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 Parallel computing

 MPI based parallel computing

 Practical applications
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Brief introduction to MPI
MPI basics
MPI practice

It’s neither complicated nor bloated.
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Message Passing Interface (MPI)
Blaise Barney, Lawrence Livermore National Laboratory

https://computing.linl.gov/tutorials/mpi/
http://people.sc.fsu.edu/~jburkardt/f_src/f90_calls_c_and_mpi/f90_calls_c_and_mpi.html

C Language - Environment Management Routines Example

#include "mpi.h"
#include <stdio.h>

int main(arge,argv)
int arge;
char *argv[]l; {
int numtasks, rank, rc:
rc = MPI_Init (sargc, sargv) ;
if (re != MPI_SUCCESS) {
printf ("Error starting MPI program. Terminating.\n"):
MPI_Abort (MPT_COMM WORLD, rc);
i
MPI_Comm_size (MPT_COMM WORLD, enumtasks) ;
MPT_Comm_rank (MPT_COMM_WORLD, &rank) ;
printf ("Number of tasks= 3d My rank= 3d\n", numtasks,zrank):

[ do some work FEEssss/

Fortran - Environment Management Routines Example
program simple
include 'mpif.h'
integer numtasks, rank, ierr, rc

call MPI_INIT (ierr)

if (ierr .ne. MPI_SUCCESS) then
'Error starting MPI program. Terminating.'
call MPI_ABORT (MPI_COMM WORLD, rec, ierr)
nd if

call MPI_COMM_RANK (MPI_COMM WORLD, rank, ierr)
call MPI_COMM_SIZE (MPI_COMM WORLD, numtasks, ierr)
print *, 'Number of tasks=',numcasks,' My rank=',rank

call MPI_FINALIZE (ierr})

end

http://hpc-wiki.uni-graz.at/Wiki-Seiten/MP1%20Examples.aspx :set paste
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FORTRAN 90/ C

Fortran 90
A Conversion Course for Fortran 77 Programmers (The University of Manchester)

The University of Liverpool
Fortran 90 course notes
FORTRANZ} C 1o 7} 713 w2 A AlXHS =88 4= = A FE dojolt)
)2} 4], FORTRAN/CE o] €3t MPI X2 18] Wo] 714 g Al 5= vle & g2 78| o]u),

SCHAUM S OUTLINE OF

SECOND EDITION
THEORY AND PROBLEMS
& 5 . THE
THE UNIVERSITY PROGRAMMING
of LIVERPOOL Fortran 90
for Fortran 77 Programmers WITH
Fortran 90 Course Notes .
Student Notes C

S Ramsden, F Lin SBDUI'II] Edition
AC Marshall with help from JS Morgan and JL Schonfelder Manchester and North HEC TEEC PR GRAMMING
Thanks to Paddy O'Brien M A Pettipher, G S Noland, J M Erooke .
Manchester Computing Centre, University of Manchester | Z! |\ [( l l A‘ |
BYRON 5. GOTTFRIED, PhD.

- e
ERNTEEC) pm st BRIAN W KERNIGHAN
DENNIS M.RITCHIE

ICE HALL SOFTWARE SERIES

& IS FORTRAN 90/C &lIH&A A A& E, @I Yl: Stack Overflow
10,000,000 questions § stack overflow

The 8th KIAS CAC Summer School 9




GO ;816 fortran 90 tutorial site:incredible.egloos.com >4

HAUFT O 4437 (0143E) Google.com in English 12 244

http://incredible.egloos.com

http://en.wikipedia.org/wiki/Parallel _computing
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Supercomputer?
Why Parallel Computing?

Large-scale calculations

Fast calculations (optimization?)
www.top500.0org

Save time - wall clock time (1 day vs 1 week)
speed of light (30 cm/nanosecond)
Performance/price

The 8th KIAS CAC Summer School 11



von Neumann computer

P

Execute

{manipulate data
as programed)

ot |
N

CPU gets instructions and/or data from memory,
decodes the instructions and then sequentially performs them.

Serial €-> Parallel

The 8th KIAS CAC Summer School 12



associative property of addition
associative property of multiplication SP: 1078 10%
property P 7 decimal precision

commutative distributive DP : 10308 10308
15 decimal precision
(1+2)+3 =1+(2+3)

Truncation Error

Increasing accuracy

Roundoff Error

(1+2)+3 1+(2+3) 6

e S ‘B

I 4 2
3 +3 1+ 5 a (a) (b)

S g

6 = 6 8
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(e} (d)
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A =] o] AlAxkstE CPUZE A = T2

» Accuracy: how closely a computed or measured value agrees with the true values.
* Precision: how closely individual computed or measured values agree with each other.
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CPU & Memory

Shared Memory Distributed Memory

IBM SP (pre-Power3 nodes,
IBM SP Power3 Nodes, Regatta (Power4) servers, Clusters of uniprocessor nodes
SGI Power Challenge Series, Sun Enterprise Series

Hybrid Distributed-Shared Memory

Clusters of SMPs,
IBM SP Series,
SGI Origin Series

The 8th KIAS CAC Summer School 14



Beowulf
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L_evels of parallelism

Data parallel (fine-grained parallel)
OpenMP and HPF Directive-based data-parallel

Parallel execution of DO loops in FORTRAN

Task parallel (coarse-grained parallel) o
MPI, PVM (message passing) Inter-process communication

Very general model
Hardware platforms

Great control over data location and flow in a program
Higher performance level (scalability)

Programmer has to work hard to implement!

The 8th KIAS CAC Summer School
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Some General Parallel Terminology

 Observed Speedup (WC—seriaI/WC-paraIIeI)
Scalability

e Granularity (coarse, fine)
Computation / Communication Ratio

* Synchronization

« Communications

The purpose of parallelization is to reduce the time spent for computation. Ideally,
the parallel program is p times faster than the sequential program, where p is the
number of processes involved in the parallel execution, but this is not always
achievable.

The 8th KIAS CAC Summer School 17



Embarrassingly parallel

e |ittle or no communication of results
between tasks

* Rendering of computer graphics
* Genetic algorithms

l l l Embarrassingly Parallel Application
JObS LN N LN N
Send Data

Input Data

Receive Data
Results

Nearly Embarrassingly Parallel Application

The 8th KIAS CAC Summer School 18



speedup
p Is the number of processors.
Ty Tp Is the execution time of the algorithm with p

Sp = — Processors.

Not CPU time, but wall-clock time reference

60 -

10 20 30 40 50 60
Number of processors

http://en.wikipedia.org/wiki/Speedup
The 8th KIAS CAC Summer School



Amdahl's law

The speedup is limited by the serial part of the program. For example, if
95% of the program can be parallelized, the theoretical maximum speedup
using parallel computing would be 20 times.

Amdahl's Law
T Rt et

-
118 | -~
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e
Amdahl's law can be formulated the following way: ’ //j/‘
. :
Slatency(s) = P 2 ol
(1-p)+ < o |
Whe re Number of processors

® Satency IS the theoretical speedup of the execution of the whole task;
e sis the speedup of the part of the task that benefits from improved system resources;

e pis the proportion of execution time that the part benefiting from improved resources originally occupied.

https://en.wikipedia.org/wiki/Amdahl%27s_law
The 8th KIAS CAC Summer School 20



SMP (Symmetric Multi-Processor)

Single thread Multi-thread
1 SR R e —_‘_E'E_‘_‘_
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Y. Aoyama and J. Nakano :

The 8th KIAS CAC Summer School

* SGI Origin 200/2000

* SMP Intel-based computers (Dell, Unisys)
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Serial

Cray T3E
Unix (Linux) clusters

L

Process

Y. Aoyama and J. Nakano

Message-Passing
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Message-passing

+— fitnie

Thread

o

Th

o
I

Jjoin

Shared
address

Process 0 Process 1

Node 1 / \ Node 2

/

Y. Aoyama and J. Nakano
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Multiple Single-Thread Processes Per Node

-

-+ fiinie

\_

/

—
passing |

Process 0

Frocess 1

Mode 1

~

Frocess 2

/

Y. Aoyama and J. Nakano

-

Frocess 3

MNode 2

/

The 8th KIAS CAC Summer School

24



Non-MPI, master-slave, and data parsing (1/6)

* Master-slave mode

e More flexible (PBS script)

e One-serial but multiple directories
» Usual PBS-like job submission

« Data parsing over the directories

submit.bash

gsub
qsub gsub

job.bash job bash job bash

http://incredible.egloos.com/4842832
http://incredible.egloos.com/4836430
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Non-MPI, master-slave, and data parsing (2/6)

SOLDIER.pbs (job submission) Directory monitoring
Input_file (static input) Data parsing
input_file (dynamic input) Input generation
Job submission
' call system()

0001/

shpel Alg e wel Ee o] o2 Aol Y Ee) S BE T 7 o A E oA K
0002/ Aol 2o A13el 21518 o] § 84 A4S 1A pBSE ol 4314 jobs 4|

Z90h A2 jobSE A4 5o 2 werat A2ko] B, PRS AT PE whA uf B
0003/ 1 9=a2u8 52 o gahel Axte] 2wos U@ 02 el Zt). W3l A

dreage i dEda ] A8 SRS dATe, AL FEE dAT L S
SJo] Solan, 1 A2l E U2 AAS PBSE AZ S, BE, 81 teEgle] 9F i

919 TH5 0] o] of g},
0050/ .
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Non-MPI, master-slave, and data parsing (3/6)

#1/bin/sh
#PBS -l nodes=2:quad:ppn=8
#PBS -N csa_soldier

NPROCS="wc -l < $PBS_NODEFILE" SL]_- \:] E—“,Eﬂ oﬂ }ﬂ 74]/1\1—0] Jr:%lé]' [q] 1 ]:] Ej'Ea oﬂ 7#]/& %_
e el R FAR AL FRE AT GG

date

uE HolFu},

cd $PBS_O_WORKDIR

geonor  olg P9 SpAES AZ-UH UM E ST B8 Rol A @ 2o mukg}
# do not change file names, e.g., stdout.log, = — = = = T - =
RS g e, 28 shelo] delnt 29SSl = 9 vk Qlojo Wel sk

# normal

cp INCAR_rIx INCAR

sleep 0.5

mpirun -genv I_MPI_DEBUG 5 -np $NPROCS /opt/VVASP/bin/vasp.5.2.12_GRAPE_GRAPHENE_NORMAL.mpi.x > stdout.log
#accurate 550 eV

cp INCAR_rlxall INCAR

cp CONTCAR  POSCAR

sleep 0.5

mpirun -genv I_MPI_DEBUG 5 -np $NPROCS /opt/VVASP/bin/vasp.5.2.12_GRAPE_GRAPHENE_NORMAL.mpi.x > stdout.log
cp OUTCAR out.outl

cp CONTCAR  POSCAR

sleep 0.5

mpirun -genv |_MPI_DEBUG 5 -np $NPROCS /opt/VVASP/bin/vasp.5.2.12_GRAPE_GRAPHENE_NORMAL.mpi.x > stdout.log
cp OUTCAR out.out2

cp CONTCAR POSCAR

sleep 0.5

mpirun -genv I_MPI_DEBUG 5 -np $NPROCS /opt/VVASP/bin/vasp.5.2.12_GRAPE_GRAPHENE_NORMAL.mpi.x > stdout.log
cp OUTCAR out.out3

cp CONTCAR POSCAR

#accurate 550 eV

#cp INCAR_bs  INCAR

#cp CONTCAR  POSCAR

#sleep 0.5

#mpirun -genv I_MPI_DEBUG 5 -np $NPROCS /opt/VASP/bin/vasp.5.2.12_GRAPE_GRAPHENE_NORMAL.mpi.x > stdout.log

STAMP=$(date +%Y%m%d_%H%M%S)_$RANDOM

echo $STAMP

cp CONTCAR /home/ihlee/csa_vasp/B28_in/depositt CONTCAR_$STAMP
cp OUTCAR /home/ihlee/csa_vasp/B28_in/depositt OUTCAR_$STAMP
cp EIGENVAL /home/ihlee/csa_vasp/B28_in/deposit/EIGENVAL_$STAMP
cp DOSCAR  /home/ihlee/csa_vasp/B28_in/deposit/DOSCAR_$STAMP

sleep 0.5
touch STOP

echo "DONE" >> STATUS
The 8th KIAS CAC Summer School 27



Written by In-Ho Lee, KRISS, September 11, 2013.

subroutine send_exe(mm,ndir,loccupied,kcmd,nwork,iseq)

USE csa_application, ONLY : natom,Ipbc

implicit none

integer mm,ndir,kemd,nwork,iseq(nwork)

logical loccupied(ndir) -

integer djsh Non-MPI, master-slave, and data parsing (4/6)
real*8 r6(6),cmatrix(3,3),a1(3),a2(3),a3(3),ddg

character*80 file_names(20),tmpname

character*280 cmd

real ranmar —_
5ol 7l T e Ee) o A =& Q1F 79 whEolF7)
if(.:wt. Iyoccupied(jd))then (7] %3‘1] OJ. IL]'OE]%‘% U] ‘v‘q Ef/\]' EH %)
call iofilearray(jd,file_names) 3 = O = ==
call csa_rnd_lattice_basis(mm,nwork,iseq) %Zi -Q-E ?__'jLT 2 OE] 1;; = E!__ g O% o
ish=ndeg-6 L2 o]3L wlol =3B = == = L 0]5 o] o =
BB A s R SRR A S S
0i=16 =3 = Sl ol 5 A oA LA o =3 e, =/
r6(i)=qosiO(ish+i) . = =
enddo PBS jOb Xﬂ% uL
call lat2matrix(r6,cmatrix,1) = =] = LI | = = ~
al()=cmatrix(L,’) ; a2()=cmatrix(2,:) : a3(:)=cmatrix(3,:) A =3 jobe T2 A T o2 FHF skt
fpborhen Aol F5 Hw 549 AR E D o A}
i - - - -
cl et peoso Wol FE L o] AR E A stelatal AN FRE sl
call centering(qosiO) ﬁ]ﬂ'o] %‘JEJ—%. q E_IHEFH :E‘ -éZ] q% 74]}1\__% g— -}l: 9}]\}—':—-% X] ch) %q
endif

call write_poscar(mm,file_names(3))

ddg=0.12d0 ; tmpname=trim(file_names(5))//'_012'
call write_kpoints(ddg,al,a2,a3,tmpname)
ddg=0.06d0 ; tmpname=trim(file_names(5))//'_006'
call write_kpoints(ddg,al,a2,a3,tmpname)
ddg=0.03d0 ; tmpname=trim(file_names(5))//'_003'
call write_kpoints(ddg,al,a2,a3,tmpname)
ddg=0.02d0 ; tmpname=trim(file_names(5))//'_002'
call write_kpoints(ddg,al,a2,a3,tmpname)
ddg=0.00d0 ; tmpname=trim(file_names(5))//'_000'
call write_kpoints(ddg,al,a2,a3,tmpname)

call sleep(1)

call system('sleep 0.1")

cmd="cp //trim(file_names(3))//" "//trim(file_names(3))//"_'
cmd=trim(cmd) ; call system(cmd)

cmd="cd ./'/trim(file_names(1))//" ; '/I'qsub ./CSA_SOLDIER.pbs'
cmd=trim(cmd) ; call system(cmd)
loccupied(jd)=.true.
call system('sleep 0.1")
exit
endif
enddo

end subroutine send_exe The 8th KIAS CAC Summer School 28



Non-MPI, master-slave, and data parsing (5/6)

Written by In-Ho Lee, KRISS, September 11, 2013.

subroutine gen_directories(ndir) fHEd & JHE7]
implicit none
integer ndir 0001/
character*80 string 0002/
character*280 cmd o
e el el Bad s Babe) )
isize=4
if(ndir > 0)then
do i=1,ndir
call xnumeral(i,string,isize) ; string=trim(string)
cmd="mkdir "//trim(string) ; cmd=trim(cmd) ; call system(cmd)
cmd="cp ./CSA_SOLDIER.pbs ‘//trim(string)//'/' ; cmd=trim(cmd) ; call system(cmd)
cmd="cp INCAR_rlx '/itrim(string)//'/' ; cmd=trim(cmd) ; call system(cmd)
cmd="cp INCAR _rlxall //trim(string)//'/"  ; cmd=trim(cmd) ; call system(cmd)
cmd="cp INCAR_bs "//trim(string)//'/ ; cmd=trim(cmd) ; call system(cmd)
cmd='cp POTCAR ‘//trim(string)//'/ ; cmd=trim(cmd) ; call system(cmd)
enddo
endif

if(ndir < 0)then
ndir=iabs(ndir)
do i=1,ndir
call xnumeral(i,string,isize) ; string=trim(string)
cmd="rm -rf "//trim(string)//'/" ; cmd=trim(cmd)
call system(cmd)
call sleep(1)
enddo
endif
call sleep(1)
return
end

The 8th KIAS CAC Summer School 29



Written by In-Ho Lee, KRISS, September 11, 2013.

subroutine jobstatus(fname,i) -

implicit none Non-MPI, master-slave, and data parsing (6/6)
character*80 fname

integer i

logical lexist

character*20 ch

i=0 e A YA EYE FoA Alte] T5E
inquire(file=trim(fname),exist=lexist) O Eg S FA| = &elsit}

if(lexist)then

open(77 file=trim(fname),form="formatted")
do

read(77,*,end=999) ch

enddo

999 continue

close(77)
if(trim(ch) =='DONE' .or. trim(ch) == 'done’) i=1
if(trim(ch) =='Done’ .or. trim(ch) == 'DOne’") i=1
if(trim(ch) == 'DONge' )i=1

endif
return
end

Written by In-Ho Lee, KRISS, September 11, 2013.
subroutine jobstatusO(fname)

implicit none

character*80 fname

character*200 cmd

open(77 file=trim(fname),form="formatted’)
write(77,*) 'ING'

close(77)

cmd="echo "ING" >> '//trim(fname) ; cmd=trim(cmd)
call system(cmd)

call system('sleep 0.1")

return

end

The 8th KIAS CAC Summer School
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MPI (message passing interface)

The Message Passing Interface Standard (MPI) is a
message passing library standard based on the
consensus of the MPI Forum.

