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CICC Collective communications

The Supsroompating Peopls
collective Communication Calls

+ Point-to-point communication operations discussed until
now involve a pair of communicating processes

Many message-passing systems also provide operations
which allow larger numbers of processes to communicate
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@ e a Barrier

upsroomgiting Poopls
Cu:ullec’rwe Communication Calls

+ A barrier operation synchronizes a number of processes

+ No data is exchanged but the barrier blocks until all
participating processes have called the barrier routine

Call MPI Barrier{(comm, ierr)
E int MPI Barrier(MPI Comm comm)
Call to MPI_Barrier returns only
after all the processes in the group
T have called this function
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Broadcast

Cu:ullec’rwe Cu:nmrnunlu:-:l’rlm Calls

A broadcast is a one-to-many communication operation

One process sends the same message to several
destination processes with a single operation
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CDCC Broadcast (conti.)

The Supsroompating Peopls
collective Communication Calls

Call MPI Beast (buf, count,K datatype, source,comm,ierr)

int MPI Becast{void *buf, int count, MPI Datatype
datatype, int source, MPI Comm comm)

+ Sends data stored in buffer buf of process source to all
the other processes in the group comm

5|:|ur*u::3
MPI _Beast

| Mote: Ml containg count * datatype elements
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@ e a Gather

The Supsroompating Peopls
collective Communication Calls

Call MPI Gather(sendbuf, sendcount, senddatatype, recvbuf,
recvocount , recvdatatype, target, comm, ierr)

int MPI Gather(void *sendbuf, int sendcount, MPI Datatype

senddatatype, wvoid *recvbuf, int recwvcount, MPI Datatype
recvdatatype, int target, MPT Comm comm)

Each process (incl. target), sends data stored in armay sendbuf,
containing sendcount elements to the target process

— recvbuf of target process stores data in rank order
— recvcount specifies no. of clements received from each process

__ I __ I I [T ]
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target
MPI Gather
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CDCC AllGather

The Supsroompating Peopls
collective Communication Calls

Call MPI Allgather(sendbuf, sendcount, senddatatype,
recvbuf, recvcount, recvdatatvyvpe, comm, ierr)

int MPTI Allgather({wvoid *sendbuf, int sendcount,
MPTI Datatype senddatatype, woid *recvbuf, int recwvcount,

MPT Datatype recwvdatatype, MPT Comm comm)

ﬂ MPI AllGather

.
[T ]
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CDCC Scatter

The Supsroompating Peopls
collective Communication Calls

Call MPI Scatter(sendbuf, sendcount, senddatatype, recvbuf,
recvcount , recvdatatvype, source, comm, ierr)

int MPT Scatter(void *sendbuf, int sendcount, MPT Datatype

senddatatype, wvoid *recvbuf, int recvcount, MPI Datatype
recvdatatype, int source, MPI Comm comm)

* The source process sends different part of sendbuf to each
process (incl. itself)

— recvbuf of target process stores data in rank order
— sendcount specifies no. of elements sent to each process

EERESN =)

Source
MPI _Beoatter

mm..
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COCC All-to-All

Thi Supsroompiting Pecpls

collective Communication Calls

ab c d e, f.g.h i,j. k.| m,n,o,p
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COCC All-to-All syntax

The Supsroompating Peopls
collective Communication Calls

Call MPT AlltoAll (sendbuf, sendcount, senddatatype,
recvdatatype, comm, ierr)

recvbuf, recvcount,

int MPT AlltoRAll(void *sendbuf, int sendcount, MPT Datatype
senddatatype, woid *recvbuf, int recvcount, MPI Datatype

recvdatatype, MPTI Comm comm)

