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| DHFERS

CPU CPU CPU CPU
Memory Memory Memory Memory
Interconnect

oK aEbA%

SOUTHWEST PETROLEUM UNIVERSITY



| HERNFEAR

CPU CPU CPU

CPU

Interconnect

Memory

oK aEbA%

SOUTHWEST PETROLEUM UNIVERSITY




Hello World!

#include <stdio.h>

int main(void) |
printf("hello, world\n"):

return 0;

&l@ﬁi“bﬁfg 5
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1 B—1 MPI izF

1 |#include <stdio.h>

2 |#include <string.h> /+ For strlen #/

3 |#include <mpi.h> f+ For MPI functions, etc =/

4

5|const int MAX STRING = 100:

6

7|int main(veid) {

8 char greeting[MAX_STRING];

9 int comm_sz: /+ Number of processes =/
10 int my_rank: J+ My process rank wf

11

12 MPI_Init (NULL, NULL);

13 MPI_Comm_size(MPI_COMM_WCRLD, &comm_sz);

14 MPI_Comm_rank (MPI_COMM_WORLD, &my_rank);

15

16 if (my_rank != 0) {

17 sprintf(greeting, "Greetings from process %d of %d!",
18 my_rank, comm_sz);

19 MPI_Send(greeting, strlen{greeting)+1, MPI_CHAR, 0, 0,
20 MPI_COMM_WORLD);:

21 boelse |

22 printf("Greetings from process %d of %d!\n", my_rank,
23 for (int g = 1; g < comm_sz; g++) {

24 MPI_Recv(greeting, MAX_STRING, MPI_CHAR, g,
25 0, MPI_COMM_WORLD, MPI_STATUS_IGNORE);
26 printf("%s\n", greeting);

27 }

28 }

29

30 MEI_Finalize();

31 return 0;

32| /= main =/

COmm_SZ );

oK aEbA%
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L 1 R

Y TR1F

mplcc -g -Wall -o mp| heIIo mpi_hello.c

JE R R u\}
o g ﬁ/@g/\wmﬂ%

(g, L2 a.out)

FTIF 17815
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| 7

mpiexec -n <number of processes> <executable>

mpiexec -n 1 ./mpi_hello

L BT 1 PR

mpiexec -n 4 ./mpi_hello

L BT AT

AR
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| i3

mpiexec -n 1 ./mpi_hello

Greetings from process O of 1!

Greetings from
Greetings from
Greetings from
Greetings from

mpiexec -n 4 ./mpi_hello

nrocess 0 of 4 !
orocess 1 of 4|
orocess 2 of 4 !

norocess 3 of 4 !

@ %A A%
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MP| £

O 5*/\(3%5'/?-
= mainf 4.
» {55 stdio.h, string.h%.

s EEI0 mpi.h K34
s MPI EXBIRRSFLLMPI "F=L.
n NRIZ =E’J%—/|\ff— Ejt'ﬁ
n RNERENRRF0 MPI ENX AISSEL,
« BEIFIXMPIE L5 PR E L.
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MPI1 ¢H{4%

= MPI_Init

« 5UF MPI {IRFE

WERNIRE.

int MPI Init(
int=* argc_p [F*= in/fout %/,
char##* argv_p /% infout */):
= MPI_Finalize

» 5F MPI ZAJEZ5Shk , FrLAR o ECzaiX 1

*EJ%E,JLJU-%':/)E

int MPI Finalize(void):

oK aEbA%
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F20

#include <mpi.h>
int main(int argc, chars argv[]) {

/# No MPI calls before this =/
MPI_Init(&argc, &argv);

MPI Finalize();
f# No MPI calls after this =/

return 0;

oK aEbA%
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x %N MPI_COMM_WORLD.

AR

TTTTTTTTTTTTTTTTTTTTTTTTTTTT

14



1B{S—+F ( Communicators )

int MPI Comm size(

MPI Comm cComm F= In %/,
int=* COMM_SZ_P l# out #/);
5T HIHFEEE
int MPI Comm rank(
MPI_ Comm comm f# In %/,
int=* my_rank_p = out */);
HFEg =

oK aEbA%

SOUTHWEST PETROLEUM UNIVERSITY
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n If-else

LS E

BATHIFER 2 SPMDHY.

AR RBGEEFHTED.
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{5

int MPI Send(

void# msg_buf_p f# 1In %/,
int msg_size f# 1n #/,
MPI_Datatype msg_type f% 1n %/,
int dest f# 1n =/,
int tag f# In #/,
MPI Comm communicator /% in #/):

AR
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S HY

MPI datatype C datatype
MPI_CHAR signed char
MPI_SHORT signed short int
MPI_INT signed int
MPI_LONG signed long int

MPI_LONG_LONG
MPI_UNSIGNED_CHAR
MPI_UNSIGNED_SHORT
MPI UNSIGNED
MPI_UNSIGNED_LONG
MPI_FLOAT
MPI_DOUBLE
MPI_LONG_DOUELE
MPI_BYTE
MPI_PACKED

signed long long int
unsigned char
unsigned short int
unsigned int
unsigned long int
float

double

long double

oK aEbA%
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18



(=

int MPI Recv(

void msg_buf_p /= out =/,
int buf size f# In %/
MPI_Datatype buf_type T Y
int source l In */,
int tag f# In %/
MPI Comm communicator J/x in %/,
MPI Statuss status_p f# out #/):

AR
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| iEHEPCEp

MPI_Send(send_buf_p., send_buf_sz, send_type, ._
1

: /

4 r
MPI_Send
sc=q @ &
MPI_Recv
dest =r
/
MPI_Recv(recv' buf p, recv_buf sz, recv_type, @._

._ &status); \
q

oK aEbA%
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status p &4

MPI_Recv(recv_buf_p, recv_buf_sz, recv_type, src, recv_tag,
recv_comm, &status):

%MPI_Status* %

MPI Status* status: MPI_SOURCE
MPI_TAG

MPI_ERROR

status.MPl_SOURCE
status.MPI_TAG

&'ﬁﬁi'ﬁf;'g’ 22
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| WEIT B VR ?

int MPI Get count(
MPI_Status=* status_p
MPI_Datatype type
int# count_p

e
"
/o

n
in
ot

/.
/.
#/ )1

AR
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» MPI_SendF5 47 8 HMPI SCIR AR TE.

