Message Passing Interface
(MPI)

Awoxeipion Ewkovikwv TomoAoyLwyv
(ouvéxerla)



MPI CARTDIM GET

* Hovuvaptnon MPI_CARTDIM_GET d&ivelL tov aptOpo twv
Slaotaocewv Evo¢ communicator e Sopn MAEYHOTOC

int MPI_Cartdim_get( MPI_Comm cart_comm, int* ndims )

* H ndims kpatdeL Tov opLlOo TV SLAOTACEWYV TNG
KOLPTECLAVI G ELKOVLKNC TomoAoyiac.



MPI_CARTDIM_GET

Variable Name C Type In/Out Description

comm MPI_Comm | Input | communicator handle tn¢
KOLPTESLAVI G TOTTOAOYLOG

ndims int * Output | aplONAC TV SLAOTACEWV TNG
TomoAoyiog

belongs[0] = 1;
belongs[1] = 0;
MPI_Cart_sub(grid_comm, belongs, &col_comm);

/* queries number of dimensions of cartesan grid */
MPI_Cartdim_get(col _comm, &ndims);



MPI CART GET

 H ouvaptnon MPI_CART_GET ypnoiuonoteitat yia va
npoodloploBouv BLATNTEC ToUu communicator MAEypaToc
OMWC N TLEPLOBLKOTNTA, O OLPLOUOC TWV
Siepyaociwv/dlaotaon, ol CUVTETAYUEVEC TNE KAAOUGOLC
Siepyaciac



MeTaBAnTn

MPI_CART GET

TutTOG

In/Out

Meprypaen

subgrid_comm MPI_Comm | Input | Communicator handle

ndims int Input | aptOpdC TwV SLoTAoEWVY TG
TomoAoyiog

dims int * Output | mivoKag Tov MEPLEXEL TOV
oPLOLO TWV SLlEpyaoLwV
/éiwdotaon

periods int * Output | mivakac Tou MEPLEXEL Eval
oTolXelo yla KaBe didotaon
nov dnAwvel av gival
nePLodIkn f oxL

coords Int * Output | mivakog Tou TEPLEXEL TLG

KOLPTECLOLVEG GUVTETAYUEVEC TNG
kaAovoac diepyaoiog




MPI_CART_GET

dims[0] = nrow;
dims[1] = mcol;

MPI_Cart_create(MPI_COMM_WORLD, ndim, dims, period,
reorder, &grid_comm);

MPI_Comm_rank(grid_comm, &me);
MPI_Cart_coords(grid_comm, me, ndim, coords);

/* create row subgrids */

belongs[0] = 1;

belongs[1] = 0;

MPI_Cart_sub(grid_comm, belongs, &row_comm);

/* Retrieve subgrid dimensions and other info */
MPI_Cartdim_get(row_comm, &mdims);
MPI_Cart_get(row_comm, mdims, dims, period, row_coords);



MPI_CART GET

0,0 (0) 0,1 (1)

« Often, MPI_CARTDIM_GET

needs to be called first since
ndims, the dimensions of the 1,0 (2) 1,1 (3)
subgrid, is needed as input
to MPI_CART_GET.

2,0 (4) 2,1 (5)

Cartesian Grid



MPI CART SHIFT

H MPI_CART_SHIFT ypnotpomoteitat yia va npoo&optooup.e
dU0 yeitoveg tng Kai\ouoaq Slepyaciac Kot HAKOG MLOG
dLaoTaonG TNC KAPTESLAVN G TOTOAOYLOC.

int MPI1_Cart_shift( MPI_Comm comm, int direction, int
displ, int *source, int *dest )

H Gtaotaon SLlveTal otV NAPAHETPO ELOOSOU «dlrectlon»
O 800 yeitovec smotpsd)ovrat OTLC napap.stpouq 'source”
kot "destination" , kat n andéotacn twv dvVo yertovwy ano
TNV KaAovoa 61£pvaoia Slvetal otnv NAPAHETPO ELOOSOU
«displ».



