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Main classes of functions in snow

e makeCluster and stnpﬂluater: start and
stop a cluster of slave PrOCCESes

e clusterEvalQ: evaluate a literal expression
on cach slave and return results

— uscful for having each node rmun functions
using arguments in its own memory

e clusterCall: runs a specified function on
all slave nodes with identical arguments sent
from master to all nodes

¢ clusterApply and functions built on it: runs
a spoecified function with arguments sent from
master and split up among the nodes
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Running parallel jobs in R in the Linux
lab

¢ usc top and finger to make sure that your
target machines are not being used nten-
sively by others

e use the snow (“Simple Network of Worksta-
tions” ) package

> library(snow)

e master /slave design: master R process cre-
ates a cluster of slave processes that carmes
out computations and returns results to mas-
ter

Starting a cluster
e makeCluster to start up a cluster of pro-
cesses communicating with master
— node you started R in will be master

# create am E—Prnceaa socket cluster

> ¢l <- makeS0CKcluster{c("localhost","localhost",
"localbhost" "localhost" | "1-1nx211 divms_ uiowa.edu",

"1-1nx211 divms uiowa.adu” ,"1-1nx21] dives uwiowa_ edu",

"1-1nx211.divms . uiowa.edu™))

# prompts for password for any machinez I'm not already

# logged into
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clusterCall: to get all slave processes to exe-
cute the same function with the same arguments

# call Sys.info function on all processes
» clusterCall(cl, function(cl) Sys.info() )

> do.call("rbind", clusterCall(cl,
function(cl) Sy=.info() ["nodenama"]))

nodename
[1,] "1-1ox207 .divms_uiowa.edu"
[2,] "1-1ox207 .divms.uiowa.edu"
[3,] "1-1ox207 .divms.uiowa.edu"
[4,] "1-1nx207 .divms.uiowa.edu"
[5,] "1-1nx211 _divms.uiowa.edu"
[6,] "1-1nx211 _divms_uiowa.edu"
[7,] "1-1nx211_divms.uiowa.edu"
[8,] "1-1nx211 _divms.uiowa.edu"

# calc SUMmaTy gtatistics on each row of matrix uaing
# 8 processes On Z machines

» system.time(parRapplyoutl <- parRapply(cl, mymat,summary))

user system elapsed
Q. 0G0 0.012 0.543

# calc SUMmary statistice on each row of matrix uaing
# 4 processes on 1 machine

» system.time(parRapplyout2 <- parRapply(cl[1:4], mymat,summary
user system elapsed
Q.085 0. 006 0.410
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Various parApply functions to get processes to
carry ont same function on different arguments

> mymat <- matrix(rnorm({1000000) , nrow=1000)

# calc summary statistics on each row of matrix using
# master process only

» system.time(applyout <- apply(mymat,l,sommary))

user system elapsed
1. 217 0. 000 1217

> applyout <- t{applyout)

» help(parRapply)

*» is.matrix(parRapplyoutl)
[1] FALSE

» is.wector (parRapplyoutl)
[1] TRUE

» parCapplyoutM <- matrix({ parCapplyout, ncol=6, byrow=T)

» parRapplyoutl[1:12]
[1] -3.185000 —-O_.617100 O.022220 O0.012210 0O.652900 3.00700
[8] -0.616500 -0.006234 O0.005136 O.660500 3_563000

» parRapplyoutlM <- matrix{parRapplyoutl, ncol=6, byrow=T )
» parRapplyoutiM[1:5, ]
» applyout[1:5, ]

Min. 1st Qu. Hedian Hean drd Qu. Max.
-3.189 -0.6171 0.022220 0.012210 O.6529 3007
-2.887 -0.61556 -0.006234 0©._005136 O0.66056 3_.563
-2.833 -0.7610 -0.090580 -0._.078740 0.5833 3.529
-3.102 -0.6255 -0.051070 -0_016630 O0.6048 3.774
-3.536 -0.5880 0.099620 0.053010 O.7T009 2_815
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Parallel random number generation

e If vou don't imtialize aseparate random mum-

ber stream for cach node, 1t 18 possible to get

identical random nmumber streams on all clus-
ter nodes.