MPI is not an IEEE or ISO standard, but has in fact,
become the "industry standard" for writing message
passing programs on HPC platforms.

Various architectures
Free implementations: MPICH, LAM, CHIMP, openmpi

Intel MPI InfiniBand, Myrinet, Quadrics

The 8th KIAS CAC Summer School 31



MPI (message passing interface)

MPI RFA= 8 2fo| =22 Sof chet BE7250[Ch (125
=

7|20

=5 Z20ME2 PME0f QACH) MPIE OF 4074
2 0{5t= MPI forumOf| A 22| &[22 RIS, 1992!A

MPI 1.0 & A|ZSE X} MPI 3.07HX| ™ 1=l AFE{O| L}
Various architectures
Free implementations: MPICH, LAM, CHIMP, openmpi

FLUENT (Fluid Dynamics and Heat transfer)
GASP (Gas Dynamics)

AMBER (Molecular dynamics)

NAMD (Molecular dynamics)

GROMACS (Molecular dynamics)

VVASP (Electronic structure)

The 8th KIAS CAC Summer School
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MPI (message passing interface)

The MPI-1 standard was defined in Spring of 1994.

1 This standard specifies the names, calling sequences, and results of subroutines and functions to be
called from Fortran 77 and C, respectively. All implementations of MPI must conform to these rules,
thus ensuring portability. MPI programs should compile and run on any platform that supports the MPI
standard.

2 The detailed implementation of the library is left to individual vendors, who are thus free to produce
optimized versions for their machines.

3 Implementations of the MPI-1 standard are available for a wide variety of platforms.

An MPI-2 standard has also been defined. It provides for additional features not present in MPI-1, including tools for

parallel 1/0, C++ and Fortran 90 bindings, and dynamic process management. At present, some MPI implementations
include portions of the MPI-2 standard but the full MPI-2 is not yet available.

MPI-3.0 is a major update to the MPI standard.
Intel MPI

IBM GB/Q Clusters

data is moved from the address space of one process to that of another process

The 8th KIAS CAC Summer School 33



op 10 Reasons to Prefer MPI Over PVM

MPI has more than one freely available, quality implementation.
MPI defines a 3rd party profiling mechanism.

MPI has full asynchronous communication.

MPI groups are solid and efficient.

MPI efficiently manages message buffers.

MPI synchronization protects 3rd party software.

MPI can efficiently program MPP and clusters.

. MPI is totally portable.

. MPI is formally specified.

0. MP1 is a de facto standard.

H©°°NFDS”:'>9°N!‘
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Advantages of Message Passing

Universality : MP model fits well on separate processors connected
by fast/slow network. Matches the hardware of most of today’s
parallel supercomputers as well as network of workstations (NOW)

Expressivity : MP has been found to be a useful and complete model
in which to express parallel algorithms. It provides the control missing
from data parallel or compiler based models

Ease of debugging : Debugging of parallel programs remain a
challenging research area. Debugging is easier for MPI paradigm than
shared memory paradigm (even if it is hard to believe)

The 8th KIAS CAC Summer School 35



Implementations of MPI

There are a number of freely available implementations of MPI

that run on a variety of platforms:

The MPICH implementation runs on a wide range of platforms and operating systems
including Unix/Linux, Windows NT, and Windows 2000/XP Professional.

The LAM implementation runs on networks of Unix/Posix workstations.

MP-MPICH runs on Unix systems, Windows NT and Windows 2000/XP Professional.

The WMPI implementation runs on Windows platforms running Windows 95/98, ME, NT and
2000.

MacMPI is a partial implementation of MPI for Macintosh computers.

openmpi

Intel MPI _ . :
Most parallel machine vendors have optimized versions.

http://www.mpi.nd.edu/MPI1/Mpich
http://www-unix.mcs.anl.gov/mpi/mpich/indexold.html

MPICH_GM GLOBUS:
MPICH G2 http://www.globus.org/mpi/

http://exodus.physics.ucla.edu/appleseed/
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Official implementations

Most current MPI implementations are supported :
MPICH/p4 . over ethernet devices

MPICH/gm : Myrinet

MVAPICH . InfiniBand

MPICH/shmem : a single-node multi-processor machine
MPICH2/PMI

Intel MPI

EMP

Open MPI

LAM

The initial implementation of the MPI 1.x standard was MPICH, from Argonne National Laboratory (ANL) and
Mississippi State University.

IBM

LAM/MPI from Ohio Supercomputer Center

Open MPI

=
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_Latency and Bandwidth

e /latency is the time it takes to send a minimal (0
byte) message from point A to point B.
~120,~120,~7,~0.5 microsecond

- bandwidth is the amount of data that can be
communicated per unit time. ~100 Mbps, ~1
Gbps, ~1.98 Gbps, ~1 Gb/sec

" 7
% .'10;1 ;':,:-:___ -
e T wl
T2 AT, W2 Hol’A o
4 16 64 256 1K 16K .64K255K M

Fast ethernet, Gigbit ethernet, Myrinet, Quadrics 2,

InfiniBand
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Computation vs communication

A7 A 712 H o2 A A7 (R, )
Communication time €= latency, throughput

AZo] © F &3H vlolg Hdo] At A BN DT AP

Latency= =°l7] #lsli = 3 Hel QA0 HF 4 om FAlsks slo] F.
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InfiniBand is a computer-networking communications standard used in high-
performance computing that features very high throughput and very low latency.

(Sigabit
Ethemet

20 | 120 7 0.5
microsecond | microsecond | microsecond | microsecond

1
Gbyte/second

Fast Ethemet vrinet (Juadrics 2
latency

bandwidth| 100 Mbps 1 Gbps 1.95 Gbps

Communication time
InfiniBand 4X
#|SDR + DDR + QDR ¢ FDR10 ¢+ FDR ¢ EDR s HDR+ NDR + XDR +
Signaling rate (Gbit/s) 25 5 10 10.3125 | 14.0625° 25 50 100 250
Theoretical effective throughput, Gbs, per 1x!”/ | 2 4 8 10 13.64 24.24
Speeds for 4x links (Gbit/s) 8 16 32 40 54,54 96.97
Speeds for 8x links (Gbit/s) 16 32 64 80 109.08  193.94
Speeds for 12x links (Gbit/s) 24 48 96 120 163.64  290.91
Latency Encoding (bits) 810 810 | 810 | 64/66 64/66 64/66 | 64/66
Adapter latency (microseconds)® 5 25 13 0.7 0.7 0.5
191 20005 17 iy
Year 003 2005|2007 2011 2011 2014 | 2017 | after 2020 | future
b

InfiniBand

Message size
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https://en.wikipedia.org/wiki/Latency_(engineering)

SPMD

Start parallel job on /N processors T

PN
B
ort

s
spoon
k |

fi

utter
mife
/ ~. 3 "
o/ 5 { Vs |
[ \ P !
[ | S S White
(S / I3 [ wine
e | W
‘ -
|
Dinner
knife
Dinner f
Salad fork A

fork

Message passing between processors

Each processor does some calculations (processor
dependent codes are run)

Message passing between processors B

End parallel job

lusr/local/mpich/
{usr/local/mpich/bin/mpif90 a.f90 bin/ ot/ include/  man/ share/

mpirun —np 8 a.out doc/ examples/  lib/ sbin/ www/
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The 6 basic MPI routines

MPI is used to create parallel programs based on message

passing

Usually the same program is run on multiple processors

The 6 basic calls in MPI are:

— MPI_INIT( ierr)

— MPI_COMM_RANK( MPI_COMM_WORLD, myid, ierr)

— MPI_COMM_SIZE( MPI_COMM_WORLD, numprocs, ierr)

— MPI_Send(buffer, count, MPI_INTEGER, destination, tag,
MPI_COMM_WORLD, ierr)

— MPI_Recv(buffer, count, MPI_INTEGER, source, tag,
MPI_COMM_WORLD, status, ierr)

— call MPI_FINALIZE(ierr)
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Format: rc = MPI Xxxxx(parameter, ... )

E}{amplel rc¢ = MPI Bsend(&buf,count, type,dest, tag, comm)

Error code: | Eeturned as "'ro”, MPIL_SUCCESS if successful

CALL MPI 000X (parameter, ..., ilerr)
call mpi xxxxx(parameter,..., lerr)

Forrmat:

Example: CALL MPI BSEND (buf,count, type,dest, tag,comm,ierr)

Error code: | Eeturned as "lerr’ parameter. MPI_STTCCESS if successful

Process A Process B

WoReara { . Request to send

Waiting for B '[ . ~ Request to receive

- . .
Safe to Messoee Message

overwrite received

> Work of B
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Communicators

« Communicators
— A parameter for most MPI calls
— A collection of processors working on some part of a parallel job
— MPI_ COMM WORLD is defined in the MPI include file as all of the
processors in your job
— Can create subsets of MPI COMM_ WORLD

— Processors within a communicator are assigned numbers
0 to n-1

Process A Process B

Work of A ‘[ l Request to send

Waiting for B -[ l Request to receive

o l l
Messa
Safe to & Message
overwrite received
y
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communicators

Communicator is a group of processors that can communicate with each other.
There can be many communicators.
MPI_COMM_WORLD is a pre-defined communicator encompassing all of the processes.

MPI_INIT: MPI 873 Z7|83}7] : 75 504 v}& 510] AP =

MPI_COMM_SIZE: AR %9l processor £AF 8F3F : -4 250 A H}% Aol AL gl
MPI_COMM_RANK: & CPUS 3 (rankd}= 3. processor 22547} nprocd W, 7}&3F rank 3t
20,1,2,3...nproc—-19]t}.) : 54 == O///V HEE Slo] AR S5

+ 709] processor 1+ E4l: rank%} S A&y A A processor HEE &Ql3ar =15 d) o]
B & Y3k= processor® AF3 H}X} 7FA 2 & A 2] processorH T E 25t HAEFHo &
HolH & W=t 58, —?*E] 01“4 processor® ¥ dHlo]g7} %] 18] 11 oW processor’}
o] o] & Wolof st=X] o} & gl

MPI_SEND: €438} processordl Al ©|o]E HEA] A& C AL FAFRA o] H8E
(3l dlolg &, Alo]=,..)

MPI_RECV: 3} processor2H#-H d|o]g AFE wf AL -4 FAH Q] 5H o] HLH

(dsh= dolg 3, AlelZ,...)

MPL_FINALIZE: MPI 87 28817]: §5 704 vl&F Ao A& 92
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The MPI include file

— C: mpi.h

Include files

— Fortran: mpif.h (a f90 module is a good place for this)
Defines many constants used within MPI programs

In C, defines the interfaces for the functions
Compilers know where to find the include files

#include “mpi.h”
#include <stdio.h>

#include <math.h>

program main
implicit none
include ‘mpif.h’

/usr/local/mpich/include

basex11.h mpeexten.h mpi_fortdefs.h
f90base/ mpef.h mpidefs.h
f90choice/ mpetools.h mpif.h

mpe.h mpi.h mpio.h
mpe_graphics.h  mpi2c++/ mpiof.h
mpe_log.h mpi_errno.h protofix.h
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include "mpif.h* I Constants used by MPI, e.g. constant integer value MPI_COMM_WORILD
integer istatus(MPI_STATUS_SIZE) ! MPILSTATUS_SIZEE 9ol A A3 includeF2. &
el 5< Y& oln] FoH AEolt).

integer nproc, me, ierr, idestination, isource, n_array_length, itag

call MPI_Init(Gerr)
call MPI_Comm_size(MPIL_COMM_WORLD, nproc, ierr)
call MPI_Comm_rank(MPI_COMM_WORLD, me, ierr)

itag=19

idestination=1

call MPI_Send(real_array_user,n_array_length,MPI_REAILS8,idestination,itag, MPI_COMM_WORLD,ierr)
real*8 FE| 9] dlo]g 7} 7}oksk 3L x| A sFofof s}, BE, o] Hle|y e A7 BU& Lol A A5 oF st
0 54 =N FRE BuU7] we ¢ e 54 =2olA &8 A oF sttt

1tag=19

isource=0

call MPI_Recv(real_array_user,n_array_length, MPI_REALS,isource,itag, MPI_COMM_WORLD,istatus,ierr)
HolH & W FollA = I FHef A71& &1 glojof st oJHol A FE &3P =A & dolof siry,

user-defined tags provided in MPI for user convenience in organizing application
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Standard, Blocking Send

MPI_Send: Sends data to another processor

Use MPI_Receive to "get" the data

C

— MPI_Send(&buffer, count, datatype, destination, tag,
communicator);

Fortran

— Call MPI_Send(buffer, count, datatype, destination, tag,
communicator, ierr)

Call blocks until message on the way

The 8th KIAS CAC Summer School
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Basic C Datatypes in MPI

MPI CHAR signed char

MPI SHORT signed short int
MPI INT signed 1int

MPI LONG signed long int

MPI UNSIGNED CHAR

unsigned char

MPI UNSIGNED SHORT

unsigned short int

MPI UNSIGNED INT

unsigned int

MPI UNSIGNED LONG

unsigned long int

MPI FLOAT

float

MPI DOUBLE

double

MPI LONG DOUBLE

long double

MPI BYTE

MPI PACEKEED

MPI_COMPLEX
MPI_DOUBLE_COMPLEX

The 8th KIAS CAC Summer School
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Language|Script Name|Underlying Compiler
mpicc gCc
c mpigcc g Ci
mpiicc 1CC
mpipgcc PECC
mpiCC g+ +
Crt mpig++ g+ +
mpiicpe cpc
mpipgCC e _C
mpif77 2y
mpigfortran |gfortran
Fortran [mpiifort ifort
mpipgf77 peti7
mpipgfo0 LE 190
Compiler Option Example
Intel ' ifort -V
Pl -V pgfs0 -V
GMNTT - . g++ —--version
--version

The 8th KIAS CAC Summer School
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C/MPI version of “Hello, World”

#include <stdio.h>
#include <mpi.h>
int main(argc, argv)
int argg;

char *argv[ |;

{

Int myid, numprocs;

MPI_Init (&argc, &argv) ;
MPI_Comm_size(MPI_COMM_WORLD, &numprocs) ;
MPI_Comm_rank(MPI_COMM_WORLD, &myid) ;
printf(“*Hello from %dWn”, myid) ;

printf(*Numprocs is %d¥#n”, numprocs) ;

MPI_finalize():

The 8th KIAS CAC Summer School
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Fortran/MPI version of “Hello, World”

program hello
include ‘mpif.h’
integer myid, ierr, numprocs

call MPLINIT( ierr)
call MPI_COMM_RANK( MPI_COMM_WORLD, myid, ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD, numprocs, ierr)

write (*,*) “Hello from “, myid

write (*,*) “Numprocs is”, numprocs
call MPI_FINALIZE(ierr)

stop

end

The 8th KIAS CAC Summer School
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Minimal MPI program

® Every MPI program needs these...

— C version
#include <mpi.h> /* the mpi1 include file */
/* Initialize MPI */
ierr=MPI_Init(&argc, &argv);
/* How many total PEs are there */
ierr=MP1_Finalize();

« Commonly Used...

— C version
ierr=MP1_Comm_size(MP1_COMM_WORLD, &nPEs);
/* What node am I (what 1s my rank?) */
ierr=MP1_Comm_rank(MP1_COMM_WORLD, &mam);

In C MPI routines are functions and return an error value.
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Minimal MPI program

® Every MPI program needs these...
— Fortran version

include "mpif.h®" I MPI include file

C Initialize MPI

call MPI_Init(ierr)
C Find total number of PEs

call MPI_Comm _size(MPI_COMM_WORLD, nPEs, 1err)
C Find the rank of this node

call MP1_Comm_rank(MP1_COMM_WORLD, ®am, 1err)

call MPI_Finalize(ierr)

In Fortran, MPI routines are subroutines, and
last parameter is an error-handling value.