=« MPI_Send B8 X K/, & LEFIFEZE
FEFRIAE.

= MPI_Recv $R22[HE , BRIIZILERYBER
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/n g

/
Area of one trapezoid = Ez[f(xg) + f(xiz1)]

xo=a,xy=a+h, x,=a+2h, ..., x, =a+(n—1)h, x,=b

Sum of trapezoid areas = h[f(xp)/2+ f(x1)+ f(x2) +-- -+ f(xp—1) + f(xn) /2]

oK aEbA%
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| ER{TIERFRIATES

/% Input: a, b, n %/
h = (b—a)/n;
approx = (f(a) + f(b))/2.0;
for (1 =1; 1 <= n=1; 1++) |
X_1 = a + ixh;
approx += f(x_1);

}

approx = hxapprox;

AR
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444 A FD

] Get a, b, n:

2 h = (b-a)/n;

3 local n = n/comm_Sz:

ul local_a = a + my_rankxlocal_nxh;

5 local b = local a + local nx*h;

6 local_integral = Trap(local_a, local_b, local_n,
7 if (my_rank != 0)

8 Send local_integral to process 0;

9 else /% my_rank == +/
10 total_integral = local_integral;
11 for (proc = 1: proc < comm_sz: proc++) {
12 Receive local_integral from proc:
13 total _integral += local_integral;
14 }
15 }
16 if (my_rank == 0)
17 print result;

h):

oK aEbA%
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Compute area
of trap 1

Compute area
oftrap 0

Add areas

Compute area
of trap n—1

oK aEbA%
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| s—1EE

oo ~1 On LA s D D =

O

11
12
13
14
15
16
17
18
19
20

int main(void) |{
int my_rank, comm_sz, n = 1024, local n;

double a = 0.0, b = 3.0, h., local a. local b:

double local int. total int:
int source:

MPI_ Init (NULL, NULL):
MPI_Comm_rank(MPI_COMM_WORLD, &my_rank):
MPI Comm_size(MPI COMM _WORLD, &comm sz );

h = (b—a)/n; /# h is the same for all processes
local n = n/comm_sz: /% So is the number of trapezoids
local_a = a + my_rankxlocal_nx*h;

local b = local a + local n#*h;:

local_int = Trap(local_a., local_b, local_n, h);

if (my_rank != 0) |

MPI Send(&local int, 1, MPI_DOUBLE, 0O,

MPI_COMM_WORLD);

0,

* ,-"
# ,-"

AR
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1 B—hREF (2)

21 b oelse |

22 total int = local int;

23 for (source = 1; source < comm_Sz; source++) {

24 MPI Recv(&local int, 1, MPI_DOUBLE, source, 0,
25 MPI COMM WORLD, MPI STATUS IGNORE):

26 total int += local int;

27 }

28 b

29

30 if (my_rank == 0) {

31 printf("With n = %d trapezoids, our estimate\n",
32 printf("of the integral from %f to %f = %.15e\n",
33 a, b, total int);

34 b

35 MPI Finalize():

36 return 0;

37 |} /+  main =/

n):

AR
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1 B=hREF (3)

Il |double Trap(

2 double left endpt /% In =/,

3 double right_endpt /% in =/,

4 int trap_count /% in /.

5 double base_len /¥ in /) |

6 double estimate. x:

7 int i:

8

9 estimate = (f(left_endpt) + f(right_endpt))/2.0;
10 for (i = 1: i <= trap_count—1: i++) {
11 X = left_endpt + ixbase_len;

12 estimate += f(x);

13 b

14 estimate = estimatesbase len;

15

16 return estimate:

17} /« Trap =/

AR
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/O

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

int main(void) |
int my_rank., comm_sz:

MPI Init (NULL, NULL);:
MPI Comm_size(MPI_COMM_WORLD, &comm_sz):
MPI_ Comm_rank(MPI_COMM_WORLD, &my_rank):

printf("Proc %d of %d > Does anyone have a toothpick?\n"
my_rank, comm_sz);

MPI Finalize():
return 0O;
b /% main %/

oK aEbA%
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Does
Does
Does
Does
Does
Does

anyone
anyone
anyone
anyone
anyone
anyone

have
have
have
have
have
have

o o o o W MW

toothpick?
toothpick?
toothpick?
toothpick?
toothpick?
toothpick?
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SN

» KL MPI SCI R BTF
MPI COMM WORLD 552 0 i5/9]
stdin.

s 05 HFE T THSEEEUE ( scanf ) FEK IR &

AN S -
gn,\ Yran ==

MPI_Comm_rank(MPI_COMM_WORLD, &my_rank):
MPI Comm size(MPI COMM WORLD, &comm sz );

Get_data(my_rank. comm_sz, &a, &b, &n):

h = (b—a)/n;:

@ % G DA% "
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void Get_input(
int my_rank
int Comm_SZ
double+ a p
double+ b p
int s n_p
int dest:

if (ny_rank == 0) {
printf("Enter a,

mABIEREL

« in %/,
in w/
out */ .,
out =*/
out */) {

k¥

k¥

NN N N N

kT3

b, and n\n");

scanf("%1f %$1f %d"., a_p. b_p. n_p):
for (dest = 1; dest < comm_sz; dest++) {

MPI_Send(a_p.
MPI_Send(b_p,
MPI_Send(n_p,

}
} else { /« my_rank
MPI_Recv(a_p., 1,

MPI_ STATUS

MPI_Recv(b_p, 1,

1, MPI_DOUBLE, dest, 0, MPI_COMM_WORLD);
1, MPI_DOUBLE, dest, 0, MPI_COMM_WORLD):

1, MPI_INT, dest, 0, MPI_COMM _WORLD):

I= 0 =/
MPI DOUBLE, O, O, MPI_COMM WORLD,
IGNORE ):
MPI DOUBLE, O, O, MPI_COMM WORLD,

MPI_ STATUS_IGNORE);

MPI_Recv(n_p, 1,

MPI_INT, O, O, MPI_COMM _WORLD,

MPI_ STATUS_IGNORE);

1
I /= Get_input =/

oK aEbA%
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n B—EX:

() HFELRIXLR0 , 3/KIXLG2 , SRIXLG4A |, TRIXLSG.
(b) HFE 0. 2. 4 #0 6 F=RWRIRNEMRINRIESE L.

