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. i’iﬁmwz“l/% 77 bIL—LD)RHKRREINDDT, &
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« EDBITIISEEDNTARTEE, GOHITIIN—LI1DHASINEL WD
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e FREFRRIEIL, ZoomA =2 —HF D [I—LAEZEHT 3]
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BEEISETF v R ILADILE

RAZRNIAVEE

e HAIDA = 2 —NR—DF v > R IIL—ERI(C P ISVETYTIL—F
[55232[0]-mpiEfE] AHBDT, 7 Uv 7D

« H OB HEWES
1. '%«v‘/zijwc“ri_hu’é“%J g )y
2. [ FY R IN—BE%MERLT D] #7 Vv 7y

3. [ZE232[0]-mpiEfE| A"H B DT
09 3 | 75:7 ) v 7

$£232[6E]-mpiEhE
55229[5]-cpp2gpu
$£224[0]-mpiERE
#220[0]-wisteriaZ
55213[0]-mpiEfE
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Xyt —DANTE

s & FERICAEDAH B DT, BEINRSZid= L T Ctrl+Enter
c ANBICAETD [ Xyvt—C %%k ET 5] 22Uy oL THEL
(XyE— ABENCE, [ XvE—%FET B IZEHEEAL)

Xy t— D AN

e A—FZANTBRRICIE, [a—F780v 7] AETTH
c BAERINBZDT, ZOHRICAERTEZDOHABEEADERT L
e 77 (JISEEHIA S ILShift+@% 3EF) L THHBHERI NS
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DPHSMLI=-AL vy FOADRIRIGE

RAANIAVEES ~ G

cELD [RLy Nl Z0 Vv od5hE, B
NSIMLTWBRL Yy FO—EBARRINE

_d_ S5 TARTOH DM
c BRRNAICIZ, XLy FTRIET S| FERX o "’?“ AvzazaUrTZa~
ZX3T50DT, BBV FRNBROAIRRTCEE : Tofe
_a—

v FyrxIL
general
random
#£1330E-gpuFOd > I ...
£141[B]-mpiEHEE
H153[E]-mpiEEE
Fv R EENMT S
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a—Y 7 hyv b

« E X7 L ¢ Wisteria/BDEC-01 (Odyssey)
« § ssh USERNAME@wisteria.cc.u-tokyo.ac.jp

Zlin%“/\’w)l Y% (FiEda~> FTD USERNAME O Z &)

- FFHEES ©  tABCDE (ABCDEX, @EEZ#Z LI W)
« M '7Ub——79: gt00
« F]FHEARE

¢ 11/1 9:00FX THEXN

E:AELTSEENEM IXymiki[at]cc.u-tokyo.ac.jpE T
« Slack TERBILTW W THERETT
- (BERT7AHV YT ARXOBHEHIE Y R T LlIZELELTIZE WL
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TAM707 5 LOEE

=2hR ¢ FortranhfRE@E 7 7 1M )L :
mpi-samples.tar.gz
e« tar ’C&F'aﬁéé: FNEFNOEEZRHOT AL 7 FUDELNS
¢ c/ : CS&&
 fortran/ : Fortran 95H
e LTV FAILNDEEIGH
/work/gtee/share/mpi_basic
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Y7070 s5 L0ERE (1/2)

HITLTHbo2av L ¢ LURFICEFTEELTWET
« X—IFINADAITHIEHL->7-B [Enter] F—%BLTLEEITWL

1. Lustre”7 7 4 LY R T LICHEH)
$ cd /work/gtoe/$USER

2. /work/gtee/share/mpi basic ([CHB Y7Lz —
$ cp /work/gto@/share/mpi basic/mpi-
samples.tar.gz .
mpi-samples.tar.gz & . (Fv k) OFEICFEARAR—X

3. YU TNLT 7MLz R
$ tar -xvf mpi-samples.tar.gz
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Y7705 L0EE (2/2)

4. mpi-samples T4 L 27 FUICAS
$ cd mpi-samples

\%%®T4V7\UEA

5. BoD{EWLT-L
$ cd c
$ cd fortran

CEE=ERIT HZE
# FortranZz{EHY 2545

6. Y7707 L (OEHIOSEET) IHDI & HHESR

$ 1s
RR:T7M)L%

=]

5 EfEITHav sk

$ tar -acvf filename.tar.[gz bz2 xz] files

2024/10/1

ShEOY > ZIVERIFICIE --exclude-ves DT T/AHN=2 3 VEE
PRT L (git BEDZE) BEDODT7 7AILERANL TREDT-
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TIPS (X 7#52)

« X—IF I ETIE[Tab]F—Z AN L TR T7TRTZHHh RN
LD ANTBHERWL
« F—ANEIRBDTES (BEIICtypob B D)
- BEMESTT TE AN T ZANTEHDT, YHAT[Tab]z AHNL
~ETRE->TWIFIFR W
* Windows & [FIEVY, ERZIEFICKRTITHEL 2B I LB
cHIFEANLTHL-7-aT Y FEEDIFS -
1. $ cd /wo[Tab]/gt00/$USER
2. $ cp /wo[Tab]/gtee/s[Tab]/mp[Tab]/m[Tab] .
3. $ tar -xvf m[Tab]
4. $ cd m[Tab]




Y7797 A

*0 hello

*1 hybrid

2 sum_relay

3 sum _binary
*4 sum_reduce
5 diffusion
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5 kkHello 7 07 7 L% A /84 )L

1. @ hello T4 L7 FUICABD
$ cd @ hello

2. IRIBERTE
$ module load fj

3. aA/XA )L
$ make

4. 177 74 (hello) NTETWVWS I & ZHER
$ 1s

2024/10/1 EES  MPIER
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a7 RA7 YT bDEEA (77 v FMPI)

e NBIZCEEE, FortranTHE

#!/bin/bash )y —RTI—T%: lecture-o
#PIM -L rscgrp=lecture-o FIE /) — R 12/ — REA
#PJIM -L node=12 ) 5
#PJM --mpi proc=576 MPI7 A+t X%: 576 (= 48 * 12)
#PIM -L elapse=00:01:00 EITREREIRE: 19
HPIM - 100 N o

° B MAETIV—T%4: gtoo
module load fj fjmpi IRIGESTE

mpiexec ./hello MPI) 3 7 %576 7 At X TE{T



i 5fkHello 7' A7 7 L DELT

e a 7RI YT AL run.sh T

B L= 7ITlEF 2 —&EH lecture-0" I >TWLWBD
T, INZz“tutorial-o’ICZELTLFEFEIWL

$ emacs -nw run.sh # emacs TiREY 5Ha
¢ vim run.sh # vim ’C“%@E?T%%E\
¢ nano run.sh # nano TRET 555

T aTEIA
$ pjsub run.sh

2024/10/1 EES  MPIER 26



5 fkHello 7' A 7 T L DFERMER (1/2)

1. BAaPEALTZY 3 7 DRREZHER
$ pjstat

2. a7 DETHIEKTTBEE, LUTOT77AILPEKREINS
run.sh.XXXXXX.out # 7ra“i HAO7 741
run.sh.XXXXXX.err # BEITS—HAOT7 74

avdE + .+ 2avID+ .[out err] EWVWS T A ILE

3. BEH N7 7 M ILDFREZRTHD
$ cat run.sh.XXXXXX.out ) \ .
“Hello world!”"#'576 (= 487 AEX * 12/ —F) 1THNILRK
%)

2024/16/1 AT MPTEEE 27



A Z< g @ity

5 fRHello 7 A7 5 L DFE R (2/2)

c AN T B8, RYICS7TEHEIINTULBEHIFERL7-W
»Hello worldDfE %=X LT3

S grep Hello run.sh. XXXXXX.out | wc -l

576 &FNS NLALIL0.K.

