
In
tr

od
uc

tio
n 

to
 P

ro
gr

am
m

in
g 

by
 M

PI
 fo

r P
ar

al
le

l F
EM

R
ep

or
t S

1 
&

 S
2

in
 C

K
en

go
 N

ak
aj

im
a

P
ro

gr
am

m
in

g 
fo

r P
ar

al
le

l C
om

pu
tin

g 
(6

16
-2

05
7)

 
S

em
in

ar
 o

n 
A

dv
an

ce
d 

C
om

pu
tin

g 
(6

16
-4

00
9)



11

M
ot

iv
at

io
n 

fo
r P

ar
al

le
l C

om
pu

tin
g

(a
nd

 th
is

 c
la

ss
)

•
La

rg
e-

sc
al

e 
pa

ra
lle

l c
om

pu
te

r e
na

bl
es

 fa
st

 c
om

pu
tin

g 
in

 la
rg

e-
sc

al
e 

sc
ie

nt
ifi

c 
si

m
ul

at
io

ns
 w

ith
 d

et
ai

le
d 

m
od

el
s.

 
C

om
pu

ta
tio

na
l s

ci
en

ce
 d

ev
el

op
s 

ne
w

 fr
on

tie
rs

 o
f 

sc
ie

nc
e 

an
d 

en
gi

ne
er

in
g.

•
W

hy
 p

ar
al

le
l c

om
pu

tin
g 

?
–

fa
st

er
 &

 la
rg

er
–

“la
rg

er
” i

s 
m

or
e 

im
po

rta
nt

 fr
om

 th
e 

vi
ew

 p
oi

nt
 o

f “
ne

w
 fr

on
tie

rs
 

of
 s

ci
en

ce
 &

 e
ng

in
ee

rin
g”

, b
ut

 “f
as

te
r”

 is
 a

ls
o 

im
po

rta
nt

.
–

+ 
m

or
e 

co
m

pl
ic

at
ed

–
Id

ea
l: 

S
ca

la
bl

e
•

S
ol

vi
ng

 N
x

sc
al

e 
pr

ob
le

m
 u

si
ng

 N
x

co
m

pu
ta

tio
na

l r
es

ou
rc

es
 d

ur
in

g 
sa

m
e 

co
m

pu
ta

tio
n 

tim
e.

M
P

I P
ro

gr
am

m
in

g



22

O
ve

rv
ie

w

•
W

ha
t i

s 
M

P
I ?

•
Y

ou
r F

irs
t M

P
I P

ro
gr

am
: H

el
lo

 W
or

ld

•
G

lo
ba

l/L
oc

al
 D

at
a

•
C

ol
le

ct
iv

e 
C

om
m

un
ic

at
io

n
•

P
ee

r-t
o-

P
ee

r C
om

m
un

ic
at

io
n

M
P

I P
ro

gr
am

m
in

g



33

W
ha

t i
s 

M
PI

 ?
 (1

/2
)

•
M

es
sa

ge
 P

as
si

ng
 In

te
rfa

ce
•

“S
pe

ci
fic

at
io

n”
 o

f m
es

sa
ge

 p
as

si
ng

 A
P

I f
or

 d
is

tri
bu

te
d 

m
em

or
y 

en
vi

ro
nm

en
t

–
N

ot
 a

 p
ro

gr
am

, N
ot

 a
 li

br
ar

y
•

ht
tp

://
ph

as
e.

hp
cc

.jp
/p

ha
se

/m
pi

-j/
m

l/m
pi

-j-
ht

m
l/c

on
te

nt
s.

ht
m

l

•
H

is
to

ry
–

19
92

M
P

I F
or

um
–

19
94

M
P

I-1
–

19
97

M
P

I-2
: M

P
I I

/O
–

20
12

M
P

I-3
: F

au
lt 

R
es

ili
en

ce
, A

sy
nc

hr
on

ou
s 

C
ol

le
ct

iv
e

•
Im

pl
em

en
ta

tio
n

–
m

pi
ch

A
N

L 
(A

rg
on

ne
 N

at
io

na
l L

ab
or

at
or

y)
, O

pe
nM

P
I, 

M
V

A
P

IC
H

–
H

/W
 v

en
do

rs
–

C
/C

++
, F

O
TR

A
N

, J
av

a 
; U

ni
x,

 L
in

uｘ
, W

in
do

w
s,

 M
ac

 O
S

M
P

I P
ro

gr
am

m
in

g



44

W
ha

t i
s 

M
PI

 ?
 (2

/2
)

•
“m

pi
ch

” (
fre

e)
 is

 w
id

el
y 

us
ed

–
su

pp
or

ts
 M

P
I-2

 s
pe

c.
 (p

ar
tia

lly
)

–
M

P
IC

H
2 

af
te

r N
ov

. 2
00

5.
–

ht
tp

://
w

w
w

-u
ni

x.
m

cs
.a

nl
.g

ov
/m

pi
/

•
W

hy
 M

P
I i

s 
w

id
el

y 
us

ed
 a

s 
de

 fa
ct

o 
st

an
da

rd
 ?

–
U

ni
fo

rm
 in

te
rfa

ce
 th

ro
ug

h 
M

P
I f

or
um

•
P

or
ta

bl
e,

 c
an

 w
or

k 
on

 a
ny

 ty
pe

s 
of

 c
om

pu
te

rs
•

C
an

 b
e 

ca
lle

d 
fro

m
 F

or
tra

n,
 C

, e
tc

.

–
m

pi
ch

•
fre

e,
 s

up
po

rts
 e

ve
ry

 a
rc

hi
te

ct
ur

e

•
P

V
M

(P
ar

al
le

l V
irt

ua
l M

ac
hi

ne
) w

as
 a

ls
o 

pr
op

os
ed

 in
 

ea
rly

 9
0’

s 
bu

t n
ot

 s
o 

w
id

el
y 

us
ed

 a
s 

M
P

I

M
P

I P
ro

gr
am

m
in

g



55

R
ef

er
en

ce
s

•
W

.G
ro

pp
et

 a
l.,

 U
si

ng
 M

P
I s

ec
on

d 
ed

iti
on

, M
IT

 P
re

ss
, 1

99
9.

 
•

M
.J

.Q
ui

nn
, P

ar
al

le
l P

ro
gr

am
m

in
g 

in
 C

 w
ith

 M
P

I a
nd

 O
pe

nM
P

, 
M

cG
ra

w
hi

ll,
 2

00
3.

•
W

.G
ro

pp
et

 a
l.,

 M
P

I：
Th

e 
C

om
pl

et
e 

R
ef

er
en

ce
 V

ol
.I,

 II
, M

IT
 P

re
ss

, 
19

98
. 

•
ht

tp
://

w
w

w
-u

ni
x.

m
cs

.a
nl

.g
ov

/m
pi

/w
w

w
/

–
A

P
I(

A
pp

lic
at

io
n 

In
te

rfa
ce

) o
f M

P
I

M
P

I P
ro

gr
am

m
in

g



66

H
ow

 to
 le

ar
n 

M
PI

 (1
/2

)
•

G
ra

m
m

ar
–

10
-2

0 
fu

nc
tio

ns
 o

f M
P

I-1
 w

ill 
be

 ta
ug

ht
 in

 th
e 

cl
as

s
•

al
th

ou
gh

 th
er

e 
ar

e 
m

an
y 

co
nv

en
ie

nt
 c

ap
ab

ilit
ie

s 
in

 M
P

I-2
–

If 
yo

u 
ne

ed
 fu

rth
er

 in
fo

rm
at

io
n,

 y
ou

 c
an

 fi
nd

 in
fo

rm
at

io
n 

fro
m

 w
eb

, 
bo

ok
s,

 a
nd

 M
P

I e
xp

er
ts

.
•

P
ra

ct
ic

e 
is

 im
po

rta
nt

–
P

ro
gr

am
m

in
g

–
“R

un
ni

ng
 th

e 
co

de
s”

 is
 th

e 
m

os
t i

m
po

rta
nt

•
B

e 
fa

m
ilia

r w
ith

 o
r “

gr
ab

” t
he

 id
ea

 o
f S

P
M

D
/S

IM
D

 o
p’

s
–

S
in

gl
e 

P
ro

gr
am

/In
st

ru
ct

io
n 

M
ul

tip
le

 D
at

a
–

E
ac

h 
pr

oc
es

s 
do

es
 s

am
e 

op
er

at
io

n 
fo

r d
iff

er
en

t d
at

a
•

La
rg

e-
sc

al
e 

da
ta

 is
 d

ec
om

po
se

d,
 a

nd
 e

ac
h 

pa
rt 

is
 c

om
pu

te
d 

by
 e

ac
h 

pr
oc

es
s

–
G

lo
ba

l/L
oc

al
 D

at
a,

 G
lo

ba
l/L

oc
al

 N
um

be
rin

g

M
P

I P
ro

gr
am

m
in

g



77

SP
M

D

P
E

 #
0

P
ro

gr
am

D
at

a 
#0

P
E

 #
1

P
ro

gr
am

D
at

a 
#1

P
E

 #
2

P
ro

gr
am

D
at

a 
#2

P
E

 #
M

-1

P
ro

gr
am

D
at

a 
#M

-1

m
p
i
r
u
n
 
-
n
p
 
M
 
<
P
r
o
g
r
a
m
>

Yo
u 

un
de

rs
ta

nd
 9

0%
 M

P
I, 

if 
yo

u 
un

de
rs

ta
nd

 th
is

 fi
gu

re
.

P
E

: P
ro

ce
ss

in
g 

E
le

m
en

t
P

ro
ce

ss
or

, D
om

ai
n,

 P
ro

ce
ss

E
ac

h 
pr

oc
es

s 
do

es
 s

am
e 

op
er

at
io

n 
fo

r d
iff

er
en

t d
at

a
La

rg
e-

sc
al

e 
da

ta
 is

 d
ec

om
po

se
d,

 a
nd

 e
ac

h 
pa

rt 
is

 c
om

pu
te

d 
by

 e
ac

h 
pr

oc
es

s
It 

is
 id

ea
l t

ha
t p

ar
al

le
l p

ro
gr

am
 is

 n
ot

 d
iff

er
en

t f
ro

m
 s

er
ia

l o
ne

 e
xc

ep
t c

om
m

un
ic

at
io

n.

M
P

I P
ro

gr
am

m
in

g



88

So
m

e 
Te

ch
ni

ca
l T

er
m

s
•

P
ro

ce
ss

or
, C

or
e

–
P

ro
ce

ss
in

g 
U

ni
t (

H
/W

), 
P

ro
ce

ss
or

=C
or

e 
fo

r s
in

gl
e-

co
re

 p
ro

c’
s

•
P

ro
ce

ss
–

U
ni

t f
or

 M
P

I c
om

pu
ta

tio
n,

 n
ea

rly
 e

qu
al

 to
 “c

or
e”

–
E

ac
h 

co
re

 (o
r p

ro
ce

ss
or

) c
an

 h
os

t m
ul

tip
le

 p
ro

ce
ss

es
 (b

ut
 n

ot
 

ef
fic

ie
nt

)
•

P
E

(P
ro

ce
ss

in
g 

E
le

m
en

t)
–

P
E

 o
rig

in
al

ly
 m

ea
n 

“p
ro

ce
ss

or
”, 

bu
t i

t i
s 

so
m

et
im

es
  u

se
d 

as
 

“p
ro

ce
ss

” i
n 

th
is

 c
la

ss
. M

or
eo

ve
r i

t m
ea

ns
 “d

om
ai

n”
 (n

ex
t)

•
In

 m
ul

tic
or

e 
pr

oc
’s

: P
E

 g
en

er
al

ly
 m

ea
ns

 “c
or

e”

•
D

om
ai

n
–

do
m

ai
n=

pr
oc

es
s 

(=
P

E
), 

ea
ch

 o
f “

M
D

” i
n 

“S
P

M
D

”, 
ea

ch
 d

at
a 

se
t

•
P

ro
ce

ss
 ID

 o
f M

P
I (

ID
 o

f P
E

, I
D

 o
f d

om
ai

n)
 s

ta
rts

 fr
om

 “0
”

–
if 

yo
u 

ha
ve

 8
 p

ro
ce

ss
es

 (P
E

’s
, d

om
ai

ns
), 

ID
 is

 0
~7

M
P

I P
ro

gr
am

m
in

g



99

SP
M

D

P
E

 #
0

P
ro

gr
am

D
at

a 
#0

P
E

 #
1

P
ro

gr
am

D
at

a 
#1

P
E

 #
2

P
ro

gr
am

D
at

a 
#2

P
E

 #
M

-1

P
ro

gr
am

D
at

a 
#M

-1

m
p
i
r
u
n
 
-
n
p
 
M
 
<
P
r
o
g
r
a
m
>

Yo
u 

un
de

rs
ta

nd
 9

0%
 M

P
I, 

if 
yo

u 
un

de
rs

ta
nd

 th
is

 fi
gu

re
.

P
E

: P
ro

ce
ss

in
g 

E
le

m
en

t
P

ro
ce

ss
or

, D
om

ai
n,

 P
ro

ce
ss

E
ac

h 
pr

oc
es

s 
do

es
 s

am
e 

op
er

at
io

n 
fo

r d
iff

er
en

t d
at

a
La

rg
e-

sc
al

e 
da

ta
 is

 d
ec

om
po

se
d,

 a
nd

 e
ac

h 
pa

rt 
is

 c
om

pu
te

d 
by

 e
ac

h 
pr

oc
es

s
It 

is
 id

ea
l t

ha
t p

ar
al

le
l p

ro
gr

am
 is

 n
ot

 d
iff

er
en

t f
ro

m
 s

er
ia

l o
ne

 e
xc

ep
t c

om
m

un
ic

at
io

n.

M
P

I P
ro

gr
am

m
in

g



1010

H
ow

 to
 le

ar
n 

M
PI

 (2
/2

)

•
N

O
T 

so
 d

iff
ic

ul
t.

•
Th

er
ef

or
e,

 2
-3

 le
ct

ur
es

 a
re

 e
no

ug
h 

fo
r j

us
t l

ea
rn

in
g 

gr
am

m
ar

 o
f M

P
I.

•
G

ra
b 

th
e 

id
ea

 o
f S

P
M

D
 !

M
P

I P
ro

gr
am

m
in

g



1111

Sc
he

du
le

•
M

P
I

–
B

as
ic

 F
un

ct
io

ns
–

C
ol

le
ct

iv
e 

C
om

m
un

ic
at

io
n 

–
P

oi
nt

-to
-P

oi
nt

 (o
r P

ee
r-

to
-P

ee
r)

 C
om

m
un

ic
at

io
n

•
90

 m
in

. x
 4

-5
 le

ct
ur

es
–

C
ol

le
ct

iv
e 

C
om

m
un

ic
at

io
n 

•
R

ep
or

t S
1

–
P

oi
nt

-to
-P

oi
nt

/P
ee

r-
to

-P
ee

r C
om

m
un

ic
at

io
n

•
R

ep
or

t S
2:

 P
ar

al
le

liz
at

io
n 

of
 1

D
 c

od
e

–
A

t t
hi

s 
po

in
t, 

yo
u 

ar
e 

al
m

os
t a

n 
ex

pe
rt 

of
 M

P
I p

ro
gr

am
m

in
g.

M
P

I P
ro

gr
am

m
in

g



1212

•
W

ha
t i

s 
M

P
I ?

•
Yo

ur
 F

irs
t M

PI
 P

ro
gr

am
: H

el
lo

 W
or

ld

•
G

lo
ba

l/L
oc

al
 D

at
a

•
C

ol
le

ct
iv

e 
C

om
m

un
ic

at
io

n
•

P
ee

r-t
o-

P
ee

r C
om

m
un

ic
at

io
n

M
P

I P
ro

gr
am

m
in

g



1313

Lo
gi

n 
to

 O
ak

le
af

-F
X

M
P

I P
ro

gr
am

m
in

g

s
s
h
t
7
1
*
*
@
o
a
k
l
e
a
f
-
f
x
.
c
c
.
u
-
t
o
k
y
o
.
a
c
.
j
p

C
re

at
e 

di
re

ct
or

y
>
$
 
c
d

>
$
 
m
k
d
i
r
2
0
1
4
s
u
m
m
e
r
 

(y
ou

r f
av

or
ite

 n
am

e)
>
$
 
c
d
 
2
0
1
4
s
u
m
m
e
r

In
 th

is
 c

la
ss

 th
is

 to
p-

di
re

ct
or

y 
is

 c
al

le
d

<
$
O
-
T
O
P
>
.

Fi
le

s 
ar

e 
co

pi
ed

 to
 th

is
 d

ire
ct

or
y.

U
nd

er
 th

is
 d

ire
ct

or
y,

 S
1
,
 
S
2
,
 
S
1
-
r
e
f
 

ar
e 

cr
ea

te
d:

<
$
O
-
S
1
>
 
=
 
<
$
O
-
T
O
P
>
/
m
p
i
/
S
1

<
$
O
-
S
2
>
 
=
 
<
$
O
-
T
O
P
>
/
m
p
i
/
S
2

O
ak

le
af

-F
X

EC
C

S2
01

2



1414

C
op

yi
ng

 fi
le

s 
on

 O
ak

le
af

-F
X

M
P

I P
ro

gr
am

m
in

g

Fo
rt

an
>
$
 
c
d
 
<
$
O
-
T
O
P
>

>
$
 
c
p
/
h
o
m
e
/
z
3
0
0
8
8
/
c
l
a
s
s
_
e
p
s
/
F
/
s
1
-
f
.
t
a
r
 
.

>
$
 
t
a
r
 
x
v
f
s
1
-
f
.
t
a
r

C
>
$
 
c
d
 
<
$
O
-
T
O
P
>

>
$
 
c
p
/
h
o
m
e
/
z
3
0
0
8
8
/
c
l
a
s
s
_
e
p
s
/
C
/
s
1
-
c
.
t
a
r
 
.

>
$
 
t
a
r
 
x
v
f
s
1
-
c
.
t
a
r

C
on

fir
m

at
io

n
>
$
 
l
s

m
p
i

>
$
 
c
d
 
m
p
i
/
S
1

Th
is

 d
ire

ct
or

y 
is

 c
al

le
d 

as
<
$
O
-
S
1
>
.

<
$
O
-
S
1
>
 
=
 
<
$
O
-
T
O
P
>
/
m
p
i
/
S
1



151515

Fi
rs

t E
xa

m
pl

e
i
m
p
l
i
c
i
t
 
R
E
A
L
*
8
 
(
A
-
H
,
O
-
Z
)

i
n
c
l
u
d
e
 
'
m
p
i
f
.
h
‘

i
n
t
e
g
e
r
 
:
:
 
P
E
T
O
T
,
 
m
y
_
r
a
n
k
,
 
i
e
r
r

c
a
l
l
 
M
P
I
_
I
N
I
T
 
 
 
 
 
 
(
i
e
r
r
)

c
a
l
l
 
M
P
I
_
C
O
M
M
_
S
I
Z
E
 
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
P
E
T
O
T
,
 
i
e
r
r
 
)

c
a
l
l
 
M
P
I
_
C
O
M
M
_
R
A
N
K
 
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
m
y
_
r
a
n
k
,
 
i
e
r
r
 
)

w
r
i
t
e
 
(
*
,
'
(
a
,
2
i
8
)
'
)
 
'
H
e
l
l
o
 
W
o
r
l
d
 
F
O
R
T
R
A
N
'
,
 
m
y
_
r
a
n
k
,
 
P
E
T
O
T

c
a
l
l
 
M
P
I
_
F
I
N
A
L
I
Z
E
 
(
i
e
r
r
)

s
t
o
p

e
n
d

#
i
n
c
l
u
d
e
 
"
m
p
i
.
h
"

#
i
n
c
l
u
d
e
 
<
s
t
d
i
o
.
h
>

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)

{
i
n
t
 
n
,
 
m
y
i
d
,
 
n
u
m
p
r
o
c
s
,
 
i
;

M
P
I
_
I
n
i
t
(
&
a
r
g
c
,
&
a
r
g
v
)
;

M
P
I
_
C
o
m
m
_
s
i
z
e
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
&
n
u
m
p
r
o
c
s
)
;

M
P
I
_
C
o
m
m
_
r
a
n
k
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
&
m
y
i
d
)
;

p
r
i
n
t
f
 
(
"
H
e
l
l
o
 
W
o
r
l
d
 
%
d
¥
n
"
,
 
m
y
i
d
)
;

M
P
I
_
F
i
n
a
l
i
z
e
(
)
;

}

h
e
l
l
o
.
f

h
e
l
l
o
.
c

M
P

I P
ro

gr
am

m
in

g



161616

C
om

pi
lin

g 
he

llo
.f/

c

FO
R

TR
A

N
$
>
 
m
p
i
f
r
t
p
x
–
K
f
a
s
t
h
e
l
l
o
.
f

“
m
p
i
f
r
t
p
x
”
：

re
qu

ire
d 

co
m

pi
le

r &
 li

br
ar

ie
s 

ar
e 

in
cl

ud
ed

 fo
r  

  
F
O
R
T
R
A
N
9
0
+
M
P
I

C
$
>
 
m
p
i
f
c
c
p
x
–
K
f
a
s
t
h
e
l
l
o
.
c

“
m
p
i
f
c
c
p
x
”
：

re
qu

ire
d 

co
m

pi
le

r &
 li

br
ar

ie
s 

ar
e 

in
cl

ud
ed

 fo
r C

+
M
P
I

M
P

I P
ro

gr
am

m
in

g

>
$
 
c
d
 
<
$
O
-
S
1
>

>
$
 
m
p
i
f
r
t
p
x
 
–
K
f
a
s
t
 
h
e
l
l
o
.
f

>
$
 
m
p
i
f
c
c
p
x
 
–
K
f
a
s
t
 
h
e
l
l
o
.
c



171717

R
un

ni
ng

 J
ob

•
B

at
ch

 J
ob

s
–

O
nl

y 
ba

tc
h 

jo
bs

 a
re

 a
llo

w
ed

.
–

In
te

ra
ct

iv
e 

ex
ec

ut
io

ns
 o

f j
ob

s 
ar

e 
no

t a
llo

w
ed

.
•

H
ow

 to
 ru

n
–

w
rit

in
g 

jo
b 

sc
rip

t
–

su
bm

itt
in

g 
jo

b
–

ch
ec

ki
ng

 jo
b 

st
at

us
–

ch
ec

ki
ng

 re
su

lts
•

U
til

iz
at

io
n 

of
 c

om
pu

ta
tio

na
l r

es
ou

rc
es

 
–

1-
no

de
 (1

6 
co

re
s)

 is
 o

cc
up

ie
d 

by
 e

ac
h 

jo
b.

–
Y

ou
r n

od
e 

is
 n

ot
 s

ha
re

d 
by

 o
th

er
 jo

bs
.

M
P

I P
ro

gr
am

m
in

g



181818

Jo
b 

Sc
rip

t
•
<
$
O
-
S
1
>
/
h
e
l
l
o
.
s
h

•
S

ch
ed

ul
in

g 
+ 

S
he

ll 
S

cr
ip

t
#
!
/
b
i
n
/
s
h

#
P
J
M
 
-
L
 
“
n
o
d
e
=
1
“

N
u
m
b
e
r
 
o
f
 
N
o
d
e
s

#
P
J
M
 
-
L
 
“
e
l
a
p
s
e
=
0
0
:
1
0
:
0
0
“

C
o
m
p
u
t
a
t
i
o
n
 
T
i
m
e

#
P
J
M
 
-
L
 
“
r
s
c
g
r
p
=
l
e
c
t
u
r
e
2
“

N
a
m
e
 
o
f
 
“
Q
U
E
U
E
”

#
P
J
M
 
-
g
 
“
g
t
8
2
“

G
r
o
u
p
 
N
a
m
e
 
(
W
a
l
l
e
t
)

#
P
J
M
 
-
j

#
P
J
M
 
-
o
 
“
h
e
l
l
o
.
l
s
t
“

S
t
a
n
d
a
r
d
 
O
u
t
p
u
t

#
P
J
M
 
-
-
m
p
i
 
“
p
r
o
c
=
4
“

M
P
I
 
P
r
o
c
e
s
s
 
#

m
p
i
e
x
e
c
 
.
/
a
.
o
u
t

E
x
e
c
s

M
P

I P
ro

gr
am

m
in

g

8
 
p
r
o
c
’
s

“
n
o
d
e
=
1
“
 

“
p
r
o
c
=
8
”

1
6
 
p
r
o
c
’
s

“
n
o
d
e
=
1
“
 

“
p
r
o
c
=
1
6
”

3
2
 
p
r
o
c
’
s

“
n
o
d
e
=
2
“
 

“
p
r
o
c
=
3
2
”

6
4
 
p
r
o
c
’
s

“
n
o
d
e
=
4
“
 

“
p
r
o
c
=
6
4
”

1
9
2
 
p
r
o
c
’
s

“
n
o
d
e
=
1
2
“
 

“
p
r
o
c
=
1
9
2
”



191919

Su
bm

itt
in

g 
Jo

bs
M

P
I P

ro
gr

am
m

in
g

>
$
 
c
d
 
<
$
O
-
S
1
>

>
$
 
p
j
s
u
b
 
h
e
l
l
o
.
s
h

>
$
 
c
a
t
 
h
e
l
l
o
.
l
s
t

H
e
l
l
o
 
W
o
r
l
d
 
0

H
e
l
l
o
 
W
o
r
l
d
 
3

H
e
l
l
o
 
W
o
r
l
d
 
2

H
e
l
l
o
 
W
o
r
l
d
 
1



202020

A
va

ila
bl

e 
Q

U
EU

E’
s

•
Fo

llo
w

in
g 

2 
qu

eu
es

 a
re

 a
va

ila
bl

e.
•

1 
To

fu
 (1

2 
no

de
s)

 c
an

 b
e 

us
ed

–
l
e
c
t
u
r
e

•
12

 n
od

es
 (1

92
 c

or
es

), 
15

 m
in

., 
va

lid
 u

nt
il 

th
e 

en
d 

of
 

O
ct

ob
er

, 2
01

4
•

S
ha

re
d 

by
 a

ll 
“e

du
ca

tio
na

l” 
us

er
s

–
l
e
c
t
u
r
e
2

•
12

 n
od

es
 (1

92
 c

or
es

), 
15

 m
in

., 
ac

tiv
e 

du
rin

g 
cl

as
s 

tim
e 

•
M

or
e 

jo
bs

 (c
om

pa
re

d 
to

 l
e
c
t
u
r
e

) c
an

 b
e 

pr
oc

es
se

d 
up

 
on

 a
va

ila
bi

lit
y.

M
P

I P
ro

gr
am

m
in

g



To
fu

 In
te

rc
on

ne
ct

•
N

od
e 

G
ro

up
–

12
no

de
s

–
A

-/C
-a

xi
s:

 4
 n

od
es

 in
 s

ys
te

m
 b

oa
rd

, B
-a

xi
s:

 3
 b

oa
rd

s
•

6D
: (

X
,Y

,Z
,A

,B
,C

)
–

A
B

C
 3

D
 M

es
h:

 in
 e

ac
h 

no
de

 g
ro

up
: 2

×
2×

3
–

X
Y

Z 
3D

 M
es

h:
 c

on
ne

ct
io

n 
of

 n
od

e 
gr

ou
ps

: 1
0×

5×
8

•
Jo

b 
su

bm
is

si
on

 a
cc

or
di

ng
 to

 n
et

w
or

k 
to

po
lo

gy
 is

 p
os

si
bl

e:
–

In
fo

rm
at

io
n 

ab
ou

t u
se

d 
“X

Y
Z”

 is
 a

va
ila

bl
e 

af
te

r e
xe

cu
tio

n.