» BER:
(2) HFE 2 #1 6 D EBEENIRIFERELSHFE 0 F0 4.
(b) B2 0 #0 4 B EHENZI e FE L.
» B=PER:
(a) HE 4 BEENBEREEIHE O.
(b) HFE 0 BERIEINENZ esFIEL.

oK aEbA%

TTTTTTTTTTTTTTTTTTTTTTTTTTTT

41



| BIEHEE RS

Processes
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Processes
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MPI| Reduce

int MPI Reduce(
void input_data_p
void = output_data_p
int count
MPI_Datatype datatype
MPI Op operator
int dest_process
MPI Comm comm

= In  */,
[+ out =*/,
J= In =/,
S+ In +/
S+ In +/
l= In =/,
l= In  */);

MPI Reduce(&local int, &total int,
MPI COMM WORLD):

1,

MPI_DCUBLE., MPI_sSUM, O,

double local x[N]. sum|N];

MPI_COMM_WORLD ):

MPI Reduce(local x., sum, N, MPI DOUBLE, MPI_SUM, 0,

oK aEbA%

SOUTHWEST PETROLEUM UNIVERSITY

44




MP| HRfRTE B IEERT

Operation Value | 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

oK aEbA%
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SERZEY.

B0, — P ERHER— sz = HY
MPI_ Reduceil@FE '373— HIZBYMPI_Recvi
;TE IUhe |, IERsHE | WIS HIEREE,
BRI
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1 ESEESRNRERE

B MMHE(ESEE MPI E£E5BENSEW R

i =S

. qu YNER— N %:—J OfE/9dest_processHI{E

£ %f BRE , B—MHEEZEERNE 1 ,

I\/IPI _Reducelf = £ WEREREIREY |, B
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1 ESEESRNRERE

s output_data_p =&{HFAHfEdest process_L.
HE , FiMBHRHEDATZTEEN TS

output_data_pXJMWAISLS , BIEBERE
NULL.

AR
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JFREEAIE
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a0 (1)
STMPI_Reduce1 Z /M FE

Time || Process Process 1 Process 2
0 a=1; ¢c =2 a=1; c=2 a=1; c=2
| MPI Reduce(&a, &b, ...) | MPI_Reduce(&c, &d, ...) | MPI_Reduce(&a, &b, ...)
2 MPI Reduce(&c, &d, ...) | MPI_Reduce(&a, &b, ...) | MPI_Reduce(&c, &d, ...)

s RIS A FIMPI Reduce B izE

FEAZMPI_SUM, BirmHIE N0 5 R,

» 'E—& , EFRXAEARMPI ReduceZfg , b
BEH3 , dBYE .
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« B2,

Bl (2)

AFETTHRFSMPI_Reducefys
JILELTSK.

n RREQE

7(_ fERs

EI’JJ"Jf?/?%A

BEBRE1+2+1= 4 , d PFENEE

& 2+1+2 =5,

J

OF

1

ILECEG , FrlAbe
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MPI Allreduce

» EFTEREAEEERRNGER, LISk
—LEEXTERER MEEH.

int MPI Allreduce(

void = input_data_p / in #x/,
void = output_data p /% out =/,
int count F in x/,
MPI Datatype datatype l+ In =/,
MPI_Op operator l¥ In =/,
MPI Comm comm v 0In #/);

@ % G DA% 2
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MPI| Allreduce

=R G RIT KA

I

@\@ @\@
2% 0% 0% 0%
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AT

s BT TEHERISE R R R B SRR

. \
BiHiE.
int MPI Bcast(

void = data_p / in/out */.
int count /+ in #/
MPI Datatype datatype /% In */
int source_proc /+ 0N #/
MPI Comm C omm /4 IR /)

@ % G DA% %
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Processes
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void Get_input(

int my_rank /=
int comm_sz /+#
double+ a p /
double+ b p /
int: n_p /

if (my_rank ==

0) {

printf("Enter a, b,
scanf("%1f %1f %d",

j

MPI_Bcast(a_p.,
MPI_Bcast(b_p.
MPI_Bcast(n_p,
V' /+ Get_input =/

1,
1.
1.

in
in
out
out
out

d_Pp .

{8 MPI Bcast BY Get_inputhR4s

x/
*/
*/
w7/,
x/) |

and n\n");
b_p, n_p):

MPT_DOUBLE, 0, MPI_COMM _WORLD):
MPI DOUBLE, 0, MPI COMM WORLD):
MPI_INT,

0, MPI_COMM WORLD):

oK aEbA%
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| SRR %

M =3KF
X+yV = (x0,x1,....%0—1)+ VO, V1,.ou s Vi
= (x0+Y0:X1 + V1 sXn—1+Vn-1)

— (Eﬂjzlj.--qiﬂ—l)
= Z

[ KFIAYRITEIN

void Vector sum(double x[]. double y[]. double z|[],
int 1i:
for (i = 0; 1 < n: i++)
z[i] = x[i] + ylil:

t /= Vector_sum =/

int n) |

AR
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 FEE R ED ERTARRIR D BLEE AR
o BEARKD

