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Accurate medical imaging
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Why Parallel Computing ?

e Aren't single processor systems fast enough?
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Why Parallel Computing ?

e Aren't single processor systems fast enough?

e Why to build parallel systems ? Why build systems with multiple
processors ?

e Why can’t we write programs that will automatically convert
serial programs to allelj'og ms?

Serial Computing Parallel Computing




What Moore's Law tells.. ?
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What Moore’s Law tells.. ?

Moore's Law
10M ZMIU.:
2000

2 1M Pentium™
2 Processor
Z 100K

LS 8086
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Uniprocessor ?
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Uniprocessor ?

Input —  Processor - Ouput

f

Capacitance = C
\oltage =V
Frequency = f
Power = CV°F



Parallel Architecture ?

‘,

<N\
c D+
\_/




Parallel Architecture ?
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Input —

—>.~—> Ouput
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f

Capacitance = 2.2C
Voltage = 0.6V
Frequency = 0.5f
f/2 Power = 0.396CV°F




Parallel Programming Models..

A Shared-memory Model (\
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° %Mk——ld{form Memory Access

e NUMA - Non-Uniform Memory Access
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Parallel Programming Models..

1 Distributed-memory Model
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MPI - Message Passing Interface
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e The Message Passing Interface Standard (MPI) is a

ﬁ
message passing library standard based on the \ / (‘5 @)
consensus of the MPI Forum v

\_

/\J




MPI - Message Passing Interface
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The Message Passing Interface Standard (MPI) is a >
message passing library standard based on the \ / @ ©)

consensus of the MPI Forum - \ > B v
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In MPI a Message is passed from one process to

another process ~_ / x M
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e The Message Passing Interface Standard (MPI) is a 2
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e In MPI a Message is passed from one process to

another proc;ss “\ / 3 /

e MPIis based on Routines.
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MPI - Message Passing Interface

oy

e The Message Passing Interface Standard (MPI) is a

./\
message passing library standard based on the \ / @ (9)
consensus of the MPI Forum \ > ) V
: N ) \ L

e In MPI a Message is passed from one process to

another proc;ss “\ / X M

e MPIis based on Routines.

N\

e MPIisnot an IEEE or ISO standard, but has in fact,
become the "industry standard" for writing message
passing programs on HPC platforms.
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The Goal ..?




How to Achieve it ..?
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How MPI Works ..?
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How MPI Works ..?

< Creates Instances of same program @e’ssor involved..!
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How MPI Works ..?

% Creates Instances of same program @Q’ssor involved..!




* Got it ?
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MPI - Message Passing Interface

[ MPI is built on ‘Routines’

The basic MPI Routr/)
MPI_rit.() \

J

a |_Comm frank ()
d NPI_Comm_size () ;
a \I_Send ;

a ~Recv () ;

a MPI_Finalize () ;

O ---—----cc-----




MPI - Communication
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MPI - Communication

[ Point to Point Comm‘fl X(J
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MPI - Communication
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[ Point to Point Comm‘fl ﬂ Collective Comm™ }
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MPI - Communication
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[ Point to Point Comm‘fl ﬂ Collective Comm™ J

~ DO




MPI - Communication

ﬂ Collective Comm»® J
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MPI - Communication
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Pomt to Point Commn N\ J
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It's Always Better to understand anything -
with example..... X(n;
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It's Always Better to understand anything
with example..... |
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...DoYou Agree ?










Numerical Integration : Trapezoidal Rule

A
-

Trapezoid rule for integrating f‘b = f{x)dx
with h=(b—a)/nis
>

fx) ~ §(fx) + xa)) + h 31 Ax) a b
where x; = a+ ih,i=0,1,...,n
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Numerical Integration : Trapezoidal Rule

A
-

Trapezoid rule for integrating f‘b = f{x)dx W
with h=(b—a)/nis
fx) = 3(fx) + Axa)) + h 357 Aix) a b>
where x; = a+ ih,i=0,1,....,n
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Numerical Integration : Trapezoidal Rule

A
-

Trapezoid rule for integrating f.b = f{x)dx
with h=(b—a)/nis
fx) = 5(fx0) + fxa)) + K3 Ax)

where x; = a+ ih,i=0,1,...,n
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How do you a@
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/* traprule_serial.c */

float f(float x) ; - - .
N
> i
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/* traprule_serial.c */

float f(float x) ; W
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/* traprule_serial.c */

float f(float x) ;

float Trap(float a, float b, int n, float h)

( |
( .
Wi\x; X'

( teg | = (f(&) + (b)) / 2.0;

>_

-/ for(| 1; i<= n-1; i++) >
{ a b

XFX+h;

integral = integral + f(x)




/* traprule_serial.c */

float f(float x) ;

float Trap(float a, float b, int n, float h)

( |
( .
Wi\x; X'

( teg | = (f(&) + (b)) / 2.0;
—
-/ for(| 1; i<= n-1; i++)
{ >
a b
XFX+h; ﬂ
integral =int{___1f(x)




/* traprule_serial.c */

float f(float x) ; Function which we want to integrate

float Trap(float a, float b, int n, float h)

( |
{ -~
floatinteg I\x ; X -

( teg | = (f(&) + (b)) / 2.0;
>_
-/ for(| 1; i<= n-1; i++)
{ b>

da
XFX+h; ﬂ ﬂ
integral = int¢ i




/* traprule_serial.c */

float f(float x) ;

float Trap(float a, float b, int n, float h)

{

\J

-

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

{

-

p

ro integ
teg I-DH(b))/ZO

in

=X+ h;

tegral

= int¢




/* traprule_serial.c */

float f(float x) ;

| ro y’-

Integ >
teg I-DH(b))/ZO

for (i=1; i<=n-1; i++)
N\ J b’

{ a
XFX+h; ﬂ
integral = int¢ i

float Trap(float a, float b, int n, float h) » \ J




/* traprule_serial.c */

float f(float x) ;

| ro y’-

Integ >
teg I-DH(b))/ZO

for (i=1; i<=n-1; i++)
N\ J b’