21



222222

Su
bm

itt
in

g 
&

 C
he

ck
in

g 
Jo

bs
•

S
ub

m
itt

in
g 

Jo
bs

p
j
s
u
b
S
C
R
I
P
T
 
N
A
M
E

•
C

he
ck

in
g 

st
at

us
 o

f j
ob

s
p
j
s
t
a
t

•
D

el
et

in
g/

ab
or

tin
g

p
j
d
e
l
 
J
O
B
 
I
D

•
C

he
ck

in
g 

st
at

us
 o

f q
ue

ue
s

p
j
s
t
a
t
 
-
-
r
s
c

•
D

et
ai

le
d 

in
fo

. o
f q

ue
ue

s
p
j
s
t
a
t
 
-
-
r
s
c
 
–
x

•
N

um
be

r o
f r

un
ni

ng
 jo

bs
p
j
s
t
a
t
 
-
-
r
s
c
 
–
b

•
Li

m
ita

tio
n 

of
 s

ub
m

is
si

on
p
j
s
t
a
t
 
-
-
l
i
m
i
t

[
z
3
0
0
8
8
@
o
a
k
l
e
a
f
-
f
x
-
6
 
S
2
-
r
e
f
]
$
 
p
j
s
t
a
t

O
a
k
l
e
a
f
-
F
X
 
s
c
h
e
d
u
l
e
d
 
s
t
o
p
 
t
i
m
e
:
 2
0
1
2
/
0
9
/
2
8
(
F
r
i
)
 
0
9
:
0
0
:
0
0
 
(
R
e
m
a
i
n
:
 
3
1
d
a
y
s
 
2
0
:
0
1
:
4
6
)

J
O
B
_
I
D
 
 
 
 
 
J
O
B
_
N
A
M
E
 
 
 
S
T
A
T
U
S
 
 
P
RO
J
E
C
T
 
 
R
S
C
G
R
O
U
P
 
 
S
T
A
R
T
_
D
A
T
E
 
 
 
 
 
 
 
 
E
L
A
P
S
E
 
 
 
 
 
 
 
 
 
T
O
K
E
N
 
N
O
D
E
:
C
O
O
R
D

3
3
4
7
3
0
 
 
 
 
 
g
o
.
s
h
 
 
 
 
 
 
R
U
N
N
I
N
G
 
g
t6
1
 
 
 
 
 
l
e
c
t
u
r
e
 
 
 
0
8
/
2
7
 
1
2
:
5
8
:
0
8
 
 
 
 
0
0
:
0
0
:
0
5
 
 
 
 
 
 
 
 
 
0
.
0
 
1

M
P

I P
ro

gr
am

m
in

g



232323

B
as

ic
/E

ss
en

tia
l F

un
ct

io
ns

i
m
p
l
i
c
i
t
 
R
E
A
L
*
8
 
(
A
-
H
,
O
-
Z
)

i
n
c
l
u
d
e
 
'
m
p
i
f
.
h
‘

i
n
t
e
g
e
r
 
:
:
 
P
E
T
O
T
,
 
m
y
_
r
a
n
k
,
 
i
e
r
r

c
a
l
l
 
M
P
I
_
I
N
I
T
 
 
 
 
 
 
(
i
e
r
r
)

c
a
l
l
 
M
P
I
_
C
O
M
M
_
S
I
Z
E
 
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
P
E
T
O
T
,
 
i
e
r
r
 
)

c
a
l
l
 
M
P
I
_
C
O
M
M
_
R
A
N
K
 
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
m
y
_
r
a
n
k
,
 
i
e
r
r
 
)

w
r
i
t
e
 
(
*
,
'
(
a
,
2
i
8
)
'
)
 
'
H
e
l
l
o
 
W
o
r
l
d
 
F
O
R
T
R
A
N
'
,
 
m
y
_
r
a
n
k
,
 
P
E
T
O
T

c
a
l
l
 
M
P
I
_
F
I
N
A
L
I
Z
E
 
(
i
e
r
r
)

s
t
o
p

e
n
d

#
i
n
c
l
u
d
e
 
"
m
p
i
.
h
"

#
i
n
c
l
u
d
e
 
<
s
t
d
i
o
.
h
>

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)

{
i
n
t
 
n
,
 
m
y
i
d
,
 
n
u
m
p
r
o
c
s
,
 
i
;

M
P
I
_
I
n
i
t
(
&
a
r
g
c
,
&
a
r
g
v
)
;

M
P
I
_
C
o
m
m
_
s
i
z
e
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
&
n
u
m
p
r
o
c
s
)
;

M
P
I
_
C
o
m
m
_
r
a
n
k
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
&
m
y
i
d
)
;

p
r
i
n
t
f
 
(
"
H
e
l
l
o
 
W
o
r
l
d
 
%
d
¥
n
"
,
 
m
y
i
d
)
;

M
P
I
_
F
i
n
a
l
i
z
e
(
)
;

}

‘
m
p
i
f
.
h
’
,
 
“
m
p
i
.
h
”

E
ss

en
tia

l I
nc

lu
de

 fi
le

“
u
s
e
 
m
p
i
”
 

is
 p

os
si

bl
e 

in
 F

90

M
P
I
_
I
n
i
t

In
iti

al
iz

at
io

n

M
P
I
_
C
o
m
m
_
s
i
z
e

N
um

be
r o

f M
P

I P
ro

ce
ss

es
m
p
i
r
u
n

-
n
p

X
X

<
p
r
o
g
>
 
 
 
 

M
P
I
_
C
o
m
m
_
r
a
n
k

P
ro

ce
ss

 ID
 s

ta
rti

ng
 fr

om
 0

M
P
I
_
F
i
n
a
l
i
z
e

Te
rm

in
at

io
n 

of
 M

P
I p

ro
ce

ss
es

M
P

I P
ro

gr
am

m
in

g



242424

D
iff

er
en

ce
 b

et
w

ee
n 

FO
R

TR
A

N
/C

•
(B

as
ic

al
ly

) s
am

e 
in

te
rfa

ce
–

In
 C

, U
P

P
E

R
/lo

w
er

 c
as

es
 a

re
 c

on
si

de
re

d 
as

 d
iff

er
en

t
•

e.
g.

: M
PI

_C
om

m
_s

iz
e

–
M

P
I: 

U
P

P
E

R
 c

as
e

–
Fi

rs
t c

ha
ra

ct
er

 o
f t

he
 fu

nc
tio

n 
ex

ce
pt

 “M
P

I_
” i

s 
in

 U
P

P
E

R
 c

as
e.

–
O

th
er

 c
ha

ra
ct

er
s 

ar
e 

in
 lo

w
er

 c
as

e.

•
In

 F
or

tra
n,

 re
tu

rn
 v

al
ue

 i
e
r
r

ha
s 

to
 b

e 
ad

de
d 

at
 th

e 
en

d 
of

 th
e 

ar
gu

m
en

t l
is

t. 
•

C
ne

ed
s 

sp
ec

ia
l t

yp
es

 fo
r v

ar
ia

bl
es

:
–

M
P

I_
C

om
m

, M
P

I_
D

at
at

yp
e,

 M
P

I_
O

p 
et

c.
•
M
P
I
_
I
N
I
T

is
 d

iff
er

en
t:

–
c
a
l
l
 
M
P
I
_
I
N
I
T
 
(
i
e
r
r
)

–
M
P
I
_
I
n
i
t
 
(
i
n
t
 
*
a
r
g
c
,
 
c
h
a
r
 
*
*
*
a
r
g
v
)

M
P

I P
ro

gr
am

m
in

g



252525

W
ha

t’s
 a

re
 g

oi
ng

 o
n 

?

•
m
p
i
e
x
e
c

st
ar

ts
 u

p 
4 

M
P

I p
ro

ce
ss

es
(”p

ro
c=

4”
)

–
A

 s
in

gl
e 

pr
og

ra
m

 ru
ns

 o
n 

fo
ur

 p
ro

ce
ss

es
.

–
ea

ch
 p

ro
ce

ss
 w

rit
es

 a
 v

al
ue

 o
f m
y
i
d

•
Fo

ur
 p

ro
ce

ss
es

 d
o 

sa
m

e 
op

er
at

io
ns

, b
ut

 
va

lu
es

 o
f m
y
i
d

ar
e 

di
ffe

re
nt

.
•

O
ut

pu
t o

f e
ac

h 
pr

oc
es

s 
is

 d
iff

er
en

t.
•

Th
at

 is
 S

P
M

D
 !

M
P

I P
ro

gr
am

m
in

g

#
!
/
b
i
n
/
s
h

#
P
J
M
 
-
L
 
“
n
o
d
e
=
1
“

N
u
m
b
e
r
 
o
f
 
N
o
d
e
s

#
P
J
M
 
-
L
 
“
e
l
a
p
s
e
=
0
0
:
1
0
:
0
0
“

C
o
m
p
u
t
a
t
i
o
n
 
T
i
m
e

#
P
J
M
 
-
L
 
“
r
s
c
g
r
p
=
l
e
c
t
u
r
e
“

N
a
m
e
 
o
f
 
“
Q
U
E
U
E
”

#
P
J
M
 
-
g
 
“
g
t
6
4
“

G
r
o
u
p
 
N
a
m
e
 
(
W
a
l
l
e
t
)

#
P
J
M
 
-
j

#
P
J
M
 
-
o
 
“
h
e
l
l
o
.
l
s
t
“

S
t
a
n
d
a
r
d
 
O
u
t
p
u
t

#
P
J
M
 
-
-
m
p
i
“
p
r
o
c
=
4
“

M
P
I
 
P
r
o
c
e
s
s
 
#

m
p
i
e
x
e
c
.
/
a
.
o
u
t

E
x
e
c
s

#
i
n
c
l
u
d
e
 
"
m
p
i
.
h
"

#
i
n
c
l
u
d
e
 
<
s
t
d
i
o
.
h
>

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)

{
i
n
t
 
n
,
 
m
y
i
d
,
 
n
u
m
p
r
o
c
s
,
 
i
;

M
P
I
_
I
n
i
t
(
&
a
r
g
c
,
&
a
r
g
v
)
;

M
P
I
_
C
o
m
m
_
s
i
z
e
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
&
n
u
m
p
r
o
c
s
)
;

M
P
I
_
C
o
m
m
_
r
a
n
k
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
&
m
y
i
d
)
;

p
r
i
n
t
f
 
(
"
H
e
l
l
o
 
W
o
r
l
d
 
%
d
¥
n
"
,
 
m
y
i
d
)
;

M
P
I
_
F
i
n
a
l
i
z
e
(
)
;

}



262626

m
pi

.h
，

m
pi

f.h
i
m
p
l
i
c
i
t
 
R
E
A
L
*
8
 
(
A
-
H
,
O
-
Z
)

i
n
c
l
u
d
e
 
'
m
p
i
f
.
h
‘

i
n
t
e
g
e
r
 
:
:
 
P
E
T
O
T
,
 
m
y
_
r
a
n
k
,
 
i
e
r
r

c
a
l
l
 
M
P
I
_
I
N
I
T
 
 
 
 
 
 
(
i
e
r
r
)

c
a
l
l
 
M
P
I
_
C
O
M
M
_
S
I
Z
E
 
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
P
E
T
O
T
,
 
i
e
r
r
 
)

c
a
l
l
 
M
P
I
_
C
O
M
M
_
R
A
N
K
 
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
m
y
_
r
a
n
k
,
 
i
e
r
r
 
)

w
r
i
t
e
 
(
*
,
'
(
a
,
2
i
8
)
'
)
 
'
H
e
l
l
o
 
W
o
r
l
d
 
F
O
R
T
R
A
N
'
,
 
m
y
_
r
a
n
k
,
 
P
E
T
O
T

c
a
l
l
 
M
P
I
_
F
I
N
A
L
I
Z
E
 
(
i
e
r
r
)

s
t
o
p

e
n
d

#
i
n
c
l
u
d
e
 
"
m
p
i
.
h
"

#
i
n
c
l
u
d
e
 
<
s
t
d
i
o
.
h
>

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)

{
i
n
t
 
n
,
 
m
y
i
d
,
 
n
u
m
p
r
o
c
s
,
 
i
;

M
P
I
_
I
n
i
t
(
&
a
r
g
c
,
&
a
r
g
v
)
;

M
P
I
_
C
o
m
m
_
s
i
z
e
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
&
n
u
m
p
r
o
c
s
)
;

M
P
I
_
C
o
m
m
_
r
a
n
k
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
&
m
y
i
d
)
;

p
r
i
n
t
f
 
(
"
H
e
l
l
o
 
W
o
r
l
d
 
%
d
¥
n
"
,
 
m
y
i
d
)
;

M
P
I
_
F
i
n
a
l
i
z
e
(
)
;

}

•
V

ar
io

us
 ty

pe
s 

of
 p

ar
am

et
er

s 
an

d 
va

ria
bl

es
 fo

r M
P

I &
 th

ei
r i

ni
tia

l v
al

ue
s.

•
N

am
e 

of
 e

ac
h 

va
r. 

st
ar

ts
 fr

om
 “M

P
I_

”
•

V
al

ue
s 

of
 th

es
e 

pa
ra

m
et

er
s 

an
d 

va
ria

bl
es

 c
an

no
t b

e 
ch

an
ge

d 
by

 
us

er
s.

•
U

se
rs

 d
o 

no
t s

pe
ci

fy
 v

ar
ia

bl
es

 
st

ar
tin

g 
fro

m
 “M

P
I_

” i
n 

us
er

s’
 

pr
og

ra
m

s.

M
P

I P
ro

gr
am

m
in

g



272727

M
PI

_I
ni

t
•

In
iti

al
iz

e 
th

e 
M

P
I e

xe
cu

tio
n 

en
vi

ro
nm

en
t (

re
qu

ire
d)

•
It 

is
 re

co
m

m
en

de
d 

to
 p

ut
 th

is
 B

E
FO

R
E

 a
ll 

st
at

em
en

ts
 in

 th
e 

pr
og

ra
m

.

•
M
P
I
_
I
n
i
t
(
a
r
g
c
,
 
a
r
g
v
)

#
i
n
c
l
u
d
e
 
"
m
p
i
.
h
"

#
i
n
c
l
u
d
e
 
<
s
t
d
i
o
.
h
>

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)

{
i
n
t
 
n
,
 
m
y
i
d
,
 
n
u
m
p
r
o
c
s
,
 
i
;

M
P
I
_
I
n
i
t
(
&
a
r
g
c
,
&
a
r
g
v
)
;

M
P
I
_
C
o
m
m
_
s
i
z
e
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
&
n
u
m
p
r
o
c
s
)
;

M
P
I
_
C
o
m
m
_
r
a
n
k
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
&
m
y
i
d
)
;

p
r
i
n
t
f
 
(
"
H
e
l
l
o
 
W
o
r
l
d
 
%
d
¥
n
"
,
 
m
y
i
d
)
;

M
P
I
_
F
i
n
a
l
i
z
e
(
)
;

}

C
M

P
I P

ro
gr

am
m

in
g



282828

M
PI

_F
in

al
iz

e
•

Te
rm

in
at

es
 M

P
I e

xe
cu

tio
n 

en
vi

ro
nm

en
t (

re
qu

ire
d)

•
It 

is
 re

co
m

m
en

de
d 

to
 p

ut
 th

is
 A

FT
E

R
 a

ll 
st

at
em

en
ts

 in
 th

e 
pr

og
ra

m
.

•
P

le
as

e 
do

 n
ot

 fo
rg

et
 th

is
.

•
M
P
I
_
F
i
n
a
l
i
z
e
(
)

#
i
n
c
l
u
d
e
 
"
m
p
i
.
h
"

#
i
n
c
l
u
d
e
 
<
s
t
d
i
o
.
h
>

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)

{
i
n
t
 
n
,
 
m
y
i
d
,
 
n
u
m
p
r
o
c
s
,
 
i
;

M
P
I
_
I
n
i
t
(
&
a
r
g
c
,
&
a
r
g
v
)
;

M
P
I
_
C
o
m
m
_
s
i
z
e
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
&
n
u
m
p
r
o
c
s
)
;

M
P
I
_
C
o
m
m
_
r
a
n
k
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
&
m
y
i
d
)
;

p
r
i
n
t
f
 
(
"
H
e
l
l
o
 
W
o
r
l
d
 
%
d
¥
n
"
,
 
m
y
i
d
)
;

M
P
I
_
F
i
n
a
l
i
z
e
(
)
;

}

C
M

P
I P

ro
gr

am
m

in
g



292929

M
PI

_C
om

m
_s

iz
e

•
D

et
er

m
in

es
 th

e 
si

ze
 o

f t
he

 g
ro

up
 a

ss
oc

ia
te

d 
w

ith
 a

 c
om

m
un

ic
at

or
•

no
t r

eq
ui

re
d,

 b
ut

 v
er

y 
co

nv
en

ie
nt

 fu
nc

tio
n

•
M
P
I
_
C
o
m
m
_
s
i
z
e
 
(
c
o
m
m
,
 
s
i
z
e
)

–
c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

or
–

s
i
z
e

in
t

O
nu

m
be

r o
f p

ro
ce

ss
es

 in
 th

e 
gr

ou
p 

of
 c

om
m

un
ic

at
or

#
i
n
c
l
u
d
e
 
"
m
p
i
.
h
"

#
i
n
c
l
u
d
e
 
<
s
t
d
i
o
.
h
>

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)

{
i
n
t
 
n
,
 
m
y
i
d
,
 
n
u
m
p
r
o
c
s
,
 
i
;

M
P
I
_
I
n
i
t
(
&
a
r
g
c
,
&
a
r
g
v
)
;

M
P
I
_
C
o
m
m
_
s
i
z
e
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
&
n
u
m
p
r
o
c
s
)
;

M
P
I
_
C
o
m
m
_
r
a
n
k
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
&
m
y
i
d
)
;

p
r
i
n
t
f
 
(
"
H
e
l
l
o
 
W
o
r
l
d
 
%
d
¥
n
"
,
 
m
y
i
d
)
;

M
P
I
_
F
i
n
a
l
i
z
e
(
)
;

}

C
M

P
I P

ro
gr

am
m

in
g



303030

W
ha

t i
s 

C
om

m
un

ic
at

or
 ?

•
G

ro
up

 o
f p

ro
ce

ss
es

 fo
r c

om
m

un
ic

at
io

n
•

C
om

m
un

ic
at

or
 m

us
t b

e 
sp

ec
ifi

ed
 in

 M
P

I p
ro

gr
am

 a
s 

a 
un

it 
of

 c
om

m
un

ic
at

io
n 

•
A

ll 
pr

oc
es

se
s 

be
lo

ng
 to

 a
 g

ro
up

, n
am

ed
 

“M
PI

_C
O

M
M

_W
O

R
LD

” (
de

fa
ul

t)
•

M
ul

tip
le

 c
om

m
un

ic
at

or
s 

ca
n 

be
 c

re
at

ed
, a

nd
 c

om
pl

ic
at

ed
 

op
er

at
io

ns
 a

re
 p

os
si

bl
e.

–
C

om
pu

ta
tio

n,
 V

is
ua

liz
at

io
n

•
O

nl
y 

“M
P

I_
C

O
M

M
_W

O
R

LD
” i

s 
ne

ed
ed

 in
 th

is
 c

la
ss

.

M
P
I
_
C
o
m
m
_
S
i
z
e
 
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
P
E
T
O
T
)

M
P

I P
ro

gr
am

m
in

g



313131

M
PI

_C
O

M
M

_W
O

R
LD

C
om

m
un

ic
at

or
 in

 M
PI

O
ne

 p
ro

ce
ss

 c
an

 b
el

on
g 

to
 m

ul
tip

le
 c

om
m

un
ic

at
or

s 

C
O

M
M

_M
A

N
TL

E
C

O
M

M
_C

R
U

ST

C
O

M
M

_V
IS

M
P

I P
ro

gr
am

m
in

g



323232

C
ou

pl
in

g 
be

tw
ee

n 
“G

ro
un

d 
M

ot
io

n”
 a

nd
 

“S
lo

sh
in

g 
of

 T
an

ks
 fo

r O
il-

St
or

ag
e”

M
P

I P
ro

gr
am

m
in

g





3434

Ta
rg

et
 A

pp
lic

at
io

n
•

C
ou

pl
in

g 
be

tw
ee

n 
“G

ro
un

d 
M

ot
io

n”
 a

nd
 “S

lo
sh

in
g 

of
 

Ta
nk

s 
fo

r O
il-

S
to

ra
ge

”
–

“O
ne

-w
ay

” c
ou

pl
in

g 
fro

m
 “G

ro
un

d 
M

ot
io

n”
 to

 “T
an

ks
”.

–
D

is
pl

ac
em

en
t o

f g
ro

un
d 

su
rfa

ce
 is

 g
iv

en
 a

s 
fo

rc
ed

 
di

sp
la

ce
m

en
t o

f b
ot

to
m

 s
ur

fa
ce

 o
f t

an
ks

.
–

1 
Ta

nk
 =

 1
 P

E
 (s

er
ia

l)

D
ef

or
m

at
io

n
of

 s
ur

fa
ce

 
w

ill
 b

e 
gi

ve
n 

as
 

bo
un

da
ry

 c
on

di
tio

ns
at

 b
ot

to
m

 o
f t

an
ks

.

D
ef

or
m

at
io

n
of

 s
ur

fa
ce

 
w

ill
 b

e 
gi

ve
n 

as
 

bo
un

da
ry

 c
on

di
tio

ns
at

 b
ot

to
m

 o
f t

an
ks

.

M
P

I P
ro

gr
am

m
in

g



35

20
03

 T
ok

ac
hi

 E
ar

th
qu

ak
e 

(M
8.

0)
Fi

re
 a

cc
id

en
t o

f o
il 

ta
nk

s 
du

e 
to

 lo
ng

 p
er

io
d 

gr
ou

nd
 m

ot
io

n 
(s

ur
fa

ce
 w

av
es

) d
ev

el
op

ed
 in

 th
e 

ba
si

n 
of

 T
om

ak
om

ai

M
P

I P
ro

gr
am

m
in

g



36

Se
is

m
ic

 W
av

e 
Pr

op
ag

at
io

n,
 

U
nd

er
gr

ou
nd

 S
tr

uc
tu

re

M
P

I P
ro

gr
am

m
in

g



3737

S
im

ul
at

io
n 

C
od

es
•

G
ro

un
d 

M
ot

io
n 

(Ic
hi

m
ur

a)
: F

or
tra

n
–

P
ar

al
le

l F
E

M
, 3

D
 E

la
st

ic
/D

yn
am

ic
•

E
xp

lic
it 

fo
rw

ar
d 

E
ul

er
 s

ch
em

e

–
E

ac
h 

el
em

en
t: 

2m
×

2m
×

2m
 c

ub
e

–
24

0m
×

24
0m

×
10

0m
 re

gi
on

•
S

lo
sh

in
g 

of
 T

an
ks

 (N
ag

as
hi

m
a)

: C
–

S
er

ia
l F

E
M

 (E
m

ba
rr

as
si

ng
ly

 P
ar

al
le

l)
•

Im
pl

ic
it 

ba
ck

w
ar

d 
E

ul
er

, S
ky

lin
e 

m
et

ho
d

•
S

he
ll 

el
em

en
ts

 +
 In

vi
sc

id
 p

ot
en

tia
l f

lo
w

–
D

: 4
2.

7m
, H

: 2
4.

9m
, T

: 2
0m

m
，

–
Fr

eq
ue

nc
y:

 7
.6

se
c.

–
80

 e
le

m
en

ts
 in

 c
irc

., 
0.

6m
 m

es
h 

in
 h

ei
gh

t
–

Ta
nk

-to
-T

an
k:

 6
0m

, 4
×

4
•

To
ta

l n
um

be
r o

f u
nk

no
w

ns
: 2

,9
18

,1
69

M
P

I P
ro

gr
am

m
in

g



383838

Th
re

e 
C

om
m

un
ic

at
or

s
m

es
hG

LO
B

A
L%

M
P

I_
C

O
M

M

ba
se

m
em

t
#0

ba
se

m
en

t
#1

ba
se

m
en

t
#2

ba
se

m
en

t
#3

m
es

hB
A

S
E

%
M

P
I_

C
O

M
M

ta
nk #0

ta
nk #1

ta
nk #2

ta
nk #3

ta
nk #4

ta
nk #5

ta
nk #6

ta
nk #7

ta
nk #8

m
es

hT
A

N
K

%
M

P
I_

C
O

M
M

m
es

hG
LO

B
A

L%
m

y_
ra

nk
= 

0~
3

m
es

hB
A

S
E

%
m

y_
ra

nk
= 

0~
3

m
es

hG
LO

B
A

L%
m

y_
ra

nk
= 

4~
12

m
es

hT
A

N
K

%
m

y_
ra

nk
= 

0~
  8

m
es

hT
A

N
K

%
m

y_
ra

nk
= 

-1
m

es
hB

A
S

E
%

m
y_

ra
nk

= 
-1

m
es

hG
LO

B
A

L%
M

P
I_

C
O

M
M

ba
se

m
em

t
#0

ba
se

m
en

t
#1

ba
se

m
en

t
#2

ba
se

m
en

t
#3

m
es

hB
A

S
E

%
M

P
I_

C
O

M
M

ba
se

m
em

t
#0

ba
se

m
en

t
#1

ba
se

m
en

t
#2

ba
se

m
en

t
#3

m
es

hB
A

S
E

%
M

P
I_

C
O

M
M

ta
nk #0

ta
nk #1

ta
nk #2

ta
nk #3

ta
nk #4

ta
nk #5

ta
nk #6

ta
nk #7

ta
nk #8

m
es

hT
A

N
K

%
M

P
I_

C
O

M
M

ta
nk #0

ta
nk #1

ta
nk #2

ta
nk #3

ta
nk #4

ta
nk #5

ta
nk #6

ta
nk #7

ta
nk #8

m
es

hT
A

N
K

%
M

P
I_

C
O

M
M

m
es

hG
LO

B
A

L%
m

y_
ra

nk
= 

0~
3

m
es

hB
A

S
E

%
m

y_
ra

nk
= 

0~
3

m
es

hG
LO

B
A

L%
m

y_
ra

nk
= 

4~
12

m
es

hT
A

N
K

%
m

y_
ra

nk
= 

0~
  8

m
es

hT
A

N
K

%
m

y_
ra

nk
= 

-1
m

es
hB

A
S

E
%

m
y_

ra
nk

= 
-1

M
P

I P
ro

gr
am

m
in

g



393939

M
PI

_C
om

m
_r

an
k

•
D

et
er

m
in

es
 th

e 
ra

nk
 o

f t
he

 c
al

lin
g 

pr
oc

es
s 

in
 th

e 
co

m
m

un
ic

at
or

–
“ID

 o
f M

P
I p

ro
ce

ss
” i

s 
so

m
et

im
es

 c
al

le
d 

“r
an

k”
 

•
M
P
I
_
C
o
m
m
_
r
a
n
k
 
(
c
o
m
m
,
 
r
a
n
k
)

–
c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

or
–

r
a
n
k

in
t

O
ra

nk
 o

f t
he

 c
al

lin
g 

pr
oc

es
s 

in
 th

e 
gr

ou
p 

of
 c

om
m

S
ta

rti
ng

 fr
om

 “0
”

#
i
n
c
l
u
d
e
 
"
m
p
i
.
h
"

#
i
n
c
l
u
d
e
 
<
s
t
d
i
o
.
h
>

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)

{
i
n
t
 
n
,
 
m
y
i
d
,
 
n
u
m
p
r
o
c
s
,
 
i
;

M
P
I
_
I
n
i
t
(
&
a
r
g
c
,
&
a
r
g
v
)
;

M
P
I
_
C
o
m
m
_
s
i
z
e
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
&
n
u
m
p
r
o
c
s
)
;

M
P
I
_
C
o
m
m
_
r
a
n
k
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
&
m
y
i
d
)
;

p
r
i
n
t
f
 
(
"
H
e
l
l
o
 
W
o
r
l
d
 
%
d
¥
n
"
,
 
m
y
i
d
)
;

M
P
I
_
F
i
n
a
l
i
z
e
(
)
;

}

C
M

P
I P

ro
gr

am
m

in
g



404040

M
PI

_A
bo

rt
•

A
bo

rts
 M

P
I e

xe
cu

tio
n 

en
vi

ro
nm

en
t 

•
M
P
I
_
A
b
o
r
t
 
(
c
o
m
m
,
 
e
r
r
c
o
d
e
)

–
c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

or
–

e
r
r
c
o
d
e

in
t

O
er

ro
r c

od
e

C
M

P
I P

ro
gr

am
m

in
g



414141

M
PI

_W
tim

e
•

R
et

ur
ns

 a
n 

el
ap

se
d 

tim
e 

on
 th

e 
ca

llin
g 

pr
oc

es
so

r

•
t
i
m
e
=
 
M
P
I
_
W
t
i
m
e
 
(
)

–
t
i
m
e

do
u
bl
e

O
Ti

m
e 

in
 s

ec
on

ds
 s

in
ce

 a
n 

ar
bi

tra
ry

 ti
m

e 
in

 th
e 

pa
st

.

