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Introduction

Collective communication involves all the processes in a communicator

We will consider

• Broadcast

• Reduce

• Gather

• Scatter
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Broadcast

Broadcast: a single process sends data to all processes in a communicator

i n t MPI Bcast ( vo i d ∗ bu f f e r , i n t count , MPI Datatype data type ,
i n t root , MPI Comm comm)

buffer starting address of buffer (in/out)

count number of entries in buffer

datatype data type of buffer

root rank of broadcast root

comm communicator
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MPI Bcast sends a copy of the message on process with rank root to each

process in comm

Must be called in each process

Data is sent in root and received by all other processes

buffer is ’in’ parameter in root and ’out’ parameter in the rest of processes

Cannot receive broadcasted data with MPI Recv
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Example: reading and broadcasting data

Code adapted from P. Pacheco, PP with MPI

/∗ ge tda ta2 . c ∗/

/∗ Func t i on Get data2
∗ Reads i n the u s e r i npu t a , b , and n .
∗ I npu t pa ramete r s :
∗ 1 . i n t my rank : rank o f c u r r e n t p r o c e s s .
∗ 2 . i n t p : number o f p r o c e s s e s .
∗ Output pa ramete r s :
∗ 1 . f l o a t ∗ a p t r : p o i n t e r to l e f t endpo in t a .
∗ 2 . f l o a t ∗ b p t r : p o i n t e r to r i g h t endpo in t b .
∗ 3 . i n t ∗ n p t r : p o i n t e r to number o f t r a p e z o i d s .
∗ Algor i thm :
∗ 1 . P roc e s s 0 prompts u s e r f o r i npu t and
∗ r e ad s i n the v a l u e s .
∗ 2 . P roc e s s 0 sends i npu t v a l u e s to o th e r
∗ p r o c e s s e s u s i n g t h r e e c a l l s to MPI Bcast .
∗/
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#i n c l u d e <s t d i o . h>
#i n c l u d e ”mpi . h”

vo i d Get data2 ( f l o a t ∗ a p t r , f l o a t ∗ b pt r , i n t ∗ n pt r ,
i n t my rank )

{
i f ( my rank == 0)

{
p r i n t f ( ” Ente r a , b , and n\n” ) ;
s c a n f ( ”%f %f %d” , a p t r , b p t r , n p t r ) ;

}
MPI Bcast ( a p t r , 1 , MPI FLOAT , 0 , MPI COMM WORLD) ;
MPI Bcast ( b p t r , 1 , MPI FLOAT , 0 , MPI COMM WORLD) ;
MPI Bcast ( n p t r , 1 , MPI INT , 0 , MPI COMM WORLD) ;

}

Note: this code is not efficient

It is more efficient, e.g., to store the data at a ptr, b ptr, and n ptr in one

array and broadcast a single message

Then each process must extract these data
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A more efficient version could be (by NN)

/∗ ge tda ta3 . c ∗/
#i n c l u d e < s t d l i b . h>
#i n c l u d e <s t d i o . h>
#i n c l u d e ”mpi . h”

vo i d Get data2 ( f l o a t ∗ a p t r , f l o a t ∗ b pt r , i n t ∗ n pt r ,
i n t my rank )

{
// b u f f e r to s t o r e a , b , and n
char ∗ buf = ma l l oc (2∗ s i z e o f ( f l o a t )+ s i z e o f ( i n t ) ) ;
f l o a t ∗a = ( f l o a t ∗) buf ;
f l o a t ∗b = a+1;
i n t ∗n = ( i n t ∗ ) ( b+1);

i f ( my rank == 0)
{

p r i n t f ( ” Ente r a , b , and n\n” ) ;
s c a n f ( ”%f %f %d” , a , b , n ) ;

}
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MPI Bcast ( buf , 2∗ s i z e o f ( f l o a t )+ s i z e o f ( i n t ) , MPI CHAR ,
0 , MPI COMM WORLD) ;

∗ a p t r = ∗a ;
∗ b p t r = ∗b ;
∗ n p t r = ∗n ;

f r e e ( buf ) ;
}
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Reduce

Data from all processes are combined using a binary operation

i n t MPI Reduce ( vo i d ∗ sendbuf , v o i d ∗ r e cvbu f , i n t count ,
MPI Datatype datatype , MPI Op op ,
i n t root , MPI Comm comm)

sendbuf address of send buffer

recvbuf address of receive buffer

count number of entries in send buffer

datatype data type of elements in send buffer

op reduce operation; predefined, e.g. MPI MIN, MPI SUM, or user defined

root rank of root process

comm communicator

Must be called in all processes in a communicator
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Example: trapezoid with reduce