Variable

NEllE

MPI_CART SHIFT

C Type

In/Out

Description

comm MPI_Comm |Input | Communicator handle

direction Int Input | H d1GoTOON KOTA UNKOG
TNG otroiag Ba AdBel xwpa
1O shift

displ Int Input | shift (<0; >0; | 0), ATOI
amrooTacn atmo TNV
KaAouoa digpyaaia

source Int * Output |H tacn 1ng digpyaaiag
source

dest Int * Output |H tacn 1ng digpyaaiag
destination




MPI_CART SHIFT

dims[0] = nrow; /* number of rows */
dims[1] = mcol; /* number of columns */
periods[0] =1; /* cyclicin this direction */
periods[1] =0; /* no cyclic in this direction */

MPI_Cart_create(MPI_COMM_WORLD, ndim, dims, period,
reorder, &comm2D);

MPI_Comm_rank(comm2D, &me);
MPI_Cart_coords(comm2D, me, ndim, coords);

index = 0; /* shift along the 1st index (out of 2) */

displ= 1; /*shiftby 1*/
MPI_Cart_shift(comm2D, index, displ, &source, &dest);
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MPI CART SHIFT

Adov periods[0]=1, tote omoladAmnote

avadopd IMPLV TO MPWTO 1 HETA TO
teAevtaio otowxeio pag otAng Oa
gpunvevEeTal We €ENC:

i =-1 avtiotowei otoi = 2.
i =-2 avtiotoweiotoi = 1.
i =3 avtiotowei oto i = 0.

Av oploOUHE TEPLOBLKOTNTA OTLC OTAAEG

( periods[1]=1), tote omowadAMoOTE
avadopd IPLV To MPWTO N HETA TO
teAevtaio otowxeio pLag otAng Oa
gppunvevEeTal we €ENC:

j=-1 avtiotolei oto j= 1.

j= 2 avtiotolxel oto j= 0.

-1,0(4) | -1,1 (5)
0-1(-1) | 0,0(0) | 0,1(1) | 0,2(-1)
1-1¢-1) | 1,0©@) | 1,13 | 1,2(-1)
2-1(-1) | 20@) | 21(5) | 2.2(-1)
3,00 | 31()
periods[0]=1;periods[1]=0
1,0 (-1) | -1,1 (-1)
0-1(1) | 0,00) | 0,1 (1) | 0,2(0)
1-13) | 1,02 | 1,13) | 122
2-15) | 20@) | 21(5) | 224
3,0 (-1) | 3,1 (-1)

periods[0]=0;periods[1]=1




MPI CART SHIFT

* Avn diepyacia mov kaAetl tnv MPI_CART_SHIFT sivou
n 2, adov index=0 kat disp=1, TOtE N TA&N TNC
Sdtepyaotiac source ko tng diepyaoiog destination (w¢
antotéAeopa tou shift) Oa eivat 0 kot 4, avtictowya.

* Avn diepyacia mou kaAetl tnv MPI_CART_SHIFT sivau
n 1, tote n taén tng dLepyacioc source Kot TNG
diepyaoioc destination (w¢ amotéAsopa tov shift) Oa
glvail 5 kau 3, avriotowya (n ta&n tng diepyaociog
source opeidetal oto yeyovoc ott periods(0) = 1).



MPI CART SHIFT

* Note:

— Direction, the Cartesian grid dimension index, has range (0, 1, ...,
ndim-1). For a 2D grid, the two choices for direction are 0 and 1.

— MPI_CART_SHIFT is a query function. No action results from its call.

— A negative returned value (MPl_UNDEFINED) of source or
destination signifies the respective value is out of bound. It also
implies that there is no periodicity along that direction.

— If periodic condition is enabled along the shift direction, an out of
bound does not result.

* Definition of MPI_UNDEFINED

— A flag value returned by MPIl when an integer value to be returned
by MPI is not meaningfully defined.



MPI_CART SHIFT Example

Index=0, disp=+1, the source is the rank above the calling
rank and the destination is the rank below it.