« | (A F) 1E, shift + ¥ (RFF—FK—FTEANYIRFT v a)
cHADIEDIEORDT, EHLALHERICKR > TWLWAHIHERLEZWL
>HAN 7Y — b L THERE T 5
$ grep Hello run.sh.XXXXXX.out | sort -k4n | less
rank: @ D HIAE > T, rank: 575 Ti&h->TLlL0.K.

e less DERTRZHRTITHICIE, g2 AN LT Enter 93 (quitdDq)
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5 hkHello 7’ B 75 L DEGBR (CS

rnnl

, , 70X DT AT T L%ELE

#include <stdio.h>

#include <mpi.h>

int main(int argc, char *argv[]) MPIO)*]J’HHIH‘/’

{ AL —P g A=
int err = MPI_Init(&argc, &argv); 27 0t AW IS
int size, rank; (&7 vy CcHBOE)
err = MPI _Comm_size(MPI_COMM WORLD, &size);
err = MPI_Comm_rank(MPI_COMM WORLD, &rank); g @ID%HX

printf("Hello world! rank: %d¥n", rank);

err = MPI_Finalize();

return (0);

(&7 TCELBE)
MPIDFRT

5)



5 FrHello 7 A 275 L D ER AR
(Fortran)

270X ZDTAT T LEIE,

program main

use mpi
implicit none
integer :: err MP1 G)*]J/HH'HC
integer :: size, rank ° " ,
) 270+t 2% IS
call MPI_Init(err) (27 v THEBEDE)

call MPI Comm_size(MPI_COMM WORLD, size, err)
call MPI_Comm_rank(MPI_COMM WORLD, rank, err) gﬁj\@ID%HX%L

(25U CCELKDE)

print *, "Hello world! rank:", rank

call MPI Finalize(err) MPI@%%T

stop
end program main



N o — = L —
O/, 7 DIEXE & E17(0dyssey)
- O 4>/—FK&od sseyd)i‘l"% — K& T, CcPUDRISEY FHAKECELAS

c AJAY/ =k iwmty b7 —FT7F & Intel CascadeLake+AVX512, x86_64
« Odysseyit®E ./ — F : Fujitsu AG4FX, @Sty F7—FT 7 F ¥ ARM v8.2 + SVE, aarché64

m 7°/f // — F Odyssey./ — F
A /?Lfi
aarch64
@ L/XP.IIIPG;;; sarche
“_ J—FK

aarche4d

1Y 854554 7E -
s EEBEIVSAT

module load fj THEEARIEEICAK S (F7=ldodyssey) 2M5747 | 7AX
AT 4 T7aAVA T 1 <aOvATDREEL > AVINAT | a5
JARAVINA T 1 <AV, 5 DFEEEE > px

MPI: module 1oad 'Fli]mpl ANDAE fccpx
mpi+3 /3 mpifccpx)
C++ FCC FCCpx

: MPTEERE Fortran frt fritpx

(@)

I
e

2024/10/1 HE4



moduleDISTE

-:/A47-7477U FOIREZEY b7
e Odyssey[EIITEL B> /%1 T, MPI%Z{EH
$ module load fj (FijmpilZBEMICA—FKEIN3B)
$ module load odyssey
» AquariusfAlfgcc. cuda, Open MPI(CUDAXTIS) % {8
$ module load gcc cuda ompi-cuda Z7zI&
$ module load aquarius cuda ompi—cuda

« IERERADmodulexFEERT 5 I1C 1
$ module list

o Mo7-FF (modulelRIEZZEIB L /=< A-o7-KFF) &
$ module purge

2024/10/1 EES  MPIER
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module®—&
BRI ERORECEITE 2 b DA ED

$ module avail

e FEWLHDORESE (fllZModuleName & L D moduled NIV 7 % FKIR)
$ module help ModuleName

« RTEIMNBPATHA K D#EEE (ffllZModuleName & LN D module DIZH)

$ module show ModuleName

e 2 TCDIRIEHZTET (Wisteria/BDEC-01@IfIcBE Nz a<w > )

$ show module

ApplicationName ModuleName Node BaseCompiler/MPI
Archiconda archiconda3/0.2.3 odyssey
Arm Forge forge/21.0.2 aquarius

2024/16/1 AT MPTEEE
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Wisteria/BDEC-01TD < g 7 E1T

« LITD2BY OEITERAH Y £
1. /Ny F <3 T7ELT

» Ny F V3T VRT LICHIEBEKIE L TET KWBERTHT7 Y bTI
« ETFLAEWVALEE 7 7AIL (P37 RV T ) THER Ny F¥ 3 TETDH,
o AN VBB TR BK12/— K159 % T

« RKRIEEITH
- Wisteria/BDEC-01 (Odyssey) Tld, #&xK2304/ — F (11059237) , 24K T
- Wisteria/BDEC-01 (Aquarius)Tl%, &AK8/ —F (64 GPUs) , 24K £ T

2. AVERTZUT 473 TELT
s PCCOE[TOLSIC, axr K2 AHNLTET
o« AN VIRIETIE—RZRITIZ AL
e TNy TH, KBEETIETEAW
e 1/—F (4837) : 309 % T
e« 12/—F (5767) : 10 % T

S

2024/10/1 BB MPTER ”



/Ny FALIE &[S

-xm:yﬁﬁﬁu,ﬁ FlE, AR50 747FT (A
S5 AV TET Zt)ﬁfgiﬂh
« a7 LNy ?ME TEITLET
/Ny FFa—
o Ny FIER
v — ° U3 7ERY e — [ ——
N / ~ P —
CARN— (=
AT 17
2024/10/1 =Y A/ 35




/4y

Ny F X2 —DHEFE

e

s WisteriaThO /Ny FUEI|Z, ELEDNY FRXTLTEE
- FEaATV R
« a7 D®EA: pijsub <=2 T AT YT &>
s BODPERALZY 3 7OIRNHESR: pistat
AT a7 DHIBR: pjdel <> 3 71ID>
B/ —FDAAREEZR%: pjstat --rscuse
e Ny FxXxa—DIKEZRS: pjstat --rsc
« Ny Fxa1—DFMERZTR%: pjstat --rsc -x
cFIFoNTWBY a3 7#H%*RE%: pjstat --rsc -b
s BEDIKAERZR % pjstat -H
s ARFICIRATZESH - BT TEHHZRE5: pjstat --1limit
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X
> A
7 J

JT 4 7TETORY A
7 v b TIE {i~;(.c\ /AJ)

.3
73

e
mﬂA

[ ]
=
.
7 rf_'
N
/1
QN

$ pjsub --interact -g 7/ —7% -L rg=interactive-
0,elapse=01:00

12/ — |\7;?_.|__ . )
$ pjsub --interact -g 7/ —7% -L rg=interactive-
0,nhode=12,elapse=01:00

c AVRZTITATRHD/ — FAETEONTWSBIEE, BED
W ETCATAVTEEHA
e KEBLSHDODTHT Y FTIHEZETHA
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AEH LA

BRTDFa— - JIL—T%

c KigEHaHDF* 1 —4

e tutorial-o

« R K159 X T

e 2K/ — K312/ —F (57627) £

s REBBRTERDFT 1 —4

e Jecture-o

« A tutorial-o& Ak

c JIL—T%&: gtoo

2024/10/1

BER MPIERE
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KERFROHDY 2 TORITY
(RFw 737, Fz—>37)

« a7 RV YT god.sh DEIC gol.sh, go2.sh, &#FElF7/-L
s X7y 7Vad (FEFz—vTad) 0D
e Wisteria/BDEC-01 IZHITARTFTy 73 70%ITA

1. $ pjsub --step go0.sh
[INFO] PJM 0000 pjsub Job 800967 © submitted.

