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fl: gk

float curr[*][*], prev[*][*];

Initialize curr;
while (!stable) {
copy curr => prev; //swap pointers
for (i = )
for (j = )
Compute curr;
for (i = )
& ~ — N~ [ fOI’(j= )
5 7|_\’I// I\@ZT/\/) b%‘ﬁf 1V Sum up differences;
_C%/_I_Q’I/\/ NOD curr 'ﬂE%ET% stable = (avg diff < tolerance);
by

curr[i][j] = (prev[i][j] +
—O—@ prev[i][j+1] + preVv[i][j-1] +

prev[i+1][j] + prev[i-1][j]) / 5.0;
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float curr[*][*], prev[*][*];

Initialize curr;
while (!stable) {
copy curr => prev; //swap pointers

for (i = )
for (j = ++)
Compute curr;
for (i = )
for (j = )
Sum up differences;
stable = (avg diff < tolerance);
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float curr[*][*], prev[*][*];

Initialize curr;
while (!stable) {
copy curr => prev; //swap pointers
for (i = )
for (j = )
Compute curr;
for (i = ---)
for(j =)
Sum up differences;
stable = (avg diff < tolerance);
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Compute X Compute X X,Y,Z %5

Compute Y Compute Y
Compute Z

Complite 2 S OFILXY,ZET)

Fori=1, 20 Fori=1, 10 Fori= 11, 20

i1 = I C t i] = C t ] =

Compute a[i] = F(X,Y,Z,b[i]) Fg??\%%,g[? i] F?)??\%%,g[? i]

Compute X Compute X
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float curr[*][*], prev[*][*];

Initialize curr;
while (!stable) {
copy curr => prev; //swap pointers

fori = -
EDELS(CHRIERFEDENE forj=
BEZHS L TRLY RDA—/(— _ Compute cur;
Ay REDRL TEBHV? .

forj= -
Sum up differences;
stable = (avg diff < tolerance);
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EE : 7“J t / float curr[*][*], prev[*][*];

Initialize curr;

while (Istable) {
copy curr => prev; //swap pointers
fori =

forj = --
Compute curr;
fori =
forj=--

A = W k= Sum up differences;
%E'é'\btgza%_:Xl/ Y R (C stable = (avg diff < tolerance);
EDKSICEIDHTENDN? >

R N T IR S e BAZREVIR AL W R
A= S\ Y —Xut—/ )\ > & [F

. DUy REgETIOEETED Z .
I LERAELCERD o Ve
prev B {RF * OpenMP |
-+ EMIF —IL=TDRREICT STV ZEE
- CUS TS 3> = fEA

Tl
C
7’

26
© 2016 iSUS. EHICD5IM. E#HzZECFEI. * TOMDHtE, HEiRLE —RICRHDOFR. BRIFLEEFHETY.



27

W52 0935 AICH T SRRER

>l =

- Fw R
— FLEDIBE

— N CIEFES

- UL B ODRS R

VA,




28

v ROvY

RUTCTRE
TFOAL YR

e EfTLTULWRWTOEIHhSD

XVt—

D%ﬁj

Abﬁ

o E1D/IN 77T

© 2016 iSUS. #EETCDSIA. #Im#ast

UFY. * Tofioits, BEReRER. —fRICEHORR. BIRELEEREETT .

FUIRWANRY N AT DT O MNAYEZ—2%

IEULIRWE=EDoOY o
- T1 ANAZOvVYD., BHAmE
- T2 AB 0OV, AHNKE

BHAA T 10 bORFZERT L
e LW R
=Y AN DA G 7




RDRE

- BIRHIE CITHOHND I E1 -5 —ERICIFERENEFEND
 HRMET(E, FAENER UZIBCITONIEWS ENVBDD
— FERMNEILDEREMEN DD

£ (1.0 + € = 1.0 DX IPIFE(T/NSTFEN) =5TEITD

FENNHUBER TR, ROKDICIRD
-1.0+ (1.0+¢)=-1.0+1.0 =
DED,
(-1.0+1.0)+€=0.0+¢€=

29

© 2016 iSUS. EHICD5IM. E#HzZECFEI. * TOMDHtE, HEiRLE —RICRHDOFR. BRIFLEEFHETY.



