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MPI Basics - Review

MPI Init - start using M
MPI Comm size - get the nunber of tasks

MPI Commrank - the unique index of this
t ask

MPI Send - send a nessage
MPI Recv - receive a nessage
MPI Finalize - stop using MI
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MPI_Init(&argc, &argv);

/* Get my process rank and size*/

MPI_Comm_rank(MPI_COMM_WORLD, &my_rank); [* Print the result */
MPI_Comm_sizegMPI_COMM_WORLD, &p); If (my_rank ==0) {
printf("With n = %d trapezoids, our estimate\n”,
h=(b-a)/n; /* histhesame for al processes*/ n);
local_n=n/p; /* Soisthe number of trapezoids */ printf("of the integral from %f to %f = %f\n",
a, b, tota);
/* Length of each process' interval of }
* integration = local_n*h. So my interval
* dartsat: */ [* Shut down MPI */
local_a=a+ my_rank*local_n*h; MPI_Finalize();
local_b=Ilocal_a+ local_n*h; } ¥ main */

integral = Trap(local_a, local_b, local_n, h);

/* Add up the integrals calculated by each process */
if (my_rank ==0) {
total = integral;
for (source = 1; source < p; source++) {
MPI_Recv(&integral, 1, MPI_FLOAT, source, tag,
MPI_COMM_WORLD, & status);
total = total + integral;
}
} else{
MPI_Send(&integral, 1, MPI_FLOAT, dest,
tag, MPI_COMM_WORLD);
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float Trap(
float local_a /* in*/,
float local b /*in*/,
int loca_n /*in*/,

float h I*in*/){ float f(float x) {
float return_val;
float integral; /* Storeresult inintegral */ * Calculate f(x). */
float x;

[* Store calculation in return_val. */

inti; return_val = X*X;
return return_val;
float f(float x); /* function we're integrating */ VAR,
integral = (f(local_a) + f(local _b))/2.0;
x =local_a;
for (i=1;1 <=loca_n-1;i++) {
X=X+h;

integral = integral + f(x);
}
integral = integral* h;
return integral;
} ¥ Trap */
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void Get_data(float* a ptr, float* b _ptr,
int* n_ptr, int my_rank, int  p ){

int source=0; /* All local variables used by */ tag =0;
int deg; /* MPl Send and MPl Recv * M PI_Recv(a_ptr, 1, M P|_FLOAT, source, tag,
int tag; B - MPI_COMM_WORLD, &status);
MPI_Status status; tag = 1;
MPI_Recv(b_ptr, 1, MPI_FLOAT, source, tag,
if (my_rank == 0){ MPI_COMM_WORLD, & status);
printf("Enter a, b, and n\n"); tag = 2,
scanf("%f %f %d", a_ptr, b_ptr, n_ptr); MPI_Recv(n_ptr, 1, MPI_INT, source, tag,
for (dest = 1: dest < p; dest++){ } MPI_COMM_WORLD, & status);
tag =0;
MPI_Send(a ptr, 1, MPI_FLOAT, dest, tag, } I* Get_data™/
MPI_COMM_WORLD);
tag = 1

MPI_Send(b_ptr, 1, MPI_FLOAT, de<t, tag,
MPI_COMM_WORLD);
tag = 2;
MPI_Send(n_ptr, 1, MPI_INT, dest, tag,
MPI_COMM_WORLD);
}

} else{
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For initial send, assuming 8 nodes

(D

Last worker starts after process 0 sends 7 messages!
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Last worker starts after process 0 sends 3 messages!
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void Get_datal(...

if (my_rank == 0){
printf("Enter a, b, and n\n");
scanf("%f %f %d", a_ptr, b_ptr, n_ptr);
}

for (stage = 0; stage < Ceiling_log2(p); stage++)
if (I_receive(stage, my_rank, &source))
Receive(a ptr, b_ptr, n_ptr, source);
elseif (I_send(stage, my rank, p, & dest))
Send(*a ptr, *b_ptr, *n_ptr, dest);
} I* Get_datal*/