Code adapted from P. Pacheco, PP with MPI

/∗ r e d t r a p . c ∗/

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

e x t e r n vo i d Get da ta2 ( f l o a t ∗ a p t r , f l o a t ∗ b pt r ,
i n t ∗ n pt r , i n t my rank ) ;

e x t e r n f l o a t Trap ( f l o a t l o c a l a , f l o a t l o c a l b ,
i n t l o c a l n , f l o a t h ) ;

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

i n t my rank , p ;
f l o a t a , b , h ;
i n t n ;
f l o a t l o c a l a , l o c a l b , l o c a l n ;
f l o a t i n t e g r a l ; /∗ I n t e g r a l o ve r my i n t e r v a l ∗/
f l o a t t o t a l ; /∗ Tota l i n t e g r a l ∗/

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

Ge t da ta2(&a , &b , &n , my rank ) ;

h = (b−a )/n ;
l o c a l n = n/p ;

l o c a l a = a + my rank ∗ l o c a l n ∗h ;
l o c a l b = l o c a l a + l o c a l n ∗h ;
i n t e g r a l = Trap ( l o c a l a , l o c a l b , l o c a l n , h ) ;

/∗ Add up the i n t e g r a l s c a l c u l a t e d by each p r o c e s s ∗/
MPI Reduce(& i n t e g r a l , &t o t a l , 1 , MPI FLOAT ,

MPI SUM, 0 , MPI COMM WORLD) ;

i f ( my rank == 0)
{

p r i n t f ( ”With n = %d t r a p e z o i d s , our e s t ima t e \n” , n ) ;
p r i n t f ( ” o f the i n t e g r a l from %f to %f = %f \n” ,

a , b , t o t a l ) ;
}

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

}
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Example: dot product

Code adapted from P. Pacheco, PP with MPI

/∗ p a r a l l e l d o t . c −− compute a dot p roduc t o f a v e c t o r
∗ d i s t r i b u t e d among the p r o c e s s e s .
∗ Uses a b l o c k d i s t r i b u t i o n o f the v e c t o r s .
∗ I npu t :
∗ n : g l o b a l o r d e r o f v e c t o r s
∗ x , y : the v e c t o r s
∗
∗ Output :
∗ the dot p roduc t o f x and y .
∗
∗ Note : A r ra y s c o n t a i n i n g v e c t o r s a r e s t a t i c a l l y a l l o c a t e d .
∗ Assumes n , the g l o b a l o r d e r o f the v e c t o r s , i s d i v i s i b l e
∗ by p , the number o f p r o c e s s e s .
∗/

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

#d e f i n e MAX LOCAL ORDER 100

vo i d Read vec to r ( cha r ∗ prompt , f l o a t l o c a l v [ ] , i n t n bar ,
i n t p , i n t my rank ) ;
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f l o a t P a r a l l e l d o t ( f l o a t l o c a l x [ ] , f l o a t l o c a l y [ ] ,
i n t n ba r ) ;

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

f l o a t l o c a l x [MAX LOCAL ORDER ] ;
f l o a t l o c a l y [MAX LOCAL ORDER ] ;
i n t n ;
i n t n ba r ; /∗ = n/p ∗/
f l o a t dot ;
i n t p , my rank ;

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

i f ( my rank == 0)
{

p r i n t f ( ” Ente r the o r d e r o f the v e c t o r s \n” ) ;
s c a n f ( ”%d” , &n ) ;

}
MPI Bcast(&n , 1 , MPI INT , 0 , MPI COMM WORLD) ;
n ba r = n/p ;

Read vec to r ( ” the f i r s t v e c t o r ” ,
l o c a l x , n bar , p , my rank ) ;
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Read vec to r ( ” the second v e c t o r ” ,
l o c a l y , n bar , p , my rank ) ;

dot = P a r a l l e l d o t ( l o c a l x , l o c a l y , n ba r ) ;

i f ( my rank == 0)
p r i n t f ( ”The dot p roduc t i s %f \n” , dot ) ;

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

/∗ ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗/
vo i d Read vec to r (

cha r ∗ prompt /∗ i n ∗/ ,
f l o a t l o c a l v [ ] /∗ out ∗/ ,
i n t n ba r /∗ i n ∗/ ,
i n t p /∗ i n ∗/ ,
i n t my rank /∗ i n ∗/ )