… d
o
u
b
l
e
 
S
t
i
m
e
,
 
E
t
i
m
e
;

S
t
i
m
e
=
 
M
P
I
_
W
t
i
m
e
 
(
)
;

(
…
)

E
t
i
m
e
=
 
M
P
I
_
W
t
i
m
e
 
(
)
;

C
M

P
I P

ro
gr

am
m

in
g



424242

Ex
am

pl
e 

of
 M

PI
_W

tim
e

M
P

I P
ro

gr
am

m
in

g $
>
 
c
d
 
<
$
O
-
S
1
>

$
>
 
m
p
i
f
c
c
p
x
 
–
O
1
 
t
i
m
e
.
c

$
>
 
m
p
i
f
r
t
p
x
 
–
O
1
 
t
i
m
e
.
f

(
m
o
d
i
f
y
 
g
o
4
.
s
h
,
 
4
 
p
r
o
c
e
s
s
e
s
)

$
>
 
p
j
s
u
b
 
g
o
4
.
s
h
 

0
 
 
 
 
1
.
1
1
3
2
8
1
E
+
0
0

3
 
 
 
 
1
.
1
1
3
2
8
1
E
+
0
0

2
 
 
 
 
1
.
1
1
7
1
8
8
E
+
0
0

1
 
 
 
 
1
.
1
1
7
1
8
8
E
+
0
0

P
r
o
c
e
s
s
 
 
 
 
 
T
i
m
e

I
D



434343

M
PI

_W
tic

k
•

R
et

ur
ns

 th
e 

re
so

lu
tio

n 
of

 M
P

I_
W

tim
e

•
de

pe
nd

s 
on

 h
ar

dw
ar

e,
 a

nd
 c

om
pi

le
r

•
t
i
m
e
=
 
M
P
I
_
W
t
i
c
k
 
(
)

–
t
i
m
e

do
u
bl
e

O
Ti

m
e 

in
 s

ec
on

ds
 o

f r
es

ol
ut

io
n 

of
 M

P
I_

W
tim

e 

i
m
p
l
i
c
i
t
 
R
E
A
L
*
8
 
(
A
-
H
,
O
-
Z
)

i
n
c
l
u
d
e
 
'
m
p
i
f
.
h
'

… T
M
=
 
M
P
I
_
W
T
I
C
K
 
(
)

w
r
i
t
e
 
(
*
,
*
)
 
T
M

…

d
o
u
b
l
e
 
T
i
m
e
;

… T
i
m
e
 
=
 
M
P
I
_
W
t
i
c
k
(
)
;

p
r
i
n
t
f
(
"
%
5
d
%
1
6
.
6
E
¥
n
"
,
 
M
y
R
a
n
k
,
 
T
i
m
e
)
;

…

M
P

I P
ro

gr
am

m
in

g



444444

Ex
am

pl
e 

of
 M

PI
_W

tic
k

M
P

I P
ro

gr
am

m
in

g

$
>
 
c
d
 
<
$
O
-
S
1
>

$
>
 
m
p
i
f
c
c
p
x
 
–
O
1
 
w
t
i
c
k
.
c

$
>
 
m
p
i
f
r
t
p
x
 
–
O
1
 
w
t
i
c
k
.
f

(
m
o
d
i
f
y
 
g
o
1
.
s
h
,
 
1
 
p
r
o
c
e
s
s
)

$
>
 
p
j
s
u
b
 
g
o
1
.
s
h
 



454545

M
PI

_B
ar

rie
r

•
B

lo
ck

s 
un

til
 a

ll 
pr

oc
es

se
s 

in
 th

e 
co

m
m

un
ic

at
or

 h
av

e 
re

ac
he

d 
th

is
 ro

ut
in

e.
•

M
ai

nl
y 

fo
r d

eb
ug

gi
ng

, h
ug

e 
ov

er
he

ad
, n

ot
 re

co
m

m
en

de
d 

fo
r r

ea
l c

od
e.

•
M
P
I
_
B
a
r
r
i
e
r
 
(
c
o
m
m
)

–
c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

or

C
M

P
I P

ro
gr

am
m

in
g



464646

•
W

ha
t i

s 
M

P
I ?

•
Y

ou
r F

irs
t M

P
I P

ro
gr

am
: H

el
lo

 W
or

ld

•
G

lo
ba

l/L
oc

al
 D

at
a

•
C

ol
le

ct
iv

e 
C

om
m

un
ic

at
io

n
•

P
ee

r-t
o-

P
ee

r C
om

m
un

ic
at

io
n

M
P

I P
ro

gr
am

m
in

g



4747

D
at

a 
St

ru
ct

ur
es

 &
 A

lg
or

ith
m

s

•
C

om
pu

te
r p

ro
gr

am
 c

on
si

st
s 

of
 d

at
a 

st
ru

ct
ur

es
 a

nd
 

al
go

rit
hm

s.
•

Th
ey

 a
re

 c
lo

se
ly

 re
la

te
d.

 In
 o

rd
er

 to
 im

pl
em

en
t a

n 
al

go
rit

hm
, w

e 
ne

ed
 to

 s
pe

ci
fy

 a
n 

ap
pr

op
ria

te
 d

at
a 

st
ru

ct
ur

e 
fo

r t
ha

t.
–

W
e 

ca
n 

ev
en

 s
ay

 th
at

 “D
at

a 
S

tru
ct

ur
es

=A
lg

or
ith

m
s”

–
S

om
e 

pe
op

le
 m

ay
 n

ot
 a

gr
ee

 w
ith

 th
is

, I
 (K

N
) t

hi
nk

 it
 is

 tr
ue

 fo
r 

sc
ie

nt
ifi

c 
co

m
pu

ta
tio

ns
 fr

om
 m

y 
ex

pe
rie

nc
es

.

•
A

pp
ro

pr
ia

te
 d

at
a 

st
ru

ct
ur

es
 fo

r p
ar

al
le

l c
om

pu
tin

g 
m

us
t 

be
 s

pe
ci

fie
d 

be
fo

re
 s

ta
rti

ng
 p

ar
al

le
l c

om
pu

tin
g.

M
P

I P
ro

gr
am

m
in

g



484848

SP
M

D
：
Si

ng
le

 P
ro

gr
am

 M
ul

tip
le

 D
at

a

•
Th

er
e 

ar
e 

va
rio

us
 ty

pe
s 

of
 “p

ar
al

le
l c

om
pu

tin
g”

, a
nd

 
th

er
e 

ar
e 

m
an

y 
al

go
rit

hm
s.

•
C

om
m

on
 is

su
e 

is
 S

P
M

D
 (S

in
gl

e 
P

ro
gr

am
 M

ul
tip

le
 D

at
a)

.
•

It 
is

 id
ea

l t
ha

t p
ar

al
le

l c
om

pu
tin

g 
is

 d
on

e 
in

 th
e 

sa
m

e 
w

ay
 fo

r s
er

ia
l c

om
pu

tin
g 

(e
xc

ep
t c

om
m

un
ic

at
io

ns
)

–
It 

is
 re

qu
ire

d 
to

 s
pe

ci
fy

 p
ro

ce
ss

es
 w

ith
 c

om
m

un
ic

at
io

ns
 a

nd
 

th
os

e 
w

ith
ou

t c
om

m
un

ic
at

io
ns

.

M
P

I P
ro

gr
am

m
in

g



494949

W
ha

t i
s 

a 
da

ta
 s

tr
uc

tu
re

 w
hi

ch
 is

 
ap

pr
op

ria
te

 fo
r S

PM
D

 ?

P
E

 #
0

P
ro

gr
am

D
at

a 
#0

P
E

 #
1

P
ro

gr
am

D
at

a 
#1

P
E

 #
2

P
ro

gr
am

D
at

a 
#2

P
E

 #
3

P
ro

gr
am

D
at

a 
#3

M
P

I P
ro

gr
am

m
in

g



505050

D
at

a 
St

ru
ct

ur
e 

fo
r S

M
PD

 (1
/2

)
•

S
P

M
D

: L
ar

ge
 d

at
a 

is
 d

ec
om

po
se

d 
in

to
 s

m
al

l p
ie

ce
s,

 a
nd

 
ea

ch
 p

ie
ce

 is
 p

ro
ce

ss
ed

 b
y 

ea
ch

 p
ro

ce
ss

or
/p

ro
ce

ss
•

C
on

si
de

r t
he

 fo
llo

w
in

g 
si

m
pl

e 
co

m
pu

ta
tio

n 
fo

r v
ec

to
r V

g
w

ith
 le

ng
h 

of
 N

g
(=

20
):

•
If 

yo
u 

co
m

pu
te

 th
is

 u
si

ng
 fo

ur
 p

ro
ce

ss
or

s,
 e

ac
h 

pr
oc

es
so

r s
to

re
s 

an
d 

pr
oc

es
se

s 
5 

(=
20

/4
) 

co
m

po
ne

nt
s 

of
 V

g.

i
n
t
 
m
a
i
n
(
)
{

i
n
t
 
i
,
N
g
;

d
o
u
b
l
e
 
V
g
[
2
0
]
;

N
g
=
2
0
;

f
o
r
(
i
=
0
;
i
<
N
g
;
i
+
+
)
{

V
g
[
i
]
 
=
 
2
.
0
*
V
g
[
i
]
;
}

r
e
t
u
r
n
 
0
;
}

M
P

I P
ro

gr
am

m
in

g



515151

D
at

a 
St

ru
ct

ur
e 

fo
r S

M
PD

 (2
/2

)
•

i.e
.

•
Th

us
, a

 “s
in

gl
e 

pr
og

ra
m

” c
an

 e
xe

cu
te

 p
ar

al
le

l p
ro

ce
ss

in
g.

–
In

 e
ac

h 
pr

oc
es

s,
 c

om
po

ne
nt

s 
of

 “V
l” 

ar
e 

di
ffe

re
nt

: M
ul

tip
le

 D
at

a 
–

C
om

pu
ta

tio
n 

us
in

g 
on

ly
 “V

l” 
(a

s 
lo

ng
 a

s 
po

ss
ib

le
) l

ea
ds

 to
 

ef
fic

ie
nt

 p
ar

al
le

l c
om

pu
ta

tio
n.

–
P

ro
gr

am
 is

 n
ot

 d
iff

er
en

t f
ro

m
 th

at
 fo

r s
er

ia
l C

P
U

 (i
n 

th
e 

pr
ev

io
us

 
pa

ge
).

M
P

I P
ro

gr
am

m
in

g

i
n
t
 
m
a
i
n
(
)
{

i
n
t
 
i
,
N
l
;

d
o
u
b
l
e
 
V
l
[
5
]
;

N
l
=
5
;

f
o
r
(
i
=
0
;
i
<
N
l
;
i
+
+
)
{

V
l
[
i
]
 
=
 
2
.
0
*
V
l
[
i
]
;
}

r
e
t
u
r
n
 
0
;
}



525252

G
lo

ba
l &

 L
oc

al
 D

at
a

•
V

g –
E

nt
ire

 D
om

ai
n

–
“G

lo
ba

l D
at

a”
 w

ith
 “G

lo
ba

l I
D

” f
ro

m
 1

 to
 2

0
•

V
l –
fo

r E
ac

h 
P

ro
ce

ss
 (P

E
, P

ro
ce

ss
or

, D
om

ai
n)

–
“L

oc
al

 D
at

a”
 w

ith
 “L

oc
al

 ID
” f

ro
m

 1
 to

 5
–

E
ffi

ci
en

t u
til

iz
at

io
n 

of
 lo

ca
l d

at
a 

le
ad

s 
to

 e
xc

el
le

nt
 p

ar
al

le
l 

ef
fic

ie
nc

y.

M
P

I P
ro

gr
am

m
in

g



5353

Id
ea

 o
f L

oc
al

 D
at

a 
in

 C
Vg

: G
lo

ba
l D

at
a

•0
th
-4

th
co

m
p.

 o
n 

P
E

#0
•5

th
-9

th
co

m
p.

 o
n 

P
E

#1
•1

0t
h -

14
th

co
m

p.
 o

n 
P

E
#2

•1
5t

h -
19

th
co

m
p.

 o
n 

P
E

#3

E
ac

h 
of

 th
es

e 
fo

ur
 s

et
s 

co
rr

es
po

nd
s 

to
 0

th
-4

th

co
m

po
ne

nt
s 

of
 V

l(
lo

ca
l 

da
ta

) w
he

re
 th

er
e 

lo
ca

l I
D

’s
 

ar
e 

0-
4.

V
l
[
0
]

V
l
[
1
]

V
l
[
2
]

V
l
[
3
]

V
l
[
4
]

PE
#0

PE
#1

PE
#2

PE
#3

V
g
[
 
0
]

V
g
[
 
1
]

V
g
[
 
2
]

V
g
[
 
3
]

V
g
[
 
4
]

V
g
[
 
5
]

V
g
[
 
6
]

V
g
[
 
7
]

V
g
[
 
8
]

V
g
[
 
9
]

V
g
[
1
0
]

V
g
[
1
1
]

V
g
[
1
2
]

V
g
[
1
3
]

V
g
[
1
4
]

V
g
[
1
5
]

V
g
[
1
6
]

V
g
[
1
7
]

V
g
[
1
8
]

V
g
[
1
9
]

V
l
[
0
]

V
l
[
1
]

V
l
[
2
]

V
l
[
3
]

V
l
[
4
]

V
l
[
0
]

V
l
[
1
]

V
l
[
2
]

V
l
[
3
]

V
l
[
4
]

V
l
[
0
]

V
l
[
1
]

V
l
[
2
]

V
l
[
3
]

V
l
[
4
]C

M
P

I P
ro

gr
am

m
in

g



5454

G
lo

ba
l &

 L
oc

al
 D

at
a

•
V

g –
E

nt
ire

 D
om

ai
n

–
“G

lo
ba

l D
at

a”
 w

ith
 “G

lo
ba

l I
D

” f
ro

m
 1

 to
 2

0
•

V
l –
fo

r E
ac

h 
P

ro
ce

ss
 (P

E
, P

ro
ce

ss
or

, D
om

ai
n)

–
“L

oc
al

 D
at

a”
 w

ith
 “L

oc
al

 ID
” f

ro
m

 1
 to

 5
•

P
le

as
e 

ke
ep

 y
ou

r a
tte

nt
io

n 
to

 th
e 

fo
llo

w
in

g:
–

H
ow

 to
 g

en
er

at
e 

V
l(

lo
ca

l d
at

a)
 fr

om
 V

g 
(g

lo
ba

l d
at

a)
–

H
ow

 to
 m

ap
 c

om
po

ne
nt

s,
 fr

om
 V

g 
to

 V
l, 

an
d 

fro
m

 V
lt

o 
V

g.
–

W
ha

t t
o 

do
 if

 V
lc

an
no

t b
e 

ca
lc

ul
at

ed
 o

n 
ea

ch
 p

ro
ce

ss
 in

 
in

de
pe

nd
en

t m
an

ne
r. 

–
P

ro
ce

ss
in

g 
as

 lo
ca

liz
ed

 a
s 

po
ss

ib
le

 le
ad

s 
to

 e
xc

el
le

nt
 p

ar
al

le
l 

ef
fic

ie
nc

y:
 

•
D

at
a 

st
ru

ct
ur

es
 &

 a
lg

or
ith

m
s 

fo
r t

ha
t p

ur
po

se
.

M
P

I P
ro

gr
am

m
in

g



555555

•
W

ha
t i

s 
M

P
I ?

•
Y

ou
r F

irs
t M

P
I P

ro
gr

am
: H

el
lo

 W
or

ld

•
G

lo
ba

l/L
oc

al
 D

at
a

•
C

ol
le

ct
iv

e 
C

om
m

un
ic

at
io

n
•

P
ee

r-t
o-

P
ee

r C
om

m
un

ic
at

io
n

M
P

I P
ro

gr
am

m
in

g



565656

W
ha

t i
s 

C
ol

le
ct

iv
e 

C
om

m
un

ic
at

io
n 

?
集

団
通

信
，
グ
ル

ー
プ
通

信

•
C

ol
le

ct
iv

e 
co

m
m

un
ic

at
io

n 
is

 th
e 

pr
oc

es
s 

of
 

ex
ch

an
gi

ng
 in

fo
rm

at
io

n 
be

tw
ee

n 
m

ul
tip

le
 M

P
I 

pr
oc

es
se

s 
in

 th
e 

co
m

m
un

ic
at

or
: o

ne
-to

-a
ll 

or
 a

ll-
to

-a
ll 

co
m

m
un

ic
at

io
ns

.

•
E

xa
m

pl
es

–
B

ro
ad

ca
st

in
g 

co
nt

ro
l d

at
a

–
M

ax
, M

in
–

S
um

m
at

io
n

–
D

ot
 p

ro
du

ct
s 

of
 v

ec
to

rs
–

Tr
an

sf
or

m
at

io
n 

of
 d

en
se

 m
at

ric
es

M
P

I P
ro

gr
am

m
in

g



575757

Ex
am

pl
e 

of
 C

ol
le

ct
iv

e 
C

om
m

un
ic

at
io

ns
 (1

/4
)

A
0

P
#0

B
0

C
0

D
0

P
#1

P
#2

P
#3

B
ro

ad
ca

st
A

0
P

#0
B

0
C

0
D

0

A
0

P
#1

B
0

C
0

D
0

A
0

P
#2

B
0

C
0

D
0

A
0

P
#3

B
0

C
0

D
0

A
0

P
#0

B
0

C
0

D
0

P
#1

P
#2

P
#3

Sc
at

te
r

A
0

P
#0

B
0

P
#1

C
0

P
#2

D
0

P
#3

G
at

he
r

M
P

I P
ro

gr
am

m
in

g



585858

Ex
am

pl
e 

of
 C

ol
le

ct
iv

e 
C

om
m

un
ic

at
io

ns
 (2

/4
)

A
ll 

ga
th

er
A

0
P

#0
B

0
C

0
D

0

A
0

P
#1

B
0

C
0

D
0

A
0

P
#2

B
0

C
0

D
0

A
0

P
#3

B
0

C
0

D
0

A
ll-

to
-A

ll

A
0

P
#0

B
0

P
#1

C
0

P
#2

D
0

P
#3

A
0

P
#0

A
1

A
2

A
3

B
0

P
#1

B
1

B
2

B
3

C
0

P
#2

C
1

C
2

C
3

D
0

P
#3

D
1

D
2

D
3

A
0

P
#0

B
0

C
0

D
0

A
1

P
#1

B
1

C
1

D
1

A
2

P
#2

B
2

C
2

D
2

A
3

P
#3

B
3

C
3

D
3

M
P

I P
ro

gr
am

m
in

g



595959

Ex
am

pl
e 

of
 C

ol
le

ct
iv

e 
C

om
m

un
ic

at
io

ns
 (3

/4
)

R
ed

uc
e

P
#0

P
#1

P
#2

P
#3

A
0

P
#0

B
0

C
0

D
0

A
1

P
#1

B
1

C
1

D
1

A
2

P
#2

B
2

C
2

D
2

A
3

P
#3

B
3

C
3

D
3

op
.A

0-
A

3
op

.B
0-

B
3

op
.C

0-
C

3
op

.D
0-

D
3

A
ll 

re
du

ce
P

#0

P
#1

P
#2

P
#3

A
0

P
#0

B
0

C
0

D
0

A
1

P
#1

B
1

C
1

D
1

A
2

P
#2

B
2

C
2

D
2

A
3

P
#3

B
3

C
3

D
3

op
.A

0-
A

3
op

.B
0-

B
3

op
.C

0-
C

3
op

.D
0-

D
3

op
.A

0-
A

3
op

.B
0-

B
3

op
.C

0-
C

3
op

.D
0-

D
3

op
.A

0-
A

3
op

.B
0-

B
3

op
.C

0-
C

3
op

.D
0-

D
3

op
.A

0-
A

3
op

.B
0-

B
3

op
.C

0-
C

3
op

.D
0-

D
3

M
P

I P
ro

gr
am

m
in

g



606060

Ex
am

pl
e 

of
 C

ol
le

ct
iv

e 
C

om
m

un
ic

at
io

ns
 (4

/4
)

R
ed

uc
e 

sc
at

te
r

P
#0

P
#1

P
#2

P
#3

A
0

P
#0

B
0

C
0

D
0

A
1

P
#1

B
1

C
1

D
1

A
2

P
#2

B
2

C
2

D
2

A
3

P
#3

B
3

C
3

D
3

op
.A

0-
A

3

op
.B

0-
B

3

op
.C

0-
C

3

op
.D

0-
D

3

M
P

I P
ro

gr
am

m
in

g



616161

Ex
am

pl
es

 b
y 

C
ol

le
ct

iv
e 

C
om

m
.

•
D

ot
 P

ro
du

ct
s 

of
 V

ec
to

rs
•

S
ca

tte
r/G

at
he

r
•

R
ea

di
ng

 D
is

tri
bu

te
d 

Fi
le

s
•

M
P

I_
A

llg
at

he
rv

M
P

I P
ro

gr
am

m
in

g



626262

G
lo

ba
l/L

oc
al

 D
at

a
•

D
at

a 
st

ru
ct

ur
e 

of
 p

ar
al

le
l c

om
pu

tin
g 

ba
se

d 
on

 S
P

M
D

, 
w

he
re

 la
rg

e 
sc

al
e 

“g
lo

ba
l d

at
a”

 is
 d

ec
om

po
se

d 
to

 s
m

al
l 

pi
ec

es
 o

f “
lo

ca
l d

at
a”

.

M
P

I P
ro

gr
am

m
in

g



636363

La
rg
e-
sc
al
e

D
at
a

lo
ca
l

da
ta

lo
ca
l

da
ta

lo
ca
l

da
ta

lo
ca
l

da
ta

lo
ca
l

da
ta

lo
ca
l

da
ta

lo
ca
l

da
ta

lo
ca
l

da
ta

co
m
m
.

D
om
ai
n

D
ec
om
po
si
tio
n

D
om

ai
n 

D
ec

om
po

si
tio

n/
Pa

rt
iti

on
in

g
•

P
C

 w
ith

 1
G

B
 R

A
M

: c
an

 e
xe

cu
te

 F
E

M
 a

pp
lic

at
io

n 
w

ith
 u

p 
to

 
10

6
m

es
he

s
–

10
3 k

m
×

10
3 

km
×

10
2 

km
(S

W
 J

ap
an

): 
10

8
m

es
he

s 
by

 1
km

 
cu

be
s

•
La

rg
e-

sc
al

e 
D

at
a:

 D
om

ai
n 

de
co

m
po

si
tio

n,
 p

ar
al

le
l &

 lo
ca

l 
op

er
at

io
ns

•
G

lo
ba

l C
om

pu
ta

tio
n:

 C
om

m
. a

m
on

g 
do

m
ai

ns
 n

ee
de

d M
P

I P
ro

gr
am

m
in

g



646464

Lo
ca

l D
at

a 
St

ru
ct

ur
e

•
It 

is
 im

po
rta

nt
 to

 d
ef

in
e 

pr
op

er
 lo

ca
l d

at
a 

st
ru

ct
ur

e 
fo

r 
ta

rg
et

 c
om

pu
ta

tio
n 

(a
nd

 it
s 

al
go

rit
hm

)
–

A
lg

or
ith

m
s=

 D
at

a 
S

tru
ct

ur
es

•
M

ai
n 

ob
je

ct
iv

e 
of

 th
is

 c
la

ss
 !

M
P

I P
ro

gr
am

m
in

g



656565

G
lo

ba
l/L

oc
al

 D
at

a
•

D
at

a 
st

ru
ct

ur
e 

of
 p

ar
al

le
l c

om
pu

tin
g 

ba
se

d 
on

 S
P

M
D

, 
w

he
re

 la
rg

e 
sc

al
e 

“g
lo

ba
l d

at
a”

 is
 d

ec
om

po
se

d 
to

 s
m

al
l 

pi
ec

es
 o

f “
lo

ca
l d

at
a”

.

•
C

on
si

de
r t

he
 d

ot
 p

ro
du

ct
 o

f f
ol

lo
w

in
g 

V
E

C
p

an
d 

V
E

C
s 

w
ith

 le
ng

th
=2

0 
by

 p
ar

al
le

l c
om

pu
ta

tio
n 

us
in

g 
4 

pr
oc

es
so

rs

M
P

I P
ro

gr
am

m
in

g

V
E
C
p
[
 
0
]
=
 
 
2

[
 
1
]
=
 
 
2

[
 
2
]
=
 
 
2

…
[
1
7
]
=
 
 
2

[
1
8
]
=
 
 
2

[
1
9
]
=
 
 
2

V
E
C
s
[
 
0
]
=
 
 
3

[
 
1
]
=
 
 
3

[
 
2
]
=
 
 
3

…
[
1
7
]
=
 
 
3

[
1
8
]
=
 
 
3

[
1
9
]
=
 
 
3



666666

<$
O

-S
1>

/d
ot

.f,
 d

ot
.c

i
m
p
l
i
c
i
t
 
R
E
A
L
*
8
 
(
A
-
H
,
O
-
Z
)

r
e
a
l
(
k
i
n
d
=
8
)
,
d
i
m
e
n
s
i
o
n
(
2
0
)
:
:
 
&

V
E
C
p
,
 
 
V
E
C
s

d
o
 
i
=
 
1
,
 
2
0

V
E
C
p
(
i
)
=
 
2
.
0
d
0

V
E
C
s
(
i
)
=
 
3
.
0
d
0

e
n
d
d
o

s
u
m
=
 
0
.
d
0

d
o
 
i
i
=
 
1
,
 
2
0

s
u
m
=
 
s
u
m
 
+
 
V
E
C
p
(
i
i
)
*
V
E
C
s
(
i
i
)

e
n
d
d
o

s
t
o
p

e
n
d

#
i
n
c
l
u
d
e
 
<
s
t
d
i
o
.
h
>

i
n
t
 
m
a
i
n
(
)
{

i
n
t
 
i
;

d
o
u
b
l
e
 
V
E
C
p
[
2
0
]
,
 
V
E
C
s
[
2
0
]

d
o
u
b
l
e
 
s
u
m
;

f
o
r
(
i
=
0
;
i
<
2
0
;
i
+
+
)
{

V
E
C
p
[
i
]
=
 
2
.
0
;

V
E
C
s
[
i
]
=
 
3
.
0
;

} s
u
m
 
=
 
0
.
0
;

f
o
r
(
i
=
0
;
i
<
2
0
;
i
+
+
)
{

s
u
m
 
+
=
 
V
E
C
p
[
i
]
 
*
 
V
E
C
s
[
i
]
;

} r
e
t
u
r
n
 
0
;

}

M
P

I P
ro

gr
am

m
in

g



676767

<$
O

-S
1>

/d
ot

.f,
 d

ot
.c

(d
o 

it 
on

 E
C

C
S 

20
12

)

M
P

I P
ro

gr
am

m
in

g

>
$
 
c
d
 
<
$
O
-
S
1
>

>
$
 
c
c
 
-
O
3
 
d
o
t
.
c

>
$
 
f
9
0
 
–
O
3
 
d
o
t
.
f

>
$
 
.
/
a
.
o
u
t

1
 
 
 
 
 
 
 
 
2
.
 
 
 
 
 
 
 
 
3
.

2
 
 
 
 
 
 
 
 
2
.
 
 
 
 
 
 
 
 
3
.

3
 
 
 
 
 
 
 
 
2
.
 
 
 
 
 
 
 
 
3
.

…
1
8
 
 
 
 
 
 
 
 
2
.
 
 
 
 
 
 
 
 
3
.

1
9
 
 
 
 
 
 
 
 
2
.
 
 
 
 
 
 
 
 
3
.

2
0
 
 
 
 
 
 
 
 
2
.
 
 
 
 
 
 
 
 
3
.

d
o
t
 
p
r
o
d
u
c
t
 
 
 
 
 
 
1
2
0
.



686868

M
PI

_R
ed

uc
e

•
R

ed
uc

es
 v

al
ue

s 
on

 a
ll 

pr
oc

es
se

s 
to

 a
 s

in
gl

e 
va

lu
e

–
S

um
m

at
io

n,
 P

ro
du

ct
, M

ax
, M

in
 e

tc
.

•
M
P
I
_
R
e
d
u
c
e
(
s
e
n
d
b
u
f
,
r
e
c
v
b
u
f
,
c
o
u
n
t
,
d
a
t
a
t
y
p
e
,
o
p
,
r
o
o
t
,
c
o
m
m
)

–
s
e
n
d
b
u
f

ch
oi

ce
I

st
ar

tin
g 

ad
dr

es
s 

of
 s

en
d 

bu
ffe

r
–

r
e
c
v
b
u
f

ch
oi

ce
 

O
st

ar
tin

g 
ad

dr
es

s 
re

ce
iv

e 
bu

ffe
r

ty
pe

 is
 d

ef
in

ed
 b

y 
”
d
a
t
a
t
y
p
e
”

–
c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 in
 s

en
d/

re
ce

iv
e 

bu
ffe

r
–

d
a
t
a
t
y
p
e

M
P

I_
D

at
at

yp
eI

da
ta

 ty
pe

 o
f e

le
m

en
ts

 o
f s

en
d/

re
ci

ve
bu

ffe
r

F
O
R
T
R
A
N
 
 
M
P
I
_
I
N
T
E
G
E
R
,
 
M
P
I
_
R
E
A
L
,
 
M
P
I
_
D
O
U
B
L
E
_
P
R
E
C
I
S
I
O
N
,
 
M
P
I
_
C
H
A
R
A
C
T
E
R
 
e
t
c
.