- Creates alog(p) stage tree to exchange data



M

int1_receive(int stageint my_rank, int|_send(int stage, int my_rank,

int* source ptr /* out */) { _int p,int* dest_ptr) {

int power 2 stage; Int power_2_stage;

J* 2nstage = 1 << stage */ [ 2"stage = 1 << stage */

power 2 stage = 1 << stage; power_2 stage = 1 << stage;

if ((power 2 _stage <= my_rank) && if (my_rank < power_2_stage){

(my_rank < 2*power_2_stage)){ *dest_ptr =my_rank + power_2_stage;

*source_ptr = my_rank - power_2_stage; if (*dest_ptr >= p) return 0;
return 1; dsereturn 1;

} elsereturn O } elsereturn O;

} I* | _receive*/
} /1 _send*/

/**************/

void Send(float a,float b,int n, int dest){

MPI_Send(&a, 1, MPI_FLOAT, dest, 0, MPl_COMM_WORLD);
MPI_Send(&b, 1, MPI_FLOAT, dest, 1, MPI_COMM_WORLD):
MPI_Send(&n, 1, MPI_INT, dest, 2, MPl_COMM_WORLD);

} /* Send */

/*************************************/

void Receive(float* a ptr,
float* b_ptr, int* n_ptr, int  source) {

MPI_Status status;
MPI_Recv(a ptr, 1, MPI_FLOAT, source, O,
MPI_COMM_WORLD, & status);
MPI_Recv(b_ptr, 1, MPI_FLOAT, source, 1,
MPI_COMM_WORLD, & status);
MPI_Recv(n_ptr, 1, MPI_INT, source, 2,
MPI_COMM_WORLD, & status);
} I* Receive*/



Slow link

I

Nodes 0-3

Nodes 4-7






This tree minimizes the number
of messages across the slow link!







void Get_data2(float* a ptr,float* b _ptr, int* n_ptr, int my_rank) {

if (my_rank ==0) {
printf("Enter a, b, and n\n");
scanf("%f %f %d", a ptr, b_ptr, n_ptr);
}
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_data2 */



Reduction Revisited

m

I nt MPl _Reduce(void *sendbuf, void *recvbuf, int count,
MPI _Dat at ype datatype, MPl _Op op, int root, Mpi _comm

conmm) ;

MPI _REDUCE( sendbuf, recvbuf, count, dat at ype, op, r oot, conm
| error)

<t ype>sendbuf (*), recvbuf (*)

| nt eger count, dat at ype, op, root, conmi error

void MPI::Intracomm : Reduce(const voi d* sendbuf, void*
recvbuf, int count, const Datatype& datatype, const
Q& op, int root) const






float Serial_dot(float x[], float y[] ,int n) {

int i
float sum = 0.0;

for (I=0;1<n;i+t)
sum = sum + X[i]*y[i];
return sum;
} I* Seria_dot */
float Parallel dot(float local x[] float local y[],int n_bar) {

float local dot;
float dot = 0.0;
float Serial dot(float x[], float y[], int m);

local_dot = Serial_dot(local_x, loca_y, n_bar);
MPI _Reduce(&loca dot, &dot, 1, MPI_FLOAT,
MPI_SUM, 0, MPI_COMM_WORLD);

return dot;
} I* Parallel_dot */

Note: you may not make the first and second arguments to reduce the same!









96 6 ¢



T0

T1
T2

T3

AO

Al

A2

A3

Scatter

Gather

AO

Al

A2

A3




int MPI _Scatter(void* sndbuf,
| nt sndcount, MPI _Dat atype sndtype, void* rcvbuf,
I nt rcvcount, MPI _Dat atype rcvtype,
int root, MPI _Comm comm),;

void MPI::Comm: Scatter(...)
MPI SCATTER(...)



