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Parallelism

1. Create a vector containing the square root of the numbers 1 to 10000 using 2 cores using:

• mclapply() (skip this if you are using Windows).
• parSapply()
• foreach() with the backend(s) of your choice.

2. Benchmark your solutions above against your best serial implementation from the Section 2 exercises.

3. The Monte Hall game is a well known “paradox” from elementary probability. From Wikipedia:

Suppose you're on a game show, and you're given the choice of three doors:
Behind one door is a car; behind the others, goats. You pick a door, say No. 1,
and the host, who knows what's behind the doors, opens another door, say No. 3,
which has a goat. He then says to you, "Do you want to pick door No. 2?" Is it
to your advantage to switch your choice?

Simulate one million trials of the Monte Hall game on 2 cores, switching doors every time, to computationally
verify the elementary probability result. Compare the run time against the 1 core run time.

4. Note: Mac users who only have access to clang will not be able to complete this exercise.

Through Rcpp, you easily have access to multithreading via OpenMP. Revisit exercise 2 from the Rcpp
exercises, and make the for loop parallel using OpenMP. One way you can set the necessary compiler flags for
OpenMP is:

Sys.setenv(PKG_CXXFLAGS="-fopenmp")
Sys.setenv(PKG_LIBS="-lgomp")

before the sourceCpp() call. These are the flags for the GNU compilers; if you are using a different compiler,
you will need to set them appropriately.

Note that something like Sys.setenv(OMP_NUM_THREADS=1) will not work. You need to set OMP_NUM_THREADS
before starting R, or approach the problem a little differently. You can see an example of the latter in the
Rth package, by Norm Matloff and Drew Schmidt.

Answers

1. Possible solutions are:
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library(parallel)

n <- 10 # For demonstration purposes
ncores <- 2

### mclapply() --- will not work on Windows!
simplify2array(mclapply(1:n, sqrt, mc.cores=2))

## [1] 1.000000 1.414214 1.732051 2.000000 2.236068 2.449490 2.645751
## [8] 2.828427 3.000000 3.162278

### parSapply()
cl <- makeCluster(2)
parSapply(cl, 1:n, sqrt)

## [1] 1.000000 1.414214 1.732051 2.000000 2.236068 2.449490 2.645751
## [8] 2.828427 3.000000 3.162278

stopCluster(cl)

### foreach() with snow-like parallel package backend
library(doParallel)
cl <- makeCluster(2)
registerDoParallel(cl)

# This is the wrong way to use foreach for a small, quick function executed many times
foreach(i=1:n, .final=simplify2array) %dopar% sqrt(i)

## [1] 1.000000 1.414214 1.732051 2.000000 2.236068 2.449490 2.645751
## [8] 2.828427 3.000000 3.162278

# This will perform much better, even though it looks gross
foreach(i=1:ncores, .combine=c) %dopar%
{

roots <- numeric(n/ncores)
for (j in 1:(n/ncores))

roots[j] <- sqrt(i*j)

roots
}

## [1] 1.000000 1.414214 1.732051 2.000000 2.236068 1.414214 2.000000
## [8] 2.449490 2.828427 3.162278

stopCluster(cl)

2. Using the above implementations:
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library(parallel)
library(doParallel)
library(rbenchmark)

n <- 10
ncores <- 2

cl <- makeCluster(ncores)
registerDoParallel(cl)

f <- function(n) simplify2array(mclapply(1:n, sqrt, mc.cores=ncores))
g <- function(n) parSapply(cl, 1:n, sqrt)
h <- function(n, ncores)
{

foreach(i=1:ncores, .combine=c) %dopar%
{

roots <- numeric(n/ncores)
for (j in 1:(n/ncores))

roots[j] <- sqrt(i*j)

roots
}

}

benchmark(mclapply=f(n), parSapply=g(n), foreach=h(n, ncores),
columns=c("test", "replications", "elapsed", "relative"))

## test replications elapsed relative
## 3 foreach 100 5.572 64.046
## 1 mclapply 100 0.339 3.897
## 2 parSapply 100 0.087 1.000

stopCluster(cl)

3. Possible solutions are:

lets_make_a_deal <- function(.)
{

prize_door <- sample(1:3, size=1)
first_selection <- sample(1:3, size=1)

### Assume we always switch; in that case, we return
if (prize_door == first_selection)

return("lose")
else

return("win")
}

wincount <- function(winlosevec) sum(winlosevec=="win")
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library(parallel)
n <- 10 # For demonstration purposes

# 2 cores
system.time({

winlose <- simplify2array(mclapply(1:n, lets_make_a_deal, mc.cores=2))
wincount(winlose) / n

})

## user system elapsed
## 0.000 0.006 0.004

# 1 core
system.time({

winlose <- sapply(1:n, lets_make_a_deal)
wincount(winlose) / n

})

## user system elapsed
## 0 0 0

4. Assuming you are using gcc:

library(Rcpp)

code <- "
#include <Rcpp.h>

// [[Rcpp::export]]
double my_sum(Rcpp::NumericVector x)
{

double sum = 0.;

#pragma omp parallel for reduction(+:sum)
for (int i=0; i<x.size(); i++)

sum += x[i];

return sum;
}
"

Sys.setenv(PKG_CXXFLAGS="-fopenmp")
Sys.setenv(PKG_LIBS="-lgomp")
sourceCpp(code=code)

my_sum(1:100)

## [1] 5050
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