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Abstract

Various parallel processing R packages are used for fast processing and the analysis of big data. Parallel
processing is used when the work can be decomposed into tasks that are non-interdependent. In some cases,
each task decomposed for parallel processing can also be decomposed into non-interdependent subtasks. We
have to choose whether to parallelize the decomposed tasks in the first step or to parallelize the subtasks in
the second step when facing nested parallelism situations. This choice has a significant impact on the speed
of computation; consequently, it is important to understand the nature of the work and decide where to
do the parallel processing. In this paper, we provide an idea of how to apply parallel computing effectively
to problems by illustrating how to select a parallelism point for the bandwidth selection of nonparametric
regression.
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Figure 2.1. Serial processing and parallel processing.
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Figure 2.2. Conceptual illustration of worker setting for parallel processing.
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Figure 3.1. Example of local linear regression (Figure 7.9 of James et al. (2013)).

Figure 3.2. Local linear estimates (dashed curves) with various bandwidths (h = 0.05, 0.29, 2).
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Figure 4.1. Two parallelizable points for bandwidth selection problem.

XY XY

J : CoreZt 27191 &=t
worker 1 { worker 2
i=1 Ry(hy) HA ) i=1 Ry (hy) Al
‘,./ -~ . .
i=n Ry (hy) A4t . . =i R, (hy) Al
task 1 . . task 2
/ . \.

GCV(hy), -, GCV(hy) GCV(h) = X, {Ri (W)}

Figure 4.2. Conceptual diagram of parallel processing of the GCV(h) calculation for bandwidth selection when
there are two workers.
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Figure 4.3. Conceptual diagram of parallel processing of the R;(h) calculation for bandwidth selection when there

are two workers.

Table 4.1. Comparison of computation time depending on the parallelism points

Parallel processing

Sequem.:lal GCV(h) calculation R;(h) calculation
processing
2 workers 4 workers 2 workers 4 workers
n = 200 2.07(0.19) 1.06(0.07) 0.58(0.04) 1.97(0.17) 1.38(0.13)
n = 400 9.50(0.31) 4.43(0.08) 2.38(0.04) 6.18(0.06) 3.29(0.03)
n = 600 33.96(1.41) 14.81(0.63) 7.99(0.38) 17.13(0.44) 9.34(0.16)
n = 800 108.24(4.92) 48.09(0.69) 30.04(0.46) 50.41(0.67) 30.69(0.22)
n = 1000 188.84(7.41) 152.58(8.58) 110.56(4.23) 149.36(2.85) 107.61(1.66)
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Figure 4.4. Example of the work allocation when applying parallel computing to GCV(h) calculation with two
workers (n = 1000). A block represents one allocated workload and a red line represents communication between
the master (Node 0) and the worker (Node 1, 2).
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Cluster Usage

LR RTAR T
i

Figure 4.5. Example of the work allocation when applying parallel computing to R;(h) calculation with two
workers (n = 1000 and h = 0.05). The difference between the computing time of two workers was 0.05 second. A
block represents one allocated workload and a red line represents communication between the master (Node 0) and
the worker (Node 1, 2).
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Program 4 gcvh @4

gcvh<-function(h)

{
h_in<-h
R_i_sq<-function(i) # R_i < =& ™t
{
x0 <- X[i]; w_x0 <- dnorm((X - x0)/h_in);
WM_x0 <- diag(w_x0); Xnew <- X - x0; Des_x0 <- cbind(1, Xnew);
Ltemp <- as.vector(c(1l, 0) %x*) solve(t(Des_x0) ¥%*%

WM_x0 %x*% Des_x0) %x*% t(Des_x0) %x*% WM_xO0)
mhat <- Ltemp %*% Y; temp <- (((Y[i] - mhat)/(1 - Ltemp[il)))"2;
return(temp)

}

EAISTA GOvar UTE

g

return(sum(sapply(n_arr,R_i_sq))) # R_iJ 3 °f: o%#
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Program 5 gcvhparad4

gcvhpara<-function(h)

{

h_in<-h

clusterExport(cl,"h_in",envir=environment())

R_i_sq<-function(i) # R_i < =& ™It

{
x0 <- X[i]; w_x0 <- dnorm((X - x0)/h_in);
WM_x0 <- diag(w_x0); Xnew <- X - x0; Des_x0 <- cbind(1, Xnew);
Ltemp <- as.vector(c(1l, 0) %*) solve(t(Des_x0) ¥%*%

WM_x0 %x*% Des_x0) %x*% t(Des_x0) %x% WM_xO0)
mhat <- Ltemp %*% Y; temp <- (((Y[i] - mhat)/(1 - Ltemp[il)))"2;
return(temp)

}

return(sum(unlist (clusterApplyLB(cl,n_arr,fun=R_i_sq))))

#Righ F°Te TAHT A7 FTF FLACA GOVl HE
}

Program 6 2R A|7F SA3= 22 13

library (snow)

# <I°1s dd

n<-200 # %<9 #
h_arr<-seq(0.05,3,length=16) # T F T2 =

n_arr<-seq(1,n,1); X<-runif(n,0,6); e<-rnorm(n,0,1); Y<-3*sin(X)-+e;