{ a
XFX+h; ﬂ
integral = int¢ i

=» DT

float Trap(float a, float b, int n, float h) » \ J
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Trap Rule : Parallel Approach
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Trap Rule : Parallel Approach
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Trap Rule : Parallel Approach N

Trapezoid rule for integrating f: = f{x)dx
with h=(b—a)/nis

fx) ~ 5(fx) + fix:)) + h 3 Ax)
where x; = a+ ih,i=0,1,...,n >
b

Given p processes, each process can work on n/p intervals a

Note: for simplicity will assume n/p is an integer

I
process interval

0 [a,a+ 2h]
1 [a+ Sh,a+20h]
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Note: for simplicity will assume n/p is an integer

I
process interval
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1 [a+ Sh,a+20h]
p'l [3+(p— l)gha b]
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I
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b

Given p processes, each process can work on n/p intervals

Note: for simplicity will assume n/p is an integer

I
process interval

0 [a,a+ 2h]
1 [a+ Sh,a+20h]
p'l [a+(p_ l)gha b]




Trap Rule : Parallel Approach

Trapezoid rule for integrating f: = f{x)dx
with h=(b—a)/nis
fx) ~ 5(fx) + fix:)) + h 3 Ax)

where x; = a+ ih,i=0,1,...,n

Given p processes, each process can work on n/p intervals

Note: for simplicity will assume n/p is an integer

I
process interval

0 [a,a+ gh]
1 [a+ Sh,a+20h]
p'l [a+(p_ l)gha b]
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Trap Rule : Parallel Approach

Trapezoid rule for integrating fab = f{x)dx
with h=(b—a)/nis
fx) ~ 5(fx) + fix:)) + h 3 Ax)

where x; = a+ ih,i=0,1,...,n

Given p processes, each process can work on n/p intervals

Note: for simplicity will assume n/p is an integer

I
process interval

0 [a,a+ gh]
1 [a+ Sh,a+20h]
p-1 [a+ (p—1)5h,b]

A




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

\

void Get_data(int p, int ny&double &,\doub e* b_p, int* n_p);

\ >

double Trap(double local_a,\double lpcal_b; int local_n, double h);

\ / Calculate local area */

double f(double x); /* function we're integrating */
e ) s
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\ >
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/ Calculate local area */

double f o\uble x); /* function we're integrating */




#include <stdio.h>

‘ #include <mpi.h>
-

void Get_data(int p, int ny&double &,\doub e* b_p, int* n_p);

\ >

double Trap(double local_a,\double lpcal_b; int local_n, double h);

\ / Calculate local area */

double f(double x); /* function we're integrating */
e ) s
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#include <mpi.h>

\N /
‘ void Get_data(int p, int ny&double &,\doub e* b_p, int* n_p);

\ >

double Trap(double local_a,\double lpcal_b; int local_n, double h);

/ Calculate local area */

double f o\uble x); /* function we're integrating */




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

\. /

void Get_data(int p, int ny&double &,\doub e* b_p, int* n_p);
\ >

= b Trap(double local_a\double Ipcal_bint local_n, double h);

\ / Calculate local area */

double f o\uble x); /* function we're integrating */




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

\. /

void Get_data(int p, int ny&double &,\doub e* b_p, int* n_p);
\ >

double Trap(double local_a,\double lpcal_b; int local_n, double h);

/ Calculate local area */

‘ double f(double x); /* function we're integrating */
Q! J) grating




int main(int argc, char** argv)

{

int my_rank; process rank */

int ;
number of processes */

double a;
endpoint */

double b; / \ /* Right
endpoint */
int n;

/* Nufmber of t?ﬁ)ids * /
double h; /* Trapezoid
base\length  */,

N\

double " local_a; /* Left endpoint my
process */
double local_b; /* Right endpoint my process
E3

/ .
int local_n; /* Number °
of trapezoids for */ e




MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, é&p);

‘f
Get_data(p, my_rank, &a, &b, &n); \>

<N >

h = (b-a)/n; /*his tI}Esame for all processes */

" / /*/S0 is the number of trapezoids */

=a+ 6r:y}rcmk*local_n*h;
= local~a + local_n*h;

my_area = Trap(local_a, local_b, local_n, h):

local_n =

local_
local_b




‘ MPI_Init(&argc, &argv);

MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, &p):

‘f
Get_data(p, my_rank, &a, &b, &n),‘ \>

<N >

h = (b-a)/n; /*his tI}Esame for all processes */

" / /*/S0 is the number of trapezoids */

=a+ 6r:y}rcmk*local_n*h;
= local~a + local_n*h;

my_area = Trap(local_a, local_b, local_n, h):

local_n =

local_
local_b




‘ MPI_TInit(&argc, &argv); (

_{

Environment Management Routines

MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, &p):

S

N
N

Get_data(p, my_rank, &a, &b, &n); >

<N >

h = (b-a)/n; /*his tl'}lésame for all processes */

" / /*/S0 is the number of trapezoids */

=a+ aTy}rcxnk*local_n*h;
= local~a + local_n*h;

my_area = Trap(local_a, local_b, local_n, h):

local_n =

local_
local_b




MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, é&p);

‘P
Get_data(p, my_rank, &a, &b, &n); \>

/ \ \\> )

h = (b-a)/n; /*his tl}}esame for all processes */

" / /*/S0 is the number of trapezoids */

=a+ 6r:y)rcmk*local_n*h;
= |local=a + local_n*h;

my_area = Trap(local_a, local_b, local_n, h):

local_n =

local_
local_b




MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, é&p);

‘P
Get_data(p, my_rank, &a, &b, &n); \>

/ \ \\> )

h = (b-a)/n; /*his tl}}esame for all processes */

" / /*/S0 is the number of trapezoids */

=a+ 6r:y)rcmk*local_n*h;
= |local=a + local_n*h;

my_area = Trap(local_a, local_b, local_n, h):

local_n =

local_
local_b




) \V\PI_Comm_size(MPI_COMM_WORLD, &p):

