

// [[Rcpp::export]]
List cppKmeans(const arma::mat& data, const int& clusters) {

arma::Col<size_t> assignments;
KMeans<> k; // Initialize with the default arguments.

k.Cluster(data, clusters, assignments);

return List::create(Named(”clusters”) = clusters,
Named(”result”) = assignments);
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RCPPMLPACK: K-MEANS EXAMPLE

Timing
Table 1: Benchmarking result
test replications  elapsed relative userself  sys.self
mlKmeans(t(wine), 3) 100 0.028 1.000 0.028 0.000

kmeans(wine, 3) 100 0.947 33.821 0.484 0.424

Table taken ‘as is’ from RcppMLPACK vignette.
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RCPPMLPACK: NEAREST NEIGHBORS EXAMPLE

#include "RcppMLPACK.h”

using namespace Rcpp;
using namespace mlpack; using namespace mlpack::neighbor;
using namespace mlpack::metric; using namespace mlpack::tree;

: :depends (RcppMLPACK) 1]
// [[Rcpp::export]]
List nn(const arma::mat& data, const int k) {
// using a test from MLPACK 1.0.10 file src/mlpack/tests/allknn_test.
CoverTree<LMetric<2>, FirstPointIsRoot,
NeighborSearchStat<NearestNeighborSort> > tree =
CoverTree<LMetric<2>, FirstPointIsRoot,
NeighborSearchStat<NearestNeighborSort> >(data);

o

PP

NeighborSearch<NearestNeighborSort, LMetric<2>,
CoverTree<LMetric<2>, FirstPointIsRoot,
NeighborSearchStat<NearestNeighborSort> > >
coverTreeSearch(&tree, data, true);

arma::Mat<size_t> coverTreeNeighbors;

arma::mat coverTreeDistances;
coverTreeSearch.Search(k, coverTreeNeighbors, coverTreeDistances);

return List::create(Named(”clusters”) = coverTreeNeighbors,
Named(”result”) = coverTreeDistances);
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MORE
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DOCUMENTATION

- The package comes with eight pdf vignettes, and numerous help
pages.

- The introductory vignettes are now published (Rcpp and
RcppEigen in J Stat Software, RcppArmadillo in Comp Stat &
Data Anlys)

- The rcpp-devel list is the recommended resource, generally very
helpful, and fairly low volume.

- StackOverflow has a fair number of posts too.

- And a number of blog posts introduce/discuss features.
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RCPP GALLERY

Rcpp Gallery - Google Chrome

7 Repp Gallery

g
m

4 @ [ gallery.rcpp.org Q
RCpp  Projects- Gallery Book Events More~
Featured Articles

Quick conversion of a list of lists into a data frame
This post shows ane method for creating a data frame quickly

Passing user-supplied C++ funciions
This example shows how to select user-supplied C++ functions
Using Repp to access the C AP of x
This post shows how to use the exported API functions of xis,

Timing normal RNGs E
This post compares drawing N(0,1) vectors from R, Boost and C++11
Afirst lambda function with C++11 and Repp —

This post shows how to play with lambda functions in C++11

First steps in using C++11 with Repp — Dirk &

This post shows how to experiment with C++11 features

Using Reoutfor autput synchronised with R
This post shows how to use Roout (and Roerr) for output
Using the Repp sugar function clamp — Dirk E
This postillustrates the sugar function clamp

Using the Repp Timer

This post shows how to use the Timer class in Repp

Calling R Functions from G++ E
This pest discusses calling R functions from C++

More »

Recenlly Published
12,2015 » Using the ReppAmadilo-based mplementation of s sampie() — Chr
2013 » Dyr\a\‘nc Wrapping and Recursion with Repp
14,2013 » Using bigmemary with Repp
variate gaussian distribution using RcppArmadilla

12,2013 » Generating a mul

» Using Repp with Boost Regex for regular expression
Feb 27,2013 » Fastfactor generation with Repp -
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THE RCPP BOOK

Dirk Eddelbuettel

On sale since June 2013.

@ Springer
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Questions?
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CONTACT

http://dirk.eddelbuettel.com
dirkaeddelbuettel.com

@eddelbuettel
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