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/* Calculate definite integral using trapezoidal rule.
* The function f(x) is hardwired.

* Input: a, b, n.

* Qutput: estimate of integral from a to b of f(x)
* using n trapezoids.

*/
#include <stdio.h>
main{) {

float integral;
float a, b:

int n;
float h;
float x;
int i;

float f(float x):

/* Store result in integral
/* Left and right endpoints
/* Number of trapezoids
/* Trapezoid base width

/* Function we're integrating

printf("Enter a, b, and n\n");
scanf("%f %f %d", &a, &b, &n);

h = (b-a)/n:

integral = (f(a) + f(b))/2.0;

X = a,;

for (i = 1; 1 <= n-1; i++) {

X = X + h;

integral = integral + f(x);

}

integral = integral*h;

*/
*/
*/
*/

*/

printf("With n = %d trapezoids, our estimate\n", n);
printf("of the integral from %f to %f = %f\n",
a, b, integral);

} /* main */

float f(float x) {
float return_val:

/* Calculate f(x).

return return_val;

| A B

Store calculation in return_val. */
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/* Parallel Trapezoidal Rule

*

* Input: None.

* Qutput: Estimate of the integral from a to b of f(x)
* using the trapezoidal rule and n trapezoids.

*

* Algorithm:

* 1. Each process calculates "its” interval of

* integration.

* 2. FEach process estimates the integral of f(x)

* over its interval using the trapezoidal rule.
¥ 3a. Each process != 0 sends its integral to 0.

* 3h. Process 0 sums the calculations received from
* the individual processes and prints the result.
*

* Note: f(x), a, b, and n are all hardwired.

*/

#include <stdio.h>

/* We'll be using MPI routines, definitions, etc. */
#include "mpi.h"

main(int argc, char** argv) {

int my_rank; /* My process rank *x/
int P; /* The number of processes */
float a=0.0; /* Left endpoint */
float b =1.0; /* Right endpoint */
int n = 1024; /* Number of trapezoids */
float h; /* Trapezoid base length */
float local_a; /* Left endpoint my process */
float local_b: /* Right endpoint my process */
int local_n; /% Number of trapezoids for */

/* my calculation */
float integral; /* Integral over my interval */
float total; /* Total integral */
int source; /* Process sending integral */
int dest = 0: /* All messages 90 to O */
int tag = 0;

MP1 Status status;

float Trap(float local_a, float local_b, int local_n

f1oat h); /* Calculate local integral */



/* Let the system do what it needs to start up MPI */
MPI_Init(&argc, &argv);

/* Get my process rank */
MPI_Comm_rank(MPI_COMM_WORLD, &my_rank):

/* Find out how many processes are being used */
MPI_Comm_size(MPI_COMM_WORLD, &p);

h = (b-a)/n; /* h is the same for all processes */
local_n = n/p; /* So is the number of trapezoids */

/* Length of each process's 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;

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);
}

/* Print the result */
if (my_rank == 0) {
printf("With n = %d trapezoids, our estimate\n",
n);

printf("of the integral from %f to %f = %f\n",
a, b, total);
}

/* Shut down MPI */
MPI_Finalize();
} /* main */



float Trap(

float Jocal_a /* in */,

float 1local_b /* in */,

int local_n /* in */,

float h /* in */) {
float integral: /* Store result in integral */
float x:
int {1;

float f(float x); /* function we're integrating */

integral = (f(local_a) + f(local_b))/2.0;

x = local_a;

for (i = 1; i <= local_n-1; i++) {

X = X + h;

integral = integral + f(x);

}
integral = integral*h;
return integral;

} /* Trap */

float f(float x) {
float return_val:
/* Calculate f(x). */

/* Store calculation in return_val. */

return return_val;
} /* f %/
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Function Get_data
Reads in the user input a, b, and n.
Input parameters:
1. int my_rank: vrank of current process.
2. int p: number of processes.
Qutput parameters:
1. float* a_ptr: pointer to left endpoint a.
2. float* b_ptr: pointer to right endpoint b.
3. int* n_ptr: pointer to number of trapezoids.
Algorithm:
1. Process 0 prompts user for input and
reads in the values.
2. Process 0 sends input values to other
processes.



void Get_data(
float* a_ptr /* out */,
float* b_ptr /* out */,

int* n_ptr /* out */,

int my_rank /* in */,

int p /* An */) (
int source = 0; /* A11 local variables used by */
int dest; /* MPI_Send and MPI_Recv */
int tag;

