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m Abstract =

We study parallel processing techniques for the R programming language of high performance computing technology.
In this study, we used massively parallel computing system which has 25,408 cpu cores. We conducted a performance
evaluation of a distributed memory system using MPI and of a the shared memory system using OpenMP. Our findings
are summarized as follows. First, For some particular algorithms, parallel processing is about 150 times faster than
serial processing in R. Second, the distributed memory system gets faster as the number of nodes increases while
shared memory system is limited in the improvement of performance, due to the limit of the number of cpus in a

single system.
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Codel. OpenMP Example HelloWorld_OMP.c

#include<stdio.h>

#include<omp.h>

int main()

{

#pragma omp parallel

{

printf(“Hello World %d\n”, omp_get._thread_num());
}

return 0;

}

$ gce - fopenmp - o HelloWorld_OMP.x
HelloWorld_OMP.c

$ export OMP_NUM_THREADS = 4
$ ./HelloWorld_OMP.x

$OpenMP A& 23}
Hello World 2
Hello World 3
Hello World 0
Hello World 1
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Code2. MPI Example HelloWorld_MPLc

#include<stdio.h>

#include<mpi.h>

int main(int arge, char *argv[])

{

int nRank, nProcs;

char procName[MPI_MAX_PROCESSOR_NAME];
int nNameLen;

MPL Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &nRank);
MPI_Comm_size(MPI_COMM_WORLD, &nProcs);
MPL_Get_processor_name(procName,&nNameLen);
printf(“Hello World. (Process Name=%s, nRank=%d,
nProcs=%d)\n", procName, nRank, nProcs);
MPI_Finalize();

return 0;

}

$ mpicc - o HelloWorld_ MPLx HelloWorld_MPLc
$ mpirun - np 4 - hostfile hosts ./HelloWorld MPLx
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Hello World (Process name = ¢4, nRank = 3, nProces = 4
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Hello World (Process name = ¢2, nRank = 1, nProces = 4)
)
)

Hello World (Process name = cl, nRank = 0, nProces = 4
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row.names A B A

AFFX-MurIL 2 at | 192.742 | 85.7533 | 176.757

AFFX-MurlL 10_at| 97.137 [ 126.196 | 77.9216

AFFX-MurIL 4 at | 45.8192 | 8.83135 | 33.0632

AFFX-MurFAS _at | 22.5445 [ 3.60093 | 14.6883

590 Appx-BioB-s at | 96.7875 | 30438 | 46.1271

AFFX-BioB-M_at 89.073 | 25.8461 | 57.2033

AFFX-BioB-3_at 265.964 181.08 | 164.926

AFFX-BioC-5_at 110.136 | 57.2889 67.398
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[pair nodel]
YN
Gene Data
T(Xy, ", Xg) Confidence
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Code 3. Rmpi =&

library(Rmpi)
library(boot)
mpi.spawn.Rslaves()
mpi.remote.exec(paste(Sys.info()[c(”nodename”)],”chec
king in as”mpi.comm.rank(),”of” mpi.comm.size()))
#AAE =& o]E 3}o]
set.seed(2310) #1F2=E =EoA F
g A ZLC_L
mpi.semp.mgstream(iseed = 2310) #&dlo|B o
489 Gpgh A8

data(geneData, package = 'Biobase’) #-412} Hlo|E =9
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pair <- combn(I'nrow(geneData), 2, simplify = F) #=32]
N A%

fakeData <- cbind(geneData, geneData, geneData,
geneData) #1044 <] 715 dlo]E 34

pair2 <- sample(pair, 5000) #%=% 3 500071 F&
geneCor2 <- function(x, gene = fakeData){

mydata <- chind(gene[x[1], ], gene[x[2], ])

mycor <- function(x, i) cor(x[i,1], x[i,2])

boot.out <- boot(mydata, mycor, 1000)
boot.ci(hoot.out, type="bca")$bcal4:5]

} #10009 2] AEH s & Aol tigk AF 3 ALk

oy M
5

mpi.bcast.Robj2slave(geneCor2, all=TRUE) #3-#4]
6‘]—"2 :‘:.E]o] H L.l:oﬂ ﬂ] x{d
mpl.bcast.Rob]ZSlave(fakeData, all=TRUE) #d|°]E =
S o)B B A AY
mpi.remote.exec(set.seed(2310)) #<# o] B
A A

system.time(out <- mpi. parLapply(pairZ, geneCor2))

LEofA

#Edo)H =EoA ANES A3

head(out)

length(out)

tail(out)

mpi.closeRslaves() #&8|0]E. == A5l mpi £5
q(save="no") 4R &
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Rmpi @714 o]9]ef EAF v EE] Al A AL
S3t= HE 97142 snowe snowfall #7|A]E
H w3}tk snow, snowfall ¥j7]%+= SOCKET
I MPI S5 AHE3IA HlolHE A58 4 A&
t] o]l AgoAE= MPIL 54lS AH3A 7|1AE
12} dloe o] x

