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MPI| — Codes, etc



Beowulf Howto

1. modify/etc/hosts
2. Export all home directories, in /etc/exports

/home node02 (rw)

For each new user, update:

scp /etc/passwd node02:/etc

scp /etc/shadow node02:/etc

scp /etc/group nodel2:/etc

echo "Enabling ssh communication..."
cp -r /root/.ssh /home/$1
chown -R $1:$2 /home/$1/.ssh



Examples in MPI



Compiling and Execution
Ver 1

mpicc -0 program name program name.c

Or, In panic:

CC —O program name program name.cC
—-I/usr/local/mpich-1.2.5/include
-L/usr/local/mpich-1.2.5/1ib

To execute on n processes:

mplrun —np n program name



Compiling and Execution
Ver 2

mpicc —o0 program name program name.c

Or, In panic:

CC —O program name program name.c
—I/usr/local/mpich2-1.2/include
~L/usr/local/mpich2-1.2/1ib

TOo execute on n processes:

mpd & // only at the beginning of the session

mpiexec -l num proc program name

mpdallexit // at the end of the session



Debugging tips

* Run the program with one process just like
a normal sequential program

* Run the program on 2-4 processes. Check
sending of messages (correct recipient,
tags, etc.)

* Run the program on 2-4 processors



* Zee Chapter 3, pp. 241 & £f in PPMFPI.

* _,."
tinclude <stdic.h>
finclude <string.h>

Hello World!

main{int argc, char* argv([]) {

int my rank; /* rank of process *
int j=h /* numkber of processes */
int source; /* rank of sender * /
int dest; /* rank of receiver * /
int tag = 0; /* tag for messages *
char message [100] ; /* atorage for message
MPI Status status; /* return status for * /

- /% receive *

/¥ Btart up MPI */
MPI Init(&argc, &argv);

/* Find out process rank */
MPI Comm rank (MPI COMM WORLD, &my rank);

/* Find ocut number of processes */
MPI_SDmm_size{MPI_SOMM_WORLD, Ep)

if (my rank != 0) {
/* Create message */
sprintf (message, "Grestings from process w47,
my rank);
deat = 0;
/* Use strlen+l =c that gets transmitted */
MPI 3end (message, strlen(message)+l, MPI CHAR,
dest, tag, MPI_ COMM WORLD) ;
} else { /* my rank == 0 */
for (source = 1; source < p; sourcet+) {
MPI Recv (message, 100, MPI CHRR, source, tag,
"MPI_COMM WORLD, &status);
printf ("%='n", me=z=zage);

LR

/* 8hut down MPI */
MPI Finalize|();
} /* main */



A simple ping

#include "mpi.h"
#include <stdio.h>

int main (argc,argv)

int argc;

char *argvl[]; {

int numtasks, rank, dest, source, rc, count, tag=l;
char inmsg, outmsg='x';

MPI Status Stat;

MPI Init (&argc, &argv);
MPI Comm size (MPI COMM WORLD, &numtasks):;
MPI Comm rank (MPI COMM WORLD, &rank);

if (rank == 0) {
dest = 1;
source = 1;

rc = MPI Send(&outmsg, 1, MPI CHAR, dest, tag, MPI COMM WORLD) ;
rc = MPI Recv(&inmsg, 1, MPI CHAR, source, tag, MPI COMM WORLD, &Stat);

}

else if (rank == 1) {
dest = 0;
source = 0;

rc = MPI Recv (&inmsg, 1, MPI CHAR, source, tag, MPI COMM WORLD, &Stat);
rc = MPI Send(&outmsg, 1, MPI CHAR, dest, tag, MPI COMM WORLD) ;
}
rc = MPI Get count (&Stat, MPI CHAR, &count);
printf ("Task %d: Received %d char(s) from task %d with tag %d \n",
rank, count, Stat.MPI SOURCE, Stat.MPI TAG);
MPI Finalize();
}



Vector sum (without
Broadcast and Reduce)

_rt main{int argc, char** argv)

int my
int da a:MAXSIZE], i, %, low, high, myresult, result, result_temp;

int de=t

MPI Init(&argc, &argv); .

MPI Status starus; «Global» variables!
MPI Comm_size (MPI COMM WORLD, snumpr ;
MPI Comm rank (MPI COMM WORLD, &myi d}

zializzo... (ogni "processo" wvedra la propria porzione inizializzata)
; 1<MAXSIZE;i++)

; la mia porzions
¥ = MRXSIZE/numprocs;

low = myid * x;

high = low + x;

Calcolo il mio risul v (anche 1 “ocess
(i=low; i<high; 1
myresult = myresult + datal[i]

fara')

[y
n
in
[a]
-
IS]

if (myid == 0){
result = myresult;
for (source=1l; source<numprocs; source++)
MEI Recvi&ny:esult, 1, MBI INT, sourc
result = result + myresult; -

}

{
e, 0, MPI COMM WORLD, &status);

11

se

MPI Send(&myresult, 1, MPI INT, O 0, MPI_ COMM WORLD) ;

r r

if (myid ==0)
printf("La szomma £ %d.\n", result);

r

MPI Finalize();
exit (0);



Let’s get timings!

To "take" the execution time of an MPI program we can use the timer
function MPI Wtime (void)

First step: Synchronize all processes via a call to MPT Barrier ()
Get initial time with
start=MPI Wtime () ;

At the end of the code, call MPT Barrier () to re-synchronize processes
Take final time with

finish=MPI Wtime () ;

Let only process 0 print the elapsed time:
printf ("Elapsed time is = %f seconds\n”, finish-start);

MPI Wtime () returns the wall-clock time, that is includes also system
time, etc



tdefine

}

ude <mpi.h>
e «<stdic.h>

MRXSIZE 100000

main (int argc, char** argwv)
int
int

myid, numprocs;
%, low, high, result temp, i;
int dest, source;

int *data, _data;
double myresult, result;
double start, end;

MFI_ Status status;

MPFI_Init (sargc, &argv);

MPI Comm size (MPI COMM WORLD,
HFI_CQHE_:ank{HFI_COHH WORLD,

*local

Enumprocs) ;
emyid) ;

result = 0;
myresult = 0;
/ Imizializzo...
(myid==0]) {
data = new int [MAXSIZE];
for (i=0; i<MLXSIZE;i++)
data[i] = i;

Iy (cgni
if

1
start = MPI Wtime();
" Individuo la mia porzione
X = MRXSIZE/numprocs;
local data = new int[x];

redra la propria porzicns

inizializzata)

MPI_Scatter (data, x, MPI_INT, local data, x, MPI_INT, 0, MPI_COMM WORLD);

Calcclo il mic risultato
(i=0; d=x; i++)
myresult = myresult + local datali];

if [myid == 0){

result = myresult;
for (scurce=l; source<numprocs; sourcett) {
MPFI Recv(&myresult, 1, MPI DOUBLE,
result + myresult;

for

result =
}

elae
MFI_Send(&myresult, 1, MPI_DOUBLE, O,

end = MPI Wtime();

if (myid ==0){
printf ("La scmma

printf("Calcoclatc

MPI Finalize();

{anche il processc 0 lo

source,

Fh

ara')

0, MPI COMM WORLLD,

MPI_COMM WORLD) ;

1000% (end — start));

Sum of the elements of a
vector (dynamic
allocation)

Compile with mpiCC!

Latatus) ;



Example: Numerical Integration
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Example: Numerical Integration

Trapezoid rule
Each rectangle has base h=(b-a)/n

The trapezium has left-most base [a, a+h], the next [a+h,
a+2h], the next [a+2h, a+3h], etc

Let’s denote x;=a+ih, i=0,...,n

So, the left side of each trapezoid is f(x; ,), while the right is

f(x;)



Example: Numerical Integration
* The area of the i-th trapezoid is %2 h[f(x;_,)+f(x;)]

« The approximation of the entire area will be the sum of
the area of the trapezoids:

V8 N[1(xo)+H(x0) ]+ 22 h [f(xy) +H0x) ...+ 22  [T(x, 1) +(x,)]=
=h/2[f(x,)+2£(x,)+2£()+... +(x,)]=
=[f(0)/ 2+, ) 2 (X, +(X,) ... +(x, )T



#include <stdio.h>
maini) |
floatc

integral:
float ]

a, o

int n;
float &;
float X
int i;

float £(float x);

& o
/¥ Left and right endpoints
¥ Rumber of trapezolds

JS* Trapezoid base

S Function we're

Store result in integral x
b

T, e, Mg, e,

width

integrating */

printf {"Enter &, b, and n\n"}:
scanf ("%f %I 4", &a, &b, &n):

h = (b-a)/n:
integral = (fia)
X = a;

for (1= 1;

X=X+

integral

h;

}

integral =

printf {("With n = %d

) B
printf{"of
a, b,
} /% main */

Lloat f(flcat x) |
float return_val;
¥ Calculate £ix).

return_val = X*x;
return return_val;
| I

the inte
integral)

+ £ib)}/2.0;
<= n-1; i++} |
integral + fix):

integral®h;

trapezoids, our sstimatehn”,
ral from %f to 2 = £Iwn™,

Store calculation in return_val.