2. LD 371D (800967) ZHWT, LUTDLDICHEA
$ pjsub --step --sparam jld 800967 gol.sh
[INFO] PIM 0000 pjsub Job 800967 1 submitted

3. DAREIZ[ERR
$ pjsub --step --sparam jid=800967 go2.sh
[INFO] PIM 0000 pjsub Job 800967 2 submitted

2024/16/1 AT MPTEEE 39
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- 1_hybrid



INA T Yy RAEFER70 75 L&E a2 /84 )L

1. 1 _hybrid 74 L7 FUICAS
$ cd 1 hybrid
2. BIERTE (B4 v BIC—ELTETINIERL)
$ module load fj
3. aA/XA )L
$ make
4, E177 714 (hello omp) NN TETWB Z & #HERY
$ 1s

2024/16/1 AT MPTEEE a1



¥a7R7 Y7 kDA
(OpenMP/MPI/NA 7'V v FhR)

e NBIZCEEE, FortranTHE

— Y =R I—T%: lecture-o

— FMAE/ —F#: 12/ — FEHR

MPI7 A+t X¥: 12

OpenMP X L v F#{: 48

— E{THREFHIE: 19

module load fj fjmpi —~FRA7IV—T%4: gtoo

mpiexec ./hello omp . R o L
—MPIY a3 7 %127 At R TE1T




NA T Y w KRGl hkkHello7 B 27 2 LD EFT

e a 7RI YT AL run.sh T

B L= 7ITlEF 2 —&EH lecture-0" I >TWLWBD
T, INZz“tutorial-o’ICZELTLFEFEIWL

$ emacs -nw run.sh  # emacs TiREY 5HA
¢ vim run.sh # vim ’C“%@E?T%%E\
¢ nano run.sh # nano TRET 555

T aTEIA
$ pjsub run.sh

2024/10/1 EES  MPIER 43



NA 7Yy FiE5EkHello 7 B Y 7 L DFESR

1. BAaPEALTZY 3 7 DRREZHER
$ pjstat

2. PaTDETHIRTITHE, UTOT7 74 ILHERKEINS
run. shOOOKXX. out # IZEHAT 7 A 1L
run.sh. XXXXXX.err # 2EITZ—-—HAOT7 714/
avdE + .+ 2avID+ .[out err] EWVWS T A ILE

3. BEHNW 7 7ALVDHFEZRTH5S
$ cat run.sh.XXXXXX.out \ ) \
“Hello world!”"#'576 (= 48X L v F * 127 0€X) 1THNII
D82

2024/16/1 AT MPTEEE 24



MPIZ A5 LEE

SR LTWA AT T LEZEFHHALTHAS

o« (ZITFTEAA L TWBH T AT T LICMPIEAH &5

* MPI_Send()
* MPI_Recv()
* MPI_Reduce()

e



Y7797 A

2 sum_relay
3 sum _binary
*4 sum_reduce



==

B2 EI

Y
A
1:|||I|

R MPIBEMZE AW TIAIN L L TH S

e 7077 LD—EZEWNT, WIHMkETTIHETLAEI W
e sum.[c f90] MEZEH 7 74/, ref sum.[c f990] HEEH|ITT
RFERE O T L (BRRERIEAI)
« MPI_Send(), MPI Recv() DOfERA (2_sum_relay)
- IABEE OV T L (ZHKRERFEAT)
« MPI_Send(), MPI Recv() ®OfEMA (3 _sum binary)
« MFEE 7B 7 L (MPI_ReducefEFH)
* MPI_Recv() DfEA (4_sum_reduce)




M

/

BE 7 T7AINEEEFNOYY B E

EE 7 7A N A/ e EXREMGA NI
MakefileF 38D REF D1T%Z  MakefileBEED REF D{T#
aOX 7ML, make BIC L7 £ make

# switch of exercise/reference (comment out # switch of exercise/reference (comment out
for exercise) for exercise)
# REF := ref_ REF := ref_

# environment # environment
CC := mpifccpx CC := mpifccpx

# option(s) # option(s)
CFLAGS := -Kfast -Koptmsg=2 CFLAGS := -Kfast -Koptmsg=2

# source(s) # source(s)
SRC := $(REF)sum.c SRC := $(REF)sum.c




AMEE AT 7 LDE

e a 7RI YT AL run.sh T
B L= 7ITlEF 2 —&EH lecture-0" I >TWLWBD

$ emacs -nw run.sh
$ vim run.sh
$ nano run.sh
o ] \//\o/r}[/
$ make
e a7 aEA
$ pjsub run.sh

2024/10/1

# emacs
# vim
# nano

EES  MPIER

TiHmE
TimE

N2

(2,3,4%%

T, INZz“tutorial-o’ICZELTLFEFEIWL

=9 2%a
=9 B a

TimE

¥ 2154

18

)
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WIBEE A7 7 L (RREEAR)

X T7OVXAFRBETET—X%, 270 XTNEL, HHREX
:NH&M@bF%%%E?%Z%%%i%

« ZMNAETTE CBRREEA )

1. (GBE7O0tvZATHITND EBo7 0o T—2 %2525

2. [BEho7—4%]) & [ZET7—4%]) #2mME

3.é?%7mtzfnwni)EM®7mﬂz ICNE®RT—42 %
AN I=

4. MIBAIRT




BRISHE R
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A
\

5)

« 371TH, 4417TH ODMPII%*&*B/%*‘%B PHIICEREINTWLWS DT,
FHBS L CEIET DL S ICEEMmZ T s

« £ (rank - 1) ODADBEZZITEY, BB (rank + 1) DAICES
e tag FIEREDRTETEL—HT S LD IZIETE

MPI Status status;
int recv =

il

MIEE 707 5 L0088 (CE

/* receive partial sum from the left process (= rank -
1) and put it to "recv" if the left process exists (i.e. rank - 1 >= 0) */
if(rank > 0)
err = MPI_Recv(&recv, 1, MPI INT, int source, int tag, MPI_COMM WORLD, &status);

int send = rank + recv;
/* send current sum "send" to the right process (= rank + 1) if the right process exists
(i.e. rank + 1 <= size - 1) */
if(rank < size - 1)
err = MPI_Send(&send, 1, MPI INT, int dest, int tag, MPI_COMM_WORLD);




WIEE 7RI 7 LoD

- 411TH, 5117E @MPII%%&E‘B DEPDRIICERERINTWLSE DT,
TUED L TEMET AL HICEZTHZ TLEET WL
« £f% (rank - 1) @A?ﬁ‘bﬂ_%xﬁﬂﬂ‘), A% (rank + 1) DAIZES
« tag [IEZEORTETEN—HT S LD ICIETE

recv = 0
I''$ receive partial sum from the left process
if(rank > @) then
call MPI_Recv(recv, 1, MPI INTEGER, integer :: source, integer :: tag, MPI_COMM_WORLD, stat
us, err)
end if

send = rank + recv
I'$ send current sum "send" to the right process if the right process exists
if(rank < size - 1) then
call MPI Send(send, 1, MPI INTEGER, integer :: dest, integer :: tag, MPI _COMM_WORLD, err)
end if




MPI Send

*err = MPI_Send(*buf, count, datatype, dest, tag,
comm) ;
» buf: XEBEEDTIEY ML X ZiEE
« count: B XEBEEBOT—FERHEZET
- datatype: MPI_DatatypeZ, XEMEIBDT —XE%ZIETE

* MPT_INT (BEHA) , MPI_FLOAT (BFERHA) , MPI_DOUBLE (fFHERHKI)
A\

e dest: BHA XKEHLD (coomNTH) 7ALRT VI %#IBTE
s tag: BHAE, Avtv—JICDFBXTDEXIETE
e comm: MPI_Comm®!, D1 Ia2=4—X%ZIETE
« BEIEMPI _COMM WORLDZIETE T 41 & L
cerr (RYE) : BHEAE, T7—a0—FAA3
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MPI Recv (1/2)

e err = MPI_Recv(*buf, count, datatype, source, tag,
comm, *status);
c buf: XEHEBOEET FL XZ2iETE
« count: BHA ZEEEHOT—XERHZTIETE
- datatype: MPI_Datatype®! ZEEBDT— XA %ZIETE
e source: B¥HE Xyvtv—TORETOT VI EIEE
c FFEDTVINDLRELIWE E(E, MPI_ANY SOURCEZIETE
s tag: B JJEL-VWAYyE=JIIDODVWTWAB XTI ZIETE
s EEDRXRITEDAy—T%RFELI-WWE TIL, MPI_ANY TAGZIETE
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MPI Recv (2/2)

e comm: MPI CommZ!, BEICES5T52I21=7—X=Z*iETE

» status: MPI_Status®, ZEWRRAICETBBEHRHNIAS
c BRTHAOMEE% LB 2 HET 2
« CSi8 . MPI_Status status;
 Fortran: integer :: status(MPI_ STATUS SIZE)
 Fortran 2008: type(MPI Status) :: status
« EERHMAHMPI_STATUS SIZEDEHELIHNFER I NS

« RIEX Y=V DXRETD T >~ 7 Hstatus[MPI_SOURCE], X7 A

status[MPI_TAG]ICfKA SN 3
cerr: BHFA, IT5—3—FHAD

2024/16/1 AT MPTEEE
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MHEE 70475 LDOEZER (CEE)

+ED7AEZR (rank - 1) A blEZR(E
cHED7AER (rank + 1) ~NEfEZIX(E
+ X7 DEIFER (ERATIIEEZ7RERDT > 7)

