Message Passing Interface
(MPI)

Onadec Atepyaciwyv (Groups)



Oplopoc Opadwv Atepyaoctwv (Groups)

2TOXO0C TOU oplopol opadwyv dlepyaclwy givat va
SLEUKOAUVEL TOV TIPOYPOLULOTLOTH OE TIEPUTTWOELG TTOU
emiBupel

(a) vat SloidbopoToLoEL TIG EPYAOLES 1 TUAHOTO aAyoplOpwy
nou ekteAovvtal o€ dtadopa urtooUVoAd Twv SLlEpyacLwV
/ emeéepyaoctwy TOU cUVOALKOU TtapAAANAou
nepLBariovtog

(B) va epaplOCEL O CUYKEKPLUEVO UTTOCUVOAQL
Slepyaolwv/eneepyaoTwy ouvaPTOELC CUANOYLKNC
ETUKOLVWVLOC LLE TOV BEATIOTO TPOTIO



2uvoptnoelg Oplopol Opadwv Atepyactlwv

» MPI_Comm_group

E¢ayetal 1o handle tou KaBoAwkoU group SLEpyacLWV TTOU QVILOTOLXEL
otov 600evta communicator (cuvnOw¢ MPI_COMM_WORLD)

» MPIL_Group_incl i MPI_Group_excl
Anpoupyeitan véo group (w¢ ulmtooUVoAo evog KaBoALKou group)

» MPI_Comm_create
Anpoupyeital véo¢ communicator yia €va VEo group dlepyaotwv

» MPIL_Group_rank
E¢ayetal n taén tng kahovoag diepyaociog oto dnpovpynOEv group

» MPI_Comm_free and MPI_Group_free
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H cuvaptnon MPI. Comm_group

E¢ayeto To AEKTLKO TOU group 1ov avILloTolel otov 600<vta
communicator:

int MPI_Comm_group (MPI_Comm comm, MPI_Group *group)
comm: O apXtkO¢ communicator yio Tov onoiov OEAOUME TO

ovtiotolyo group.
group: To AEKTLKO TOU group TTOU OLVTILOTOLXEL 0TOV communicator



H cuvaptnon MPI_Group incl

Anplovpyeitol €va vEo group amo Eva apxLko group, opi{ovtog IOLEC
Slepyaoisc tou apxtkou group Oa CUMHETAOYOUV OTO VEO.

int MPI_Group_incl (MPI_Group group, int n, int *ranks,
MPI_Group *gr_out)

e group: To apXLlkG/yoviKO group oo to onoio EEKWVAE.

° n: O aplOpoc Twv dlepyacLwv ov Ba CUUUETAGXOUV OTO
VEO group.

* ranks: OL TAUTOTNTECG TWV SLEpyOcLWV IOV Ba CUMHETAGYOUV

OTO VEO group.
* gr _out: To AEKTLKO TTOU OLVIUITPOCWTIEVEL TO VEO group.



MPI_Group incl - Napadswypa

Even Group Rank 0O Rank 1 Rank 2

VA N

O Group Rank 0O Rank 1 Rank 2 Rank 3 Rank 4 Rank 3

Crdd Group Rank 0 Rank 1 Rank 2




MPI_Group incl - Napadsiypa
#include "mpi.h"

MPI_Group group_world, odd_group, even_group;
int i, p, Neven, Nodd, members|[8], ierr;

MPI_Comm_size(MPI_COMM_WORLD, &p);
MPI_Comm_group(MPI_COMM_WORLD, &group_world);

Neven = (p+1)/2; /* processes of MPI_COMM_WORLD are divided */
Nodd = p - Neven; /* into odd- and even-numbered groups */
for (i=0; i<Neven; i++) { /* "members" determines members of
even_group */
members|i] = 2*i;
X

MPI_Group_incl(group_world, Neven, members, &even_group);



H cuvaptnon MPI_Group excl

Anplovpyeiton Eva VEO group armno £va opXLKo group, opilovtac MoLeg
Slepyaoiec tou apyxikou group dev Ba CUMHETAGYOUV OTO VEO.

int MPI_Group_excl (MPIl_Group group, int n, int *ranks,
MPI_Group *gr_out)

e group: To apXLlkG/yoviKO group oo to onoio EEKWVAE.