=7

Sequential version



Parallelization

* A possible method is to assign a portion of
the interval [a, b] for each process (data
parallelism!)

 How does each process know the
subinterval and how many trapezoids to use?

* Natural solution: the first process computes
the first n/p trapezoids, the second the
second n/p trapezoids, etc. (where p Is the
number of processes)



Parallelization

Therefore, each process needs to know

The number of processes, p

Their rank

The entire integration interval [a, b]
The number of subintervals, n

O O O O

The first two information are provided by
MPI Comm size and MPI Comm rank, the latter two
should be provided by the user.

Last observation: how are the partial sums added
together for each process?

Possible Solution: Each process sends its partial sum
to process 0, and this performs the sum.



using MPI routines, definiticns, stc. */

main({int argc, char** argv)
int my_rank;
int 2
flocat a = 0.0z
float b =1.0;

CES55 rank
mbar of processes

o
[l =]

/* Let the system do what it neesds to start up MPI ¥/
MFI_ Init(eargc, Eargv):

L | - e

ight endpoint
int n 1az4; mboer of trapezolds /¥ et my process rank ¥,
float h; =zold base lengt MFI Comm rank (MPT_COMM WORLD, emy _rank):

float local a:
float local _b:
int local_n;

endpoint my process
endpoint my process /% Find out how many processes are being used */
MPI Comm size (MPI_COMM WORLD, &p):

float integral;
floatc total:
int souUrce;
int dest = 07 .
int tag = 0; ¥ i
MPI_Status StTatus; ¥ 3

ral over my interval
integral
cess sending integral

Aall mejsages go To U

h = (p-a)/n: /* h is the same for all
local n =n/p; g* S0 is the number of t©

R ]

weoowk o ow ow ow o oW ow o om o o ow

ach process"' interval of PJES!
= local_n*h. 5o my interval

float Trapi(float local_a, float local b, int local_n, local b
float h): /* Calculate local integral =/ integral =

cal a + local n*h;
rap(local_a, local b, local_n, h);

L =

/% Bdd up the integrals calculated by =ach process ¥/
if (my_rank == 0}
total = integral;
for (sources = 1; source < p; Source++) |
1 1 BT Beruicdints 1 wpT T - e -
Each process (|nclud|ng O) MPI Recv(sintegral, 1, MPI FLOAT, source, tag,

MPI_COMM WOELD, sastatus):

calculates the sum of the | CoRR T Temel ¢ amtegmal
areas of the "local“ trapezoids b el8PI Send (sintegral, 1, MPI FLOAT, dest,

tag, MEI_COMM WORLD);

Process 0 receives all [ Bring the result 3/
(it has already its area!) Prinsf("ich a = 54 trap
prinif}"cf the integral from %£ to %
a, b, total);

jat}
m

zoids, ocur estimate’\n”,

-=r

=

/% Shut down MBI =/
MPI Finalize():
} 7% main



in
in
in
in

loat 1local a
loat 1local b
int local n

- -
104t

T
=

float integral:; /% 3tors result in integral */
float x:
int i:

[

float £(float x); 7% function we're integrating @

integral = (filocal a) + £{local b))/ 2.0:
integral = (f(ocal (local_2) — Area computation of local trapezoids
or (1 =1y 1 <= local _n-1; 1++) |
X =x 4+ h;
integral = integral + Z(x):
}
integral = integral+*h;
return integral;
} /* Trap

P =

float fi(flcat x)
float return_val;
/*C

alculate £(x). */ / EX: f(X): X2
/% Store calculation in return wal. %/

return val = x¥x;
return return val;

} /L



I/0

* The function f(x) and the variables a, b
and n well are "hardwired"”

 f(x) can be defined as a pointer function
(or callback function) (home exercise)

 Although not a standard procedure, it IS
advisable that a process takes care of the
| / O (for instance, process 0 sends the
initial data, a, b and n to processes)



I/0

If for each process I execute:
scanf ("3t sf 3d”, &a, &b, &n);

What happens?

If for each process I execute:
printf (“sf £ sd”, a, b, n);

What happens?



ocid

float* a ptr /* out

float* b ptr /* out

int* n ptr /* out

int my rank /* in

int o /* in
int source = 0; /* Bll loc
int dest; J* MPI Se
int tag;

Get data(

MEI Status status;

1

(my rank == 0){

printf ("Enter a, b, and

scanf ("3f %f 4", a ptr,

for (dest = 1; dest < p;
tag = 0;

MPI Send(a ptr, 1, MPI_ FLOAT,

MPI COMM WORLD) ;
tag = 1;

MPI Send(b ptr, 1, MPI FLOAT,

MPI COMM WORLD) ;
tag = Z;

MPI Send(n ptr, 1, MPI INT,

MPI COMM WORLD) ;
}

=lzse |

tag = 0;

nn");

cal wvariabkles
nd and MPI Recv

b ptr, n ptr);

dest++) {

dest, tag,

dest, tag,

dest, tadg,

used by */

Note different tags!!!

/

MPI Recv(a ptr, 1, MPI FLOAT, source, tag,v—___
MPI COMM WORLD, astatus);

tag = 1;

MFI Recv(b ptr, 1, MPI FLOAT,

MPI COMM WORLD, &status);

-

tag = =7

MFI Recv(n ptr, 1, MPI INT, source,

MPI COMM WORLD,

sstatus);

source, tadg,

tadg,

Note different tags!!!



/* Let the system do what it neesds to start up MPI ¥/
MPI Init(eargc, &argv):

/¥ G2t my process rank *f
MPI Comm rank (MFI_COMM WORLD, emy_rank):

/% Find out how many processes are being used */
MPI Comm size (MPI_COMM WORLD, &p):

h = (b-a)/n; /* h i3 the zame for all processes */
local n = nf/p; /* 50 is the number of trapezoids */

/% Length of each process' interval of
¥ integraticn = local_n*h. 5o my interval
¥ starts at: */
local_& = a + my_rank*local n*h;
local b = local & + local _n*hg
integral = Trap{local_a, lccal b, local n, h):

C:Ei” t() Get Ciéit:&i /* Bdd up the integrals calculated by =ach process ¥/
— if (my_rank == 0} |
total = integral;
for (source = 1; source < o, source++) |
MPI Recwv(&integral, 1, MPI_FLOAT, source, tad,
MPI_COMM WOELD, astatus):
total = total + integral;

}
} else |
MPT Send(sintegral, 1, MPI_FLOAT, dest,
tay, MPI_COMM WOELD):
}

f*% Print the result #/
if (my_rank == 0) |

printf("With n = %d trapezoids, our estimate\n”,
i H
printf("cf the integral from %f to %f = %f'\n",

a, b, total);
1

/% Shut down MPI =/
MPI Finalize():
} 7% main =/



Home work ©

Vector maximum
Search of an element in a vector
Summation of two matrixes

From Pacheco, Programming Assignment
3.7.1

From Pacheco, Exercise 4.6.2,
Programming Assignment 4.7.1, 4.7.2



Hard Homework ®

« Matrix — Matrix Product (AxB=C)
* Advice:

for (each column x of B) {

Compute parallel dot product matrix-
vettor AXx



Scalar Product

Let
X=(Xgs Xgy v Xp) |

Y=Yor Y11 s Y1)

X @ y — XOyO T lel Tt Xn-lyn-l



Serial

include <stdio.h>

#define MAX ORDER 100

main() |

}

float [ME—".X_DRDER: ;
float y[MAX ORDER];
int n; B

float dot;

void Read vector(char* prompt, float v[]l, int n);

float Serial dot(flecat x[], float yl[], int n);

printf ("Enter the order of the vectors'n");
scanf ("*d", &n);

Read vector("ths first wvector", %, n);
Read vector ("the sscond vector", y, nj;

dot = Serial dot(x, )
printf ("The dot product is %f\n",
/* main */

II.-"'.':r'.-:**'.l".l".l"x'x'x'.':rr#**'&"&"&'r'xr:i:'x*ﬂ'#'#'k'&"xr'xrr?

vold Read vector |

char* prompt J/* in */,

float vI[] /* out */,
int n J* in */) |
int i;

printf ("Enter %s\n", prompt);

for (1 = 0; 1 < n; i++)
scanf ("sf", &v[i]);
}  /* Read vector */
II,-"'.-:'.-.".-.'i’*'.l".l".l":'Jl:'x'.-:'.t'.-.'#i’i".l-"l"l"x':rrr**#'l"l"k':r'xrr:

flocat Serial dot(

flocat x[] /* in */,

float vy[] /* in */,

int n /* in */) |
int i;

float s=um = 0.0;

(1 = 0; 1 < n; i++)

sum = sum + x[i]*vy[i];
return sum;

