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Report S1

e Problem S1-1
— Read local files <$0O-S1>/al.0~al.3, <$0O-S1>/a2.0~a2.3.

— Develop codes which calculate norm ||x|| of global vector for each
case.
¢ <$0-S1>file.c, <$O-S1>file2.c

e Problem S1-3

— Develop parallel program which calculates the following numerical
Integration using “trapezoidal rule” by MPIl_Reduce, MPI_Bcast
etc.

— Measure computation time, and parallel performance

r 42dx
01+ X
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Copying files on Reedbush -U

Copy
>8 cd <$O0-TOP>

>$ cp /lustre/gt29/z30088/class_eps/C/slr—-c.tar .

>S tar xvf slr-c.tar

Confirm directory
>S 1s
mpi
>$ cd mpi/Sl-ref

This directory is called as <$0-S1r>.
<$0-S1lr> = <$O-TOP>/mpi/Sl-ref



S1-1:Reading Local Vector, Calc. Norm

e Problem S1-1
— Read local files <$0-S1>/al.0~al.3, <$0-S1>/a2.0~a2.3.

— Develop codes which calculate norm ||x|| of global vector for
each case.

 Use MPI_Allreduce (or MPI_Reduce)

o Advice
— Checking each component of variables and arrays !

S1-1
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MPI Reduce
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 Reduces values on all processes to a single value

Summation, Product, Max, Min etc.

Reduce

P#0
P#1
P#2
P#3
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op.A0-A3

op.B0O-B3

op.CO-C3

op.DO-D3

e MPI_Reduce (sendbuf, recvbuf, count, datatype, op, root, comm)
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sendbuf choice T
recvbuf choice O

starting address of send buffer
starting address receive buffer

type is defined by "datatype”

count int T
datatype MPI_Datatype I

number of elements in send/receive buffer
data type of elements of send/recive buffer

FORTRAN MPI_INTEGER, MPI_REAL, MPI_DOUBLE_PRECISION, MPI_CHARACTER etc.
C MPI_INT, MPI_FLOAT, MPI_DOUBLE, MPI_CHAR etc

op MPI_Op I

reduce operation
MPI_MAX, MPI_MIN, MPI_SUM, MPI_PROD, MPI_LAND, MPI_BAND etc

Users can define operations by MPI_OP_CREATE

root int I

comm MPI_Comm I communicator

rank of root process



Send/Recelve Buffer
(Sending/Recelving)

« Arrays of “send (sending) buffer’” and “receive
(receiving) buffer” often appear in MPI.

« Addresses of “send (sending) buffer” and “receive
(receiving) buffer” must be different.

S1-1
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“op” of MPIl Reduce/Allreduce

MPI_Reduce
(sendbuf, recvbuf, count, datatype, op, root, comm)

e MPI_MAX, MPI_MIN Max, Min
e MPI_SUM, MPI_PROD Summation, Product
e MPI_LAND Logical AND

double X0, XSUM;

MPI_Reduce
(X0, &XSUM, 1, MPI_DOUBLE, MPI_SUM, 0, <comm>)

double XO0[4];

MPI_Reduce
(&X0[0], &XO0[2], 2, MPI_DOUBLE_PRECISION, MPI_SUM, 0, <comm>)

S1-1 7



P#0 | A0 | B0 |CO|DO P#0 | A0 |B0|CO|DO

I\/I P I BcaSt P#1 Broadcast P#L | A0 |BO|CO|DO
_ P#2 P#2 | A0 |B0|co|Do

P#3 P#3 | A0 |B0|co|Do
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Broadcasts a message from the process with rank "root" to all other
processes of the communicator

MPI_Bcast
— buffer

— count
— datatype

FORTRAN
C

— root
— comm

(buffer, count, datatype, root, comm)
choice 1I/0 starting address of buffer
type is defined by "datatype”

Int T number of elements in send/receive buffer
MPI_Datatype I data type of elements of send/recive buffer

MPI_INTEGER, MPI_REAL, MPI_DOUBLE_PRECISION, MPI_CHARACTER etc.
MPI_INT, MPI_FLOAT, MPI_DOUBLE, MPI_CHAR etc.

int I rank of root process
MPI_Comm I communicator



P#0 | AO|BO|CO|DO P#0 | op.A0-A3 | 0p.B0-B3 |0op.C0O-C3|op.DO-D3
All reduce
re l ICe P#1 |A1|B1|C1|D1 P#1 |op.A0-A3 | 0p.BO-B3 |0p.CO-C3|0p.DO-D3
—_— P#2 | A2|B2|C2|D2 P#2 | op.A0-A3 | 0p.B0-B3 |0p.C0O-C3|0p.DO-D3
P#3 |A3|B3|C3|D3 P#3 | op.A0-A3|0p.B0-B3|0p.CO-C3|0p.D0O-D3
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MPI_Reduce + MPI_Bcast