° n: O aplOpoc Twv depyaciwv tov dev Oa CURHETAGYOUV
OTO VEO group.

* ranks: OL TAUTOTNTEG TWV dlepyacLwv nov dev Oa
OUMHETAOXOUV OTO VEO group.

* gr _out: To AEKTLKO TTOU OLVIUITPOCWTIEVEL TO VEO group.



H cuvaptnon MPI_Comm_create

MéEow tn¢ ouvaptnonc autnc dnuovpyeital o véo¢ communicator o
OMOLOC AVTLOTOLXEL 0€ Eva 6N dnuiovpynOév group:

int MPI_Comm_create (MPI_Comm comm, MPI_Group group,
MPI_Comm *comm_out)

e comm: O yovikG6¢ communicator ano tov onoiov Oa npokueL o
VEOC.
* group: To Nén dnuovpynOév group yia to onoio Ba Pprioytei

0 VEOC comm.
e comm_out: To AekTiKO Mov Oa AVTLOTOLEL OTOV VEO communicator.
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H cuvaptnon MPI_Group_rank

E¢ayetau n véa tavtotnta tng KAOE diepyaciac oto veo
dnuovpynB<v group (mou divetatl edw WG MAPANETPOC):

int MPI_Group_rank (MPIl_Group group, int *rank)
group: To AEKTLKO TOU group HECO OTO OMOL0 PAYXVOUME

TNV TawtotnTa TnE Kabe diepyaciac.
rank: H tavtotnta tn¢ ke diepyaociog.



MPI_Group_rank

#include "mpi.h"

MPI_Group group world, new_group;
int i, p, ierr, group_rank;

MPI_Comm_size(MPI_COMM_WORLD, &p);

MPI_Comm_group(MPI_COMM_WORLD,
&group_world);

MPI|_Group_excl(group_world, 1, 0, &new_group);

MPI_Group_rank(new_group, &group_rank);



MPI_Group_rank

In the above example, first a new group is created whose members are all but
process 0 of the group MPI_COMM_WORLD. Then a query is made for the
group rank.

The ranks of MPI_COMM_WORLD have the range (0, 1, 2, ..., p-1). For this
simple example, the rank range of the new group is (0, 1, 2 ., p-2) as it has
one less member (i.e., process 0) than MPI_COMM_WORLD

Consequently, the calling process' corresponding rank number in the new
group would be 1 smaller. For instance, if the calling process is "i" (which is the
rank number in the MPI_COMM_WORLD group), the correspondlng rank
number in the new group would be "i-1".

Note, however, that if the calling process is process 0 which does not belong to
new_group, MPIl_Group_rank would return the value of MPI_UNDEFINED for
group_rank, indicating that it is not a member of the new_group.



MPI_Group_rank

— It returns MPI_UNDEFINED (a negative number) if current process
does not belong to group.

— MPI_UNDEFINED is implementation-dependent. For instance

* MPI_UNDEFINED = -3 for SGI's MPI

* MPI_UNDEFINED =-32766 for MPICH
— The foolowing code checks if calling process belongs to group:

if (group_rank == MPI_UNDEFINED) then

/* group_rank does not belong to group */

else
/* group_rank belongs to group */

endif



Napadswypa (group.c)

#include “mpi.h”
#include <stdio.h>
#define NPROCS 8
int main(argc,argv)
int argc;

char *argv[]; {

int rank, new_rank, sendbuf, recvbuf, numtasks, ranks1[4]={0,1,2,3},
ranks2[4]={4,5,6,7};

MPI_Group orig_group, new_group;

MPI_Comm new_comm;

MPI_Init(&argc,&argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &numtasks);
sendbuf = rank;

/* Extract the original group handle */
MPI_Comm_group(MPI_COMM_WORLD, &orig_group);



/* Divide tasks into two distinct groups based upon rank */
if (rank < NPROCS/2) {
MPI_Group_incl(orig_group, NPROCS/2, ranksl, &new_group);