The 8th KIAS CAC Summer School
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MPI “Hello, World”

» A parallel hello world program

— Initialize MPI
— Have each node print out its node number
— Quit MPI
myid=0 : special ' Process A b (] 0 0 (vei_rinalice ]

1 node calculation
2 node calculation
3 node calculation,.....,.

oo o

1 Program - ProcessB o D DD [ MPI_Finalize ]
1

N

(]

At least one node is involved. processc  (wpLinit ) O[] (] (] (] [) (WPLFinalize )

-
I

End of
execution

S
Ca

Time
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Advantages of Message Passing

e Performance:

— This is the most compelling reason why MP will remain a
permanent part of parallel computing environment

— As modern CPUs become faster, management of their caches
and the memory hierarchy is the key to getting most out of
them

— MP allows a way for the programmer to explicitly associate
specific data with processes and allows the compiler and
cache management hardware to function fully

— Memory bound applications can exhibit superlinear speedup
when run on multiple PEs compare to single PE of MP
machines
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Background on MPI

MPI - Message Passing Interface

— Library standard defined by committee of vendors,
implementers, and parallel programmer

— Used to create parallel SPMD programs based on message
passing

Available on almost all parallel machines in C and Fortran

About 125 routines including advanced routines

6 basic routines

The 8th KIAS CAC Summer School
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Key Concepts of MPI

» Used to create parallel SPMD programs
based on message passing

* Normally the same program is running on
several different nodes

 Nodes communicate using message
passing
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Data types

Data types
— When sending a message, it is given a data type
— Predefined types correspond to "normal" types

« MPI REAL , MPI FLOAT -Fortran and C real

 MPI_DOUBLE_PRECISION, (mpi_real8), MPI_DOUBLE -
Fortran and C double

e MPI_INTEGER and MPI_INT - Fortran and C integer
— Can create user-defined types

The 8th KIAS CAC Summer School
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Basic Communications in MPI

Data values are transferred from one processor to another
— One process sends the data

— Another receives the data

Standard, Blocking

— Call does not return until the message buffer is free to be
reused

Standard, Nonblocking
— Call indicates a start of send or received, and another
call is made to determine if finished

The 8th KIAS CAC Summer School
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Basic MPI Send and Receilve

« A parallel program to send & receive data
— Initialize MPI
— Have processor 0 send an integer to processor 1
— Have processor 1 receive an integer from processor 0
— Both processors print the data
— Quit MPI

Process 1

receive

—IREEE
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Simple Send & Receive Program

program send_recv
include "mpif.h”
I This is MPI send - recv program
integer myid, ierr,numprocs
integer itag,isource,idestination,kount
integer buffer
integer istatus(MPI1_STATUS_SIZE)

call MPI_INIT( ierr)

call MPI_COMM_RANK( MPI_COMM_WORLD, myid, ierr)

call MPI_COMM_SIZE( MPI_COMM_WORLD, numprocs, Ierr)

itag=1234

Isource=0

idestination=1

kount=1

if(myid .eq. isource)then
buffer=5678
Call MPI Send(buffer kount MPI_INTEGER,idestination, itag, MPI_COMM_WORLD, ierr)
write(*,*)"processor ",myid," sent " buffer

endif

if(myid .eq. idestination)then
Call MPI Recv(buffer kount MPI_INTEGER,isource, itag, MPI_COMM_WORLD, istatus, ierr)
vgr:cte(* *)"processor ",myid," got ",buffer

endi

call MPI_FINALIZE(ierr)
stop
end

MPI_ANY_TAG
MPI_ANY_ SOURCE The 8th KIAS CAC Summer School 62



Simple Send & Receive Program

PROGRAM simple_send_and_receive
INCLUDE “"mpif.h*
INTEGER myrank, ierr, istatus(MPl_STATUS SIZE)
REAL a(100)
C Initialize MPI:
call MPI_INIT(1err)
C Get my rank:

call MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)
C Process 0 sends, process 1 receives:
1T( myrank.eq.0 )then
call MPI_SEND( a, 100, MPI_REAL, 1, 17, MPI_COMM_WORLD, 1err)
else 1T ( myrank.eqg.1l )then
call MP1_RECV( a, 100, MPI_REAL, O, 17, MP1_COMM_WORLD, istatus, ierr)
endif
C Terminate MPI:
call MPI_FINALIZE(ierr)
END

istatus(MP1_SOURCE), istatus(MPI_TAG), and istatus(MP1_ERROR) contain, respectively, the source, tag and error
code of the received message.

call mpi_probe(0,mytag,MP1_COM_WORLD, istatus, ierr)

call mpi_get count(istatus,MPI_REAL, icount,ierr)

write(*,*)""getting ", i1count,”™ values”

call mpi_recv(iray, icount,MP1_REAL,O,mytag,MP1_COMM_WORLD, istatus, ierr)

MPI_ANY_TAG
MPI ANY SOURCE The 8th KIAS CAC Summer School 63



Simple Send & Receive Program

/* simple send and receive */
#include <stdio.h>

#include <mpi.h>

void main (int argc, char **argv) {
int myrank;

MPI_Status status;

double a[100];

MPI_Init(&argc, &argv); /* Initialize MPI */
MPI_Comm_rank(MPI_COMM_WORLD, &myrank); /* Get rank */

if( myrank == 0) /* Send a message */
MPI Send( a, 100, MPI_DOUBLE, 1, 17, MPI_COMM_WORLD );

else if( myrank == 1) /* Receive a message */
MPI Recv( a, 100, MPI_DOUBLE, 0, 17, MPI_COMM_WORLD, &status );

MPI_Finalize(); /* Terminate MPI| */

}

Messages can be screened at the receiving end by specifying a specific tag,
or not screened by specifying MPI_ANY _TAG as the tag in a receive.
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A set of computing nodes connected via networks
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MPI1_Send

Call MPI_Send(buffer, count, datatype, destination, tag, &

communicator, ierr)
« buffer: The data
e count : Length of source array (in elements, 1 for scalars)
« datatype : Type of data, for example :

MPI_DOUBLE_PRECISION, MPI_INT, etc

« destination : Processor number of destination processor in communicator
« tag : Message type (arbitrary integer)
« communicator : Your set of processors
« err: Error return (Fortran only)
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Standard, Blocking Recelve

Call blocks until message is in buffer
C
— MPI_Recv(&buffer,count, datatype, source tag, communicator, &status);
Fortran
— Call MPI_ RECV(buffer, count, datatype, source, tag,
communicator, istatus, ierr)
Status - contains information about incoming message
- C
 MPI|_Status status;
— Fortran
 Integer istatus(MPI_STATUS_SIZE)

The 8th KIAS CAC Summer School
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MPI _Recv

Call MPI_Recv(buffer, icount, datatype, /source, itag, &
communicator, istatus, ierr)

« buffer: The data

e icount : Max. number of elements that can be received

« datatype : Type of data, for example :
MPI_DOUBLE_PRECISION, MPIL_INT, etc

e J/source : Processor number of source processor in

communicator

* itag : Message type (arbitrary integer)

e communicator : Your set of processors

 istatus: Information about message

e lerr: Error return (Fortran only)

call MPI_RECV/(ind,nid,MPI_INTEGER,MPI_ANY_SOURCE itag,MPI_COMM_WORLD,istatus,ierr)

man=istatus(MPI_SOURCE)
istatus(MP1_SOURCE), istatus(MPI_TAG), and istatus(MPlI_ERROR) contain, respectively, the source, tag, and error

code of the received message. The 8th KIAS CAC Summer School 68



program hello
implicit none
include "mpif.h"
character(LEN=12) :: inmsg, message
Integer i, ierr, me, nproc, itag,kount
integer istatus(MPI_STATUS_SIZE)

call MPI_Init(ierr)

call MPI_Comm_size(MPI_COMM_WORLD,nproc,ierr)
call MPI_Comm_rank(MPI_COMM_WORLD,me,ierr)
itag = 100 ; kount=12

if (me == 0) then
mes;age = "Hello, world"
doi=1,nproc-1

call MPI_Send(message,kount, MPI_CHARACTER,i,itag, MPI_COMM_WORLD,ierr)
end do
writ2(*,*) "process”, me, ":"', message
else
call MPI_Recv(inmsg,kount, MPI_CHARACTER,0,itag,MPI_COMM_WORLD,istatus,ierr)
writ2(*,*) "process”, me, ":"', inmsg

end if
call MPI_Finalize(ierr)
end program hello

The 8th KIAS CAC Summer School
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Simple Send & Receive Program

#include <stdio.h>

#include "mpi.h"

int main(argc,argv)

int argc;

char *argv[]; status.MPI_SOURCE, status.MPI_TAG, and status.MPI_ERROR contain the

{ int myid source, tag, and error code respectively of the received message
| yid;

int tag,source,destination,count;

int buffer;

MPI_Status status;

MPI_Tnit(&argc, &argv)
MPI_Comm_rank(MPI_COMM_WORLD,&myid);

tag=1234;
source=0;
destinationzl;
count=1;
if(myid == source){
buffer=5678;

MPI Send(&buffer count,MPI1_INT,destination,tag, MPI_COMM_WORLD);
printf("processor %d sent %d\n" myld buffer);
b

if(myid == destination){

MPI Recv(&buffercountMPI INT,source,tag,MPI_COMM_WORLD,&status);
printf("processor %d got %d\n" ,myid,buffer);

1
MPI_Finalize():

The 8th KIAS CAC Summer School
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subroutine Get_data(a, b, n, myid, nproc)

IMPLICIT NONE
real*8 a, b
integer n, myid, nproc
C
INCLUDE 'mpif.h'
integer source, dest, tag, istatus(MPI_STATUS_SIZE), ierr
data source /0/
C
F (myld == 0) then i MPI SOURCE), i MPI TAG), i MPI ERROR i
print *, 'Enter a, b and n' |status(_ _ ), istatus(MP1_ ), istatus(MPI1_ _ ) contain
read *, a, b, n respectively the source, the tag, and the error code of the received message.
C
do dest =1, nproc-1
tag=0
call MPI_SEND(a, 1, MPI_REALS8, dest, 2, MPI_COMM_WORLD, ierr)
tag=1
call MPI_SEND(b, 1, MPI_REALS, dest, tag, MPI_COMM_WORLD, ierr)
tag=2
call MPI_SEND(n, 1, MPI_INTEGER, dest, tag, MPI_COMM_WORLD, ierr)
end do
else
tag=0
call MPI_RECV(a, 1, MPI_REALS8, source, tag, MPI_COMM_WORLD, istatus, ierr)
tag=1
call MPI_RECV(b, 1, MPI_REALS , source, tag, MPI_COMM_WORLD, istatus, ierr)
tag=2
call MPI_RECV(n, 1, MPI_INTEGER, source, tag, MPI_COMM_WORLD, istatus, ierr)
end if
return  ; .
end int recvd_tag, recvd_from, recvd_count;

MPI_Status status; MPI_Recv(..., MPI_ANY_SOURCE, MPI_ANY_TAG, ..., &status)
recvd_tag= status.MPI_TAG,; recvd_from= status.MPI_SOURCE;
MPI1_Get_count( &status, datatype, &recvd_count);

MPI User Guide in Fortran, P. S. Pacheco et al.
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PROGRAM simple_send_and_receive
INCLUDE 'mpif.h'

INTEGER , ierr, istatus(MPI_STATUS_SIZE)
REAL a(100)
C Initialize MPI:
call MP1_INIT(ierr)
C Get my rank:
call MPI_COMM_RANK(MPI_COMM_WORLD, , err)

C Process 0 sends, process 1 receives:
if( .eQ. 0)then
call MP1_SEND( a, 100, MPI_REAL, 1, 17, MPI_COMM_WORLD, ierr)

else if ( .eg. 1 )then
call MP1_RECV( a, 100, MPI_REAL, 0, 17, MPI_COMM_WORLD, istatus, ierr)
endif

C Terminate MPI:
call MPI_FINALIZE(ierr)
END

Process 0 sends a message to process 1, and process 1 receives it.

istatus(MP1_SOURCE), istatus(MPI_TAG), and istatus(MP1_ERROR) contain, respectively, the source, tag, and error
code of the received message.

NCSA Access ©2001 Board of Trustees of the University of Illinois.
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include ‘mpif.h’

integer myid, numprocs, ierr, ntemp

integer istatus (MPI_STATUS_SIZE)

real*8 sum

call MPI_INIT(ierr)

call MPI_COMM_RANK(MPI_COMM_WORLD, myid, ierr)

call MPI_COMM_SIZE(MPI_COMM_WORLD, numprocs, ierr)

sum=myid

if(myid == 0)then

do i=1,numprocs-1

call MPI_RECV(ntemp,1,MPI_INTEGER, i,i, MPI_COMM+WORLD, istatus, ierr)
sum=sum-+ntemp

enddo

average=sum/numprocs ; write(6,*) ‘the average is ‘, average

else

call MP1_SEND(myid,1,MPI_INTEGER,0,myid,MPI_COMM_WORLD, ierr)
endit

call MPI_FINALIZE(ierr)

end

Istatus - contains information about incoming message

The 8th KIAS CAC Summer School
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subroutine get_input(aa,bb,nn)
include “mpif.h”

real*8 aa,bb

integer nn,myid

integer ierr

call MPI_COMM_RANK(MPI_COMM_WORLD,myid,ierr)

if(myid == 0)then

print *, “‘Enter aa, bb, nn’
read *, aa,bb,nn

endif

call MPI_BCAST(aa,1, MPl_REALS, 0, MPI_COMM_WORLD, ierr)
call MP1_BCAST(bb,1, MPI_REALS, 0, MPI_COMM_WORLD, ierr)
call MP1_BCAST(nn,1, MPI_INTEGER, 0, MPI_COMM_WORLD, ierr)

end subroutine get_input
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implicit none
integer n, np, i, j, ierr, master,num
real*8 h, result, a, b, integral, pi, my_a, my_range, MPI_WTime,start_time,end_time, my_result
include "mpif.h"
integer lam, source, dest, tag, istatus(MPI_STATUS SIZE)
data master/0/
call MPI_Init(ierr) ; call MPI_Comm_rank(MPI_COMM_WORLD, lam, ierr)
call MPI_Comm_size(MPI_COMM_WORLD, np, ierr)
pi =acos(-1.0d0) ; a=0.0d0 ; b=pi*1.d0/2.d0 ; dest=0 ; tag=123
If(lam == master) then
print *,"The requested number of processors =',p ; print *,'Enter total number of increments across all processors'

read(*,*) n
start_time = MPI_Wtime()
endif
call MPI_Bcast(n, 1, MPI_INTEGER, 0, MPI_COMM_WORLD, ierr)
h=(b-a)/n ; num=n/np; my range = (b-a)/np ; my_a=a+ lam*my_range

my_result = integral(my_a, num, h)
write(*,"('Process ',i2," has the pattial result of',f10.6)") lam,my_result
call MPI_Reduce(my_result, fesulu 1, MPI_REALS, MPI SUI\/I( dest)MPI COMM_WORLD, ierr)
If(lam == master) then i =
print *,"The result =',result
end_time = MPI_Wtime() ; print *, 'elapsed time is ',end_time-start_time,' seconds'
endif
call MPI_Finalize(ierr) ; stop ; end
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Status

e InC

— status is a structure of type MPI_Status which contains three fields
MPI_SOURCE, MPI_TAG, and MPI_ERROR

— status.MPl_SOURCE, status.MPI _TAG, and status.MPI_ERROR
contain the source, tag, and error code respectively of the
received message

e |n Fortran

— status is an array of INTEGERS of length MPI_STATUS_SIZE, and the
3 constants MPI_SOURCE, MPI_TAG, MPI_ERROR are the indices of
the entries that store the source, tag, & error

— status(MPI_SOURCE), status(MPI_TAG), and status(MP|_ERROR)
contain respectively the source, the tag, and the error code of the
received message.

status.MP1_SOURCE, status.MPI_TAG, and status.MPI_ERROR contain the
source, tag, and error code respectively of the received message
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! Program hello.ex1.f

I Parallel version using MPI calls

I Modified from basic version so that workers send back

I a message to the master, who prints out a message for each worker
program hello

implicit none

integer, parameter:: DOUBLE=kind(1.0d0), SINGLE=kind(1.0)
include "mpif.h"

character(LEN=12) :: inmsg,message

integer :: i,ierr,me,nproc,itag,iwrank

integer, dimension(MPI_STATUS_SIZE) :: istatus

]

call MPI_Init(ierr)

call MPI_Comm_size(MPI_COMM_WORLD,nproc,ierr)

call MPI_Comm_rank(MPI_COMM_WORLD,me,ierr)

itag = 100

]

if (me == 0) then

message = "Hello, world"

do i =1,nproc-1

call MPI_Send(message,12,MPI_CHARACTER,i,itag, MPI_COMM_WORLD,ierr)

end do

write(*,*) "process”, me, ":", message

doi=1,nproc-1

call MP1_Recv(iwrank,1,MPIl_INTEGER,MPI_ANY_SOURCE,itag,MPI_COMM_WORLD, istatus, ierr)
write(*,*) "process”, iwrank, ":Hello, back"

end do

else

call MP1_Recv(inmsg,12,MPI_CHARACTER,0,itag, MPI_COMM_WORLD, istatus,ierr)
call MP1_Send(me,1,MPI_INTEGER,0,itag, MPI_COMM_WORLD,ierr)

end if

call MPI_Finalize(ierr)

end program hello

http://www.dartmouth.edu/~rc/classes/
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Program Examplel

implicit none

integer n, p, i, j,num

real h, result, a, b, integral, pi
real my_a,my_range

pi = acos(-1.0) 1=3.141592...
a=0.0 ! lower limit of integration
b = pi*1./2. ! upper limit of integration

p = 4 ! number of processes (partitions)
n = 100000 !! total number of increments

h = (b-a)/n I length of increment

num= n/p ! number of calculations done by each process
result =0.0 I stores answer to the integral

do i=0,p-1 I sum of integrals over all processes

my_range = (b-a)/p

my_a=a+ i*my_range

result = result + integral(my_a,num,h)
enddo

print *,"'The result =',result

stop

end

real function integral(a,n,h)

implicit none

integer n, i, j

real h, h2, aij, a

real fct, x

fct(x) = cos(x) I kernel of the integral
integral = 0.0 I'initialize integral

h2 = h/2.

do j=0,n-1 I 'sum over all "j" integrals
aij = atj*h I lower limit of "j" integral
integral = integral + fct(aij+h2)*h

enddo

return

end
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Buffer and Deadlock

iIf (rank == 0 )then

call mpi_send(sbuff,kount,MPI_REALS, 1, itag, MPI_COMM_WORLD, ierr)

call mpi_recv(rbuff,kount, MPI_REALS, 1, itag, MPI_COMM_WORLD, istatus,ierr)
safe else if (rank ==1 )then

call mpi_recv(rbuff,kount, MPI_REALS, 0, itag, MPI_COMM_WORLD, istatus,ierr)
call mpi_send(sbuff, kount, MPI_REALS, 0, itag, MPI_COMM_WORLD, ierr)

endif

if (rank == 0 )then
call mpi_recv(rbuff,kount, MPI_REALS, 1, itag, MPI_COMM_WORLD, istatus,ierr)

. call mpi_send(sbuff,kount,MPI_REALS, 1, itag, MPI_COMM_WORLD, ierr)
Deadlock; =%, nl &} else if (rank ==1 )then

call mpi_recv(rbuff,kount,MPI_REALS, 0, itag, MPI_COMM_WORLD, istatus, ierr)
call mpi_send(sbuff, kount, MPI_REALS, 0, itag, MPI_COMM_WORLD, ierr)
endif

if (rank == 0 )then
call mpi_send(sbuff,kount,MPI_REALS, 1, itag, MPI_COMM_WORLD, ierr)
call mpi_recv(rbuff,kount, MPI_REALS, 1, itag, MPI_COMM_WORLD, istatus,ierr)

Buffering dependent else if (rank ==1 )then

call mpi_send(sbuff, kount, MPI_REALS, 0, itag, MPI_COMM_WORLD, ierr)
call mpi_recv(rbuff,kount,MPI_REALS, 0, itag, MPI_COMM_WORLD, istatus, ierr)

endif

kount is large—> deadlock occurs Non-blocking communications
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The programmer should be able to explain why the program does
not (or does) deadlock.

Note that increasing array dimensions and message sizes have no effect on the safety of the protocol.