AEEE ST

qul

N

¢

= e}
det
2

Code 4. snow, snowfall 3}7|#] 2=

#Code 37 +5H =& A9

#snow package

library (Rmpi)

library(snow)

cl <~ makeCluster(mpi.universe.size()-1, type=“MPI")
#2e| 2~F XA

clusterCall(cl, function() Sys.info()[c("nodename”,
"machine”)])

#AAE == o2 ol

clusterSetupRNG(cl, type="RNGstream”,
seed=c(1,2,3,4,5,6))

#FE 2E ol AEShe e v A4
clusterExport(cl, c(“fakeData”, “pair2”, “geneCor2”)
#RE FYolH wEo A 4ot dolHE WY
clusterEvalQ(cl, library(boot))

#RE SYo]B wmTolA hoot H7|A] 2
system.time(out <- parLapply(cl, pair2, geneCor2))
#ZEo] B oA AXS A3

stopCluster(cl)

#snowfall package

library(Rmpi)

library(snowfall)

stSetMaxCPUs(cpus)

#ecpuZt 327 ol ¥Y A TR wE AF AF
sfInint(parallel = TRUE, cpus = cpus, type="MPI")
#2e 2~F XA

cl <- sfGetCluster()

clusterCall(cl, function() Sys.info()[c("nodename”,
"machine”)])

sfClusterSetupRNG(seed=c(1,2,3/4,5,6))

#2E2Hol| AMEShe T d AA
sfExport(list=c(“fakeData”, “pair2”, “geneCor2))
2E EdolB =t A 59 volHE A
sfLibrary(boot)

BEE Eeo]H oA hoot 714 =
system.time(out <- sfLapply(pair2, geneCor2))
Zdlo]H oA Aike A

sfStop()
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3} OpenMP A8 & o] &
s ddstalth WA multicore
A= Code 3, 49 A3 Fd3t

#Code 37 FH¥ Z=E A9

library (multicore)

library (parallel)

cores <- detectCores() # A28l o] A4 9l

system.time(out <- mclapply(pair2, geneCor?2,

mc set.seed = TRUE, mc.cores=cores)) #lapply <]
ER ]

300
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]
& 200 parallel
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ERHA A % 5 ek Fh RS Ageht

multicore®] 7% §-oll&= Z2A| 29 S=217} 87 o]

4Y AeAE Q8 &5t e3e Foksa 9

e o] APAA AgIE AL = oY =

o] o] A7t 87e17] witol 871 o] 7o

= A4k Fxo Wt gles & T AT

A © 2 multicore 7| XA L2 A 29 7

2 A4 gol ;o] AT e gAE A dyne

ool ek AtE s S panlld g gy s 2xi0) iz B 2o

7] Aol detectCores() = AF&5HH A2

of AHEE 5 9l ZRAA ASFE FAT 5 9 (1% 8lellM= OpenMP 222l = A5 270

o). B 874 SelRA fot de) sk Hrs )

RolA OpenMP #H3d2]2 o] &3l e 2 WP 37 78 e B 2= 270 o

T2 Ws 4 9k 3 A= Cooz Aate] ¢ 7P Ak £27) glom e =Tt 40 99} 6

g Zdes B4 e RES A48 gl 3 MY Agole 2 AFol7k 9 8/ v Ak &

=5 A9ded F CE=E R §52 B394 A b EojEe A S 9l

Absh= 4ol gla = WA= OpenMPE o] 88}

oINS S AHehs o] glk ol Age 5, A B

AE F2¢] WhEel OpenMPE AM-3}E pnmath

7122 A3 tHpnmathE Al 34 3%). Rol dole & &53517]7F fA R folsf Al AH

A OpenMP 2 #3l7] &l A 2aHE FA4S st AlE F3l doly Aol 7i&slE A g

AR E Holl wlx] 2AEA SGES o] &3} I DHEA dHE] e BEE FEo] tolgH

s Azt Ao A&t Z=E AR o] 2o A== Blvlo]y A& BolatA =St

A TF5E3E(uniform distribution) 258 109} 7Y shte] Fojol e EAE] A & fle e

S AT ¥ sqrtO) &7, exp() &, tan() tlolEle] AntAst EAG AHEA o o] A

2 2y g Se7bAA A% Rolrt A A g 23] f8) T WEy Ay 24 AR

HHEE 3k Ade H22 A4 109 vk g Alzdle] g5go] AEHGTE R AFYE A=

Ealo] FH ) thE9 Code 6914 AHAISH = e AFE e B AFE Vles E9e] 9

=2 3olg 4 9] 3 B Hf7|AE ATAFEH & AT 17
HHFE S MPL 2ol B2 29} OpenMP 3+l 2

Code 6. prmath L= g ol&ste R H7IAES AFstarh of W=
g A"l BAE e Al2ge] vl s F

o TS s g | 9 ATFEe] el e she QA MPI| 24

setNumPnmathThreads() #%7] 2#= 273 W2a] Alxdo] forkS o]&dle Ff WEE Al

vl <= runif(1000000000) 28R o g9 AR Yehyton e 3

e o1 Aol 34 vimele Aol o 13w £

system.time(tan(v1)) Asttes A8 & & Atk FF9 AdFdAM =

alsave="no") B Ao QAT Aol 1x4] g vo|Eln}
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