LRSIV VD Bo R E 72 2T RHIER.
o R-EIARKID

o (R MEINK D R EE7D ERTREIER.
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| STiHIEX12 S ERNRSRNARYIS

Components
Block-cyclic
Process Block Cyclic Blocksize =2
0 0 213 (10(3]6]9 |0]1] 6|7
I 41516 | 71471102389
2 S191107 1T (4215|811 }{|4|5[10]11

oK aEbA%
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void Parallel vector_ sum(

double local x[] /= in %/,
double local y[] /= in =/,
double local z|] /+ out =*/.
int local n /¥ in x/) |
int local 1i:
for (local i = 0; local i < local n; local i++)

local z[local i] =
} /= Parallel_vector_sum

local x|local i] + local y|[local i];
x/

oK aEbA%
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g8 ( Scatter )

= MPI_Scattera] ILAE— MR EH A, %5
OSBRI E, (H K EKE
B EERN LI,

int MPI Scatter(

void send_buf p /% in x/,
int send count /x in %/,
MPI_Datatype send_type [ 0in o/,
void = recv_buf p /% out =*/,
int recv_count /% in %/,
MPI_Datatype recv_type [+ In %/,
int src_proc S+ 0in xS/,
MPI Comm comm /% In */ )

AR
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void Read vector(

double local _al] /#
int local n /¥
int n /#
char vec_name|[] /*
int my_rank /
MPI Comm comm /o

double+ 2z = NULL:
int i:

if (my_rank == 0) {

a = malloc(n=sizeof (double));

out
in
in
in
in
in

%/,
*/
T
#/

w/

/) {

printf("Enter the vector %s\n",

for (1 = 0: 1 < n: 1++)

scanf("$1f", &al[i]);

MPI Scatter(a, local n,
0, comm);

free(a);
I else |
MPI Scatter(a. local n,
0, comm);

}

' /« Read_vector =/

MPI_DOUBLE ,

MPI DOQUBLE ,

| ENHD RFSHIERES

vec_name ).

local a.,

local a,

local n.

local n,

MPI_DOUBLE,

MPI DOUBLE ,

oK aEbA%
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| & (Gather)

» FRENME D EREED

f20E , &

ot LMERF AR S =

int MPI Gather(

void + send_buf_p
int send count
MPI_Datatype send_type

void # recv_buf_p
int recv_count
MPI Datatype recv_type

int dest_proc

MPI Comm comm

SN N NN N

£ IN
£ IN
£ 0N
 OULt
£ 1IN
% 1N
£ I[N
£ 0N

*/
*/
*/
w/
+/
w/
*/

/)
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void Print vector(

double local b[]
int local n
int n

char title|]
int my_rank

MPI Comm comm

doubles+ b = NULL:
int i:

| FIEND TRl =RIBAEN (1)

NN NN N Y

in
In
in
In
in
in

w/
x/
#/
x/
w7/,
#/) |

oK aEbA%
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| ¥IEpRHhEERIEL (2)

if (ny_rank = 0) {
b = malloc(n=sizeof(double)):
MPI Gather(local b, local n, MPI DOUBLE, b, local n.
0, comm);
printf("%s\n", title);
for (1 = 0: 1 < n: 1++)
printf("%f ", blil]);
printf("\n");
free(b):
b else |
MPI_Gather(local_b, local_n., MPI_DOUBLE., b, local_n.

0, comm);

}

} /%= Print_vector =/

MPI_DOUBLE ,

MPI_DOUBLE ,

oK aEbA%
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» IBHE , recv_countisE N

int MPI Allgather(
void +
int
MPI Datatype
void
int
MPI_Datatype
MPI Comm

£ (Allgather))

HFEAIsend_buf_pAIRZSERELEESE
FHERrecv_buf p=#EI.

send_buf_p
send count
send_type

recv_buf_p
recv_count
recv_type

comm

SN NN NN

ERIESIEE

£ 0N %/,
1IN w/
£ In x/,
o out x/ .
 In #/
¥ In x/,
£ N */);

oK aEbA%
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| sEpmERs

A = (ajj) 1s an m x n matrix

. X is a vector with n components

/

y =AX 1s a vector with m components

.
Vi = djpX0 T dj1X] T dpX T djp—1Xp—|
N\ !
y 15T I~ aE A FT 175 X BT R
ano apr |+ | don—1 Y0
ayo ayy || dipt x0 | Vi
. X1 '
dio daip || dip—1 C | yi=aipXo+ainxi + - dip—1Xn—1
Xn—1 |
Um—1.0 | dm—1.1 | " | dm—1n—1 Vm—1
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BB TRLA

/+ For each row of A «/ ’%77/]:‘/77/tﬁ§
for (i = 0; i < m; i++) {
/+* Form dot product of ith row with x =/
vii] = 0.0;:

for (7 = 0: 5 < n: J++)
yli] += A[1][j]*x[]]:

|

CZ{HEY
01 2 3 -
45 6 7 FEEHRT
8 0 10 11

01234567891011

@ % G DA% "
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| ERTTABPFRSIRE

void Mat wvect mult(

double 2] /¢ in +/.
double x|]| /¢« in +/.
double vy[] /+ out =/,
int m Je 0in  #/
int n /= in *x/) |

int i, 7:

for (i = 0; 1 < m; i++) {
y[i] = 0.0;
for (7 = 0; 7 < n: j++)

y[i] += Ali*n+jl=*x[7F]:

)

I /+ Mat_vect_mult =/

oK aEbA%
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|_MPIZER%-[m) S5 A AN

void Mat vect mult(

double local A[] /= in =*/,
double local x[] /= in =*/,
double local y[] 7/« out =+/.
int local m /% in /.
int n [+ in =/,
int local n /= in %/,
MPI Comm comm [ in x/) |

double+ x:

int local_ i, 3:

int local ok = 1;

¥ = malloc(n+sizeof (double)):

MPI Allgather(local x, local n., MPI_ DOUBLE,
X, local n, MPI DOUBLE., comm);

for (local_i = 0; local_i < local_m: local_i++) {
local_y[local_i] = 0.0;
for (j = 0: 3 < n: j++)
local_y|llocal_i] += local_ Allocal_i#n+jl*x[3j]:
h
free(x);
} /= Mat_vect_mult =/

oK aEbA%
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| iR

-LLT%WEWW
e, IREEIESS

HIf REa.