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra

‘P
Get_data(p, my_rank, &a, &b, &n),‘ \>

/ \ \\> )

h = (b-a)/n; /*his tl}}esame for all processes */

" / /*/S0 is the number of trapezoids */

=a+ 6r:y)rcmk*local_n*h;
= |local=a + local_n*h;

my_area = Trap(local_a, local_b, local_n, h):

local_n =

local_
local_b




‘ Get_data(p, my_rank, &a, &b, &n); >

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, é&p);

N

<N >

h = (b-a)/n; /*his tI}Esame for all processes */

" / /*/S0 is the number of trapezoids */

=a+ 6r:y}rcmk*local_n*h;
= local~a + local_n*h;

my_area = Trap(local_a, local_b, local_n, h):

local_n =

local_
local_b




-, (b-a)/n; / \

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, é&p);

‘f
Get_data(p, my_rank, &a, &b, &n),‘ \>

\\> ,

/*his tl}}e same for all processes */

local_n =

" / /*/S0 is the number of trapezoids */

=a+ 6r:y}rcmk*local_n*h;
= local~a + local_n*h;

my_area = Trap(local_a, local_b, local_n, h):

local_
local_b




MPI_Init(&argc, &argv);

MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, &p):

‘,

Get_data(p, my_rank, &a, &b, &n);

Sy

h = (b-a)/n; /* his thi

‘ local_n =

local_

=a+ 6r:y}rcmk*local_n*h;
local_b'=local~a + local_n*h;

Esame for all processes */

" / /*/S0 is the number of trapezoids */

my_area = Trap(local_a, local_b, local_n, h):




‘ local_b

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, é&p);

‘f
Get_data(p, my_rank, &a, &b, &n); \>

<N >

h = (b-a)/n; /*his tI}Esame for all processes */

" / /*/S0 is the number of trapezoids */

=a+ 6r:y}rcmk*local_n*h;
= local~a + local_n*h;

my_area = Trap(local_a, local_b, local_n, h):

local_n =

local_




MPI_Init(&argc, &argv);

MPI_Comm_rank(MPI_COMM_WORLD, &my_ra

MPI_Comm_size(MPI_COMM_WORLD, é&p):

S

N

Get_data(p, my_rank, &a, &b, &n); >

<N

h = (b-a)/n; -
local_n = n/p: /
~
local_a=a +;1y}rank*local_n*h;
‘ local_b'='local=a + local_n*h;

my_area = Trap(local_a, local_b, local_n, h):

$i-

Example : Let - n=100, a=0, b=100, p=4,




‘ local_b

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, é&p);

S

N

Get_data(p, my_rank, &a, &b, &n),‘ >

<N >

h = (b-a)/n; ‘\ _

g Example : Let - n=100, a=0, b=100, p=4,
“ /
h= (100-0)/100 = 1

=a +;1y}rank*local_n*h; e local n=100/4 =25
= local=a + local_n*h;

local_n =
local_

my_area = Trap(local_a, local_b, local_n, h):




‘ local_b

PO

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, é&p);

S

N

Get_data(p, my_rank, &a, &b, &n),‘ >

<N >

h = (b-a)/n; ‘\ _

“ Example : Let - n=100, p=4, a=0, b=100.
“ /
h=(100-0)/100 =1

=a +;1y}rank*local_n*h; e local n=100/4 =25
= local=a + local_n*h;

local_n =
local_

my_area = Trap(local_a, local_b, local_n, h):




‘ local_b'=

PO ‘ e local_a=0+0%25*1=0
e local_ b=0+25*1 =25

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, é&p);

Get_data(p, my_rank, &a, &b, &n); >

P

h = (b-a)/n; ”

local_n = n/p: /
N
h=(100-0)/100 =1

= a+my ank*local_n*h; e local n=100/4 =25
local=a + local_n*h;

S

Example : Let - n=100, p=4, a=0, b=100.

local_

my_area = Trap(local_a, local_b, local_n, h):




‘ local_b

P1

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, é&p);

S

N

Get_data(p, my_rank, &a, &b, &n),‘ >

<N >

h = (b-a)/n; ‘\ _

“ Example : Let - n=100, p=4, a=0, b=100.
“ /
h=(100-0)/100 =1

=a +;1y}rank*local_n*h; e local n=100/4 =25
= local=a + local_n*h;

local_n =
local_

my_area = Trap(local_a, local_b, local_n, h):




‘ local_b'=

P1 ‘ e local_a=0+1%25*1=25
e local_b=25+25*%1 =50

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, é&p);

Get_data(p, my_rank, &a, &b, &n); >

P

h = (b-a)/n; ”

local_n = n/p: /
N
h=(100-0)/100 =1

= a+my ank*local_n*h; e local n=100/4 =25
local=a + local_n*h;

S

Example : Let - n=100, p=4, a=0, b=100.

local_

my_area = Trap(local_a, local_b, local_n, h):




‘ local_b

P2

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, é&p);

S

N

Get_data(p, my_rank, &a, &b, &n),‘ >

<N >

h = (b-a)/n; ‘\ _

“ Example : Let - n=100, p=4, a=0, b=100.
“ /
h=(100-0)/100 =1

=a +;1y}rank*local_n*h; e local n=100/4 =25
= local=a + local_n*h;

local_n =
local_

my_area = Trap(local_a, local_b, local_n, h):




‘ local_b'=

PZ ‘ e local_a=0+2*25*%1=50
e local_b=50+25*1 =75

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, é&p);

Get_data(p, my_rank, &a, &b, &n); >

P

h = (b-a)/n; ”

local_n = n/p: /
N
h=(100-0)/100 =1

= a+my ank*local_n*h; e local n=100/4 =25
local=a + local_n*h;

S

Example : Let - n=100, p=4, a=0, b=100.

local_

my_area = Trap(local_a, local_b, local_n, h):




‘ local_b

P3

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, é&p);