{
i n t i , q ;
f l o a t temp [MAX LOCAL ORDER ] ;
MPI Status s t a t u s ;
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i f ( my rank == 0)
{

p r i n t f ( ” Ente r %s \n” , prompt ) ;
f o r ( i = 0 ; i < n ba r ; i++)

s c a n f ( ”%f ” , &l o c a l v [ i ] ) ;
f o r ( q = 1 ; q < p ; q++)

{
f o r ( i = 0 ; i < n ba r ; i++)

{
s c a n f ( ”%f ” , &temp [ i ] ) ;
p r i n t f ( ”temp %f \n” , temp [ i ] ) ;
}

MPI Send ( temp , n bar , MPI FLOAT , q , 0 ,
MPI COMM WORLD) ;

}
}

e l s e
MPI Recv ( l o c a l v , n bar , MPI FLOAT , 0 , 0 ,

MPI COMM WORLD, &s t a t u s ) ;
} /∗ Read vec to r ∗/
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/∗ ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗/
f l o a t S e r i a l d o t ( f l o a t x [ ] , f l o a t y [ ] , i n t n )
{

i n t i ;
f l o a t sum = 0 . 0 ;

f o r ( i = 0 ; i < n ; i++)
sum = sum + x [ i ]∗ y [ i ] ;

r e t u r n sum ;
} /∗ S e r i a l d o t ∗/

/∗ ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗/
f l o a t P a r a l l e l d o t ( f l o a t l o c a l x [ ] , f l o a t l o c a l y [ ] ,

i n t n ba r )
{

f l o a t l o c a l d o t ;
f l o a t dot = 0 . 0 ;
f l o a t S e r i a l d o t ( f l o a t x [ ] , f l o a t y [ ] , i n t m) ;

l o c a l d o t = S e r i a l d o t ( l o c a l x , l o c a l y , n ba r ) ;
MPI Reduce(& l o c a l d o t , &dot , 1 , MPI FLOAT ,

MPI SUM, 0 , MPI COMM WORLD) ;
r e t u r n dot ;

} /∗ P a r a l l e l d o t ∗/
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Allreduce

i n t MPI A l l r educe ( vo i d ∗ sendbuf , v o i d ∗ r e c vbu f , i n t count ,
MPI Datatype data type , MPI Op op ,
MPI Comm comm)

Similar to MPI Reduce except the result is returned to the receive buffer of

each process in comm
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Gather

Gathers together data from a group of processes

i n t MPI Gather (
vo i d ∗ sendbuf , i n t sendcount , MPI Datatype sendtype ,
vo i d ∗ r e c vbu f , i n t r ecvcount , MPI Datatype r e cv t ype ,
i n t root , MPI Comm comm )

sendbuf starting address of send buffer

sendcount number of elements in send buffer

sendtype data type of send buffer elements

recvbuf address of receive buffer (significant only at root)

recvcount number of elements for any single receive (significant only at root)

recvtype data type of recv buffer elements (significant only at root)

root root rank of receiving process

comm communicator
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MPI Gather collects data, stored at sendbuf, from each process in comm and

stores the data on root at recvbuf

Data is received from processes in order, i.e. from process 0, then from process

1 and so on

Usually sendcount, sendtype are the same as recvcount,recvtype

root and comm must be the same on all processes

The receive parameters are significant only on root

Amount of data sent/received must be the same

i n t MPI A l l g a the r (
vo i d ∗ sendbuf , i n t sendcount , MPI Datatype sendtype ,
vo i d ∗ r e c vbu f , i n t r ecvcount , MPI Datatype r e cv t ype ,
MPI Comm comm )

The block of data sent from the jth process is received by every process and

placed in the jth block of the buffer recvbuf.
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Scatter

Sends data from one process to all other processes in a communicator

i n t MPI Scat te r (
vo i d ∗ sendbuf , i n t sendcount , MPI Datatype sendtype ,
vo i d ∗ r e c vbu f , i n t r ecvcount , MPI Datatype r e cv t ype ,
i n t root , MPI Comm comm )

sendbuf starting address of send buffer (significant only at root)

sendcount number of elements sent to each process (significant only at root )

sendtype data type of send buffer elements (significant only at root)

recvbuf address of receive buffer

recvcount number of elements for any single receive

recvtype data type of recv buffer elements

root rank of sending process

comm communicator
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MPI Scatter splits data at sendbuf on root into p segments, each of sendcount

elements, and sends these segments to processes 0, 1, ..., p-1 in order

2006 Ned Nedialkov 20



'

