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[Tonb3oBaTensckme Tunbl gaHHbIX (MPl Derived Data Types)

= Kak nepenatb cTpykTypy C/C++ B Apyroun npouecc?

= Kak nepenaTb ApPYrom npoweccy crtonbey matpuLbl?
(B C/C++ MaccumBbl XpaHATCA B NaMATN CTPOKA 3a CTPOKOW - row-major order,
B Fortran cTtonbeu 3a ctonbuom - column-major order)

= KaK peann3oBaTb rMpuem coobuleHnin pa3inyHbiX pa3Mepos
(3arosioBOK COOOLLLEHNA COAEPXXUT ero Tunm, pasmep)?



[Tonb3oBaTensckme Tunbl gaHHbIX (MPl Derived Data Types)

typedef struct {
double x;
double y;
double z;
double f;
int data[8];
} particle t;

Kak nepefaTb MacCUB 4YacCcTul, Apyromy npoweccy?

int main(int argc, char **argv)

{
int rank;
MPI Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM WORLD, &rank);

int nparticles = 1000;
particle t *particles = malloc(sizeof(*particles) * nparticles);



[Tonb3oBaTensckme Tunbl gaHHbIX (MPl Derived Data Types)

/* Create data type for message of type particle t */
MPI_Datatype types[5] = {MPI_DOUBLE, MPI_DOUBLE, MPI_DOUBLE, MPI_ DOUBLE,

MPI_INT};
int blocklens[5] = {1, 1, 1, 1, 8}; // size = 64
struct {
double x; // offset ©
MPI_Aint displs[@]; goug%e y; // Oﬁse’é ?6
displs[@] = offsetof(particle_t, x); dgmﬂg ﬁ’ f§§;4§§t24
displs[1] = offsetof(particle t, y); int data[8]; // offset 32
displs[2] = offsetof(particle t, z); }
displs[3] = offsetof(particle t, f);
displs[4] = offsetof(particle t, data); NEANEAE ] AR R Gy
// size = 72
. struct {
MPI_Datatype parttype; . double x; // offset ©
MPI_Type create_struct(5, blocklens, displs, double y; // offset 8
. double z; // offset 16
. types, &parttype), int type // offset 24
MPI_ Type commit(&parttype); double f; // offset 32

int data[8]; // offset 40



[Tonb3oBaTenbckme Tunbl gaHHbiX (MPI Derived Data Types)

/* Init particles */
if (rank == 9) {
// Random positions in simulation box
for (int i = @; i < nparticles; i++) {
particles[i].x = rand() % 10000;
particles[i].y = rand() % 10000;
particles[i].z = rand() % 10000;
particles[i].f = 0.0;
}
}
MPI Bcast(particles, nparticles, parttype, 0, MPI_COMM WORLD);

// code ...

MPI_Type free(&parttype);
free(particles);

MPI Finalize( );

return 0;



MPI Type contiguous

int MPI_Type contiguous(int count, MPI Datatype oldtype,
MPI Datatype *newtype)

HenpepbiBHas nocsienoBaTeslbHOCTb B NaMATK (MaccuB) 3n1eMeHTOB Tuna oldtype

OOoHOMepHbIN MaccuB

contig.

Npumep

oldtype = {(double, 0), (char, 8)}
(1 double n 1 char, 0 n 8 — 3T0 cMeLWLeHuns)

MPI_Type_contiguous(3, MPI_Datatype oldtype, &newtype)
newtype = {(double, 0), (char, 8), (double, 16), (char, 24), (double, 32), (char, 40)}



[Tonb3oBaTenbckme Tunbl gaHHbiX (MPI Derived Data Types)