Each process sends a different portion of sendbuf to each other

process (incl. itself)
— recvbuf of target process stores data in rank order

— sendcount specifies no. of elements sent to each process

10
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waccw Example program

collective Communication Calls

#include <mpi.h-
#include <=tdio.h-
int main (int argc, char *argv([])}

t _ r & $mpiexec -np 4 scatter
int rank, =ize, i, j, sndont ,rercnt=1:
double param[4] mine ; Fmgmm G.I‘I'pl.rl'i
e e e _ Process 0: Mine is 23.000000
ML conmpank(MET CODL NORLD Sran) Process 1: Mine is 24.000000
ML Comn sdze (MBS SO HORLD  Eenzcy Process 2: Mine is 25.000000
j{ﬂrﬂﬂk=31 Process 3: Mine is 26.000000
for(i=0;i<4;i++) param[i]=23.0+41i;
sndont=1:
}
MPI Scatter(param,sndcnt MPI DOUELE ,&mine ,revcnt MPI DOUBLE .3 MPI COMM WORLD) :
printf{"Process %d: Mine is %E\n",rank,mine) :
MPI Finalize() ;
}

int MPTI Scatter(wvoid *sendbuf, int sendcount,

MPI Datatype senddatatype, woid *recvbuf, int recwvcount,
MPT Datatvrne recvdatatvne, int source, MPI Comm <COmMm)
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COCC Reduction

omprutieeg Poopls
Cu:ullec’rwe Communication Calls

a, b, c d e, f.g. h i, J. k.| m, h, o p

oS

D l'.'-IE'I_Reduce

aoeociom bofojon cogokoes doholopp
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COCC Reduction syntax

The Supsroompating Peopls
collective Communication Calls

Call MPT Reduce(sendbuf, recvbuf, count, datatype, op,
target, comm, ierr)

int MPT Reduce(void *sendbuf, wvoid *recvbuf, int count,
MPI Datatype datatype, MPI Op op, int target, MPI Comm comm)

+ Combines elements in sendbuf of each process in group using op
operation, and returns combined values in recvbuf of target process

+ All processes must call MPT Reduce with same value for count
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CDCC Reduction (conti.)

The Supsroompating Peopls
collective Communication Calls

Call MPI AllReduce (sendbuf, recvbuf, count, datatype,
op, Comm, ierr)

int MPI AllReduce (void *sendbuf, woid *recvbuf, int
count, MPI Datatype datatype, MPI Op op, MPI Comm comm)

* All processes receive the result of the operation, hence, there
is ho target argument
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COCC Some predefined reduction operations

The Supsroompating Peopls
collective Communication Calls

Operation Meaning Datatypes

MPI_MAX Maximum Integers and floating point
MPI_MIN Minimum Integers and floating point
MPI_SUM Sum Integers and floating point
MPI_PROD Product Integers and floating point
MPI_LAND Logical AND Integers

MPI_BAND Bit-wise AND Integers and byte
MPI_MAXLOC max-min value-location Data-pairs

MPI_MINLOC min-min value-location bata-pairs

Value | 15 17 11 12 17 11

Process 0 1 2 3 4 5

MinLoc(Value, Process) = (11, Z) Min volue, Min processor ID)

Mozl anfifalin Dmanne- V= N7 1) Mox value, Min processor ID)
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COCC

et \un Example program

collective Communication Calls

#include <mpi.h>
J* Bun with 16 processes */
void main {(int argec, char *argv[])

{
int rank, root=7;
struct
{ Program Qutput:
doubl alue ;
T PE:7 max=16.000000 at rank 15
Ry PE:7 min=1.000000 at rank O

MPI Init{kargc, Lkargv)

MPI Comm rank{MFI COMM WORLD  &krank) ;
in.vrvalue=rank+1:

in.rank=rank ;

MPI Reduce{kin, &tout ,1 MPI DOUBLE IHT MPT MAXIOC ,root MPT COMM WORLD) ;
if{ rank==root}printf{"PE: %d max=%1f at rank sdyn" ,
rank ,out . ralue,out .rank) ;

MPI Beduce{kin &out,l1 MPI DOUBLE INT MEILI MIHLOC,root MPI COMM WORLD) ;
if{rank==root) printf{"PE:%d min=%1f at rank %dn",
rank ,out .value ,out .rank) ;
MPI Finalize{}):
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User defined operations