NCSA Access ©2001 Board of Trustees of the University of Illinois.

process A process B

application SEND application RECV

system buffer system buffer

System buffer size

Path of a message buffered at the receiving process
https://computing.linl.gov/tutorials/mpi/
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Deadlock (C)

/* simple deadlock */

#include <stdio.h>
#include <mpi.h>
void main (int argc, char **argv) {
int myrank;
MPI_Status status;
double a[100], b[100];
MPI_Init(&argc, &argv); /* Initialize MPI */
MPI_Comm_rank(MPI_COMM_WORLD, &myrank); /* Get rank */
if( myrank == 0) {

/* Receive, then send a message */
MPI_Recv( b, 100, MPI_DOUBLE, 1, 19, MPI_COMM_WORLD, &status );
MPI_Send( a, 100, MPI_DOUBLE, 1, 17, MPI_COMM_WORLD );
}
else if( myrank == 1) {

/* Receive, then send a message */
MPI_Recv( b, 100, MPI_DOUBLE, 0, 17, MPI_COMM_WORLD, &status );
MPI_Send( a, 100, MPI_DOUBLE, 0, 19, MPI_COMM_WORLD );
}
MPI_Finalize(); /* Terminate MPI */

}
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Deadlock (FORTRAN)

PROGRAM simple_deadlock
INCLUDE “mpif.h*
INTEGER myrank, ierr, istatus(MPIl_STATUS SIZE)
REAL a(100), b({100)
C Initialize MPI:
call MPI_INIT(rerr)
C Get my rank:
call MPI_COMM_RANK(MPI_COMM_WORLD, myrank, 1ierr)
C Process 0 receives and sends; same for process 1
1T( myrank.eq.0 )then
call MP1_RECV( b, 100, MPI_REAL, 1, 19, MPI_COMM_WORLD,
call MP1_SEND( a, 100, MPI_REAL, 1, 17, MPI_COMM_WORLD,
else 1T ( myrank.eq.1l )then
call MP1_RECV( b, 100, MPI_REAL, O, 17, MPI_COMM_WORLD,
call MP1_SEND( a, 100, MPI_REAL, O, 19, MPI_COMM_WORLD,
endif
C Terminate MPI:
call MPI_FINALIZE(ierr)
END
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PROGRAM safe exchange
INCLUDE 'mpif.h’
INTEGER myrank, ierr, istatus(MPI_STATUS_SIZE)
REAL a(100), b(100)
C Initialize MPI:
call MPI_INIT(ierr)
C Get my rank:
call MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)
C Process 0 receives and sends; process 1 sends and receives
iIf( myrank .eq. 0 )then
call MPI_RECV( b, 100, MPI_REAL, 1, 19, MPI_COMM_WORLD, istatus, ierr)
call MPI_SEND( a, 100, MPI_REAL, 1, 17, MPI_COMM_WORLD, ierr)
else if ( myrank .eg. 1 )then
call MPI_SEND( a, 100, MPI_REAL, 0, 19, MPI_COMM_WORLD, ierr)
call MPI_RECV( b, 100, MPI_REAL, 0, 17, MPI_COMM_WORLD, istatus, ierr)
endif
C Terminate MPI:
call MP1_FINALIZE(ierr)
END

NCSA Access ©2001 Board of Trustees of the University of Illinois.
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/* safe exchange */

#include <stdio.h>
#include <mpi.h>
void main (int argc, char **argv) {
int myrank;
MP1_Status status;
double a[100], b[100];
MPI _Init(&argc, &argv); /* Initialize MPI */
MPI_Comm_rank(MP1_COMM_WORLD, &myrank); /* Get rank */
1IT( myrank == 0 ) {

/* Receive a message, then send one */
MP1_Recv( b, 100, MPI_DOUBLE, 1, 19, MPI_COMM_WORLD, &status );
MP1_Send( a, 100, MPI_DOUBLE, 1, 17, MP1_COMM_WORLD );
+
else 1f( myrank == 1 ) {

/* Send a message, then receive one */
MP1_Send( a, 100, MPI_DOUBLE, O, 19, MP1_COMM_WORLD );
MP1_Recv( b, 100, MPI_DOUBLE, O, 17, MP1_COMM_WORLD, &status );

¥
MPI_Finalize(); [* Terminate MPI */

}
status.MPI_SOURCE, status.MPI1_TAG, and status.MPl_ERROR contain the

source, tag, and error code respectively of the received message
status.MPI_SOURCE A5 E HWl ==9] ofo|t] & Lol ¥l 4= Q)
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PROGRAM depends _on_buffering
INCLUDE 'mpif.h'

INTEGER myrank, ierr, (MPI_STATUS_SIZE)
REAL*8 a(100), b(100)
C Initialize MPI: REAL*8 > DOUBLE PRECISION
call MPI_INIT(ierr) MPI_REAL8 > MPI_DOUBLE_PRECISION

C Get my rank:
call MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)
C Process 0 sends and receives; same for process 1
If( myrank .eq. 0 )then
call MP1_SEND( a, 100, MPI REALS, 1, 17, MPI_COMM_WORLD, ierr)
call MPI_RECV( b, 100, MPI _REALS, 1,19, MPI_COMM_WORLD, , ierr)
else if ( myrank .eg. 1 )then
call MP1_SEND( a, 100, MPI _REALS, 0, 19, MPI_COMM_WORLD, ierr)
call MPI_RECV( b, 100, MPI REALS, 0, 17, MPI_COMM_WORLD, , err)
endif
C Terminate MPI:
call MP1_FINALIZE(ierr)
END

Again, process 0 attempts to exchange messages with process 1. This time, both processes send first,
then receive. Success depends on the availability of buffering in MPI.

If the message sizes are increased, sooner or later the program will deadlock.

NCSA Access ©2001 Board of Trustees of the University of Illinois.
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PROGRAM probable deadlock
INCLUDE 'mpif.h’
INTEGER myrank, ierr, (MPI_STATUS_SIZE)
INTEGER n
PARAMETER (n=100000000)
REAL a(n), b(n)
C Initialize MPI:
call MPI_INIT(ierr)
C Get my rank:
call MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)
C Process 0 sends, then receives; same for process 1
if( myrank.eq.0 )then
call MPI_SEND( a, n, MPI_REAL, 1,17, MPI_COMM_WORLD, ierr)
call MPI_RECV( b, n, MPI_REAL, 1, 19, MPI_COMM_WORLD, , lerr)
else if ( myrank.eq.1 )then
call MPI_SEND( a, n, MPI_REAL, 0, 19, MPI_COMM_WORLD, ierr)
call MPI_RECV( b, n, MPI_REAL, 0, 17, MPI_COMM_WORLD, , 1err)
endif
C Terminate MPI:
call MP1_FINALIZE(ierr)
END

This program will deadlock under the default configuration of nearly all available MPI implementations.

NCSA Access ©2001 Board of Trustees of the University of Illinois.
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Asynchronous communication
MPI_Wait used to complete communication

PROGRAM simple deadlock avoided
INCLUDE 'mpif.h'
INTEGER myrank, ierr, (MPI_STATUS_SIZE)
INTEGER irequest
REAL a(100), b(100)
C Initialize MPI:
call MPI_INIT (ierr)
C Get my rank:
call MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)
C Process 0 posts a receive, then sends; same for process 1
If( myrank.eq.0 )then
call MPI_IRECV( b, 100, MPI_REAL, 1, 19, MPI_COMM_WORLD, irequest, ierr)
call MPI_SEND( a, 100, MPI_REAL, 1, 17, MPI_COMM_WORLD, ierr)
call MPI_WAIT( irequest, , 1err)
else if ( myrank.eq.1 )then
call MPI_IRECV( b, 100, MPI_REAL, 0, 17, MPI_COMM_WORLD, irequest, ierr)
call MPI_SEND( a, 100, MPI_REAL, 0, 19, MPI_COMM_WORLD, ierr)

call MP1_WAIT( irequest, , 1err)
endif
C Terminate MPI: This is a race condition, which can be very difficult to debug.
call MPI FINALIZE(ierr) int i=123; MP1_Request myRequest; MPI_lIsend(&i, 1, MPI_INT, 1,
END MY _LITTLE_TAG,MPI_COMM_WORLD, &myRequest);

. i=234;
int 1i=123; MPI_Request myRequest;

MPI_Isend(&i, 1, MPI_INT, 1, MY_LITTLE_TAG, MPI_COMM_WORLD, &myRequest);

// do some calculations here // Before we re-use variable i, we need to wait until the asynchronous function call is complete
MPI_Status myStatus; MPI_Wait(&myRequest, &myStatus);

i=234;

NCSA Access ©2001 Board of Trustees of the University of Illinois.
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http://supercomputingblog.com/mpi/mpi-tutorial-5-asynchronous-communication/

MPI_Wait blocks until the message specified by “request” completes.

[* deadlock avoided */

#include
#include
void main (int argc, char **argv) {
int myrank;
MPI_Request request;
MPI_Status status;
double a[100], b[100];
MPI_Init(&argc, &argv); [* Initialize MPI */
MPI_Comm_rank(MPI_COMM_WORLD, &myrank); I* Get rank */
iIf(myrank ==0) {

/* Post a receive, send a message, then wait */
MPI_Irecv( b, 100, MPI_DOUBLE, 1, 19, MPI_COMM_WORLD, &request);
MPI_Send( a, 100, MPI_DOUBLE, 1, 17, MPI_COMM_WORLD );
MPI_Wait( &request, &status );
by
else if(myrank == 1) {

/* Post a receive, send a message, then wait */
MPI_Irecv( b, 100, MPI_DOUBLE, 0, 17, MPI_COMM_WORLD, &request);
MPI_Send( a, 100, MPI_DOUBLE, 0, 19, MPI_COMM_WORLD );
MPI_Wait( &request, &status );

b
MPI_Finalize(); /* Terminate MPI */

}

NCSA Access ©2001 Board of Trustees of the University of Illinois.
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It is always safe to order the calls of MPIL_(I)SEND and MPI_(I)RECV so that a
send subroutine call at one process and a corresponding receive subroutine
call at the other process appear in matching order.

IF {(myrank==0) THEN

CALL MPI_SEND{SEHdbuf, .

CALL MPI RECV({recvbuf, ...}
ELSEIF {myrank==1) THEN

CALL MPI RECV(recvbuf, ...}

CALL MPI SEND(sendbuf, ...)
ENDIF B

In this case, you can use either blocking or non-blocking subroutines.

Considering the previous options, performance, and the avoidance of deadlocks,
it iIs recommended to use the following code.

IF (myrank==0) THEN

CALL MPI ISEND(sendbuf, ..., iregl, ...)

CALL MPI IRECV(recvbuf, ..., ireg2, ...)
ELSEIF (myrank==1) THEN

CALL MPI ISEND(sendbuf, ..., iregl, ...)

CALL MPI IRECV(recvbuf, ..., iregz, ...)
ENDIF

CALL MPI WAIT(iregl, ...)
CALL MPI WAIT(ireg2, ...)

Y AoyamaandJ. Nakano  p. 28
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Blocking send/receive

A blocking send or receive does not return from the subroutine call until the
operation has actually completed. Thus it insures that the relevant completion
criteria have been satisfied before the calling process is allowed to proceed.

You are sure that the data has actually arrived and is ready for use.

Process A Process B Process C
Workof A - .
L - Work of C
B . Work of B orko
Call to )
collective - 1 callto
Time operation otart Pttt " collective
i End = 7 ~ operation
W | l

NCSA Access ©2001 Board of Trustees of the University ofIllinois.
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lusr/bin/xterm -Is -display $DISPLAY -fn 12x24

lusr/bin/xterm -Is -display $DISPLAY -fn 12x24 -fg gray -bg black

:set background=light
:set background=dark
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.syntax on

91



IS

Is —Itra Editors
2 So] ma e Ae 25 Vi
O R E R e B Emacs
Pico
mkdir abc
cd abc
|S Dos2Unix / Unix2Dos - Text file format converters
- T g )
mv aa aal E <:>.<:> MAC
; (4

cp aa bb

Convert text files with DOS or Mac line breaks to Unix line breaks and vice versa.

:set showmatch
:set paste
HAE 2L u A2 BAE i de] HEE 5§
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#!/bin/bash

#$ -V

#$ -cwd

#$ -S /bin/bash

#$ -N sge_run_test

### Total used process count numbers on cpu_openmpi
#$ -pe cpu_openmpi 4

#### Total used process count numbers on gpu_openmpi
#t# $ -pe gpu_openmpi 4

### Queue Name

### To use cpu => cpu
### To use gpu => gpu
#$ -q cpu

#$ -R yes

# This job's working directory
echo Working directory is $SGE_CWD_PATH
cd $SGE_CWD_PATH

echo Running on host "hostname’

echo Time is "date’

echo Directory is "pwd’

echo This jobs runs on the following processors:
echo “cat $PE_HOSTFILE®

# Define number of processors

NPROCS="wc -l < $PE_HOSTFILE"

echo "nprocs=$NPROCS"
NPROCS=$NSLOTS

# your job
mpirun -np SNPROCS ./a.out > outputl

SGE: Sun Grid Engine

pestat

The 8th KIAS CAC Summer School
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Portable Batch System (PBS)

O Process and Resource Management

o Torque, openpbs
m http://www.clusterresources.com/products/torque-resource-manager.php

o Commands (& 3)
% qstat (Status)
% man gstat
% gqstat -a
% gqstat -u newton
% qstat -an
% qstat -q
% gstat -s
% gstat -f
7 pestat (Node Status)
% qsub
% qdel

o PBS script (&S &)

From Dr. K. Joo (KIAS), The 224 CAC Summer School on Parallel Computing
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PBS Scripts

#/bin/sh

#H## Job name

#PBS -N JOB_MAME

### Declare job non-rerunable
HPBS -rn

H#EHEH Qutput files

#PBS - oe

Hr Mail to user

#FPBS -m oe

#HEH Quewe nome (n2, nd, nlé, n32, nb4)
HFPBS -g n32

#&# Walltime limit (hhimm:iss)
#PRS -| walltime=168:00:00

# This jeb’s working directory
echo Working directory is $PBS_O_WORKDIR
cd $PBS_O_WORKDIR

echo Running on host " hastname”

echo Time is " date’

eche Directory is " pwd’

eche This jobs runs on the following processors:
eche " cat $PES_MNODEFILE'

# Define number of precessors

MNPROCS="wc -l « $PBS_MNODEFILE

## your parallel job

tpiexec -np SMPROCS a.out

* PBS interactive mode
% gsub -I -q n8 -N job_name
% qsub -I -q nl6 -N job_name

% echo $PBS_O_WORKDIR
% echo $PBS_NODEFILE
% cat $PBS_NODEFILE

% export | grep PBS

* PBS commands
% cat start.mat
% qsub start.mat
% qdel 57480

From Dr. K. Joo (KIAS), The 2"d CAC Summer School on Parallel Computing
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Point to Point Communication (Fortran)

Call MPT_SEND(buf, count, datatype, dest, tag, comm, ierr);
- buf : Send buffer

- count : Number of sent elements

- datatype : MPI datatype

- dest : Destination Process ID
- tag : Message tag
- comm : Communicator

Call MPT_RECV(buf, count,datatype,source, tag, comm, status, ierr);
- buf : Receive Buffer

- source : Source Process ID

- status : Receive status

From Dr. K. Joo (KIAS), The 2"d CAC Summer School on Parallel Computing
The 8th KIAS CAC Summer School
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Point to Point Communication (C)

MPI_Send(buf, count, datatype, dest, tag, comm);
- buf : Send buffer

- count : Number of sent elements

- datatype : MPI datatype

- dest : Destination Process ID
- tag : Message tag
- comm : Communicator

MPI_Recv(buf, count,datatype,source, tag, comm, &status):
- buf : Receive Buffer

- source : Source Process ID

- status : Receive status

From Dr. K. Joo (KIAS), The 224 CAC Summer School on Parallel Computing

The 8th KIAS CAC Summer School
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Compile/Run...... Performance

mpif90 hello.f90
mpicc hello.c DOUBLE PRECISION :: start, end

mpiexec —np 2 ./a.out start = MPI_Wtime()

mpirun —np 3 ./a.out | code to be timed

end = MPI_Wtime()

qsub start. mat print*,'"That took ',end-start,' seconds'

pestat
gstat —a

The 8th KIAS CAC Summer School 98



awk, grep, ....

foreach num ("seq -s" " 4142")
ssh c${num} ps -ef | grep program_name | awk ‘{print $2}' | xargs kill -9
end

incredible.egloos.com
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Point-to-point communications

machine A \.‘; machine B \)
task 0
network

| dala | e

send(data) receive(data)
“ o

oJol¥olRo
-
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Collective communications No tags

I I MPI_Scatter(u, 4, MPI_INT, v, 4, MPI_INT, O, MPI_COMM_WORLD) ;

broadcast scatter

u=| o] 1] 2] 3] 4] s| 6| 7| 8] 9]10] 11]12] 13] 14] 15]
A A J

®000 0000 @ || | -
N/ N e

—=v=s[ ofwo[u] -
——v=[12[13]ua]1s| 3

gather reduction
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Filld No tags
buffer
——
ProcessA [ [ | I [ [ 1] HEE  EEEE
MPI_Bcast processB [T T[T TTTTT] ( WpiBeast | [T N TTT]
()= process¢ [T TTTTTTTT] EEN _ EEEN
e —_—
Empty Information
buffer present on
> every process
Memory

©= O O O

MPI_ Scatter

ors
©= O= O=

O O O= O
or™

©

MPI_Bcast() - Broadcast (one to all)
MPI_Reduce() - Reduction (all to one)
MPI_Allreduce() — Reduction (all to all)
MPI_Scatter() —  Distribute data (one to all)
MPI_Gather() -  Collect data (all to one)
MPI_Alltoall() — Distribute data (all to all)
MPI_Allgather() — Collect data (all to all)

MPI_Allgather

Q= O O
OBNONNO
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Collective communications