/* receive partial sum */
MPI Status status;
int recv =
if(rank > 0)
err = MPI_Recv(&recv, 1, MPI INT, rank - 1, rank - 1, MPI_COMM WORLD, &status);

/* send sum */
int send = rank + recv;
if(rank < size - 1)
err = MPI_Send(&send, 1, MPI INT, rank + 1, rank, MPI_COMM WORLD);




WAEE 707 T LDFEES
(Fortran)

+ED7AEZR (rank - 1) A blEZR(E
cHED7AER (rank + 1) ~NEfEZIX(E
27 DEIZER (ERATIIEEZ7RERDT > 7)

I''$ receive partial sum
recv = 0

if(rank > @) then
call MPI_Recv(recv, 1, MPI INTEGER, rank - 1, rank - 1, MPI_COMM_WORLD, status, err)

end if

I''$ send sum
send = rank + recv
if(rank < size - 1) then
call MPI Send(send, 1, MPI INTEGER, rank + 1, rank, MPI_COMM WORLD, err)

end if




AEEZ AT 7 L (ZoARBFEHF)
ws 00 0-0 0-0 0-0
2 B D >©) (5

3 EXH =log, 8EX B




“oORNBEARXEE LFOT X

« (UTOARBIFY 707077 L3 sum_binary/ TIEEZEFH)
« 70 REFEZD2EHMFK I DIERZ A
«F 1 RICBWTIRET I 70 XDEAF:
rank & disp 7' disp & —ZK

« 7=7=L, disp = 27~(1i - 1)

« 7O XESD2EHREKRET, AL 0iFEHOEY P> TWWE7TOEXR

« T—XDEETTIE rank - disp DT7EEX
c BIENKILT S 7 O0EREZDEMR: disp = 27(i - 1)
c FETOERDODEHEICOVWTHRERIZEZNITL W

T — X 3EE X218 D A




MPI_ Status status;
int recv 0;
int send rank;
int disp = 1;
for(int ii = 0; ii < log2p; ii++){
if((rank & disp) == disp){
/* receive partial sum from the pair process */
err = MPI_Recv(&recv, 1, MPI INT, int source, int tag, M
O+ PI COMM_WORLD, &status);
send += recv;
disp <<= 1;
}
else{
/* send current sum "send" to the target process*/
err = MPI_Send(&send, 1, MPI INT, int dest, int tag, MPI
_COMM_WORLD) ;
break;

}
}




* 541TH, 62
EIpy &)
TINTWL
B L CE
ICE TR

PV

TEN—2T
15 E

77 LDEE (Fortran)

I'1$ summation based on binary tree manner

1 =0, log2p -1
if(iand(rank, disp) == disp) then
11$ receive partial sum from the pair process
call MPI_Recv(recv, 1, MPI INTEGER, integer :: source,
integer :: tag, MPI_COMM WORLD, status, err)
send send + recv
disp = disp * 2
else
send current sum "send"” to the target process
call MPI Send(send, 1, MPI INTEGER, integer :: dest, in
teger :: tag, MPI_COMM_WORLD, err)
exit
end if
end do




WAEE 07 5 LOEZER (CEE)

« XTIZOWVWTIE, RT—ITCICERBEICEAESICIE

/* summation based on binary tree manner */
MPI Status status;
int recv = 9;
int send = rank;
int disp = 1;
for(int ii = 0; ii < log2p; ii++){
if((rank & disp) == disp){
err = MPI_Recv(&recv, 1, MPI INT, rank - disp, rank -
disp + ii * size, MPI_COMM WORLD, &status);
send += recv;
disp <<= 1;
}
elseq
err = MPI_Send(&send, 1, MPI_INT, rank + disp, rank + ii * size, MPI_COMM_WORLD);

break; )
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eAlEE 7O 7 LOEEA)
(Fortran)
« XTICDODWTIERT— T EICERBEICAED L DICTE

I''$ summation based on binary tree manner
recv =
send = rank
disp =1

do ii = 0, log2p - 1
if(iand(rank, disp) == disp) then
call MPI Recv(recv, 1, MPI INTEGER, rank - disp, rank -
disp + ii * size, MPI_COMM_WORLD, status, err)
send = send + recv
disp = disp * 2
else
call MPI Send(send, 1, MPI INTEGER, rank + disp, rank + ii * size, MPI_COMM_WORLD, err)
exit
end if
end do

2024/10/1




WIEE 077 LTI X LLE

« BRERETI: Ny, —1 BIEITHEET S
° :/\7|< 1|:|/j I\;
cRE  FRTOBERTEEICHEINEITEIND (BEOERIIEELAW)
« BRI = log,(N,) EIMBIEREE 43
o BE[RIZA D LI
« 7O REHIEZ D t, BEEHDE (~EITHEOZE) H1EXR
* N, =512 (= 29)0> &lid, 511[E X¢ 9[E

7171L A _/\7|<1_1_7'7"T75‘EL\<‘:L\’)1%;.E IE 75 Ly
GRIEFEN %R 5 AEEH)




wHEE 717 7 L (MPI Reducef#

),

* MPI_SUM ZIEEINITHMZTETZE 5D T, MPI_Reduce()

ZHWTEET 20N —FBFE

«c FAT7 VA TRERTZILIY X LEZEIRTE-0, THLDOAEINRE

WEERAfF S NS

« S X THNTEEL TW=E92%, MPI Reduce() %
KL TAHATLEESL
7AILIE 4 sum reduce/ IZHVY FT

1LNTC3

/M



1:|||I|

MAEE 7075 L0EE (CEE)

e 381 TEH DMPIEER DD EPDAIICERE I N TWAD T, 7UED
LTEMET BLHICEZTHZ TN

e send DRI % recv WL TLEET WL
« ¥8A0 (MPI_SUM) ZETEL TL7Za W

/* calculate the total sum by using MPI Reduce */
int send = rank;
int recv =

/* calculate total sum of "send" and put the answer to "recv", only the root p
rocess (rank = 0) receives the result */

err = MPI_Reduce(const void *sendbuf, void *recvbuf, 1, MPI_INT, MPI _Op op, O,
MPI COMM _WORLD);




éﬂ
Lk

iEE 07 5 L0EE (Fortran)

e 391 TH DMPIFEHER DD EPDAIICEEZ INTWAHAD T, 7UED
LTEMET BLHICEZTHZ TN

e send DRI % recv WL TLEET WL
« ¥8A0 (MPI_SUM) ZETEL TL7Za W

I''$ calculate the total sum by using MPI_Reduce
send = rank
recv =

I''$ calculate total sum of "send" and put the answer to "recv", only the root
process (rank = @) receives the result

call MPI_Reduce(<type> :: sendbuf(*), <type> :: recvbuf(*), 1, MPI INTEGER,
integer :: op, 0, MPI_COMM _WORLD, err)




MPI Reduce (1/2)

e err = MPI_Reduce(*sendbuf, *recvbuf, count,
datatype, op, root, comm);
« sendbuf: XEMBEBDITIET FL XZI8E
e recvbuf: XEEBDITTET ML X ZiEE
c root TCHEELEZ7ALADATEZTIAETNS
o FEEEEREBREBIIRI—TH > TlTH AL (ER S EY %2HER)
« * root®sendbuf& L TMPI IN PLACEZIEE Y % Z & TRI— DB % {5 € 7] B2
» count: BHAE XEEBOT—XERHEZET
- datatype: MPI_Datatypef! XEBEBOT—RXE%ZIETE

* Fortran®Dif5 @ <&/ - RA(ELAIE>%RYIEE (MPI_MINLOCR &) % FETE
9 21551, MPI_2INTEGER (B#(#!) , MPI_2REAL (HIBFER) ,
MPI_2DOUBLE_PRECISION(=MPI 2REAL8) ({ZWFEZR!) %187
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MPI Reduce (2/2)

e root: BHEAE EHRASITRS70€XD7 V7 %18F

op: MPI_Op#!, EH

ok

« MPI_SUM: ¥&#0
- MPI_PROD: &
e MPI_MAX: K&
e MPI_MIN: E/J\M&

BEOEMEZIET

« MPI_MAXLOC: s K{E& Z DALE
e MPI_MINLOC: &m/MEBE& Z D{E

« conmIDE7 A ANEILIEZIEET 2MHELDH S

comm: MPI_Comm%!,

cerr; BHFE T 77—

2024/10/1

BIEICESE 523227 —X%21EE

aA—FAAS
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WIEE NS LOEER (CS

« EE/Ny 7 7L &send ZIETE
e F(E/NNY 7 7L &recv ZIETF
c B ZRDH B DT, MPI Op (ZlE MPI_SUM %357F

/* calculate the total sum by using MPI_Reduce */
int send = rank;

i
O
N—

int recv = 0;
err = MPI_Reduce(&send, &recv, 1, MPI_INT, MPI _SUM, ©, MPI_COMM _WORLD);




RAEE AT T LDOERES
(Fortran)

« EE/NY 7 7IE send ZIETE
e F(ENY T 7L recv ZIETFE
« AR DB DT, MPI Op (ZIx MPI SUM %*357E

I''$ calculate the total sum by using MPI_Reduce

send = rank
recv = 0
call MPI_Reduce(send, recv, 1, MPI INTEGER, MPI_SUM, ©, MPI_COMM_WORLD, err)




N w N R

 AERROLEARD 184 27T, BAEE
. RBREORKE (= 2F0FET

5)

Qul
YAL!