S

N

Get_data(p, my_rank, &a, &b, &n),‘ >

<N >

h = (b-a)/n; ‘\ _

“ Example : Let - n=100, p=4, a=0, b=100.
“ /
h=(100-0)/100 =1

=a +;1y}rank*local_n*h; e local n=100/4 =25
= local=a + local_n*h;

local_n =
local_

my_area = Trap(local_a, local_b, local_n, h):




‘ local_b'=

P3 ‘ e local_a=0+3*25*%1=75
e local_b=75+25*1 =100

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, é&p);

Get_data(p, my_rank, &a, &b, &n); >

P

h = (b-a)/n; ”

local_n = n/p: /
N
h=(100-0)/100 =1

= a+my ank*local_n*h; e local n=100/4 =25
local=a + local_n*h;

S

Example : Let - n=100, p=4, a=0, b=100.

local_

my_area = Trap(local_a, local_b, local_n, h):




MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_ra
MPI_Comm_size(MPI_COMM_WORLD, é&p);

‘f
Get_data(p, my_rank, &a, &b, &n); \>

<N >

h = (b-a)/n; /*his tI}Esame for all processes */

" / /*/S0 is the number of trapezoids */

_a=a +€r:y}rank*local_n*h;
_b'=local~a + local_n*h;

local_n =

‘ my_area = Trap(local_a, local_b, local_n, h):




if (my_rank == 0)

{
{
} else
{

total = my_area;

for (source = 1; source < p; source++) ‘,

\ :
MPI_Recv(&my_areaq, 1, MPIWE, sourg e>|% MPI_COMM_WORLD, &status);

\

total = total + my_area;
} /

-

MPI_Send(@&my_area, 1, MPI_DOUBLE, dest, tag, MPT_COMM_WORLD);

-




g if (my_rank == 0)

° A
total = my_area; ;
for (source = 1; source < p; source++) )
MPI_Recv(&my_area, 1, MPI_D , sourd e>| , MPI_COMM_WORLD, é&status);
total = total + my_area; )UBCE \ P %
} /
} else h /

MPI_Send(@&my_area, 1, MPI_DOUBLE, dest, tag, MPT_COMM_WORLD);




if (my_rank == 0)

{
{
} else
{

total = my_area;

for (source = 1; source < p; source++) ‘,

\ :
MPI_Recv(&my_areaq, 1, MPIWE, sourg e>|% MPI_COMM_WORLD, &status);

\

total = total + my_area;
} /

-

MPI_Send(@&my_area, 1, MPI_DOUBLE, dest, tag, MPT_COMM_WORLD);

-




if (my_rank == 0)
{

total = my_area;
for (source = 1; source < p; source++)

—
»

{ \9> \7 J
- MPI_Recv(&my_area, 1, MPT W source>1 , MPI_COMM_WORLD, &status):

total = total + my_area; \
} Ve

} else A / @

“ MPI_Sendmy_area, 1, MPI_DOUBLE, dest, tag, MPT_COMM_WORLD);

-




if (my_rank == 0)
{

printf("With n = %d trapezoids, our estimdte\n", n);
printf("of the area from %f to %fl "%')f\ ", a jtal)

<) N

}

MPI_Finalize();

returnO;

/* END of MAIN */




‘ if (my_rank == 0)

{

printf("With n = %d trapezoids, our estimdte\n", n);
printf("of the area from %f to %fl "%')f\ ", a jtal)

<) N

}

MPI_Finalize();

returnO;

/* END of MAIN */




if (my_rank == 0)
{

printf("With n = %d trapezoids, our estimdte\n", n);
printf("of the area from %f to %f %51‘\ \ alg)éfal);

} - N
MPI_Finalize(); <+ Releases the MPI resources ]
\ A
return O;

/* END of MAIN */




void Get_data(int p, int my_rank, double* a_p, double* b_p, int* n_p)
{

int q;
MPI_Status status;
if (my_rank == 0)
{ r
printf("Enter a, b, and n\n"); ‘

scanf("%If %If %d", a_p, b_p,np); > -
for (q = l;m{ >

MPI_Send(a_p, 1, MPI OU.B\,E/, q, 0, MPT_COMM_WORLD);
MPI_S b_p.\l, __DOUBLE, q, 0, MPT_COMM_WORLD);
MPI_Send(n_p 1, MPI_INT, q, 0, MPI_COMM_WORLD);

}
} else \ /

{
MPI_Recv(a_p, 1, MPT_DOUBLE, 0, 0, MPI_COMM_WORLD, &status);
MPI_Recv(b_p, 1, MPI_DOUBLE, 0, 0, MPI_COMM_WORLD, &status);
MPI_Recv(n_p, 1, MPI_INT, O, O, MPI_COMM_WORLD, &status);




‘ void Get_data(int p, int my_rank, double* a_p, double* b_p, int* n_p)
{

int q.
MPI_Status status;
if (my_rank == 0)
{
printf("Enter a, b, and n\n");

scanf("%If %lIf %d",w_-p); > -
for (g = kg <p: qg++){ >

MPI_Send(a_p, 1, MPI_DOUBLE, q, 0, MPI_COMM_WORLD);
\MPI(;erfd(b_ . 1, MPT_DOUBLE, q, 0, MPT_COMM_WORLD):
MPI_Send(n_g’, 1, MPI_INT, q, 0, MPI_COMM_WORLD);
}
}else /

{
MPI_Recv(a_p, 1, MPI_DOUBLE, 0, 0, MPI_COMM_WORLD, &status);
MPI_Recv(b_p, 1, MPT_DOUBLE, 0, 0, MPI_COMM_WORLD, &status);
MPI_Recv(n_p, 1, MPI_INT, O, O, MPI_COMM_WORLD, &status);




void Get_data(int p, int my_rank, double* a_p, double* b_p, int* n_p)
{

int q.
MPI_Status status;
‘ if (my_rank == 0)
{
printf("Enter a, b, and n\n");
scanf("%lf %lIf %d", a_p, b_p;N_
for (g = 1G¢p: g++) {\ -
MPI_Send(a_p, 1, MPT.DOUBLE, q, 0, MPI_COMM_WORLD);