MPlI _Gat her (voi d* sndbuf,
| nt sndcount, MPI _Dat atype sndtype,
voi d* rcvbuf,
I nt rcvcount, MPI _Dat atype rcvtype,
I nt root,
MPI _Cormm conm) ;



float |ocal x[];/*Storage for |ocal part of vector */
float gl obal x[];/*Storage for global vector */
[*Assunes n is divisible by p */

MPlI _Gat her (| ocal _x,n/p, MPI _FLQOAT, global x, n/p,
MPlI _FLOAT, 0, MPI _COVM WORLD) ;



voi d Read vect or (

char* pronpt [* in */,
float local x[] [/* out */,
| nt | ocal n [* in */[,
| nt nmy _rank [* in *[,
| nt P [* in *) {

i nt |
float tenp[ MAX ORDER] ;

i f (nmy_rank == 0) {
printf("%\n", pronpt);
for (i =0; i < p*local _n; i++)
scanf ("% ", &tenp[i]);

}

MPl Scatter(tenp, local _n, Ml _FLQOAT,
VPl _FLOAT,

0, MPI _COVM WORLD) ;
} /* Read vector */

| ocal X,

| ocal n,



void Print_matri x(

char * title [* in */,

LOCAL MATRI X T |ocal A [* in */,

I nt | ocal _m [* in */,

I nt n [* in */,

I nt nmy_rank [* in */,

I nt p [* in *[) {
i nt i,

float tenp[ MAX ORDER] [ MAX ORDER] ;

MPI _Gat her (Il ocal A, |ocal nrMAX ORDER, MPI _FLOAT, tenp,
| ocal _ntMAX ORDER, MPI _FLOAT, 0, MPI _COVMM WORLD);

if (nmy_rank == 0) {
printf("%\n", title);
for (i = 0; i < p*local_m i++) {
for (j =0; j <n; j++)
printf("%t. 1f ", tenp[ill[j]);
printf("\n");



MPI Al | gat her (voi d* sndbuf,
| nt sndcount, MPI _Dat atype sndtype,
voi d* rcvbuf,
I nt rcvcount, MPI _Dat atype rcvtype,
I nt root,
MPI _Comm conm) ;



MPI _Alltoall (vol d* sndbuf,

| nt sndcount, Ml Dat atype
sndt ype,

vol d* rcvbuf,

Il nt rcvcount, Ml Dat atype
rcvt ype,

MPI _Comm conmm) ;






MPlI Al |l reduce(voi d* sendbuf,
voi d* recvbuf,
| nt count,
MPI _Dat at ype dat at ype,

MPI _Op op,
MPI _Comm conmm



MPI Reduce scatter(voi d* sndbuf,
voi d* rcvbuf,
I nt *rcvcounts,
MPI Dat at ype dat at ype,

MPI _Op op,
MPI _Comm conm) ;



MPI _Scan(voi d* sndbuf,
voi d* rcvbuf,

| nt count,
MPI Dat at ype dat at ype,
MPI _Op op,

MPI _Comm conm )

option as the second argunent | eaves
the result in the in the input buffer.



MPI _Barrier(MPI _Comm comm ;
VPl . : Comm : Barrier()
MPI BARRI ER( COVW | ERROR)

| NTEGER COW | ERRCR

Each task calling MPl _Bar ri er will stop until all tasks
INn the communicator havecalled MPl _Barri er



MPI _Type conti guous();
MPI Type vector();
VPl _Type_ | ndexed() ;
MPl _Type struct();
VPl _Pack() ;

MPlI _Unpack() ;







MPI _Type contiguous(int count,
MPI Dat at ype ol dt ype,
MPI Dat at ype *newt ype)



MPI _Type vector(int count,
| nt bl ockl engt h,
I nt stride,
MPI Dat at ype ol dt ype,
MPI Dat at ype *newt ype);

MPI _Type_hvector();



MPI _Type | ndexed(int count,
I nt *array_of Dbl ockl engt hs,
I nt *array_of displacenents,
MPI Dat at ype ol dt ype,
MPI _Dat at ype *newt ype);

MPI _Type_ hi ndexed();

MPI Type create |1 ndexed bl ock()



MPI _Type struct(int count,
I nt *array_of Dbl ockl engt hs,
MPI _Ailnt *array_ of displacenents,
MPI Dat atype *array_of types,
MPI Dat at ype *newt ype);