T ETEBROBESE (CE

rnlh

AIERSBEIIC, 270t XDEEE%= &5 (MPI_Barrier)

IRIERZIEZEE (MPI_WtimeADEHETHRW)

|

¥f) %ZMPI_Red

err = MPI_Barrier(MPI_COMM _WORLD);
double t_ini = MPI Wtime();

double t _fin = MPI Wtime();

double elapsed = t fin - t_ini;

err = MPI_Reduce((rank > @) ? &elapsed : MPI_IN PLACE,
&elapsed, 1, MPI_DOUBLE, MPI MAX, ©, MPI_COMM_WORLD);

MJ e

L, LIRS
EE
uce CHUS




bl ETEFEDORESE (Fortran)

e o5 TWABZLIFCEEZRERMULED, 3EEEFA2FHAULEL

call MPI_Barrier(MPI_COMM_WORLD, err)
t ini = MPI_Wtime()

t fin = MPI_Wtime()
elapsed = t fin - t_ini
if(rank /= @) then
call MPI_Reduce( elapsed, elapsed, 1, MPI DOUBLE PRECISION, MPI MAX, ©, MPI
COMM_WORLD, err)
else
call MPI Reduce(MPI_IN PLACE, elapsed, 1, MPI DOUBLE PRECISION, MPI MAX, @, MPI
COMM_WORLD, err)
end if




WIEE RN 7 LDF E®D

¢ n-l_ %1%75‘1__5[/ Q_C\.’_%EEHIL’ [/T<7ﬁ_é\a\
;.Jr %“—“%tli%” ZXEH A (Pun.sh. . XXXXXX.out) ICEANTUWET

BY DFETRERLICENEZEDORTREZLERL T{ZT Ly
-%mIEWAwinhﬁi¢ EHDICELNTLET
BELLEZXIVT TR, 7R L%SEERETLET

« —BREDN-T-BE %ﬁ%ﬁtT%%m,¢%ﬁ%ﬁ§ﬁtT%%Qﬁ
ENHYET (EH5WST7—XZEY LA C CEt)IcZER)




Mee7a 7747

« EiRlIWeb R—Z A [REFa XV NEHE| 9
Wisteria/BDEC-01 ¥ X T LFFAFF|E

6. HHERY—I

x7-1%

78774 7NAFEIE

ABBLTLEEL
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MPIZ7 A% 5 L5

« 2R T TR T

e MPI Bcast()
* MPI_Send()
* MPI_Recv()
« MPI_Scatter()
* MPI_Gather()

\’/
iy




Y7797 A

5 diffusion



2 RITILEA R R

» XA (MEEu, a> 0ITTEERE)

ou v2
— = aV°u
) B dt
 —BIV VTN EENMEER (BEDO/-Oh=4x=4y& T 3)
a At
u{)lj—l—l — u:}l] + _hz_ (u{’lj_l ~+ u{’lj_l_l —+ u?_llj ~+ u?+1,j — 4‘u:’lj)
+ RE MM
_adt N a At - 1
YT U0z @y)r "2



L— & — 1R

«$ ffmpeg -r 30 -i fig/map%03d.png -vf
scale=“trunc(iw/2)*2:trunc(ih/2)*2”
-vcodec 1ibx264 -profile:v high
-X264-params slower -pix_ fmt yuv420p -g
30 map.mov

-;@W xF7L—LL—F%30 fps & L7

CETA TS EEEG T L E N D ~ 0
Td%ﬁofﬂﬁ‘@wﬂt@‘ E@W%ﬁ“
« GOUIIZERDAERE, S jé: B BE *]JHHE“‘E
NHORBLTWDDT, ﬁétﬂLA 7z 1E
BICIE/NRTA—RZBRET DU %%U
« BXE7 71/ global.cfg 0 0.10.20.30.40.50.60.70.80.9 1
e 1024*%1024X v a2 (FALZRHMHETET B) X

« XF w73y FHEEIZ0.00390625
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N=SB D

NN

\
\/
1:|||I|

==
7I<ﬂ

(>"

2RTTIEHARRADY T alb—yavya—FREEIMLL TLE
z‘:su\
T B 707 7 LlE 5 diffusion/src OFICA->TWET
e V—ROA—FIBgEZ L IZREISNTWWET

c WERYDEALIMLE WS DIFIERICKELDT..
cBL7#ILED ref HHBEZ77ANIEHEILEAY Y TILTT
« Makefile |% ref DET77ALZEFE-STAVSALTEDLSITHS
TWBDT, MEFDT7 7AW T 25727 Makefile ZEZF
az L, 2L 25 L TWK T EARIBETT
e (ref 2ZX77ANFHIUL LAY 7 ILa—FEHDT,
ERNHO SR NWEZ(ICIFeE Y RELTE->TLEE W)

|

Nl 5]




Y7787 L0EN LA

*$ cd 5 diffusion

* $ make dir # #MOIC—ETZIFET

« $ make # bin/diffusion, bin/gen ic Z4RX
*$ pjsub gen.sh # FIHEAZEMH (dat/snpeee.dat) DA Ak
*$ pjsub run.sh # dat/snpee8.dat F THHHINS
$ pjsub plt.sh # FTEMERZzAI&KILL, fig/ UTICHET

2024/10/1 EES  MPIER
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RXE 7 74 (global.cfg) DEH

e # DUFIZOaAX > bEDT, EBEDODT7 74 ILIZIZELAE L
192 192 # x, y-ARADX v 28 (N, N,y)
24 24 # x, y-HAAOMPIZ A+t X (p,,p,)
0.0625 # LRI (a>0) DIE

.25 # 77— (v<05) DfE
0.5 0.0625 # I a2l — a3 vVRTERANERF Yy 73y PHEAOERE
0 #t B E T 23R Fy T oay b7 74 ILES

* Neldp, @D, N,ldp, DEHETSZ EESBNORELZBEICT 57-0)

* 0 Ep, DIBRIET DR E—HEIHED (ZDHFFICIES76)




\

ZZ | BIRO KRR

* Wisteria/BDEC-01 (CAJ A 9 B[RIC -Y DETRITA YV
$ ssh -Y username@wisteria.cc.u-tokyo.ac.jp
$ cd /work/gtoo/$USER/../fig
$ eog map0oo.png &
E © Cygwin D ld"cannot open display" &R Y RRTEEFHA

—

* FILOPCICERZ7 74 /L2 IE— L TFHRR
$ rsync -av username@wisteria.cc.u-
tokyo.ac.jp:/work/.../fig .
e rsyncAAN T IEsFtp, scpi & (7272 LscpldOpenSSHRYIZIFEHER LD Z &)

* WindowsD 5L, WinsSCPEFE->TX VY HE—RLTHRWVWTT
+ IT 4 XDOMREEENAL TxT

e Emacs D TRAMPHEBEX, Visual Studio Code®Remote Window7s &
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Makefile DIREH|

« STT&Z D Makefile » topology.c ZiR&ET 255
# source(s) # source(s)
SRC_EXE := $(REF)diffusion.c SRC_EXE := $(REF)diffusion.c
SRC_EXE += $(REF)topology.c SRC_EXE += topology.c
SRC_EXE += $(REF)boundary.c SRC_EXE += $(REF)boundary.c
SRC_EXE += $(REF)scatter.c SRC_EXE += $(REF)scatter.c
SRC_EXE += $(REF)gather.c SRC_EXE += $(REF)gather.c
SRC_EXE += 1io.c SRC_EXE += io.c
c FLDIKIFEALEDT 7AILD « topology.c DEIIZH - 7=
Z $(REF) b\J\o’CL\% $(REF) 7&% Sy