C
 
 
 
 
 
 
 
 
M
P
I
_
I
N
T
,
 
M
P
I
_
F
L
O
A
T
,
 
M
P
I
_
D
O
U
B
L
E
,
 
M
P
I
_
C
H
A
R
 
e
t
c

–
o
p

M
P

I_
O

p
I

re
du

ce
 o

pe
ra

tio
n 

M
P
I
_
M
A
X
,
 
M
P
I
_
M
I
N
,
 
M
P
I
_
S
U
M
,
 
M
P
I
_
P
R
O
D
,
 
M
P
I
_
L
A
N
D
,
 
M
P
I
_
B
A
N
D
 
e
t
c

U
se

rs
 c

an
 d

ef
in

e 
op

er
at

io
ns

 b
y 
M
P
I
_
O
P
_
C
R
E
A
T
E

–
r
o
o
t

in
t

I
ra

nk
 o

f r
oo

t p
ro

ce
ss

 
–

c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

or

R
ed

uc
e

P#
0

P#
1

P#
2

P#
3

A
0

P
#0

B
0

C
0

D
0

A
1

P
#1

B
1

C
1

D
1

A
2

P
#2

B
2

C
2

D
2

A
3

P
#3

B
3

C
3

D
3

A
0

P
#0

B
0

C
0

D
0

A
1

P
#1

B
1

C
1

D
1

A
2

P
#2

B
2

C
2

D
2

A
3

P
#3

B
3

C
3

D
3

op
.A

0-
A

3
op

.B
0-

B
3

op
.C

0-
C

3
op

.D
0-

D
3

op
.A

0-
A

3
op

.B
0-

B
3

op
.C

0-
C

3
op

.D
0-

D
3

C

M
P

I P
ro

gr
am

m
in

g



696969

Se
nd

/R
ec

ei
ve

 B
uf

fe
r

(S
en

di
ng

/R
ec

ei
vi

ng
)

•
A

rr
ay

s 
of

 “s
en

d 
(s

en
di

ng
) b

uf
fe

r”
 a

nd
 “r

ec
ei

ve
 

(r
ec

ei
vi

ng
) b

uf
fe

r”
 o

fte
n 

ap
pe

ar
 in

 M
P

I.

•
A

dd
re

ss
es

 o
f “

se
nd

 (s
en

di
ng

) b
uf

fe
r”

 a
nd

 “r
ec

ei
ve

 
(r

ec
ei

vi
ng

) b
uf

fe
r”

 m
us

t b
e 

di
ffe

re
nt

. 

M
P

I P
ro

gr
am

m
in

g



707070

Ex
am

pl
e 

of
 M

PI
_R

ed
uc

e 
(1

/2
)

M
P
I
_
R
e
d
u
c
e

(
s
e
n
d
b
u
f
,
r
e
c
v
b
u
f
,
c
o
u
n
t
,
d
a
t
a
t
y
p
e
,
o
p
,
r
o
o
t
,
c
o
m
m
)

d
o
u
b
l
e
 
X
0
,
 
X
1
;

M
P
I
_
R
e
d
u
c
e

(
&
X
0
,
 
&
X
1
,
 
1
,
 
M
P
I
_
D
O
U
B
L
E
,
 
M
P
I
_
M
A
X
,
 
0
,
 
<
c
o
m
m
>
)
;

G
lo

ba
l M

ax
 v

al
ue

s 
of

 X
0[

i] 
go

 to
 X

M
A

X
[i]

 o
n 

#0
 p

ro
ce

ss
 （

i=
0~

3）

d
o
u
b
l
e
 
X
0
[
4
]
,
 
X
M
A
X
[
4
]
;

M
P
I
_
R
e
d
u
c
e

(
X
0
,
 
X
M
A
X
,
 
4
,
 
M
P
I
_
D
O
U
B
L
E
,
 
M
P
I
_
M
A
X
,
 
0
,
 
<
c
o
m
m
>
)
;

C
M

P
I P

ro
gr

am
m

in
g



717171

Ex
am

pl
e 

of
 M

PI
_R

ed
uc

e 
(2

/2
)

d
o
u
b
l
e
 
X
0
,
 
X
S
U
M
;

M
P
I
_
R
e
d
u
c
e

(
&
X
0
,
 
&
X
S
U
M
,
 
1
,
 
M
P
I
_
D
O
U
B
L
E
,
 
M
P
I
_
S
U
M
,
 
0
,
 
<
c
o
m
m
>
)

d
o
u
b
l
e
 
X
0
[
4
]
;

M
P
I
_
R
e
d
u
c
e

(
&
X
0
[
0
]
,
 
&
X
0
[
2
]
,
 
2
,
 
M
P
I
_
D
O
U
B
L
E
_
P
R
E
C
I
S
I
O
N
,
 
M
P
I
_
S
U
M
,
 
0
,
 
<
c
o
m
m
>
)

G
lo

ba
l s

um
m

at
io

n 
of

 X
0 

go
es

 to
 X

S
U

M
on

 #
0 

pr
oc

es
s.

・
G

lo
ba

l s
um

m
at

io
n 

of
 X

0[
0]

 g
oe

s 
to

 X
0[

2]
on

 #
0 

pr
oc

es
s.

・
G

lo
ba

l s
um

m
at

io
n 

of
 X

0[
1]

 g
oe

s 
to

 X
0[

3]
on

 #
0 

pr
oc

es
s.

M
P
I
_
R
e
d
u
c
e

(
s
e
n
d
b
u
f
,
r
e
c
v
b
u
f
,
c
o
u
n
t
,
d
a
t
a
t
y
p
e
,
o
p
,
r
o
o
t
,
c
o
m
m
)

C
M

P
I P

ro
gr

am
m

in
g



727272

M
PI

_B
ca

st

•
B

ro
ad

ca
st

s 
a 

m
es

sa
ge

 fr
om

 th
e 

pr
oc

es
s 

w
ith

 ra
nk

 "r
oo

t" 
to

 a
ll 

ot
he

r 
pr

oc
es

se
s 

of
 th

e 
co

m
m

un
ic

at
or

 

•
M
P
I
_
B
c
a
s
t
 
(
b
u
f
f
e
r
,
c
o
u
n
t
,
d
a
t
a
t
y
p
e
,
r
o
o
t
,
c
o
m
m
)

–
b
u
f
f
e
r

ch
oi

ce
 

I
/
O

st
ar

tin
g 

ad
dr

es
s 

of
 b

uf
fe

r
ty

pe
 is

 d
ef

in
ed

 b
y 
”
d
a
t
a
t
y
p
e
”

–
c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 in
 s

en
d/

re
cv

 b
uf

fe
r

–
d
a
t
a
t
y
p
e

M
P

I_
D

at
at

yp
eI

da
ta

 ty
pe

 o
f e

le
m

en
ts

 o
f s

en
d/

re
cv

 b
uf

fe
r

F
O
R
T
R
A
N
 
 
M
P
I
_
I
N
T
E
G
E
R
,
 
M
P
I
_
R
E
A
L
,
 
M
P
I
_
D
O
U
B
L
E
_
P
R
E
C
I
S
I
O
N
,
 
M
P
I
_
C
H
A
R
A
C
T
E
R
 
e
t
c
.

C
 
 
 
 
 
 
 
 
M
P
I
_
I
N
T
,
 
M
P
I
_
F
L
O
A
T
,
 
M
P
I
_
D
O
U
B
L
E
,
 
M
P
I
_
C
H
A
R
 
e
t
c
.

–
r
o
o
t

in
t 

I
ra

nk
 o

f r
oo

t p
ro

ce
ss

 
–

c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

or

A
0

P
#0

B
0

C
0

D
0

P
#1

P
#2

P
#3

A
0

P
#0

B
0

C
0

D
0

P
#1

P
#2

P
#3

B
ro

ad
ca

st
A

0
P

#0
B

0
C

0
D

0

A
0

P
#1

B
0

C
0

D
0

A
0

P
#2

B
0

C
0

D
0

A
0

P
#3

B
0

C
0

D
0

A
0

P
#0

B
0

C
0

D
0

A
0

P
#1

B
0

C
0

D
0

A
0

P
#2

B
0

C
0

D
0

A
0

P
#3

B
0

C
0

D
0 C

M
P

I P
ro

gr
am

m
in

g



737373

M
PI

_A
llr

ed
uc

e
•

M
P

I_
R

ed
uc

e 
+ 

M
P

I_
B

ca
st

•
S

um
m

at
io

n 
(o

f d
ot

 p
ro

du
ct

s)
 a

nd
 M

A
X

/M
IN

 v
al

ue
s 

ar
e 

lik
el

y 
to

 u
til

iz
ed

 in
 

ea
ch

 p
ro

ce
ss

•
c
a
l
l
 
M
P
I
_
A
l
l
r
e
d
u
c
e
 

(
s
e
n
d
b
u
f
,
r
e
c
v
b
u
f
,
c
o
u
n
t
,
d
a
t
a
t
y
p
e
,
o
p
,
 
c
o
m
m
)

–
s
e
n
d
b
u
f

ch
oi

ce
I

st
ar

tin
g 

ad
dr

es
s 

of
 s

en
d 

bu
ffe

r
–

r
e
c
v
b
u
f

ch
oi

ce
 

O
st

ar
tin

g 
ad

dr
es

s 
re

ce
iv

e 
bu

ffe
r

ty
pe

 is
 d

ef
in

ed
 b

y 
”
d
a
t
a
t
y
p
e
”

–
c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 in
 s

en
d/

re
cv

 b
uf

fe
r

–
d
a
t
a
t
y
p
e

M
P

I_
D

at
at

yp
eI

da
ta

 ty
pe

 o
f e

le
m

en
ts

 o
f s

en
d/

re
cv

 b
uf

fe
r

–
o
p

M
P

I_
O

p
I

re
du

ce
 o

pe
ra

tio
n 

–
c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

or

A
ll 

re
du

ce
P

#0

P
#1

P
#2

P
#3

A
0

P
#0

B
0

C
0

D
0

A
1

P
#1

B
1

C
1

D
1

A
2

P
#2

B
2

C
2

D
2

A
3

P
#3

B
3

C
3

D
3

A
0

P
#0

B
0

C
0

D
0

A
1

P
#1

B
1

C
1

D
1

A
2

P
#2

B
2

C
2

D
2

A
3

P
#3

B
3

C
3

D
3

op
.A

0-
A

3
op

.B
0-

B
3

op
.C

0-
C

3
op

.D
0-

D
3

op
.A

0-
A

3
op

.B
0-

B
3

op
.C

0-
C

3
op

.D
0-

D
3

op
.A

0-
A

3
op

.B
0-

B
3

op
.C

0-
C

3
op

.D
0-

D
3

op
.A

0-
A

3
op

.B
0-

B
3

op
.C

0-
C

3
op

.D
0-

D
3

op
.A

0-
A

3
op

.B
0-

B
3

op
.C

0-
C

3
op

.D
0-

D
3

op
.A

0-
A

3
op

.B
0-

B
3

op
.C

0-
C

3
op

.D
0-

D
3

op
.A

0-
A

3
op

.B
0-

B
3

op
.C

0-
C

3
op

.D
0-

D
3

op
.A

0-
A

3
op

.B
0-

B
3

op
.C

0-
C

3
op

.D
0-

D
3

C

M
P

I P
ro

gr
am

m
in

g



7474

“o
p”

 o
f M

PI
_R

ed
uc

e/
A

llr
ed

uc
e

•
M
P
I
_
M
A
X
，
M
P
I
_
M
I
N

M
ax

, M
in

•
M
P
I
_
S
U
M
，
M
P
I
_
P
R
O
D

S
um

m
at

io
n,

 P
ro

du
ct

•
M
P
I
_
L
A
N
D

Lo
gi

ca
l A

N
D

M
P
I
_
R
e
d
u
c
e

(
s
e
n
d
b
u
f
,
r
e
c
v
b
u
f
,
c
o
u
n
t
,
d
a
t
a
t
y
p
e
,
o
p
,
r
o
o
t
,
c
o
m
m
)

C

M
P

I P
ro

gr
am

m
in

g



757575

Lo
ca

l D
at

a 
(1

/2
)

•
D

ec
om

po
se

 v
ec

to
r w

ith
 le

ng
th

=2
0 

in
to

 4
 d

om
ai

ns
 (p

ro
ce

ss
es

)
•

E
ac

h 
pr

oc
es

s 
ha

nd
le

s 
a 

ve
ct

or
 w

ith
 le

ng
th

= 
5

V
E
C
p
[
 
0
]
=
 
 
2

[
 
1
]
=
 
 
2

[
 
2
]
=
 
 
2

…
[
1
7
]
=
 
 
2

[
1
8
]
=
 
 
2

[
1
9
]
=
 
 
2

V
E
C
s
[
 
0
]
=
 
 
3

[
 
1
]
=
 
 
3

[
 
2
]
=
 
 
3

…
[
1
7
]
=
 
 
3

[
1
8
]
=
 
 
3

[
1
9
]
=
 
 
3

C
M

P
I P

ro
gr

am
m

in
g



7676

Lo
ca

l D
at

a 
(2

/2
)

•
1t

h -
5t

h
co

m
po

ne
nt

s 
of

 o
rig

in
al

 g
lo

ba
l v

ec
to

r g
o 

to
 1

th
-5

th
 c

om
po

ne
nt

s 
of

 P
E

#0
, 6

th
-1

0t
h

->
 P

E
#1

, 1
1t

h -
15

th
->

 P
E

#2
, 1

6t
h -

20
th

->
 P

E
#3

.

M
P

I P
ro

gr
am

m
in

g

C

V
E
C
p
[
0
]
=
 
2

[
1
]
=
 
2

[
2
]
=
 
2

[
3
]
=
 
2

[
4
]
=
 
2

V
E
C
s
[
0
]
=
 
3

[
1
]
=
 
3

[
2
]
=
 
3

[
3
]
=
 
3

[
4
]
=
 
3

PE
#0

PE
#1

PE
#2

PE
#3

V
E
C
p
[
 
0
]
~
V
E
C
p
[
 
4
]

V
E
C
s
[
 
0
]
~
V
E
C
s
[
 
4
]

V
E
C
p
[
 
5
]
~
V
E
C
p
[
 
9
]

V
E
C
s
[
 
5
]
~
V
E
C
s
[
 
9
]

V
E
C
p
[
1
0
]
~
V
E
C
p
[
1
4
]

V
E
C
s
[
1
0
]
~
V
E
C
s
[
1
4
]

V
E
C
p
[
1
5
]
~
V
E
C
p
[
1
9
]

V
E
C
s
[
1
5
]
~
V
E
C
s
[
1
9
]

V
E
C
p
[
0
]
=
 
2

[
1
]
=
 
2

[
2
]
=
 
2

[
3
]
=
 
2

[
4
]
=
 
2

V
E
C
s
[
0
]
=
 
3

[
1
]
=
 
3

[
2
]
=
 
3

[
3
]
=
 
3

[
4
]
=
 
3

V
E
C
p
[
0
]
=
 
2

[
1
]
=
 
2

[
2
]
=
 
2

[
3
]
=
 
2

[
4
]
=
 
2

V
E
C
s
[
0
]
=
 
3

[
1
]
=
 
3

[
2
]
=
 
3

[
3
]
=
 
3

[
4
]
=
 
3

V
E
C
p
[
0
]
=
 
2

[
1
]
=
 
2

[
2
]
=
 
2

[
3
]
=
 
2

[
4
]
=
 
2

V
E
C
s
[
0
]
=
 
3

[
1
]
=
 
3

[
2
]
=
 
3

[
3
]
=
 
3

[
4
]
=
 
3



77

B
ut

 ..
.

•
It 

is
 to

o 
ea

sy
 !!

 J
us

t 
de

co
m

po
si

ng
 a

nd
 

re
nu

m
be

rin
g 

fro
m

 1
 (o

r 
0)

.

•
O

f c
ou

rs
e,

 th
is

 is
 n

ot
 

en
ou

gh
. F

ur
th

er
 

ex
am

pl
es

 w
ill 

be
 s

ho
w

n 
in

 th
e 

la
tte

r p
ar

t.

M
P

I P
ro

gr
am

m
in

g

V
l
[
0
]

V
l
[
1
]

V
l
[
2
]

V
l
[
3
]

V
l
[
4
]

PE
#0

PE
#1

PE
#2

PE
#3

V
g
[
 
0
]

V
g
[
 
1
]

V
g
[
 
2
]

V
g
[
 
3
]

V
g
[
 
4
]

V
g
[
 
5
]

V
g
[
 
6
]

V
g
[
 
7
]

V
g
[
 
8
]

V
g
[
 
9
]

V
g
[
1
0
]

V
g
[
1
1
]

V
g
[
1
2
]

V
g
[
1
3
]

V
g
[
1
4
]

V
g
[
1
5
]

V
g
[
1
6
]

V
g
[
1
7
]

V
g
[
1
8
]

V
g
[
1
9
]

V
l
[
0
]

V
l
[
1
]

V
l
[
2
]

V
l
[
3
]

V
l
[
4
]

V
l
[
0
]

V
l
[
1
]

V
l
[
2
]

V
l
[
3
]

V
l
[
4
]

V
l
[
0
]

V
l
[
1
]

V
l
[
2
]

V
l
[
3
]

V
l
[
4
]



7878

Ex
am

pl
e:

 D
ot

 P
ro

du
ct

 (1
/3

)
<
$
O
-
S
1
>
/
a
l
l
r
e
d
u
c
e
.
c

M
P

I P
ro

gr
am

m
in

g

#
i
n
c
l
u
d
e
 
<
s
t
d
i
o
.
h
>

#
i
n
c
l
u
d
e
 
<
s
t
d
l
i
b
.
h
>

#
i
n
c
l
u
d
e
 
"
m
p
i
.
h
"

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)
{

i
n
t
 
i
,
N
;

i
n
t
 
P
e
T
o
t
,
 
M
y
R
a
n
k
;

d
o
u
b
l
e
 
V
E
C
p
[
5
]
,
 
V
E
C
s
[
5
]
;

d
o
u
b
l
e
 
s
u
m
A
,
 
s
u
m
R
,
 
s
u
m
0
;

M
P
I
_
I
n
i
t
(
&
a
r
g
c
,
 
&
a
r
g
v
)
;

M
P
I
_
C
o
m
m
_
s
i
z
e
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
P
e
T
o
t
)
;

M
P
I
_
C
o
m
m
_
r
a
n
k
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
M
y
R
a
n
k
)
;

s
u
m
A
=
 
0
.
0
;

s
u
m
R
=
 
0
.
0
;

N
=
5
;

f
o
r
(
i
=
0
;
i
<
N
;
i
+
+
)
{

V
E
C
p
[
i
]
 
=
 
2
.
0
;

V
E
C
s
[
i
]
 
=
 
3
.
0
;

} s
u
m
0
 
=
 
0
.
0
;

f
o
r
(
i
=
0
;
i
<
N
;
i
+
+
)
{

s
u
m
0
 
+
=
 
V
E
C
p
[
i
]
 
*
 
V
E
C
s
[
i
]
;

}

Lo
ca

l v
ec

to
r i

s 
ge

ne
ra

te
d

at
 e

ac
h 

lo
ca

l p
ro

ce
ss

.



7979

Ex
am

pl
e:

 D
ot

 P
ro

du
ct

 (2
/3

)
<
$
O
-
S
1
>
/
a
l
l
r
e
d
u
c
e
.
c

M
P

I P
ro

gr
am

m
in

g

M
P
I
_
R
e
d
u
c
e
(
&
s
u
m
0
,
 
&
s
u
m
R
,
 
1
,
 
M
P
I
_
D
O
U
B
L
E
,
 
M
P
I
_
S
U
M
,
 
0
,
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
)
;

M
P
I
_
A
l
l
r
e
d
u
c
e
(
&
s
u
m
0
,
 
&
s
u
m
A
,
 
1
,
 
M
P
I
_
D
O
U
B
L
E
,
 
M
P
I
_
S
U
M
,
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
)
;

p
r
i
n
t
f
(
"
b
e
f
o
r
e
 
B
C
A
S
T
 
%
5
d
 
%
1
5
.
0
F
 
%
1
5
.
0
F
¥
n
"
,
 
M
y
R
a
n
k
,
 
s
u
m
A
,
 
s
u
m
R
)
;

M
P
I
_
B
c
a
s
t
(
&
s
u
m
R
,
 
1
,
 
M
P
I
_
D
O
U
B
L
E
,
 
0
,
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
)
;

p
r
i
n
t
f
(
"
a
f
t
e
r
 
 
B
C
A
S
T
 
%
5
d
 
%
1
5
.
0
F
 
%
1
5
.
0
F
¥
n
"
,
 
M
y
R
a
n
k
,
 
s
u
m
A
,
 
s
u
m
R
)
;

M
P
I
_
F
i
n
a
l
i
z
e
(
)
;

r
e
t
u
r
n
 
0
;

}



8080

Ex
am

pl
e:

 D
ot

 P
ro

du
ct

 (3
/3

)
<
$
O
-
S
1
>
/
a
l
l
r
e
d
u
c
e
.
c

M
P

I P
ro

gr
am

m
in

g

M
P
I
_
R
e
d
u
c
e
(
&
s
u
m
0
,
 
&
s
u
m
R
,
 
1
,
 
M
P
I
_
D
O
U
B
L
E
,
 
M
P
I
_
S
U
M
,
 
0
,
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
)
;

M
P
I
_
A
l
l
r
e
d
u
c
e
(
&
s
u
m
0
,
 
&
s
u
m
A
,
 
1
,
 
M
P
I
_
D
O
U
B
L
E
,
 
M
P
I
_
S
U
M
,
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
)
;

D
ot

 P
ro

du
ct

S
um

m
at

io
n 

of
 re

su
lts

 o
f e

ac
h 

pr
oc

es
s 

(s
um

0)
“s

um
R

” h
as

 v
al

ue
 o

nl
y 

on
 P

E
#0

.

“s
um

A
” h

as
 v

al
ue

 o
n 

al
l p

ro
ce

ss
es

 b
y 

M
P

I_
A

llr
ed

uc
e

“s
um

R
” h

as
 v

al
ue

 o
n 

P
E

#1
-#

3 
by

 M
P

I_
B

ca
st

M
P
I
_
B
c
a
s
t
(
&
s
u
m
R
,
 
1
,
 
M
P
I
_
D
O
U
B
L
E
,
 
0
,
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
)
;



818181

E
x
e
c
u
t
e
 
<
$
O
-
S
1
>
/
a
l
l
r
e
d
u
c
e
.
f
/
c

M
P

I P
ro

gr
am

m
in

g

$
>
 
m
p
i
f
c
c
p
x
 
–
K
f
a
s
t
 
a
l
l
r
e
d
u
c
e
.
c

$
>
 
m
p
i
f
r
t
p
x
 
–
K
f
a
s
t
 
a
l
l
r
e
d
u
c
e
.
f

(
m
o
d
i
f
y
 
g
o
4
.
s
h
,
 
4
 
p
r
o
c
e
s
s
)

$
>
 
p
j
s
u
b
 
g
o
4
.
s
h
 

(
m
y
_
r
a
n
k
,
 
s
u
m
A
L
L
R
E
D
U
C
E
,
s
u
m
R
E
D
U
C
E
)

b
e
f
o
r
e
 
B
C
A
S
T
 
 
 
 
0
 
 
 
 
1
.
2
0
0
0
0
0
E
+
0
2
 
 
 
 
1
.
2
0
0
0
0
0
E
+
0
2

a
f
t
e
r
 
 
B
C
A
S
T
 
 
 
 
0
 
 
 
 
1
.
2
0
0
0
0
0
E
+
0
2
 
 
 
 
1
.
2
0
0
0
0
0
E
+
0
2

b
e
f
o
r
e
 
B
C
A
S
T
 
 
 
 
1
 
 
 
 
1
.
2
0
0
0
0
0
E
+
0
2
 
 
 
 
0
.
0
0
0
0
0
0
E
+
0
0

a
f
t
e
r
 
 
B
C
A
S
T
 
 
 
 
1
 
 
 
 
1
.
2
0
0
0
0
0
E
+
0
2
 
 
 
 
1
.
2
0
0
0
0
0
E
+
0
2

b
e
f
o
r
e
 
B
C
A
S
T
 
 
 
 
3
 
 
 
 
1
.
2
0
0
0
0
0
E
+
0
2
 
 
 
 
0
.
0
0
0
0
0
0
E
+
0
0

a
f
t
e
r
 
 
B
C
A
S
T
 
 
 
 
3
 
 
 
 
1
.
2
0
0
0
0
0
E
+
0
2
 
 
 
 
1
.
2
0
0
0
0
0
E
+
0
2

b
e
f
o
r
e
 
B
C
A
S
T
 
 
 
 
2
 
 
 
 
1
.
2
0
0
0
0
0
E
+
0
2
 
 
 
 
0
.
0
0
0
0
0
0
E
+
0
0

a
f
t
e
r
 
 
B
C
A
S
T
 
 
 
 
2
 
 
 
 
1
.
2
0
0
0
0
0
E
+
0
2
 
 
 
 
1
.
2
0
0
0
0
0
E
+
0
2



828282

Ex
am

pl
es

 b
y 

C
ol

le
ct

iv
e 

C
om

m
.

•
D

ot
 P

ro
du

ct
s 

of
 V

ec
to

rs
•

S
ca

tte
r/G

at
he

r
•

R
ea

di
ng

 D
is

tri
bu

te
d 

Fi
le

s
•

M
P

I_
A

llg
at

he
rv

M
P

I P
ro

gr
am

m
in

g



8383

G
lo

ba
l/L

oc
al

 D
at

a 
(1

/3
)

•
P

ar
al

le
liz

at
io

n 
of

 a
n 

ea
sy

 p
ro

ce
ss

 w
he

re
 a

 re
al

 n
um

be
r 

is
 a

dd
ed

 to
 e

ac
h 

co
m

po
ne

nt
 o

f r
ea

l v
ec

to
r V

EC
g:

  
  
 
do
 
i=
 
1,
 
NG
 

 
  
 
  
V
EC
g
(i
)
= 
V
EC
g
(i
)
 +
 
AL
P
HA
 

 
  
 
en
d
do
 

 f
or
 
(i
=
0;
 
i<
N
G;
 
i+
+
{
 

 
  
 
VE
C
g[
i
]=
 
VE
C
g[
i
] 
+
 A
L
PH
A
 

}
 

M
P

I P
ro

gr
am

m
in

g



8484

G
lo

ba
l/L

oc
al

 D
at

a 
(2

/3
)

•
C

on
fig

ur
at

io
na

–
N

G
= 

32
 (l

en
gt

h 
of

 th
e 

ve
ct

or
)

–
A

LP
H

A
=1

00
0.

–
P

ro
ce

ss
 #

 o
f M

P
I=

 4

•
V

ec
to

r V
E

C
g 

ha
s 

fo
llo

w
in

g 
32

 c
om

po
ne

nt
s 

   
   

   
   

   
(<

$T
-S

1>
/a

1x
.a

ll)
: 

 (
10
1
.0
,
 1
0
3.
0
, 
10
5
.0
,
 1
0
6.
0
, 
1
09
.0
,
 1
1
1.
0
, 
12
1
.0
,
 1
5
1.
0,

2
01
.
0,
 2
03

.0
,
 2
05
.
0,
 2
06

.0
,
 2
0
9.

0,
 2
11

.0
,
 2
21
.
0,
 2
51

.0
,

3
01
.
0,
 3
03

.0
,
 3
05
.
0,
 3
06

.0
,
 3
0
9.

0,
 3
11

.0
,
 3
21
.
0,
 3
51

.0
, 

4
01
.
0,
 4
03

.0
,
 4
05
.
0,
 4
06

.0
,
 4
0
9.

0,
 4
11

.0
,
 4
21
.
0,
 4
51

.0
)

M
P

I P
ro

gr
am

m
in

g



8585

G
lo

ba
l/L

oc
al

 D
at

a 
(3

/3
)

•
P

ro
ce

du
re

①
R

ea
di

ng
 v

ec
to

r V
EC

g
w

ith
 le

ng
th

=3
2 

fro
m

 o
ne

 p
ro

ce
ss

 (e
.g

.0
th

pr
oc

es
s)

–
G

lo
ba

l D
at

a
②

D
is

tri
bu

tin
g 

ve
ct

or
 c

om
po

ne
nt

s 
to

 4
 M

P
I p

ro
ce

ss
es

 e
qu

al
ly

 (i
.e

.l
en

gt
h=

 8
 

fo
r e

ac
h 

pr
oc

es
se

s)
–

Lo
ca

l D
at

a,
 L

oc
al

 ID
/N

um
be

rin
g

③
A

dd
in

g 
A

LP
H

A
to

 e
ac

h 
co

m
po

ne
nt

 o
f t

he
 lo

ca
l v

ec
to

r (
w

ith
 le

ng
th

= 
8)

 o
n 

ea
ch

 p
ro

ce
ss

.
④

M
er

gi
ng

 th
e 

re
su

lts
 to

 g
lo

ba
l v

ec
to

r w
ith

 le
ng

th
= 

32
.

•
A

ct
ua

lly
, w

e 
do

 n
ot

 n
ee

d 
pa

ra
lle

l c
om

pu
te

rs
 fo

r s
uc

h 
a 

ki
nd

 o
f 

sm
al

l c
om

pu
ta

tio
n.