0123456 789101112131415161718192021222324

contig. cnntlg cnntlg

\ indexed

‘VECtDI"
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T. Hoefler. Advanced Parallel Programming with MPI // EuroMPI'14 Tutorial http://htor.inf.ethz.ch/teaching/mpi_tutorials/eurompil4/


http://htor.inf.ethz.ch/teaching/mpi_tutorials/eurompi14/

[Tonb3oBaTenbckme Tunbl gaHHbiX (MPI Derived Data Types)

int MPI_Type vector(int count, int blocklength, 1int stride,
MPI Datatype oldtype, MPI Datatype *newtype)

int MPI_Type indexed(int count, const int array of blocklengths][],
const int array of displacements|[],
MPI Datatype oldtype, MPI Datatype *newtype)

int MPI_Type create _struct(int count,
const int array of blocklengths[],
const MPI Aint array of displacements][],
const MPI Datatype array of types|[],
MPI Datatype *newtype)

int MPI_Type create_subarray(int ndims, const int array of sizes][],
const int array of subsizes][],
const int array of starts[],
int order, MPI Datatype oldtype,
MPI Datatype *newtype)



Bbibop Tnna oaHHbIX

. MpeponpeneneHHble TUMbI
(MPI_DOUBLE, MPI_INT, MPI_CHAR, ...)

. contig
. VeCtOr Slower
. iIndex_block

. Index

. Struct \/



YnakoBka gaHHbIX (MPI Pack)

int main(int argc, char **argv)

{

int rank, packsize, position;

int a;

double b;
uint8 t packbuf[100];

MPI Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);

if (rank == 0) {

a
b

15;
3.14;

Kak nepenatb int a n double b
0A4HMM coobLieHnem ?



YnakoBka gaHHbIX (MPI Pack)

packsize = 0; /* Pack data into the buffer */
MPI Pack(&a, 1, MPI INT, packbuf, 100, &packsize, MPI_COMM_WORLD);
MPI Pack(&b, 1, MPI_DOUBLE, packbuf, 100, &packsize, MPI_COMM_WORLD);

¥

MPI Bcast(&packsize, 1, MPI_INT, ©, MPI COMM WORLD);
MPI Bcast(packbuf, packsize, MPI PACKED, ©, MPI_COMM_WORLD);

if (rank != 0) {
position = 0; /* Unpack data */
MPI Unpack(packbuf, packsize, &position, &a, 1, MPI_INT, MPI_COMM _WORLD);

MPI Unpack(packbuf, packsize, &position, &b, 1, MPI_DOUBLE,
MPI_COMM_WORLD);

}
printf("Process %d unpacked %d and %1f\n", rank, a, b);

MPI Finalize( );
return 0;



ObpaboTka n3obpaxeHus (contrast)

1)BbluucnsieTcs cpegHee KBagparnyHoe
3HaueHui Bcex nukcenein (RMS)

RMS = sqrt( sum( L[i][j] * L[]0] ) / (H * W) )

2) Kaxabli nukcenb L[i,j] npeo6pasyetca
L[i,j]=2*L[i, ] —RMS
if (L[i,j] <0)thenL[ij]=0
if (L[i,j] > 255) then L][i,j] = 255

width




ObpaboTka n3obpaxeHus (contrast)

npixels = width * height;
npixels_per_process = npixels / commsize;
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ObpaboTka n3obpaxkeHus (contrast)

int main(int argc, char *argv[]) {
MPI Init(&argc, &argv);
int rank, commsize;
MPI_Comm_rank (MPI_COMM_WORLD, &rank);
MPI Comm_size(MPI_COMM_WORLD, &commsize);

int width, height, npixels, npixels per_process;
uint8 t *pixels = NULL;
if (rank == 0) {
width = 15360; // 15360 x 8640: 16K Digital Cinema (UHDTV) ~ 127 MiB
height = 8640;
npixels = width * height;
pixels = xmalloc(sizeof(*pixels) * npixels);
for (int i = @; 1 < npixels; i++)
pixels[i] = rand() % 255;
}

MPI_Bcast(&npixels, 1, MPI_INT, ©, MPI COMM WORLD); // Send size of image

npixels per process = npixels / commsize;

uint8_t *rbuf = xmalloc(sizeof(*rbuf) * npixels_per_process);