« ©£TD $(REF) HENNITFE

i



2R Tohes T

-?E%%Eiﬁ,m%“ REBREZMEDOT — X Z1D DRI

REFITHILT S (1&7 Ot ZAAEBEL T BEED) T— X Z2FIEF]IC
ETE T 5O EEIEEIC

#%%VW%&
O [ENSLEEVE (= 1) FUDDT— R & RFI 588 % L TAERITEN

° 7

SNk

— X DERTE

AN kS
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ERICHT--T

-NSLEEVEGD1 IF1& L TEERATY
EEETIX src/macro.h T define L TWZE T
e Fortran TIl¥ src/macro.f99 TESL TWE T

. EEE’C%\Q’YE@EW%@E/} CFELR (Lf‘JZ:) ICRBEHIT5) O
X% DmEILG DT, 1R L Raidd DL HICRAEL T
77X
e src/macro.h T INDEX2D(nx, ny, i, j) &WS <7 0% E%H

LITF D2/ % — v DEREHAEFM

static int array2d[nx][ny]; static int arrayld[nx * ny];
for(int ii = 0; ii < nx; 1ii++) for(int ii = 0; ii < nx; ii++)

for(int jj = 0; jj < ny; jj++) for(int jj = 0; jj < ny; jj++)
array2d[ii][jj] = 11 * jj; arrayld[ INDEX2D(nx, ny, ii, jj)] = ii * jj;




IKIERTE DHE

eI a2l —YarYDETFEIZDOWNTIE, rootdD AN EAIAT ER
c 27 OV AN > THELARZBIRIIMPIBEZAWVWTHET 5

e Xy af, HENBNDORTE, WEURE, 7—F7 8k E
e HZ L

1. MPI_Bcast() ZHAWWTrootHhH27 AR L TT—X =X




MPI Bcast

* err = MPI_Bcast(*buffer, count, datatype, root,
comm) ;
- buffer: XEFIUREBEBDOELET FL X ZHEE
e count: BHAE buffertlDT—XEBEZRZHZIETE
datatype: MPI DatatypeZ. buffer® 77— X &% 5T
root: BHEE A vt—T%FXETHTOELRDIDEZIERE
« 27 AL ZANRLEZIEET 5
comm: MPI_Comm®E, BEICEASEISII1=7—X%ZETE
err: BHA T 7—3—FHAS

2024/10/1 EES  MPIER
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RREFEDHE (CEEE)

e diffusion.c D write program; & H3EN % iRE
« HEITREZZH:
nx_tot, ny tot, px, py, diff coeff, courant, final,
snapshot_interval, prev

cBEY LT, nx_tot 72IFEEEH

il

/* broadcast configuration of the simulation to all processes */

/* broadcast nx_tot, ny tot, px, py, diff coeff, courant, final, snapshot interval, and prev
from the root process (rank = @) to all processes */

/* int MPI Bcast(void *buffer, int count, MPI_ Datatype datatype, int root, MPI Comm comm) */
err = MPI Bcast(&nx_tot, 1, MPI INT, ©, MPI_COMM WORLD);
write program;




KR EDHE (Fortran)

e diffusion.f90 H D write program & & % E80 % RS
« HEITREZZH:
nx_tot, ny tot, px, py, diff coeff, courant, fin,
snapshot_interval, prev

cBEY LT, nx_tot 72IFEEEH

y/ILLN

I''$ broadcast configuration of the simulation to all processes

I''$ broadcast nx_tot, ny tot, px, py, diff coeff, courant, fin, snapshot_interval, an
d prev from the root process (rank = @) to all processes

I''$ MPI_BCAST(BUFFER, COUNT, DATATYPE, ROOT, COMM, IERROR)

NS <type> BUFFER (*)
NS INTEGER  COUNT, DATATYPE, ROOT, COMM, IERROR

call MPI Bcast(nx_tot, 1, MPI_ INTEGER, ©, MPI _COMM_WORLD, err)
write program




BEHFDOEE

s XY VTN -FTR, FAEBEEE2RTNICOEIT S
L TEATET S 70X EQBENRET 210, WHT D
JAOvRT70%Hoh LHREITEL
 FIHIRNESR G ZHAL TWB Z EI0ER
e B s B TTOERDORT|IIEFDO IO X
e B L
1. BAO70E2XRZ7 7 DOxAMR, yARICEITHIDZEE
2. B LETBE AR T I IS




BEBFEDESR (CS:E)

e topology.c HD set process topology() Zims
e E I HITrx-1&FEEKT B L, rx=0DHEICER LA WVWEHIC

/IIIIF

void set process_topology(const int rank, const int px, const int py,
int *rank_1, int *rank_r, int *rank_b, int *rank_t)

{
write_program;
const int rx = ;/**< rx ¥in [0, px) */

const int ry = ;/**< ry ¥in [0, py) */

*rank 1 = ;/**< (rx - 1, ry), rx - 1 ¥in
*rank_ r = ;/**< (rx + 1, ry), rx + 1 ¥in
*rank b = ;/**< (rx, ry - 1), ry - 1 ¥in
*rank_ t = ;/**< (rx, ry + 1), ry + 1 ¥in




BEMFDEFH (Fortran)

* topology.f90 H D set process topology() %imE
« E I HITrx-1¢EXET B L, rx=00HEICER LBRWEE)ICKR S

subroutine set process topology(rank, rank_1, rank _r, rank_b, rank_t)
implicit none

write program
rx = !l< rx ¥in [0, px)

ry = 1< ry ¥in [0, py)

rank 1 = !'l< (rx - 1, ry), rx

rank r = !l< (rx + 1, ry), rx

rank b = !l< (rx, ry - 1), ry -

rank t = !l< (rx, ry + 1), ry +
end subroutine set _process_topology




ISR DRE (MBI DRH)

c FTERAOEHAELETE70LRIIHLT, T—XEEZE
e PAH T L
1. XET— X %% (X EVEBLELCERICAEDLSICEZTRBT)
(Z DERD X EEFH)
2. MPIRA# A A WTT — X %X (MPI_Send/MPI_RecvDiHAEHH,
MPI Sendrecvwﬁﬁﬁ MPI Isend/MPI Irecv®D{EAA L)
3. RMEL - (Bf) T— X Z2EERESTERORYICEZARET
(Z DERD L EE /ﬁa"%)




IEREHDERTE (CSEE)

I LLL

* boundary.c H® set periodic_boundaries() %iRmE

void set periodic_boundaries(const int nx, const int ny, float *dat, float *buf,
const int rank, const int rank_ 1, const int rank_r, const int rank_ b,
const int rank _t, const int py)

{

/* exchange sleeve regions */
update_program;




IEREZEDERTE (Fortran)

* boundary.ft90 F

WD set periodic boundaries() Z#wE
subroutine set periodic_boundaries(nx, ny, dat, buf, rank, rank 1,
rank_r, rank b, rank_t, px)

RS

exchange sleeve regions
update_program

end subroutine set periodic_boundaries
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s JIHAEHE %= root AMNEL THAENSERE

c XTOVADEHEZEDD-HICIE, BOHIPBYETRIHEEBOT —X
2HIS T ANEHLDH S

-2¢m£ﬁ@7 REDT, AEY FTCOTF—XDAVHFICHEE

1. root 7O+t XA MPI Scatter() BICT—X 2L RNEFHT
(rank @D T—2Z, rank 1HDOT—%, ., rank n - 1IADT—%)
(Z DERD ITEEFEA)

2. MPI_Scatter() ZHAWTT—X %=l

3. RITE- 77 —% %, STERADOBRIIZKEN (Z DD IIEEFH)

il




MPI Scatter (1/2)