} /* Serial dot * [/

for



Parallel — Block Mapping

Process Components
0 Xgr X1, -1 Xito1
1 Xty Xigqs oy Xom.1
K Xy Kiiartr oo X(k+1) fi-1
p'l X(p-l) ﬁ’ X(p-l)ﬁ+1’ raay Xn-l




Parallel — Block Mapping

* This allocation "technique" is different than
that used, for example, for the "sum of the
elements of a vector", where each process
sees the entire data structure

* In this case, although each process
allocates the entire data structure, it
receives only the portion of data that
Interests it



finclude <stdic.h>
finclude "mpi.h"

1=

Parallel

define MAX LOCRL_ORDER 100

main (int argec, char* argv[]) {
float local = [MRX LOCRL ORDER];
float local y[MREX LOCARL ORDER];

int n;

int n bar; /* = n/p */
float dot;

int =K

int my rank;

vold Read wvector (char* prompt, float local v[]. int n _bar, int p,
int my_ rank);
float Parallel dot(float local x[], float local ¥[], int n_bar);

MPI Init(&argc, &argv);:
MFI Comm size (MPI_ COMM WORLD, &p);
MPI Comm rank (MPI COMM WORLD, &my rank);

2f the wvectors''n");

if (my rank == 0) /[
printf ("Enter t
gcanf("%4", &n)

1] ” }
broadcaSt n to a”I MPI Bcast(&n, 1, MPI INT, 0, MPI COMM WORLD) ;

=r

n bar = n/p;
Vector portion n /R_Ea_:;_‘-._-'ﬁl:t:-rli"f';. - local =, n bar, p, my rank);

Read vector ("ths local ¥, n bar, p, my rank);

dot = Parallel dot{local x, local y, n bar);

if (my rank == 0)
printf ("The dot product is %f'\n", dot);

MPI Finalize();
b}/ * main */



Broadcast more efficent than
multiple sends!

Step 1

g ) g

Nzlclciclelorele

Figure 221 Broadcast as a tree construction.

OSS: A Reduce in practice does the reverse path, so both have
O(log n) cost



Block mapping

char* prompt f* imn /o
float local w[] f* out .
. int n bar J* 1n  */f,
Read portion for int  p_ /% in */,
int my rank /* 1n Ay
process 0 int i o -
float temp[MAX LOCAL ORDER];
MPI 3tatus status;
if (my rank == 0) {
printf ("Enter %='\n", prompt);
for (1 = 0; i < n bar; i++)
acanf("%f", &lacal_?[i]];
for (g = 1; g < p; gtt) |
for (1 = 0; 1 < n bar; 1++)
- scanf ("%f", &templ[i]);
Reads n elements and Sends / MPI Send(temp, n bar, MPI FLOAT, <, 0, MPI COMM WORLD);
i 1
them (Block mapping) one V ene o
Process at atlme MPI Recv(local v, n kar, MPI FLOAT, 0, 0, MPI CCMM WORLL,
&status) ;
}
} /* Read vector */

Only the first n_ bar of local v are what each

rocess needs!
NB Use Scatter (homework) P



e T

float Serial dot
float x[1 /* in */,
float y([] /* in */,
int ol /* in */)
int i;

for (1 = 0; 1 < n; i++)
sum = sum + =Z[1]*y([1];
return suam;
'* Serial dot */

e S T EE TR R R TR TR IR

float Parallel dot(

float local x[] /* in */
Each process has allocated all the float local_y[l /* in */,
int n bhar JFo1n *4) |

vector, but only the first n elements -
are its float '
: ial dot(fleoat =[], float vy[], int m);

Jal_dc:[lccal_

1 %, local y, n bar);
cal dot, &dot, 1
D

reduce.... Do the sum of all local dot
duc MPI FLOAT,

)

. ME duce
local_dot and place IN dot / _MEZ_EUK, 0, I‘-‘IEI_C-C:ML\I_W-GR_L
return dot;
'* Parallel dot *



Matrix-Vettor Product

Let A=(a;;) be a m x n matrix
Let X=(Xg, Xqy «oy Xg)T

The product y = Ax, Is formed by all scalar
products of each row of A with x

Thus, the vector y will be given by:

Y=o Y11 -+ Y1)
with:
Yi=oXo T X . Ty 11 X1



Serial

P R R R R R R R R R R R R R

vold Serial matrix vector prod(

MATRIX T A /* in  */,

int - m /* in  */,

int n /* in */,

float ®[] /* in */,

float vI[l /* out */) {
int k, J;

for (k= 0; k < m; k++) {
vkl = 0.0;
for (3 = 0; 3 < n; J++)

yik] = y[k]l + A[k][J1*=2[]]1;

e

—
o
(W3]

i

rial matrix vector prod */



Data Distribution

» Block-row (panel) distribution

Process Elements
0 dogg  dp1  dpz  dp3
dip Y31 Yo Y3
1 dyg dy  dyp g
dgg d33  dzgp dgg
5 dgo Y41 g g3
dgg  d5;  dgp  dsg
3 dgg dg  dgp A3
dzg 871 dyp  dyg




Mapping (4 processes)
n(m,n) X (n,1) = (1m,1)




Gather or scatter?

In order to form the scalar product of each row of A with
X, we must make a gather of x on each process, or a
scatter of each row of A on the processes

For example, if m =n=p =4, then ay,, a5, 8y, , 853 and
X, are assigned to process 0, x, to process, X, to process
2, etc..

In this way, to form the scalar product of the first row of A
with X, we can
— send x4, X, and x5 to the process 0O, or

— we can send a, to the process 1, a,, and to process 2 and a,, to
process 3.

The first step is a gather, the second a scatter!

We will use gather in the example below ... (scatter for
the reading stage!)




PO

P1 X

P2 X

P3 X

Gather




<stdic.h>

"mpi.h"

defins MAX ORDER 100

1
typedef float LOCAL MATRIX T[MAX ORDER] [MAX ORDER]; ||| Esl | | I

main(int argc, char* argv[]) |
int my rank;
int =F
LOCAL MATRIX T local &;
float glokbal =x[MRX ORDER];
float local x[MRX ORDER];
float local y[MRX ORDER];
int m, mn;
int local m, local n;

MPI Init(&argc, &argv);
MPI_EDmm_size{MPI_EDMM_WORLD, Epl;
MPI Comm rank (MPI COMM WORLD, &my rank);

if (my rank == 0) |
printf ("Entexr £
scanf ("%d 34", &m,

der of the matrix (m = n)'\a");
nj;

o

}
MPI_Bcast(&m, 1, MPI_INT, O, MPI_COMM WORLD);
MPI_Bcast(&n, 1, MPI_INT, O, MPI_COMM WORLD);

local m = m/p;
local n = n/p;
Read_matrix(”in = he matrix", local &, local m, n, my rank, p);

Print_matrix(”ﬁf gad", local &, local m, n, my rank, p);
Read vector ("Ente

g wvectoxr", local x, local n, my rank, p);
Print wvector ("Ws

» local _x, local n, my_rank, p);

Parallel_matrix_?ector_proj(chal_ﬁ, m, n, local_x, glckal =x,
local vy, local m, local _n);

Print_vector(”ihe croduct 12", local_y, local m, my_rank, p);

MPI Finalize();

}S* main */



Mapping

MAX ORDER

I

A Teo0T

X Ted0T <

U TeooT

¥ TeOOT

W TeooT



Read and data allocation

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

vold Read matrix(

char® prompt /% in

LOCAL MATRIX T local B /* out *

int local m /% in

int n f* oin */,

int my rank /* in */,

int = /* 1in )
int i1, 3

LOCAL MATRIX T temp; Sets to zero the surplus

/* Fill dummy entries in temp with ZE:::Ei/ e|ementS Of the matrIX
for (1 = 0; i< p*local m; i++)

for (§ = n; j < MBRX _ORDER; j++)
temp[1] [7] = 0.0;

if (my_rank == 0) | | Process 0: reads all the matrix
E:ln%#{:?? n?,{p:a@pt;f . . ",’,”’,—/”,”
or (1 = O; 1 p*local m; 1i++)

for (73 = 0; 7 < n; J++)
scanf ("%£", &temp [1] [7]};

MPI Scatter(temp, local m*MRX ORDER, MPI FLOAT, local R,
local _m*MRX¥ ORDER, MPI FLOAT, 1, MPI _CoOMM WORLD );

'* Read \matrix */ \

Process 0: scatter all matrix, but each process
CAREFUL! Scatter ok for static will receive aonly 1ocal A
allocated matrix/vectors! (in C le matrici sono row-wise)



Read and data allocation

nar prompt in r
float local x| 1t ;
int local n in A
int my rank in r
int F in
int i;

Reads all the vector and float temp[MAX ORDER];

scatters |t' 1f (my rank == 0} |
p:Intf{“%s n", prompt);
for (1 = ]

0; 1 < p*local n; i++)
scanf ("%f", &temp[i]);

MPI Scatter(temp, local n, MPI FLORT, local x, local n, MPI FLORT,
d, MPI_COMM WORLD) ;

HRead VveCcTor

NB Like in all Scatters, it
should be the same!