HOREITEE

N RElEE\Ij:E /TEE /

SHIER

AN

 SSLUE , HED

EID'jHRE

SRR
AN AVA=]

B0 & B Cl HERNFS

UNRAEE

UAZ/ \'f“

, B LAERIEZRITEA

S

BHYRRER] LATEZY

BT AZRRP

NFRRYERS
JFHEGEIN

EHIREIERX

B

HY ]

- Tif
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| msiRes

» AL, H—RIIEAMPIEIEREIARS
NIRRT AER

» EEEFAR D ERYGIF
Vanable | Address
a 24
b 40
n 48

{(MPI_DOUBLE,Q),(MPI_DOUBLE, 16), (MPI_INT,24)!}

oK aEbA% )
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| _MP| SHiESBIRIIS

» IEHEEAREARSSERIENTTERANAY

J

IREZFESRE

:I

int MPI_Type_ create_struct(

int

int

MPI_ Aint

MPI Datatype
MPI_Datatype=#*

count
array_of_blocklengths]|]
array_of displacements]|]
array_of_types]|]
new_type_p

/
/o
/o
S #
/o

N
1N
1N
in
out

/.
w/
w/

*/
+/

).

AR
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O ﬂi

MPI| Get address

location_p FrigRRINTFE

=
-
AL

int

FREEEL MPI_Aint SESEEKAY |

A\ ETRR G

MEPI Get address|
void location_p /=
MPI_Aints* address_p /

ESHG{XJ

S TCEVHEE.

=

11 x/ .
out #*=/):

>Z

o D fa b
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MPl _Type commit

- ﬁ‘, - I\/IPI S EIE (S RENAERIX—20E
2, B T QiE’kﬂUE/Jj\]nBi%T

int MPI Type commit(MPI Datatype#* new mpi t p /% in/out */):

oK aEbA%
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MPI| Type free

o S EARFTHETESRENRT , AJLAREIZE
IE R RS MYFEZS A,

int MPI Type free(MPI Datatypex old mpi t p /% in/out =/);

7S
XHE
NS

oK aEbA%
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void Build_mpi_type(

double = a_p /o 0in %/,
double = b_p /x 0in %/,
int s n_p /o 0in =/,
MPI_Datatypex input_mpi_t_p /% out =/) {
int array_of_blocklengths|[3] = {1, 1, 1}:
MPI_Datatype array_of_types[3] = {MPI_DOUBLE, MPI_DOUBLE, MPI_INT};
MPI_Aint a_addr, b_addr, n_addr:
MPI_Aint array_of_displacements|[3] = {0}:

| EERESIERRRIUANES (1)

oK aEbA%
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| EERESIERRRIUANES )

MPI Get address(a_p, &a_addr):
MPI Get address(b_p., &b_addr):
MPI Get address(n_p., &n_addr):
array_of displacements|[]l] = b_addr—a_addr:
array_of displacements|[2] = n_addr—a_addr;:

MPI Type create struct(3, array_of blocklengths,

array_of _displacements., array_of types.,
input_mpi_t_p):

MPI _Type_ commit(input_mpi t_p);

/+ Build_mpi_type =/

oK aEbA%
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| EERESIERRRIUANES ()

void Get input(int my rank, int comm sz. doublex z2 p., doubles b p.
int+ n_p) {
MPI_Datatype input_mpi_t;

Build mpi_type(a_p. b_p. n_p. &input mpi t):

if (my_rank == 0) {
printf("Enter a, b, and n\n");
scanf("%1f %1f %d", a_p. b_p, n_p):

j

MPI_ Bcast(a_p, 1, input _mpi t, O, MPI_COMM_WORLD);

MPI_Type_free(&input_mpi_t):
} /= Get_input */

&féﬂﬁ}b};'g’ 81
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| CRHTHE
- REITE— B ALSREITRIR S

double MPI Wtime(void):

double start. finish:

start = MPI Wtime ();:
/+ Code to be timed +/

finish = MPI Wtime ();
printf("Proc %d > Elapsed time = %e seconds\n"
my_rank, finish—start);

@ % G DA% =

SOUTHWEST PETROLEUM UNIVERSITY



O ﬂiﬁn

| CHRTHIE
- TEFERT |, RS

oE

Bfy),

#include

EEAETE)

double now:

GET_TIME(now),

|—\

ALY

"timer.h"

FhEz MPI £,
0 ARV E] ( LAGERD /9

AR
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|| SH&E{TAE

#include "timer.h"
double start. finish:

GET TIME(start):
/+ Code to be timed +/

GET _TIME(finish);
printf("Elapsed time =

e seconds\n",

finish—start);

oK aEbA%
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MPI| Barrier

« FRRE—BEFPIFrEEE  ERAEL
Bl , RBEHEREERNR(E,
int MPI Barrier(MPI Comm comm Jx in #/):

Q

s’
=

AV ELEX a6
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MPI| Barrier

double local_start, local_finish, local_elapsed, elapsed;

MPI Barrier(comm);
local start = MPI Wtime ();
/+ Code to be timed +/

local finish = MPI Wtime ();

local_elapsed = local finish — local_ start;

MPI_Reduce(&lcocal_elapsed, &elapsed., 1, MPI_DOUBLE,
MPI_MAX, (0, comm);

if (my_rank == 0)
printf("Elapsed time = %e seconds\n"., elapsed);