‘MPI d(b_p)\1, _DOUBLE, q, 0, MPT_COMM_WORLD);
MPI_Send(n_p71, MPI_INT, q, 0, MPI_COMM_WORLD);

2/

MPI_Recv(a_p, 1, MPI_DOUBLE, 0, 0, MPI_COMM_WORLD, &status);
MPI_Recv(b_p, 1, MPI_DOUBLE, 0, 0, MPI_COMM_WORLD, &status);
MPI_Recv(n_p, 1, MPI_INT, O, O, MPI_COMM_WORLD, &status);

} else

{




void Get_data(int p, int my_rank, double* a_p, double* b_p, int* n_p)

[ ]
. {
° int q.
¢ MPI_Status status;
if (my_rank == 0)
{
printf("Enter a, b, and n\n");
scanf("%If %If %d", a_p, b_p, n
for(q=1.q
MPI_Send(a_p\1, MPI_DOUBLE q, 0, MPI_COMM_WORLD);
PI_Sen MPI_DOUBLE, q, 0, MPT_COMM_WORLD);
MPI_Send(n_p, 1,MPI_INT, q, 0, MPT_COMM_WORLD);
}
‘ } else ; /
{
MPI_Recv(a_p, 1, MPT_DOUBLE, 0, 0, MPI_COMM_WORLD, &status);
MPI_Recv(b_p, 1, MPI_DOUBLE, 0, 0, MPI_COMM_WORLD, é&status); °
MPI_Recv(n_p, 1, MPI_INT, O, 0, MPI_COMM_WORLD, &status); °
) .




‘ double Trap(double local_a, double local_b , int

{

double my_area; /* Store my resu

double x;
int i; .

\
my_area = (f(local_a) + f(local_b) Xg

x = local_a;

for (i=1;i<= local_

N
X £ local_a +i*h;

my_area = my_area + f(x);
7

my_area = my_area*h;
return my_area;

local_n , double h)

: k
my_area /




‘ double f(double x)

{
double return_val;
return_val = x*x + 1.0;
return return M

) \

~ /
/* END of Program */
\N




< How to compileand runit?_
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< How to compileand runit?_

-
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< How to compileand runit?_
N

\. _/

‘ > $ gcc -o trap trap_serial.c




< How to compileand runit?_
(

[ /

‘ > $ gcc -o trap trap_serial.c
\ ‘/ ; :
\




< How to compileand runit?_
(

[ /

> $ gcc -o trap trap_serial.c




<» How to compileand runit?_
(

[ /

‘ > $ gcc -o trap trap_serial.c
\ / § :

\
> $ mpicc -0 trap_mpi trap_mpi.c




<» How to compileand runit?_
(

[ /

‘ > $ gcc -o trap trap_serial.c
\ / § :

\
> $ mpicc -o trap_mpi trap_mpi.c




<» How to compileand runit?_
(.

[

‘ > $ gcc -o trap trap_serial.c
\ / § :

‘ > $ mplcc -0 trap_mpi trap_ mpi.c




<» How to compileand runit?_
(.

[

‘ > $ gcc -o trap trap_serial.c
\ / § :

‘ > $ mplcc -0 trap_mpi trap_ mplc




¢ Output.. \
.




. < Output.. !
////,/’

> $ mpicc -0 trap_mpi trap_mpi.c
> $ mpirun -np 4 ./trap_mpi

- ) ~

[om@shresthal Trapl$ mpicc -o trap_mpi trap mpi.c
[om@shresthal Trapl$ 1s

trap _mpi trap _mpi_backup.c trap _mpi.c
[om@shresthal Trapl$ mpirun -np 4 ./trap_mpi

With n = 100000000 trapezoids, our estimate
of the area from 1.000000 to 1000000000000.000000 = 333333333333325575245376068381573120.000000000000000

[om@shresthal Trapl$




Recap :




Recap :

N
> Serial and Parallel Approach - _ |
X(J

)

C )




Recap :

> Serial and Parallel Approach -
> MPI_Comm_rank(.. )

/\J




Recap :

> Serial and Parallel Approach -

> MPI_Comm_rank(...) \ \N M/
> MPI_Comm_size(.. )/ >> -

- )7




Recap :

> Serial and Parallel Approach -
> MPI_Comm_rank(...)

> MPI_Comm_size(.. n/
> Point to point com 1cat13\

/




Recap :

> Serial and Parallel Approach -
> MPI_Comm_rank(...)

> MPI_Comim_size(.. n/
> Point to point com 1cat13\

> MPI_Send(...

\_ /




Recap :

> Serial and Parallel Approach -
> MPI_Comm_rank(...)

> MPI_Comm_size(.. m/
> Point to point com icatio
> MPI_Send(...

> MPI_Rec(...)"

\/

'




Recap :

VYYVYVVYY

Serial and Parallel Approach -
MPI_Comm_rank(...) |5

MPI_Comm_size(.. n/
Point to point com 1cauj\

MPI_Send(...

Blocki g and Non- blockmg Point to Point communication - Cases !

/




Recap :

YVYYVYVYVYYVYVY

Serial and Parallel Approach -
MPI_Comm_rank(...) /

MPI_Comm_size(.. n/
Point to point com icatio
MPI_Send(...

)

Blocki g and Non- blockmg Point to Point communication - Cases !
ez@dl Rule Example




MPI - Communication

ﬂ Collective Comm»® J
>

—
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MPI - Communication

ﬂ Collective Comm»® J
=

—
»
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MPI - Communication




MPI - Collective Communication

> Collective communication must involve all processes in the scope
of a communicator.

> Involve coordinated communidation within a group of processes
identified by an MPLlcommunieator.

e
_/




Types of Collective Operations

N

> Synchronization - Processes wait until all wnbers of the group
have reached the synchroniza i&n point.

