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1 简介

parallel R 2.14.0 CRAN multicore (Urbanek,
2009–present) snow (Tierney et al., 2003–present)
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1. system("Rscript") R
socket

R
socket Windows Mac OS X

R

snow socket

2. (forking) 分流 (Fork) POSIX 2 Windows R
R

multicore

GUI R
3

multicore R
parallel socket

3.
snow Rmpi MPI

(overheads)

CRAN GridR Condor Globus Rsge SGE
Oracle Grid Engine

parallel snow snow MPI

2000

8 parallel

R
serialize/unserialize R

2 CPU/核的数量
CPU

CPU
2http://en.wikipedia.org/wiki/Fork_(operating_system)
3 Mac OS X R.app quartz C

Rboolean R_isForkedChild
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Windows 逻辑 CPU
CPU / 当前用户

CPU CPU
CPU R

BLAS OpenMP
multicore mclapply 4 n = 16 2n+ n2

detectCores() R CPU
R

Windows CPU Intel Core
i7 detectCores(logical
= FALSE) Windows

CPU

3 类似 apply 的函数
multicore snow lapply sapply apply

lapply

parLapply(cl, x, FUN, ...)
mclapply(X, FUN, ..., mc.cores)

mclapply Windows 5

mclapply mc.cores parLapply
makeCluster cl

cl <- makeCluster(<size of pool>)
# one or more parLapply calls
stopCluster(cl)

parApply parCapply parRapply
apply

4 SNOW 集群

snow snow
snow

parallel SNOW makePSOCKcluster
snow::makeSOCKcluster makeForkCluster Windows

makePSOCKcluster Rscript R
makeForkCluster R

4parallel::mclapply
5 mc.cores = 1 lapply

3



makeCluster
stdout() stderr()

outfile stdout() stderr() R
连接 C R Rprintf

C
setDefaultCluster() parApply

R

localhost makeCluster

• CPU
homogeneous = FALSE rscript Rscript

• Sys.info()
master

IP master = "192.168.1.1"

• ssh R Windows
PUTTY rshcmd = "plink.exe" SSH

• Socket 11000:11999
port R_PARALLEL_PORT

5 分流

Windows parallel multicore mc
mccollect mcparallel multicore

lattice parallel
parallel multicore

mclapply pvec multicore
options("mc.cores")

MC_CORES 1
Windows mc.cores = 1

R 2.15.0 mcmapply mcMap mapply Map
GUI

R tempdir()
R R 2.14.1

tempfile

stdout stderr
stdin mc.silent = TRUE

stdout stderr
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6 随机数生成

/

boot 1.3-1

R .Random.seed
ID

RNG
.Random.seed

JAGS

parallel L’Ecuyer et al. (2002)
2191 2127

序列 L’Ecuyer (1999) 6

6 R "Mersenne-Twister"

xn = 1403580× xn−2 − 810728× xn−3 mod (232 − 209)

yn = 527612× yn−1 − 1370589× yn−3 mod (232 − 22853)

zn = (xn − yn) mod 4294967087

un = zn/4294967088 unless zn = 0

(xn, xn−1, xn−2, yn, yn−1, yn−2) k xn yn

k = 2127 R

.Random.seed <- nextRNGStream(.Random.seed)

k

2.14.0 R L’Ecuyer (1999)
RNGkind("L'Ecuyer-CMRG") L’Ecuyer et al. (2002)

RNGkind("L'Ecuyer-CMRG")
set.seed(<something>)
## start M workers
s <- .Random.seed
for (i in 1:M) {

6
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s <- nextRNGStream(s)
# send s to worker i as .Random.seed

}

SNOW clusterSetRNGStream
mcparallel mclapply

序列 2127 子序列 276

nextRNGSubStream
CRAN rlecuyer (Sevcikova and Rossini, 2004–present)

C R 3 6
R .Random.seed rstream (Leydold,

2005–present) S4

7 负载均衡

mclapply(mc.preschedule = FALSE) clusterApplyLB parLapplyLB
clusterMap(.scheduling = "dynamic")

1.