Cu:ullec’rwe Cu:nmrnunlu:-:l’rlm Calls

MPI also provides a mechanism for user-defined
operations used in MPI_ALLREDUCE and MPI_REDUCE

- User can define his/her own reduce operation using the
MPI OP CREATE function

Syntox:
Call MPT_Op_create (function, commute, op, ierr)
int MPL_Cp_create (MPL_User_function *function, int commute, MPL_C'p *op)

If commute is TRUE, reduction may be faster
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The Supsroompating Peopls

COCC Example program

collective Communication Calls

#include <mpi.h-
typedef struct

i
double real,imagqg;

} complex;

void cprod{complex *in, complex *inout, int *len, MPI Datatype *dptr)

{
int i
complex c;
foxr (i=0; i<*len; ++i)
{
c.real={*in).real * (*inout).real - (*in).imag * {(*inout).imagq;
c.imag={*in).real * (*inout).imag + (*in).imag * (*inout).real;
*Tinout=c;
in++;
inout ++;
}
}
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COCC Example program (conti.)

The Supsroompating Peopls
collective Communication Calls

roid main {int argc, char *argv[])}
{

int rank, root:;

complex source , result;

MPI Op myop;

MPI Datatype ctype;

MPI Init (kargc, &argr);

MPI Comm rank (MPI COMM WORLD, &rank) ;

MPI Type contiguous(2 MPI DOUBLE ,&ctype) ;

MPI Type commit (&ctype);

MPI Op create{cprod,TRUE  &myop) ;

root=2;

gsource.real=rank+1:;

source.imag=rank+2;

MPI Beduce(&source, &result, 1, ctype, myop, root, MPI COMM WORLD) ;

if (rank==root) printf ("PE:%d result is %1f + %1fi\n" ,rank,
result.real , result.imagqg) ;

MPI Finalize();

Program Qutput:

PE: 2 result is -185.000000 + -180.000000i
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COCC

The Supsroompating Peopls
collective Communication Calls

Call MPI Scan(sendbuf, recvbuf, count, datatype, op,
comm, ierr)

int MPI BSecan(void *sendbuf, woid *recvbuf, int count,
MPI Datatype datatype, MPI Op op, MPI Comm comm)

+ Performs prefix reduction of data in sendbuf buffer at each precess
ond returns the result in buffer recvbuf

a, b, c, d efg, m,n, o, p

aopeopiopm,
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CIDCC  variations to collective comm. routines

The Supsroompating Peopls
collective Communication Calls

* MPI Gatherv(..), MPI Allgatherv(.)

- Allow different number of data elements to be sent by each
process

* Parameter recvcount replaced with array recrcounts

* Additionally, another array parameter determines where in recvbuf
the data sent by each process will be stored

+ MPI Scatterv(.)

- Allows different amounts of data to be sent to different
processes

* Parameter sendcount replaced with array sendcounts

* Additionally, another array parameter determines where in sendbuf
these elements will be sent from

+ MPI AlltoAllv (.}

- Allows different amounts of data to be sent +o and received
from each process
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CDCC MPI_Gatherv()

The Supsroompating Peopls
collective Communication Calls

MPI Gatherv( void *sendbuf, int sendcnt, MPI Datatype
sendtype, void *recvbuf, int *recveonts, int *displs,
MPI Datatype recvtype, int root, MPI Comm comm)

+ Input Parameters
- sendbuf starting address of send buffer (choice)
- sendcount number of elements in send buffer (integer)
- sendtype data type of send buffer elements (handle)

- recveounts integer array (of length group size) containing no. of elements
received from each process (significant only at root)

- displs integer array [of length group size)

= Eniry i specifies the displacement relative to recvbuf at which 1o place the
incoming data from process i (significant only at root)

- recvtype data type of recv buffer clements (significant only at root)
(handle)

- root rank of receiving process (integer)
- comm communicator (handle)
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COCC Gather and Gatherv example

The Supbroompiting Poopds

Collective Communication Calls

MPI_Gather(zendarray, 100, MPI INT, for (i=0; i<gsize; ++i) { dispk[i] = *stride;
rbuf, 100, MPI_INT, root, comm); reounts[i] = 100}

MPI_Gatherv(sendarray, 100, MPI_INT,
rbuf, reounts, displs, MPL_INT, root,

commy);

o0 100 oo

o A
!