MPI_Status status:

if (my_rank == 0){
printf("Enter a, b, and n\n");
scanf("%f %f %d", a_ptr, b_ptr, n_ptr);
for (dest = 1; dest < p; dest++)(
tag = 0;
MPI_Send(a_ptr, 1, MPI_FLOAT, dest, tag,
MPI_COMM_WORLD);
tag = 1;
MPI_Send(b_ptr, 1, MPI_FLOAT, dest, tag,
MPI_COMM_WORLD);
tag = 2;
MPI_Send(n_ptr, 1, MPI_INT, dest, tag,
MPI_COMM_WORLD);
}
} else {
tag = 0;
MPI_Recv(a_ptr, 1, MPI_FLOAT, source, tag,
MPI _COMM_WORLD, &status);
tag = 1;
MPI_Recv(b_ptr, 1, MPI_FLOAT, source, tag,
MPI_COMM_WORLD, &status);
tag = 2;
MPI_Recv{(n_ptr, 1, MPI_INT, source, tag,
MPI_COMM_WORLD, &status):

}
} /* Get_data */
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for (stage = first; stage <= last:; stage++)
if (I_receive(stage, my_rank, &source))
Receive(data, source);
etse if (I_send(stage, my_rank, p, &dest))
Send(data, dest);
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/* Ceiling of log 2(x) s just the number of
* times x-1 can be divided by 2 until the quotient
* is 0. Dividing by 2 is the same as right shift,
*/
int Ceiling_log2(int x /* in */) {

/* Use unsigned so that right shift will fill

* leftmost bit with 0

*/

unsigned temp = (unsigned) x - 1;

int result = §;

while (temp != 0) {
temp = temp >> 1:
result = result + 1 ;
}

return result;
} /* Ceiling_log2 */

int I_receive(
int stage /* in >/,
int my_rank /* in  */,
int* source_ptr /* out */) {

int power_2_stage;

/* 2"stage = 1 << stage */

power_2_stage = 1 << stage;

if ({(power_2 stage <= my_rank) &%

(my_rank < 2*power_2_stage))({

*source_ptr = my_rank - power_2_stage:
return 1;

} else return 0;

} /* I_receive */



int I_send(
int
int
int
int*

int power_

stage
my_rank
p
dest_ptr
2_stage;

/*
/*
/*
/*

in */,
in */,
in */,
out */) {

/* 2"stage = 1 << stage */
power_2_stage = 1 << stage;
if (my_rank < power_2_stage){
*dest_ptr = my_rank + power_2_stage:
if (*dest_ptr >= p) return 0;
else return 1;
} else return 0;

} /* I_send */

void Send(
float
float
int
int

MPI_Send(&a, 1, MPI_

a /*
b /*
n Ad
dest [/*

in
in
in
in

*/,
*/,
*/.
*/) |

FLOAT, dest, 0, MPI_COMM_WORLD);

MPI_Send(&b, 1, MPI_FLOAT, dest, 1, MPI_COMM_WORLD);
MPI_Send{&n, 1, MPI_INT, dest, 2, MPI_COMM_WORLD);

} /* Send */

void Receive(

float* a_ptr
float* b_ptr

int*
int

n_ptr

MPI_Status status:

/*
/*

out */,
out */,

/* out */,
source /* in */) {

MPI_Recv{(a_ptr, 1, MPI_FLOAT, source, 0,
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);
} /* Receive */



void Get_datal(
float* a_ptr /*
float* b_ptr /*
int* n_ptr /*

int my_rank /*
int D /*
int source;
int dest:
int stage;

if (my_rank == 0){

out
out
out
in
in

*/,
*/
*/.
*/
*/) {

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):
else if (I_send(stage, my_rank, p, &dest))
Send(*a_ptr, *b_ptr, *n_ptr, dest);

} /* Get_datal*/
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int MPI_Bcast(

void* message /* in/out */,
int count /* in */,
MPI_Datatype datatype /* in */,
int root /* in */,
MPI_Comm COmm /* in */)

void Get_data2(
float* a_ptr /* out */,
float* b_ptr /* out */,
int* n_ptr /* out */,
int my_rank /* in */} {

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 */



Broadcast times (times are in milliseconds; version 1 uses a linear loop of
sends from process 0, version 2 uses MPI_Bcast; all systems running mpich)

nCUBEZ2 Paragon SpP2
Processes | Version 1 Version 2 | Version 1  Version 2 | Version! Version2
2 0.59 0.69 0.21 0.43 0.15 0.16
8 4.7 1.9 0.84 0.93 0.55 0.35
32 19.0 3.0 3.2 1.3 2.0 0.57
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int MPI _Reduce(

void* operand /* in */,
void* result /* out */,
int count /* in */,
MPI_Datatype datatype /* in */,
MPI_Op operator /* in */,
int root /* in */,
MPI_Comm comm /* in */)

— Whek O\')orajﬂons ¢

Predefined reduction operators in MPI

Operation Name | Meaning

MPI_MAX Maximum

MPI_MIN Minimum

MPI_SUM Sum

MPI_PROD Product

MPI_LAND Logical and

MPI_BAND Bitwise and

MPI_LOR Logical or

MPI_BOR Bitwise or

MPI_LXOR Logical exclusive or

MPI_BXOR Bitwise exclusive or

MPI_MAXLOC Maximum and location of maximum
MPI_MINLOC Minimum and location of minimum
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/* Add up the integrals calculated by each process */
MPI_Reduce(&integral, &total, 1, MPI_FLOAT,
MPI_SUM, 0, MPI_COMM_WORLD):