Index=0, disp= -2, the source is two ranks below the calling
rank and the destination is two ranks above it.

Index=0, disp=+3, the source is three ranks above the
calling rank and the destination is three rank below it.

Index=1, disp=+1, the source is the rank to the left of the
calling rank and the destination is the rank to the right.

Index=1, disp=-1, the source is the rank to the right of the
calling rank and the destination is the rank to the left.



MPI_CART_SHIFT Example

#include "stdio.h"
#include "mpi.h"
void main(int argc, char *argv[])
{
int nrow, mcol, irow, jcol, lam, me, ndim;
int p, ierr, root, index, displ;
int sourcel, source2, source3, source4, source5;
int destl, dest2, dest3, dest4, dest5;

int coords[2], dims[2];
int periods[2], reorder;
MPI_Comm comm2D;

MPIL_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &lam);
MPI_Comm_size(MPI_COMM_WORLD, &p);
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MPI_CART _SHIFT Example

nrow = 3; mcol = 2; ndim = 2;
root = 0; periods[0] = 1; periods[1] = 0; reorder = 1;

if (lam == root)
{

printf(" ( along the rows )( across columns )\n");

printf(" K==4]1==> &K==-2==> K== 43 ==> <==4+] ==> <==-1 ==>\n");
rintf(" 2D Row Col From To From To From To From To From

To\n"?;
printf(" Rank i j Src Dest Src Dest Src Dest Src Dest Src Dest\n");
}

MPI_Barrier(MPI_COMM_WORLD);

/* create cartesian topology for processes */

dims[0] = nrow; /* number of rows */

dims[1] = mcol; /* number of columns */
MPI_Cart_create(MPI_COMM_WORLD, ndim, dims, periods, reorder, &comm2D);
MPI_Comm_rank(comm2D, &me);

MPI_Cart_coords(comm2D, me, ndim, coords);
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MPI_CART _SHIFT Example

index = 0; /* shift along the 1st direction (0; not 1) */
displ = 1; /* shiftby 1 */

MPI_Cart_shift(comm2D, index, displ, &sourcel, &destl);
index = 0; /* shift along the 1st direction */

displ = -2; /* shift by -2 */

MPI_Cart_shift(comm2D, index, displ, &source2, &dest2);
index = 0; /* shift along the 1st direction (0; not 1) */
displ = 3; /* shift by 3 */

MPI_Cart_shift(comm2D, index, displ, &source3, &dest3);
index = 1; /* shift along the 2nd direction (1; not 2) */
displ = 1; /* shiftby 1 */

MPI_Cart_shift(comm2D, index, displ, &source4d, &dest4);
index = 1; /* shift along the 2nd direction */

displ = -1; /* shift by -1 */

MPI_Cart_shift(comm2D, index, displ, &source5, &dest5);

printf("%5d %5d %5d %5d %5d %5d %5d %5d %5d %5d %5d %5d %5d\n", me,
coords[0], coords[1], sourcel, destl, source2, dest2, source3, dest3, source4,
dest4, sourceb, dest5);

MPI_Finalize(); }
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MPI_CART SHIFT Example

Output

— Note that some of the returned ranks in the last four columns are
negative because they are out of bounds and are assigned the value
MPI_UNDEFINED. The value of MPI_UNDEFINED is implementation
dependent. In this case, it is -1.

$ mpirun -np 6 _cart shift example

( along the rows ) ( across columns )

<== 41 ==> <K== -2 => == 43 => == +1 => <K== -1 =>

2D Row Col From To From To From To From To From To
Rank i Jj Src Dest Src Dest Src Dest Src Dest Src Dest
0 0 0 4 2 4 2 0 0 -1 1 1 -1

1 0 1 5 3 5 3 1 1 0 -1 -1 0

2 1 0 0 4 0 4 2 2 -1 3 3 -1

3 1 1 1 5 1 5 3 3 2 -1 -1 2

4 2 0 2 0 2 0 4 4 -1 5 5 -1

5 2 1 3 1 3 1 5 5 4 -1 -1 4



MPI_CART_SHIFT Example

-3,0(0) | -3,0(2)