AllGather

volid Parallel matrix vector prod/(
LOCAL MATRIX T local R

/% in */,
int m J* in  */,
int n J* in  */,
float local =[] f* 1n  */f,
float global x[] /* in */,
float local yI[] J* out */,
int local m J* in  */f,
int local n J* 1n  */) |

“ : /* local m = m/p, loccal n = nfp */
We collect the pieces of x =m T W =T R

on each process (in global x) int i, 3;

~ MPI Rllgather(local x, local n, MPI_FLOAT,
global x, local n, MPI FLOAT,
MPI COMM WORLLD) ;

for (1 = 0; 1 < local m; i++) |
local y[i] = 0.0;
for (§ = 0; J < n; j++)
WE could of used also local y[i] = local y[i] +
MPI Gather with a for on all } local ali][jl*global =[]l;

pI‘OCGSSGS } /* Parallel matrix vector prod */



Matrix — Matrix Product : Serial
Algorithm

« O(nd) Cost

1 procedure MAT_MULT (4, B, ()

2 begin

3 fori :=0ton —1do

4 for j :=0ton —1do

5. begin

6 Cli, j]:=0;

7 fork :=0ton —1do

g Cli, j1:= Cli, j1+ Ali, k] x BIk, j1;
9. endfor;

10. end MAT_MULT

Algorithm 8.2  The conventional serial algorithm for multiplication of two » x » matrices.



Matrix — Matrix Product :
Possible Allocations

C “rules’” the

| ‘ / allocation

Case a x S
(a)
i i Iyl ! !
E Fil | I
Case b § ) w  » s . The portionsin gray
| of A and B that are required
| o M7 By the gray portion of C
(b)

Figure 3.26 Data sharing needed for matrix multiplication with (a) one-dimensional and (b) two-
dimensional partitioning of the output matrix. Shaded portions of the input matrices 4 and B are
required by the process that computes the shaded portion of the output matrix €.



Matrix — Matrix Product

For simplicity, we consider matrices of the same order (n, n)

In case (a) we have a decomposition into one-dimensional blocks ; in
(b) a bi-dimensional block decomposition

Each process in the case (a) will have n/ p rows, while in case (b),
each process will have a block of dim

n/ﬁxn/ﬁ

In (a) we can use up to n processes, in (b) up to n? (thus increasing
the degree of parallelism)

The "counter" of case (a) is that each process requires the
corresponding n / p rows of A and of the whole B matrix, while in (b)
each process requires n//p rows of A and n/\/E columns of B



Algorithm case (a)

To form this
row, we need
all C!

That's why we
broadcast all C

B C A

- Distribute the rows of B to all (Scatter)

- Broadcast all C (unfortunately !)

- Form the product of C with rows of B for each process.

These will be the corresponding rows of A

Returns the rows of A to a process using a gather

- This algorithm is different from that suggested by Pacheco, but similar
to that of the LLNLt utorial (master / slave)



tinclude <stdio.h>

finclude <mpi.h> . . . .
soesine xeors « o~ 10E algorithm applies only to these values! Generalize it!
fdefine NROWS 4

Algorithm case (a)

int ierr, rank, =size, rookt;

gi:z i:i:igﬁf]u;:;CIS The algorlthm applleS tO Only

fioac seercivcorsl A=BxC 4 processors!
Generalize it!

float B[NCOLS] [NCOLS] ;

/* Bcatter matrix B by rows.
ierr=MFI_ Scatter (B,NCOL3,MPI FLOAT,EBpart,NCOLE,MPI_FLOAT, root,MPI_COMM WORLD) ;
/* Broadcast C */
ierr=MFI_Becast (C, NROWS*NCOLS,MPI_FLOAT, root,MPI COMM WORLD) ;

/* Do the vector—-scalar multiplicaticn. */

RN SRR Remember what a gather does!
O azti3] 1o Bonrt [ *CIk] [31: Ais constructed from many Apart pieces!

Lpart[j] += Bpart[k]*C[k][]J];

: That is, we collect the various rows!

/* Gather matrix A. */
lerr=ME I_C—a:her (Apart, NCOLS, :{F:_?T_C'f—'_: 2, NCOLS , MP :_]:_LDI—'-_T, root, ME I_CCI"I['{_?.TCRT_:':I H

/* Report results */

if (rank == 0}

printf ("“nThis is the result of the parallel computation:‘n'n");
for (]J=0; J<NROWS; j++) {
for (k=0; k<NCOLS; k++)

printf("a[%d] [3d]=%g\n", 3, k,A[3] [k]);
}
}



Algorithm case (b)

* Suppose, for example, the partitioning of data as in Fig.

* The 4 submatrixes C;; (of dimension n/2 x n/2), can be computed
iIndependently

Aia Az Bin Bz \ _, Cia Ci2
Ay Axp )\ B2 Bao (a1 (a2

(a)

Task 1: Cy, ) = A11B1.1+ 41282,
Task2: C1o=A4A11B12+ A12B22
Task 3: (2,1 = 42,1811 + 42282

Task4: (hr = A2 1 B>+ 422825
(b)

OBS: other partitionings are also possible!



Block Algorithm (Serial) — Case (b)

procedure BLOCK_MAT_MULT (4, B, ()
begin
fori :=0tog — 1do
for j ;=0tog — 1 do
begin
Initialize all elements of (’; ; to zero;
fork :=0tog — 1 do

Cij = Ci;+ A4k < Brj; *— Product and sum of matrixes
endfor;

0. end BLOCK.MAT_-MULT

=P 0k W=

Algorithm 8.3 The block matrix multiplication algorithm for » x » matrices with a block size of
(n/q) x (n/q).



Parallel Algorithm (case b)

Consider two matrixes (n x n) A e B partitioned in p blocks A;; and B;;
(0 =1,j<,/p) didimensionn

Initially process P;; stores A;; and B;; and computes the block C;; of

the resulting matrix (n/\/_) (ﬂ/\/_)

The computation of the submatrix C;; requires all submatrixes A;
and B,; for 0 <k </p

Execute All-to-all broadcast (that is MPT Allgather) of A blocks
along the rows and of B along columns

Execute the multiplication of local submatrixes

Obs: The cost of this algorithm is identical to the
serial version (n3): g3 matrix products are carried
out, each of (n/q) x (n/q) matrixes and (n/q)3
additions and multiplications



Homework © - again?

Pi computation with Montecarlo
Vector Maximum

Search of element in a vector
Sum of two matrixes



<mpl.h>
<stdio.h>

fdefine MAXSTZE 10 Sum of elements of a

int main{int argc, char** argv) VeCtor
{

int myid, numprocs;

int data[MAXSIZE], 1, =, low, high, myresult, result;

MPI Init (&argc, &argv);

MPI Comm size (MPI COMM WORLD, &numprocs);

MPI Comm_rank (MPI_COMM WORLD, &myid);

S/ Inizializzo...

for (i1=0; 1<MRXSIZE;i++)
datal[i] = 1;

// Invio 11 wvettore
MPI_BcaSt{data, MAXSTZE, MPI_INT, o, MPI_COMM_WORLD);

// WB Tutti i processi (compresi 0) calcolano...
¥ = MAXSIZE/numprocs;
low = myid * x=;
high = low + x;
for (i=low; i<high; i++)
myresult = myresult + datalil;

printf ("Il processo %d ha calecolato %d\n", myld, myresult);

MPI Reduce (&émyresult, &result, 1, MPI INT, MPI SUM, 0O, MPI COMM WORLD);

if (myid ==0)
printf ("La somma & %d.\n", result);

MPI Finalize();
exit (0);



tdefine

}

ude <mpi.h>
e «<stdic.h>

MRXSIZE 100000

main (int argc, char** argwv)
int
int

myid, numprocs;
%, low, high, result temp, i;
int dest, source;

int *data, _data;
double myresult, result;
double start, end;

MFI_ Status status;

MPFI_Init (sargc, &argv);

MPI Comm size (MPI COMM WORLD,
HFI_CQHE_:ank{HFI_COHH WORLD,

*local

Enumprocs) ;
emyid) ;

result = 0;
myresult = 0;
/ Imizializzo...
(myid==0]) {
data = new int [MAXSIZE];
for (i=0; i<MLXSIZE;i++)
data[i] = i;

Iy (cgni
if

1
start = MPI Wtime();
" Individuo la mia porzione
X = MRXSIZE/numprocs;
local data = new int[x];

redra la propria porzicns

inizializzata)

MPI_Scatter (data, x, MPI_INT, local data, x, MPI_INT, 0, MPI_COMM WORLD);

Calcclo il mic risultato
(i=0; d=x; i++)
myresult = myresult + local datali];

if [myid == 0){

result = myresult;
for (scurce=l; source<numprocs; sourcett) {
MPFI Recv(&myresult, 1, MPI DOUBLE,
result + myresult;

for

result =
}

elae
MFI_Send(&myresult, 1, MPI_DOUBLE, O,

end = MPI Wtime();

if (myid ==0){
printf ("La scmma

printf("Calcoclatc

MPI Finalize();

{anche il processc 0 lo

source,

Fh

ara')

0, MPI COMM WORLLD,

MPI_COMM WORLD) ;

1000% (end — start));

Sum of elements o0 a
vector (dynamic
allocation)

Compile with mpiCC'!