@ % G DA% a7
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Order of Matrix
comm_sz || 1024 | 2048 | 4096 | 8192 | 16.384
] 41| 160 640 | 270 1100
2 2.3 8.5 33.0| 140 560
4 2.0 5.1 | 18.0 70 280
8 [.7 3.3 0.8 36 140
16 [.7 2.6 5.9 19 71
(#)

| RITHIHITER M ERERISITRIE]

oK aEbA%
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ik LR

Tonoq(m
S(n? F’) _ E:.EI'IH]( )
Tparal]el(”v p)
E[:H?p) _ S(H! ﬁ}) o TSET‘]H] [:H}

B P X Tparallel(”n”)
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| 7B R E AR NNIE

Order of Matrix
comm_sz || 1024 | 2048 | 4096 | 8192 | 16,384
1 1.0 [.0 1.0 1.0 1.0
2 [.8 [.9 1.9 1.9 2.0
4 2. 3.1 3.6 3.9 3.9
8 2.4 4.8 6.5 7.5 7.9
16 2.4 6.2 | 108 | 14.2 15.5

oK aEbA%
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| FHTIER R BT AR A

Order of Matrix
comm_sz || 1024 | 2048 | 4096 | 8192 | 16,384
1 .00 | 1.00 | 1.00 | 1.00 .00
2 0.89 | 094 | 0.97 | 0.96 0.98
4 0.51 | 078 | 0.89 | 0.96 .98
8 0.30 | 0.61 | 0.82 | 0.94 .98
16 0.15] 039 | 0.68 | 0.89 0.97

oK aEbA%
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| Bl REIE

o YNRAJRRAAIARAT LALA—ERNERELEN |, B

LREFEAY BR , X
B LK

SNERVIENNMD

SUERARIEEHIE

AR
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| Ii RIE

s A LAEAIENNRIARAYE S MR EER
RHEFERNBIANESREAIATY EIE.

x YR AR S HESEERNEREISIK
#_ﬂr«l{%* [BEERRAIFE B RTHFR /955
oJ3 =%

oK aEbA%
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| HiFF

» N PEHMEFD p = comm_sz NMHEE,

IS HFEDTES n/p NME(E.

= 50“4 ﬂﬂlyﬂﬁ%i_ \Eﬂ APEHIEIR B RE.

"7 \@B /|\UF1EI’\J%@1E}§25§ (a0 ) 2618

lEHERE.
= NRO0=<qg<r<p,

B EMEMZ/N-
BEE.

ABA D ECZEHAZ o HY
e

—]
B

L EF T ECLEHAR r BY

oK aEbA%
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BT EEHEE

void Bubble sort(
int za[|] /« in/out =/,
int n /% In /) 1
int list_length, i, temp;

for (list_length = n; list_length >= 2; list length——)
for (1 = 0: i < list _length—1: i++)
if (a[i] > ali+1]) {

temp = alil]; 220" o >
ali] = ali+1]: S@ede ¢ @
ali+l] = temp: rhg?f;ki) |
j Ti@e@ e @
A :T W) @.@
' /+ Bubble_sort =/ N O () -
& L‘)

oK aEbA%
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» —HFIMER.

= (BENER | KRB

| HITEHEIRHE

Ha:

(a[0], a[1]), (a[2],a[3]), (a[4],a[5))....

» FEER | LU

A

(a[1],a[2]),(a[3],al4]), (a]3], al6])

.....

AR
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1 BlF
m ;Zf:? 59,4, 3
o (BEPNER © EUERASHE (5,9) #0 (4,3) 182151

%59 3,4

n SRR @ PUIRACHR (9,3) 1BRIFIZR 5, 3, 9,
A

o (BEPNER : LaRASHR (5,3) 0 (9,4) 1525
%3,54,9

n SFEER © PUARACIR (5.4) 1BRIFIZR 3, 4, 5,
9

oK aEbA%
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| ER{TEHA3IRHERF

void 0dd even sort(
int a|] /+ in/out =/,

int n /% in /) |
int phase, i, temp:

for (phase = 0: phase < n: phase++)
if (phase % 2 == 0) { /+« Even phase +/

for (i = 1; 1 < n:; 1 += 2)
if (ali—1] > ali]) {
temp = al[il]:
ali] = al[i—1];
ali—1] = temp:
}
} else { /« Odd phase =/
for (1 = 1; 1 < n—1; 1 += 2)
if (ali] > ali+1]) {
temp = al[il:
ali] = ali+1]:
ali+l] = temp:
}

}
} /« Odd_even_sort =/

oK aEbA%
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| EHEHEFESS

[BEE(S

!

ali-11[S

ali-1]

]

e alil #IEZ/H ali] #rid .

V

ali]

\s

alil]

V

!

ali+1]

<——

!

N

ali+1]

phase J

phase j+1

oK aEbA%
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| HTEHEIRHERR

Process
Time 0 | 2 3
Start 15. 11,9, 16 3,14, 8,7 4.6,12.10 5.2.13. 1
After Local Sort || 9. 11, 15, 16 3,7.8, 14 4.6,10, 12 [.2.5.13
After Phase 0 3.7.8.9 1. 14, 15,16 1,2.4,5 6, 10,12, 13
After Phase 1 3.7.8.9 1.2.4.5 [1. 14, 15,16 | 6.10,12, 13
After Phase 2 1.2.3.4 5.7.8.9 6,10, 11,12 | 13,14, 15. 16
After Phase 3 [.2.3.4 3.6.7.8 0,10, 11,12 | 13,14, 15. 16
& f%) [’ 7"*’ ]; & 101
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Sort local keys;
for (phase = 0; phase < comm_sz:; phase++) |
partner = Compute_partner(phase. my_rank):
if (I'm not idle) {
Send my keys to partner;
Recelive keys from partner;
if (my_rank < partner)
Keep smaller keys;
else
Keep larger keys;

&91%3/5.%b)*.é% 102
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Compute partner

if (phase % 2 == 0) /+ Even phase
if (my_rank % 2 '= 0) /+ Odd rank
partner = my_rank — 1;
else /+ Even rank
partner = my_rank + 1;
else /¥ Odd phase =/
if (my _rank % 2 !'= 0) /+ Odd rank
partner = my_rank + 1;
else /+ Even rank
partner = my_rank — 1;
if (partner == —1 || partner == comm_sz)

partner = MPI PROC_NULL:

AR

SOUTHWEST PETROLEUM UNIVERSITY
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1 MPI EFRNESE
» MPI #RESRIF MPI Send AT RIS

LS
« BEMISEEESE MPI % 818 H X iR
A

s BEE BRI N FIMPIRecv H LR #FFH 2 .