2. 1000 10 100

100
10

8 可移植性考虑

mclapply Windows
Unix

mclapply
mc.cores = 1
parLapply socket

CPU socket

R
1.3-3 boot
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9 扩展案例

bootstrap
MCMC

Windows

9.1 Bootstrapping

boot (Canty and Ripley, 1999–present) Davison and Hinkley (1997)
Bootstrap bootstrap
boot 1.3-1

cd4 cd4 boot CD4
参数 bootstrap

library(boot)
cd4.rg <- function(data, mle) MASS::mvrnorm(nrow(data), mle$m, mle$v)
cd4.mle <- list(m = colMeans(cd4), v = var(cd4))
cd4.boot <-
boot(cd4, corr, R = 999, sim = "parametric", ran.gen = cd4.rg, mle = cd4.mle)
boot.ci(cd4.boot, type = c("norm", "basic", "perc"), conf = 0.9, h = atanh,

hinv = tanh)

mclapply
500

cd4.rg <- function(data, mle) MASS::mvrnorm(nrow(data), mle$m, mle$v)
cd4.mle <- list(m = colMeans(cd4), v = var(cd4))
run1 <-
function(...) boot(cd4, corr, R = 500, sim = "parametric", ran.gen = cd4.rg,

mle = cd4.mle)
mc <- 2 # set as appropriate for your hardware
## To make this reproducible:
set.seed(123, "L'Ecuyer")
cd4.boot <- do.call(c, mclapply(seq_len(mc), run1))
boot.ci(cd4.boot, type = c("norm", "basic", "perc"), conf = 0.9, h = atanh,

hinv = tanh)

do.call(c, lapply(seq_len(mc), run1))

parLapply
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run1 <- function(...) {
library(boot)
cd4.rg <- function(data, mle) MASS::mvrnorm(nrow(data), mle$m, mle$v)
cd4.mle <- list(m = colMeans(cd4), v = var(cd4))

boot(cd4, corr, R = 500, sim = "parametric", ran.gen = cd4.rg, mle = cd4.mle)
}
cl <- makeCluster(mc)
## make this reproducible
clusterSetRNGStream(cl, 123)
library(boot) # needed for c() method on master
cd4.boot <- do.call(c, parLapply(cl, seq_len(mc), run1))
boot.ci(cd4.boot, type = c("norm", "basic", "perc"), conf = 0.9, h = atanh,

hinv = tanh)
stopCluster(cl)

mclapply parLapply
7

cd4.mle

cl <- makeCluster(mc)
cd4.rg <- function(data, mle) MASS::mvrnorm(nrow(data), mle$m, mle$v)
cd4.mle <- list(m = colMeans(cd4), v = var(cd4))
clusterExport(cl, c("cd4.rg", "cd4.mle"))
junk <- clusterEvalQ(cl, library(boot)) # discard result
clusterSetRNGStream(cl, 123)
res <-
clusterEvalQ(cl, boot(cd4, corr, R = 500, sim = "parametric", ran.gen = cd4.rg,

mle = cd4.mle))
library(boot) # needed for c() method on master
cd4.boot <- do.call(c, res)
boot.ci(cd4.boot, type = c("norm", "basic", "perc"), conf = 0.9, h = atanh,

hinv = tanh)
stopCluster(cl)

bootstrap

library(boot)
R <- 999
M <- 999 ## we would like at least 999 each
cd4.nest <- boot(cd4, nested.corr, R = R, stype = "w", t0 = corr(cd4), M = M)
## nested.corr is a function in package boot
op <- par(pty = "s", xaxs = "i", yaxs = "i")
qqplot((1:R)/(R + 1), cd4.nest$t[, 2], pch = ".", asp = 1, xlab = "nominal",

7 makeForkCluster
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ylab = "estimated")
abline(a = 0, b = 1, col = "grey")
abline(h = 0.05, col = "grey")
abline(h = 0.95, col = "grey")
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par(op)

nominal <- (1:R)/(R + 1)
actual <- cd4.nest$t[, 2]
100 * nominal[c(sum(actual <= 0.05), sum(actual < 0.95))]

## [1] 2.7 97.2

8 Linux 55
mclapply

mc <- 9
R <- 999
M <- 999
RR <- floor(R/mc)
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run2 <- function(...) cd4.nest <- boot(cd4, nested.corr, R = RR, stype = "w",
t0 = corr(cd4), M = M)

cd4.nest <- do.call(c, mclapply(seq_len(mc), run2, mc.cores = mc))
nominal <- (1:R)/(R + 1)
actual <- cd4.nest$t[, 2]
100 * nominal[c(sum(actual <= 0.05), sum(actual < 0.95))]