Q79 7hsd ol A A8 A
oln| A3ty FA HHo| T}
data ——»
2 Po|A A
E P1 bruadcas} A
& P
P2 A
1 P3 A
PolA[B|C|D| seamter |A
scatterv  m s
Pz T C
gatherv  »s “ o
PO | A alelc|p
F1lB ﬂ"gﬂther Alelclo
Pz |c " lale]|el|p
P3|D A|B|C|D
PO |AD |AT|AZ |AS AQ |BO|CO|DO
P1 [Bo|B1|B2|B3| @Medll  1aqlB1|c1|D1
Pz |Co|C1|C2|C3 Az |Bz|Cz|D2
Pz |DO|D1|DZz|D3 A3 |B3|C=2|D3

Y. Aoyama and J. Nakano
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PO
P1
Pz
P3

PO A | AB*C*D
P1|B | reduce
Plel
P3 D |
¥ some operator
PO A | all AB*CD
P18 | reduce | sigaoop
Pz |C | AB*CD
F3 | D | A'B*C'D
¥ some operator
PO [A A
P1 B scan A'B
Pz |c | - |amc
F3 [D A'B*C'D
* gome operator
ADAT|AZ [A3] reduce [AD*BO*CO*DO
Bo|B1|B2|B3| SCM°" |A1:B17C1D1
CojC1|Cz|C3 Az'BzCzD2
Do|D1|Dz D3 A3*B3*C3°D3

* some operator

No tags
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Collective communications No tags

bcast.f
1 FROGRAM brcast
2 INCLUDE ‘mpif.h’
3 INTEGER imsg(4)
4 CALL HPI_INIT[iEI‘I}
5 CALL MPI_COMM SIZE(MPI COMM WORLD, nprocs, ierr)
L) CALL MPI COMM RANK (MPI COMM WORLD, myrank, ierr)
7 IF (myrank--0) THEN
g8 DO i=1,4
9 imsg{i] =1 MPI_COMM_WORLD
10 ENDDO rank=0=root rank=1 rank=2
11 ELSE el o 5]« [TTRIRTS] [TTETOTS
12 DO i=1,4 x4 _ | 112 3_4 2 3_4
13 imsg(i) = 0 - " "
14 ENDDO
15 ENDIF
1a PRINT #*, 'Before:’ ,imsg
17 CALL MP FLUSH(1)
18 CALL MPI_ECRST{imsg, 4, MPI INTEGER,
19 & 2, MPI COMM WORLD, ierr)
20 PRINT *, rAfter :',imsg
21 CALL HPI_FINALIEEl:iEII}
22 END No tags

Y. Aoyama and J. Nakano
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Collective communications

No tags

gather.f

1 PROGRAM gather

2 INCLUDE ‘mpif.h’

3 INTEGER irecwv(2)

4 CALL MPI INIT(ierr)

5 CALL MPI_COMM SIZE(MPI_COMM WORLD, nprocs, ierr)

6 CALL MPI_COMM RANK(MPI_ COMM WORLD, myrank, ierr)

7 isend = myrank + 1

8 CALL MPFI GATHER(isend, 1, MFI_ INTEGER,

g & irecv, 1, MPI_INTEGER,
10 & 0, MPI COMM WORLD, ierr)
11 IF (myrank==0] THEN
12 PRINT #,'irecv =',irecv
13 ENDIF
14 CALL MFI FINALIZE (ierr)

15 END
MPI_COhK_WORLD
rank=0=root
MPI_IE;I'EGER] | 9
isend
MPI_INTEGER

x1

Y. Aoyama and J. Nakano

]
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Collective communications No tags

1 PROGRAM reduce

2 INCLUDE ‘mpif.h’

3 REAL al9)

4 CALL MPI INIT(ierr)

5 CALL MPI_CCMM_SIZE(MPI_COMM WORLD, nprocs, ierr)

3 CALL MPI_COMM RANK(MPI_COMM WORLD, myrank, ierr)

7 ista = myrank *# 3 + 1

8 iend = ista + 2

9 DO i=ista,iend
10 a(i) = 1
11 ENDDO
12 sum = 0.0
13 DO i=ista,iend

14 sum = sum + ali)

15 ENDDO P\I() tEig)E;
16 CALL MPI REDUCE(sum, tmp, 1, MPI REAL, MPI SUM, O,

17 & MPI_COMM WORLD, ierr)

13 sum = tmp

MPI_COMM_WORLD
19 IF (myrank==0) THEN S — e e e e e et
20 DRINT *,'sum =',sum rank=0=root rank=1 rank=2 ‘
21 ENDIF é - B - R E re 3 455 788 E Fe a3 456 788 5
O erLEE (e AR (TEEE 0 (I I7Ee
— : arraya | aray a | array a i

23 END i i i i

sum 24 | sum

Y. Aoyama and J. Nakano
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Collective communications No tags

PROGRAEM maxloc p
INCLUDE ‘mpif.h’
INTEGER n(9)

INTEGERE isend(2), irecwv(2)

DATA n /12, 15, 2, 20, 8, 3, 7, 24, 52/

CALL ME I_INIT[iEIr}

CALL MPI_COMM SIZE(MPI_ COMM WORLD, nprocs, ierr)
CALL MPI_COMM_RANK(MPI_COMM WORLD, myrank, ierr)

ista = myrank * 3 + 1 MPI_COMM_WORLD
iend = ista + 2 rank=0=root rank=1 rank=2
wmax = -99s (sl T[]} (LRI ] (LI [ [k
DO i1 = ista, iend array n amay n amay n
IFiézili :{;Tax] THEN s oot
iloc = i
ENDIF
ENDDO i'““
isend(l) = imax
isendi(2) = iloc
CALL MPI REDUCE(isend, irecwv, 1, MPI ZINTEGER,
& B MPI_MAXLOC, 0, MPI_COMM WORLD, ierr) NO tagS
IF (myrank == 0] THEN
PRINT *, 'Max =', irecv(l), ‘Location =', irecwv(2)
ENDIF
CALL MPI FINALIZE (ierr)
END

donotuseacallsuchas MPI_Reduce (&x, &x, 1, MPI_DOUBLE, O, comm);

Y. Aoyama and J. Nakano
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Reduce operators

HPI_HAX maximuin integer, float integer, real, complex

HPI_MIN rminirmurm integer, float integer, real, complex

HP1_SUM sum integer, float integer, real, complex
WP1_PROD product integer, float integer, real, complex
HPI_LAND logical AND integer logical

MPI_BAND | bit—wise AND integer, MPI BYTE integer, MPI BYTE

HPI_LOR logical OR integer logical

HP1_BOR bit-wise OR integer, MPI BYTE integer, MPI BYTE

HPI_LXOR | logical XOR integer logical

MPI_BXOR | bit-wise XOR integer, MPI_BYTE integer, MPI_ BYTE
MP1_MAXLOC | max value and location |float, double and long double | real, complex,double precision
MPI_MINLOC | min value and location |float, double and long double | real, complex, double precision
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Communications?

FFT
FD
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Load Balancing

time

Equally partition the work

Use dynamic work assignment

The 8th KIAS CAC Summer School

“ 1ol A A" S A% (top>d).
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Granularity

Fine-grain Parallelism Coarse-grain Parallelism
s AR guE -
L Y
7 communication .| communication
Il computation I computation

Relatively large amounts of computational work are done
between communication/synchronization events
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Problem decomposition

 Domain decompostion
* Functional decomposition

A2 b o) dlo]elrt Bastan e Ahale] dlo el sk A gkske] Altto] A= AS



Parallel programming issues

% load balancing
% minimizing communication
% overlapping communication and computation

A Agtslo]of st} B4 2 4 ) O F= 6FA] rofof gk}, (minimizing communication)
ﬂJ‘#o}‘?i EA1& w9 =] 7] v Zolth
=EE0l A Hs e AEZ ALS a5t oF5 £} (load balancing)
o] gk AMFS T3] L3 T FaA e thgol FAS h o] F .
AGaA A AFEARE AL ==Ed AEst= 497 A B2, AlLkE A= ALl SA]
wolE It S thgof] AME F7F 2 S 9 g AEAREE A UreE A7 AES 7 9
o] w], MPI_ANY_SOURCEE ©] &34 A5 & Wol EQ1t} o] = At oAl 2 AbA 3 A 521X] & &
ATt = A ALl AEo] BF wde HFH Abs 8 98HA] @ ol Btk o] A ghek iy ol o),
o E W, ASAA WH o R HA43) 5t Y S 8k A5, AlAvie HE = H AAAGE dojul=
AlZbol T dsh#] @& o Atk

It is very difficult in practice to interleave communication with computation.

http://incredible.egloos.com/3755171
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FPROGRAM main
PARAMMETER (n = 1000)
DIMENSION a(n)
DO 1 =1, n

a(i) = 1
ENDDO
sum = 0.0
DO 1 = 1, n

sum = sum + a(i) U¥yojA g S i
ENDDO
PRINT *,'sum =',sum
END

Y. Aoyama and J. Nakano
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SUBROUTINE para range (nl, n2, nprocs, lrank, 1sta, 1lend)
iworkl = (n2 - nl + 1) / nprocs

lwork2 = MOD(n2 - nl + 1, nprocs)

ista = irank * iworkl + nl + MIN(irank, 1work2z)

lend = ista + 1workl - 1

IF (iwork2 > 1rank) i1end = l1end + 1

END

feration 1 2z = 4 s & 7 & 9 10 11 12 13 14
Bank (OO0 0|01 |1]1|1]|2]|2|2|3|3]|3

SUBROUTINE para range(nl, nZ, nprocs, lrank, ista, lend)
iwork = (n2 - nl) / nprocs + 1

ista = MIN(irank * iwork + nl, nz + 1)

iend = MIN(ista + iwork - 1, n2z)

END

lteration 1+ 7 3 4 & & 7 & 9 10 11 12 13 14
Rank (0|0 O[O |1T |11 |1 |2 2|2 2|33

Y. Aoyama and J. Nakano
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subroutine equal_load(n1,n2,nproc,myid,istart,ifinish)
implicit none

Integer nproc,myid,istart,ifinish,n1,n2

Integer iwl,iw2

Iwl=(n2-n1+1)/nproc ; iw2=mod(n2-nl+1,nproc)
Istart=myid*iwl+nl+min(myid,iw2)
Ifinish=istart+iwl-1 ; if(iw2 > myid) ifinish=ifinish+1
print*, n1,n2,myid,nproc,istart,ifinish

If(n2 < istart) ifinish=istart-1

return

end



PROGRAM main

INCLUDE 'mpif.h’

PARAMETER (n = 1000)

DIMENSION a(n)

CALL MPI INIT(ierr)

CALL MPI COMM SIZE (MPI COMM WORLD, nprocs, ierr)
CALL MPI COMM RANK(MPI COMM WORLD, myrank, lerr)
CALL para range(l, n, nprocs, myrank, 1i1sta, 1end)

DO i = ista, iend
2= 1 gatels wewe O AZ 8 AHE g Fu
ENDDO
sum = 0.0
DO 1 = ista, iend
sum = sum + a(i)
ENDDO
CALL MPI REDUCE(sum, ssum, 1, MPI REAL,
& MPI SUM, 0, MPI COMM WORLD, ierr)
sSum = sSsum
IF (myrank == 0) PRINT #*, ' 'sum =',sum
CALL MPI FINALIZE(ierr)
END

Y. Aoyama and J. Nakano
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Array a()

1 2 3 4 5 & 7 8 8 10 11 12 13 14
1 2 3 4!
Process 0
s B 7 8
Process 1
3 10 11!
Process 2
E'IE 13 14i

Process 3

Y. Aoyama and J. Nakano




1% BO| AFBE|= do loop HE | &HAZ Ofeloff EAIRNLC
do loop HEAZ} (371XA| 2H4])

1/3. block distribution

do i=n1,n2

------------- > o}gl| 2} o] serial o] A parallel = v}g Yt}
do i=ista,iend

end do

o 7] o A ista, iend+= == (irank) & TFEgko] EdH o}

subroutine para_range(n1,n2,nprocs,irank,ista,iend)
implicit none

integer n1,n2,nprocs,irank,ista,iend
integer iwork1,iwork?2
iwork1=(n2-n1+1)/nprocs
iwork2=mod(n2-n1+1,nprocs)
ista=irank*iwork1+n1+min(irank,iwork2) Rank [0 0O O T |1 1|1 (2|22 |3 |3
iend=ista+iwork1-1

if(iwork2> irank) iend=iend+1 , o
end Figure 49. Block Distribution

lteration 1 2z 3

on
o
|
[un}
]}
=

1M 12 13 14

Y. Aoyama and J. Nakano
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2/3. cyclic distribution

round-robin fashion

————————————— > o} gf| 9} o] serialoll A parallel = v} 4 T,
do i=nl+irank, n2, nprocs

lteration 1+ 2 3 4 5 & 7 8 9 10 11 12 13 14
Rank |0 |1]2|3]|0|1|2|3|0o|1|2|3|0]1

Figure 51. Cyclic Distribution

Y. Aoyama and J. Nakano
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3/3. block-cyclic distribution

do i=n1,n2

------------- > ol-Zf| 2} o] seriall| 4] parallel = w4 Y T},
do ii=nl+irank*iblock, n2, nprocs*iblock
do i=ii,min(ii+iblock-1,n2)

Heration 1 2 3 4 s & 7 & 39 10 11 12 13 14
Rank [0 (0|11 (2|2 |3 |3|0|0|1|1]|2]|2

o,

iblock
Figure 52. Block-Cyclic Distribution

Y. Aoyama and J. Nakano
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PROGRAM main

implicit none

real suml,ssum

integer i,ista,iend

integer ierr,n1,n2,nprocs,myrank
INCLUDE 'mpif.h'

PARAMETER (nl1 =1, n2 =1000)
REAL, ALLOCATABLE :: a(:)

CALL MPI_INIT(ierr)
CALL MPI_COMM_SIZE(MPI_COMM_WORLD, npraocs, ierr)
CALL MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)
CALL para_range(nl, n2, nprocs, myrank, ista, iend)

ALLOCATE (a(ista:iend))
DO i = ista, iend

a(i) =i

ENDDO

sum1=0.0

DO i = ista, iend

suml =suml + a(i)
ENDDO

suml=sum(a)
DEALLOCATE (a)

MPI_REALS
MPI1_DOUBLE_PRECISION

real*8

CALL MPI_REDUCE(sum1, ssum, 1, MPI_REAL,MPI_SUM, 0, MPI_COMM_WORLD, ierr)

suml = ssum

PRINT *'suml =',suml, myrank
CALL MPI_FINALIZE(ierr)
END



PROGRAM main

INCLUDE 'mpif.h’

PARAMETER (nl = 1, nZ2 = 1000) real*8 sum, ssum

REAL, ALLOCATABLE :: af(:) real*8, allocatable ::

CALL MPI INIT(ierr)

CALL MPI COMM SIZE (MPI COMM WORLD, nprocs, ierr)
CALL MPI COMM RANK (MPI COMM WORLD, myrank, ierr)
CALL para range(nl, n2, nprocs, myrank, ista, iend)
ALLOCATE (a(ista:iend))

DO i = ista, iend
a(i) = 1
ENDDOC
sum = 0.0
DO i = ista, iend
sum = sum + a(i)
ENDDO MPI_DOUBLE_PRECISION
DEALLOCATE (a) MPI REALS
CALL MPI REDUCE (sum, ssum, 1, MPI REAL,
& MPI sUM, 0, MPI COMM WORLD, ierr)
sum = sSsum
PRINT *,’'sum ="', sum
CALL MPI_FINALIZE{ierr}
END

Y. Aoyama and J. Nakano
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One-sided communication©] 0}‘4 coIIectlve communication ©] " -$-

Z el A

d& 50, =mEHEE ZoA Sl Ads

E4 dolHE ==EH = ‘/}TJ_X} &} UH collective communication H4

Processors |\/| emo ry

MPI_Reduce
OJE
CPU
top MPI_Allreduce
@ 5
@ 18(14

Ol

o]

Ol

@18
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Collective communications

gather.f

1 PROGRAM gather

2 INCLUDE ‘mpif.h’

3 INTEGER irecwv(2)

4 CALL MPI INIT(ierr)

5 CALL MPI_COMM SIZE(MPI_COMM WORLD, nprocs, ierr)

6 CALL MPI_COMM RANK(MPI_ COMM WORLD, myrank, ierr)

7 isend = myrank + 1

8 CALL MPFI GATHER(isend, 1, MFI_ INTEGER,

g & irecv, 1, MPI_INTEGER,
10 & 0, MPI_COMM WORLD, ierr)
11 IF (myrank==0] THEN

12 PRINT #,'irecv =',irecv

13 ENDIF

14 CALL MFI FINALIZE (ierr)

15 END

MPI_COhK_WORLD
: rank=0=root
MPI_IE;I'EGER] | 9
isend
MPI_I:J':'EGER] 1

Y. Aoyama and J. Nakano
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before
[a] (o] c] [d] [e]
[TTTT]
after 0
[d]
o G 5 A7) AZEE 54 w00 )] B 2o 3wl 3l
S g9t o] ], B4 (0 =)o = =T Z=(nproc)el] W] & 0} Hj < g (M < nproc)
o] W28k Wk

Irregular message sizes allowed
gaps allowed between messages in source data

data can be distributed to processes in any order

http://incredible.egloos.com/4086075
http://www.cac.cornell.edu/Ranger/MPIcc/scatterv.aspx
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1234567890

implicit none gatherv

include 'mpif.h’

integer, allocatable :: isend(:), irecv(;)

integer, allocatable :: ircnt(:), idisp(:) before

integer ierr,nproc,myid [l [B] cl [dl el
integer i,iscnt, ndsize T B

call MPI_INIT ierr)

call MPI_COMM_SIZE(MPI_COMM_WORLD,nproc,ierr) after

call MPI_COMM_RANK(MPI_COMM_WORLD,myid,ierr) c] [d] [e]
ndsize=10

allocate(isend(ndsize),irecv(nproc*ndsize))
allocate(ircnt(0:nproc-1),idisp(0:nproc-1))
ircnt=ndsize

idisp(0)=0

do i=1,nproc-1

idisp(i)=idisp(i-1)+ircnt(i)

enddo

do i=1,ndsize I node specific data with a data-size ndsize
isend(i)=myid+1

enddo

iscnt=ndsize

call MPI_GATHERV (isend, iscnt, MPI_INTEGER, irecv, ircnt, idisp, MPI_INTEGER,0, MPI_COMM_WORLD, ierr)

If(myid == 0)then
print*, ‘irecv=",irecv
endif
deallocate(ircnt,idisp) ; deallocate(isend,irecv)
call MPI_FINALIZE(ierr) ; stop ; end

The 8th KIAS CAC Summer School 127




scatterv

real*8 a(25), rbuf(MAX); integer displs(NX), rcounts(NX), nsize

do i=1, nsize

displs(i) = (i-1)*stride

rcounts(i) = 25

enddo

call mpi_gatherv(a, 25, MP1_REAL, rbuf, rcounts, displs, MPI_REALS, root, MPI_COMM_WORLD, ierr)

before
alblcld el
L] ] L [ []
after
alblcldle
b] [c [d]

real*8 a(25), sbuf(MAX); integer displs(NX), scounts(NX), nsize

do i=1, nsize

displs(i) = (i-1)*stride

scounts(i) = 25

enddo

call mpi_scatterv(sbuf, scounts, displs, MPI_REALS, a, 25, MPI_REAL, root, MPI_COMM_WOLRD, ierr)

http://www.cac.cornell.edu/Ranger/MPIlcc/gathervscatterv.aspx
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Energy/force

Time consuming part

qeccccccccccoe
.