}

else {
MPI_Group_incl(orig_group, NPROCS/2, ranks2, &new_group);

}

/* Create new communicator */

MPI_Comm_create(MPI_COMM_WORLD, new_group, &new_comm);
MPI_Allreduce(&sendbuf, &recvbuf, 1, MPI_INT, MPI_SUM, new_comm);

MPI_Group_rank (new_group, &new_rank);

printf("rank= %d newrank= %d recvbuf= %d\n",rank,new_rank,recvbuf);

MPI_Finalize();
}

MOavn E¢odog:

rank= 7 newrank= 3 recvbuf= 22
rank= 0 newrank= 0 recvbuf=6
rank= 1 newrank= 1 recvbuf=6
rank= 2 newrank= 2 recvbuf=6
rank= 6 newrank= 2 recvbuf= 22
rank= 3 newrank= 3 recvbuf=6
rank= 4 newrank= 0 recvbuf= 22
rank= 5 newrank= 1 recvbuf= 22



int MPI_Allreduce(void *sendbuf, void *recvbuf, int count,
MPI_Datatype datatype, MPI_Op op, MPI_Comm comm)

MéEow TNG CLUVAPTNONC CLUTAC EMLTEAELTOL OTL KOIL LE TN
ocuvaptnon MPI_Reduce, pe th dtadopd OTL TO ANMOTEAEGHA TO
yvwpilouv OAeG oL diepyaociec. looduvapel e TNV EKTEAEON
tou {evyouc cuvaptinoswv MPI_Reduce kot MPI_Bcast.



H cuvaptnon MPI_Group free

* MPI_Group_free is used to free the group or
deallocate a group object. Current operations using

the group will complete normally.
int MPI_Group free( MPI_Group *group )

* The function returns an int error flag.



H cuvaptnon MPI_ Comm free

— Freeing a group does not free the communicator
to which it belongs.

MPI_Comm_free

— Used to free the communicator or deallocate it.
Current and pending operations will complete
normally. Deallocation occurs only if no other
active references to the communicator are
present.



main(int argc, char **argv) {
int me, count, count2;
void *send_buf, *recv_buf, *send_buf2, *recv_buf2;
MPI_Group MPI_GROUP_WORLD, grprem;
MPI_Comm commslave;
static int ranks[] = {0};
MPIL_Init(&argc, &argv);
MPI_Comm_group(MPI_COMM_WORLD, &VIPI_GROUP_WORLD);
MPI_Comm_rank(MPI_COMM_WORLD, &me);
MPI_Group_excl(MPI_GROUP_WORLD, 1, ranks, &grprem);
MPI_Comm_create(MPI_COMM_WORLD, grprem, &commslave);
if(me != 0){ /* compute on slave */

MPI_Reduce(send_buf,recv_buff,count, MPI_INT, MPI_SUM, 1, commslave);

}

MPI_Reduce(send_buf2, recv_buff2, count2, MPI_INT, MPI_SUM, O,
MPI_COMM_WORLD);

MPI_Comm_free(&commslave);

MPI_Group_free(&MPI_GROUP_WORLD);

MPI_Group_free(&grprem);

MPI_Finalize(); }



Aoknon (group2.c)

* Na ypadel kwdikac o omoloc Ba diatpel 8 dtepyaoiec
tou MPI_COMM_WORLD oe du0o véa groups. To eva
group ormoteAeital amno tic SLEPYAOLEC TOU
MPI_COMM_WORLD pe dptio rank ko to aAAo group
aro tic dtepyaoiec tou MPI._COMM_WORLD pe
TEPLTTO rank .

e XTn ouVveXela Ba ekTeAeltal pia EVOELKTIKA TIPAEN
OUAAOYLKNC ETILKOWVWVLOC (CUYKEVTPWON TWV TAEEWV
Twv dlepyaoclwv otn dtepyaocia-pila Eexwplota yLa
KABe pla armo Twc opAdEC — KOl TOUC OLVTLOTOLYOUG
communicators — touv dnuLoupynodnkav)