-2,0(2) | -2,1(3)

-1,0(4) | -1,1(5)
0,-1(-1)| 0,0(0) | 0,1(1) | 0,2(-1)
1,-1(-1) | 1,02) | 1,1,(3) | 1,2(-1)
2,-1(-1) | 2,04) | 2,1(5) | 2,2(-1)

3,000) | 3,1(1)

4,02) | 4,1,(3)

5,0(4) | 5,1(5)

periods[0]=1;periods[1]=0




Napadsypa (drtaxeipion Ko EmKOVwvia
o€ TontoAoyia 4x4)

* No opyavwooulE TO OUVOAO TwV dlepyacLwv o€ LOeatn
KapteoLlavn TotoAoyia SUo diaoctacswv 4x4, Kot oth
ouvExeLa va ypaPoupE Tov anapaitnto Kwdika yia va
untoAoyiletal amno KaBe diepyacia to ABpolopa Twv
OTOLYELWV TWV TECCAPWV YELTOVLIKWYV TNC SLEpyacLwv.

* [ va emtevyOei auto Ba npémnel kAOe diepyaoia va
OTEAVEL Kol va mapaAapBAaveL Eva HAVUHA TTPOC Kol ano
KAOE piot aTtO TG TECGEPLC YELTOVLKEC TNC.



#include <stdio.h>
#include "mpi.h"
#define SIZE 16
#define UP 0
#define DOWN 1
#define LEFT 2
#define RIGHT 3

int main(argc,argv)

int argc;

char *argv[]; {

int numtasks, rank, source, dest, outbuf, i, tag=1;

int inbuf[4]={MPI_PROC_NULL,MPI_PROC_NULL,MPI_PROC_NULL,
MPI_PROC_NULL};

int nbrs[4], dims[2]={4,4};

int periods[2]={1,1}, coords[2];

int reorder=0, sum=0;



/* opiloupe avtikeipeva Request kot Status yia Tov TEALKO EAEYXO TNG
OAOKANPWGCNC TOU CUVOAOU TWV ETILKOWVWVLWV */

MPI_Request reqs[8];
MPI_Status stats[8];
MPI_Comm cartcomm;

MPIL_Init(&argc,&argv);
MPI_Comm_size(MPI_COMM_WORLD, &numtasks);

MPI_Cart_create(MPI_COMM_WORLD, 2, dims, periods, reorder,
&cartcomm);

MPI_Comm_rank(cartcomm, &rank);
MPI_Cart_coords(cartcomm, rank, 2, coords);
MPI_Cart_shift(cartcomm, 0, 1, &nbrs[UP], &nbrs[DOWN]);
MPI_Cart_shift(cartcomm, 1, 1, &nbrs[LEFT], &nbrs[RIGHT]);

/* ApXLKOTTOLOUE TO OTOLXELO KABE SLepyacioc va £XEL TIUA Lon HE TNV Taén
e */
outbuf = rank;



for (i=0; i<4; i++) {
dest = nbrsJi];
source = nbrsJi];
MPI_Isend(&outbuf,1,MPI_INT,dest,tag, MPI_COMM_WORLD,
&reqsli]);
MPI_Irecv(&inbuf[i],1,MPI_INT,source,tag,
MPI_COMM_WORLD, &reqs[i+4]);
}

[* EA€yxoupe av oAokKANpwONKav EMITUXWG OAEG OL ETILKOWVWViEG */
MPI_Waitall(8, reqs, stats);

for (i=0; i<4; i++)
sum += inbuf{i];

printf("rank= %d coords= %d %d neighbors(u,d,l,r)= %d %d %d %d
sum = %d\n", rank, coords[0], coords[1], nbrs[UP], nbrs| DOWN],
nbrs[LEFT], nbrs[RIGHT], sum);

MPI_Finalize(); }