AV ELEX 104
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MP| IZEFERIZ 2
 TFEZMPI REORE 71 RFENE H)RERE
ZEAVERE.

s FEXTR/NYIBRNGH MPI_Send 241,
s RRHER | BFEEEHH %,

f;?f%)[’?"b/;'gl 105
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| _MP| EZEFHNZEEE

s YR NHEEZEAMPI_Send |, 1;

R LAFEHITXIMPI_Recv BYEFE

JEHERC L FLEA.

(171 CH)

N

E |

, F2%

» BPHEEEIEZE | S TR AR KE

oK aEbA%
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AN A

n IXFEH %a??:“tf_ﬁ*mﬁ%u)\é
FiaiT B A4S

(B4 Al e

It

MP| iR 2%

AT MPISE L 2 A L] S

/lllll'

SIS /\ic

EFP AN E

ij%%

AR
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MPIl Ssend

s MP /J\/ F _ME/J MPI Send E/J%F'ftfj_yk

= FSMIY " UEREIZFE MPI_Ssend {RilE 1
BRI RO UR R, R I8 im— ELPH 2E.

int MPI Ssend(

void « msg_buf_p /% In #/,
int msg_size /% In #/,
MPI Datatype msg type [+ 0In #/,
int dest /= in */,
int tag [+ 0In #/,
MPI Comm communicator /= in #/);
A
ﬁ? l%)[’ }-b 7‘% fg’

108
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1B{5

MPI_Send(msg, size. MPI_INT, (my_rank+1) % comm_sz. 0, comm);
MPI_Recv(new_msg. size. MPI_INT, (my_rank+comm_sz—1) % comm_sz .
0, comm, MPI STATUS_ IGNORE.

if (my_rank % 2 == 0) {
MPI_Send(msg, size, MPI_INT., (my_rank+1) % comm_sz, 0, comm);

MPI_Recv(new_msg, size, MPI_INT, (my_rank+comm_sz—1) % comm_sz,

0, comm, MPI_STATUS IGNORE.
} else |

MPI_Recv(new_msg, size, MPI_INT., (my_rank+comm_sz—1) % comm_sz,

0, comm, MPI STATUS IGNORE.
MPI_Send(msg, size, MPI_INT, (my_rank+1) % comm_ sz, 0, comm);

oK aEbA%
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= MP
. 7EE

13 it

7 4
1

MPI| Sendrecv

L

ﬂAy+

- o]est #0 source AJLAME[E

| Yo

.

HFE

o

-

FEIBAS I T,

|2 fbAE, MPISEHEL T 381514

E/ZEE 13 %

B LAARE

AR TR ZE AIEFIFRIL

n‘

g’ *EF_Z_

oK aEbA%
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int MPI Sendrecv(
void
int
MPI_Datatype
int
int
void +
int
MPI_Datatype
int
int
MPI Comm
MPI Statuss

MPI| Sendrecv

send_buf p
send buf size
send_buf_ type
dest

send_tag

recv_buf p
recv_pbuf size
recv_buf_ type
source
recv_tag
communicator
status_p

/
/
/
/
/

/
/
/
/
/
/
/

in
in
in
in
in
out
in
in
in
in
in
in

£/,
#/ .
#/ .
£/,
#/ .

#/
/.
/.
#/ .
£/,
£/,
/)]

AR
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L AP EEZENZESIEE

Time 0 Time 1
© O
(2)
Time 2

f;fﬁ)[’}#’f;'g’ 112
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;

| HITE{EEEHF

void Merge_low(

int my_keys]]. /+ in/out s/
int recv_keys]|], /+ In s/
int temp_keys|], /% scratch s/
int local n /¥ = n/p, in /) |

int m_ i, r i, t_1i;

mi=ri==tl1i-= 0;
while (t_i < local_n) {
if (ny_keys[m_1i] <= recv_keys[r_i]) {

temp_keys|[t_i] = my_keys[m_1i];:
Tt 144, m_1++;
I else {
temp_keys|[t_i] = recv_keys|[r_i]:
t 144 r 1+4+;
}
1
for (m_ 1 = 0; m i < local n: m_i++)
my_keys|m_i] = temp_keys|[m_1i]:

/= Merge_low =/

oK aEbA%
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| TS EHEFRNSTRIE]

Number of Keys (in thousands)

Processes || 200 | 400 | 800 | 1600 | 3200
I 88 | 190 | 390 | 830 | 1800

2 43 | 91 | 190 | 410 | 860

4 22 | 46 | 96 | 200 | 430

8 12 | 24 | 51 110 | 220

16 75| 14 | 29 60 130

(times are in milliseconds)

oK aEbA%
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IheE (1

= MPI BEEEER

gy Fortran F2/1g

O 1_1;?7\571«1@

57

HTIERR®

>7’:T/

A.

=]

Zil_l
JERERFE

= LAY

T—TALINC, C++
JHIRRENZ.

| RHHIEHIERS.

&4

27 (SPMD
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IheE (2

» NS ERITIER2MEMRY - WNERFAIERE
@EmAkiﬁ@HMEJ | B 1E5kEH
|_..| .JL:II

» FHTIER L.%/i\,\% TFIE.
» EEEETNESR TPHRMEHE.