/* Print the result */
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/* Attempt to store the result in the same
* location as the operand. Illegal call.
MPI_Reduce(&integral, &integral, 1, MPI_FLOAT,
MPI_SUM, 0, MPI_COMM_WORLD):
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int MPI_Allreduce(

void* operand /* in */,
void* result /* out */,
int count /* in  */,
MPI_Datatype datatype /* in */,
MPI_0Op operator /* in */,
MPI_Comm comm /* in  */[)
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/* MATRIX_T is a two-dimensional array of floats */
void Serial_matrix_vector_prod(

MATRIX_T A /*

int m /*

int n /*

float x[]1 [/*

float y[1 /~*
int k, j:

for (k = 0; k < m; k++
y{k] = 0.0;

in
in
in
in
out

) A

*/'
*/3
*/9
*/'
*/) A

for (j = 0; j < n; j++)

yLk] = y[kI + ACKIC3I*x[j];

}

} /* Serial_matrix_vector_prod */
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Gather

/* Space allocated in calling program

*x/

float local_x[]J: /* local storage for x */
float global_x[]; /* storage for all of x */

/* Assumes n is divisible by p */
MPI_Gather(local_x, n/p, MPI_FLOAT,

global_x, n/p, MPI_FLOAT,
0, MPI_COMM_WORLD):

The exact syntax of MPI_Gather is

int MPI_Gather(
void*
int
MPI_Datatype
void¥*
int
MPI_Datatype
int
MPI_Comm

send_data
send_count
send_type
recv_data
recv_count
recv_type
root

comm

/*
/*
/*
/*
/*
[*
/*
/*

in */,
in */,
in */,
out */,
in */,
in */,
in */,
in */)



Sccter

/* Both arrays allocated by calling program

LOCAL_MATRIX_T local_A; /* A 2-dimensional array

f]oat row_segment[]:

/* An array containing

*/
*/

*/

/* storage for n/p floats */

/* Assumes n is divisible by p */

MPI_Scatter(&(local_A[0J[0]), n/p, MPI_FLOAT,
row_segment, n/p, MPI_FLOAT,

0, MPI_COMM_WORLD);
The syntax of MPI_Scatteris

int MPI_Scatter(

void* send_data
int send_count
MPI_Datatype send_type
void* recv_data
int recv_count
MPI_Datatype recv_type
int root
MPI_Comm comm

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

in
in
in
out
in
in
in
in

*/,
*/,
*/
x/
*/,
*/,
*/.
*/)
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for (root = 0; root < p; root++)
MPI Gather(local_x, n/p, MPI_FLOAT,
global_x, n/p, MPI_FLOAT,
root, MPI_COMM_WORLD);

oY

int MPI_Allgather(

void* send_data /* in */,
int send_count /* in */,
MPI_Datatype send_type /* in */,
void* recv_data /* out */,
int recv_count /* in */,

MPI_Datatype recv_type /* in *x/,
MPI_Comm comm /* in */)



Fivnel Code

/* A11 arrays are allocated in calling program */
void Parallel_matrix_vector_prod(

LOCAL_MATRIX_T 1local_A /* in  */,
int m /* in */,
int n /* in */,
float local_x[] /* in */,
float global_x[] /* in */,
float lTocal_y[]l /* out */,
int local_m /* in  */,
int local_n /* in */) {

/* tocal_m = n/p, local_n = n/p */
int i, j;

MPI_Allgather(local_x, Tocal_n, MPI_FLOAT,
global_x, local_n, MPI_FLOAT,
MPI_COMM_WORLD);
for (i = 0; i < local_m; i++) {
local_y[i] = 0.0;
for (jJ = 0; j < n; j++)
Tocal_y[i] = local_y[i] +
Tocal_A[i]Ljl*global_x[jl;
}
} /* Parallel_matrix_vector_prod */
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int MPI_Al11toall(

void* send_buffer /* in */,
int send_count /* in */,
MPI_Datatype send_type /* in */,
void* recv_buffer /* out */,
int recv_count /* in */,
: MPI_Datatype recv_type /* in  */,
MPI_Comm comm /* in  */)

W\u\" ]{_ ‘H'\c. $;]e. o‘, the Clc-\"h \KAJ;CS?

int MPI_Ailltoallv(

void* send_buffer o f*dn %/,
int send_counts[] /* in  */,
int send_displacements[]l /* in */,
MPI_Datatype send_type /* in  */,
void* recv_buffer : /* out */,
int recv_counts[] /* in */,
int recv_displacements[l /* in */,
MPI_Datatype recv_type /* in */,
MPI_Comm comm /* in  */)



