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Parallel Statistical Computing with R

SONG Lei  YIN Jun-ping CHEN Hong
(High Performance Computing Center, IAPCM, Beijing 100092, China)

Abstract The ever-growing size and complexity of modern data sets in statistical analysis constantly challenge the ca-
pabilities of existing statistical computing methods. High-performance statistical computing is a promising strategy to
address these challenges and begins to play an important role in finance, economy, and government and so on where sta-
tistical computing is dominant. A survey on state of the art in parallel statistical computing, especially with R and within
the last four years was given. Furthermore, special attention on implementations of parallel statistical computing with R

under different computer systems in a users’ perspective was presented, Test of synthetic code and real application

show effectiveness of these implementations.

Keywords R, Statistical analysis, High performance computing, Parallel statistical computing

BHEETEERZHENIRTESRIEERKEER
FEBENEA. B, BiiEe SRR Wi KRB
WMEERU TR FRIES T REEITEE AN CEE
J&, Sk B PR RETHE SR B T X Se N B R R 3
—HHREAEYE R E TR E A bR 2 %
Gugrht o BEE GE BT P BOHE MARR BE 2 1 1 R T 4
I xR RS R A SRS, BT
BEAREGH AP IR IE B 28 2 2K SURBFFRA B A
AP BIXE.,

AICH ST RS e AT T B AR R R
R PR — R RN RAEEE REARR
BREWHEFL S EHTRITHERNER. —MABMEEL
REARRRR S TSR .

1 ZitamERHEITE

i3 H7 (Statistical Analysis) 24835 ST K4t
MEHRNMA, ERSEHMAS S NIRES, BREAE
H LB EEMEREEE T R AUIRE S N ER SR
JEFMAE. R, BRIV R FHE T BEEIES
BT B AT AL R B SR AR BT LA, B RTSUE

B\ A#A:2012-10-19 R4 HH.2012-12-02

SPRMNBE AT R. BB T RNREH M, A ER
BIX G- SRR T

Bt SRR RGO BCERR . BEERTE B
KRR AU R BB St B TR B
DAL BRI  DARBEX R H 28 F 2% JIEAMUR AR
N B REMEE PR R, FEERENT
RTHE i AR 2 BRI B B 259K (5 B T
BB ER B AR T — RIS BAR KRR, 7T AR
TR AR A0 75 2 2347 B B0 MR A T AR o v TR 38 0 3K
R JE SR BRI TR T B K IPEE; 3) B AR I 7 i
I EEAEAk B, 8 B X DR R — 7 T BF TR R B A SR 7
% A — AR AT A SRR REI FORE KB L w
. Wi E RN AR BRI TP REENBRZ
— X UL R T BB T H 25 2 B By Rk 2 UM

X — S E A R R BE, ARG T E R &
HEREBHAEHFTEIESHTERMES, RREM IR
BOSFAEFALER X M R BN HEEHE
OVITER . W, ST T LSS B S B AT S,
AL REAE S — AN 2T 1 R (PSR 15 4R, K BT A
TR RS A TEXRAMBAD 69—

R E076—), B AL, BIBIR R, TERE IR EREEE PR 2T, E-mail: songlei@iapem. ac. cnGEEIEE) ; R T (1979
=), 3,181, BB R, TEMESEOV ST ECE MYLTR B Q963 ), & 4, IR R, FERRSECV A SRR T E B2 RE

.

o 05



. WREE—-MFH XRULBERNERS T TR, A
XA R R B R T A G R .

Hit, BEE G AT BV RS AR, B T
REE M TS G, BEDERNEREMEHTIA
B BRI AR T Z A NS S RSP, 5
i Matlab™ |, Maple'™ | SASI®! | SPSS” | R S-Plust™ , &£ &
Excel %, X840 R TR S ML 19 R BB 24
I E T E R A& e TSy %, iR A
FPRE-FERT SRR ABESADRGTRILE
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LENHERNRABBRE RREHSHAR, WATEERME
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KE% R EARKREWITE T & LA EIFTIHER
T, BN APFEA B 3 FRBRH R,

BB TES K SR AT AR T 31T LR, T IRE 2 N ERE: DR F
BETEFAATHEY S B D WA R B TEF. HE DY
BRI A R T & SRR AR, FAN
B EEEEZEBILRLE HIBE RS (Cluster) R E4ALH
YL(SMP) \ KHAS AT AL BAL(MPP) Z L FF 25 800 | (B A
PHEANAE (RESBERESE - AHFVRERZERRES
fi BEFRRHEERLREETR FTREEDD T
WXt E S Gk 325, I 1 7%l 1) Multi-Core/Pro-
cessor{ B BN RGN SMP) . 1 —REHR, HERFR
a], L EZ A HLH, Pthread 1 OpenMP; 2) Multi-Node/Com-
puter(Cluster 1 MPP) : £ RGEGAR, 4345 WAEX Vi8], 1§ B
f&3% ¥4, MPL #1 PVM; 3) Hybrid ¥ Multi-Core & Multi-
Node(Cluster #1 MPP), 4iit447H P # R ES BN R
GORERL  BUEFHEBRI/NMNIBYBRR, Al RE
XERFE R MPP LR A .