// Send a part of image to each process

MPI_Scatter(pixels, npixels per process, MPI _UINT8 T, rbuf, npixels per process, MPI _UINT8 T,
©, MPI_COMM WORLD);



ObpaboTka n3obpaxkeHus (contrast)

int sum_local = 0;
for (int 1 = 0; 1 < npixels_per_process; i++)
sum_local += rbuf[i] * rbuf[i];

/* Calculate global sum of the squares */

int sum = 0;

// MPI_Reduce(&sum local, &sum, 1, MPI_INT, MPI_SUM, ©, MPI_COMM WORLD);
MPI Allreduce(&sum local, &sum, 1, MPI_INT, MPI SUM, MPI_COMM_WORLD);

double rms;
// if (rank == 0)
rms = sqrt((double)sum / (double)npixels);

//MPI Bcast(&rms, 1, MPI DOUBLE, ©, MPI_COMM WORLD);



ObpaboTka n3obpaxkeHus (contrast)

/* Contrast operation on subimage */
for (int 1 = @; 1 < npixels per process; i++) {
int pixel = 2 * rbuf[i] - rms;
if (pixel < 0)
rbuf[i] = ©;
else if (pixel > 255)
rbuf[i] = 255;
else
rbuf[i] = pixel;
}
MPI_Gather(rbuf, npixels per process, MPI _UINT8 T, pixels,
npixels per process, MPI_UINT8 T, ©, MPI_COMM_WORLD);
if (rank == 0)
// Save image...

free(rbuf);

if (rank == 0)
free(pixels);

MPI Finalize();



ObpaboTka n3obpaxkeHus (contrast)

PaBHOMEPHO /1N NUKCeNn N300paxeHUA pacnpegensroTtca no npoueccam?
npixels per process = npixels / commsize;

3arpys3ka UCXo4HOro N30o6paxeHus

v KopHeBOW npoLecc 3arpy>kaet n3obpaxeHune n paccbijiaeT 4acTu OCTa/IbHbIM
(n306pakeHne MOXET He NOMEeCTUTLCA B NaMATb OAHOrO y3/1a)

v Kaxkapbln npouecc 3arpyxaet yactb n3oopaxenma (MPI 1/0O, NFS, Lustre)

OGpaboTKa n3oopakeHUs
v Bbluncnenme RMS: MPI_Reduce + MPI_Bcast nnu MPI_Alilreduce

CoxpaHeHue n3oopaxeHus
v Cbopka Gather — nsobpaxeHue cpopmupyeTtcd B namatu npotecc O
v Cbopka Send/Recv — 4yacTu nsobpaxeHus rnocnenoBare/ibHO COXPaHAKTCA B han



[loMmallHee YyTeHune

= Pavan Balaji, William Gropp, Torsten Hoefler, Rajeev Thakur. Advanced MPI Programming
/[ Tutorial at SC14, November 2014, http://www.mcs.anl.gov/~thakur/sc14-mpi-tutorial/

= Torsten Hoefler. Advanced MPI 2.2 and 3.0 Tutorial //
http://htor.inf.ethz.ch/teaching/mpi_tutorials/cscs12/hoefler_tutorial _advanced-mpi-2.2-and-mpi-3.0_cscs

pdf

Using MPI Using Advanced MPI

Portable Parallel Programming Modern Features of the

with the Message-Passil Message-Passing Interface

third edition



http://www.mcs.anl.gov/~thakur/sc14-mpi-tutorial/
http://htor.inf.ethz.ch/teaching/mpi_tutorials/cscs12/hoefler_tutorial_advanced-mpi-2.2-and-mpi-3.0_cscs.pdf
http://htor.inf.ethz.ch/teaching/mpi_tutorials/cscs12/hoefler_tutorial_advanced-mpi-2.2-and-mpi-3.0_cscs.pdf
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