Parallel ADMD

{R}, configurations

Vo, {F}y

Vo dFh

LBFGS

Object function/gradient

Relaxation {R};

Yes
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Distributed computing
Observed speedup

% -
] 22+
i ‘
20 . 19 |
D -
186
15 | 1 I
& 5
'E "§‘|3—
10 - 1 10 |
7t v
Ll 4 L ‘*'
| | -
| 4t 1o
] 7
v] 5 10 15 20 25 i - L
number of nodes 1 3 5 7
) P B o ) sl o
top7—, *L—*Oﬂ}ﬂ Zl H E}J

v single
d O 8+8

O 8+8+8

s A 44444

A ]

X 24242 ]

* 1+1 1
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GLOBUS; MPICH_G2
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program main
include 'mpif.h'
Integer ierr
call MPI_INIT(ierr)
print*, 'hello world’
call MPI_FINALIZE(ierr)
end
mpif77 hello_world_parallel 1.f
mpiexec —n 2 ./a.out
mplexec —np 2 ./a.out
mpirun —np 2 ./a.out
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ASCII vs. binary

> 10 speedup

Format || C FORTRAN
ASCIl || fprintf() | open(6,file="test’,form="formatted’)
write(6,%)
Binary || fwrite() | open(6,file="test’,form="unformatted’)
(6

write(6)

The 8th KIAS CAC Summer School
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&2 A 0.2 AL g H ol 2 A T,

r&'i

SZ E 2 direct access 7] o] MPI 3+ 74 &9 A §-&

FEH ZHOA Bd S HE W, Y EE= x4 (" sequential ") 2= o 1| g
He o, A5 o wpxbrpA o]t
ol &} & A9, B4 UZE Ao whebA access='sequential' = A Fsl= 7§71 ot}

open(1,file="fort.1',form="formatted’,access="sequential’)

open(2,file="fort.2',access="direct’, recl=8*nnn)

29} o] & A9 = WA A O R direct S FL3ttlu Mostd gl mE Aol E A Ao A] Hlo|Edl B At
T AT =, AL 31 2 T Ut dlol g R, FEEE A ¢S ¢ A
EEZ% A3 Fol "oy & %1]1 e g Utk HolH = Fit o8 Hroj A glojA AR-d a7k glth

}
PI RO A o] 18] f8alT), eEgh BA1S AT g8 0wl a5l
e REEERES
T}

ol del @ B M S 4718 23 5 ok
lo1E] B ol 2 9 ) 2 S0k A o sl A] A A8] el el ZEA o] Biel e, el o] 3
shelol] A2 E 4tk =21 54 glo] we] A2 5 9

MY FZE DU N H NN DU OO O O O HH
2H Y FE oo UU NN NN O NN U O O O O W H
SH YA NN UUUU NN OO DO O O O Y
AH YIE DU UHNUUUU NN NN OO NN OO O O O O Y
SH YIZE U UU NN U O U N U OO0 O Y W H T
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1234567890

program d_access

implicit none

include 'mpif.h’

integer myid, nproc, ierr, iroot, kount
real*8 time_start,time_end

integer nsites

real*8, allocatable :: spin_lattice(:),tspin_lattice(:)
real*8 before,after

integer kdum,kk

call MPI_INIT(ierr)

EED =213 e Fonthe fly) 54 3 A7
oz o} 2ol eyl Hr.

OPEN(11,FILE="del")
CLOSE(11,STATUS='DELETE") ! 3} %] $-7] = A 3) 3},

MPI §1 7% 0 ¥ ==of Ak X 9] ofglt), BE =E7}

I

call MPI_COMM_RANK( MPI_COMM_WORLD, myid, ierr)
call MPI_COMM _SIZE( MPI_COMM_WORLD, nproc, ierr)
if(myid == 0 .and. nproc > 1) print *, nproc," processes are alive"
if(myid == 0 .and. nproc ==1) print *, nproc," process is alive"

time_start=MPI_WTIME()

nsites=100

allocate(spin_lattice(nsites))
allocate(tspin_lattice(nsites))
spin_lattice=0.d0

tspin_lattice=0.d0

before=float(myid)

print*, before, myid,' node,in the memory"'

open(97,file="fort.97',access="direct',recl=8*(nsites+1))
write(97,rec=myid+1) before,(spin_lattice(kdum),kdum=1,nsites)

close(97)
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call MPI_BARRIER( MPI_COMM_WORLD, ierr)
if(myid == O)then ! ----- [ processid =0
open(97,file="fort.97',access="direct',recl=8*(nsites+1))
before=2.d222

do kk=1,nproc

read(97,rec=kk) after,(tspin_lattice(kdum),kdum=1,nsites)
print*, after, kk-1,' node,in the file'

I if(before > after)then

I before=after

I spin_lattice=tspin_lattice

I endif

enddo

close(97)

I print*, before," before'

endif ! -------===} process id =0

deallocate(spin_lattice)

deallocate(tspin_lattice)

time_end=MPI_WTIME()

if(myid == 0) then ! -------==={ process id =0

write(6,'(4(f14.5,1x,a))") (time_end-time_start),'s', (time_end-time_start)/60.d0,'m", (time_end-time_start)/3600.d0,'h’,
(time_end-time_start)/3600.d0/24.d0,'d’

endif ! -------===} process id =0
call MPI_FINALIZE(ierr)
stop

end program d_access



/O - Parallel 1/0

m Non-parallel 1/O

m |/O to separate files

m Parallel 1/0
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Non-parallel 1/0 from an MPI program

#include "mpi.h"

#include <stdio.h>

#define BUFSIZE 100

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

{

int i, myrank, numprocs, buf[BUFSIZE];

MPI_Status status;

FILE *myfile;

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &myrank);
MPI_Comm_size(MPI_COMM_WORLD, &numprocs);
for (i=0; i<BUFSIZE; i++)

buf[i] = myrank * BUFSIZE + i;

if (myrank 1= 0)

MPI_Send(buf, BUFSIZE, MPI_INT, 0, 123, MPI_COMM_WORLD);
else {

myfile = fopen(“testfile", "w");

fwrite(buf, sizeof(int), BUFSIZE, myfile);

for (i=1; i<numprocs; i++) {

MPI_Recv(buf, BUFSIZE, MPI_INT, i, 123, MPI_COMM_WORLD, &status);
fwrite(buf, sizeof(int), BUFSIZE, myfile);

¥

fclose(myfile);

¥

MPI_Finalize();

return O;

}
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Non-MPI 1/O to separate files

#include "mpi.h"

#include <stdio.h>

#define BUFSIZE 100

int main(int argc, char *argv(])

{

int 1, myrank, buf[BUFSIZE];

char filename[128];

FILE *myfile;

MPI_Init(&argc, &argv);
MPI1_Comm_rank(MPI_COMM_WORLD, &myrank);
for (i=0; i<BUFSIZE; i++)

buf[i] = myrank * BUFSIZE + i;
sprintf(filename, "testfile.%d", myrank);
myfile = fopen(filename, "w");
fwrite(buf, sizeof(int), BUFSIZE, myfile);
fclose(myfile);

MPI1_Finalize();

return O;

}
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MPI 1/O to separate files

#include "mpi.h"

#include <stdio.h>

#define BUFSIZE 100

int main(int argc, char *xargv[])

{

int i, myrank, buf[BUFSIZE];

char filename[128]:

MPI_File myfile;

MPI_Init(&argc, &argv);

MPI_Comm_rank(MPI_COMM_WORLD, &myrank);

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

buf[i] = myrank * BUFSIZE + i;

sprintf(filename, "testfile.%d", myrank);
MPI_File_open(MPI_COMM_SELF, filename, MPI_MODE_WRONLY | MPI_MODE_CREATE, MPI_INFO_NULL, &myfile);
MPI_File_write(myfile, buf, BUFSIZE, MPI_INT, MPI_STATUS_IGNORE);
MPI_File_close(&myfile);

MPI_Finalize();

return 0;

}
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Parallel MPI 1/O to a single file

#include "mpi.h"

#include <stdio.h>

#define BUFSIZE 100

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

{

int i, myrank, buf[BUFSIZE];

MPI_File thefile; Declaring a File Pointer

MPI_Init(&argc, &argv); | . C
MPI_Comm_rank(MPI_COMM_WORLD, &myrank); ’

for (i=0; iKBUFSIZE; i++) .

bufli] = myrank * BUFSIZE + i; + FOI’tran
MPI_File_open(MPI_COMM_WORLD, "testfile", MPI_MODE_CREATE | MPI_MODE_WRONLY, MPI_INFO_NULL, &thefile);
MPI_File_set_view(thefile, myrank*BUFSIZEx*sizeof(int), MPI_INT, MPI_INT, "native", MPI_INFO_NULL);
MPI_File_write(thefile, buf, BUFSIZE, MPI_INT, MPI_STATUS_IGNORE);

MPI_File_close(&thefile);

MPI_Finalize();
return O;
J I FTLE [ ]
L A A Y J ;‘_/
PO
Pl
P2 [CMOTy-
. P# 1s a single processor with rank #.
P(n-1) [ERCHIOR
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Reading a file (1/3)

#include "mpi.h"

#include <stdio.h>

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

{

int myrank, numprocs, bufsize, *buf, count;

MPI_File thefile; Declaring a File Pointer
MPI_Status status;

MPI_Offset filesize;

MPI_Init(&argc, &argv);

MPI_Comm_rank(MPI_COMM_WORLD, &myrank);
MPI_Comm_size(MPI_COMM_WORLD, &numprocs);
MPI_File_open(MPI_COMM_WORLD, "testfile", MPI_MODE_RDONLY, MPI_INFO_NULL, &thefile);

MPI_File_get_size(thefile, &filesize); /* in bytes */
filesize = filesize / sizeof(int); /* in number of ints */
bufsize = filesize / numprocs + 1; /* local number to read */

buf = (int *) malloc (bufsizexsizeof(int));

MPI_File_set_view(thefile, myrankxbufsizexsizeof(int), MPI_INT, MPI_INT, "native", MPI_INFO_NULL);
MPI_File_read(thefile, buf, bufsize, MPI_INT, &status);

MPI_Get_count(&status, MPI_INT, &count);

printf("process %d read %d intsWn", myrank, count);

MPI_File_close(&thefile);

MPI_Finalize();

return O;

}

The 8th KIAS CAC Summer School 141



Reading a file (2/3)

#include<stdio.h>

#include "mpi.h"

#define FILESIZE 80

int main(int argc, char **argv){

int rank, size, bufsize, nints;

MPI _File Th; Declaring a File Pointer
MP1_Status status;

MPI_Init(&argc, &argv);
MP1_Comm_rank(MPI_COMM_WORLD, &rank);
MP1_Comm_size(MPI_COMM_WORLD, &size);
bufsize = FILESIZE/size;

nints = bufsize/sizeof(int);

int buf[nints];
MPI_File_open(MPI_COMM_WORLD,"dfile" ,MP1_MODE_RDONLY,MPI_ INFO_ NULL,&Ffh);
MPI_File seek(fh, rank * bufsize, MPI_SEEK SET);

MPI_File read(fh, buf, nints, MPI_INT, &status);

printf(C'\nrank: %d, buf[%d]: %d', rank, rank*bufsize, buf[0]);

MPI_File _close(&fh);

MPI_Finalize();

return O;

}

After opening the file, read data from files by using either MPI_File seek & MPI_File_read
or MPI_File read at

Calculating Buffer Size
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Reading a file (3/3)

#include<stdio.h>

#include "mpi.h"

#define FILESIZE 80

int main(int argc, char **argv){

int rank, size, bufsize, nints;

MP1 File fh; Declaring a File Pointer
MP1_Status status;

MPI_Init(&argc, &argv);

MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &size);

bufsize = FILESIZE/size;

nints = bufsize/sizeof(int);

int buf[nints];

MPI_File_open(MPI_COMM_WORLD,"dfile" ,MPI_MODE_RDONLY,MPI_INFO_NULL,&fh);
MPI_File _read at(fh, rank*bufsize, buf, nints, MPI_INT, &status);
printf(""\nrank: %d, buf[%d]: %d'", rank, rank*bufsize, buf[0]);
MPI_File_close(&fh);

MPI_Finalize();

return O;

}

After opening the file, read data from files by using either MPI_File seek & MPI_File_read
or MPI_File read at
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Writing a file (1/2)

#include<stdio.h>

#include "mpi.h"

int main(int argc, char **argv){

int i, rank, size, offset, nints, N=16 ;

MPI_File thw;

MPI_Status status;

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &size);
int buf[N];

for (i=0;i<N;i++){

buffi] =1i;

}

offset = rank*(N/size)*sizeof(int);
MPI_File_open(MPI_COMM_WORLD, "datafile", MPI_MODE CREATE|MPI_MODE_WRONLY, MPI_INFO_NULL, &fhw);
printf("\nRank: %d, Offset: %d\n", rank, offset);

MPI_File_write_at(fhw, offset, buf, (N/size), MPI_INT, &status);

MPI_File_close(&fhw);

MPI_Finalize();

return 0;

¥

Declaring a File Pointer

For writing, use either MPI_File _set view & MPI_File write or MPI1_File write at
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Writing a file (2/2)

#include<stdio.h>
#include "mpi.h"
int main(int argc, char **argv){
int 1, rank, size, offset, nints, N=16;
MPI_File Thw; Declaring a File Pointer
MP1_Status status;
MPI_Init(&argc, &argv);
MP1_Comm_rank(MPI_COMM_WORLD, &rank);
MP1_Comm_size(MPI_COMM_WORLD, &size);
int buf[N];
for ( 1=0;i<N;i++){
buf[i] =1 ;
by
offset = rank*(N/size)*sizeof(int);
MPI_File_open(MPI_COMM_WORLD, "datafile3", MPI_MODE_CREATE|MPI_MODE_WRONLY, MPI_INFO_NULL, &fhw);
printf("\nRank: %d, Offset: %d\n", rank, offset);
MPI_File_set_view(fhw, offset, MPI_INT, MPI_INT, "native”, MPI_INFO_NULL);
MPI1_File_write(fhw, buf, (N/size), MPI_INT, &status);
MPI_File_close(&fhw);
MPI_Finalize();
return 0;

}

For writing, use either MPI_File _set view & MPI_File write or MPI1_File write at
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Reading a file (FORTRAN)

integer istatus(MPI_STATUS SIZE)

integer (kind=MPI1_OFFSET_KIND) i1offset

call MP1_FILE_OPEN(MPI_COMM_WORLD, "/pfs/datafile”, MP1_MODE_RDONLY, MPI_INFO_NULL,&
fth, 1err)

nints = FILESIZE / (nprocs*INTSIZE)

10ffset =rank*nints*INTSIZE

call MPI_FILE_READ AT(fh, i1offset, buf, nints, MPI_INTEGER, istatus, 1err)

call MPI_GET_COUNT(istatus, MPI_INTEGER, count, ierr)

print *, "process ", rank, "read ", count,"integers”

call MPI_FILE CLOSE(fh, 1err)

MPI_File _open flags:

- MPI_MODE RDONLY (read only)

- MPI_MODE WRONLY (write only)

— MPI_MODE RDWR (read and write)

- MPI_MODE CREATE (create file if it doesn't exist)

— Use bitwise-or ‘| in C, or addition ‘+” in Fortran, to combine multiple flags
To write into a file, use MPI_File_write or MPI_File_write_at, or...
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Writing to a file (FORTRAN)

PROGRAM main

use mpi

integer ierr, 1, myrank, BUFSIZE, thefile
parameter (BUFSIZE=100)

integer buf(BUFSIZE)
integer(kind=MPI_OFFSET_KIND) disp

call MPI_INIT(ierr)

call MPI_COMM_RANK(MPI_COMM_WORLD, myrank, 1ierr)
do 1 = 0, BUFSIZE

buf(i1) = myrank * BUFSIZE + 1

enddo

call MPI_FILE_OPEN(MPI_COMM_WORLD, 'testfile’, MPI_MODE_WRONLY + MPI_MODE_CREATE, &
MPI_INFO_NULL, thefile, ierr)

call MPI_TYPE_SIZE(MPI_INTEGER, intsize, ierr)

disp = myrank * BUFSIZE * intsize

call MPI_FILE_SET_VIEW(thefile, disp, MPI_INTEGER, MPI_INTEGER, 'native’, MPI_INFO_NULL, ierr)
call MP1_FILE_WRITE(thefile, buf, BUFSIZE, MPI_INTEGER,MPI_STATUS_IGNORE, ierr)

call MP1_FILE_CLOSE(thefile, ierr)

call MP1_FINALIZE(ierr)

END PROGRAM main
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e What is Parallel |/O?

Multiple processes of a parallel program
accessing data (reading or writing) from a
common file.