# P g WYY M A AN

time_seq<-system.time(resi<-sapply(h_arr,gcvh))

# A7 271 U3

cl<-makeCluster(2,type = "SOCK"); clusterExport(cl,c("X","Y","n_arr"));
# GOV FXNMEI(AT 27 4 T U= a2 A0
time_par2_Ri<-system.time(res2<-sapply(h_arr,gcvhpara))

#RoAgh I2HEEAA 27D AT FEgYF A 224
time_par2_GCV<-system.time(res3<-clusterApplyLB(cl,h_arr,fun=gcvh))
stopCluster(cl) # 3 "l HAS A° "I&2 A3 2825 3%

#97% 4701 43

cl<-makeCluster (4,type = "SOCK"); clusterExport(cl,c("X","Y","n_arr"));
# GOV F2HEI(HAA 47D AT FEF AW 224
time_par4_Ri<-system.time(res4<-sapply(h_arr,gcvhpara))
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#RAZ YYHC(ATN AW AT Y I aa N ¥

time_par4_GCV<-system.time(res5<-clusterApplyLB(cl,h_arr,fun=gcvh))
stopCluster(cl) # ®7 2829 3=

5. 28

B =FdA TAAEE A &3 37 (multl processor, windows) oA A X2 E 32 & uf A
3 4 Q= HE3s ZE Mol o4 ‘ﬂ]+—r SR & Agolgke AAE T3 A4
Bt dubd oz WEaxeE 95 —F&‘Sﬂ-ﬂ Z+7ke] A E0] E thA] A5 oEH 0)R] ¢k ARG e
2 BalEE A9, As dAdA 2l F9El s HEARE sk Aol F A dANA F714
o7 FaE = Ades 77t o &2 75.‘%*% of sl WEAE 3= 2R ALtEgdolA o £
ot G A Sk SRR, FEe A" oA & = e A2 as A=o] Y T832 < AH

T GANA AR 29 277 S A Aol nhaE 97 Aol
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oh. ES A ARsE S A9 3717k oln 4 AXA Hu A

Qo) A9 AR £LATE ok Aol H7) ALH 2D A9 2 HAd TR A

& IS Aol ATRAL ) ol BEAA FUAAA A7 U+ A

9 Zol=etlahe th A £ WAl Bl Bols s A Sel ol BE A S S ol o &

3l
w1
A geAe st P 5 Aok

N

References

James, G., Witten, D., Hastie, T., and Tibshirani, R. (2013). An Introduction to Statistical Learning with
Applications in R, Springer-Verlag, New York.

Park, Y. M., Ko, Y. J., and Kim, J. S. (2012). R Packages for parallel computing and their performance
evaluation. Journal of the Korean Data Analysis Society, 14, 1951-1961.

Rossini, A., Tierney, L., and Li, N. (2003). Simple parallel statistical computing in R, Technical Report.

Schmidberger, M., Morgan, M., Eddlebuettel, D., Yu, H., Tierney, L., and Mansmann, U. (2009). State of
the art in parallel computing with R, Journal of Statistical Software, 31, 1-27.

Sevéikova, H. and Rossini, A. J. (2004). Pragmatic parallel computing, Technical Report.



396 Gayoung Cho, Hohsuk Noh

T2 M2 R ST 2 FHYBS SN
st xja| ol Mey

“SYOIRIN St SIS Y5 OIAIT St SISHa, ALl 2tstel 7 4

[ =

(20184 3 29 T4, 20184 52 8 A, 20184 58 142! XH{EH)

OF

£ Fo

Holele] Alth7 Gl whet vlolefe] ke el et E4E A% Y e R =27 7]“&«] TS YA
gl H7)A7F ARSH L Yrk. BEA e sYs e Aol dEoEH oA e AYER 2EolE & IS W AR
st S, At wEtMe BEAEE A BalE Ao AfEo] = A T EH oA ¢k Hl APez
A 7= Frh o2 SHYES} Aol e QiR As dANA FaE FdEel Hel HEAEE A,
AR DAL ARSI = AR Sl thel WEAE A AdEstA Aok 2213 A=) At ol A 9
RS = ASTL wy] ujBef faatua) sl 2Hoje] Ao wlel WHA e A RS B 73%}# Aol =9
sttt 2 =EolAE ol d Es} e ddojehs EAl0 et olsiE F A EAlol Ao s HEH
FEE A8stels A 201]7%] 28 ofoltfol & AF st A= shiz HRSA S F40 &g Aot
= TAAA FAZA N el £ AES AT HEs}t TAE A9 A5 AAISATH

=0}
00

20{: W2, WA, TOIE ey, blG|0[E], HEMeY

— 7

b

o] =¥ 2017dE FAE(ZSH)Y APer stxAFATE AYE ol 23E J2AFLAY Y (NRF-
2017R1D1A1A09000804).

L AAA}F: (04310) A-SEEA §AE A 22477 100, S H oA et SA4 33}, A3 A T4,

E-mail: word5810@Qgmail.com



