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Communicators, groups, contexts

• Processes can be collected into groups

• A group is an ordered set of processes

– Each process has a unique rank in the group

– Ranks are from 0 to p − 1, where p is the number of processes in the

group

• Each message is sent in a context, and must be received in the same

context

• A communicator consist of a

– group

– context

• Every communicator has a unique context and every context has a unique

communicator
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Communicators, groups, contexts. Cont.

• A process is identified by its rank in the group associated with a

communicator

• MPI COMM WORLD is a default communicator, whose group contains all

initial processes

• A process can create and destroy groups at any time without reference to

other processes—local to the process

• The group contained within a communicator is agreed across the processes

at the time when the communicator is created

• Intra-communicator is a collection of processes that can send messages to

each other and engage in collective communications

• Inter-communicator are for sending messages between processes of disjoint

intra-communicators
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When to create a new communicator

• To achieve modularity; e.g. a library can exchange messages in one

context, while an application can work within another context

Use of tags is not sufficient, as we need to know the tags in other modules

• To restrict a collective communication to a subset of processes

• To create a virtual topology that fits the communication pattern better
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Some group and communicator operations

i n t MPI Comm group (MPI Comm comm,
MPI Group ∗ group )

Returns a handle to the group associated with comm
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i n t MPI Group inc l ( MPI Group group , i n t n , i n t ∗ ranks ,
MPI Group ∗new group )

Creates a new group from a list of processes in old group

The number of processes in the new group is n

The processes to be included are listed at ranks

Process i in new group has rank rank[i] in group
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i n t MPI Comm create (MPI Comm comm, MPI Group new group ,
MPI Comm ∗new comm)

Associates a context with new group and creates new comm

All the processes in new group belong to the group underlying comm

This is a collective operation

All process in comm must call MPI Comm create, so all processes choose a

single context for the new communicator
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i n t MPI Comm spl it (MPI Comm comm, i n t c o l o r ,
i n t key , MPI Comm ∗comm out )

Partitions the group associated with comm into disjoint subgroups, one for each

value of color

Each subgroup contains all processes marked with the same color

Within each subgroup, processes are ranked in order defined by the value of

key

Ties are broken according to their rank in the old group

A new communicator is created for each subgroup and returned in comm out

Although a collective operation, each process is allowed to provide different

values for color and key

The value of color must be greater than or equal to 0
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Example

/∗ comm. c ∗/
#i n c l u d e <s t d i o . h>
#i n c l u d e < s t d l i b . h>
#i n c l u d e ”mpi . h”

#d e f i n e NPROCS 8

i n t main ( i n t argc , cha r ∗ a rgv [ ] )
{

i n t rank , new rank ,
sendbuf , r e c vbu f ,
numtasks ;

i n t ranks1 [ 4 ]={0 , 1 , 2 , 3} ;
i n t ranks2 [ 4 ]={4 , 5 , 6 , 7} ;

MPI Group o r i g g r oup , new group ;
MPI Comm new comm ;

MPI I n i t (&argc ,& argv ) ;
MPI Comm rank (MPI COMM WORLD, &rank ) ;
MPI Comm size (MPI COMM WORLD, &numtasks ) ;
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i f ( numtasks != NPROCS && rank==0)
{

p r i n t f ( ”Must s p e c i f y MP PROCS = %d . Term ina t ing .\ n” ,
NPROCS) ;

MP I F i n a l i z e ( ) ;
e x i t ( 0 ) ;

}

/∗ s t o r e the g l o b a l rank i n sendbu f ∗/
sendbu f = rank ;

/∗ Ex t r a c t the o r i g i n a l group hand l e ∗/
MPI Comm group (MPI COMM WORLD, &o r i g g r o up ) ;

/∗ Div i d e t a s k s i n t o two d i s t i n c t g roups based upon rank ∗/
i f ( rank < numtasks /2)

/∗ i f rank = 0 ,1 , 2 , 3 , put o r i g i n a l p r o c e s s e s 0 ,1 ,2 ,3
i n t o new group ∗/

MPI Group inc l ( o r i g g r oup , 4 , ranks1 , &new group ) ;
e l s e

/∗ i f rank = 4 ,5 , 6 , 7 , put o r i g i n a l p r o c e s s e s 4 ,5 ,6 ,7
i n t o new group ∗/

MPI Group inc l ( o r i g g r oup , 4 , ranks2 , &new group ) ;
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/∗ Crea te new new communicator and then per fo rm c o l l e c t i v e
communicat ions ∗/

MPI Comm create (MPI COMM WORLD, new group , &new comm ) ;

/∗ new comm con t a i n s a group wi th p r o c e s s e s 0 ,1 ,2 ,3
on p r o c e s s e s 0 ,1 ,2 ,3 ∗/

/∗ new comm con t a i n s a group wi th p r o c e s s e s 4 ,5 ,6 ,7
on p r o c e s s e s 4 ,5 ,6 ,7 ∗/

MPI A l l r educe (&sendbuf , &recvbu f , 1 , MPI INT ,
MPI SUM, new comm ) ;

/∗ new rank i s the rank o f my p r o c e s s s i n the new group ∗/
MPI Group rank ( new group , &new rank ) ;

p r i n t f ( ” rank= %d newrank= %d r e c vbu f= %d\n” ,
rank , new rank , r e c vbu f ) ;

MP I F i n a l i z e ( ) ;

r e t u r n 0 ;
}
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Example

Code adapted from P. Pacheco, PP with MPI

/∗ comm sp l i t . c −− b u i l d a c o l l e c t i o n o f q
communicators u s i ng MPI Comm spl it

∗ I npu t : none
∗ Output : R e s u l t s o f do ing a b roadca s t a c r o s s each o f

the q communicators .
∗ Note : Assumes the number o f p r o c e s s e s , p = qˆ2
∗/

#i n c l u d e <s t d i o . h>
#i n c l u d e ”mpi . h”
#i n c l u d e <math . h>

i n t main ( i n t argc , cha r ∗ a rgv [ ] )
{

i n t p , my rank ;
MPI Comm my row comm ;
i n t my row , my rank in row ;
i n t q , t e s t ;

MP I I n i t (&argc , &argv ) ;
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MPI Comm size (MPI COMM WORLD, &p ) ;
MPI Comm rank (MPI COMM WORLD, &my rank ) ;

q = ( i n t ) s q r t ( ( doub l e ) p ) ;
/∗ my rank i s rank i n MPI COMM WORLD.

q∗q = p ∗/
my row = my rank/q ;
MPI Comm spl it (MPI COMM WORLD, my row , my rank ,

&my row comm ) ;

/∗ Test the new communicators ∗/
MPI Comm rank (my row comm , &my rank in row ) ;
i f ( my rank in row == 0) t e s t = my row ;
e l s e t e s t = 0 ;

MPI Bcast(& t e s t , 1 , MPI INT , 0 , my row comm ) ;

p r i n t f ( ” P roce s s %d > my row = %d , ”
” my rank in row = %d , t e s t = %d\n” ,
my rank , my row , my rank in row , t e s t ) ;

MP I F i n a l i z e ( ) ;
r e t u r n 0 ;

}
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How things may work

• A group can be represented by an array group such that group[i] is the

address of process with rank i in group

• An intra-communicator can be represented by a structure with

components group, myrank, context

• When a process posts a send with (dest, tag, comm), the address of the

destination is computed as comm.group[dest]

• The message sent carries a header of the form

(comm.myrank, tag, comm.context)

• When a process posts a receive with (source, tag, comm), then headers of

incoming messages are matched by

(source, tag, comm.context)

(first two may be “don’t care”)
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