Latatus) ;



Matrix Scatter

NB Scatter called by all / recveount
I

processes!

#include "mpi.h"
finclude <stdio.h>
#define SIZE 4

int main (arge,argv)
int argeo;
char *argv[]; {
int numtasks, rank, sendcount, recvoount, =source;
float sendbuf[SIZE] [SIZE] = {
{1.0, 2.0, 3.0, 4.0},
{5.0, .0, 7.0, 8.0},
{%.0, 10.0, 11.0, 12.0},
{i13.0, 14.0, 15.0, 16.0} };:
float recvbuf[SIZE]:;

MPI Init(&arge, &argv) ;
MPI Comm rank (MPI COMM WORLD, &rank);
MPI Comm size(MPI COMM WORLD, &numtasks) ;

if (numtasks == SIZE) {
source = 1;
sendoount = SIZE;
= SIZE;

MPI Scatter(sendbuf, sendcount,MPI FLOAT, recvbuf, recvcount,
MPI_ELDAT,SDurce,MPI_ﬂDHH_WGRLD};

printf ("rank= %d Results: %f %f %f %f\n",6 rank,recvbuf[0],
recvbuf [1] ,recvbuf [2] , recvbuf [3]) ;
}

else
printf ("Must specify %d processors. Terminating.\n" 6 SIZE) ;

MPI Finalize();

}

rank= 0 Results: 1.000000 2.000000 3.000000 4.000000
rank= 1 Results: 5.000000 &.000000 7.000000 8.000000
rank= 2 Results: 9.000000 10.000000 11.000000 12.000000
rank= 3 Results: 13.000000 14.000000 15.000000 1&6.000000



Get data?2 (with Broadcast)

ll;"rr'r**'l".l"l' o o ol o e ol e ol o e o ol ol R e ol o ll_-"
/* Function Get dataZz

* Reads in the usser input a, b, and n.

* Input parameters:

* 1. int my rank: rank of current process.

* 2. int p: number of processes.

* Qutput parameters:

* 1. £flecat* a ptr: polnter to left endpoint a.
* 2. float* b ptr: pointer to right endpoint b.
* 3. 1nt* n ptr: polnter to number of trapezoilds.
* Algorithm:

* 1. Process 0 prompts user for input and

* reads in the values.

* 2 Process (0 sends input wvalues to other

* processes using three calls to MPI_Bcast.
[

f

void Get datal (

flocat* a ptr /* out */,
float* b ptr /* out */,
int* n ptr /* out */,
int my rank /* in */) |

1f (my rank == G} {
printf ("En a, b, and n\n"};
scanf ("%L %f xd", a ptr, b ptr, n ptr);

1)

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

} /* Get dataZ * [/



fincludse <stdio.h>

I

/* We'll be using MPI routines definiticons, =tc. */
#include "mpi.h"

main{int argc, char** argv) |

MPI Init{&argc, &argwv);
MPI Comm rank (MPI COMM WORLD, &my rank);
Get data2!

MPI_Comm_size{MPI_CO ~WORLD, &©) ;5

et datazZ(sa, &b, &n, my rank);

h = {(b—-a)/in; S* h iz the same for all processsszs */
local n = n/p; /* S0 is the number of trapezcids */
/* Length of each process' interval of

* integration local n*h. So my interval

* starts at:
local a = a + my rank*local n*h;
local b = local a + local n*h;
integgal = TrapTlocal_a, Tocal_b, local n, h);

i)
n

k|
-,

S* hdd up the integrals calculated by sach proces
. ce(&integral, &total, 1, MFI FLOAT,
MPI SUM, 0, MPI COMM WORLD) ;

if (my rank =
printf({"with n = %d trapszoids, our =sstimate’n"
nj;
printf({"of the integral from %f to % = FL£wn"
a, kb, total);
t

JS* shut down MPI */
MPI Finalize({);
| main #



MPI Barrier (MPI COMM WORLD) ; PlerT]Eari(:Eil ir1t€3§JrEitiC)r1
start = MPI Wtime(); (fir]fil)

h = (b-a)/n; /* h 18 the same for all processes */
local n = n/p; /* 8c 12 the number of trapezoidals */

/* Length of each process' interval of
* integraticon = local n*h. 8o my interval
* starts at: */ B

local a = a + my_rank*local n*h;

local b = local a + local n*h;

/* Call the =serial trapezoidal function */
integral = Trap (local &, local b, local n, h);

/* Bdd up the integrals calculated by each process */
MPI_ReducE{&integral, &total, 1, MPI FLOAT,
MPI_SUM, 0, MPI COMM WORLD);

MPI_Earri er {MPI_EGMM_WCJELD |-
finish = MPI Wtime();
/* Print the result */
if (my ramk == 0) |
printf ("With n = %d trapezoids, ocur estimate’n",
n;
printf ("of the integral from %f to %
a, b, total);
printf ("Elapssd time in seconds"™, "z=",
{finish - =ztart) - overhesad);

} N

MPI Finalize();
/* main */



-

#1ince <stdio.h>
#in "mpi.h"
#1ince "cio.h"

Wow!

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

MPI Comm io comm;

loat Trap(float local a, float local b, int local n,
float h); /* calculate local integral */

MPI Init({&argc, &argv);

MET I’Ol‘t‘lrr‘l size (MPI LOMM WORLD, &p);

MPT Comm . rank (MPI pOMM WORLD, &my rank);
MPI_Fomm_de[MPI_MOMM;WOPLD &io_camm);
Cache_io_rank[MPI_COMM_WORLD, io_cgmm);

Cscanf (io comm, "Enter a, b, and a","%f %f %d", &a, &b, &n);

/* Estimate overhead */
overhead = 0.0;
for (1 = 0; 1 < 100; i++) {
MPI Barrch(MPI COoMM WURAD)
start = MPI thne()
MPI_Barrlcr(MPI_CUMM_WORLDJ;
finish = MPI Wtime();
overhead = overhead + (finish - start);

MPI Barrier (MPI COMM WORLD);
start = MPI Wtime();

h = (b-a)/n; /* h iz the same for all fr’"eﬂ” 5
local n = n/p; /* So is the number of trapezoidals

}

ocess' interval of
P . a
overhead = overhesad/100.0;

al n*h. So my interval
* ztarts at: */
local a = a + my rank*¥lcoccal n*h;

local:b = local a + local_n:h;

/* Call the serial trapezolidal functicn */
integral = Trap(local a, loca l_b, local n, h);

Barrier estimation time
. /* nAdd up the integrals calculated by sach process
(average on 100 tlmeS) MPI_Redu?:et(&inteqréll, stotal, 1, MPIiELOAT,_

MPI_SUM, 0, MPI_COMM WORLD) ;

MPT Barrier[MPI_COMM_WORLD);
finish = MPI Wtime();
Cprintf(io comm, "Our estimate
Cprintf(io_comm, "Elapsed time
(finish - start) - overhea

MPI Finalize();
} /* main */



Calcolo di Tt

un esempio E"‘H:
—

Calcoliamo =& tramite integrazione numerica

Usando le seguenti routine MPI:
MPI_BARRIER, MPI_BCAST, MPI_REDUCE




Pseudocodice seriale 333"

f(x) = 1/(1+x?) Esempio:

h=1/N, sum = 0.0 N =10, h=0.1

doi=1,N x={.05, .15, .25, .35, .45,
x = h*(i - 0.5) .55, 65, .75, .85, .95}
sum = sum + f(x) J—

enddo “\\\M i

pl =h * sum )




Pseudocodice parallelo

f(x) = 1/(1+x2)
h=1/N, sum=0.0

x = h*(i - 0.5)
sum = sum + f(x)
enddo

mypi = h * sum

P(0) colleziona la variabile mypi
da ogni processore € la riduce al
valore pi

P(0) legge N e lo spedisce con
broadcast a tutti i processori

do i = my_rank+1, N, nproc

e —
Esempio:

N =10, h=0.1

Procrs: {P(0),P(1),P(2)}

P(0) 05, .35, .65, .95)
P(

P(2)

0) -> {
1) -> {.15, .45, .75}
2) -> {.25, .55, .85}

(%)




Calcolo di m:
il programma E"H:
= ————

int n; /* Numero di rettangoli */

int nproc, myrank;

MPI_Init(&argc,&argv);
MPI_Comm_rank(MPl_COMM_WORLD,&my_rank);
MPI_Comm_Size(MPI_COMM_WORLD,&nproc);

if (my_rank == 0) read_from_keyboard(&n);

MPI_Bcast(&n, 1, MPI_INT, 0, MP|_COMM_WORLD);
h =1.0/(double) n;
sum = 0.0;
for (i = my_rank + 1; i <= n; i += nproc) {
X = h * ((double)i - 0.5);
sum += 4.0/ (1.0 + x*x);