&

$

%

Example: parallel matrix times vector

Code adapted from P. Pacheco, PP with MPI

/∗ p a r a l l e l m a t v e c t . c −− computes a p a r a l l e l
∗ matr ix−v e c t o r p roduc t .
∗ Matr ix i s d i s t r i b u t e d by b l o c k rows .
∗ Vec to r s a r e d i s t r i b u t e d by b l o c k s .
∗
∗ I npu t :
∗ m, n : o r d e r o f ma t r i x
∗ A, x : the mat r i x and the v e c t o r to be m u l t i p l i e d
∗
∗ Output :
∗ y : the p roduc t v e c t o r
∗
∗ Notes :
∗ 1 . Loca l s t o r a g e f o r A , x , and y
∗ i s s t a t i c a l l y a l l o c a t e d .
∗ 2 . Number o f p r o c e s s e s ( p ) shou ld e v e n l y
∗ d i v i d e both m and n .
∗/

2006 Ned Nedialkov 21



'

&

$

%

#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 ”matvec . h”

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

i n t my rank , p ;
LOCAL MATRIX T l o c a l A ;
f l o a t g l o b a l x [MAX ORDER ] ;
f l o a t l o c a l x [MAX ORDER ] ;
f l o a t l o c a l y [MAX ORDER ] ;
i n t m, n ;
i n t l o ca l m , l o c a l n ;

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

i f ( my rank == 0)
{

p r i n t f ( ” Ente r the o r d e r o f the mat r i x (m x n )\n” ) ;
s c a n f ( ”%d %d” , &m, &n ) ;

}
MPI Bcast(&m, 1 , MPI INT , 0 , MPI COMM WORLD) ;
MPI Bcast(&n , 1 , MPI INT , 0 , MPI COMM WORLD) ;
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l o c a l m = m/p ;
l o c a l n = n/p ;

Read mat r i x ( ” Ente r the mat r i x ” ,
l o c a l A , l o ca l m , n , my rank , p ) ;

P r i n t ma t r i x ( ”We read ” ,
l o c a l A , l o ca l m , n , my rank , p ) ;

Read vec to r ( ” Ente r the v e c t o r ” ,
l o c a l x , l o c a l n , my rank , p ) ;

P r i n t v e c t o r ( ”We read ” ,
l o c a l x , l o c a l n , my rank , p ) ;

P a r a l l e l m a t r i x v e c t o r p r o d ( l o c a l A , m, n , l o c a l x ,
g l o b a l x , l o c a l y , l o ca l m ,
l o c a l n ) ;

P r i n t v e c t o r ( ”The produc t i s ” , l o c a l y , l o ca l m ,
my rank , p ) ;

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

}
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/∗ matvec . h ∗/
#d e f i n e MAX ORDER 100

t yp ed e f f l o a t LOCAL MATRIX T [MAX ORDER ] [MAX ORDER ] ;

vo i d Read mat r i x ( cha r ∗ prompt , LOCAL MATRIX T lo ca l A ,
i n t l o ca l m , i n t n , i n t my rank , i n t p ) ;

vo i d Read vec to r ( cha r ∗ prompt , f l o a t l o c a l x [ ] ,
i n t l o c a l n , i n t my rank , i n t p ) ;

vo i d P a r a l l e l m a t r i x v e c t o r p r o d (LOCAL MATRIX T lo ca l A ,
i n t m,
i n t n , f l o a t l o c a l x [ ] ,
f l o a t g l o b a l x [ ] ,
f l o a t l o c a l y [ ] ,
i n t l o ca l m , i n t l o c a l n ) ;

v o i d P r i n t ma t r i x ( cha r ∗ t i t l e , LOCAL MATRIX T lo ca l A ,
i n t l o ca l m , i n t n , i n t my rank , i n t p ) ;

vo i d P r i n t v e c t o r ( cha r ∗ t i t l e , f l o a t l o c a l y [ ] ,
i n t l o ca l m , i n t my rank , i n t p ) ;
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/∗ parmatvec . c ∗/
#i n c l u d e ”mpi . h”
#i n c l u d e ”matvec . h”

vo i d P a r a l l e l m a t r i x v e c t o r p r o d
( LOCAL MATRIX T lo ca l A , i n t m, i n t n ,

f l o a t l o c a l x [ ] , f l o a t g l o b a l x [ ] , f l o a t l o c a l y [ ] ,
i n t l o ca l m , i n t l o c a l n )