> Data Movement-b)ildca t, scatter/gather, all to all
«” m/ . :
> Collegtive Computation (reductions) - one member of the group

collects data from the other members and performs an operation
(min,ma d, multiply, etc.) on that data.




Basic Collective Communication Routines

N
> MPI_Bcast( ) - Broadcast (one to all) (
> MPI_Scatter() - Scatter (one to 115 /
> MPI_Gather()-Gam?} one).- 2

> MPI_R uce\()fnéuce all to one)

> MPI_AN athe«nj()-(all to all)

> MPI_Allreduce() - (all to all)




MPI - Broadcast
'Syntax : |

‘ MPI_Bcast ( void* data, Int count (MPI_D tatg}/datatgpe Int
source proces MPIL_ o* m c mm) ;

> One proce send/slh%argdata to all processes in a communicator.




MPI - Broadcast
'Syntax : |

‘ MPI_Bcast ( void* data, Int count (MPI_D tatg}/datatgpe Int
source proces MPIL_ o* m c mm) ;

> One proce send/slh%argdata to all processes in a communicator.




MPI - Broadcast
'Syntax : |

‘ MPI_Bcast ( void* data, Int count (MPI_D tatU/datatgpe Int
source proces MPI_ >|m comm) ;

> One proce ser’ld/sm%a@data to all processes in a communicator.

)
o
:
0]




MPI - Broadcast
'Syntax : |

‘ MPI_Bcast ( void* data, Int count (MPI_D tatg}/datatgpe Int
source proces 'MPIL_ >1m comm) ;

> One process'sends %argdata to all processes in a communicator.
PO

o)
|
U
N
U
-]
( X XXX X




MPI - Broadcast : Example

void Get input(int my rank ,Int comm_sz, double a_p, do
1f (my rank = O)

_/

1ntf("£ r>r a, b,and n \n");
sﬁf("%lf %M %d", a_p, b_p, n_p);
moﬁw 0, MPI_COMM_WORLD);

cast(b_p, 1, MPI_DOUBLE, 0, MPI_COMM_WORLD);

MPI Bcast{a_p, 1

MPI Bcast(n_p, 1, MPI _INT, 0, MPI_COMM_WORLD);

—
eecoo0o0




: MPI - Reduce

'Syntax : | C \
‘ MPI_Reduce (void* input_data, voi \’\Q}ltp\ M , Int count,

a\tatg » MPL_Op operator, Int
Dest_process, MPL Co comm) ;




: MPI - Reduce

'Syntax : | \

‘ MPI_Reduce (void* input_data, void* outpu _M , Int count,
, MPL. Op operator, Int
comm) ;

N / i
MPI_MAX

MPI_MIN

. M MPI_SUM

MPI_PROD
MPI1_LAND




: MPI - Reduce

[Syntax : } 3

‘ MPI_Reduce (void* input_data, void* outp 1 _M , Int count,
PL. Op operator, Int
comm) ;




: MPI - Reduce

N

_M , Int count,

lgPI—_Op operator, Int
comm) ;

'Syntax : |

‘ MPI_Reduce (void* input_data, voi
MPI_Datat ataty

i
'
!
1




: MPI - Reduce

'Syntax : |

_M , Int count,

lgPI—_Op operator, Int
comm) ;

‘ MPI_Reduce (void* input_data, voi
MPI_Datat ataty

i
'
!
1




: MPI - Reduce

'Syntax : |

‘ MPI_Reduce (void* input_data, void* outpu _M , Int count,
MPI_Datat ataty lgPI—_Op operator, Int
Dest_process, MPI. Co comm) ;

o
|
T
N
U
-]
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: MPI - Reduce

ataty PL. Op operator, Int

Dest_process, MPI Co comm) ;

'Syntax : | ( \
‘ MPI_Reduce (void* input_data, voiEutp _M , Int count,

N /
\ Mﬁlylines in Trap. example programs are replaced by
e ling ...




MPI - Reduce

MPI_Datat ataty PL. Op operator, Int
Dest_process, MPL Co comm) ;

'Syntax : | ( \
‘ MPI_Reduce (void* input_data,voiEutp _d&tg , Int count,

\ MWlines in Trap. example programs are replaced by
line ...

‘ MPI_Reduce(&local_int, &total_int, 1, MPI_DOUBLE, MPI_SUM, O,
MPI_COMM_WORLD) ;




MPI - Allreduce
'Syntax : |

N

‘ MPI_Allreduce (void* input_data, yoid* o tput_/ddta,lnt count,
MPI_Datatype datat §MPI_ p operator , MPI_Comm

comm) ; ) ) >




MPI - Allreduce
'Syntax : |

N

‘ MPI_Allreduce (void* input_data, yoid* o tput_/ddta,lnt count,
MPI_Datatype datat §MPI_ p operator , MPI_Comm

comm) ; ) ) >




MPI - Scatter
'Syntax : |

N
‘ MPI_Scatter (void* send_buffer, Int sen@nt MPI_Datatype

send_datatype, void*

recv_buf ,Int recv_count,

MPI_Dc:?pr recv_ }aﬁype , Int source_process,
C

MPI_Co

> MPI|_Scatter'send

_/

rj\ )i
h& data to different processes..

o
ks
PO I D




MPI - Scatter

'Syntax : | .
‘ MPI_Scatter (void* send_buffer, Int sen@nt MPI_Datatype

send_datatype, void* recv_buffer, Int recv_count,
MPI_Dc;?gpF Trecv._ }aﬁype , Int source_process,
MPI_Co comn

rj\); _
> MPI_Scatter send hﬁ} data to different processes..

o
ks
) w [ e |

@
.
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MPI - Scatter

'Syntax : | .
‘ MPI_Scatter (void* send_buffer, Int sen@nt MPI_Datatype

send_datatype, void* recv_buffer, Int recv_count,
MPI_Dc;?gpF Trecv._ }aﬁype , Int source_process,
MPI_Co comn

rj\); _
> MPI_Scatter send hﬁ} data to different processes..

o
ks

o
|
T
N
U
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MPI - Gather

'Syntax : |

‘ MPI_Gather (void* send_buffer, Int send/ count, MPI_Datatype
send_datatype, void* recv_buffer , Int recv_count,
MPI Datatype recv_d 5type,lnt destlnatlon _process

’

MPI_ Com
> MPI_Gath ollcﬁs» fdata from different processes..