#include <stdio.h>

#include "mpi.h"

#idefine N 8

int main(argc,argv)

int arggc;

char *argv|];

{

int i, rank, new_rank, sendrank, recvarray[N/2], numtasks;
int list1[4]={0,2,4,6}, list2[4]={1,3,5,7};

MPI_Group orig_group, new_group;

MPI_Comm new_comm);

MPI_Init(&argc,&argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &numtasks);
sendrank = rank;
MPI_Comm_group(MPI_COMM_WORLD, &orig_group);



if ((rank%2)==0) {
MPI_Group_incl(orig_group, N/2, listl, &new_group);
}

else {
MPI_Group_incl(orig_group, N/2, list2, &new_group);

}
MPI_Comm_create(MPI_COMM_WORLD, new_group, &new_comm);

MPI_Gather(&sendrank, 1, MPI_INT, recvarray, 1, MPI_INT, O,
new_comm);

MPI_Group_rank (new_group, &new_rank);
printf("rank= %d newrank= %d \n", rank, new_rank);
if (new_rank==0) {

printf("gathered ranks for process %d =", rank);

for (i=0; i<N/2; i++)

printf("%d ", recvarrayli]);

printf("\n");

}

MPI_Finalize();
1



H cuvaptnon MPI_Comm_split

Alaywpllel og €va BApa, Tov apyLko/yoviko
communicator o 6U0 N MEPLOCOTEPA ETUUEPOUC
groups-communicators YpnoLULOTIOLWVTOC OVTLOTOLXEC
EEXWPLOTEC TLHEC-KAELOLA Yo KAOE €vav armo auTtoUc.

» Anuoupyet ameuBeioc touc veéouc communicators (ko
OXL TIPWTOL TOL QLVTLOTOLYXOL Eroups MOV TIPETIEL LETA VOl
LETOTPATIOUV O€ communicators pe aAAn cuvaptnon).

» DTLaxveL OAouc Touc vEouc communicators padll pe pia
KANon Kot OxL e TIOAAEC EEXWPLOTEC KANOELC.



H cuvaptnon MPI_Comm_split

int MPI_Comm_split (MPI_Comm comm, int color, int key,
MPI_Comm *comm_out)

e comm: O apxko¢/yovikoc communicator oo tov onoio EEKVAE.
 color: Oudiepyaociec pe ida tiun ‘color’ tomoBetovvtal ctov
LlbLo communicator.
e key: H Eexwplotn TLHA-KAEWOL poodiopilel tnv taén kabe
Sdiepyaciac os kaBe diadopeTikd VEo communicator.
 comm_out: To AekTikO KARONC TOU VEOU communicator (eiva
KOWO yla OAoOUG TOUC VEOUC communicators otoug
onoiou¢ StaxwpioTnKe 0 aPXLKOC)



MPI_Comm_split -Mapadewypa

Anpovpyouvtal TPELG VEOL communicators, o HE TG
(5 cuvoAwka) dtepyaociec pe tavtotnta ano 0 wc 4,
mia pe tic (10 ouvoAka) diepyaoisc ano 5 ewc 14,
KoL o 1E Twe (5 ouvoAika) diepyaoisc pe tautoTnNTA
oo 15 £wc 19.

Ention¢, oL UMOAOLITEC TUXOV UNTAPXOUOEC SLEPYACLEC
(ne TautoTnTa SnAadn peyaAutepn R ion tou 20) va
NV OLVIIKOUV O€E KOLVEVOLV OTtO TouG U0
communicators (opadec).