Summation (of dot products) and MAX/MIN values are likely to utilized In
each process

call MPI_Allreduce

(sendbuf, recvbuf, count, datatype, op, comm)
— sendbuf choice T starting address of send buffer
— recvbuf choice © starting address receive buffer

type is defined by "datatype”

— count Int T number of elements in send/receive buffer
— datatype MPI_Datatype I data type of elements of send/recive buffer
- op MPI_Op I reduce operation

— comm MPI_Comm I communicator



S1-1:Local Vector, Norm Calculation
Uniform Vectors (al. *): sl-1-for_al.c

S1-1

#include
#include
#include
#include

<mpi.h>
<stdio.h>
<math.h>
<assert.h>

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

int i, N;

int PeTot, MyRank;
MPI_ Comm SolverComm;
double vec[8];
double sumO, sum;
char filename[80];
FILE *fp;

MPI_Init (&argc, &argv);

MPI_Comm_size (MPI_COMM_WORLD, &PeTot) ;
MPI_Comm_rank (MPI_COMM_WORLD, &MyRank) ;

sprintf (filename, "al.%d", MyRank);

fp = fopen(filename, "r");
assert (fp != NULL);
N=8;

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

fscanf (fp, "%$1f", &vec[i]);}

sumO = 0.0;
for (i=0; i<N; i++) {

sum0 += vec[i] * vec[i];}

MPI_Allreduce (&sum0, &sum, 1, MPI_DOUBLE, MPI_SUM, MPI_COMM_ WORLD) ;

sum = sqrt (sum);

if ('MyRank) printf("%$27.20E¥n",
MPI _Finalize();
return O0;

sum) ;

S1-ref
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S1-1:Local Vector, Norm Calculation
Non-uniform Vectors (a2. *): sl-1-for_a2.c
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#include
#include
#include
#include
#include

<mpi.h>
<stdio.h>
<stdlib.h>
<math.h>
<assert.h>

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

int i, PeTot, MyRank, n;
MPI_Comm SolverComm;
double *vec, *vec2;

int * Count, CountIndex;
double sumO, sum;

char filename[80];

FILE *fp;

MPI_Init (&argc, &argv);
MPI_Comm_size (MPI_COMM_WORLD, &PeTot);
MPI_Comm_rank (MPI_COMM_WORLD, &MyRank) ;

sprintf (filename, "a2.%d", MyRank);
fp = fopen(filename, "r");
assert (fp != NULL);

fscanf (fp, "%d", &n);
vec = malloc(n * sizeof (double));
for (i=0;i<n; i++) {

fscanf (fp, "%$1f", &vec[i]);}
sumO = 0.0;
for (i=0;i<n; i++) {

sumO0 += vec[i] * wvec[i];}

MPI_Allreduce (&sum0O, &sum, 1, MPI_DOUBLE, MPI_SUM, MPI_COMM_ WORLD) ;

sum = sqrt (sum);

if (!MyRank) printf("%$27.20E¥n", sum);
MPI_Finalize () ;
return 0;}

S1-ref
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S1-1: Running the Codes

FORTRAN

S cd <$O-Sl1lr>
S mpiifort -03 sl-1-for_al.f
S mpiifort -03 sl-1-for_a2.f

(modify “god4.sh”)
$ gsub go4d.sh

$ cd <$0-Sl1lr>
$ mpicc -03 sl-1-for_al.c
$ mpicc -03 sl-1-for_a2.c

(modify “go4d4.sh”)
$ gsub go4d.sh

12
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S1-1:Local Vector, Calc. Norm
Results

Results using one core

al.* 1.62088247569032590000E+03
az2.* 1.22218492872396360000E+03

$> ifort -03 dot-al.f
$> gsub gol.sh

S> ifort -03 dot-a2.f
$> gsub gol.sh

Results

al.* 1.62088247569032590000E+03
az2.* 1.22218492872396360000E+03

gol.sh

#!/bin/sh

#PBS —g u-lecture

#PBS —-N test

#PBS -1 select=1l:mpiprocs=1l
#PBS —-Wgroup_list=gt29

#PBS -1 walltime=00:05:00
#PBS —e err

#PBS -0 test.lst

cd SPBS_ O _WORKDIR
/etc/profile.d/modules.sh

mpirun ./impimap.sh ./a.out
13
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S1-1: Local Vector, Calc. Norm
If SENDBUF=RECVBUF, what happens ?

True
MPI_Allreduce(&sum0O, &sum, 1, MPI_DOUBLE, MPI_SUM,

MPI_COMM_WORLD)

False
MPI_Allreduce (&sum0O, &sumO, 1, MPI_DOUBLE, MPI_SUM,

MPI__COMM_WORLD)

S1-1 14
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S1-1: Local Vector, Calc. Norm
If SENDBUF=RECVBUF, what happens ?