* err = MPI Scatter(*sendbuf, sendcount, sendtype,
*recvbuf, recvcount, recvtype, root, comm);
« sendbuf: XEMBEBDITIET FL XZI8E
» sendcount: BHE XEBRBOT—XERZHZET
« 170 RETICEKET HEERIK
* MPI_ScatterTIEE£7 AL XRICEEZ A v =Y A XZRELCTHLE WIFA L
sendtype: MPI_Datatypef!, XEBEEBOT — XA ZIETE
recvbuf: X{EEBDITLET FL X ZI8TE
- (FAJ& L0) XEBEEBEZEERBIER—TH > TEmo AL
e T root®recvbuf& L TMPI _IN PLACEXIEET 5 Z & TRI—DHEI % 5 %E Al AL
recvcount: BHA REEBOT—XERZHEZIET
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MPI Scatter (2/2)

recvtype: MPI_Datatypef!, Z{EHBOT —XBZIETE
root: BHA ERZ2ITNAB7OELRADIT I %iETE

« conmDOET7 O IAWFECIEZIEET 2HLENH S
comm: MPI_Comm%E, BEICEETSII21=T—X%ZIEE
err: BHAE IT7—3—-FHAD

 sendbuf, sendcount, sendtype®DigiE
* root TNABKZED (7O X TOIREIFERIND)
- (EHLIZ) 270X D root COIREEEZZEVNTHIFIFL L
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e scatter.c D scatter map() %*iwSE

il

AT

void scatter_map(const int nx_tot, const int ny tot, float *map ful, float *buf ful,
const int nx, const int ny, float *map_loc, float *buf_loc,
const int py, const int rank, const int size)

/* scatter the data */
update_program;




5 —X0DOfd4% (Fortran)

e scatter.f90 D scatter map() ZiRE

il

subroutine scatter _map(nx_tot, ny tot, map ful, buf ful, nx, ny,
map_loc, buf _loc, px, rank, size)
implicit none

S scatter the data
update_program

end subroutine scatter_map
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« XF v 7 ay blE root PMYEL THADT BHELE
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1.
2.
3.

MPI_Gather() BICT— X2 AREET (T DD IFEEEFH)
MPI Gather() ZHWTT—4%X% root ICE®H3

root 7 AL AAZITE->71-T —& %, ARG HET

(ZFIET— XL rank 6D T—4%, rank 1IHOT—2X, .,
rank n - 1IFAOT—% WS EAICIEA TULS)

(Z DB IXEZFA)

-~




MPI Gather (1/2)

* err = MPI_Gather(*sendbuf, sendcount, sendtype,
*recvbuf, recvcount, recvtype, root, comm);

sendbuf: XEEBDITLET FL X ZI8TE
sendcount: BHA XEBRBOT—XERZHZET
sendtype: MPI_Datatypef!. XEMEEHOT —XB%ZI5E
recvbuf: X{EMEBDITIET FL X ZI8TE
- (REJE L) =EBEEEZEBEEIER—TH- TiEH o iRn
« * root®sendbuf& L TMPI IN PLACEZIEE Y % Z & TRI— DB % {5 E A] B2
recvcount: BHA ZEEEBOT —XEZHEIET
c 17 AR LRETHIERK
« MPI_GatherTlE27 0t RDA v =Y A XIRELETHWLE WITFAEL
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MPI Gather (2/2)

recvtype: MPI_Datatypef!, Z{EHBOT —XBZIETE
root: BHA ERZ2ITNAB7OELRADIT I %iETE

« conmDOET7 O IAWFECIEZIEET 2HLENH S
comm: MPI_Comm%E, BEICEETSII21=T—X%ZIEE
err: BHAE IT7—3—-FHAD

« recvbuf, recvcount, recvtype®D3IgEiE
s root COHERERD (MO 70X THORTEIFERIND)
e (ERLIR) €70t X D root TOHRTEMEEZZENTHIFIFL L



BT —2n& (CS5&

e gather.c M gather map() %iRS

il

AT

void gather map(const int nx_tot, const int ny tot, float *map ful, float *buf ful,
const int nx, const int ny, float *map loc, float *buf_loc,
const int py, const int rank, const int size)

/* gather the data */
write program;




B5r—2DINE (Fortran)

il

AT

e gather.f90 M gather map() Z RS

subroutine gather_map(nx_tot, ny tot, map_ful, buf ful, nx, ny,
map_loc, buf _loc, px, rank, size)
implicit none

S gather the data
write_ program

end subroutine gather_map
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KRB EDHEE (CS

e ref diffusion.c OF 5

MPI BcastTIENy 7 7DFET FL X ZIEEIT HDT, &&DIlT5
e int T — X IZDWTIIMPI INT, float7T — X IZDUWTIIMPI FLOAT
B DEHZZAIAATZDIZ rank = 0 D7 OEX

/* broadcast configuration of the simulation to all processes */
err = MPI_Bcast(&nx_tot, 1, MPI INT, ©, MPI_COMM WORLD);

err = MPI_Bcast(&ny_ tot, 1, MPI INT, ©, MPI_COMM WORLD);

err = MPI Bcast(&px, 1, MPI_INT, ©, MPI_COMM_WORLD);

err = MPI_Bcast(&py, 1, MPI_INT, ©, MPI_COMM WORLD);

5)

il

err = MPI_Bcast(&iff coeff, 1, MPI_FLOAT, ©, MPI_COMM WORLD);

err = MPI Bcast(&courant, 1, MPI_FLOAT, ©, MPI_COMM _WORLD);

err = MPI_Bcast(&final, 1, MPI_FLOAT, ©, MPI_COMM WORLD);

err = MPI Bcast(&snapshot _interval, 1, MPI_FLOAT, ©, MPI_COMM_WORLD);
err = MPI_Bcast(&prev, 1, MPE INT5#0, MPI_COMM_WORLD);




KR EDHE (Fortran)

» ref diffusion.f99 DH 5

—

e integer7 — X I DULTIIMPI_INTETER,

—

real7T — X (DU TIEMPI REAL
s BHDEHFHAAAT-DIE rank = 0 OD7AE X

I'1$ broadcast configuration of the simulation to all processes
call MPI Bcast(nx_tot, 1, MPI_INTEGER, ©, MPI _COMM_WORLD, err)
call MPI Bcast(ny tot, 1, MPI_ INTEGER, ©, MPI _COMM_WORLD, err)
call MPI Bcast(px, 1, MPI_INTEGER, ©, MPI COMM _WORLD, err)
call MPI Bcast(py, 1, MPI_INTEGER, ©, MPI COMM _WORLD, err)

call MPI Bcast(diff coeff, 1, MPI REAL, ©, MPI_COMM_WORLD, err)

call MPI_Bcast(courant, 1, MPI_REAL, ©, MPI_COMM WORLD, err)

call MPI_Bcast(fin, 1, MPI_REAL, ©, MPI_COMM_WORLD, err)

call MPI_Bcast(snapshot interval, 1, MPI_REAL, ©, MPI _COMM WORLD, err)
call MPI_Bcast(prev, 1, MPI_INTEGER, ©, MPI_COMM_WORLD, err)

=EHE 33 A




BEBFEDESR (CS:E)

« ref topology.c DH 5
cMPI7 At RXE2RTHICEEE L/-BOLTAERED At X %251E
« EAI, TAICOWTIZEIC -1 93D TldA<, px - 1 ZIZ

s

I-ZICpxTE| - =RV ERDBZ LT, BOEIIBATEI L%

void set process topology(const int rank, const int px, const int py, int *rank_1, in
t *rank_r, int *rank_b, int *rank_t)

{

¥

const int
const int
*rank 1
*rank_r
*rank_b

*rank t
2024/10/T

rx = rank / py;
ry = rank % py;
INDEX2D(px, py,
INDEX2D(px, py,
INDEX2D(px, py,
INDEX2D(px, py,

(rx + px - 1) % px, ry);
(rx + 1) % px, ry);
rx, (ry + py - 1) % py);
rx, (ry + 1) % py);

B L  MPTERE




N

BEMHFDOEEH (Fortran)

 ref topology.f90 GDEZ'EJ
*MPI7 AL RZ2RTEMNICHREL 7O L TEED 7O R %5HE

o 1A,
1-1&l
o] Bk

A ’JL\’CL;tE -1 §BH5DTIEEL, px - 1 ZMZ
ICpxTE|»7=FRY Z2KHDB Z & T, ,ﬁiﬂ)@?ﬁ‘/rd\’é'% &

subroutine set _process topology(rank, px, py, rank 1, rank_r, rank b, rank_t)
implicit none
integer, intent(in) :: rank, px, py
integer, intent(out) :: rank_1l, rank_r, rank b, rank_ t
integer :: rx, ry
rx = mod(rank, px)

ry = rank / px

rank_1 = mod(rx + px - 1, px) + px * ry

rank_r = mod(rx + 1, px) + px * ry

rank b = rx + px * mod(ry + py - 1, py)

rank_t = rx + px * mod(h¥ + 1, py)
end subroutine set process fbpoT%gy




IEREZHORTE (MEEORE  C:1/2)

ref boundar [EEETISESY
y.C O)EIZI% MPI_Status status;