F1 FRERZHTETFE IR

[RE 2) BHATH RIEFEY K 3~ H : D EBA T
BV &, MM AT RE; D R ITRFN T
®AGOBRTAEEREEY RA ISR BT. VR aE
AFEH R (BB E B AR LI 31T 25
K 2 MR 2 B, MUETRITEOAR, MTES A #
fERiE ORI R T B R R R B RE . X T EE 2, R
[171iA K Cluster(Multi-Node) | H 837 A9 #J2 Rmpi F13E
F Socket i snow §" B4, {HH & multicore, R/parallel H} B
BEg, MEEFAITE. EENRA ST, BRIOEHE
Multi-Core 28R & F multicore 75 5 FIE 6 F AR B
A4 . multicore ZETF POSIX #n#E ) fork 3 IR LI & i
BIATH, AN E L L EXHBRRSTEFLEMR
BRI 1L . PERBEEF . 7E R2.14.0 HitE i 1Y parallel §° B
BBt multicore FIMY X HF socket H K snow & #E L, BT
BFWAHTREREESF T BB TERES R
WEES AT RA. BRRSEY RO R CRRIEHRT,
pRUCH AT LU SR B 3 AT ML 5 3647 X FRE o (A%
2),Rmpi XARER . FEAPBRARERT, HEEFSE
N pPRATBEBEY,

Multi-Core/ Multi-Node/ Hybrid(Multi-Core HFP R REF
wRLEH Processor Computer & Multi-Node)
[ Kk
BERE  SHBEYAE . SMP Cluster, MPP — R ¥4
FRAR P PEY 554 sk |
W FER LA K A FATHED BAER %
BEFA EE XD o HRES BE
%%#0  Pthread,OpenMP MPIL,PVM Bl B2 REFEARK
#2 FEITY RA/RE B
Rmpi Snow pnmath R/parallel multicore pR
w  MPIEg O  £T Rmpity MEEFEY XA PREGY loop W ETHetRFCHEMFE
&A% WEEN HAT LA B3 3AT R THAREDI W 8 5 H AT
F & Multi-Node Multi-Node Multi-Core Multi-Core Multi-Core Multi-Core, Multi-Node , Hybrid
®xF MPI #:1 Rmpi & OpenMP # 1 ®ERSAA fork Socket, MPI
EAWFTEA EMHTER ¥ AT - R HAT ¥ A H#AT B AR HAT HEHHAT
BREFEE BARE # LY B AR A A B F B R GIE R Y B HAT

PRESIEJLEH AN EABRHN—F RIFTHE.
EAREY R, ME—ET RWKMHEL. ERHEEHRE
BT B ScDACSE# 8 A= R I B &R+ .0 DMA
BB RMID FEM Z K, BT 2IEFRARS. N
AL SRR Y, ST HFRAR TFUARY BE
F, TR B P % BT 34T, B A PR T B e
G TR P ] AR, SRS X AR A AR B B AT AT
W3, ERAEZAET  DIIAFTHREER; DHERXE
FREGAT s DX VT M BB AT TR, PP HRE R
AT R P AEBUL A ARES , 4R b R M 647 7T LSRR8
BEHAMESFFAT, BFURA T HH A REE.

BB, 28 Multi-Node 881+ B V- & b AT # 2%
#J& Rmpi Ml snow ¥ BA, B & LR E 4, & & FTX AT
MPIL £ O BN EHEREREM A . 7 Multi-Core ¥ &
L smulticore ZE S FE R 88 E ROR B AR5, pR WHEH L
ANBifE.

3 REIMR

AT TAE 89— KB X — N OAE S B R
FTPEREtEAL . BT HBA 3 FRAr: read IEAFFALFREIE  ks_

check (KS #6560 31| Bt 45448 Sk 18] (9 48 {0 B » FoBG O R 3 T 40
B BRI KAE ; comb_jam 023K bin B4 KL 3R H
HeF, 5 2 MO —RBBMEITH AR . TEFEE 34,
¥k Linux R4 0188 A B S B SR AP R 4 Dle% B2
256 By SGI CC-NUMA R4, ENF B—REHHR, 7T
PIEER SMP 25§85 C BT IHE MPP, X B HRA& K
BB V6. HEEEEEF A A B ERRE L
RER. P88 AB.CHH Linux R4

3.1 RFTIHRENAE

REM 2.14.2, MP1 F MPICH?Z 1.4.1p1,OpenMPI 1.4.5
2, #4979 B &N Rmpi 0.5.9, snow 0,3.8 Fl multicore 0.1.7
(L% iterator, foreach, doMC, doMPI, doSNOW %, il 45 5
HRAGSRE , HEHXY R Bobase(A: ¥ H M BIEE
FEL) .prob.sm %,