M
P

I P
ro

gr
am

m
in

g



8686

O
pe

ra
tio

ns
 o

f S
ca

tte
r/G

at
he

r (
1/

8)
R

ea
di

ng
 V

EC
g 

(le
ng

th
=3

2)
 fr

om
 a

 p
ro

ce
ss

 (e
.g

.#
0)

•
R

ea
di

ng
 g

lo
ba

l d
at

a 
fro

m
 #

0 
pr

oc
es

s
 i

nc
l
ud
e 

'
mp
i
f.
h
'
 

i
nt
e
ge
r
, 

p
ar
a
me
t
er
 
::
 
NG
=
 3
2
 

r
ea
l
(k
i
nd
=
8)
,
 d
i
me
n
si
o
n(
N
G)
:
: 
V
EC
g
 

 c
al
l
 M
P
I_
I
NI
T
 (
i
er
r
)
 

c
al
l
 M
P
I_
C
OM
M
_S
I
ZE
 
(<
c
om
m
>,
 
PE
T
OT
 
 ,
 
ie
r
r)

 
c
al
l
 M
P
I_
C
OM
M
_R
A
NK
 
(<
c
om
m
>,
 
my
_
ra
n
k,
 
ie
r
r)

 
 i
f 
(
my
_
ra
n
k.
e
q.
0
) 
t
he
n
 

o
pe
n
 (
2
1,
 f
il
e=
 '
a1
x
.a
l
l'
,
 s
t
at
u
s=
 '
un

kn
o
wn
')

d
o 
i
= 
1
, 
N
G
 

r
ea
d
 (
2
1,
*
) 
V
EC
g
(i
)
 

e
nd
d
o
 

c
lo
s
e 
(
21
)
 

e
nd
i
f
 

 #
in
c
lu
d
e 
<
mp
i
.h
>
 

#
in
c
lu
d
e 
<
st
d
io
.
h>
 

#
in
c
lu
d
e 
<
ma
t
h.
h
>
 

#
in
c
lu
d
e 
<
as
s
er
t
.h
>
 

 i
nt
 
ma
i
n(
i
nt
 
ar
g
c,
 
ch
a
r 
*
*a
r
gv
)
{
 

 
 i
n
t 
i
, 
N
G=
3
2;

 
 
 i
n
t 
P
eT
o
t,
 
My
R
an
k
, 
M
PI
_
Co
m
m;
 

 
 d
o
ub
l
e 
V
EC
g
[3
2
];
 

 
 c
h
ar
 
fi
l
en
a
me
[
80
]
;
 

 
 F
I
LE
 
*f
p
;
 

 
 

 
 M
P
I_
I
ni
t
(&
a
rg
c
, 
&
ar
g
v)
;
 

 
 M
P
I_
C
om
m
_s
i
ze
(
<c
o
mm
>
, 
&
Pe
T
ot
)
;
 

 
 M
P
I_
C
om
m
_r
a
nk
(
<c
o
mm
>
, 
&
My
R
an
k
);
 

 
 

 
  
 
  
 
 f
p
 =
 
fo
p
en
(
"a
1
x.
a
ll
"
, 
"
r"
)
;
 

 
  
 
  
 
 i
f
(!
M
yR
a
nk
)
 f
o
r(
i
=0
;
i<
N
G;
i
++
)
{
 

 
  
 
  
 
  
 
  
 
  
 
fs
c
an
f
(f
p
, 
"
%l
f
",
 
&V
E
Cg
[
i]
)
;
 

 
  
 
  
 
 }
 

M
P

I P
ro

gr
am

m
in

g



8787

O
pe

ra
tio

ns
 o

f S
ca

tte
r/G

at
he

r (
2/

8)
D

is
tri

bu
tin

g 
gl

ob
al

 d
at

a 
to

 4
 p

ro
ce

ss
 e

qu
al

ly
 (i

.e
.l

en
gt

h=
8 

fo
r 

ea
ch

 p
ro

ce
ss

)

•
M

P
I_

S
ca

tte
r

M
P

I P
ro

gr
am

m
in

g



888888

M
PI

_S
ca

tte
r

•
S

en
ds

 d
at

a 
fro

m
 o

ne
 p

ro
ce

ss
 to

 a
ll 

ot
he

r p
ro

ce
ss

es
 in

 a
 c

om
m

un
ic

at
or

 
–

s
c
o
u
n
t

-s
iz

e 
m

es
sa

ge
s 

ar
e 

se
nt

 to
 e

ac
h 

pr
oc

es
s

•
M
P
I
_
S
c
a
t
t
e
r
 
(
s
e
n
d
b
u
f
,
 
s
c
o
u
n
t
,
 
s
e
n
d
t
y
p
e
,
 
r
e
c
v
b
u
f
,
 
r
c
o
u
n
t
,
 

r
e
c
v
t
y
p
e
,
 
r
o
o
t
,
 
c
o
m
m
)

–
s
e
n
d
b
u
f

ch
oi

ce
 

I
st

ar
tin

g 
ad

dr
es

s 
of

 s
en

di
ng

 b
uf

fe
r

ty
pe

 is
 d

ef
in

ed
 b

y 
”
d
a
t
a
t
y
p
e
”

–
s
c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 s
en

t t
o 

ea
ch

 p
ro

ce
ss

–
s
e
n
d
t
y
p
e

M
P

I_
D

at
at

yp
eI

da
ta

 ty
pe

 o
f e

le
m

en
ts

 o
f s

en
di

ng
 b

uf
fe

r
F
O
R
T
R
A
N
 
 
M
P
I
_
I
N
T
E
G
E
R
,
 
M
P
I
_
R
E
A
L
,
 
M
P
I
_
D
O
U
B
L
E
_
P
R
E
C
I
S
I
O
N
,
 
M
P
I
_
C
H
A
R
A
C
T
E
R
 
e
t
c
.

C
 
 
 
 
 
 
 
 
M
P
I
_
I
N
T
,
 
M
P
I
_
F
L
O
A
T
,
 
M
P
I
_
D
O
U
B
L
E
,
 
M
P
I
_
C
H
A
R
 
e
t
c
.

–
r
e
c
v
b
u
f

ch
oi

ce
 

O
st

ar
tin

g 
ad

dr
es

s 
of

 re
ce

iv
in

g 
bu

ffe
r

–
r
c
o
u
n
t

in
t 

I
nu

m
be

r o
f e

le
m

en
ts

 re
ce

iv
ed

 fr
om

 th
e 

ro
ot

 p
ro

ce
ss

 
–

r
e
c
v
t
y
p
e

M
P

I_
D

at
at

yp
eI
 

da
ta

 ty
pe

 o
f e

le
m

en
ts

 o
f r

ec
ei

vi
ng

 b
uf

fe
r

–
r
o
o
t

in
t 

I
ra

nk
 o

f r
oo

t p
ro

ce
ss

 
–

c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

orA0
P

#0
B0

C
0

D
0

P
#1

P
#2

P
#3

A0
P

#0
B0

C
0

D
0

P
#1

P
#2

P
#3

S
ca

tte
r

A0
P

#0

B0
P

#1

C
0

P
#2

D
0

P
#3

A0
P

#0

B0
P

#1

C
0

P
#2

D
0

P
#3

G
at

he
r

C

M
P

I P
ro

gr
am

m
in

g



898989

M
PI

_S
ca

tte
r

(c
on

t.)
•

M
P
I
_
S
c
a
t
t
e
r
 
(
s
e
n
d
b
u
f
,
 
s
c
o
u
n
t
,
 
s
e
n
d
t
y
p
e
,
 
r
e
c
v
b
u
f
,
 
r
c
o
u
n
t
,
 

r
e
c
v
t
y
p
e
,
 
r
o
o
t
,
 
c
o
m
m
)

–
s
e
n
d
b
u
f

ch
oi

ce
 

I
st

ar
tin

g 
ad

dr
es

s 
of

 s
en

di
ng

 b
uf

fe
r

–
s
c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 s
en

t t
o 

ea
ch

 p
ro

ce
ss

–
s
e
n
d
t
y
p
e

M
P

I_
D

at
at

yp
eI

da
ta

 ty
pe

 o
f e

le
m

en
ts

 o
f s

en
di

ng
 b

uf
fe

r
–

r
e
c
v
b
u
f

ch
oi

ce
 

O
st

ar
tin

g 
ad

dr
es

s 
of

 re
ce

iv
in

g 
bu

ffe
r

–
r
c
o
u
n
t

in
t 

I
nu

m
be

r o
f e

le
m

en
ts

 re
ce

iv
ed

 fr
om

 th
e 

ro
ot

 p
ro

ce
ss

 
–

r
e
c
v
t
y
p
e

M
P

I_
D

at
at

yp
eI
 

da
ta

 ty
pe

 o
f e

le
m

en
ts

 o
f r

ec
ei

vi
ng

 b
uf

fe
r

–
r
o
o
t

in
t 

I
ra

nk
 o

f r
oo

t p
ro

ce
ss

 
–

c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

or

•
U

su
al

ly
–

s
c
o
u
n
t
 
 
=
 
r
c
o
u
n
t

–
s
e
n
d
t
y
p
e
=
 
r
e
c
v
t
y
p
e

•
Th

is
 fu

nc
tio

n 
se

nd
s 
s
c
o
u
n
t

co
m

po
ne

nt
s 

st
ar

tin
g 

fro
m

 s
e
n
d
b
u
f

(s
en

di
ng

 
bu

ffe
r) 

at
 p

ro
ce

ss
 #
r
o
o
t

to
 e

ac
h 

pr
oc

es
s 

in
 c
o
m
m

. E
ac

h 
pr

oc
es

s 
re

ce
iv

es
 

r
c
o
u
n
t

co
m

po
ne

nt
s 

st
ar

tin
g 

fro
m

 r
e
c
v
b
u
f

(r
ec

ei
vi

ng
 b

uf
fe

r)
.

A0
P

#0
B0

C
0

D
0

P
#1

P
#2

P
#3

A0
P

#0
B0

C
0

D
0

P
#1

P
#2

P
#3

S
ca

tte
r

A0
P

#0

B0
P

#1

C
0

P
#2

D
0

P
#3

A0
P

#0

B0
P

#1

C
0

P
#2

D
0

P
#3

G
at

he
r

C

M
P

I P
ro

gr
am

m
in

g



9090

O
pe

ra
tio

ns
 o

f S
ca

tte
r/G

at
he

r (
3/

8)
D

is
tri

bu
tin

g 
gl

ob
al

 d
at

a 
to

 4
 p

ro
ce

ss
es

 e
qu

al
ly

•
A

llo
ca

tin
g 

re
ce

iv
in

g 
bu

ffe
r V

EC
(le

ng
th

=8
) a

t e
ac

h 
pr

oc
es

s.
•

8 
co

m
po

ne
nt

s 
se

nt
 fr

om
 s

en
di

ng
 b

uf
fe

r V
EC

g
of

 p
ro

ce
ss

 #
0 

ar
e 

re
ce

iv
ed

 a
t e

ac
h 

pr
oc

es
s 

#0
-#

3 
as

 1
st
-8

th
co

m
po

ne
nt

s 
of

 re
ce

iv
in

g 
bu

ffe
r V

EC
.

c
a
l
l
 
M
P
I
_
S
C
A
T
T
E
R
 

(
s
e
n
d
b
u
f
,
 
s
c
o
u
n
t
,
 
s
e
n
d
t
y
p
e
,
 
r
e
c
v
b
u
f
,
 
r
c
o
u
n
t
,
 
 

r
e
c
v
t
y
p
e
,
 
r
o
o
t
,
 
c
o
m
m
,
 
i
e
r
r
)

M
P

I P
ro

gr
am

m
in

g

i
nt
e
ge
r
, 
p
ar
a
me
t
er
 
::
 
N 
=
  
8 

r
ea
l
(k
i
nd
=
8)
,
 d
i
me
n
si
o
n(
N
 )
 
::
 
VE
C 

.
..
 

c
al
l
 M
P
I_
S
ca
t
te
r
  
 
  
 
  
 
  
 
  
 
  
 
  
 
  
 
& 

 
  
 
 (
V
EC
g
, 
N
, 
M
PI
_
DO
U
BL
E
_P
R
EC
I
SI
O
N,
 
& 

 
  
 
  
V
EC
 
, 
N
, 
M
PI
_
DO
U
BL
E
_P
R
EC
I
SI
O
N,
 
& 

 
  
 
  
0
, 
<
co
m
m>
,
 i
e
rr
) 

i
nt
 
 N
=
8;
 

d
ou
b
le
 
VE
C
 [
8
];
 

.
..
 

M
PI
_
Sc
a
tt
e
r 

(
VE
C
g,
 
N,
 
M
PI
_
DO
U
BL
E
, 

V
EC
,
 
N,
 

M
PI
_
DO
U
BL
E
, 
0
, 
<
co
m
m>
)
; 



9191

O
pe

ra
tio

ns
 o

f S
ca

tte
r/G

at
he

r (
4/

8)
D

is
tri

bu
tin

g 
gl

ob
al

 d
at

a 
to

 4
 p

ro
ce

ss
es

 e
qu

al
ly

•
8 

co
m

po
ne

nt
s 

ar
e 

sc
at

te
re

d
to

 e
ac

h 
pr

oc
es

s 
fro

m
 ro

ot
 (#

0)
•

1s
t -8

th
co

m
po

ne
nt

s 
of

 V
EC

g
ar

e 
st

or
ed

 a
s 

1s
t -8

th
on

es
 o

f V
EC

at
 #

0,
 

9t
h -

16
th

co
m

po
ne

nt
s 

of
 V

EC
g

ar
e 

st
or

ed
 a

s 
1s

t -8
th

on
es

 o
f V

EC
at

 #
1,

 
et

c. –
VE

C
g:

 G
lo

ba
l D

at
a,

 V
EC

: L
oc

al
 D

at
a

V
E
C
g

s
e
n
d
b
u
f

V
E
C

r
e
c
v
b
u
f

P
E

#0

8
8

8
8

8

r
o
o
t

P
E

#18

P
E

#28

P
E

#38

V
E
C
g

s
e
n
d
b
u
f

V
E
C

r
e
c
v
b
u
f

P
E

#0

8
8

8
8

8

r
o
o
t

P
E

#18

P
E

#28

P
E

#38
lo

ca
l d

at
a

gl
ob

al
 d

at
a

M
P

I P
ro

gr
am

m
in

g



9292

O
pe

ra
tio

ns
 o

f S
ca

tte
r/G

at
he

r (
5/

8)
D

is
tri

bu
tin

g 
gl

ob
al

 d
at

a 
to

 4
 p

ro
ce

ss
es

 e
qu

al
ly

•
G

lo
ba

l D
at

a:
 1

st
-3

2n
d

co
m

po
ne

nt
s 

of
 V

EC
g

at
 #

0
•

Lo
ca

l D
at

a:
 1

st
-8

th
co

m
po

ne
nt

s 
of

 V
EC

at
 e

ac
h 

pr
oc

es
s

•
E

ac
h 

co
m

po
ne

nt
 o

f V
EC

ca
n 

be
 w

rit
te

n 
fro

m
 e

ac
h 

pr
oc

es
s 

in
 th

e 
fo

llo
w

in
g 

w
ay

: 

 d
o 
i
= 
1
, 
N
 

 
 w
r
it
e
 (
*
,'
(
a,
 
2i
8
,f
1
0.
0
)'
)
 '
b
ef
o
re
'
, 
 
my
_
ra
n
k,
 
i,
 
VE
C
(i
)
 

e
nd
d
o
 

f
or
(
i=
0
;i
<
N;
i
++
)
{
 

p
ri
n
tf
(
"b
e
fo
r
e 
%
5d
 
%5
d
 %
1
0.
0
F\
n
",
 
My
R
an
k
, 
i
+1
,
 V
E
C[
i
])
;
}
 

M
P

I P
ro

gr
am

m
in

g



9393

O
pe

ra
tio

ns
 o

f S
ca

tte
r/G

at
he

r (
5/

8)
D

is
tri

bu
tin

g 
gl

ob
al

 d
at

a 
to

 4
 p

ro
ce

ss
es

 e
qu

al
ly

•
G

lo
ba

l D
at

a:
 1

st
-3

2n
d

co
m

po
ne

nt
s 

of
 V

EC
g

at
 #

0
•

Lo
ca

l D
at

a:
 1

st
-8

th
co

m
po

ne
nt

s 
of

 V
EC

at
 e

ac
h 

pr
oc

es
s

•
E

ac
h 

co
m

po
ne

nt
 o

f V
EC

ca
n 

be
 w

rit
te

n 
fro

m
 e

ac
h 

pr
oc

es
s 

in
 th

e 
fo

llo
w

in
g 

w
ay

: 

M
P

I P
ro

gr
am

m
in

g

 P
E
#0

 
b
ef
o
re
 
0 
1
  
1
01
.
 

b
ef
o
re
 
0 
2
  
1
03
.
 

b
ef
o
re
 
0 
3
  
1
05
.
 

b
ef
o
re
 
0 
4
  
1
06
.
 

b
ef
o
re
 
0 
5
  
1
09
.
 

b
ef
o
re
 
0 
6
  
1
11
.
 

b
ef
o
re
 
0 
7
  
1
21
.
 

b
ef
o
re
 
0 
8
  
1
51
.
 

P
E
#1

 
b
ef
o
re
 
1 
1
  
2
01
.
 

b
ef
o
re
 
1 
2
  
2
03
.
 

b
ef
o
re
 
1 
3
  
2
05
.
 

b
ef
o
re
 
1 
4
  
2
06
.
 

b
ef
o
re
 
1 
5
  
2
09
.
 

b
ef
o
re
 
1 
6
  
2
11
.
 

b
ef
o
re
 
1 
7
  
2
21
.
 

b
ef
o
re
 
1 
8
  
2
51
.
 

P
E
#2
 

b
ef
o
re
 
2 
1
  
3
01
.
 

b
ef
o
re
 
2 
2
  
3
03
.
 

b
ef
o
re
 
2 
3
  
3
05
.
 

b
ef
o
re
 
2 
4
  
3
06
.
 

b
ef
o
re
 
2 
5
  
3
09
.
 

b
ef
o
re
 
2 
6
  
3
11
.
 

b
ef
o
re
 
2 
7
  
3
21
.
 

b
ef
o
re
 
2 
8
  
3
51
.
 

P
E
#3

 
b
ef
o
re
 
3 
1
  
4
01
.
 

b
ef
o
re
 
3 
2
  
4
03
.
 

b
ef
o
re
 
3 
3
  
4
05
.
 

b
ef
o
re
 
3 
4
  
4
06
.
 

b
ef
o
re
 
3 
5
  
4
09
.
 

b
ef
o
re
 
3 
6
  
4
11
.
 

b
ef
o
re
 
3 
7
  
4
21
.
 

b
ef
o
re
 
3 
8
  
4
51
.
 



9494

O
pe

ra
tio

ns
 o

f S
ca

tte
r/G

at
he

r (
6/

8)
O

n 
ea

ch
 p

ro
ce

ss
, A

LP
H

A
is

 a
dd

ed
 to

 e
ac

h 
of

 8
 c

om
po

ne
nt

s 
of

 V
EC

•
O

n 
ea

ch
 p

ro
ce

ss
, c

om
pu

ta
tio

n 
is

 in
 th

e 
fo

llo
w

in
g 

w
ay

 
 r

ea
l
(k
i
nd
=
8)
,
 p
a
ra
m
et
e
r 
:
: 
A
LP
H
A=
 
10
0
0.
 

d
o 
i
= 
1
, 
N
 

 
 V
E
C(
i
)=
 
VE
C
(i
)
 +
 
AL
P
HA
 

e
nd
d
o
 

d
ou
b
le
 
AL
P
HA
=
10
0
0.
;
 

.
..

 
f
or
(
i=
0
;i
<
N;
i
++
)
{
 

 
 V
E
C[
i
]=
 
VE
C
[i
]
 +
 
AL
P
HA
;
}
 

•
R

es
ul

ts
:

 P
E
#0

 
a
ft
e
r 
0
 1
 
 1
1
01
.
 

a
ft
e
r 
0
 2
 
 1
1
03
.
 

a
ft
e
r 
0
 3
 
 1
1
05
.
 

a
ft
e
r 
0
 4
 
 1
1
06
.
 

a
ft
e
r 
0
 5
 
 1
1
09
.
 

a
ft
e
r 
0
 6
 
 1
1
11
.
 

a
ft
e
r 
0
 7
 
 1
1
21
.
 

a
ft
e
r 
0
 8
 
 1
1
51
.
 

P
E
#1

 
a
ft
e
r 
1
 1
 
 1
2
01
.
 

a
ft
e
r 
1
 2
 
 1
2
03
.
 

a
ft
e
r 
1
 3
 
 1
2
05
.
 

a
ft
e
r 
1
 4
 
 1
2
06
.
 

a
ft
e
r 
1
 5
 
 1
2
09
.
 

a
ft
e
r 
1
 6
 
 1
2
11
.
 

a
ft
e
r 
1
 7
 
 1
2
21
.
 

a
ft
e
r 
1
 8
 
 1
2
51
.
 

P
E
#2
 

a
ft
e
r 
2
 1
 
 1
3
01
.
 

a
ft
e
r 
2
 2
 
 1
3
03
.
 

a
ft
e
r 
2
 3
 
 1
3
05
.
 

a
ft
e
r 
2
 4
 
 1
3
06
.
 

a
ft
e
r 
2
 5
 
 1
3
09
.
 

a
ft
e
r 
2
 6
 
 1
3
11
.
 

a
ft
e
r 
2
 7
 
 1
3
21
.
 

a
ft
e
r 
2
 8
 
 1
3
51
.
 

P
E
#3

 
a
ft
e
r 
3
 1
 
 1
4
01
.
 

a
ft
e
r 
3
 2
 
 1
4
03
.
 

a
ft
e
r 
3
 3
 
 1
4
05
.
 

a
ft
e
r 
3
 4
 
 1
4
06
.
 

a
ft
e
r 
3
 5
 
 1
4
09
.
 

a
ft
e
r 
3
 6
 
 1
4
11
.
 

a
ft
e
r 
3
 7
 
 1
4
21
.
 

a
ft
e
r 
3
 8
 
 1
4
51
.
 

M
P

I P
ro

gr
am

m
in

g



9595

O
pe

ra
tio

ns
 o

f S
ca

tte
r/G

at
he

r (
7/

8)
M

er
gi

ng
 th

e 
re

su
lts

 to
 g

lo
ba

l v
ec

to
r w

ith
 le

ng
th

= 
32

•
U

si
ng

 M
P

I_
G

at
he

r (
in

ve
rs

e 
op

er
at

io
n 

to
 M

P
I_

S
ca

tte
r)

M
P

I P
ro

gr
am

m
in

g



969696

M
PI

_G
at

he
r

•
G

at
he

rs
 to

ge
th

er
 v

al
ue

s 
fro

m
 a

 g
ro

up
 o

f p
ro

ce
ss

es
, i

nv
er

se
 o

pe
ra

tio
n 

to
 

M
P

I_
S

ca
tte

r

•
M
P
I
_
G
a
t
h
e
r
 
(
s
e
n
d
b
u
f
,
 
s
c
o
u
n
t
,
 
s
e
n
d
t
y
p
e
,
 
r
e
c
v
b
u
f
,
 
r
c
o
u
n
t
,
 

r
e
c
v
t
y
p
e
,
 
r
o
o
t
,
 
c
o
m
m
)

–
s
e
n
d
b
u
f

ch
oi

ce
 

I
st

ar
tin

g 
ad

dr
es

s 
of

 s
en

di
ng

 b
uf

fe
r

–
s
c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 s
en

t t
o 

ea
ch

 p
ro

ce
ss

–
s
e
n
d
t
y
p
e

M
P

I_
D

at
at

yp
eI

da
ta

 ty
pe

 o
f e

le
m

en
ts

 o
f s

en
di

ng
 b

uf
fe

r
–

r
e
c
v
b
u
f

ch
oi

ce
 

O
st

ar
tin

g 
ad

dr
es

s 
of

 re
ce

iv
in

g 
bu

ffe
r

–
r
c
o
u
n
t

in
t 

I
nu

m
be

r o
f e

le
m

en
ts

 re
ce

iv
ed

 fr
om

 th
e 

ro
ot

 p
ro

ce
ss

 
–

r
e
c
v
t
y
p
e

M
P

I_
D

at
at

yp
eI
 

da
ta

 ty
pe

 o
f e

le
m

en
ts

 o
f r

ec
ei

vi
ng

 b
uf

fe
r

–
r
o
o
t

in
t 

I
ra

nk
 o

f r
oo

t p
ro

ce
ss

 
–

c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

or

•
r
e
c
v
b
u
f

is
 o

n 
r
o
o
t

pr
oc

es
s.

A0
P

#0
B0

C
0

D
0

P
#1

P
#2

P
#3

A0
P

#0
B0

C
0

D
0

P
#1

P
#2

P
#3

S
ca

tte
r

A0
P

#0

B0
P

#1

C
0

P
#2

D
0

P
#3

A0
P

#0

B0
P

#1

C
0

P
#2

D
0

P
#3

G
at

he
r

C

M
P

I P
ro

gr
am

m
in

g



9797

O
pe

ra
tio

ns
 o

f S
ca

tte
r/G

at
he

r (
8/

8)
M

er
gi

ng
 th

e 
re

su
lts

 to
 g

lo
ba

l v
ec

to
r w

ith
 le

ng
th

= 
32

•
E

ac
h 

pr
oc

es
s 

co
m

po
ne

nt
s 

of
 V

EC
to

 V
EC

g
on

 ro
ot

 (#
0 

in
 th

is
 c

as
e)

.

V
E
C
g

r
e
c
v
b
u
f

V
E
C

s
e
n
d
b
u
f

P
E

#0

8
8

8
8

8

r
o
o
t

P
E

#18

P
E

#28

P
E

#38

V
E
C
g

r
e
c
v
b
u
f

V
E
C

s
e
n
d
b
u
f

P
E

#0

8
8

8
8

8

r
o
o
t

P
E

#18

P
E

#28

P
E

#38
•

8 
co

m
po

ne
nt

s 
ar

e 
ga

th
er

ed
 fr

om
 e

ac
h 

pr
oc

es
s 

to
 th

e 
ro

ot
 p

ro
ce

ss
.

lo
ca

l d
at

a

gl
ob

al
 d

at
a

M
P

I P
ro

gr
am

m
in

g

c
al
l
 M
P
I_
G
at
h
er
 
  
 
  
 
  
 
  
 
  
 
  
 
  
 
  
 
& 

 
  
 
 (
V
EC
 
, 
N
, 
M
PI
_
DO
U
BL
E
_P
R
EC
I
SI
O
N,
 
& 

 
  
 
  
V
EC
g
, 
N
, 
M
PI
_
DO
U
BL
E
_P
R
EC
I
SI
O
N,
 
& 

 
  
 
  
0
, 
<
co
m
m>
,
 i
e
rr
) 

M
PI
_
Ga
t
he
r 

(V
E
C,
 
N
, 

MP
I
_D
O
UB
L
E,
 
V
EC
g
, 

N,
 

M
PI
_
DO
U
BL
E
, 
0
, 
<
co
m
m>
)
; 



989898

<
$
O
-
S
1
>
/
s
c
a
t
t
e
r
-
g
a
t
h
e
r
.
f
/
c

ex
am

pl
e

$
>
 
m
p
i
f
c
c
p
x
 
–
K
f
a
s
t
 
s
c
a
t
t
e
r
-
g
a
t
h
e
r
.
c

$
>
 
m
p
i
f
r
t
p
x
 
–
K
f
a
s
t
 
s
c
a
t
t
e
r
-
g
a
t
h
e
r
.
f

$
>
 
(
e
x
e
c
.
4
 
p
r
o
c
’
s
)
 
g
o
4
.
s
h
 

 P
E
#0

 
b
ef
o
re
 
0 
1
  
1
01
.
 

b
ef
o
re
 
0 
2
  
1
03
.
 

b
ef
o
re
 
0 
3
  
1
05
.
 

b
ef
o
re
 
0 
4
  
1
06
.
 

b
ef
o
re
 
0 
5
  
1
09
.
 

b
ef
o
re
 
0 
6
  
1
11
.
 

b
ef
o
re
 
0 
7
  
1
21
.
 

b
ef
o
re
 
0 
8
  
1
51
.
 

P
E
#1

 
b
ef
o
re
 
1 
1
  
2
01
.
 

b
ef
o
re
 
1 
2
  
2
03
.
 

b
ef
o
re
 
1 
3
  
2
05
.
 

b
ef
o
re
 
1 
4
  
2
06
.
 

b
ef
o
re
 
1 
5
  
2
09
.
 

b
ef
o
re
 
1 
6
  
2
11
.
 

b
ef
o
re
 
1 
7
  
2
21
.
 

b
ef
o
re
 
1 
8
  
2
51
.
 

P
E
#2
 

b
ef
o
re
 
2 
1
  
3
01
.
 

b
ef
o
re
 
2 
2
  
3
03
.
 

b
ef
o
re
 
2 
3
  
3
05
.
 

b
ef
o
re
 
2 
4
  
3
06
.
 

b
ef
o
re
 
2 
5
  
3
09
.
 

b
ef
o
re
 
2 
6
  
3
11
.
 

b
ef
o
re
 
2 
7
  
3
21
.
 

b
ef
o
re
 
2 
8
  
3
51
.
 