00 100 100 al root

stride

rbuf
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COCC Gatherv variability

Thi Supsroompiting Pecpls

collective Communication Calls

for (i=0; i<gsize; ++i) {displs[i] = *stride;
reounts[i] = 100-i; // note change from previous example }
// Create datatype for the column we are sending
MPI_Type wector( 100-myrank, 1, 150, MPI_INT, &stype):
MPI_Type commit{ &stype );
sptr = &sendarray[0][myrank]: /7 sptr is address of start of "myrank” column

MPI_Gatherv(sptr, 1, stype, rbuf, rcounts, displs, MPI_INT, root, comm);

130 130

150 0
100 I ‘ 100 ‘ I 100 I
l

f,—"’i all process ..""P-
e e
r___f"
Joo frle] 41 al rool
J Mote: Different amount of data
LIl is received from each process
stride
rbuf
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CDCC MPI_Scatterv()

The Supsroompating Peopls
collective Communication Calls

MPI Scatterv({void *sendbuf, int *sendcnts, int *displs,
MPI Datatype sendtype, woid *recvbuf, int recwcnt,
MPT Datatype recvitype, int root, MPT Comm comm)

»  Input Parameters
- sendbuf address of send buffer (choice, significant only at root)

- sendcounts integer array (of length group size) specifying the number of
e¢lements to send to each processor

- displs integer array [of length group size)

* Entry i specifies the displacement relative to sendbuf from which to take the
outgoing data fo process i

- sendtype data type of send buffer zlements (handle)

- recveount humber of elements in receive buffer (integer)
- recvtype data type of receive buffer zlements (handlz)
- root rank of sending process (integer)

- comm communicator (handle)
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COCC

The Supbroompiting Poopds

Scatter and Scatterv example

Collective Communication Calls

MPI_5catter(sendbuf, 100, MPI INT,
rbuf, 100, MPI_INT, root, comm);

100 100 100
i .
100 100 100 al reol
sendbuf

for (i=0; i<gsize; ++i) {displs[i] = *stride;
scounts[i] = 100}

MPI_Scatterv(sendbuf, scounts, dispks,
MPI_INT, rbuf, 100, MPI INT, root,

commy);

10 L
]
N\

10 ;:L:?ﬂ

10

- all processes

.FL al roet

stnde

sendbuf
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COCC Scatterv variability

Thi Supsroompiting Pecpls

collective Communication Calls

for (i=0; i<gsize; ++i) { dispk][i] = offset; [/ offset is set to zero, initially
offset += stride[i];
scounts[i] = 100 - i;}

/f Create datatype for the column we are receiving

MPI Type wector(l00-myrank, 1, 150, MPI INT, &&rtype):

MPI_Type commit(Setype );

rptr = drecvarray[0][myrani]; // rptr is address of start of "myrank" column
MPI Scnﬁew[sendbuf scounts, displs, MPL_INT, rptr, 1, rtype, root, comm);

LI

all p'-:r-:'rn o

100 o g atroot MNote: Different amount of data
- - - | is scattered to each process
! stride[1]
semdbuf
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COCC Collective communication summary

The Supsroompating Peopls
collective Communication Calls

PO P1 p2* P3 Function PO P1 P2 P3

a b & d MPI Gather ab.cd

a b £ d MPI Allgather |a,bed |abed|abed|abed
a,bed MPI Scatter a b ¢ d

a,bed|efqg.h]|ijkl mnop |MPI Alltoall |a,eim |bf jn |cg9keo |dhlp

b MPI Bcast b b b b

SBuf SBuf | SBuf SBuf w REuf REuf REuf REuf

* Sender/Root process required by MPI Gather, MPI Scatter, MPI Bcast
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