{
/∗ l o c a l m = m/p , l o c a l n = n/p ∗/
i n t i , j ;

MPI A l l g a the r ( l o c a l x , l o c a l n , MPI FLOAT ,
g l o b a l x , l o c a l n , MPI FLOAT ,
MPI COMM WORLD) ;

f o r ( i = 0 ; i < l o c a l m ; i++)
{

l o c a l y [ i ] = 0 . 0 ;
f o r ( j = 0 ; j < n ; j++)

l o c a l y [ i ] = l o c a l y [ i ] +
l o c a l A [ i ] [ j ]∗ g l o b a l x [ j ] ;

}
}
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/∗ r e advec . c ∗/
#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 ”matvec . h”

vo i d Read vec to r ( cha r ∗prompt , f l o a t l o c a l x [ ] , i n t l o c a l n ,
i n t my rank , i n t p )

{
i n t i ;
f l o a t temp [MAX ORDER ] ;

i f ( my rank == 0)
{

p r i n t f ( ”%s \n” , prompt ) ;
f o r ( i = 0 ; i < p∗ l o c a l n ; i++)

s c a n f ( ”%f ” , &temp [ i ] ) ;
}

MPI Scat te r ( temp , l o c a l n , MPI FLOAT ,
l o c a l x , l o c a l n , MPI FLOAT ,
0 , MPI COMM WORLD) ;

}
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/∗ readmat . c ∗/
#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 ”matvec . h”

vo i d Read mat r i x ( cha r ∗prompt , LOCAL MATRIX T lo ca l A ,
i n t l o ca l m , i n t n , i n t my rank ,
i n t p )

{
i n t i , j ;
LOCAL MATRIX T temp ;

/∗ F i l l dummy e n t r i e s i n temp wi th z e r o e s ∗/
f o r ( i = 0 ; i < p∗ l o c a l m ; i++)

f o r ( j = n ; j < MAX ORDER; j++)
temp [ i ] [ j ] = 0 . 0 ;

i f ( my rank == 0)
{

p r i n t f ( ”%s \n” , prompt ) ;
f o r ( i = 0 ; i < p∗ l o c a l m ; i++)

f o r ( j = 0 ; j < n ; j++)
s c a n f ( ”%f ” ,&temp [ i ] [ j ] ) ;

}
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MPI Scat te r ( temp , l o c a l m ∗MAX ORDER, MPI FLOAT ,
l o c a l A , l o c a l m ∗MAX ORDER, MPI FLOAT ,
0 , MPI COMM WORLD) ;

}
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/∗ p r i n t v e c . c ∗/
#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 ”matvec . h”

vo i d P r i n t v e c t o r ( cha r ∗ t i t l e , f l o a t l o c a l y [ ] ,
i n t l o ca l m , i n t my rank ,
i n t p )

{
i n t i ;
f l o a t temp [MAX ORDER ] ;

MPI Gather ( l o c a l y , l o ca l m , MPI FLOAT ,
temp , l oca l m , MPI FLOAT ,
0 , MPI COMM WORLD) ;

i f ( my rank == 0)
{

p r i n t f ( ”%s \n” , t i t l e ) ;
f o r ( i = 0 ; i < p∗ l o c a l m ; i++)

p r i n t f ( ”%4.1 f ” , temp [ i ] ) ;
p r i n t f ( ”\n” ) ;

}
}
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/∗ p r i n tma t . c ∗/
#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 ”matvec . h”

vo i d P r i n t ma t r i x ( cha r ∗ t i t l e , LOCAL MATRIX T lo ca l A ,
i n t l o ca l m , i n t n , i n t my rank , i n t p )

{
i n t i , j ;
f l o a t temp [MAX ORDER ] [MAX ORDER ] ;

MPI Gather ( l o c a l A , l o c a l m ∗MAX ORDER, MPI FLOAT ,
temp , l o c a l m ∗MAX ORDER, MPI FLOAT ,
0 , MPI COMM WORLD) ;

i f ( my rank == 0) {
p r i n t f ( ”%s \n” , t i t l e ) ;
f o r ( i = 0 ; i < p∗ l o c a l m ; i++)

{
f o r ( j = 0 ; j < n ; j++)

p r i n t f ( ”%4.1 f ” , temp [ i ] [ j ] ) ;
p r i n t f ( ”\n” ) ;

}
}

}
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General remarks

Amount of data sent must match amount of data received

Blocking versions only

No tags: calls are matched according to order of execution

A collective function can return as soon as its participation is complete
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