P
E
#3

 
b
ef
o
re
 
3 
1
  
4
01
.
 

b
ef
o
re
 
3 
2
  
4
03
.
 

b
ef
o
re
 
3 
3
  
4
05
.
 

b
ef
o
re
 
3 
4
  
4
06
.
 

b
ef
o
re
 
3 
5
  
4
09
.
 

b
ef
o
re
 
3 
6
  
4
11
.
 

b
ef
o
re
 
3 
7
  
4
21
.
 

b
ef
o
re
 
3 
8
  
4
51
.
 

 P
E
#0

 
a
ft
e
r 
0
 1
 
 1
1
01
.
 

a
ft
e
r 
0
 2
 
 1
1
03
.
 

a
ft
e
r 
0
 3
 
 1
1
05
.
 

a
ft
e
r 
0
 4
 
 1
1
06
.
 

a
ft
e
r 
0
 5
 
 1
1
09
.
 

a
ft
e
r 
0
 6
 
 1
1
11
.
 

a
ft
e
r 
0
 7
 
 1
1
21
.
 

a
ft
e
r 
0
 8
 
 1
1
51
.
 

P
E
#1

 
a
ft
e
r 
1
 1
 
 1
2
01
.
 

a
ft
e
r 
1
 2
 
 1
2
03
.
 

a
ft
e
r 
1
 3
 
 1
2
05
.
 

a
ft
e
r 
1
 4
 
 1
2
06
.
 

a
ft
e
r 
1
 5
 
 1
2
09
.
 

a
ft
e
r 
1
 6
 
 1
2
11
.
 

a
ft
e
r 
1
 7
 
 1
2
21
.
 

a
ft
e
r 
1
 8
 
 1
2
51
.
 

P
E
#2
 

a
ft
e
r 
2
 1
 
 1
3
01
.
 

a
ft
e
r 
2
 2
 
 1
3
03
.
 

a
ft
e
r 
2
 3
 
 1
3
05
.
 

a
ft
e
r 
2
 4
 
 1
3
06
.
 

a
ft
e
r 
2
 5
 
 1
3
09
.
 

a
ft
e
r 
2
 6
 
 1
3
11
.
 

a
ft
e
r 
2
 7
 
 1
3
21
.
 

a
ft
e
r 
2
 8
 
 1
3
51
.
 

P
E
#3

 
a
ft
e
r 
3
 1
 
 1
4
01
.
 

a
ft
e
r 
3
 2
 
 1
4
03
.
 

a
ft
e
r 
3
 3
 
 1
4
05
.
 

a
ft
e
r 
3
 4
 
 1
4
06
.
 

a
ft
e
r 
3
 5
 
 1
4
09
.
 

a
ft
e
r 
3
 6
 
 1
4
11
.
 

a
ft
e
r 
3
 7
 
 1
4
21
.
 

a
ft
e
r 
3
 8
 
 1
4
51
.
 

M
P

I P
ro

gr
am

m
in

g



999999

M
PI

_R
ed

uc
e_

sc
at

te
r

•
M

P
I_

R
ed

uc
e

+ 
M

P
I_

S
ca

tte
r

•
M
P
I
_
R
e
d
u
c
e
_
S
c
a
t
t
e
r
(
s
e
n
d
b
u
f
,
 
r
e
c
v
b
u
f
,
 
r
c
o
u
n
t
,
 
d
a
t
a
t
y
p
e
,
 

o
p
,
 
c
o
m
m
)

–
s
e
n
d
b
u
f

ch
oi

ce
 

I
st

ar
tin

g 
ad

dr
es

s 
of

 s
en

di
ng

 b
uf

fe
r

–
r
e
c
v
b
u
f

ch
oi

ce
 

O
st

ar
tin

g 
ad

dr
es

s 
of

 re
ce

iv
in

g 
bu

ffe
r

–
r
c
o
u
n
t

in
t

I
in

te
ge

r a
rr

ay
 s

pe
ci

fy
in

g 
th

e 
nu

m
be

r o
f e

le
m

en
ts

 in
 re

su
lt 

di
st

rib
ut

ed
 to

 e
ac

h 
pr

oc
es

s.
 A

rra
y 

m
us

t b
e 

id
en

tic
al

 o
n 

al
l 

ca
llin

g 
pr

oc
es

se
s.

  
–

d
a
t
a
t
y
p
e

M
P

I_
D

at
at

yp
eI

da
ta

 ty
pe

 o
f e

le
m

en
ts

 o
f s

en
di

ng
/re

ce
iv

in
g 

bu
ffe

r
–

o
p

M
P

I_
O

p
I

re
du

ce
 o

pe
ra

tio
n 

M
P
I
_
M
A
X
,
 
M
P
I
_
M
I
N
,
 
M
P
I
_
S
U
M
,
 
M
P
I
_
P
R
O
D
,
 
M
P
I
_
L
A
N
D
,
 
M
P
I
_
B
A
N
D
 
e
t
c

–
c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

or

R
ed

uc
e 

sc
at

te
r

P
#0

P
#1

P
#2

P
#3

A
0

P#
0

B
0

C
0

D
0

A
1

P#
1

B
1

C
1

D
1

A
2

P#
2

B
2

C
2

D
2

A
3

P#
3

B
3

C
3

D
3

A
0

P#
0

B
0

C
0

D
0

A
1

P#
1

B
1

C
1

D
1

A
2

P#
2

B
2

C
2

D
2

A
3

P#
3

B
3

C
3

D
3

op
.A

0-
A

3
op

.A
0-

A
3

op
.B

0-
B

3
op

.B
0-

B
3

op
.C

0-
C

3
op

.C
0-

C
3

op
.D

0-
D

3
op

.D
0-

D
3

C

M
P

I P
ro

gr
am

m
in

g



10
0

10
0

10
0

M
PI

_A
llg

at
he

r

•
M

P
I_

G
at

he
r＋

M
P

I_
B

ca
st

–
G

at
he

rs
 d

at
a 

fro
m

 a
ll 

ta
sk

s 
an

d 
di

st
rib

ut
e 

th
e 

co
m

bi
ne

d 
da

ta
 to

 a
ll 

ta
sk

s 

•
M
P
I
_
A
l
l
g
a
t
h
e
r
(
s
e
n
d
b
u
f
,
 
s
c
o
u
n
t
,
 
s
e
n
d
t
y
p
e
,
 
r
e
c
v
b
u
f
,
 
r
c
o
u
n
t
,
 

r
e
c
v
t
y
p
e
,
 
c
o
m
m
)

–
s
e
n
d
b
u
f

ch
oi

ce
 

I
st

ar
tin

g 
ad

dr
es

s 
of

 s
en

di
ng

 b
uf

fe
r

–
s
c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 s
en

t t
o 

ea
ch

 p
ro

ce
ss

–
s
e
n
d
t
y
p
e

M
P

I_
D

at
at

yp
eI

da
ta

 ty
pe

 o
f e

le
m

en
ts

 o
f s

en
di

ng
 b

uf
fe

r
–

r
e
c
v
b
u
f

ch
oi

ce
 

O
st

ar
tin

g 
ad

dr
es

s 
of

 re
ce

iv
in

g 
bu

ffe
r

–
r
c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 re
ce

iv
ed

 fr
om

 e
ac

h 
pr

oc
es

s 
–

r
e
c
v
t
y
p
e

M
P

I_
D

at
at

yp
eI
 

da
ta

 ty
pe

 o
f e

le
m

en
ts

 o
f r

ec
ei

vi
ng

 b
uf

fe
r

–
c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

or

A
ll 

ga
th

er
A

0
P

#0
B0

C
0

D
0

A
0

P
#1

B0
C

0
D

0

A
0

P
#2

B0
C

0
D

0

A
0

P
#3

B0
C

0
D

0

A
0

P
#0

B0
C

0
D

0

A
0

P
#1

B0
C

0
D

0

A
0

P
#2

B0
C

0
D

0

A
0

P
#3

B0
C

0
D

0

A
0

P
#0

B
0

P
#1

C
0

P
#2

D
0

P
#3

A
0

P
#0

B
0

P
#1

C
0

P
#2

D
0

P
#3

C

M
P

I P
ro

gr
am

m
in

g



10
1

10
1

10
1

M
PI

_A
llt

oa
ll

•
S

en
ds

 d
at

a 
fro

m
 a

ll 
to

 a
ll 

pr
oc

es
se

s:
 tr

an
sf

or
m

at
io

n 
of

 d
en

se
 m

at
rix

•
M
P
I
_
A
l
l
t
o
a
l
l
 
(
s
e
n
d
b
u
f
,
 
s
c
o
u
n
t
,
 
s
e
n
d
t
y
p
e
,
 
r
e
c
v
b
u
f
,
 
r
c
o
u
n
t
,
 

r
e
c
v
t
y
p
e
,
 
c
o
m
m
)

–
s
e
n
d
b
u
f

ch
oi

ce
 

I
st

ar
tin

g 
ad

dr
es

s 
of

 s
en

di
ng

 b
uf

fe
r

–
s
c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 s
en

t t
o 

ea
ch

 p
ro

ce
ss

–
s
e
n
d
t
y
p
e

M
P

I_
D

at
at

yp
eI

da
ta

 ty
pe

 o
f e

le
m

en
ts

 o
f s

en
di

ng
 b

uf
fe

r
–

r
e
c
v
b
u
f

ch
oi

ce
 

O
st

ar
tin

g 
ad

dr
es

s 
of

 re
ce

iv
in

g 
bu

ffe
r

–
r
c
o
u
n
t

in
t 

I
nu

m
be

r o
f e

le
m

en
ts

 re
ce

iv
ed

 fr
om

 th
e 

ro
ot

 p
ro

ce
ss

 
–

r
e
c
v
t
y
p
e

M
P

I_
D

at
at

yp
eI
 

da
ta

 ty
pe

 o
f e

le
m

en
ts

 o
f r

ec
ei

vi
ng

 b
uf

fe
r

–
c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

or

A
ll-

to
-A

ll
A

0
P

#0
A

1
A

2
A3

B
0

P
#1

B
1

B
2

B3

C
0

P
#2

C
1

C
2

C
3

D
0

P
#3

D
1

D
2

D
3

A
0

P
#0

A
1

A
2

A3

B
0

P
#1

B
1

B
2

B3

C
0

P
#2

C
1

C
2

C
3

D
0

P
#3

D
1

D
2

D
3

A
0

P
#0

B
0

C
0

D
0

A
1

P
#1

B
1

C
1

D
1

A
2

P
#2

B
2

C
2

D
2

A
3

P
#3

B
3

C
3

D
3

A
0

P
#0

B
0

C
0

D
0

A
1

P
#1

B
1

C
1

D
1

A
2

P
#2

B
2

C
2

D
2

A
3

P
#3

B
3

C
3

D
3

C

M
P

I P
ro

gr
am

m
in

g



10
2

10
2

10
2

Ex
am

pl
es

 b
y 

C
ol

le
ct

iv
e 

C
om

m
.

•
D

ot
 P

ro
du

ct
s 

of
 V

ec
to

rs
•

S
ca

tte
r/G

at
he

r
•

R
ea

di
ng

 D
is

tri
bu

te
d 

Fi
le

s
•

M
P

I_
A

llg
at

he
rv

M
P

I P
ro

gr
am

m
in

g



10
3

10
3

10
3

O
pe

ra
tio

ns
 o

f D
is

tr
ib

ut
ed

 L
oc

al
 F

ile
s

•
In

 S
ca

tte
r/G

at
he

r e
xa

m
pl

e,
 P

E
#0

 re
ad

s 
gl

ob
al

 d
at

a,
 th

at
 

is
 s

ca
tte

re
d

to
 e

ac
h 

pr
oc

es
se

r, 
th

en
 p

ar
al

le
l o

pe
ra

tio
ns

 
ar

e 
do

ne
.

•
If 

th
e 

pr
ob

le
m

 s
iz

e 
is

 v
er

y 
la

rg
e,

 a
 s

in
gl

e 
pr

oc
es

so
r m

ay
 

no
t r

ea
d 

en
tir

e 
gl

ob
al

 d
at

a.
–

If 
th

e 
en

tir
e 

gl
ob

al
 d

at
a 

is
 d

ec
om

po
se

d 
to

 d
is

tri
bu

te
d 

lo
ca

l d
at

a 
se

ts
, e

ac
h 

pr
oc

es
s 

ca
n 

re
ad

 th
e 

lo
ca

l d
at

a.
–

If 
gl

ob
al

 o
pe

ra
tio

ns
 a

re
 n

ee
de

d 
to

 a
 c

er
ta

in
 s

et
s 

of
 v

ec
to

rs
, 

M
P

I f
un

ct
io

ns
, s

uc
h 

as
 M

P
I_

G
at

he
r e

tc
. a

re
 a

va
ila

bl
e.

  

M
P

I P
ro

gr
am

m
in

g



10
4

10
4

10
4

R
ea

di
ng

 D
is

tr
ib

ut
ed

 L
oc

al
 F

ile
s:

 
U

ni
fo

rm
 V

ec
. L

en
gt

h 
(1

/2
)

>
$
 
c
d
 
<
$
O
-
S
1
>

>
$
 
l
s
 
a
1
.
*

a
1
.
0
 
a
1
.
1
 
a
1
.
2
 
a
1
.
3

a
1
x
.
a
l
l
 
i
s
 
d
e
c
o
m
p
o
s
e
d
 
t
o
 

4
 
f
i
l
e
s
.

>
$
 
m
p
i
f
c
c
p
x
 
–
K
f
a
s
t
 
f
i
l
e
.
c

>
$
 
m
p
i
f
r
t
p
x
 
–
K
f
a
s
t
 
f
i
l
e
.
f

(
m
o
d
i
f
y
 
g
o
4
.
s
h
 
f
o
r
 
4
 
p
r
o
c
e
s
s
e
s
)

>
$
 
p
j
s
u
b
 
g
o
4
.
s
h
 

M
P

I P
ro

gr
am

m
in

g



10
5

10
5

O
pe

ra
tio

ns
 o

f D
is

tr
ib

ut
ed

 L
oc

al
 F

ile
s

•
Lo

ca
l f

ile
s 
a
1
.
0
~
a
1
.
3

ar
e 

or
ig

in
al

ly
 fr

om
 g

lo
ba

l f
ile

 
a
1
x
.
a
l
l

.

a1
.0

a1
.1

a1
.2

a1
.3

a1
x.

al
l

M
P

I P
ro

gr
am

m
in

g



10
6

10
6

R
ea

di
ng

 D
is

tr
ib

ut
ed

 L
oc

al
 F

ile
s:

 
U

ni
fo

rm
 V

ec
. L

en
gt

h 
(2

/2
)

<
$
O
-
S
1
>
/
f
i
l
e
.
c

M
P

I P
ro

gr
am

m
in

g

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)
{

i
n
t
 
i
;

i
n
t
 
P
e
T
o
t
,
 
M
y
R
a
n
k
;

M
P
I
_
C
o
m
m
 
S
o
l
v
e
r
C
o
m
m
;

d
o
u
b
l
e
 
v
e
c
[
8
]
;

c
h
a
r
 
F
i
l
e
N
a
m
e
[
8
0
]
;

F
I
L
E
 
*
f
p
;

M
P
I
_
I
n
i
t
(
&
a
r
g
c
,
 
&
a
r
g
v
)
;

M
P
I
_
C
o
m
m
_
s
i
z
e
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
P
e
T
o
t
)
;

M
P
I
_
C
o
m
m
_
r
a
n
k
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
M
y
R
a
n
k
)
;

s
p
r
i
n
t
f
(
F
i
l
e
N
a
m
e
,
 
"
a
1
.
%
d
"
,
 
M
y
R
a
n
k
)
;

f
p
 
=
 
f
o
p
e
n
(
F
i
l
e
N
a
m
e
,
 
"
r
"
)
;

i
f
(
f
p
 
=
=
 
N
U
L
L
)
 
M
P
I
_
A
b
o
r
t
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
-
1
)
;

f
o
r
(
i
=
0
;
i
<
8
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
l
f
"
,
 
&
v
e
c
[
i
]
)
;
 
 
 
 
 
 
 
 
}

f
o
r
(
i
=
0
;
i
<
8
;
i
+
+
)
{

p
r
i
n
t
f
(
"
%
5
d
%
5
d
%
1
0
.
0
f
¥
n
"
,
 
M
y
R
a
n
k
,
 
i
+
1
,
 
v
e
c
[
i
]
)
;

} M
P
I
_
F
i
n
a
l
i
z
e
(
)
;

r
e
t
u
r
n
 
0
;

}

S
im

ila
r t

o 
“H

el
lo

”

Lo
ca

l I
D

 is
 0

-7



10
7

10
7

Ty
pi

ca
l S

PM
D

 O
pe

ra
tio

n

P
E

 #
0

“a
.o

ut
”

“a
1.

0”

P
E

 #
1

“a
.o

ut
”

“a
1.

1”

P
E

 #
2

“a
.o

ut
”

“a
1.

2”

m
p
i
r
u
n
 
-
n
p
 
4
 
a
.
o
u
t

P
E

 #
3

“a
.o

ut
”

“a
1.

3”

M
P

I P
ro

gr
am

m
in

g



10
8

10
8

10
8

N
on

-U
ni

fo
rm

 V
ec

to
r L

en
gt

h 
(1

/2
)

>
$
 
c
d
 
<
$
O
-
S
1
>

>
$
 
l
s
a
2
.
*

a
2
.
0
 
a
2
.
1
 
a
2
.
2
 
a
2
.
3

>
$
 
c
a
t
 
a
2
.
0
 

5
N

um
be

r o
f C

om
po

ne
nt

s 
at

 e
ac

h 
P

ro
ce

ss
2
0
1
.
0

C
om

po
ne

nt
s

2
0
3
.
0

2
0
5
.
0

2
0
6
.
0

2
0
9
.
0

>
$
 
m
p
i
f
c
c
p
x
–
K
f
a
s
t
f
i
l
e
2
.
c

>
$
 
m
p
i
f
r
t
p
x
–
K
f
a
s
t
f
i
l
e
2
.
f

(
m
o
d
i
f
y
 
g
o
4
.
s
h
 
f
o
r
 
4
 
p
r
o
c
e
s
s
e
s
)

>
$
 
p
j
s
u
b
g
o
4
.
s
h
 

M
P

I P
ro

gr
am

m
in

g



i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)
{

i
n
t
 
i
,
 
i
n
t
 
P
e
T
o
t
,
 
M
y
R
a
n
k
;

M
P
I
_
C
o
m
m
 
S
o
l
v
e
r
C
o
m
m
;

d
o
u
b
l
e
 
*
v
e
c
,
 
*
v
e
c
2
,
 
*
v
e
c
g
;

i
n
t
 
n
u
m
;

d
o
u
b
l
e
 
s
u
m
0
,
 
s
u
m
;

c
h
a
r
 
f
i
l
e
n
a
m
e
[
8
0
]
;

F
I
L
E
 
*
f
p
;

M
P
I
_
I
n
i
t
(
&
a
r
g
c
,
 
&
a
r
g
v
)
;

M
P
I
_
C
o
m
m
_
s
i
z
e
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
P
e
T
o
t
)
;

M
P
I
_
C
o
m
m
_
r
a
n
k
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
M
y
R
a
n
k
)
;

s
p
r
i
n
t
f
(
f
i
l
e
n
a
m
e
,
 
"
a
2
.
%
d
"
,
 
M
y
R
a
n
k
)
;

f
p
 
=
 
f
o
p
e
n
(
f
i
l
e
n
a
m
e
,
 
"
r
"
)
;

a
s
s
e
r
t
(
f
p
 
!
=
 
N
U
L
L
)
;

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
n
u
m
)
;

v
e
c
 
=
 
m
a
l
l
o
c
(
n
u
m
 
*
 
s
i
z
e
o
f
(
d
o
u
b
l
e
)
)
;

f
o
r
(
i
=
0
;
i
<
n
u
m
;
i
+
+
)
{
f
s
c
a
n
f
(
f
p
,
 
"
%
l
f
"
,
 
&
v
e
c
[
i
]
)
;
}

f
o
r
(
i
=
0
;
i
<
n
u
m
;
i
+
+
)
{

p
r
i
n
t
f
(
"
 
%
5
d
%
5
d
%
5
d
%
1
0
.
0
f
¥
n
"
,
 
M
y
R
a
n
k
,
 
i
+
1
,
 
n
u
m
,
 
v
e
c
[
i
]
)
;
}

M
P
I
_
F
i
n
a
l
i
z
e
(
)
;

}

10
9

10
9

N
on

-U
ni

fo
rm

 V
ec

to
r L

en
gt

h 
(2

/2
)

“n
um

” i
s 

di
ffe

re
nt

 a
t e

ac
h 

pr
oc

es
s

<
$
O
-
S
1
>
/
f
i
l
e
2
.
c

M
P

I P
ro

gr
am

m
in

g



11
0

H
ow

 to
 g

en
er

at
e 

lo
ca

l d
at

a
•

R
ea

di
ng

 g
lo

ba
l d

at
a 

(N
=N

G
)

–
S

ca
tte

rin
g 

to
 e

ac
h 

pr
oc

es
s

–
P

ar
al

le
l p

ro
ce

ss
in

g 
on

 e
ac

h 
pr

oc
es

s
–

(If
 n

ee
de

d)
 re

co
ns

tru
ct

io
n 

of
 g

lo
ba

l d
at

a 
by

 g
at

he
rin

g 
lo

ca
l d

at
a

•
G

en
er

at
in

g 
lo

ca
l d

at
a 

(N
=N

L)
, o

r r
ea

di
ng

 d
is

tri
bu

te
d 

lo
ca

l 
da

ta
 

–
G

en
er

at
in

g 
or

 re
ad

in
g 

lo
ca

l d
at

a 
on

 e
ac

h 
pr

oc
es

s
–

P
ar

al
le

l p
ro

ce
ss

in
g 

on
 e

ac
h 

pr
oc

es
s

–
(If

 n
ee

de
d)

 re
co

ns
tru

ct
io

n 
of

 g
lo

ba
l d

at
a 

by
 g

at
he

rin
g 

lo
ca

l d
at

a

•
In

 fu
tu

re
, l

at
te

r c
as

e 
is

 m
or

e 
im

po
rta

nt
, b

ut
 fo

rm
er

 c
as

e 
is

 
al

so
 in

tro
du

ce
d 

in
 th

is
 c

la
ss

 fo
r u

nd
er

st
an

di
ng

 o
f 

op
er

at
io

ns
 o

f g
lo

ba
l/l

oc
al

 d
at

a.

M
P

I P
ro

gr
am

m
in

g



11
1

11
1

11
1

Ex
am

pl
es

 b
y 

C
ol

le
ct

iv
e 

C
om

m
.

•
D

ot
 P

ro
du

ct
s 

of
 V

ec
to

rs
•

S
ca

tte
r/G

at
he

r
•

R
ea

di
ng

 D
is

tri
bu

te
d 

Fi
le

s
•

M
P

I_
A

llg
at

he
rv

M
P

I P
ro

gr
am

m
in

g



M
P

Ip
ro

g.

11
2

M
PI

_G
at

he
rv
，

M
PI

_S
ca

tte
rv

•
M

P
I_

G
at

he
r, 

M
P

I_
S

ca
tte

r
–

Le
ng

th
 o

f m
es

sa
ge

 fr
om

/to
 e

ac
h 

pr
oc

es
s 

is
 u

ni
fo

rm

•
M

P
I_

X
X

X
v 

ex
te

nd
s 

fu
nc

tio
na

lit
y 

of
 M

P
I_

X
X

X
 b

y 
al

lo
w

in
g 

a 
va

ry
in

g 
co

un
t o

f d
at

a 
fro

m
 e

ac
h 

pr
oc

es
s:

 
–

M
P

I_
G

at
he

rv
–

M
P

I_
S

ca
tte

rv
–

M
P

I_
A

llg
at

he
rv

–
M

P
I_

A
llt

oa
llv



M
P

Ip
ro

g.

11
3

M
PI

_A
llg

at
he

rv

•
V

ar
ia

bl
e 

co
un

t v
er

si
on

 o
f M

P
I_

A
llg

at
he

r
–

cr
ea

te
s 

“g
lo

ba
l d

at
a”

 fr
om

 “l
oc

al
 d

at
a”

•
M
P
I
_
A
l
l
g
a
t
h
e
r
v
(
s
e
n
d
b
u
f
,
 
s
c
o
u
n
t
,
 
s
e
n
d
t
y
p
e
,
 
r
e
c
v
b
u
f
,
 

r
c
o
u
n
t
s
,
 
d
i
s
p
l
s
,
 
r
e
c
v
t
y
p
e
,
 
c
o
m
m
)

–
s
e
n
d
b
u
f

ch
oi

ce
 

I
st

ar
tin

g 
ad

dr
es

s 
of

 s
en

di
ng

 b
uf

fe
r

–
s
c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 s
en

t t
o 

ea
ch

 p
ro

ce
ss

–
s
e
n
d
t
y
p
e

M
P

I_
D

at
at

yp
eI

da
ta

 ty
pe

 o
f e

le
m

en
ts

 o
f s

en
di

ng
 b

uf
fe

r
–

r
e
c
v
b
u
f

ch
oi

ce
 

O
st

ar
tin

g 
ad

dr
es

s 
of

 re
ce

iv
in

g 
bu

ffe
r

–
r
c
o
u
n
t
s

in
t

I
in

te
ge

r a
rra

y 
(o

f l
en

gt
h 

gr
ou

p 
si

ze
) c

on
ta

in
in

g 
th

e 
nu

m
be

r o
f 

el
em

en
ts

 th
at

 a
re

 to
 b

e 
re

ce
iv

ed
 fr

om
 e

ac
h 

pr
oc

es
s 

(a
rr

ay
: s

iz
e=

 P
E
T
O
T

)
–

d
i
s
p
l
s

in
t

I
in

te
ge

r a
rr

ay
 (o

f l
en

gt
h 

gr
ou

p 
si

ze
). 

E
nt

ry
 i

sp
ec

ifi
es

 th
e 

di
sp

la
ce

m
en

t (
re

la
tiv

e 
to

 re
cv

bu
f)

 a
t w

hi
ch

 to
 p

la
ce

 th
e 

in
co

m
in

g 
da

ta
 fr

om
 p

ro
ce

ss
 i

(a
rr

ay
: s

iz
e=

 P
E
T
O
T
+
1

)
–

r
e
c
v
t
y
p
e

M
P

I_
D

at
at

yp
eI
 

da
ta

 ty
pe

 o
f e

le
m

en
ts

 o
f r

ec
ei

vi
ng

 b
uf

fe
r

–
c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

or

C



M
P

Ip
ro

g.

11
4

M
PI

_A
llg

at
he

rv
(c

on
t.)

•
M
P
I
_
A
l
l
g
a
t
h
e
r
v
(
s
e
n
d
b
u
f
,
 
s
c
o
u
n
t
,
 
s
e
n
d
t
y
p
e
,
 
r
e
c
v
b
u
f
,
 

r
c
o
u
n
t
s
,
 
d
i
s
p
l
s
,
 
r
e
c
v
t
y
p
e
,
 
c
o
m
m
)

–
r
c
o
u
n
t
s

in
t

I
in

te
ge

r a
rra

y 
(o

f l
en

gt
h 

gr
ou

p 
si

ze
) c

on
ta

in
in

g 
th

e 
nu

m
be

r o
f 

el
em

en
ts

 th
at

 a
re

 to
 b

e 
re

ce
iv

ed
 fr

om
 e

ac
h 

pr
oc

es
s 

(a
rr

ay
: s

iz
e=

 P
E
T
O
T

)
–

d
i
s
p
l
s

in
t

I
in

te
ge

r a
rr

ay
 (o

f l
en

gt
h 

gr
ou

p 
si

ze
). 

E
nt

ry
 i

sp
ec

ifi
es

 th
e 

di
sp

la
ce

m
en

t (
re

la
tiv

e 
to

 re
cv

bu
f)

 a
t w

hi
ch

 to
 p

la
ce

 th
e 

in
co

m
in

g 
da

ta
 fr

om
 p

ro
ce

ss
 i

(a
rr

ay
: s

iz
e=

 P
E
T
O
T
+
1

)
–

Th
es

e 
tw

o 
ar

ra
ys

 a
re

 re
la

te
d 

to
 s

iz
e 

of
 fi

na
l “

gl
ob

al
 d

at
a”

, t
he

re
fo

re
 e

ac
h 

pr
oc

es
s 

re
qu

ire
s 

in
fo

rm
at

io
n 

of
 th

es
e 

ar
ra

ys
 (r

c
o
u
n
t
s
,
 
d
i
s
p
l
s

)
•

E
ac

h 
pr

oc
es

s 
m

us
t h

av
e 

sa
m

e 
va

lu
es

 fo
r a

ll 
co

m
po

ne
nt

s 
of

 b
ot

h 
ve

ct
or

s
–

U
su

al
ly

, 
s
t
r
i
d
e
(
i
)
=
r
c
o
u
n
t
s
(
i
)

rc
ou

nt
s[

0]
rc

ou
nt

s[
1]

rc
ou

nt
s[

2]
rc

ou
nt

s[
m

-1
]

rc
ou

nt
s[

m
-2

]

PE
#0

PE
#1

PE
#2

PE
#(

m
-2

)
PE

#(
m

-1
)

di
sp

ls
[0

]=
0

di
sp

ls
[1

]=
di

sp
ls

[0
] +

 s
tri

de
[0

]
di

sp
ls

[m
]=

di
sp

ls
[m

-1
] +

 s
tri

de
[m

-1
]

st
rid

e[
0]

st
rid

e[
1]

st
rid

e[
2]

st
rid

e[
m

-2
]

st
rid

e[
m

-1
]

si
ze

[re
cv

bu
f]=

 d
is

pl
s[

P
E

TO
T]

= 
su

m
[s

tri
de

]

C



M
P

Ip
ro

g.