AIREET
S > = ecv uf|recv_rj,
c\: O)ﬁ - status);
= MPI_Send(&buf[send 17,
MPI Recv(&buf[recv_ 1],
status);
MPI Send(&buf[send r],
}
else{
MPI Send(&buf[send 1],
MPI Recv(&buf[recv_r],
status);
MPI Send(&buf[send r],
MPI Recv(&buf[recv_ 1],
status);

}

/* exchange sleeve regions */

/* horizontal exchanging */

NSLEEVE *

NSLEEVE *
NSLEEVE *

NSLEEVE *

NSLEEVE *

NSLEEVE *

NSLEEVE *
NSLEEVE *

EES  MPIER

ny,

ny,
ny,

ny,

ny,

ny,

ny,
ny,

MPI_FLOAT,

MPI_FLOAT,
MPI_FLOAT,

MPI_FLOAT,
MPI_FLOAT,
MPI_FLOAT,

MPI_FLOAT,
MPI_FLOAT,

rank_r,

rank 1,
rank 1,

rank_r,
rank 1,
rank_r,

rank_r,
rank 1,

rank_r,

rank

J

rank 1,

rank

rank
rank_r

rank

J

J

J

J

rank 1,

MPI_COMM_WORLD, &

MPI_COMM_WORLD);
MPI_COMM_WORLD, &

MPI_COMM_WORLD);
MPI_COMM_WORLD);
MPI_COMM_WORLD, &

MPI_COMM_WORLD);
MPI_COMM_WORLD, &
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« FFAMED
JAtXRE
BIE

/* vertical exchanging */
if((rank % py) & 1){

MPI Recv(&buf[recv_t], NSLEEVE
status);

= — MPI_Send(&buf[send b], NSLEEVE *
) \ — _Pi,
éiéaszc“'¢:)k’ MPI_Recv(&uf[recv_b], NSLEEVE *

Lj:7}(z|zjj_ s’ca’cus),T

r,:'ﬂ r E L } MPI_Send(&buf[send_t], NSLEEVE

else{
status);

status);

}

MPI_Send(&buf[send b], NSLEEVE *
MPI _Recv(&buf[recv_t], NSLEEVE *

MPI Send(&buf[send t], NSLEEVE *
MPI Recv(&buf[recv_b], NSLEEVE *

MPI_FLOAT,

MPI_FLOAT,
MPI_FLOAT,

MPI_FLOAT,
MPI_FLOAT,
MPI_FLOAT,

MPI_FLOAT,
MPI_FLOAT,

rank_t,

rank b,
rank_b,

rank_t,
rank_b,
rank_t,

rank_t,
rank_b,

rank_t,

rank

J

rank_b,

rank

rank

J

J

rank_t,

rank

J

rank b,

MPI_COMM_WORLD, &

MPI_COMM_WORLD);
MPI_COMM_WORLD, &

MPI_COMM_WORLD);
MPI_COMM_WORLD);
MPI_COMM_WORLD, &

MPI_COMM_WORLD);
MPI_COMM_WORLD, &



IERFEDRE (HMEEORHE D F:1/2)

if(iand(mod(rank, px), 1) == 1) then
ref boundar call MPI_Recv(buf(recv_r), NSLEEVE * ny, MPI_REAL, rank_r, rank_r, MPI_COMM_WORL

yf§@ )= D, status, err)
5

call MPI Send(buf(send 1), NSLEEVE * ny, MPI_REAL, rank_1l, rank , MPI_COMM_WORL
D, err)

call MPI_Recv(buf(recv_1), NSLEEVE * ny, MPI_REAL, rank 1, rank 1, MPI_COMM_WORL
D, status, err)

call MPI Send(buf(send r), NSLEEVE * ny, MPI_REAL, rank_r, rank , MPI_COMM_WORL
D, err)

else

call MPI Send(buf(send 1), NSLEEVE * ny, MPI_REAL, rank_1l, rank , MPI_COMM_WORL
D, err)

call MPI Recv(buf(recv_r), NSLEEVE * ny, MPI_REAL, rank_r, rank _r, MPI_COMM_WORL

MPI_Sendrec REEEEETINY
,xg call MPI Send(buf(send r), NSLEEVE * ny, MPI_REAL, rank_r, rank , MPI_COMM_WORL

= — IEBREEY)
LH 1 call MPI Recv(buf(recv_1), NSLEEVE * ny, MPI_REAL, rank_ 1, rank 1, MPI_COMM WORL
\
D, status, err)
end if



IEREZEHDORTE (HEEORHE F:2/2)

-tﬁﬁﬁ
dO7 04
R L BEE

« EE(ZD
W T IEoK
Y AMEE
Ei»

I1$

vertical exchanging

if(iand(rank / px, 1) == 1) then

call MPI Recv(buf(recv_t),
status, err)

call MPI Send(buf(send b),
err)

call MPI Recv(buf(recv_b),
status, err)

call MPI_Send(buf(send t),

err)
else
call MPI_Send(buf(send b),
err)

call MPI_Recv(buf(recv_t),
status, err)
call MPI_Send(buf(send t),
err)
call MPI_Recv(buf(recv_b),
status, err)
end if

EES  MPIER

NSLEEVE

NSLEEVE

NSLEEVE

NSLEEVE

NSLEEVE

NSLEEVE

NSLEEVE

NSLEEVE

MPI_REAL,
MPI_REAL,
MPI_REAL,

MPI_REAL,

MPI_REAL,
MPI_REAL,
MPI_REAL,

MPI_REAL,

rank_t,
rank b,
rank b,

rank_t,

rank_b,
rank_t,
rank_t,

rank_b,

rank_t,

rank

J

rank b,

rank

rank

J

J

rank_t,

rank

J

rank_b,

MPI_COMM_WORLD,
MPI_COMM_WORLD,
MPI_COMM_WORLD,

MPI_COMM_WORLD,

MPI_COMM_WORLD,
MPI_COMM_WORLD,
MPI_COMM_WORLD,

MPI_COMM_WORLD,
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e ref scatter.c OHFH
* MPI_Scatter() ZHWTT—X %%

il

void scatter_map(const int nx_tot, const int ny tot, float *map_ful, float *buf ful,
const int nx, const int ny, float *map_loc, float *buf_loc,
const int py, const int rank, const int size)

{

/* scatter the data */
int err = MPI_Scatter(buf_ful, nx * ny, MPI FLOAT, buf loc, nx * ny, MPI FLOAT, ©, MPI_COM

M_WORLD);




5 —X0DOfd4% (Fortran)

e ref scatter.c OHFH

il

* MPI_Scatter() ZHWTT—X %%

subroutine scatter_map(nx_tot, ny tot, map_ ful, buf ful, nx, ny, map_lo
c, buf_loc, px, rank, size)

e scatter the data
call MPI_Scatter(buf_ful, nx * ny, MPI REAL, buf loc, nx * ny, MPI RE
AL, ©, MPI_COMM_WORLD, err)
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e ref _gather.c OH 5
* MPI_Gather() T rank = 0 ~N&IXfE

|l
|||r
7~
)
fff
i
OH
N—

void gather_map(const int nx_tot, const int ny tot, float *map_ful, float *buf ful,
const int nx, const int ny, float *map_loc, float *buf_loc,
const int py, const int rank, const int size)

{

/* gather the data */
int err = MPI_Gather(buf loc, nx * ny, MPI FLOAT, buf ful, nx * ny, MPI FLOAT, @, MPI_COMM_WORLD);




B —XDINE (Fortran)

il

* ref_gather.f90 OH 5
* MPI_Gather() T rank = 0 ~N&IXfE

subroutine gather_map(nx_tot, ny tot, map_ful, buf ful, nx, ny, map loc
, buf_loc, px, rank, size)

S gather the data
call MPI Gather(buf_loc, nx * ny, MPI_REAL, buf_ ful, nx * ny, MPI REA
L, ©, MPI_COMM WORLD, err)
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