FILE

PO P1 P2 P(n-1)



Parallel 1/0 (1/3)

Sequential 1/O from an parallel program

. memory

file

Send : write
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Parallel 1/0 (2/3)

Parallel 1/0 to multiple files

. memory

file
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Parallel 1/0 (3/3)

Parallel 1/0 to a single file

memory

file
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parallel MPI| write into multiple files

| | example of parallel MPI write into multiple files
PROGRAM main
| Fortran 90 users can (and should) use
| use mpi
| instead of include 'mpif.h' if their MPl implementation provides a
! mpi module.
include 'mpif.h'

integer ierr, i, myrank, BUFSIZE, thefile
parameter (BUFSIZE=100)

integer buf(BUFSIZE)

character*12 ofname

call MPI_INIT (ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)

doi=1, BUFSIZE

buf(i) = myrank * BUFSIZE + i
enddo
write(ofname,'(a8,i4.4)') 'testfile',myrank
open(unit=11,file=ofname,form="'unformatted')
write(11) buf

call MPI_FINALIZE(ierr)
END PROGRAM main

From Dr. Jongsoo Kim (KASI), The 1st KIAS CAC Summer School on Parallel Computing
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Specified by a triplet (displacement, etype, and
filetype) passed to MPI _File set view

. etype = MPI INT

- filetype = two MPI INTs followed by
a gap of four MPI INTs
head of file
FILE
displacement filetype filetype

Repetition pattern
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I example of parallel MPI write into a single file, in Fortran M P I_M O D E_R DWR
PROGRAM mai
I Fortran 90 ﬂ:rlg can (and should) use M P I_M O D E_R D O N LY
I use mpi
Iinstead of include 'mpif.h" if their MPI implementation provides a M P I_M O D E_WR O N LY

I mpi module.

include ‘mpif h MPI_MODE_CREATE

integer ierr, i, myrank, BUFSIZE, thefile
parameter (BUFSIZE=100)

integer buf(BUFSIZE)
integer(kind=MPI_OFFSET_KIND) disp

call MPI_INIT(ierr)

call MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr) | . C
doi =0, BUFSIZE .

buf(i) = myrank * BUFSIZE + i + . FOl’tl’an
enddo

call MPI_FILE_OPEN(MPI_COMM_WORLD, 'testfile'’, MPI_MODE_WRONLY + MPI_MODE_CREATE, MPI_INFO_NULL, thefile, ierr)
I assume 4-byte integers

disp = myrank * BUFSIZE * 4

call MPI_FILE_SET_VIEW(thefile, disp, MPI_INTEGER, MPI_INTEGER, 'native', MPI_INFO_NULL, ierr)

call MPI_FILE_WRITE(thefile, buf, BUFSIZE, MPI_INTEGER, MPI_STATUS_IGNORE, ierr)

call MPI_FILE_CLOSE(thefile, ierr)

call MPI_FINALIZE(ierr)

END PROGRAM main

For writing, use either MPI_File set view & MPI_File write or MPI1_File write at
MPI_MODE_CREATE | MPI_MODE_WRONLY
MPI_MODE_WRONLY + MPI_MODE_CREATE

http://www.mcs.anl.gov/research/projects/mpi/usingmpi2/examples/starting/io3f_f90.htm
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program write_individual_pointer
use mpi

implicit none

integer ier,nproc,myid,ifile,intsize
integer mode,info,ietype,ifiletype
integer istatus(MP1_STATUS_SIZE)
integer (kind=MPI1_OFFSET_KIND) :: idisp
integer, parameter :: kount=100
integer ibuf(kount)

integer i

real*8 aal,aa2

call MPI_INIT(ier)

call MPI_COMM_RANK(MPI_COMM_WORLD, myid, ier)

call MPI_COMM_SIZE(MPI_COMM_WORLD, nproc, ier)
mode=ior(MPI_MODE_CREATE,MPI_MODE_WRONLY)

info=0

call MPI_TYPE_EXTENT(MPI_INTEGER,intsize,ier)
aal=MPI_WTIME()

do i=1,kount

ibuf(i)=myid*kount+i

enddo

CALL MPI_FILE_OPEN(MPI_COMM_WORLD, 'test',mode, info, ifile, ier)
idisp=myid* kount* intsize

ietype=MPI_INTEGER

ifiletype=MPI_INTEGER

CALL MPI_FILE_SET_VIEW(ifile,idisp,ietype,ifiletype,'native’,info, ier)
CALL MPI_FILE_WRITE(ifile,myid,1,MPI_INTEGER,istatus, ier)

write(6,*) 'hello form myid',myid,'i wrote:', myid,".'
CALL MPI_FILE_CLOSE(ifile,ier)
aa2=MPI_WTIME()

call MPI_FINALIZE(ier)

end program write_individual _pointer
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program write_individual_pointer
use mpi

implicit none

integer ier,nproc,myid,ifile,intsize
integer mode,info,ietype,ifiletype
integer istatus(MP1_STATUS_SIZE)
integer (kind=MPI_OFFSET_KIND) :: idisp
integer, parameter :: kount=100
integer ibuf(kount)

integer i,itest

real*8 aal,aa2

call MPI_INIT(ier)

call MPI_COMM_RANK(MPI_COMM_WORLD, myid, ier)

call MPI_COMM_SIZE(MPI_COMM_WORLD, nprac, ier)
mode=MPI_MODE_RDONLY

info=0

call MPI_TYPE_EXTENT(MPI_INTEGER,intsize,ier)
aal=MPI_WTIME()

do i=1,kount

ibuf(i)=myid*kount+i

enddo

CALL MPI_FILE_OPEN(MPI_COMM_WORLD, 'test',mode, info, ifile, ier)
idisp=myid* kount* intsize

ietype=MPI_INTEGER

ifiletype=MPI_INTEGER

CALL MPI_FILE_SET_VIEW(ifile,idisp,ietype,ifiletype,'native',info, ier)
CALL MPI_FILE_READ(ifile,itest,1, MPI_INTEGER,istatus, ier)
write(6,*) 'hello form myid',myid,'i read:’, itest,"."

CALL MPI_FILE_CLOSE(ifile,ier)

aa2=MPI_WTIME()
call MPI_FINALIZE(ier)
end program write_individual_pointer
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integer isize
character*9 string,fname

isize=4

call xnumeral( myid, string, isize)
fname="confl1'//trim(string) I confil0000, confil0001, confil0002
open(29,file=fname,form="formatted’)
write(29,*) nparticle,mm

write(29,*) tau,beta,ss_lowest

do ia=1,nparticle

do j=0,mm

write(29,*) (qqg(jcomp,j,ia),jcomp=1,idims)
enddo

enddo

do ia=1,nparticle

write(29,*) iig(ia)

enddo

close(29)
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PROGRAM env

INCLUDE "mpif.h’

CALL MPIL_INIT(ierr)

CALL MPI_COMM _SIZE(MPI_COMM_WORLD, nprocs, ierr)
CALL MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)
PRINT *,’nprocs =’,nprocs,”’myrank =", myrank

CALL MPI_FINALIZE(ierr)

END
$ mpxIf env.f
** env === End of Compilation 1 ===

1501-510 Compilation successful for file env.f.
$ export MP_STDOUTMODE=ordered

$ export MP_LABELIO=yes

$ a.out -procs 3

0: nprocs = 3 myrank =0

1: nprocs =3 myrank = 1

2: nprocs = 3 myrank =2

From Dr. Jongsoo Kim (KASI), The 1st CAC Summer School on Parallel Computing
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PROGRAM Dbcast
INCLUDE "mpif.h’
INTEGER imsg(4)
CALL MPI_INIT (ierr)
CALL MPI_COMM_SIZE(MPI_COMM_WORLD, nprocs, ierr)
CALL MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)
IF (myrank==0) THEN
DO =14
imsg(i) =i
ENDDO
ELSE
DO =14
imsg(i) =0
ENDDO
ENDIF
PRINT *,’Before:’,imsg
CALL MP_FLUSH(1)
CALL MPI_BCAST(imsg, 4, MPI_INTEGER, 0, MPI_COMM_WORLD, ierr)
PRINT *,” After :’,imsg
CALL MPI_FINALIZE(ierr)
END

$ a.out -procs 3
0: Before: 1234
1: Before:0000
2: Before:0000
0: After: 1234
1. After:1234
2. After: 1234



PROGRAM gather
INCLUDE "mpif.h’
INTEGER irecv(3)
CALL MPI_INIT(ierr)
CALL MPI_COMM_SIZE(MPI_COMM_WORLD, npraocs, ierr)
CALL MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)
isend = myrank + 1
CALL MPI_GATHER(isend, 1, MPI_INTEGER, irecv, 1, MPI_INTEGER, 0, MPI_COMM_WORLD, ierr)
IF (myrank==0) THEN
PRINT *,’irecv =’,irecv
ENDIF
CALL MPI_FINALIZE(ierr)
END

$ a.out -procs 3 mpirun —np 3 ./a.out

O:irecv=123



[*gather*/

#include <mpi.h>
#include <stdio.h>

void main (int argc, char *argv[]){

int i, nprocs, myrank ;
int isend, irecv[3];

MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &nprocs);
MPI_Comm_rank(MPI_COMM_WORLD, &myrank);

isend = myrank + 1;
MPI_Gather(&isend,1,MPI_INT,irecv,1,MPI_INT,0, MPI_COMM_WORLD);
if(myrank == 0) {

printf(* irecv = ”);

for(i=0; i<3; i++)

printf(* %d”, irecv[i]); printf(“\n);

¥
MPI_Finalize();

}



PROGRAM reduce
INCLUDE "mpif.h’
REAL a(9)

CALL MPI_INIT(ierr)

CALL MPI_COMM_SIZE(MPI_COMM_WORLD, nprocs, ierr)

CALL MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)

ista =
=ista+2

iend

myrank * 3+ 1

DO i=ista,iend
a(i)=1i
ENDDO

sum =
DO i=

0.0
ista,iend

sum =sum + a(i)
ENDDO

CALL MPI_REDUCE(sum, tmp, 1, MPI_REAL, MPI_SUM, 0,MPI_COMM_WORLD, ierr)

sum = tmp
IF (myrank==0) THEN
PRINT *,’sum =’,sum

ENDIF

CALL MPI_FINALIZE(ierr)

END

$ a.out -procs 3
0: sum = 45.00000000

MPI_Reduce

©
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MPI_SUM
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PROGRAM maxloc_p

INCLUDE *mpif.h’

INTEGER n(9)

INTEGER isend(2), irecv(2)

DATAN /12, 15, 2, 20, 8, 3, 7, 24, 52/

CALL MPIL_INIT(ierr)

CALL MPI_COMM_SIZE(MPI_COMM_WORLD, nprocs, ierr)
CALL MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)
ista=myrank * 3+ 1

iend =ista + 2
imax =-999
DO i =ista, iend
IF (n(i) > imax) THEN
Imax = n(i)
iloc =i

ENDIF
ENDDO
isend(1) = imax
isend(2) = iloc

CALL MPI_REDUCE(isend, irecv, 1, MPI_2INTEGER, MPI_MAXLOC, 0, MPI_COMM_WORLD, ierr)
IF (myrank == 0) THEN
PRINT *, "Max =’, irecv(1), "Location =’, irecv(2)
ENDIF
CALL MPI_FINALIZE(ierr)
END

$ a.out -procs 3
0: Max =52 Location =9



SUBROUTINE para_range(nl, n2, nprocs, irank, ista, iend)
iwork = (n2 - nl1) / nprocs + 1

ista = MIN(irank * iwork + n1, n2 + 1)

ilend = MIN(ista + iwork - 1, n2)

END

PROGRAM main
PARAMETER (n = 1000)
DIMENSION a(n)
DOiI=1,n

a(i) =1

ENDDO

sum=0.0

DOiI=1,n

sum = sum + a(i)
ENDDO

PRINT *,’sum =’,sum
END



PROGRAM main

INCLUDE *mpif.h’

PARAMETER (n =1000)

DIMENSION a(n)

CALL MPI_INIT(ierr)

CALL MPI_COMM _SIZE(MPI_COMM_WORLD, nprocs, ierr)
CALL MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)
CALL para_range(1, n, nprocs, myrank, ista, iend)

DO i =ista, iend

a(i) =1

ENDDO

sum = 0.0

DO i =ista, iend

sum =sum + a(i)

ENDDO

CALL MPI_REDUCE(sum, ssum, 1, MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD, ierr)
sum = ssum

IF (myrank == 0) PRINT *,’sum =’,sum

CALL MPI_FINALIZE(ierr)

END



DOi=n1,n2
computation
ENDDO

DO i =nl + myrank, n2, nprocs
computation
ENDDO

PROGRAM main

INCLUDE "mpif.h’

PARAMETER (n =1000)

DIMENSION a(n)

CALL MPIL_INIT(ierr)

CALL MPI_COMM _SIZE(MPI_COMM_WORLD, nprocs, ierr)
CALL MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)
DO i =1 + myrank, n, nprocs

a(i)=1i

ENDDO

sum = 0.0

DO i =1 + myrank, n, nprocs

sum = sum + a(i)

ENDDO

CALL MPI_REDUCE(sum, ssum, 1, MPI_REAL, MPI_SUM, 0, MPI_COMM_WORLD, ierr)
sum = ssum

PRINT *,’sum =’,sum

CALL MPI_FINALIZE(ierr)

END



DO 1=nl,n2
computation
ENDDO

DO ii = nl + myrank * iblock, n2, nprocs * iblock
DO i =ii, MIN(ii + iblock - 1, n2)

computation

ENDDO

ENDDO



PROGRAM main

INCLUDE "mpif.h’ i
PARAMETER (nl1 =1, n2 =1000) S h rl n k
REAL, ALLOCATABLE :: a(:)

CALL MPIL_INIT(ierr)

CALL MPI_COMM _SIZE(MPI_COMM_WORLD, nprocs, ierr) FORTRAN 90
CALL MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)

CALL para_range(nl, n2, nprocs, myrank, ista, iend)

ALLOCATE (a(ista:iend))

DO i =ista, iend

a(i) =i

ENDDO

sum = 0.0

DO i =ista, iend

sum = sum + a(i)

ENDDO

DEALLOCATE (a)

CALL MPI_REDUCE(sum, ssum, 1, MPI_REAL,MPI_SUM, 0, MPI_COMM_WORLD, ierr)
sum = ssum

PRINT *,’sum =’,sum

CALL MPI_FINALIZE(ierr)

END
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PROGRAM main -

implicit none h k
real sumi,ssum S rl n
integer i,ista,iend

integer ierr,n1,n2,nprocs,myrank FORTRAN 90
INCLUDE 'mpif.h'

PARAMETER (nl1 =1, n2 = 1000)

REAL, ALLOCATABLE :: a(?)

CALL MPIL_INIT(ierr)

CALL MPI_COMM_SIZE(MPI_COMM_WORLD, npraocs, ierr)
CALL MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)
CALL para_range(nl, n2, nprocs, myrank, ista, iend)

ALLOCATE (a(ista:iend))

DO i = ista, iend

a(i) =i

ENDDO

suml =0.0

DO i = ista, iend

suml =suml + a(i)

ENDDO
suml=sum(a)

DEALLOCATE (a)

CALL MPI_REDUCE(sum1, ssum, 1, MPI_REAL,MPI_SUM, 0, MPI_COMM_WORLD, ierr)
suml = ssum

PRINT *,'sum1 =",sum1, myrank

CALL MPI_FINALIZE(ierr)

END
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subroutine equal_load(n1,n2,nproc,myid,istart,ifinish)
Written by In-Ho Lee, KRISS, September (2006)
implicit none

integer nproc,myid,istart,ifinish,n1,n2

integer iwl,iw2

iwl=(n2-n1+1)/nproc ; iw2=mod(n2-nl1+1,nproc)
istart=myid*iwl+nl+min(myid,iw2)
ifinish=istart+iwl-1 ; if(iw2 > myid) ifinish=ifinish+1
print*, n1,n2,myid,nproc,istart,ifinish

if(n2 < istart) ifinish=istart-1

return

end
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1234567890

implicit none

include 'mpif.h'

integer, allocatable :: isend(:), irecv(:)
integer, allocatable :: ircnt(:), idisp(:)
integer ierr,nproc,myid

integer i,iscnt

integer ndsize

call MPI_INIT(ierr)

call MPI_COMM_SIZE(MPI_COMM_WORLD,nproc,ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myid,ierr)
ndsize=10

allocate(isend(ndsize),irecv(nproc*ndsize))
allocate(ircnt(0:nproc-1),idisp(0:nproc-1))

ircnt=ndsize

idisp(0)=0

do i=1,nproc-1

idisp(i)=idisp(i-1)+ircnt(i)

enddo

do i=1,ndsize I node specific data with a data-size ndsize
isend(i)=myid+1

enddo

iscnt=ndsize

call MPI_GATHERV(isend, iscnt, MPI_INTEGER, irecv, ircnt, idisp, MPI_INTEGER,0, MPI_COMM_WORLD, ierr)

if(myid == O)then

print*, ‘irecv="irecv
endif
deallocate(ircnt,idisp)
deallocate(isend,irecv)
call MP1_FINALIZE(ierr)
stop

end

irecv=11111
111112
222222
222333
333333
344444
44444
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program integration
implicit none
include 'mpif.h’
integer i,n
integer myid,nproc,ierr,kount,iroot
real*8 ff,xx,xsum,pi,hh,xpi
character*8 fnnd ; character*10 fnnt
integer itemp,itemgq,irate
ff(xx)= 4.0d0/(1.0d0+xx*xX)
call MPI1_init(ierr)
call MP1_comm_size(MPI_COMM_WORLD,nproc,ierr)
call MP1_comm_rank(MPI_COMM_WORLD,myid,ierr)
if(myid == 0 .and. nproc > 1) print *, nproc," processes are alive"
if(myid == 0 .and. nproc ==1) print *, nproc," process is alive"
if(myid == O)then ! ----- [ processid=0
call date_and_time(date=fnnd,time=fnnt)
write(6,'(a10,2x,a8,2x,a10)") 'date,time ', fnnd,fnnt
endif ! ----- ] processid=0
if( myid == 0) then
write(6,*) 'number of intervals?'
read(5,*) n
write(6,*) 'number of intervals:',n
end if
iroot=0
call MPI_bcast(n,1,MPI_INTEGER, iroot, MPI_COMM_WORLD, ierr)
hh=1.d0/float(n)
xsum=0.0d0
do i=myid +1, n, nproc
xx=(float(i)-0.5d0)*hh
xsum=xsum-+ff(xx)
end do
xpi=hh*xsum
call MP1_reduce(xpi,pi, 1, MPI_DOUBLE_PRECISION, MPI_SUM, 0, MPI_COMM_WORLD,ierr)
if( myid == 0 )then
write(6,'(a,f18.8)") 'estimated pi value', pi
end if
call MPI_finalize(ierr)
end program integration
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10