11
5

W
ha

t M
PI

_A
llg

at
he

rv
 

is
 d

oi
ng

st
rid

e[
0]

P
E

#0
N

P
E

#1
N

P
E

#2
N

P
E

#3
N

rcounts[0] rcounts[1] rcounts[2] rcounts
[3]

st
rid

e[
1]

st
rid

e[
2]

st
rid

e[
3]

di
sp

ls
[0

]

di
sp

ls
[1

]

di
sp

ls
[2

]

di
sp

ls
[3

]

di
sp

ls
[4

]

Lo
ca

l D
at

a:
 s

en
db

uf
G

lo
ba

l D
at

a:
 re

cv
bu

f

G
en

er
at

in
g 

gl
ob

al
 d

at
a 

fro
m

 
lo

ca
l d

at
a



M
P

Ip
ro

g.

11
6

W
ha

t M
PI

_A
llg

at
he

rv
 is

 
do

in
g

st
rid

e[
0]

= 
rc

ou
nt

s[
0]

P
E

#0
N

P
E

#1
N

P
E

#2
N

P
E

#3
N

rcounts[0] rcounts[1] rcounts[2] rcounts
[3]

st
rid

e[
1]

= 
rc

ou
nt

s[
1]

st
rid

e[
2]

= 
rc

ou
nt

s[
2]

st
rid

e[
3]

= 
rc

ou
nt

s[
3]

di
sp

ls
[0

]

di
sp

ls
[1

]

di
sp

ls
[2

]

di
sp

ls
[3

]

di
sp

ls
[4

]

G
en

er
at

in
g 

gl
ob

al
 d

at
a 

fro
m

 lo
ca

l d
at

a

Lo
ca

l D
at

a:
 s

en
db

uf
G

lo
ba

l D
at

a:
 re

cv
bu

f



M
P

Ip
ro

g.

11
7

M
PI

_A
llg

at
he

rv
 in

 d
et

ai
l (

1/
2)

•
M
P
I
_
A
l
l
g
a
t
h
e
r
v
(
s
e
n
d
b
u
f
,
 
s
c
o
u
n
t
,
 
s
e
n
d
t
y
p
e
,
 
r
e
c
v
b
u
f
,
 
r
c
o
u
n
t
s
,
 

d
i
s
p
l
s
,
 
r
e
c
v
t
y
p
e
,
 
c
o
m
m
)

•
r
c
o
u
n
t
s

–
S

iz
e 

of
 m

es
sa

ge
 fr

om
 e

ac
h 

P
E

: S
iz

e 
of

 L
oc

al
 D

at
a 

(L
en

gt
h 

of
 L

oc
al

 V
ec

to
r)

•
d
i
s
p
l
s

–
A

dd
re

ss
/in

de
x 

of
 e

ac
h 

lo
ca

l d
at

a 
in

 th
e 

ve
ct

or
 o

f g
lo

ba
l d

at
a

–
d
i
s
p
l
s
(
P
E
T
O
T
+
1
)

= 
S

iz
e 

of
 E

nt
ire

 G
lo

ba
l D

at
a 

(G
lo

ba
l V

ec
to

r)

rc
ou

nt
s[

0]
rc

ou
nt

s[
1]

rc
ou

nt
s[

2]
rc

ou
nt

s[
m

-1
]

rc
ou

nt
s[

m
-2

]

PE
#0

PE
#1

PE
#2

PE
#(

m
-2

)
PE

#(
m

-1
)

di
sp

ls
[0

]=
0

di
sp

ls
[1

]=
di

sp
ls

[0
] +

 s
tri

de
[0

]
di

sp
ls

[m
]=

di
sp

ls
[m

-1
] +

 s
tri

de
[m

-1
]

st
rid

e[
0]

st
rid

e[
1]

st
rid

e[
2]

st
rid

e[
m

-2
]

st
rid

e[
m

-1
]

si
ze

[re
cv

bu
f]=

 d
is

pl
s[

P
E

TO
T]

= 
su

m
[s

tri
de

]

C



M
P

Ip
ro

g.

11
8

M
PI

_A
llg

at
he

rv
 in

 d
et

ai
l (

2/
2)

•
E

ac
h 

pr
oc

es
s 

ne
ed

s 
in

fo
rm

at
io

n 
of

 r
c
o
u
n
t
s

&
 d
i
s
p
l
s

–
“
r
c
o
u
n
t
s
”

ca
n 

be
 c

re
at

ed
 b

y 
ga

th
er

in
g 

lo
ca

l v
ec

to
r l

en
gt

h 
“
N
”
 

fro
m

 e
ac

h 
pr

oc
es

s.
 

–
O

n 
ea

ch
 p

ro
ce

ss
, “
d
i
s
p
l
s
”
 

ca
n 

be
 g

en
er

at
ed

 fr
om

 
“
r
c
o
u
n
t
s
”
 

on
 e

ac
h 

pr
oc

es
s.

•
s
t
r
i
d
e
[
i
]
=
 
r
c
o
u
n
t
s
[
i
]

–
S

iz
e 

of
 ”
r
e
c
v
b
u
f
”

is
 c

al
cu

la
te

d 
by

 s
um

m
at

io
n 

of
 ”
r
c
o
u
n
t
s
”
.

rc
ou

nt
s[

0]
rc

ou
nt

s[
1]

rc
ou

nt
s[

2]
rc

ou
nt

s[
m

-1
]

rc
ou

nt
s[

m
-2

]

PE
#0

PE
#1

PE
#2

PE
#(

m
-2

)
PE

#(
m

-1
)

di
sp

ls
[0

]=
0

di
sp

ls
[1

]=
di

sp
ls

[0
] +

 s
tri

de
[0

]
di

sp
ls

[m
]=

di
sp

ls
[m

-1
] +

 s
tri

de
[m

-1
]

st
rid

e[
0]

st
rid

e[
1]

st
rid

e[
2]

st
rid

e[
m

-2
]

st
rid

e[
m

-1
]

si
ze

[re
cv

bu
f]=

 d
is

pl
s[

P
E

TO
T]

= 
su

m
[s

tri
de

]

C



M
P

Ip
ro

g.

11
9

Pr
ep

ar
at

io
n 

fo
r M

PI
_A

llg
at

he
rv

<$
O

-S
1>

/a
gv

.c

•
G

en
er

at
in

g 
gl

ob
al

 v
ec

to
r f

ro
m

 “
a2

.0
”~

”a
2.

3”
.

•
Le

ng
th

 o
f t

he
 e

ac
h 

ve
ct

or
 is

 8
, 5

, 7
, a

nd
 3

, 
re

sp
ec

tiv
el

y.
 T

he
re

fo
re

, s
iz

e 
of

 fi
na

l g
lo

ba
l v

ec
to

r i
s 

23
 

(=
 8

+5
+7

+3
).



M
P

Ip
ro

g.

12
0

a2
.0

~a
2.

3

P
E
#
0

8
1
0
1
.
0

1
0
3
.
0

1
0
5
.
0

1
0
6
.
0

1
0
9
.
0

1
1
1
.
0

1
2
1
.
0

1
5
1
.
0

P
E
#
1

5
2
0
1
.
0

2
0
3
.
0

2
0
5
.
0

2
0
6
.
0

2
0
9
.
0

P
E
#
2

7
3
0
1
.
0

3
0
3
.
0

3
0
5
.
0

3
0
6
.
0

3
1
1
.
0

3
2
1
.
0

3
5
1
.
0

P
E
#
3

3
4
0
1
.
0

4
0
3
.
0

4
0
5
.
0



M
P

Ip
ro

g.

12
1

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)
{

i
n
t
 
i
;

i
n
t
 
P
e
T
o
t
,
 
M
y
R
a
n
k
;

M
P
I
_
C
o
m
m
 
S
o
l
v
e
r
C
o
m
m
;

d
o
u
b
l
e
 
*
v
e
c
,
 
*
v
e
c
2
,
 
*
v
e
c
g
;

i
n
t
 
*
R
c
o
u
n
t
s
,
 
*
D
i
s
p
l
s
;

i
n
t
 
n
;

d
o
u
b
l
e
 
s
u
m
0
,
 
s
u
m
;

c
h
a
r
 
f
i
l
e
n
a
m
e
[
8
0
]
;

F
I
L
E
 
*
f
p
;

M
P
I
_
I
n
i
t
(
&
a
r
g
c
,
 
&
a
r
g
v
)
;

M
P
I
_
C
o
m
m
_
s
i
z
e
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
P
e
T
o
t
)
;

M
P
I
_
C
o
m
m
_
r
a
n
k
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
M
y
R
a
n
k
)
;

s
p
r
i
n
t
f
(
f
i
l
e
n
a
m
e
,
 
"
a
2
.
%
d
"
,
 
M
y
R
a
n
k
)
;

f
p
 
=
 
f
o
p
e
n
(
f
i
l
e
n
a
m
e
,
 
"
r
"
)
;

a
s
s
e
r
t
(
f
p
 
!
=
 
N
U
L
L
)
;

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
n
)
;

v
e
c
 
=
 
m
a
l
l
o
c
(
n
 
*
 
s
i
z
e
o
f
(
d
o
u
b
l
e
)
)
;

f
o
r
(
i
=
0
;
i
<
n
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
l
f
"
,
 
&
v
e
c
[
i
]
)
;

}

Pr
ep

ar
at

io
n:

 M
PI

_A
llg

at
he

rv
 (1

/4
)

<
$
O
-
S
1
>
/
a
g
v
.
c

n
(
N
L
)

is
 d

iff
er

en
t a

t
ea

ch
 p

ro
ce

ss

C



M
P

Ip
ro

g.

12
2

Pr
ep

ar
at

io
n:

 M
PI

_A
llg

at
he

rv
 (2

/4
)

R
c
o
u
n
t
s
=
 
c
a
l
l
o
c
(
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

D
i
s
p
l
s
 
=
 
c
a
l
l
o
c
(
P
e
T
o
t
+
1
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

p
r
i
n
t
f
(
"
b
e
f
o
r
e
 
%
d
 
%
d
"
,
 
M
y
R
a
n
k
,
 
n
)
;

f
o
r
(
i
=
0
;
i
<
P
e
T
o
t
;
i
+
+
)
{
p
r
i
n
t
f
(
"
 
%
d
"
,
 
R
c
o
u
n
t
s
[
i
]
)
;
}

M
P
I
_
A
l
l
g
a
t
h
e
r
(
&
n
,
 
1
,
 
M
P
I
_
I
N
T
,
 
R
c
o
u
n
t
s
,
 
1
,
 
M
P
I
_
I
N
T
,
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
)
;

p
r
i
n
t
f
(
"
a
f
t
e
r
 
 
%
d
 
%
d
"
,
 
M
y
R
a
n
k
,
 
n
)
;

f
o
r
(
i
=
0
;
i
<
P
e
T
o
t
;
i
+
+
)
{
p
r
i
n
t
f
(
"
 
%
d
"
,
 
R
c
o
u
n
t
s
[
i
]
)
;
}

D
i
s
p
l
s
[
0
]
 
=
 
0
;

R
c
o
u
n
t
s

on
 e

ac
h 

P
E

P
E

#0
  N

=8

P
E

#1
  N

=5

P
E

#2
  N

=7

P
E

#3
  N

=3

M
P

I_
A

llg
at

he
r

R
co

un
ts

[0
:3

]=
 {8

, 5
, 7

, 3
}

R
co

un
ts

[0
:3

]=
{8

, 5
, 7

, 3
}

R
co

un
ts

[0
:3

]=
{8

, 5
, 7

, 3
}

R
co

un
ts

[0
:3

]=
{8

, 5
, 7

, 3
}

<
$
O
-
S
1
>
/
a
g
v
.
c

C



M
P

Ip
ro

g.

12
3

Pr
ep

ar
at

io
n:

 M
PI

_A
llg

at
he

rv
 (2

/4
)

R
c
o
u
n
t
s
=
 
c
a
l
l
o
c
(
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

D
i
s
p
l
s
 
=
 
c
a
l
l
o
c
(
P
e
T
o
t
+
1
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

p
r
i
n
t
f
(
"
b
e
f
o
r
e
 
%
d
 
%
d
"
,
 
M
y
R
a
n
k
,
 
n
)
;

f
o
r
(
i
=
0
;
i
<
P
e
T
o
t
;
i
+
+
)
{
p
r
i
n
t
f
(
"
 
%
d
"
,
 
R
c
o
u
n
t
s
[
i
]
)
;
}

M
P
I
_
A
l
l
g
a
t
h
e
r
(
&
n
,
 
1
,
 
M
P
I
_
I
N
T
,
 
R
c
o
u
n
t
s
,
 
1
,
 
M
P
I
_
I
N
T
,
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
)
;

p
r
i
n
t
f
(
"
a
f
t
e
r
 
 
%
d
 
%
d
"
,
 
M
y
R
a
n
k
,
 
n
)
;

f
o
r
(
i
=
0
;
i
<
P
e
T
o
t
;
i
+
+
)
{
p
r
i
n
t
f
(
"
 
%
d
"
,
 
R
c
o
u
n
t
s
[
i
]
)
;
}

D
i
s
p
l
s
[
0
]
 
=
 
0
;

f
o
r
(
i
=
0
;
i
<
P
e
T
o
t
;
i
+
+
)
{

D
i
s
p
l
s
[
i
+
1
]
 
=
 
D
i
s
p
l
s
[
i
]
 
+
 
R
c
o
u
n
t
s
[
i
]
;
}

p
r
i
n
t
f
(
"
C
o
u
n
d
I
n
d
e
x
 
 
%
d
 
"
,
 
M
y
R
a
n
k
)
;

f
o
r
(
i
=
0
;
i
<
P
e
T
o
t
+
1
;
i
+
+
)
{

p
r
i
n
t
f
(
"
 
%
d
"
,
 
D
i
s
p
l
s
[
i
]
)
;

} M
P
I
_
F
i
n
a
l
i
z
e
(
)
;

r
e
t
u
r
n
 
0
;

}<
$
O
-
S
1
>
/
a
g
v
.
c

C

R
c
o
u
n
t
s

on
 e

ac
h 

P
E

D
i
s
p
l
s

on
 e

ac
h 

P
E



M
P

Ip
ro

g.

12
4

Pr
ep

ar
at

io
n:

 M
PI

_A
llg

at
he

rv
 (3

/4
)

>
 
c
d
 
<
$
O
-
S
1
>

>
 
m
p
i
f
c
c
p
x
 
–
K
f
a
s
t
 
a
g
v
.
c

(
m
o
d
i
f
y
 
g
o
4
.
s
h
 
f
o
r
 
4
 
p
r
o
c
e
s
s
e
s
)

>
 
p
j
s
u
b
 
g
o
4
.
s
h
 

b
e
f
o
r
e
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
8
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
0

a
f
t
e
r
 
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
8
 
 
 
 
 
 
 
8
 
 
 
 
 
 
 
5
 
 
 
 
 
 
 
7
 
 
 
 
 
 
 
3

D
i
s
p
l
s
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
8
 
 
 
 
 
 
1
3
 
 
 
 
 
 
2
0
 
 
 
 
 
 
2
3

b
e
f
o
r
e
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
5
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
0

a
f
t
e
r
 
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
5
 
 
 
 
 
 
 
8
 
 
 
 
 
 
 
5
 
 
 
 
 
 
 
7
 
 
 
 
 
 
 
3

D
i
s
p
l
s
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
8
 
 
 
 
 
 
1
3
 
 
 
 
 
 
2
0
 
 
 
 
 
 
2
3

b
e
f
o
r
e
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
0

a
f
t
e
r
 
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
8
 
 
 
 
 
 
 
5
 
 
 
 
 
 
 
7
 
 
 
 
 
 
 
3

D
i
s
p
l
s
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
8
 
 
 
 
 
 
1
3
 
 
 
 
 
 
2
0
 
 
 
 
 
 
2
3

b
e
f
o
r
e
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
7
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
0

a
f
t
e
r
 
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
7
 
 
 
 
 
 
 
8
 
 
 
 
 
 
 
5
 
 
 
 
 
 
 
7
 
 
 
 
 
 
 
3

D
i
s
p
l
s
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
8
 
 
 
 
 
 
1
3
 
 
 
 
 
 
2
0
 
 
 
 
 
 
2
3



M
P

Ip
ro

g.

12
5

Pr
ep

ar
at

io
n:

 M
PI

_A
llg

at
he

rv
 (4

/4
)

•
O

nl
y 
”
r
e
c
v
b
u
f
”

is
 n

ot
 d

ef
in

ed
 y

et
.

•
S

iz
e 

of
 ”
r
e
c
v
b
u
f
”

= 
”
D
i
s
p
l
s
[
P
E
T
O
T
]
”

M
P
I
_
A
l
l
g
a
t
h
e
r
v
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(
 
V
E
C
 
,
 
N
,
 
M
P
I
_
D
O
U
B
L
E
,
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

r
e
c
v
b
u
f
,
 
r
c
o
u
n
t
s
,
 
d
i
s
p
l
s
,
 
M
P
I
_
D
O
U
B
L
E
,
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

M
P
I
_
C
O
M
M
_
W
O
R
L
D
)
;



12
6

R
ep

or
t S

1 
(1

/2
)

•
D

ea
dl

in
e:

 1
7:

00
 O

ct
ob

er
 1

1t
h

(S
at

), 
20

14
.

–
S

en
d 

fil
es

 v
ia

 e
-m

ai
l a

t n
a
k
a
j
i
m
a
(
a
t
)
c
c
.
u
-
t
o
k
y
o
.
a
c
.
j
p

•
P

ro
bl

em
 S

1-
1

–
R

ea
d 

lo
ca

l f
ile

s 
<$

O
-S

1>
/a

1.
0~

a1
.3

, <
$O

-S
1>

/a
2.

0~
a2

.3
.

–
D

ev
el

op
 c

od
es

 w
hi

ch
 c

al
cu

la
te

 n
or

m
 ||

x|
| o

f g
lo

ba
l v

ec
to

r f
or

 e
ac

h 
ca

se
.

•
<$

O
-S

1>
fil

e.
c，

<$
O

-S
1>

fil
e2

.c

•
P

ro
bl

em
 S

1-
2

–
R

ea
d 

lo
ca

l f
ile

s 
<$

O
-S

1>
/a

2.
0~

a2
.3

.
–

D
ev

el
op

 a
 c

od
e 

w
hi

ch
 c

on
st

ru
ct

s 
“g

lo
ba

l v
ec

to
r” 

us
in

g 
M

P
I_

A
llg

at
he

rv
.

M
P

I P
ro

gr
am

m
in

g



12
7

R
ep

or
t S

1 
(2

/2
)

•
P

ro
bl

em
 S

1-
3

–
D

ev
el

op
 p

ar
al

le
l p

ro
gr

am
 w

hi
ch

 c
al

cu
la

te
s 

th
e 

fo
llo

w
in

g 
nu

m
er

ic
al

 in
te

gr
at

io
n 

us
in

g 
“tr

ap
ez

oi
da

l r
ul

e”
 b

y 
M

P
I_

R
ed

uc
e,

 
M

P
I_

B
ca

st
 e

tc
.

–
M

ea
su

re
 c

om
pu

ta
tio

n 
tim

e,
 a

nd
 p

ar
al

le
l p

er
fo

rm
an

ce

dx
x




1 0
2

1
4

•
R

ep
or

t
–

C
ov

er
 P

ag
e:

 N
am

e,
 ID

, a
nd

 P
ro

bl
em

 ID
 (S

1)
 m

us
t b

e 
w

rit
te

n.
 

–
Le

ss
 th

an
 tw

o 
pa

ge
s 

in
cl

ud
in

g 
fig

ur
es

 a
nd

 ta
bl

es
 (A

4)
 fo

r e
ac

h 
of

 th
re

e 
su

b-
pr

ob
le

m
s

•
S

tra
te

gy
, S

tru
ct

ur
e 

of
 th

e 
P

ro
gr

am
, R

em
ar

ks
–

S
ou

rc
e 

lis
t o

f t
he

 p
ro

gr
am

 (i
f y

ou
 h

av
e 

bu
gs

)
–

O
ut

pu
t l

is
t (

as
 s

m
al

l a
s 

po
ss

ib
le

) 

M
P

I P
ro

gr
am

m
in

g



12
8

12
8

12
8

•
W

ha
t i

s 
M

P
I ?

•
Y

ou
r F

irs
t M

P
I P

ro
gr

am
: H

el
lo

 W
or

ld

•
G

lo
ba

l/L
oc

al
 D

at
a

•
C

ol
le

ct
iv

e 
C

om
m

un
ic

at
io

n
•

Pe
er

-to
-P

ee
r C

om
m

un
ic

at
io

n

M
P

I P
ro

gr
am

m
in

g



Pe
er

-to
-P

ee
r C

om
m

un
ic

at
io

n
Po

in
t-t

o-
Po

in
t C

om
m

un
ic

at
io

 
1対

1通
信

•
W

ha
t i

s 
P

2P
 C

om
m

un
ic

at
io

n 
?

•
2D

 P
ro

bl
em

, G
en

er
al

iz
ed

 C
om

m
un

ic
at

io
n 

Ta
bl

e
•

R
ep

or
t S

2

12
9

M
P

I P
ro

gr
am

m
in

g



1D
 F

EM
: 1

2 
no

de
s/

11
 e

le
m

’s
/3

 d
om

ai
ns

0
1

2
3

4
5

6
7

8
9

10
11

0
1

2
3

4
5

6
7

8
9

10

0
1

2
3

4

7
8

9
10

11

1
2

3

7
8

9
10

0

3
4

5
6

7
8

3
4

5
6

7

0
1

2
3

4
5

6
7

8
9

10
11

1
2

3
4

5
6

7
8

9
10

0

13
0

M
P

I P
ro

gr
am

m
in

g



1D
 F

EM
: 1

2 
no

de
s/

11
 e

le
m

’s
/3

 d
om

ai
ns

Lo
ca

l I
D

: S
ta

rti
ng

 fr
om

 0
 fo

r n
od

e 
an

d 
el

em
 a

t e
ac

h 
do

m
ai

n

0
1

2
3

4

4
0

1
2

3

1
2

3

3
0

1
2

0

4
0

1
2

3
5

3
0

1
2

4

#0
 

#1
 

#2
 

13
1

M
P

I P
ro

gr
am

m
in

g



1D
 F

EM
: 1

2 
no

de
s/

11
 e

le
m

’s
/3

 d
om

ai
ns

In
te

rn
al

/E
xt

er
na

l N
od

es

0
1

2
3

4

4
0

1
2

3

1
2

3

3
0

1
2

0

4
0

1
2

3
5

3
0

1
2

4

#0
 

#1
 

#2
 

13
2

M
P

I P
ro

gr
am

m
in

g



P
re

co
nd

iti
on

ed
 C

on
ju

ga
te

 G
ra

di
en

t 
M

et
ho

d 
（
C

G
）

C
o
m
p
u
t
e
 
r
(
0
)
=
 
b
-
[
A
]
x
(
0
)

f
o
r
i
=
 
1
,
 
2
,
 
…

s
o
l
v
e
 
[
M
]
z
(
i
-
1
)
=
 
r
(
i
-
1
)

 i
-
1
=
 r

(
i
-
1
)
 
z
(
i
-
1
)

i
f
i
=
1

p
(
1
)
=
 
z
(
0
)

e
l
s
e

 i
-
1
=
 
 i

-
1
/
 i

-
2

p
(
i
)
=
 
z
(
i
-
1
)
 
+
 
 i

-
1
p
(
i
-
1
)

e
n
d
i
f

q
(
i
)
=
 
[
A
]
p
(
i
)


i
 
 
=
 
 i

-
1
/
p
(
i
)
q
(
i
)

x
(
i
)
=
 
x
(
i
-
1
)
 
+
 

i
p
(
i
)

r
(
i
)
=
 
r
(
i
-
1
)
 
-


i
q
(
i
)

c
h
e
c
k
 
c
o
n
v
e
r
g
e
n
c
e
 
|
r
|

e
n
d

P
re

co
nd

iti
on

er
:

D
ia

go
na

l S
ca

lin
g

P
oi

nt
-J

ac
ob

i P
re

co
nd

iti
on

in
g13

3
M

P
I P

ro
gr

am
m

in
g




 

 





N

N

D
D

D
D

M

0
...

0
0

0
0

0
...

...
...

0
0

0
0

0
...

0

1

2

1



P
re

co
nd

iti
on

in
g,

 D
A

X
P

Y
Lo

ca
l O

pe
ra

tio
ns

 b
y 

O
nl

y 
In

te
rn

al
 P

oi
nt

s:
 P

ar
al

le
l P

ro
ce

ss
in

g 
is

 p
os

si
bl

e

/
*

/
/
-
-
{
x
}
=
 
{
x
}
 
+
 
A
L
P
H
A
*
{
p
}

D
A
X
P
Y
:
 
d
o
u
b
l
e
 
a
{
x
}
 
p
l
u
s
 
{
y
}

/
/
 
 
 
{
r
}
=
 
{
r
}
 
-
A
L
P
H
A
*
{
q
}

*
/

f
o
r
(
i
=
0
;
i
<
N
;
i
+
+
)
{

P
H
I
[
i
]
 
 
+
=
 
A
l
p
h
a
 
*
 
W
[
P
]
[
i
]
;

W
[
R
]
[
i
]
 
-
=
 
A
l
p
h
a
 
*
 
W
[
Q
]
[
i
]
;

}

/
*
/
/
-
-

{
z
}
=
 
[
M
i
n
v
]
{
r
}

*
/

f
o
r
(
i
=
0
;
i
<
N
;
i
+
+
)
{

W
[
Z
]
[
i
]
 
=
 
W
[
D
D
]
[
i
]
 
*
 
W
[
R
]
[
i
]
;

}

0 1 2 3 4 5 6 7 8 9 10 11

13
4

M
P

I P
ro

gr
am

m
in

g



D
ot

 P
ro

du
ct

s
G

lo
ba

l S
um

m
at

io
n 

ne
ed

ed
: C

om
m

un
ic

at
io

n 
?

/
*

/
/
-
-

A
L
P
H
A
=
 
R
H
O
 
/
 
{
p
}
{
q
}

*
/
C
1
 
=
 
0
.
0
;

f
o
r
(
i
=
0
;
i
<
N
;
i
+
+
)
{

C
1
 
+
=
 
W
[
P
]
[
i
]
 
*
 
W
[
Q
]
[
i
]
;

} A
l
p
h
a
 
=
 
R
h
o
 
/
 
C
1
;

0 1 2 3 4 5 6 7 8 9 10 11

13
5

M
P

I P
ro

gr
am

m
in

g



M
at

rix
-V

ec
to

r P
ro

du
ct

s
V

al
ue

s 
at

 E
xt

er
na

l P
oi

nt
s:

 P
-to

-P
 C

om
m

un
ic

at
io

n
/
*
/
/
-
-
{
q
}
=
 
[
A
]
{
p
}

*
/
f
o
r
(
i
=
0
;
i
<
N
;
i
+
+
)
{

W
[
Q
]
[
i
]
 
=
 
D
i
a
g
[
i
]
 
*
 
W
[
P
]
[
i
]
;

f
o
r
(
j
=
I
n
d
e
x
[
i
]
;
j
<
I
n
d
e
x
[
i
+
1
]
;
j
+
+
)
{

W
[
Q
]
[
i
]
 
+
=
 
A
M
a
t
[
j
]
*
W
[
P
]
[
I
t
e
m
[
j
]
]
;

}
}

4
0

1
2

3
5

13
6

M
P

I P
ro

gr
am

m
in

g



M
at

-V
ec

 P
ro

du
ct

s:
 L

oc
al

 O
p.

 P
os

si
bl

e
0

1

2

3

4

5

6

7

8

9

10

11

0 1 2 3 4 5 6 7 8 9 10 11

0 1 2 3 4 5 6 7 8 9 10 11

=

13
7

M
P

I P
ro

gr
am

m
in

g



M
at

-V
ec

 P
ro

du
ct

s:
 L

oc
al

 O
p.