}

mypi = h * sum;

MPI_Reduce(&mypi, &pi, 1, MP|_DOUBLE, MPI_SUM, 0,
MP1_COMM_WORLD);



Calcolo Pl greco

4 E’ noto che 'area del cerchio & 2 7, per

1 cui I'area del semicerchio con r=1 é:
/4
¥
Curva cerchio (teorema di Pitagora):
xl + ':,’(2 — 1
. y =V(1-x?)
0 *
L’area del semicerchio corrisponde al
calcolo del, seguente integrale:
Equivalentemente I VI-X~
possiamo calcolare 0
01
j Possiamo calcolarlo numericamente.
1+I2 Maggiore & il numero di intervalli in cui
L suddividiamo [0..1], maggiore e la
ARCTAN(1) = /4 precisione del calcolo dell’integrale
ARCTAN(0)=0




Esempio: Pl grecoin C (1)

#include <mpi.h=
#include <math.h=

int mailn(int argc, char *argv/([])
{
int done = 0, n, myid, numprocs, 1, rc;
double PI25DT = 3.141592653589753238462643;
double mypl, pl, h, sum, %, a;
MPI Init (&argc, &argv) ;
MPI_ Comm size (MPI_ COMM WORLD, &numprocs) ;
MPI_ Comm rank (MPI_COMM WORLD, &myid) ;
if (myid == 0) {
printf ("Enter the number of interwvals: (0 quits) ");
scanf ("z4", &n) ;

j

MPI Bcast(&n, 1, MPI_INT, 0, MPI_COMM WORLD) ;



Esempio: Pl grecoin C (2)

it (n != 0)

{
h = 1.0 / {(double) n:
saum = 0.0;

i += numprocs) {
(double) 1 - 0.5);
sum += 4.0 / (1.0 + x*x);

}

mypli = h * sum;

MPI Reduce (&mypi, &pi, 1, MPI_DOUBLE, MPI SUM, O,
MPI_COMM WORLD) ;
if (myid == 0)

for (1 = myid + 1; 1 == n;
X =h * |

printf ("pi is approximately %.16f,

Error is %.16f'\n",
pi, fabses(pi - PIZEDT));

}

MPI Finalize() ;

return 0O;



Altre routine...
—

Molte routine di broadcast hanno un
corrispettivo che permette di maneggiare
vettori anziche scalari

MPI1_Gatherv(), MPIl_Scatterv(),
MPI1_Allgatherv(), MPI_Alltoallv()

MPI_Reduce_scatter(): funzionalita
equivalente a reduce seguita da scatter

| dettagli riguardanti queste ed altre routine
derivate si possono ottenere dal manuale
dell’'MPI




Derived Datatypes



/* spedizione di 1y sotto—-vettore dal processo
Send a sub-vector from b, hEmEEsonE S En CTUEREoEE mad broes
process0to 1 .

* Note: Dovrebbe eseguito su due processi.

*

* J

#inclue i= <stdioc.h>

#inclu de "mpi.h"

main{int argc, char*® argv[]) {

Possible since elements of
A vector in C are contiguous!

/* main

loat vector[100]1;
MEI Status status;
int p;

int my rank;

int i;

MPI Init (&argc, &argv);
MPI Comm size (MPI COMM WORLD,
MPI_cComm_rank (MPI_COMM WORLD,

&p);
&my rank) ;

* Inizializzazione wettore e spedizions */
if (my rank == 0) {
for (1 = 0; 1 < 50; 1++)
vector[il = 0.0;
for (1 = 50; 1 < 100; i++)
vector[i] = 1.0;

MPI Send(vector+50,
MPI COMM WORLD) ;

} else { /* my rank == 1 */

MPI Recv(vector+30, 50, MPI FLOAT, 0, 0O,
MPI COMM WORLD, &status);
(1 = 50; 1 < 100; 1i++)
printf("%3.1f ",vector[il);
printf ("\n");

50, MPI FLOAT, 1, O,

for

}

MPI Finalize();

x /
|

U]

=

il

i
e



$#include

<stdioc.h>
finclude ]

main(int arge, char* argv[]) {
int p;

int my rank;

float R[10][10];

MPI Status status;

MPI Datatype column mpi t;
int 1, 3j; -
MPI Init(&argc, &argv);

MPI Comm_rank (MPI_COMM WORLD,

1, 10,

MPI Type vector (10,

MPI Type commit (&column mpi t©

== ) {

0; 1 < 10
(3 = 0;
A[i1[7]
MPI_Send (& (A[01[2]),
MPI COMM WORLD) ;
{ /* my rank

_Recv (& (A[0]

if (my rank
for (i

for

]

(21), 1,

di una

: processi

MFPT

column mpi €,

column mpi t, 0O,

al

T
N
L]
n
n

550

el

matrice dal oc

s

Send 3 column from
"~ process 0to 1

Non contiguous elements
In C matrixes!

gmy rank);

FLOAT,

1

sl

&column mpi t);

Initialization

0,

4

o,

MPI COMM WORLD, &status);

= 0; 1 «
ntf ("%2.
printf ("\n");

10; i++)

Ft

(i

T

AL L

for

- = F

}

MPI Finalize();

f* main */

[i112

210 ; Process 1 receives and
places the column in its own
A matrix



* ;.Izpeiianc ;a colonna l_ii una Ia:ri;%
Send a column 1 to row 1 TR EmRREE AmR A preeeess
on anOther proceSS " Note: Dovrebbs eszeguito su due processi.

#iﬂi;;je <stdioc.h>

fincluds "mpi.h"

maini{int argc, char* argv[])
int p;
int my rank;
float A[L10]1[10];
MPT Status status;
MPI Datatype column mpi t;
int i, J;

MPI Init(&argc, &argv);
Send COIUmn MPI Comm rank(MPI COMM WORLD, &my rank);

MPI Type vector (10, 1, 10, MPI FLOAT, &column mpi t);
MPI Type commit (&column mpi t);

if (my rank == 0) {
for (1 = 0; i < 10; i++)

for (j = J o< 10; J++)

Al1]1 IflGdtl i;

MPI Send (& (Al ), 1, column mpi t, 1, O,
~WORLD) ;
1 x/
1+4)
10; J++)
0y

]

]

O O
= —

e
e}
|
it

else { /* my

I
I ﬂ'l

— Initialization

[

[
]
=
B
I
[
=
A

(]

1), 10, MPI FLOART, 0, O,

Receive a“10 MPI_FLOAT data  ~ a1:],
element” - '_:19:' ™M WORLD, &status);

for (j = 0; 3 10; j++)
printf("%3.1f ", A[QO]II[]1);

Hy
I'l
Il
-

L T | L W Py B
,r"'\"'

HE
[ (_1ll.l.
ll}\'Dn_ln_n‘-.
?,ﬂ



/* Spedisco la terza riga di una matrice dal processo 0
Send 3" row from * al processo o o
* NB Non c'e' bilsodn 1 utilizzare 1 derived datatvype
process 0 to 1 (no use of
derived datatypes) * Note: Dovrebbe eseguito su due processi.
L
#include <stdio.h>
finclude "mpi.h"
main({int argc, char* argv[]) {
int p;
int my_ rank;
float A[10][10];
MPI Status status;
int i, 7;
MPI Init(&argc, &argv);
MPI Comm rank(MPI COMM WORLD, &my rank);
if (my rank == 0) {
for (i = 0; 1 < 10; i++)
for (j = 0; j < 10; j++)
A[i]1[j] = (float) i;
MPI Send(&(A[2][0]), 10, MPI FLOAT, 1, O,
Placed in third row, but can (MEL_COMM _WORLD) 7
} else { /* my rank = 1 */
go anywhere!!l > MPI Recv(&(A[2]1[0]), 10, MPI FLOAT, 0, O,
MPI COMM WCELD, &status) ;
for (j = 0; j < 10; j++)

printf("%3.1f ", A[2]1[]]1);
printf("\n");
}

MPI Finalize();
} /* main */



Send the upper triangle of a matrix
fromOto 1l

The trick is here! Locate the various
Rows of the triangle!

.
.