@
T
1
@




MPI - Gather
'Syntax : |

send_datatype, void™ recv_ \ffer t recv_count,
MPI Datatype recv_d 5type,lnt destination_process

: )

MPI_ Com
> MPI_Gath oll’e}tsz fdata from different processes..

PO

o (- -




MPI - Gather

'Syntax : |

‘ MPI_Gather (void* send_buffer, Int send/ count, MPI_Datatype
send_datatype, void* recv_buffer , Int recv_count,
MPI Datatype recv_d gtype Int destlnatlon _process

N

’

MPI_ Com
> MPI_Gath ollcﬁsz fdata from different processes..

@
v
1
@..




MPI - Allgather
'Syntax : |

‘ MPI_Allgather (void* send_buffer| Int send coydt MPI_Datatype
oid* ?v buffer , Int recv_count,

e?vd type, ,
)




MPI - Allgather
'Syntax : |

‘ MPI_Allgather (void* send_buffer| Int send coydt MPI_Datatype
oid* ?v buffer , Int recv_count,

e?vd type, ,
)

@
I
L




MPI - Allgather
'Syntax : |

‘ MPI_Allgather (void* send_buffer Int se d_coydt, MPI_Datatype
oid* ?v_bu er ,Int recv_count,
a

e ?v_d type, ,
), /7

@
I
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MPI - Synchronization

‘,

<N\
c D+
\_/




MPI - Barrier
'Syntax : |

‘ MPI_Barrier (MPI_Comm comnf{

C Be)




MPI - Barrier
'Syntax : |

N

mm) MPI_Barrier (MPI_Comm comnfunicator ); /

/' >
> Used to block the ‘calling process until all processes have
entered the function. The call will return at any process only
after all the processes or group members have entered the call
> The MPI_BARRIER routine blocks the calling process until all
group processes have called the function. When
MPI_BARRIER returns, all processes are synchronized at the

barrier




MPI - Barrier

'Syntax : | .
m) MPI_Barrier (MPI_Comm comrﬂlygi/

-




MPI - Barrier

'Syntax : | \
m) MPI_Barrier (MPI_Comm comrﬂ'uggi/
)

AR

E?




MPI - Barrier

'Syntax : | \
m) MPI_Barrier (MPI_Comm comrﬂ'uggi/
)

AR

E?




Recap :

VYYVYVYVYVYYVY

Point to Point Vs Collective communication

MPI_Broadcast(...)
MPI_Scatter(...)
MPI_Reduce(...)
MPI_Allreduce(...)
MPI_Gather(...) /
MPI_A gather( .)
Miss M Lrout es!

\)
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MPI_Comm_rankq(.....)

‘,

<N\
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MPI_Comm_rankq(.....)

'Syntax : |

{
\
‘ MPI_Comm_rank (MPI_Comm qfw@y, int * rank) ;
-

”

A




MPI_Comm_rankq(.....)
'Syntax : |

m) MPI_Comm_rank (MPI_ Commlog]\m icatoy/, int * rank) ;
\> i

ﬂ

")
ﬂ
i




MPI_Comm_rankq(.....)
'Syntax : |

N
‘ MPI_Comm_rank (MPI_Comm og\m icaltg/,int*rank);
Py
@ @ - €Y
! \ /r




MPI_Comm_rank(.....

'Syntax : |

‘ MPI_Comm_rank (MPI_ Commj @U/ int * rank) ;




MPI_Comm_size(.....)

‘,

<N\
c D+
\_/




MPI_Comm_size(.....

'Syntax : |
m) MPI_Comm_size (MPI_Comm X u@ymt* size) ;

C 3




MPI_Comm_size(.....

'Syntax : |

‘ MPI_Comm_size (MPI_Comm

s

jC\uQW int * size) ;




MPI_Comm_size(.....)

'Syntax : |

‘ MPI_Comm_size (MPI_Comm

jo\ugw int * size) ;

L .
o e o, .
= e
.
—




MPI_Comm_size(.....)

'Syntax : |

‘ MPI_Comm_size (MPI_Comm

jo\ugw int * size) ;

L .
o e o, .
= e
.
—




MPI_Comm_size(.....

'Syntax : |

‘ MPI_Comm_size (MPI_Comm j\u@or int * size) ;

L .
o e o, .
= e
.
—




MPI_Send(.....)




MPI_Send(.....)
'Syntax : |

N

‘ MPI_Send (void* msg__ buffer Int
Int destination, tag

/\J

_size, MP|_Datatype msg_type,
Comm communicator ) ;




MPI_Send(.....)

'Syntax : | “
‘ MPI_Send (void* msg_buffer , Int zgﬂébatatype msg_type,

Intdestlnatlon I tag Comm communlcator)

Cr Al




MPI_Send(.....)
'Syntax : |

‘ MPI_Send (void* msg_buffer , Int N _
Intdestlnatuyu,uag Comm communicator ) ;

A\

Address of Message buffer

N




MPI_Send(.....)
'Syntax : |

‘ MPI_Send (void* msg_buffer , Int '
Intdestinatiwtag : Comm communicator ) ;
\ -

* ¢

Address of Message buffer

‘ esm/ge size

N




MPI_Send(.....)
'Syntax : |

‘ MPI_Send (void* msg_buffer , Int '
Intdestinatiwtag : Comm communicator ) ;
\ -

* ¢

Address of Message buffer

‘ eSSa/ge size
‘ Data Type

N




MPI_Send(.....)
'Syntax : |

‘ MPI_Send (void* msg_buffer , Int

Int destinatiwtag :
B\

Address of Message buffer ‘ Destination process rank

‘ esm/ge size
‘ Data Type

N

fjj)atatype msg_type,
Co m communlcator)




MPI_Send(.....)
'Syntax : |

‘ MPI_Send (void* msg_buffer , Int

Int destinatiwtag :
B\

Address of Message buffer ‘ Destination process rank

‘ eSSa/ge size ‘ Tag - Message Identifier/..
‘ Data Type

fjj)atatype msg_type,
Co m communlcator)




MPI_Send(.....)
'Syntax : |

‘ MPI_Send (void* msg_buffer , Int

Int destinatiwtag :
B\
N

- )

Address of Message buffer ‘ Destination process rank

‘ 9550/98 size ‘ Tag - Message Identifier/..