30

IN—F1S3=0DFITVvIURB

o DEIDmMEDFH
- JObvH—8EKDET IS0 T - IRTDEIZ L \H?
NEEED XUOFT—S1&NEIES&/\E(C TEeh??

— 7°U S+ J « AXDFZFZFE U YA XH?
— ARTDOFIIEREOY A X(ICE DL TL\BHY?




31

WMEDFIVIURXBM

« BIEDOmEDIH

— BERIEF/INS O AEN TSN

— BYRDFEiET DDEEDI XD EDHBEL TWLDHY?

- R DV(FEE=
- FRVLEBZ

A
A

I (CRIT T BN
I (CRIT T BNV




32

ZoOoOXL—>3a>oOFIvIURX M

e ZO0OXL—>3>DOmEDIH

BIEDBRFTE>EIN LT

o A UIEARADVDEBLIBEIX MEIEU THDIHY?

ERINTTER QERSNITEE X D BEEN I SIERNHY?

%E%«% SN —ADERFTIVIV XL AT —Y 2 JageliE
\

d— MZ1IED L— RA D (a@EUHhY?




33

<wvE>
W HERETIC DU T 1 DDAIRXT EEEDA R IDN

—

RVEIDFIVIURB

2 DmEBDFH

=l|

ANEBEINIEHY?

REVE] D ‘_—"l_C EEIRVE D HTOmA M =Nz h?
FNDIEES. YR —2v— - ALY RHIRKBNLRYOITIE
AN YA

FRIYDIFE. O— RIS AMWEBESNCH?




34

= Yall.)

B 7 TIT—> 3 25T 4 DDT

F—AERIIHR IR ICRIEZDEI T D
SARAOBIDBIEZERT D
BEZREFIDILDICHETD
SARDZ2TOCR/ ALY RICNYYV T T3S

B TO0S=>20 - TS5—(FER




ZILAYU X LADERER -

SPMD (Single Program Multiple Data) ®O&&:tH/\5—>

e P IKRELLRRBOREHDOHDVIBRER T, RUTOTSLAEZEITID
« —EHEDARXITZIEIR, TUTIERDT —HBEE BRI D IcHST > T%
FIF ... 5>20% 0 iS5 (P-1) @ ID

DI\ —NFIERE (RN TH D, Z<DF7ILTYXLEIRD)SF—> (£TTIFR) ZH/R— KT
BDIeHICHBEEINTE

MPI OV S AFIFEAECDINI—2%FER ... W TOTS =T DREEOR TR —IRNICFIHE
NcCsErE/)\9—>

o =
LS ISUS

© 2016 iSUS. EHICD5IM. E#HzZECFEI. * TOMDHtE, HEiRLE —RICRHDOFR. BRIFLEEFHETY.



36

{5): Bt/ SPMD 51 pi 'OV 5 A

#include <omp.h> ST RET ST, 7\7\3
static long num_steps = 100000; double step; @;gﬁ‘ﬁ@?éw
#define NUM_THREADS 2 . 5%
void main () /
{ int i, nthreads; double pi, sum[NUM_THREADS];
step = 1.0/(double) num_steps;
omp_set_num_threads(NUM_THREADS);
#pragma omp parallel
{ BWHDI L v RAEL T RLX
int i, id,nthrds; NEZADBIC, srasxilE
double x; RNKD 1 DDA Y RDH

id = omp get thread num(); NoO—) LR T2 (CEH
— A " : TEBLDCTD
nthrds = omp_get_num_threads();

if (id == 0) nthreads = nthrds; —

for (i=id, sum[id]=0.0;i< num_steps; i=i+nthrds) {

X = (i+0.5)*step; N IL—TREDAE
sum[id] += 4.0/(1.0+x*X); \ HAN /X DB Z AT DIRICH
3 \¥% SPMD OIS LD
) —REYIRTFIE

for(i=0, pi=0.0;i<nthreads;i++)pi += sum[i] * step;
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DESIGNING and BUILDING