11

9.2 MCMC 模拟

Ripley (1988) Strauss

EcT = t

T R-close pairs t 30

library(spatial)
towns <- ppinit("towns.dat")
tget <- function(x, r = 3.5) sum(dist(cbind(x$x, x$y)) < r)
t0 <- tget(towns)
R <- 1000
c <- seq(0, 1, 0.1)
## res[1] = 0
res <- c(0, sapply(c[-1],

function(c) mean(replicate(R, tget(Strauss(69, c=c, r=3.5)))))
)

plot(c, res, type = "l", ylab = "E t")
abline(h = t0, col = "grey")
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run3 <- function(c) {
library(spatial)
towns <- ppinit("towns.dat") # has side effects
mean(replicate(R, tget(Strauss(69, c = c, r = 3.5))))

}
cl <- makeCluster(10, methods = FALSE)
clusterExport(cl, c("R", "towns", "tget"))
res <- c(0, parSapply(cl, c[-1], run3)) # 10 tasks
stopCluster(cl)

4.5 2 Windows

cl <- makeForkCluster(10) # fork after the variables have been set up
run4 <- function(c) mean(replicate(R, tget(Strauss(69, c = c, r = 3.5))))
res <- c(0, parSapply(cl, c[-1], run4))
stopCluster(cl)

mclapply
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run4 <- function(c) mean(replicate(R, tget(Strauss(69, c = c, r = 3.5))))
res <- c(0, unlist(mclapply(c[-1], run4, mc.cores = 10)))

10
c mclapply(mc.preschedule = FALSE)

parSapplyLB

9.3 软件包安装

4000 R
install.packages make

8

parallel CRAN
do_one(pkg)

do_one M pkg

pkgs <- "<names of packages to be installed>"
M <- 20 # number of parallel installs
M <- min(M, length(pkgs))
library(parallel)
unlink("install_log")
cl <- makeCluster(M, outfile = "install_log")
clusterExport(cl, c("tars", "fakes", "gcc")) # variables needed by do_one

## set up available via a call to available.packages() for
## repositories containing all the packages involved and all their
## dependencies.
DL <- utils:::.make_dependency_list(pkgs, available, recursive = TRUE)
DL <- lapply(DL, function(x) x[x %in% pkgs])
lens <- sapply(DL, length)
ready <- names(DL[lens == 0L])
done <- character() # packages already installed
n <- length(ready)
submit <- function(node, pkg)

parallel:::sendCall(cl[[node]], do_one, list(pkg), tag = pkg)
for (i in 1:min(n, M)) submit(i, ready[i])
DL <- DL[!names(DL) %in% ready[1:min(n, M)]]
av <- if(n < M) (n+1L):M else integer() # available workers
while(length(done) < length(pkgs)) {

d <- parallel:::recvOneResult(cl)
av <- c(av, d$node)

8 make make
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done <- c(done, d$tag)
OK <- unlist(lapply(DL, function(x) all(x %in% done) ))
if (!any(OK)) next
p <- names(DL)[OK]
m <- min(length(p), length(av)) # >= 1
for (i in 1:m) submit(av[i], p[i])
av <- av[-(1:m)]
DL <- DL[!names(DL) %in% p[1:m]]

}

9.4 传递“...”
... lazy

evaluation

snow ... promise 9

boot boot()

fn <- function(r) statistic(data, i[r, ], ...)
RR <- sum(R)
res <- if (ncpus > 1L && (have_mc || have_snow)) {

if (have_mc) {
parallel::mclapply(seq_len(RR), fn, mc.cores = ncpus)

} else if (have_snow) {
list(...) # evaluate any promises
if (is.null(cl)) {

cl <- parallel::makePSOCKcluster(rep("localhost", ncpus))
if (RNGkind()[1L] == "L'Ecuyer-CMRG")

parallel::clusterSetRNGStream(cl)
res <- parallel::parLapply(cl, seq_len(RR), fn)
parallel::stopCluster(cl)
res

} else parallel::parLapply(cl, seq_len(RR), fn)
}

} else lapply(seq_len(RR), fn)

... boot

list(...) # evaluate any promises

boot fn
fn

9 R R Language Definition 2.1.8
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10 与之前版本的差别

parallel snow multicore

10.1 与 multicore 的区别

multicore R.app Aqua quartz
parallel R

detectCores CPU Sparc Solaris
multicore
fork kill mc fork

mckill tools::pskill
parallel collect parallel

10.2 与 snow 的区别

snow POSIX
Solaris

makeCluster snow MPI NWS
makePSOCKcluster parallel

Rscript

parSapply sapply
clusterMap() SIMPLIFY USE.NAMES mapply
Map

parallel
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