#

#include "m

main(int argc,

int p;

#define n 10

includs <stdioc.h>

char*

[1) A

argv

int my rank;

float
float
int
int

MPI Datatype

int
MPI_Sta

MPI Init (&argc,

Aln]l[nl; /% Com
T[n][nl; /* Up
displacements([n];

block lengths([n];
indexiﬁ;i_t;

i, 3;

status;

gargv) ;

MPI Comm size (MPI_COMM WORLD,
MPI_ Comm_rank (MPI_COMM WORLD,

&p) 7
&my rank) ;

MPI Type indexed(n, block lengths, displacements,
MPI_FLCAT, &index mpi t€);
MPI_Type_ commit (&index mpi t©);

if (my rank == 0)
for (i = 0; 1 < n; i++)

for (3 = 0; J < n; j++)
A[il1[3] = (fleoat) 1 + J;
MPI Send(a, 1, index mpi T, 1, 0, MPI COMM WORLD);
} elss {/* my ran 1 */

k== 1 */

for (i = 0; i < n; i++)
for (3 = 0; J < n; 3

T[il[3] = 0.0;
MPI Recv (T, 1, index mpi t,
for 0; 1 < n; 1++)
(3 = 0; j < n;
printf("s4.1f ",

printf ("\n");

]

)

0, MPI_COMM WORLD, &status);

U,

(1 = |
for j++)

TLi1031);

}

MPI Finalize();
J* main */



Virtual Topologies



Esempio

#include<mpi.h>
#define TRUE 1
#define FALSE O
void main (int argc, char *argv([]) {
int rank; MPI Comm vu; int dim[2],period[2],reorder;
int up,down, right,left;
MPI Init (&argc, &argv);
MPI Comm rank (MPI COMM WORLD, &rank) ;
dim[0]=4; dim[1]=3;
period[0]=TRUE; period[l]=FALSE; reorder=TRUE;
MPI Cart create (MPI COMM WORLD, 2,dim,period, reorder, &vu) ;
if (rank==9)
{ MPI_Cart_shift(vu,0,1,&left, &right) ;
MPI Cart_shift(vu,l1l,1, &up, &down) ;
printf ("P:%d I miei vicini sono destra:%d giu:%d sinistra:%d
sopra:%d\n", rank, right, down, left, up); }
MPI Finalize();

P:9 I miei vicini sono destra:0 giu:10 sinistra:6 sopra:-1



c 7 spedisce un messagglo ail propri vicini
// NB No d

finclude<mpil.h> ‘
fdefine TRUE 1

tdefine FALSE 0
vold main{int argc, char *argv[]){
int rank, msg;
MEPI Comm wvu;
MEPI Status status;
int dim[2],period[2], reoxrder;
int up,down,right, left;
MPI Init(&argc, &argv);
MPI Comm rank(MPI COMM WORLD, &rank) ;
dim[0]=4; dim[1]=3;
pericd[0]=TRUE; pericd[l]=FALSE; reorder=TRUE;
MPI Cart create (MPI COMM WORLD,Z,dim,period,reorder, &vu);
MPI Cart shift(wvu,0,1,&left, &right);

MPI_Cart_shift(vu, .1 sup,cdown); <—  Ognj proc chiama MPI_Cart_shift

if{rank==7)
i
printf ("P:%d I miei wicini sono destra:%d gin:%d sinistra:%d sopra:sdin”
rank, right, down, left, up);
MPI Sendi&rank, 1, MPI INT, left, 0, wu);
MPI Send(&rank, 1, MPI INT, up, 0, wvu);
MPI Sendi&rank, 1, MPI INT, down, 0, wu);
MPI Send(&rank, 1, MPI_INT, right, 0, wvu);

i
3425

] Gira solo con 12 procs!

if (rank==4){
MPI Recv(&msg, 1, MPI INT, right, 0, wvu, &status);
printf ("P%d Ho rivecuto da %d\n", rank, msg);

e ¢ Notate come “ricevo” in ordine:

MPI Recv(amsg, 1, MPI INT, down, 0, wu, &status); ES 4 r|Ceve da nght (:7)

printf ("P%d Ho rivecuto da %d\n", rank, msqg); .
b 7 spedisce a left (=4)
1if (rank==10}){
MPI Recv(&msg, 1, MPI INT, left, 0, wvu, &status);
printf ("P%d Ho rivecuto da %d\n", rank, msqg);
}
if (rank==8){
MPI Recv (&msg, 1, MPI_INT, up, 0, vu, &status);
printf("?%d Ho rivecutoc da %d\n", rank, msqg);
}
MFI Finalize();
}



// Ogni Processo spadisce ai propri vicini il proprio rango
// NB Dead lock?

#include<mpi.h>

#define TRUE 1

#define FRALSE 0

vold main(int argc, char *argvl[]){
int rank, m=sg;
MPI Comm vu;
MPI Status status;
int_dim[ﬂ],period[Z:,reorder;
int up,down,right,left;
MPI Init(&argc, &argv);
MPI:Comm_rank{MPI_CCMM;WORLD,&rank};
dim[0]1=4; dim[1l]=3;
period[0]=TRUE; period[l]=TRUE; reorder=FALSE;

MPI Cart create(MPI_COMM WORLD, 2Z,dim,period,reorder, &vu); Ognl prOC@SSO CalCOla
MPI_Cart_shift(vu,0,1,&left,&right); : HELRI.

MPI cart shift(vu,1l,1, sup, &down); - I proprl vicini
printf("P:%d I miei wicini sono destra:%d gin:%d sinistra:%d sopra:%din”

rank, right, down, left, up);

MPI Send(&rank, 1, MPI INT, left, 0, wu);

MPI Send(&rank, 1, MPI INT, up, 0, wu); .

MPI_Send(srank, 1, MPI_INT, down, 0, vu); Gira solo con 12 procs!
MPI Send(&rank, 1, MPI INT, right, 0, wvu);

MPI Recv(&msg, 1, MPI INT, right, 0, wvu, &status);

printf ("?%d Ho ricevuto da %d\n", rank, msqg);

MPI BRecv(&msg, 1, MPI INT, down, 0, wvu, &status);

printf ("2%d Ho ricevuto da %d\n", rank, msg);

MPI Recv (&amsg, 1, MPI INT, left, 0, wu, &status);

prlﬂt ("P%d Ho ricevuto da Fd\n", rank, msqg); .
MPI_Recv(smsg, 1, MPI INT, up, 0, vu, &status); Non “dovrebbe” andare in deadlock!
printf ("P%d Ho ricevuto da %d\n", rank, msg);

Spediamo solo un intero!!!

MPI Finalize();

y T ' Meglio Send/Receive non Bloccanti!



'y
'y
! / '

#include<mpi.h>
#define TRUE 1
#defins FALSE 0
vold main(int arge, char *argv([]){

MPI Finalizel();

}

Cgni Processo spedisce ail propri vicini il propric rango
NB Dead lock!!!!
perche utilizzo per prima Receive bloccanti!

int rank, msg;

MPI Comm wvuy

MPI Status status;

int dim[2],period[2], reorder;

int up,down,right,left;

MPI Init{&argc, &argwv);

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

dim[0]=4; dim[l]=23;

period[0]=TRUE; periocd[l]=TRUE; reorder=FALSE;

MPI Cart create(MPI COMM WORLD, 2,dim,period, reorder, svu); Ogn| pI’OCESSO CaICO|a
MPI Cart shift(vu,0,1,&left,&right); / . e e .
MPI Cart shift(vu,l,l, &up, &down); | pI’OpI’I VICINI
printf ("P:%d I miei vicini sono destra:%d gift:%d sinistra:%d sopra:%din
rank, right, down, left, up);

: I I
MPI Recv(&msg, 1, MPI INT, right, 0, wvu, &status); Glra SOIO con 12 prOCS
printf ("?%d Ho ricevuto da %d\n", rank, msqg);
MPI Recv (&msg, 1, MPI INT, down, 0, wvu, &status};
printf ("P%d Ho ricevuto da %d\n", rank, msqg);
MPI Recv (&msg, 1, MPI INT, left, 0, wvu, &status};
printf ("?P%d Ho ricevuto da %d\n", rank, msqg); .
MPTI Recv (&msg, 1, MPI INT, up, 0, wu, &status); HO SICUI’amente dealeCk
printf ("?%d Ho ricevuto da %d\n", rank, msqg); X HH H

perche utilizzo per prima

MPI Send(&rank, 1, MPI INT, left, 0, wu); H il
MPI Send(&rank, 1, MPI INT, up, 0, wu); receive bloccantl
Mpl_send (srank, 1, MPI_INT, down, 0, vu); Utilizzando prima Send bloccanti,
MPI Send(&rank, 1, MPI INT, right, 0, wvu);

come prima, dovrei evitare deadlock

(MPI a runtime decide buffered
0 sincrono...)



i
',
i

tinclude<mpi.h>
$definse TRUE 1
fdefins FLALSE 0

vold main{int arge,

int rank, msg;
MPI Comm wa;p

" Ogni Processo spedisce al propri wvicini
NE Dead lock!!!
" Send sincrons

char *argw[]){

MPI:S:atus gtatus;
int dim[2],pexricd[2], reoxrder;
int up,down,right, left;

MPI Init(aargec,

Eargv) ;

MPI Comm rank (MPI COMM WORLLD, srank);
dim[0]=4; cim[l]=3;

pericd [0]=TBUE; pericd[l]=TRUE;
MPI Cart_create (MPI_COMM WORLD, Z,dim,pericd, recrder, &avu);

recorder=FLLSE;

MPI_Ca:t_shif:{vu,G_l,&lgft,&:ighzj;
MPI Cart shift(wvu,l1,1, &up, adown);

printf ("P:%d I miei wicini sonc destra:%d git:%d sinistra:%d scpra:%din",

rank, right, down, left, up);

MPI Ssend(&rank, 1, MPI INT,
MPI_Ssend(&rank, 1
MFI Ssend(&rank, 1
MPI:Ssend[Erank, 1

MPI Recv(|smsg,
printf ("P%d Hc
MPI_Recv(imsg,
printf ("P%d Hc
MFI Recv (amsg,
printf ("P%d Hco
MPI Recv(|smsg,
printf ("P%d Hc

MPI Finalize():;

}

- m m ow

1, MPI_INT,
ricevuto da
1, MPI_INT,
ricevuto da
1, MPI_INT,
ricevuto da
1, MPI_INT,
ricevuto da

right,
Hdvn",
down,

Hdvn",
l=ft,

Hdvn",
up, 0O,
Hdvn",

down, 0, wu);
right, 0, wu);

left, O, wu);
MPI_INT, up,
MPI INT,
MPI_INT,

0, wu);

-
rank, msg);

0, wu, &status);

rank, msg);

0, wu, &status);

rank, msg);
vu, &status);
rank, msg);

il propric rango

\

J, wu, &status);

Send sincrone!