MPI _Pack(voi d* inbuf, int iIncount,
MPI Dat at ype dat at ype,
voi d *out buf, iInt outsize,
I nt *position, MPI _Conm conm),;
MPlI _Unpack(voi d* i nbuf, int insize,
| nt *position, void *outbuf,
| nt out count,
MPI Dat at ype dat at ype,
MPI _Conm conmm) ;






Int MPI _Comm size(MPI _Comm conm int *size)

Int MPI _Comm rank(MPI _Comm conmm int *rank)

I nt MPlI _Comm conpare( MPl _Conmm comml,
MPI Comm comm®, 1int *result)



Il nt MPI _Comm dup( MPI _Comm comm MPI _Comm
*newconm)

MPI . : I ntracomm MPI :: I ntracomm : Dup() const

MPl . :Intercomm MPI:: I ntercomm : Dup() const

MPI . : Cartcomm MPI : : Cart comm : Dup() const

MPI . : G aph comm MPI : : G aphcomm : Dup() const



Int MPI _Comm create(MPI _Conmm comm MPI _G oup
group, MPI _Comm * newconm)

MPl . . I ntracomm MPIl .. Intracomm :create(...)
const

MPl . . I ntercomm MPI .. Intercomm :create(...)
const

Int MPI _Comm split(comm col or, key, newconm)



Int MPI _Comm free( MPI _Conmm conm
void MPI::Comm : Free()












I nt MPlI _Comm spawn(command, argv, nunprocs,
Info, root, comm Intercomm errcodes)



M

MPI _Comm spawn_multiple(...)


















int MPl _Dins _create(int nnodes, int ndins, int *dins)
MPI DI M5 _CREATE(NNODES, NDI M5, DI M5, | ERROR)

void MPI:: Conpute_dins(int nnodes,int ndins, int dins[])

MPI Dins_create(6, 2, di ns)
MPI Dins_create(6, 3, di ns)



Int MPI _Cartdi mget(MPl _Conm conmm i nt
*ndi ns) ;

MPI _Cart get

Int MPI _Cart _get(MPlI _Comm comm i nt maxdi ns,
Int *dinms, int *periods, int *coords);



int MPI _Cart_rank(MPI _Comm comm int *coords, int *rank)

int MPI _Cart _coords(MPI _Comm comm 1 nt rank, int
maxdi ns, int *coords)



Iint MPI _Cart_Shift(MPl _Conm conm | nt
direction, int disp, I1nt *rank source,
I nt *rank dest)



MPI Wn create( base, size, disp unit, info,
conm W n)






Communication Modes

S M
M

MPI Bsend(buf, count, datatype, dest, tag,
MPI _ COVM WORLD) ;

S M

MPI Ssend(buf, count, datatype, dest, tag,
MPI _ COVM WORLD) ;

R M

MPI Rsend(buf, count, datatype, dest, tag,
MPI _ COVM WORLD) ;



Standard Mode

Cm



Buffered Mode

m m
MPI Buffer attach(buffer, size);
MPI _Buffer_detach(buffer_addr, size);

Send returns as soon as message IS copied into
buffer

Completion of send does not imply message
delivered



Synchronous M ode

S m

m DO S m



Ready Mode

S
m
S m
U m



Semantics

M



Non-Overtaking M essages
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Falrness

S <

<

mm



Limited System Resour ces
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Matri x

Task 0
Task 1

Task 2

Task 3

#3
Matri x

Task 0

Vect or

Vect or

Task 1

-

Task 2

Task 3

Tasks nust exchange
bl ocks of vector
“N" tinmes, creating

parti al

sSuns



Contact Dan Stanzione at the address
above wth any requests or problens

Renote access to all systens IS
t hrough the secure shell utility
"ssh" (no telnet, rsh, ftp, etc)

ssh is freely avallable for all
platfornms (W ndows clients avail abl e
on the web page, or search for
“putty”).

ssh thym ne. parl . cl enson. edu

ssh -|I <usernane> thymine.parl.clemson . edu