@ % G DA% 116

TTTTTTTTTTTTTTTTTTTTTTTTTTTT



1h2E(3

SFATAFTIEITRIAT | Bl lEENEd
BORTEIEL ‘wall clock time” 4.

. 7J|:| IRLL 2RI TIE{TRY B SF 1 TE T RIAYLL

X‘I* _|_

ENMELCFRLAFF TIHIZEL.

f;?f%)[’}'bf;'ga 117

TTTTTTTTTTTTTTTTTTTTTTTTTTTT



IhNEE(4

m QD% MPI 5F£F_EI’JJ_

MPI Send |

-

Faf<Eh.

-1 "

, ABAS

iy

o WIRALUBDIRAA/N (n) E1S8EFEAZRE

E p E’Ji“bﬂﬁ'ﬁB‘% : FTHEFARER /Y

iR T /IBR T
YA

1Z MPI 12

oK aEbA%

TTTTTTTTTTTTTTTTTTTTTTTTTTTT

118



1

._’_A

15

| EIEEM (RERE3.2)

AT AR T KRR BJEM%&T%K%

—
R —
~ —

- 1

o REIRIIAR N29e R, DR I 9.
EJ7 AR L T — AN 3R
SN TP R IR KR RS T S Y
ﬁj\%i’i’]/\?ﬁﬁﬁ (PRt IR TR X

I Ul R DX A P R R N 12 K S

I SiW

L—l

. C

H|

A

N I SCIRREL | 4wl S =T1/4

@ % G DA% 119

TTTTTTTTTTTTTTTTTTTTTTTTTTTT



| e

FATAT DU FH XA 2 2UBC & AL A plids oK

number _in_circle = 0;

for(toss = 0; toss < number_of tosses; toss++){
X = random double between - 1 and 1;
y = random double between - 1 and 1;
distance _squared=x*x +y?*vy;
If(distance_squared <= 1) number_in_circle++;

}

pi_estimate = 4 * number_in_circle / ((double) number_of tosses);
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int main(void) { # ifdef DEBUG
long long int number_of_tosses; printf("Proc %d > number of tosses = %lld, local
|ong |ong int local number of tosses; number = %”d\n", my_l‘ank, number_Of_tosseS,
long long int number_in_circle; local_number_of_tosses),
# endif

long long int local_number_in_circle; o
local_number_in_circle =

: . Monte_carlo(local_number_of tosses, my_rank);
double pi_estimate;

int my_rank, comm_sz;

MPI_Reduce(&local_number_in_circle,
MPI1_Comm comm;

&number_in_circle, 1, MPI_LONG_LONG, MPI_SUM, 0,

comm);
MPI1_Init(NULL, NULL);
comm = MPI_COMM_WORLD; if (my_rank == 0 {
MPI_Comm_size(comm, &comm_sz); pi_estimate =
MPI1_Comm_rank(comm, &my_rank); 4*number_in_circle/((double)number_of tosses);
printf("pi estimate = %f\n", pi_estimate);
Get_input(&number_of_tosses, my_rank, comm); }
local_number_of tosses = umber_of tosses/comm_sz;
MPI_Finalize();
return O;
} /* main */
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void Get_input(
long long int* number_of tosses /* out */,
int my_rank [*in */,
MPI_Comm comm [*in *){

if (my_rank==0) {
printf("Enter the total number of tosses\n");
scanf("%lld", number_of tosses);

}

MPI1_Bcast(number_of_tosses, 1, MPI_LONG_LONG,
0, comm);

} * Get_input */

long long int Monte_carlo(long long
local_number_of tosses, int my_rank) {

long long int i;

double x,y;

double distance_squared;

long long int number_in_circle = 0;

srandom(my_rank+1);
for (=0 ; i< local_number_of tosses ; i++) {
x = 2*random()/((double)RAND_MAX) - 1.0;
y = 2*random()/((double)RAND_MAX) - 1.0;
distance_squared = x*X + y*y;
# ifdef DEBUG
printf("Proc %d > x = %f, y = %f, dist squared =
%f\n", my_rank, X, y, distance_squared);
# endif
if (distance_squared <= 1) {
number_in_circle++;
}
}

return number_in_circle;
} /* Monte_carlo */
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const int MAX_CONTRIB = 20;
int main(void) {
inti, sum, my_int;
int my_rank, comm_sz;
MPI_Comm comm;
int* all_ints = NULL;

MPI_Init(NULL, NULL);

comm = MPI_COMM_WORLD;
MPI1_Comm_size(comm, &comm_Sz);
MPI_Comm_rank(comm, &my_rank);

srandom(my_rank + 1);
my_int = random() % MAX_CONTRIB;

sum = Global_sum(my_int, my_rank, comm_sz,
comm);

if (my_rank ==0) {
all_ints = malloc(comm_sz*sizeof(int));
MPI_Gather(&my int, 1, MPI_INT, all_ints, 1,
MPI_INT, O, comm));

printf("Ints being summed:\n ");
for (i=0; i <comm_sz; i++)
printf("%d ", all_intsJi]);
printf("*\n");
printf("Sum = %d\n",sum);
free(all_ints);
}else {
MPI_Gather(&my_int, 1, MPI_INT, all_ints, 1,
MPI_INT, O, comm);
}

MPI_Finalize();
return O;
} /* main */
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int Global_sum(
intmy_int  /*in*/,
intmy_rank /*in */,
intcomm_sz /*in */,
MPI_Comm comm /* in */) {

int partner, recvtemp;
int my_sum = my_int;
unsigned bitmask = 1,

while (bitmask < comm_sz) {
partner = my_rank ~ bitmask;

if (my_rank < partner) {

MPI_Recv(&recvtemp, 1, MPI_INT, partner, O,
comm, MPI_STATUS_IGNORE);

my_sum += recvtemp;
bitmask <<= 1;
}else{

MPI_Send(&my_sum, 1, MPL_INT, partner, O,
comm);

break;

}
} /* while */

return my_sum;
} /* Global_sum */
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