RAGMERIATINAY BATE LB LR, B
HY RAKB T HTEORGE, ARRERETRESH
ARIFEE. Plas A Zedk MPICH2 38R , 238 5 Wik Rm-
pi AEH, B OpenMPI R i3l HLES B KA OpenMPI,
JEAGES . P8 CHEZSANMAZRBEE, ZEES5EL
RERGEERAARE, BTN ASREERRIRHER
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Fik. HEHTY RGWEFED.
3.2 FEFTY RENEMRILBTHESTHNEFAEERL
AR BFRATHER, W& 3 Fin, UHKHE
pair F pair2 #J3% F Biobase § B
>gCor<_—function(x. gene=geneData) {
cor{gene[ x[1],],gene[x[2], )
}
>gCor2<C—function(x, gene={Data) {
md<C—cbind(gene[ x[1], 1, gene[x[2], )
me<C—function(x, ) cor(x[i,1],x[i,2])
boot out<—boot(md,mc, 1000)
ci<C—boot. ci(boot. out,type="bca") $ beal4 : 5]
c(x,ci)
}
>lenght(pair)
[1] 124750
>pair2<C— sample(pair, 300)
>length(pair 2)
[1]300

B3 AEEEF

PRF RS A WG R WE 3 FTH. 7 Multi-
Core/Processor 4 I , multicore {9 3+47 ¥ E 4% T Rmpi I
snow, Hrf —AMNEEHFEF L multicore £ E R #E, LT
FHEINBEIRBR B0, GETT RESSE A BHFE
B, S, snow X3 EE windows, Linux 1 Max
40 B M cluster, Revolution /A &] Y foreach J iterator,
doMPI.doMC #F1 doSNOW NI 2 #F Rmpi. snow, multicore &
Rl _E R — BB RS EBF E 8, RSB R,
Hi S BEes % .

#3 WH 1 ERFMTY REAT MR LR

Bafr . 8) gCor(pair)  gCor2(pair2)
#47 10. 951 67.183
multicore(8 %) 2.173 8.976
Rmpi 2. 381 9. 888
snow( Socket, 8 #%) 10, 711
snow(Rmpi,8 ) 9.923

3.3 IMEESRMAEFHERREL

WF 2 PEMERIINESHUEF. AR A5KHE
e T EAH MRS RIE 4 i, BURFE comb_jam
#it ks_check BIA~FRIER E.

Total run time; 7. 32seconds

% total % self
total seconds self seconds name
62.0 4. 54 0.0 0. 00 "comb_jam"
51.6 3.78 0.0 0. 00 "prob”
51.6 3.78 0.0 0. 00 " prob. default”
21.0 1.54 1.4 0.10 "read. table"
21.0 1.54 0.0 0. 00 "read_data"
21.0 1.54 0.0 0. 00 "read_filedata"
16.9 1. 24 0.0 0. 00 "ks_check"
16,9 1.24 0.0 0. 00 "ks_check_all"
16. 7 1.22 1.4 0. 10 "ks_test"
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IR . BRBEEHFARRABIEFATH, BEFHET
REERTIR A, ks_check IBIFSIH 2 M) KS K84
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B EMELNBAE 4T, comb_jam [FB B X 25 EE
W F AR, HAT R MERE . (HEPR b ks_check IE 2 ¥ ¥
FAE S Z 8] M A BB, LR A 4R 8212 4T comb_jam. B
I, SEBR_E R A F BB SRR AT AT E. WRANLESE A
1 B 43, R A multicore HATH RE . WMKGSR WA
5 Fridn.
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B} 1 B T4 ()
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K Bt G T 489 LB
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8) FIAN IR B (16.32.64.128 H) TR LA FF4Y, AT L E
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P, B 6 BENLEE B EABIMAT 1.2,4.8,16.32.64 M
HIREE R—— B RS A FRLE R () FF 8, Hoh () BoR
BEFAETUY BARE 16 M. MEMNFREESH I,
read B P4k, BT LABS ) FF 85 5 R4 B s Y » (B E B
Ve BT o B LB B N T3 K. comb_jam (AT 4 R A4 L
BitF. ks_check 72 1~16 Z[A]¥ B L8, (AR E B R
Wi, FE BB A RIEME 1, R BRIP4 E 32
64 [ T+, BB BER R SR ERRER /D, BT EAR
Yt R FF 8 T o5 B L B K, S BUBR AR IT I AT Y R AE 32
1 64 BBTAREF,

FATTE R WR—
Kk Arks checki) [ T8 5 A E BRAM XA

400.000
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200000
100000
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1 2 4 8 16 32 64
[ ot =i b

() B4EA ks_check T4+

B [E] TP 4 ()

HATTE BE AR —
—jam B (& FF 4 55 &

B 1B 4 (e)

(b) read Fl comb_jam
E 6 fEML#E B Lo BIRARRI G BRSO IT8Y Hh ik
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TR, NURFIES : DRER FEHFTHRINEES
ISR WEEIT L EREREN ANEFHAR
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