e two parallel random number generators are
avallable in snow, based on two packages:

rsprog and rlecuyer

# seed independent uniform random number streams for snow clust

# L’Ecuyer’sz generator
» clusterSetupRNGstream(cl, seed=rep(12345,5))

> do

[1,]
[2,]
[3,]
[4,]
[5,]
[6.]
[v.]
[8,]

'J."H':-':"i'é'l-":-

[.1]

-6856T690
.59218721
-16213049
- 572005665
- 91600693
-05528533
- 19466022
- 90408653

"I.‘-:-':-fl-‘-l-"-:-:-l-l"

[.2]

40176821
-93941360
- 08560169
. 19283554
. 23380300
-01071665
-43531364
-32504130

* clusterCall( cl, getwd )

[[1]]

[.3]
0.4644450
—-0_22606309
1._9T705866
0.937T5416
—-0.16485T1
-0.8184531
0.5833860
0.5815193

.call("rbind", clusterCall({ cl, ronorm, 5 })

[.4]

06166349 0.
03891574 0.
10948803 1.
52962240 0.
08438836 -1.
25428280 1.
- 18760882 -0.
185226056 1.

LB

[1] "/mnt/nfs/netappl/fs2/kcowles/166/parallel/dirl™

[[2]]

[1] "/mnt/nfs/netappl/fs2/kcowles/166/parallel/dir2"

[[31]

[1] "/mnt/nfs/netappl/fs2/kcowles/166/parallel/dird"™

[[4]]

[1] "/mnt/nfs/netappl/fs2/kcowles/166/parallel/dirg"

[.5]
3081519
br25584
Te5TO23
2293538
1816592
4123132
3608804
1392602

# clusterEval(}] evaluates a literal expression on each node
» clusterEvalQ({ cl, load("™y.Rdata"} )

[[11]
[1] n!.-

[[2]1]
[1] nT.-

[[3]1]
[1] nT.-

[[41]
[1] nF-
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Getting individual processes to operate on dif-
ferent data

» stopCluster (cl) # I want a smaller cluster for
# this example, so shut down E-slave

# cluster and make a smaller ome
» ¢l <- makeSOCKcluster(
c{"localhost","localhost”,"localhost™,"localhost™) )

» clusterSetupRNGstream(cl, seed=rep(12345,6))

# make the working directory different for each slave process

# et up a vector of argumentsz for clusterApply
> dirpames <- c("dirl™,"dir2","dir3d", "dir4")

» clusterApply(cl, dirnames, setwd )

[[11]
[1] "/ent/nfs/netappl/fs2/kcowles 166/ parallel”

[[2]1]
[1] "/emnt/nfs/netappl/fs2/kcowles/166/parallel”

[[211
[1] "/ent/nfs/netappl/fa2/kcowles/166/parallel"

[[4]]
[1] "/mnt/nfs/netappl/fa2/kcowles/166/parallel"
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*» clusterEvalQ( cl, print(y)} )

[[1]]
[1] -0.3337495 -0.1518703 0.6569270 -0.T677969 -1.3420129

[[2]]

[1] -0.5946356 1.0453249 2.1990838 -0.9631471 0.1113470 -1.1
[[3]]

[1] 0.1571528 0.8139019 0.9223264 0_.2692795

[[4]]

[1] 0.86589506 1_27566060 -2.01340611 0.23612130 -0.5668075

[7] -1.13304140 -0.64429002 0.02611008 -0.75593859

> clusterEvalQ( cl, meany <- mean(y) )

[[1]]
[1] -0.3877005

[[2]1]
[1] 0.1232192

[[2]1]
[1]1 ©.5406652

[[4]]
[1] -0.2766687

# wouldn't work with clusterCal