True
MPI_Allreduce(&sum0O, &sum, 1, MPI_DOUBLE, MPI_SUM,

MPI_COMM_WORLD)

False
MPI_Allreduce (&sum0O, &sumO, 1, MPI_DOUBLE, MPI_SUM,

MPI__COMM_WORLD)

True
MPI_Allreduce(&sumK[l], &sumK[2], 1, MPI_DOUBLE, MPI_SUM,

MPI_COMM_WORLD)

SENDBUF .ne. RECVBUF

S1-1 15
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S1-3: Integration by Trapezoidal Rule

e Problem S1-3

— Develop parallel program which calculates the following
numerical integration using “trapezoidal rule” by MPI_Reduce,
MPI1_Bcast etc.

— Measure computation time, and parallel performance

r 42dx
01+ X

S1-3 16



S1-3: Integration by Trapezoidal Rule

S1-3

Two Types of Load Distribution

corresponds
to “Type-A".

Sil-re
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S1-3: Integration by Trapezoidal Rule

S1-3

#include
#include
#include
#include
#include

int main

TYPE-A (1/2): s1-3a.c

<stdio.h>
<stdlib.h>
<assert.h>
<math.h>
"mpi.h"

(int argc, char **argv) {

int i;

double TimeStart, TimeEnd, sumO, sum, dx;
int PeTot, MyRank, n, int *index;

FILE *fp;

MPI_Init (&argc, &argv);
MPI_Comm_size (MPI_COMM_WORLD, &PeTot);
MPI_Comm_rank (MPI_COMM_WORLD, &MyRank);

index = calloc (PeTot+l, sizeof (int)); BT “
fp = fopen ("input.dat", "r"); \ (n.u-mb.er qf segments) “is
fscanf (fp, "%d", &n); specified in “input.dat”
fclose (£fp);

if (MyRank==0) printf ("%$s%8d¥n", "N=", n);

dx = 1.0/n;

for (i=0; i<=PeTot; i++) {
index[i] = ((long long)i * n)/PeTot;}

index|[0]

PE#0 PE#1 PE#2 000 |PEA#(PETOT-1)
index[1] index[2] index[3] iNndex[PETOT-1] index[PeTot]
=N

18
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S1-3: Integration by Trapezoidal Rule
TYPE-A (2/2). s1-3a.c

TimeS = MPI_Wtime(); }
sumO0 = 0.0;

for (i=index[MyRank]; i<index[MyRank+1]; i++) A

{
double x0, x1, £0, f1;
x0 = (double)i * dx; fO f1

x1 (double) (i+1l) * dx;

£f0 = 4.0/(1.0+x0*x0);

f1 = 4.0/(1.0+x1*x1);

sum0 += 0.5 * (£0 + f1) * dx; \ \
} X0 x1

MPI_Reduce (&sum0O, &sum, 1, MPI_DOUBLE, MPI_SUM, 0, MPI_COMM_WORLD) ;
TimeE = MPI_Wtime () ;

if (!'MyRank) printf("%24.16£f%24.16£%24.16f¥n", sum, 4.0*atan(1.0), TimeE - TimeS);

MPI_Finalize();
return 0O;

PE#O PE#1 PE#2 000 |PE#(PETOT-1)
index[0] index[1] index[2] index[3] index[PETOT-1] index[PeTot]
=N

S1-3
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S1-3: Integration by Trapezoidal Rule

S1-3

TYPE-B: s1-3b.c

TimeS = MPI_Wtime () ;
sumO = 0.0;
for (i=MyRank; i<n; i+=PeTot)

{
double x0, x1, f£0, f1;

x0 = (double)i * dx;
x1l = (double) (i+1) * dx;
o) 4.0/ (1.04+x0*x0) ;

fl 4.0/ (1.0+4x1*x1);
sumO0 += 0.5 * (£0 + f1) * dx;
}

MPI_Reduce (&sumO, &sum, 1, MPI_DOUBLE, MPI_SUM,

TimeE = MPI_Wtime () ;

if (!MyRank) printf("%24.16£%24.16£%24.16£f¥n",

MPI_Finalize();
return 0;

0,

sum,

MPI_COMM_WORLD) ;

4.0*atan(1.0), TimeE-TimeS) ;

20
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S1-3: Running the Codes
FORTRAN

$ mpiifort -03 —-xCORE-AVX2 -align array32byte sl-3a.f i
$ mpiifort -03 —-xCORE-AVX2 -align array32byte sl-3b.f —

(modify “go.sh”)
$ gsub go.sh

:

$ mpicc -03 —-xCORE-AVX2 -align sl-3a.c
$ mpicc -03 —-xCORE-AVX2 -align sl-3b.c

(modify “go.sh”)
$ gsub go.sh

21



#!'/bin/sh

#PBS —q u-lecture

#PBS —-N test

#PBS -1 select=8:mpiprocs=32
#PBS —-Wgroup_list=gt29

#PBS -1 walltime=00:05:00
#PBS —-e err

#PBS —-o test.lst

cd SPBS_O_WORKDIR
/etc/profile.d/modules. sh

go.sh

export I_MPI_PIN_DOMAIN=socket

export I_MPI_PERHOST=32
mpirun ./impimap.sh ./a.out

#PBS -1 select=1l:mpiprocs=
#PBS -1 select=1l:mpiprocs=
#PBS -1 select=1l:mpiprocs=
#PBS -1 select=2:mpiprocs=
#PBS -1 select=8:mpiprocs=

4 l1-node,
16 l-node,
36 l-node,
32 2—nodes,
36 8—-nodes,

S1-ref

Name of “QUEUE"”
Job Name

node#, proci#/node
Group Name (Wallet)
Computation Time
Standard Error
Standard Outpt

go to current dir
(ESSENTIAL)

Execution on each socket
=mpiprocs
Exec’s

4—-proc’s

l6-proc’s

36—-proc’s
32x2=64-proc’s
36x8=288-proc’s

22
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export I_MPI_PIN_DOMAIN=socket

Intel Xeon
E5-2695 v4 DDR4
(Broadwell-EP) / DDR4 N

76.8 GB/s | 76.8 GB/s
w. 4ch w. 4ch

Socket #0 Socket #1

 Each Node of Reedbush-U
— 2 Sockets (CPU'’s) of Intel Broadwell-EP
— Each socket has 18 cores

e Each core of a socket can access to the memory on the
other socket : NUMA (Non-Uniform Memory Access)

— |_MPI_PIN_DOMAIN=socket, impimap.sh: local memory to be
used 23



S1-ref

S1-3: Performance on RB -U (1/3)
 ®:N=108 @:10° A :2x10°% —: Ideal
e Based on results (sec.) using a single core

e Strong Scaling 80
: : [ | ® N=1.0x10"8
— Entire problem size | & N=1.0X10°9
fixed 0 7 A N=2.0x1079 = |
— 1/N comp. time =) =2
using N-x cores g " .
« Weak Scaling .
: : : [
— Problem size/core is &
fixed o
] ] 0 16 32 48 64
— Comp. time is kept CORE#

constant for N-x
scale problems
S1-3 using N-x cores

32 cores/node, 16 cores/socket

up to 2 nodes (64 cores)

24



S1-3: Performance on RB -U (2/3)

e Strong Scaling

— Entire problem size
fixed

— 1/N comp. time
using N-x cores

 Weak Scaling

— Problem size/core is
fixed
— Comp. time Is kept
constant for N-x
scale problems
S1-3 using N-x cores

Speed-Up

¢ N=108 @:10° A :2x10°% —: Ideal
Based on results (sec.) using a single core

80

| @ N=1.0x10"8 b
| A N=1.0x1079
171 4 N=2.0x1079
Ideal
40
&
20 &
| A
o 6.
0 18 36 54 72
CORE#

36 cores/node, 18 cores/socket

up to 2 nodes (72 cores)

S1-ref
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S1-3: Performance on RB -U (3/3)

« ©:N=108, @:10° A :2x10° —: Ideal
o 32cores/node (16cores/socket) cases are better
— smaller number of MPI processes

300
[ | ® N=1.0x10"8
250 1 A N=1.0x10"9 A
| A N=2.0x10"9
200 H
o [ ldeal A
2 [ ®
8]50'
S é ?
N 100 |
50 | «
: &
Y S
0 32 64 96 128 160 192 224 256

CORE#

32 cores/node, 16 cores/socket

up to 8 nodes (256 cores)

300
® N=1.0x10"8
250 Il A N=1.0x10"9 A
[ = AN
200 |- A N=2.0x10"9 *
D:I:. deal A
S [ [
N 100 }
- é
50
r A
N SR
0O 36 72 108 144 180 216 252 288

CORE#

36 cores/node, 18 cores/socket
up to 8 nodes (288 cores) N




Performance iIs lower than ideal one

 Time for MP| communication
— Time for sending data
— Communication bandwidth between nodes
— Time Is proportional to size of sending/receiving buffers

* Time for starting MPI

— latency

— does not depend on size of buffers
« depends on number of calling, increases according to process #

— 0O(109-0(10%) psec.
e Synchronization of MPI
— Increases according to number of processes

Sil-re

27



Sil-re

Performance iIs lower than ideal one
(cont.)

o |f computation time is relatively small (N is small in S1-3),
these effects are not negligible.
— If the size of messages is small, effect of “latency” is significant.
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