Deadlock sicuro!!!

Ogni processo si mette

a spedire e si aspetta una
receive corrispondente che
non c'e’!



Ogni Processo spedisce ai propri wicini il propric rango

NE WO Deadlcock!!!

RBeceive non bloccanti!

Notate le printf dopo le Irscv che possono esssre "sbagliate"

Ty ey oy e,

tinclude<mpi.h>
fdefine TRUE 1
#define FALSE 0
void main({int arge, char *argwv[]]){
int rank, msg;
MPI Comm vu;
MFPI Status status;
HPI:Request reqg4];
int dim[2] ,pericd[Z], reoxrder;
int up,down, right, left;
int i;
MPI_ Init{&argc, &argv);
MPI Comm rank (MPI COMM WORLLD, srank);
dim[3]=4; dim[1]=3;
pericd[0]=TRUE; pericd[l]=TRUE; reorder=FALSE;
MPI Cart create (MPI_COMM WORLD, 2, dim,pericd, reorder, &vu);
MPI Cart _shift(wvu,0,1l,&left, eright);
MPI Cart shift(wu,l, 1, sup, sdown);

printf ("P:%d I miei vicini sonc destra:%d git:%d sinistra:%d sc

rank, right, down, left, up);

MPI Irecv(&msg, 1, MPI INT, right, 0, wu, &regl0]);
printf ("P%d Ho forse ricevuto da %dv\n", rank, msg);
MPI Irecv(&msg, 1, MPI INT, down, 0, wu, &reg[l]);
printf ("P%d Ho forse ricevuto da %d\n"

MFI Irecv(&msg, 1, MPI_INT, left, 0, wu, &regl[Z]);
printf ("P%d Ho forse ricewvuto da %d\n", rank, msg);
MFI Irecv(&msg, 1, MPI_INT, up, 0, vu, &reg[3]);
printf ("P%d Ho forse ricewvuto da %dW\n", rank, msg); y

MPI Send{srank,
MPI_Send(&rank,
MPI Send{srank,
MPI_Send(&rank,

MPI INT, up, U, wuj;

MPI INT, down, 0, wu);

1,
1,
1, -
1, MPI_INT, right, 0, wu);

for (i=0; i<4; i++) P
MPI Wait(&r=qgl[i]l, &status);
printf ("P%d Ho sicuramente ricevuto da tutti \n", rank);

MPI Finalizel();

}

Gira solo con 12 procs!

Receive non bloccanti!

\nn, zank, magl; . «—— msg potrebbe essere “indefinito”

Potrei anche rendere queste
wp s s non bloccanti (v. dopo) — Fatelo!

Devo “aspettare” tutti!

T Sicuramente tutti hanno ricevuto!



/f Ogni Processo della colonna 2 spedisce un messaggio

// ai processi a destra

rl

.'.l f
ff HB Dead lock?

tinclude<mpi.h>

fdefins TRUE 1

tdefine FALSE [

vold main{int arge, char *argw[]){
int ramk, rankc, msg;

MPI Comm wa;

MPI 3tatus status;

int coords[2];

int dim[2],pericd[2], reorder;

int up,down, right, left;

MPI_Init(sargc, &argv); <

MPI Comm rank (MPI COMM WORLD, &rank);
dim[0]=4; dim[l]=3;

pericd[0]=TRUE; pericd[l]=FRLSE; r=scrder=TEUE;
MFI Cart create (MPI COMM WORLD, Z,dim, pericd, reocrder, &vu);

MPI_Ca:t:shif:{vu,GTl,&lEft,&:ighz);
MPI Cart shift(wvu,l,l,cup,adown);

MPI Cart_coords(wvu, rank, Z, coords); <

<

if (coords[0]==2){

printf ("P:%d I miei wicini scno destra:%d git:%d sinistra:%d

rank, right, down, left, up):

MFI Send(&rank, 1, MPI INT, right, 0, wu);

} 4 
if (cooxrds[0]==3){

MPI Recv(&msg, 1, MPI_INT, le=ft, 0, wu,
printf ("P%d Ho riwvecuto da %d'\n", rank, mag);

}

MPI Finalize();

}

ATl

Colonna 3

z3tatus) ;

Gira solo con 12 procs!

Individuo la colonna 2

No deadlock!



0 1 2 3
0,0) 0.1) 02) | (0.3

4 5 6 7
(1,0) (11 | (1L2) | (1.3)

8 9 10 11
(2.0) (21) | (22) | (23)

12 13 14 15
(3.0) (31) | 32) (3.3)

Output

rank= 0 coords= 0 0 neighbors(u,d,l,rj= -3 4 -3 1
rank= 0 inbuf{u,d,l,r)= -3 4 -3 1
rank= 1 coords= 0 1 neighbors(u,d,l,r)= -3 5 0 2
rank= 1 inbuf{u,d,l,r)= -3 5 0 2
rank= 2 coords= 0 2 neighbors(u,d,l,r)= -3 &6 1 3
rank= 2 inbuf{u,d,1l,r)= -3 & 1 3
rank= 14 coords= 3 2 neighbors(u,d,l,r)= 10 -3 13 15
rank= 14 inbuf(u,d,1l,r)= 10 -3 13 15
rank= 15 coords= 3 3 neighbors(u,d,l,r)= 11 -3 14 -3
rank= 15 inbuf(u,d,1l,r)= 11 -3 14 -3

S

Determina i vicini! (vicinato
von Neumann)

#include "mpi.h"

#include <stdio.h> .

fdefine SIZE 16 Gira solo con 16 procs!
#define UP ]

#define DOWN 1

#define LEFT 2

#define RIGHT 3

int main(argc,argv)

int argc:

char *argv[]: {

int mumtasks, rank, source, dest, outbuf, i, tag=1,
inbuf[4]={MFI PROC NULL,MPI PROC NULL MPI PROC NULL,MPI FROC NWOULL, },
nbrs[4], dims[2]={%, 4}, - - - - - -
periods[2]={0,0}, recrder=0, cocrds[2]:

MPT Request regs[8];
MPT Status stats[8]:
MPT Comm cartcomm;

MPT Init(&arge,targv):
MPT Comm size(MPI COMM WORLD, &numtasks):

if (mmtasks = SIZE) |
MPI Cart create(MPI COMM WOELD, 2, dims, pericds, reorder, &cartcomm)
MPT Comm rank (cartcomm, &rank) :
MEI Cart coords(cartcomm, rank, 2, coords):
MPI Cart shift{cartcomm, 0, 1, &nbrs[UF], &nbrs[DOWH]):
///}' H?::Cart:shift{cartcamm, 1, 1, &nbrs[LEFT], &nbrs[RIGHT]):

outbuf = rank;
for (i=0; i<4; i++) {

dest = nbrs[i]:
source = nbhrs[i]

No bloccanti?
No Deadlock!

MPI Irecv(&inbuf[i], 1, MPI_INT, source, tag,

MPT Tsend(&outbuf, 1, MPI TNT, dest, tag,
% MPI COMM WORLD, &regs([i]):
MPI COMM WORLD, &regs[i+4]):

}

MET Waitall(8, regs, stats):

1. Creazione di una topologia 4
X 4 Cartesiana da 16

processori —
2. Scambiare il proprio rango
con i 4 vicini.

printf("rank= &d coords= &d %#d neighbors(u,d,l,r)= #d &d &d #d\n",
rank,coords[0] ,coords[1] ,nkrs [UF] ,nbrs [DOWH] ,nkbrs [LEFT],
nkrs [RIGHT])

printf ("rank= %d inbufiu,d,l,r)= ¥d #d %4 sd\n",
rank, inbuf [UP] , inkuf [DOWH] , inbuf [LEFT] , inkbuf [RIGHT] ) ;

}

else
printf ("Must specify %d processors. Terminating.\n" ,SIEZE);

MPT Finalize(}:;
}