ﬂl{)atatype msg_type,
Co m communlcator)




MPI_Send(.....)

'Syntax : | “
‘ MPI_Send (void* msg_buffer , Int zgﬂébatatype msg_type,

Intdestlnatlon I tag Comm communlcator)
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MPI_Send(.....)

'Syntax : | “
‘ MPI_Send (void* msg_buffer , Int zgﬂébatatype msg_type,

Intdestlnatlon I tag Comm communlcator)

Cr Al




MPI_Send(.....)
'Syntax : }

‘ MPI_Send (v0|d* msg_buffer , Int
Intdestlnatlon I tag

SI fjj)atatype msg_type,
Co m communlcator)

[ Tell us information about message ]




MPI_Send(.....)

'Syntax : |
‘ MPI_Send (void* msg_buffer , Int zgﬂlbatatype msg_type,
Intdestlnatlon I tag Comm communlcator)
\Q\
[ Tell us information about message

r
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MPI_Send(.....)

'Syntax : | “
‘ MPI_Send (void* msg_buffer , Int zgﬂébatatype msg_type,

Int destlnatlon I tag Comm communicator ) ;
[ Tell us information about message Tell us, where and How to send a J
mesSage

r 1>
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MPI_Recv(.....)

'Syntax : |
‘MPI_Recv (void* msg_buffer , Int buf_Bi r\@ﬂtype buf type,
C

Int source, Int tag Pl Cc ommunicator, MPI_Status*);

/\J




MPI_Recv(.....)
'Syntax : |

‘MPI Recv (void* msg_buffer , Int buf
Int source, Int tag

C B

|_Datdtype buf _type,
co munlcator MPI Status*)

ze




MPI_Recv(.....)
'Syntax : |

‘MPI Recv (void* msg_ buffer, Int buf \g\ I_ditype buf type,
)

N

communicator, MPI_Status*);

Int source, Intta/gJVlPl Cd 0
9 )T ® @
/

Address of Message buffer

‘ ﬂ'e%ize
‘ Data Type




MPI_Recv(.....)

'Syntax : | }
‘MPI_Recv (void* msg_buffer , Int buf Bize, r@ﬂtype buf type,

Int source, Int tag Pl Cc communicator, MPI Status*)

* ®)”

Address of Message buffer ‘ Source process rank

‘ ﬂ'e%ize ‘ Tag - Message Identifier/..
‘ Data Type ‘ Communicator




: MPI_Recv(.....)
: 'Syntax : |
‘MPI_Recv (void* msg_buffer , Int buf_Bi ze | Q}zftype buf _type,
Int source, Int tag Pl Cc communicator, MPI_Status*);

*@ore s

Address of Message buffer ‘ Source process rank

‘ ﬂ'e%ize ‘ Tag - Message Identifier/..
‘ Data Type ‘ Communicator

‘ Status of Received message




‘ MPI_Send (void* msg_buffer , Int msg_size,

Successful transmission of Message..

PI_\Datatype msg_type,

Int destination, Int tag, M‘PI_Co Im communicator ) ;

‘MPI_Recv (void* msg_buf
Int source, Int

\

Sy
m Yuf s i;e,)\/IIBI_Datatype buf_type,

I

MPJ_Cemm communicator, MPI_Status*);




‘ MPI_Send (void* msg_buffer , Int msg_size,

Successful transmission of Message..

PI_\Datatype msg_type,
Int destination, Int tag , MPI_Comm communicator) ;

‘MPI_Recv (void* msgbufq \uf s i;e,A/IISI_Datatype buf type,

Int source, Int ta§, MP} Coemm communicator, MPIl_Status*);
(\ ~
I
recv_comm = send_comm
recv_tag = send_tag

dest = Destination process rank
Src = Source process rank
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Case 1: Blogking - Point to Point Communication

q MPI_ ehd (void* msg_buffer, Int msg_size, MPI_Datatype msg_type,
Int destination, Int tag , MPI_Comm communicator ) ;

q MPI_Recv (void* msg_buffer, Int buf_size, MPI_Datatype buf type,
Int source, Int tag, MPI_Comm communicator, MPI_Status*);
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¢ Case 2 : Noxf Blocking - Poinf to Point Communication

N

# MPI_Iéend (void* msg_buffer, Int msg_size, MPI_Datatype msg_type,
Int destination, Int tag , MPI_Comm communicator, req *) ;
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# How we will know, whether that message has been transferred or not ?
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¢ Case 2 : Noxf Blocking - Poinf to Point Communication

N

# How we will know, whether that message has been transferred or not ?

&

MPI_Test(MPI_Request *req, int *flag, MPI_Status *status) ;
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¢ Case 2 : Noxf Blocking - Poinf to Point Communication
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q Data may be in buffer till next message arrive ..!
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¢ Case 2 : Noxf Blocking - Poinf to Point Communication

N

q Data may be in buffer till next message arrive ..!

4

MPI_Wait(MPI_Request *request, MPI_Status *status)
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¢ Case 2 : Noxf Blocking - Poinf to Point Communication

N

‘ : : _ | Block and Wait till
q Data may be in buffer till next message arrive ..! / operation get
finish..

MPI_Wait(MPI_Request *request, MPI_Status *status)
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