MPI_Comm MPI_COMM_WORLD, newcomm; int myid, color;

/* BPEC TNV TAUTOTNTA TN KAOE SLlEPYAciag MPOKEIMEVOU VO LITOPEGELG OTH GUVEXELA VAl
TOUC SLoXwpPLoeLg Kat vt SNULOUPYROELS TIC {INTOUUEVEC VEEC Opadeg */

MPI_Comm_rank(comm, &myid);

/* kaBadproe Eva Stadopetiko ‘color’ yia tig diepyacieg KAOE piag armod Tig StoadpopPETIKEC
opadec mou Oa dnuoupynbouv */

if (myid < 5) [* EnéAee Touc 5 mpwtoug */
color=1;

else if (myid < 15)  /* EméAe€e otn ocuvéxewla toug */
color = 2; /* emdpevoucg 10 */

else if (myid < 20) /* EméAe€e otn ocuvéxewla toug */
color = 3; /* emdpevouc 5 */

else /* OvunoAounol 6 cuppetexouy */

color = MPI_UNDEFINED; /* o€ kavéva group */

/* dnuovpyia Twv VEwv communicators */
MPI_Comm_split(MPI_COMM_WORLD, color, myid, &newcomm);



MPI _Comm_split - Mapadsiypa

 For a 2D logical grid, create subgrids of rows and
columns

/* logical 2D topology with nrow rows and mcol columns */

irow = my_rank/mcol; /* logical row number */
jcol = my_rank%mcol; /* logical column number */
comm2D = MPI_COMM_WORLD;

MPI_Comm_split(comm2D, irow, jcol, row_comm);
MPI_Comm_split(comm2D, jcol, irow, col_comm);



MPI _Comm_split - Mapadsiypa

* Eotw otL £xoupe 6 diepyaoiec (O, 1, ..., 5)

* Ac OEWPNOOUE TIC SLEPYAOIEC AUTEC OPYAVWHEVEC OE EVal
3x2 MAEypa.

* Mpoodlopiloupe TiI¢ TIHEC irow and jcol w¢ cuvaptnon tng
taénc my_rank tng kaOe diepyaoioc otov apyLko
communicator, onw¢ d¢oaivoviol oTov EMOMEVO IivaKa.



MPI _Comm_split - Napadsypa

H npwtn kAnon MPI_COMM _SPLIT npoodropilel to irow w¢ to "color" pe
jeol wc¢to "key" (N tn duakpity Tavtotnta KOs diepyaoioc pEoa oto
group). EtoL kaBe oelpa anoteAel Eva véo group (row subgrid).

H 6gUtepn kAnon MPI_COMM_SPLIT npocdiopilel to jcol wg to "color"

HE irow w¢ to "key" (A tTn dtakplt TavtoTtnTA KAOE dLepyaociog pEoa oto
group). Etol kaOe otAn amnoteAei Eva véo group (column subgrid).

my_rank 0 1 2 3 4 5
Irow 0 0 1 1 2 2
jeol 0 1 0 1 0 1




MPI _Comm_split - Napadsypa

(0) (1) (0) (1) (0) (1)
(0) (1) (0) (0)
(2) (3) (2) (3) (2) (3)
(0) (1) (1) (1)
(4) (5) (4) (5) (4) (5)
(0) (1) (2) (2)
2D AOYIKO TTAEYUQ 3 row subgrids 2 column subgrids
(grid)

*Q1 KOKKIVOI apiBuoi gival
Ta ranks oTou¢ véoug
communicators




MPI Comm_split

* Processes in old_comm not part of any new group must
have color defined as MPI_UNDEFINED. The corresponding
returned NEW_COMM for these processes have value
MPI_COMM_NULL.

* |f two or more processes have the same key, the resulting
rank numbers of these processes in the new communicator
are ordered relative to their respective ranks in the old
communicator. Recall that ranks in a communicator are by
definition unique and ordered as (0, 1, 2, ..., p-1).



Napadewypa (split_ex.c)

#include <stdio.h>

#include <mpi.h>

main(int argc, char **argv)

{
MPI_Comm row_comm, col_comm;
int myrank, size, P=4, Q=3, p, q;

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

/* Determine row and column position */
p =my_rank / Q;
q = my_rank % Q; /* pick a row-major mapping */



/* Split comm into row and column comms */
MPI_Comm_split(MPI_COMM_WORLD, p, q, &row_comm);
/* color by row, rank by column */
MPI_Comm_split(MPI_COMM_WORLD, q, p, &col_comm);
/* color by column, rank by row */

printf("[%d]:My coordinates are (%d,%d)\n",myrank,p,q);
MPI_Finalize();

}