20

30

program main
include "mpif.h"
double precision P125DT
parameter (P125DT = 3.141592653589793238462643d0)
double precision mypi, pi, h, sum, x, f, a
double precision starttime, endtime
integer n, myid, numprocs, i, ierr
function to integrate
f(a) =4.d0/ (1.d0 + a*a)

call MPI_INIT (ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD, myid, ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD, numprocs, ierr)

if (myid .eq. 0) then
print *, 'Enter the number of intervals: (0 quits) '
read(*,*) n
endif
broadcast n
starttime = MPI_WTIME()
call MPI_BCAST(n,1,MPI_INTEGER,0,MPI_COMM_WORLD,ierr)

check for quit signal
if (n.le.0) goto 30

calculate the interval size
h =1.0d0/n
sum = 0.0d0

do 20 i = myid+1, n, numprocs
x = h * (dble(i) - 0.5d0)
sum = sum + f(x)
continue
mypi = h * sum
collect all the partial sums
call MPI_REDUCE(mypi,pi,1,MPI_DOUBLE_PRECISION,MPI_SUM,0,
& MPI_COMM_WORLD,ierr)
node O prints the answer.
endtime = MPI_WTIME()
if (myid .eq. 0) then
print*, 'piis "', pi, ' Error is', abs(pi - PI25DT)
print *, 'time is ', endtime-starttime, ' seconds'
endif
goto 10
call MPI_FINALIZE(ierr)
stop
end
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SUBROUTINE PAR_BLAS2(m, n, a, b, ¢, comm)

REAL a(m), b(m,n) ! local slice of array
REAL c(n) !result

REAL sum(n)

INTEGER n, comm, i, j, ierr

I'local sum

DOj=1,n

sum(j) = 0.0

DOi=1m

sum(j) = sum(j) + a(i)*b(i,j)
END DO

END DO

I global sum

CALL MPI_ALLREDUCE(sum, ¢, n, MPI_REAL, MPI1_SUM, comm, ierr)

I return result at all nodes
RETURN
END
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dot_product: compute a scalar product

subroutine dot_product(global,x,y,n)
implicit none
include "mpif.h"
integer n,i,lerr
double precision global,x(n),y(n)
double precision tmp,local
local = 0.0d0
global =0.0d0
doi=1,n
local = local + x(i)*y(i)
enddo
call MPI_ALLREDUCE(local,tmp,1,MPI_DOUBLE_PRECISION,
MPI_SUM, MPI_COMM_WORLD, ierr)
global = tmp
return
end
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SUBROUTINE PAR_BLAS2(m, n, a, b, ¢, comm)

REAL a(m), b(m,n) ! local slice of array
REAL c(n) ! result

REAL sum(n)

INTEGER n, comm, i, j, ierr

I' local sum

DOj=1,n

sum(j) = 0.0

DOi=1m

sum(j) = sum(j) + a(i)*b(i,j)
END DO

END DO

I global sum

CALL MPI_REDUCE(sum, ¢, n, MPI_REAL, MPI_SUM,0, comm, ierr)

I return result at node zero (and garbage at the other nodes)

RETURN
END
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program equal_load_sum
implicit none
include 'mpif.h'
integer nn
real*8, allocatable :: aa(:)
integer nproc,myid,ierr,istart,ifinish
integer i
real*8 xsum,xxsum

nn=10000

call MPI_INIT (ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD, nproc, ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD, myid, ierr)

call equal_load(1,nn,nproc,myid,istart,ifinish)
allocate(aa(istart:ifinish)) | @3k Ql e 2 o] 28 Hyloli e} vl =g o] £3o] o] Fojx| 3 gith m=E 2

do i=istart,ifinish
aa(i)=float(i)
enddo

xsum=0.0d0

do i=istart,ifinish
xsum=xsum-+aa(i)
enddo

call MPI_REDUCE(xsum,xxsum,1,MP]_DOUBLE_PRECISION,MPI_SUM,0,MPI_COMM_WORLD,ierr)
XSUm=xxsum

if(myid == Q)then
write(6,*) xsum,' xsum'
endif

deallocate(aa)

call MP1_FINALIZE(ierr)
end program equal_load_sum
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Faslol & Y52 Ui AUE S wope = A,

allocate(exqq(natom_ac,3,0:np_ac), exforce(natom_ac,3,0:np_ac), exvofqj(0:np_ac))

if(myid == O)then ! -----{ PROCESS ID = 0

€Xqg=09q

endif !----- } PROCESS ID =0
iroot=0 ; kount=3*natom_ac*(np_ac+1)

call MPI_BCAST (exqq, kount,MPI_REALS, iroot, MPI_COMM_WORLD,ierr)

n1=0; n2=np_ac

call equal_load(n1,n2,nproc,myid,jstart,jfinish)

exforce=0.0d0 ; exvofgj=0.0d0
do j=jstart,jfinish

call xtinker(exqq(1,1,j),exforce(1,1,j),exvofqj(j),natom_ac,isequence,isymbol,iattyp,iil2)

enddo
iroot=0 ; kount=3*natom_ac*(np_ac+1)

call MPI_REDUCE(exforce,force_ac,kount, MPI_DOUBLE_PRECISION,MPI_SUMiiroot,MPI_COMM_WORLD,ierr)

iroot=0 ; kount=(np_ac+1)

call MPI_REDUCE(exvofqj,vofgj,kount, MPI_DOUBLE_PRECISION,MPI_SUM ,iroot, MPI_COMM_WORLD,jierr)

deallocate(exforce, exvofqj, exqq)

real*8 aa(n,n), bb(n,n)

doj=1,n
doi=1,n
aa(i,j)=0.d0
bb(i,j)=0.0d0
enddo
enddo

doj=1,n

do i=1+myid,n, nproc
aa(i,j)=...

enddo

enddo

=

http://incredible.egloos.com/3880690

MASTER

MPIL_INIT
loop Form tasks for the slaves
Send the tasks to the slaves

Receive the results

MPI_FINALIZE

SLAVE

>
/
\’:

loo

MPI_INIT
Receive atask from the master
Compute the task

Send a result to the master

MP1_FINALIZE

call MPI_REDUCE (aa,bb,n*n, MPI_DOUBLE_PRECISION, MPI_SUM, 0, MPI_COMM_WORLD, ierr)
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MPI-10: The "Big Six”

While there are a large number of MPI-10 calls, most basic 1/O can be
handled with just six routines:

 MPI_File_open() — associate a file with a file handle.
 MPI_File_seek() — move the current file position to a given
location in the file.

 MPI_File_read() — read some fixed amount of data out of the file
beginning at the current file position.

* MPI_File_write() — write some fixed amount of data into the file
beginning at the current file position.

 MPI_File_sync() — flush any caches associated with the file
handle.

 MPI1_File_close() — close the file handle.

Most of the other MPI-10 routines are variations or optimizations on
these basic calls.




MPI_File_open()

int MPI_File_open(MPI_Comm comm, char *filename, int amode, MPI_Info info, MPI_File *fh);
* Fortran syntax:

subroutine MPI_File_open(icomm, filename, iamode, info, ifh, ierr)

character*(*) filename

integer icomm, iamode, info, ifh, ierr

o ifh is the file handle, which will be used by all other MPI-10O routines to refer to the file. In C, this
must be passed as an address (i.e. &fh).

« filename is the name of the file to open. It may use a relative or absolute path. It may also contain a
file system identifier prefix, e.g.:

— ufs: -- normal UNIX-style file system

— nfs: -- NFS file system

— pvfs: -- PVFS file system
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MPI_File_open() (con't)

« amode is the access mode to open the file with. It should be a bitwise ORIng
(C) or sum (Fortran) of the following:

— MPI_MODE_RDONLY (read-only)

— MPI_MODE_RDWR (read/write)

— MPI_MODE_WRONLY (write-only)

— MPI_MODE_CREATE (create file if it doesn’t exist)

— MPI_MODE_EXCL (error if file does already exist)

— MPI_MODE_DELETE_ON_CLOSE (delete file when closed)

— MPI_MODE_UNIQUE_OPEN (file cannot be opened by other processes)
— MPI_MODE_SEQUENTIAL (file can only be accessed sequentially)

— MPI_MODE_APPEND (set initial file position to the end of the file)

« info is a set of file hints, the creation of which will be discussed later.
When in doubt, use MPI_INFO_NULL.

MPI File open mode Description

MPI_ MODE RDONLY read only

MPTI_MODE_WRONLY write only

MPI_MODE_RDWR read and write
MPI_MODE_CREATE create file if it doesn’t exist




MPI_File_seek()

 C syntax:

int MPI_File seek(MPI_File fh, MPI_Offset offset, int whence);

e Fortran syntax:

subroutine MPI_File seek(ifh, ioffset, iwhence, ierr)

Integer ifh, 1offset, iwhence, ierr

» offset determines how far from the current file position to move the current file
position; this can be negative, although seeking beyond the beginning of the file (or
the current view if one is in use) Is an error.

» whence determines to where the seek offset is relative:

— MPI_SEEK_SET (relative to the beginning of the file)

— MPI_SEEK CUR (relative to the current file position)

— MPI_SEEK_ END (relative to the end of the file)

 Seeks are done in terms of the current record type (MPI_BYTE by default,
although this can be changed by setting a file view).



MPI_File read()

 C syntax:

int MPI_File _read(MPI_File fh, void *buf, int count,MPI_Datatype type, MPI_Status *status);
e Fortran syntax:

subroutine MPI_File_read(ifh, buf, icount, itype,istatus, ierr)

<type> BUF(*)

integer ifh, icount, itype, istatus(MPI_STATUS_SIZE),ierr

* This reads count values of datatype type from the file into buf. buf must be at least as big as
count*sizeof(type).

e istatus can be used to query for information such as how many bytes were actually read.
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MPI_File_write()

 C syntax:

int MPI_File write(MPI_File fh, void *buf, int count, MPI_Datatype type, MPI_Status *status);
e Fortran syntax:

subroutine MPI_File_write(ifh, buf, icount, itype,istatus, ierr)

<type> BUF(*)

Integer ifh, icount, itype, istatus(MPI_STATUS_SIZE), ierr

* This reads count values of datatype type from buf into the file. buf must be at least as big as
count*sizeof(type).

* istatus can be used to query for information such as how many bytes were actually written.
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MPI_File_sync()

 C syntax:

int MP1_File _sync(MPI_File fh);

e Fortran syntax:

subroutine MPI_File_sync(ifh, ierr)

Integer ifh, lerr

* Forces any caches associated with a file handle to be flushed to disk;
maybe be very expensive for large files on slow file systems.
 Provides a way to force written data to be committed to disk.

o Collective; must be called by all processes.



MPI _File_close()

e C syntax:

int MPI_File close(MPI_File *fh);

e Fortran syntax:

subroutine MPI_File close(ifh, ierr)

Integer ifh, ierr

* This closes access to the file associated with the file handle ifh.
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. MPI1 1/O example

call MPI_BARRIER(MPI_COMM_WORLD,ierr)

tstart=MPI1_WTIME()

call MPI_FILE_OPEN(MPI_COMM_WORLD,'u.dat',MPI_MODE_WRONLY,

MPI_INFO_NULL,outfile,ierr)

if (jstart.eq.2) jstart=1

if (jend.eq.(jmax-1)) jend=jmax

call MPI_FILE_SEEK(outfile,(jstart-1)*imax*8,MPI_SEEK_ SET,ierr)

do j=jstart,jend

call MPI_FILE_WRITE(outfile,u(1,j),imax,MPI_REALS,istatus, ierr)

enddo

call MPI_FILE_SYNC(outfile,ierr)

call MPI_FILE_ CLOSE(outfile,ierr)

call MPI_BARRIER(MPI_COMM_WORLD,ierr)

tend=MPI1_WTIME()

if (rank.eq.0) then

write(*,*) 'Using basic MPI-1/0*

write(*,*) 'Wrote ',8*imax*jmax,' bytes in 'tend-tstart, ' seconds.’

write(*,*) ‘Transfer rate ="', (8*imax*jmax)/(tend-tstart)/(1024.**2), ' MB/s'
endif



write into a single file, in Fortran

I example of parallel MPI write into a single file, in Fortran
PROGRAM main
include 'mpif.h’

integer ierr, i, myrank, BUFSIZE, thefile
parameter (BUFSIZE=100)

integer buf(BUFSIZE)
integer(kind=MPI_OFFSET_KIND) disp

call MPI_INIT (ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD, myrank, ierr)

doi=0, BUFSIZE
buf(i) = myrank * BUFSIZE + i
enddo
call MPI_FILE_OPEN(MPI_COMM_WORLD, 'testfile’, MPI_MODE_WRONLY + MPI_MODE_CREATE, MPI_INFO_NULL, thefile, ierr)
I assume 4-byte integers
disp = myrank * BUFSIZE * 4
call MPI_FILE_SET_VIEW(thefile, disp, MPI_INTEGER, MPI_INTEGER, 'native’, MPI_INFO_NULL, ierr)
call MPI_FILE_WRITE(thefile, buf, BUFSIZE, MPI_INTEGER, MPI_STATUS_IGNORE, ierr)
call MPI_FILE_CLOSE(thefile, ierr)
call MPI_FINALIZE(ierr)

END PROGRAM main
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Split a large communicator

Split a Large Communicator Into Smaller Communicators

O

oJo¥ole

=y
o )
—

OJONO

(

5666
ojlelfolle
ojlolfollo
QOO

@oYoXoXo)

The 8th KIAS CAC Summer School 189



Split a large communicator

Il Get the rank and size in the original communicator
int world_rank, world_size;
MPI_Comm_rank(MPI_COMM_WORLD, &world_rank);
MPI_Comm_size(MPI_COMM_WORLD, &world_size);

int color = world_rank / 4; // Determine color based on row
// Split the communicator based on the color and use the
/ original rank for ordering
MPI_Comm row_comm,;
MPI1_Comm_split(MPI_COMM_WORLD, color, world_rank, &row_comm);
int row_rank, row_size;
MPI_Comm_rank(row_comm, &row_rank);
MPI_Comm_size(row_comm, &row_size);

printf("WORLD RANK/SIZE: %d/%d \t ROW RANK/SIZE: %d/%d\n",world_rank, world_size, row_rank, row_size);

MP1_Comm_free(&row_comm);
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Split a large communicator

/I Get the rank and size in the original communicator
int world_rank, world_size;
MPI_Comm_rank(MPI_COMM_WORLD, &world_rank);
MPI_Comm_size(MPI_COMM_WORLD, &world_size);

Il Get the group of processes in MPI_COMM_WORLD
MPI_Group world_group;
MPI_Comm_group(MPI_COMM_WORLD, &world_group);

intn=7;
const int ranks[7] = {1, 2, 3, 5, 7, 11, 13},
Il Construct a group containing all of the prime ranks in world_group
MPI1_Group prime_group;
MPI1_Group_incl(world_group, 7, ranks, &prime_group);
/I Create a new communicator based on the group
MPI_Comm prime_comm;
MPI1_Comm_create_group(MPI_COMM_WORLD, prime_group, 0, &prime_comm);
int prime_rank = -1, prime_size = -1;
/[ If this rank isn't in the new communicator, it will be
/[ MPI_COMM_NULL. Using MPI_COMM_NULL for MPI_Comm_rank or
/[ MPI_Comm_size is erroneous
if (MPI_COMM_NULL != prime_comm) {
MPI1_Comm_rank(prime_comm, &prime_rank);
MP1_Comm_size(prime_comm, &prime_size);
¥
printf("WORLD RANK/SIZE: %d/%d \t PRIME RANK/SIZE: %d/%d\n",world_rank, world_size, prime_rank, prime_size);
MPI_Group_free(&world_group);
MPI_Group_free(&prime_group);
MPI1_Comm_free(&prime_comm);
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MPI Implementations

* Most parallel machine vendors have optimized versions
e Others:

— http://www.mpi.nd.edu/MPIl/Mpich

— http://www-unix.mcs.anl.gov/mpi/mpich/

— Iindexold.html

— GLOBUS:

— http://www.globus.org/mpi/

— http://exodus.physics.ucla.edu/appleseed/
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“parallel computing” on the search engine

https://computing.linl.gov/tutorials/mpi/ http://condor.cc.ku.edu/~grobe/docs/intro-MPI.shtml

http://www-unix.mcs.anl.gov/mpi/

http://www.lInl.gov/computing/tutorials/workshops/workshop/parallel_comp/MAIN.html#Whatis

http://www.nas.nasa.gov/Groups/SciCon/Tutorials/MPlintro/toc.html

http://www-unix.mcs.anl.gov/mpi/tutorial/mpibasics/

http://www-unix.mcs.anl.gov/mpi/usingmpi/examples/main.htm
http://people.sc.fsu.edu/~jburkardt/f_src/f_src.html http://condor.cc.ku.edu/~grobe/docs/intro-MPI-C.shtml

http://people.sc.fsu.edu/~jburkardt/index.html
http://www.mcs.anl.gov/research/projects/mpi/tutorial/
http://www.bu.edu/tech/support/research/training-consulting/online-tutorials/mpi/

http://condor.cc.ku.edu/~grobe/docs/intro-MPI.shtml
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Summary
ME22 Ti2{Ctel (HEA LM Es/7t)
o] 2 (latency + bandwidth)
MPI Z21# 9| 7| = O[d}] (SPMD)
=2M=ZH HEA EL
FAE G ES) X2 (serial > parallel)
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