Foster, Ian 1.5 PARALLEL PROGRAMS

Concepts and Tools for
Parallel Software Engineering

'Designing and Building Parallel Programs|
Boston: Addison-Wesley, 1995

Ian Foster

CDARDAE(E www-unix.mcs.anl.gov/dbpp MSERITH D> O— RAJ&EE

MPI(C KD T0O05=>J#%E RIKEN AICS HPC Summer School 2014:
https://www.google.co.jp/url?sa=t&rct=1&g=&esrc=s&source=web&cd=6&cad=rja&uact=8&ved=0ahUKEwi3ncaY -
JLARWXEF5QKHCcK5AICQFgg9MAU&uUrl=https%3A%2F%2Fwww.aics.riken.jp%2Faicssite% 2Fwp-
content%?2Fuploads%2F2014%2F08%2Fss14 MPIprog-Cl rev.pdf&usg=AFQjCNGIVM7YfWDyKgIKvYYS4tno00p5ng

MPI APl DELVA: http://www.cv.titech.ac.jp/~hiro-lab/study/mpi reference/index.html
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MPI. OpenMP &L T Java [C kBHEZIER
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Patterns for Parallel Programming, Timothy G. Mattson, Beverly A. Sanders,
Berna L. Massingill, Addison-Wesley, 2005, ISBN 0321228111
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ﬂﬁﬁ'JjDOEEDO(CBLTé?ﬂ’I’)/ \F—> % RIFFIETY ”“
I\ — > OIS XEPHRRICIT TRV ZE<DIEIEZ TRULE

&, RETEREMICH>T)ILO— RSB ESNTLEY, C/C++.
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By S RXFT A MR

Michael McCool, Arch D. Robinson, James Reinders &
i=]5 ﬁB'Z/I’Jt}I/JP MMEINSFE SR

2013 & ISBN 978-4-87783- 305 3
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Multithreading in Visual Effects

DreamWorks Animation. Pixar. Side Ef fects. AMD. Intel "S&EFO>EEEIZEICLD.
SIGGRAPH 2013 OJ—X [Multithreading in Visual Effects] #~X—X(CUIEEFE T,
O— A TfERAESNEER ZKIEICHLR/ E35TL. Pixar @ Manuel Kraemer K(CKD
OpenSubdiv ([CET 3EMENMETIITCLIE I, Ron Henderson K&, FLUX X - =
=al—>3>2 - 2XT A (85 F) ORFEMNTHIIS. 2014 & 2 A(C Technical
Achievement Award #ZEUZx UTz,
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Parallelism Pearls
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1>5F)L D—RL—>3>oldoOod5=>70 - T)I\2T U X M ChdIlames
Reinders &1 >F )L O—RL—>3>DI > 7 THhD Jim Jeffers (CEKDEEN
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- wrap 7' 1 DORENSROKRE RN
([CARKTFEZIE > CTLNDIEsH., D for (i=1; i<N; i++) {

cl[i] = wrap;

JL— T FAF) T IR0 wrap = a[i] * b[il;
d[i] = 2 * wrap;
)

o Wra MNERETHERETNBREIIC for (i=1; i<N; i++) {
éﬂ%&j(i*iﬁﬁﬁﬁ'é wrap = a[i-1] * b[i-1];

cli] = wrap;
wrap = ali] * b[i];
d[i] = 2 * wrap;

b

43
© 2016 iSUS. EHICD5IM. E#HzZECFEI. * TOMDHtE, HEiRLE —RICRHDOFR. BRIFLEEFHETY.



IRHNZEEN

. IFMEZEIRIL—T DREBICA
2O FEnd

« ASOTUASNREI—T - (>
v O DFBRICE SRR 3

44
© 2016 iSUS. T ThD5IA. Em#EZzZEUFd ., * TOMDIHR. BREABREF —MICEHOFR. BIEFLEEREIECT.

11+ 1

12 + 1




SIS 3>
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T ANTT—HICERT S NSEtDERI AN E T2 (F4E

MNEZETH I B

doi=1,n o RIC. 7OTANEEET
sum = sum + c(i) = N DEDITERUIIN S,
er??j&c]j)éx = max(maxx,c(i)) ) ﬁBﬁE’JTds%i%% iE%:I:%
EHEAFENDED

for (i=0; i<n; i++)

sum += c[i];
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doi=1,n X
a(i) = a(i-1) + b(i) L)
J<

enddo
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