 P
os

si
bl

e
0

1

2

3

4

5

6

7

8

9

10

11

0 1 2 3 4 5 6 7 8 9 10 11

0 1 2 3 4 5 6 7 8 9 10 11

=

13
8

M
P

I P
ro

gr
am

m
in

g



M
at

-V
ec

 P
ro

du
ct

s:
 L

oc
al

 O
p.

 P
os

si
bl

e
0

1

2

3

0

1

2

3

0

1

2

3

0 1 2 3 0 1 2 3 0 1 2 3

0 1 2 3 0 1 2 3 0 1 2 3

=

13
9

M
P

I P
ro

gr
am

m
in

g



M
at

-V
ec

 P
ro

du
ct

s:
 L

oc
al

 O
p.

 #
1

0

1

2

3

0 1 2 3

0 1 2 3

=

4
0

1
2

3
5

0

1

2

3

0 1 2 3

0 1 2 3

=

4 5

14
0

M
P

I P
ro

gr
am

m
in

g



W
ha

t i
s 

Pe
er

-to
-P

ee
r C

om
m

un
ic

at
io

n 
?

•
C

ol
le

ct
iv

e 
C

om
m

un
ic

at
io

n
–

M
P

I_
R

ed
uc

e,
 M

P
I_

S
ca

tte
r/G

at
he

r e
tc

.
–

C
om

m
un

ic
at

io
ns

 w
ith

 a
ll 

pr
oc

es
se

s 
in

 th
e 

co
m

m
un

ic
at

or
–

A
pp

lic
at

io
n 

A
re

a
•

B
E

M
, S

pe
ct

ra
l M

et
ho

d,
 M

D
: g

lo
ba

l i
nt

er
ac

tio
ns

 a
re

 c
on

si
de

re
d

•
D

ot
 p

ro
du

ct
s,

 M
A

X
/M

IN
: G

lo
ba

l S
um

m
at

io
n 

&
 C

om
pa

ris
on

•
P

ee
r-

to
P

ee
r/P

oi
nt

-to
-P

oi
nt

–
M

P
I_

S
en

d,
 M

P
I_

R
ec

ei
ve

–
C

om
m

un
ic

at
io

n 
w

ith
 li

m
ite

d 
pr

oc
es

se
s

•
N

ei
gh

bo
rs

–
A

pp
lic

at
io

n 
A

re
a

•
FE

M
, F

D
M

: L
oc

al
iz

ed
 M

et
ho

d

0
1

2
3

4

4
0

1
2

3

1
2

3

3
0

1
2

0

4
0

1
2

3
5

3
0

1
2

4

#0
 

#1

#2

14
1

M
P

I P
ro

gr
am

m
in

g



C
ol

le
ct

iv
e/

P2
P

C
om

m
un

ic
at

io
ns

In
te

ra
ct

io
ns

 w
ith

 o
nl

y 
N

ei
gh

bo
rin

g 
P

ro
ce

ss
es

/E
le

m
en

t
Fi

ni
te

 D
iff

er
en

ce
 M

et
ho

d 
(F

D
M

), 
Fi

ni
te

 E
le

m
en

t M
et

ho
d 

(F
E

M
)

14
2

M
P

I P
ro

gr
am

m
in

g



W
he

n 
do

 w
e 

ne
ed

 P
2P

 c
om

m
.: 

1D
-F

EM
In

fo
 in

 n
ei

gh
bo

rin
g 

do
m

ai
ns

 is
 re

qu
ire

d 
fo

r F
E

M
 o

pe
ra

tio
ns

M
at

rix
 a

ss
em

bl
in

g,
 It

er
at

iv
e 

M
et

ho
d

0
1

2
3

4

4
0

1
2

3

1
2

3

3
0

1
2

0

4
0

1
2

3
5

3
0

1
2

4

#0
 

#1
 

#2
 

14
3

M
P

I P
ro

gr
am

m
in

g



M
et

ho
d 

fo
r P

2P
 C

om
m

.
•
M
P
I
_
S
e
n
d
，

M
P
I
_
R
e
c
v

•
Th

es
e 

ar
e 

“b
lo

ck
in

g”
 fu

nc
tio

ns
. “

D
ea

d 
lo

ck
” o

cc
ur

s 
fo

r 
th

es
e 

“b
lo

ck
in

g”
 fu

nc
tio

ns
.

•
A

 “b
lo

ck
in

g”
 M

P
I c

al
l m

ea
ns

 th
at

 th
e 

pr
og

ra
m

 e
xe

cu
tio

n 
w

ill 
be

 s
us

pe
nd

ed
 u

nt
il 

th
e 

m
es

sa
ge

 b
uf

fe
r i

s 
sa

fe
 to

 u
se

. 
•

Th
e 

M
P

I s
ta

nd
ar

ds
 s

pe
ci

fy
 th

at
 a

 b
lo

ck
in

g 
S

E
N

D
 o

r 
R

E
C

V
 d

oe
s 

no
t r

et
ur

n 
un

til
 th

e 
se

nd
 b

uf
fe

r i
s 

sa
fe

 to
 

re
us

e 
(fo

r M
P

I_
S

en
d)

, o
r t

he
 re

ce
iv

e 
bu

ffe
r i

s 
re

ad
y 

to
 

us
e 

(fo
r M

P
I_

R
ec

v)
.

–
B

lo
ck

in
g 

co
m

m
. c

on
fir

m
s 

“s
ec

ur
e”

 c
om

m
un

ic
at

io
n,

 b
ut

 it
 is

 v
er

y 
in

co
nv

en
ie

nt
.

•
P

le
as

e 
ju

st
 re

m
em

be
r t

ha
t “

th
er

e 
ar

e 
su

ch
 fu

nc
tio

ns
”.

14
4

M
P

I P
ro

gr
am

m
in

g



M
PI

_S
en

d/
M

PI
_R

ec
v

i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
0
)
 
N
E
I
B
_
I
D
=
1

i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
1
)
 
N
E
I
B
_
I
D
=
0

… c
a
l
l
 
M
P
I
_
S
E
N
D
 
(
N
E
I
B
_
I
D
,
 
a
r
g
’
s
)

c
a
l
l
 
M
P
I
_
R
E
C
V
 
(
N
E
I
B
_
I
D
,
 
a
r
g
’
s
)

…

•
Th

is
 s

ee
m

s 
re

as
on

ab
le

, b
ut

 it
 s

to
ps

 a
t 

M
P

I_
S

en
d/

M
P

I_
R

ec
v.

–
S

om
et

im
es

 it
 w

or
ks

 (a
cc

or
di

ng
 to

 im
pl

em
en

ta
tio

n)
.

1
2

3
4

1
2

3
4

PE
#0

PE
#1

5

4

14
5

M
P

I P
ro

gr
am

m
in

g



M
PI

_S
en

d/
M

PI
_R

ec
v 

(c
on

t.)
i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
0
)
 
N
E
I
B
_
I
D
=
1

i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
1
)
 
N
E
I
B
_
I
D
=
0

… i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
0
)
 
t
h
e
n

c
a
l
l
 
M
P
I
_
S
E
N
D
 
(
N
E
I
B
_
I
D
,
 
a
r
g
’
s
)

c
a
l
l
 
M
P
I
_
R
E
C
V
 
(
N
E
I
B
_
I
D
,
 
a
r
g
’
s
)

e
n
d
i
f

i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
1
)
 
t
h
e
n

c
a
l
l
 
M
P
I
_
R
E
C
V
 
(
N
E
I
B
_
I
D
,
 
a
r
g
’
s
)

c
a
l
l
 
M
P
I
_
S
E
N
D
 
(
N
E
I
B
_
I
D
,
 
a
r
g
’
s
)

e
n
d
i
f

…

•
It 

w
or

ks
 ..

. b
ut

1
2

3
4

1
2

3
4

PE
#0

PE
#1

5

4

14
6

M
P

I P
ro

gr
am

m
in

g



H
ow

 to
 d

o 
P2

P 
C

om
m

. ?

•
U

si
ng

 “n
on

-b
lo

ck
in

g”
 fu

nc
tio

ns
 M
P
I
_
I
s
e
n
d

&
 

M
P
I
_
I
r
e
c
v

to
ge

th
er

 w
ith

 M
P
I
_
W
a
i
t
a
l
l

fo
r 

sy
nc

hr
on

iz
at

io
n

•
M
P
I
_
S
e
n
d
r
e
c
v

is
 a

ls
o 

av
ai

la
bl

e.
i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
0
)
 
N
E
I
B
_
I
D
=
1

i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
1
)
 
N
E
I
B
_
I
D
=
0

… c
a
l
l
 
M
P
I
_
I
s
e
n
d
 
(
N
E
I
B
_
I
D
,
 
a
r
g
’
s
)

c
a
l
l
 
M
P
I
_
I
r
e
c
v
 
(
N
E
I
B
_
I
D
,
 
a
r
g
’
s
)

…
 
c
a
l
l
 
M
P
I
_
W
a
i
t
a
l
l
 
(
f
o
r
 
I
r
e
c
v
)

… c
a
l
l
 
M
P
I
_
W
a
i
t
a
l
l
 
(
f
o
r
 
I
s
e
n
d
)

M
P
I
_
W
a
i
t
a
l
l

fo
r b

ot
h 

of
 

M
P
I
_
I
s
e
n
d
/
M
P
I
_
I
r
e
c
v
 i

s 
po

ss
ib

le
 

1
2

3
4

1
2

3
4

PE
#0

PE
#1

5

4

14
7

M
P

I P
ro

gr
am

m
in

g



M
PI

_I
se

nd
•

B
eg

in
s 

a 
no

n-
bl

oc
ki

ng
 s

en
d 

–
S

en
d 

th
e 

co
nt

en
ts

 o
f s

en
di

ng
 b

uf
fe

r (
st

ar
tin

g 
fro

m
 s
e
n
d
b
u
f

, n
um

be
r o

f m
es

sa
ge

s:
 c
o
u
n
t

) 
to

 d
e
s
t

w
ith

 t
a
g

. 
–

C
on

te
nt

s 
of

 s
en

di
ng

 b
uf

fe
r c

an
no

t b
e 

m
od

ifi
ed

 b
ef

or
e 

ca
llin

g 
co

rre
sp

on
di

ng
 M
P
I
_
W
a
i
t
a
l
l

.

•
M
P
I
_
I
s
e
n
d

(
s
e
n
d
b
u
f
,
c
o
u
n
t
,
d
a
t
a
t
y
p
e
,
d
e
s
t
,
t
a
g
,
c
o
m
m
,
r
e
q
u
e
s
t
)

–
s
e
n
d
b
u
f

ch
oi

ce
I

st
ar

tin
g 

ad
dr

es
s 

of
 s

en
di

ng
 b

uf
fe

r
–

c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 in
 s

en
di

ng
 b

uf
fe

r
–

d
a
t
a
t
y
p
e

M
P

I_
D

at
at

yp
e
I

da
ta

ty
pe

of
 e

ac
h 

se
nd

in
g 

bu
ffe

r e
le

m
en

t
–

d
e
s
t

in
t

I
ra

nk
 o

f d
es

tin
at

io
n

–
t
a
g

in
t

I
m

es
sa

ge
 ta

g
Th

is
 in

te
ge

r c
an

 b
e 

us
ed

 b
y 

th
e 

ap
pl

ic
at

io
n 

to
 d

is
tin

gu
is

h 
m

es
sa

ge
s.

 C
om

m
un

ic
at

io
n 

oc
cu

rs
 if

 t
a
g
’
s

of
 

M
P
I
_
I
s
e
n
d

an
d 
M
P
I
_
I
r
e
c
v

ar
e 

m
at

ch
ed

. 
U

su
al

ly
 ta

g 
is

 s
et

 to
 b

e 
“0

” (
in

 th
is

 c
la

ss
),

–
c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

or
–

r
e
q
u
e
s
t

M
P

I_
R

eq
ue

st
O

co
m

m
un

ic
at

io
n 

re
qu

es
t a

rra
y 

us
ed

 in
 M
P
I
_
W
a
i
t
a
l
l

C
14

8
M

P
I P

ro
gr

am
m

in
g



C
om

m
un

ic
at

io
n 

R
eq

ue
st

: r
eq

ue
st

通
信

識
別

子
•

M
P
I
_
I
s
e
n
d

(
s
e
n
d
b
u
f
,
c
o
u
n
t
,
d
a
t
a
t
y
p
e
,
d
e
s
t
,
t
a
g
,
c
o
m
m
,
r
e
q
u
e
s
t
)

–
s
e
n
d
b
u
f

ch
oi

ce
I

st
ar

tin
g 

ad
dr

es
s 

of
 s

en
di

ng
 b

uf
fe

r
–

c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 in
 s

en
di

ng
 b

uf
fe

r
–

d
a
t
a
t
y
p
e

M
P

I_
D

at
at

yp
e
I

da
ta

ty
pe

of
 e

ac
h 

se
nd

in
g 

bu
ffe

r e
le

m
en

t
–

d
e
s
t

in
t

I
ra

nk
 o

f d
es

tin
at

io
n

–
t
a
g

in
t

I
m

es
sa

ge
 ta

g
Th

is
 in

te
ge

r c
an

 b
e 

us
ed

 b
y 

th
e 

ap
pl

ic
at

io
n 

to
 d

is
tin

gu
is

h 
m

es
sa

ge
s.

 C
om

m
un

ic
at

io
n 

oc
cu

rs
 if

 t
a
g
’
s

of
 

M
P
I
_
I
s
e
n
d

an
d 
M
P
I
_
I
r
e
c
v

ar
e 

m
at

ch
ed

. 
U

su
al

ly
 ta

g 
is

 s
et

 to
 b

e 
“0

” (
in

 th
is

 c
la

ss
),

–
c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

or
–

r
e
q
u
e
s
t

M
P

I_
R

eq
ue

st
O

co
m

m
un

ic
at

io
n 

re
qu

es
t u

se
d 

in
 M
P
I
_
W
a
i
t
a
l
l

S
iz

e 
of

 th
e 

ar
ra

y 
is

 to
ta

l n
um

be
r o

f n
ei

gh
bo

rin
g 

pr
oc

es
se

s

•
Ju

st
 d

ef
in

e 
th

e 
ar

ra
y

C

14
9

M
P

I P
ro

gr
am

m
in

g



M
PI

_I
re

cv
•

B
eg

in
s 

a 
no

n-
bl

oc
ki

ng
 re

ce
iv

e 
–

R
ec

ei
vi

ng
 th

e 
co

nt
en

ts
 o

f r
ec

ei
vi

ng
 b

uf
fe

r (
st

ar
tin

g 
fro

m
 r
e
c
v
b
u
f

, n
um

be
r o

f m
es

sa
ge

s:
 

c
o
u
n
t

) f
ro

m
 s
o
u
r
c
e

w
ith

 t
a
g

. 
–

C
on

te
nt

s 
of

 re
ce

iv
in

g 
bu

ffe
r c

an
no

t b
e 

us
ed

 b
ef

or
e 

ca
llin

g 
co

rre
sp

on
di

ng
 M
P
I
_
W
a
i
t
a
l
l

.

•
M
P
I
_
I
r
e
c
v

(
r
e
c
v
b
u
f
,
c
o
u
n
t
,
d
a
t
a
t
y
p
e
,
s
o
u
r
c
e
,
t
a
g
,
c
o
m
m
,
r
e
q
u
e
s
t
)

–
r
e
c
v
b
u
f

ch
oi

ce
I

st
ar

tin
g 

ad
dr

es
s 

of
 re

ce
iv

in
g 

bu
ffe

r
–

c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 in
 re

ce
iv

in
g 

bu
ffe

r
–

d
a
t
a
t
y
p
e

M
P

I_
D

at
at

yp
e
I

da
ta

ty
pe

of
 e

ac
h 

re
ce

iv
in

g 
bu

ffe
r e

le
m

en
t

–
s
o
u
r
c
e

in
t

I
ra

nk
 o

f s
ou

rc
e

–
t
a
g

in
t

I
m

es
sa

ge
 ta

g
Th

is
 in

te
ge

r c
an

 b
e 

us
ed

 b
y 

th
e 

ap
pl

ic
at

io
n 

to
 d

is
tin

gu
is

h 
m

es
sa

ge
s.

 C
om

m
un

ic
at

io
n 

oc
cu

rs
 if

 t
a
g
’
s

of
 

M
P
I
_
I
s
e
n
d

an
d 
M
P
I
_
I
r
e
c
v

ar
e 

m
at

ch
ed

. 
U

su
al

ly
 ta

g 
is

 s
et

 to
 b

e 
“0

” (
in

 th
is

 c
la

ss
),

–
c
o
m
m

M
P

I_
C

om
m
I

co
m

m
un

ic
at

or
–

r
e
q
u
e
s
t

M
P

I_
R

eq
ue

st
O

co
m

m
un

ic
at

io
n 

re
qu

es
t a

rra
y 

us
ed

 in
 M
P
I
_
W
a
i
t
a
l
l

C
15

0
M

P
I P

ro
gr

am
m

in
g



M
PI

_W
ai

ta
ll

•
M
P
I
_
W
a
i
t
a
l
l

bl
oc

ks
 u

nt
il 

al
l c

om
m

’s
, a

ss
oc

ia
te

d 
w

ith
 r
e
q
u
e
s
t

in
 th

e 
ar

ra
y,

 
co

m
pl

et
e.

 It
 is

 u
se

d 
fo

r s
yn

ch
ro

ni
zi

ng
 M
P
I
_
I
s
e
n
d

an
d 
M
P
I
_
I
r
e
c
v

in
 th

is
 c

la
ss

.
•

A
t s

en
di

ng
 p

ha
se

, c
on

te
nt

s 
of

 s
en

di
ng

 b
uf

fe
r c

an
no

t b
e 

m
od

ifi
ed

 b
ef

or
e 

ca
llin

g 
co

rre
sp

on
di

ng
 M
P
I
_
W
a
i
t
a
l
l

. A
t r

ec
ei

vi
ng

 p
ha

se
, c

on
te

nt
s 

of
 re

ce
iv

in
g 

bu
ffe

r 
ca

nn
ot

 b
e 

us
ed

 b
ef

or
e 

ca
llin

g 
co

rre
sp

on
di

ng
 M
P
I
_
W
a
i
t
a
l
l

.
•

M
P
I
_
I
s
e
n
d

an
d 
M
P
I
_
I
r
e
c
v

ca
n 

be
 s

yn
ch

ro
ni

ze
d 

si
m

ul
ta

ne
ou

sl
y 

w
ith

 a
 s

in
gl

e 
M
P
I
_
W
a
i
t
a
l
l

if 
it 

is
 c

on
si

te
nt

.
–

S
am

e 
r
e
q
u
e
s
t

sh
ou

ld
 b

e 
us

ed
 in

 M
P
I
_
I
s
e
n
d

an
d 
M
P
I
_
I
r
e
c
v

.
•

Its
 o

pe
ra

tio
n 

is
 s

im
ila

r t
o 

th
at

 o
f M
P
I
_
B
a
r
r
i
e
r

bu
t, 
M
P
I
_
W
a
i
t
a
l
l

ca
n 

no
t b

e 
re

pl
ac

ed
 b

y
M
P
I
_
B
a
r
r
i
e
r

.
–

P
os

si
bl

e 
tro

ub
le

s 
us

in
g 
M
P
I
_
B
a
r
r
i
e
r

in
st

ea
d 

of
 M
P
I
_
W
a
i
t
a
l
l

: C
on

te
nt

s 
of

 r
e
q
u
e
s
t

an
d 

s
t
a
t
u
s

ar
e 

no
t u

pd
at

ed
 p

ro
pe

rly
, v

er
y 

sl
ow

 o
pe

ra
tio

ns
 e

tc
.

•
M
P
I
_
W
a
i
t
a
l
l

(
c
o
u
n
t
,
r
e
q
u
e
s
t
,
s
t
a
t
u
s
)

–
c
o
u
n
t

in
t

I
nu

m
be

r o
f p

ro
ce

ss
es

 to
 b

e 
sy

nc
hr

on
iz

ed
 

–
r
e
q
u
e
s
t

M
P

I_
R

eq
ue

st
I
/
O

co
m

m
. r

eq
ue

st
 u

se
d 

in
 M
P
I
_
W
a
i
t
a
l
l

(a
rr

ay
 s

iz
e:

 c
o
u
n
t

)
–

s
t
a
t
u
s

M
P

I_
S

ta
tu

s
O

ar
ra

y 
of

 s
ta

tu
s 

ob
je

ct
s

M
P
I
_
S
T
A
T
U
S
_
S
I
Z
E
:
 
d
e
f
i
n
e
d
 
i
n
 
‘
m
p
i
f
.
h
’
,
 
‘
m
p
i
.
h
’C

15
1

M
P

I P
ro

gr
am

m
in

g



A
rr

ay
 o

f s
ta

tu
s 

ob
je

ct
：

st
at

us
状

況
オ
ブ
ジ
ェ
ク
ト
配

列

•
M
P
I
_
W
a
i
t
a
l
l

(
c
o
u
n
t
,
r
e
q
u
e
s
t
,
s
t
a
t
u
s
)

–
c
o
u
n
t

in
t

I
nu

m
be

r o
f p

ro
ce

ss
es

 to
 b

e 
sy

nc
hr

on
iz

ed
 

–
r
e
q
u
e
s
t

M
P

I_
R

eq
ue

st
I
/
O

co
m

m
. r

eq
ue

st
 u

se
d 

in
 M
P
I
_
W
a
i
t
a
l
l

(a
rr

ay
 s

iz
e:

 c
o
u
n
t

)
–

s
t
a
t
u
s

M
P

I_
S

ta
tu

s
O

ar
ra

y 
of

 s
ta

tu
s 

ob
je

ct
s

M
P
I
_
S
T
A
T
U
S
_
S
I
Z
E
:
 
d
e
f
i
n
e
d
 
i
n
 
‘
m
p
i
f
.
h
’
,
 
‘
m
p
i
.
h
’

•
Ju

st
 d

ef
in

e 
th

e 
ar

ra
y

C

15
2

M
P

I P
ro

gr
am

m
in

g



M
PI

_S
en

dr
ec

v
•

M
P

I_
S

en
d+

M
P

I_
R

ec
v：

no
t r

ec
om

m
en

de
d,

 m
an

y 
re

st
ric

tio
ns

•
M
P
I
_
S
e
n
d
r
e
c
v
 
 

(
s
e
n
d
b
u
f
,
s
e
n
d
c
o
u
n
t
,
s
e
n
d
t
y
p
e
,
d
e
s
t
,
s
e
n
d
t
a
g
,
r
e
c
v
b
u
f
,
 
 
 

r
e
c
v
c
o
u
n
t
,
r
e
c
v
t
y
p
e
,
s
o
u
r
c
e
,
r
e
c
v
t
a
g
,
c
o
m
m
,
s
t
a
t
u
s
)

–
s
e
n
d
b
u
f

ch
oi

ce
I

st
ar

tin
g 

ad
dr

es
s 

of
 s

en
di

ng
 b

uf
fe

r
–

s
e
n
d
c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 in
 s

en
di

ng
 b

uf
fe

r
–

s
e
n
d
t
y
p
e

M
P

I_
D

at
at

yp
e
I

da
ta

ty
pe

 o
f e

ac
h 

se
nd

in
g 

bu
ffe

r e
le

m
en

t
–

d
e
s
t

in
t 

I
ra

nk
 o

f d
es

tin
at

io
n

–
s
e
n
d
t
a
g

in
t 

I
m

es
sa

ge
 ta

g 
fo

r s
en

di
ng

–
c
o
m
m

M
P

I_
C

om
m

I
co

m
m

un
ic

at
or

–
r
e
c
v
b
u
f

ch
oi

ce
I

st
ar

tin
g 

ad
dr

es
s 

of
 re

ce
iv

in
g 

bu
ffe

r
–

r
e
c
v
c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 in
 re

ce
iv

in
g 

bu
ffe

r
–

r
e
c
v
t
y
p
e

M
P

I_
D

at
at

yp
e
I

da
ta

ty
pe

 o
f e

ac
h 

re
ce

iv
in

g 
bu

ffe
r e

le
m

en
t

–
s
o
u
r
c
e

in
t 

I
ra

nk
 o

f s
ou

rc
e

–
r
e
c
v
t
a
g

in
t 

I
m

es
sa

ge
 ta

g 
fo

r r
ec

ei
vi

ng
–

c
o
m
m

M
P

I_
C

om
m

I
co

m
m

un
ic

at
or

–
s
t
a
t
u
s

M
P

I_
S

ta
tu

s
O

ar
ra

y 
of

 s
ta

tu
s 

ob
je

ct
s

M
P
I
_
S
T
A
T
U
S
_
S
I
Z
E
:
 
d
e
f
i
n
e
d
 
i
n
 
‘
m
p
i
f
.
h
’
,
 
‘
m
p
i
.
h
’

C
15

3
M

P
I P

ro
gr

am
m

in
g



Fu
nd

am
en

ta
l M

P
I

15
4

R
EC

V:
 re

ce
iv

in
g 

to
 e

xt
er

na
ln

od
es

R
ec

v.
 c

on
tin

uo
us

 d
at

a 
to

 re
cv

. b
uf

fe
r f

ro
m

 n
ei

gh
bo

rs
•

M
P
I
_
I
r
e
c
v

(
r
e
c
v
b
u
f
,
c
o
u
n
t
,
d
a
t
a
t
y
p
e
,
s
o
u
r
c
e
,
t
a
g
,
c
o
m
m
,
r
e
q
u
e
s
t
)

r
e
c
v
b
u
f

ch
oi

ce
I

st
ar

tin
g 

ad
dr

es
s 

of
 re

ce
iv

in
g 

bu
ffe

r
c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 in
 re

ce
iv

in
g 

bu
ffe

r
d
a
t
a
t
y
p
e

M
P

I_
D

at
at

yp
e
I

da
ta

ty
pe

of
 e

ac
h 

re
ce

iv
in

g 
bu

ffe
r e

le
m

en
t

s
o
u
r
c
e

in
t

I
ra

nk
 o

f s
ou

rc
e

1
2

3

4
5

6
7

8
9

1
1

1
0

1
4

1
3

1
5

1
2

P
E
#
0

7
8

9
1
0

4
5

6
1
2

3
1
1

1
2

P
E
#
1

7
1

2
3

1
0

9
1
1

1
2

5
6

8
4 P
E
#
2

3
4

8

6
9

1
0

1
2

1
2

5

1
1

7

P
E
#
3

1
2

3

4
5

6
7

8
9

1
1

1
0

1
4

1
3

1
5

1
2

P
E
#
0

7
8

9
1
0

4
5

6
1
2

3
1
1

1
2

P
E
#
1

7
1

2
3

1
0

9
1
1

1
2

5
6

8
4 P
E
#
2

3
4

8

6
9

1
0

1
2

1
2

5

1
1

7

P
E
#
3



•
M
P
I
_
I
s
e
n
d

(
s
e
n
d
b
u
f
,
c
o
u
n
t
,
d
a
t
a
t
y
p
e
,
d
e
s
t
,
t
a
g
,
c
o
m
m
,
r
e
q
u
e
s
t
)

s
e
n
d
b
u
f

ch
oi

ce
I

st
ar

tin
g 

ad
dr

es
s 

of
 s

en
di

ng
 b

uf
fe

r
c
o
u
n
t

in
t

I
nu

m
be

r o
f e

le
m

en
ts

 in
 s

en
di

ng
 b

uf
fe

r
d
a
t
a
t
y
p
e

M
P

I_
D

at
at

yp
e
I

da
ta

ty
pe

of
 e

ac
h 

se
nd

in
g 

bu
ffe

r e
le

m
en

t
d
e
s
t

in
t

I
ra

nk
 o

f d
es

tin
at

io
n

Fu
nd

am
en

ta
l M

P
I

15
5

SE
N

D
: s

en
di

ng
 fr

om
 b

ou
nd

ar
y

no
de

s
Se

nd
 c

on
tin

uo
us

 d
at

a 
to

 s
en

d 
bu

ffe
r o

f n
ei

gh
bo

rs

1
2

3

4
5

6
7

8
9

1
1

1
0

1
4

1
3

1
5

1
2

P
E
#
0

7
8

9
1
0

4
5

6
1
2

3
1
1

1
2

P
E
#
1

7
1

2
3

1
0

9
1
1

1
2

5
6

8
4 P
E
#
2

3
4

8

6
9

1
0

1
2

1
2

5

1
1

7

P
E
#
3

1
2

3

4
5

6
7

8
9

1
1

1
0

1
4

1
3

1
5

1
2

P
E
#
0

7
8

9
1
0

4
5

6
1
2

3
1
1

1
2

P
E
#
1

7
1

2
3

1
0

9
1
1

1
2

5
6

8
4 P
E
#
2

3
4

8

6
9

1
0

1
2

1
2

5

1
1

7

P
E
#
3



R
eq

ue
st

, S
ta

tu
s 

in
 C

 L
an

gu
ag

e
S

pe
ci

al
 T

Y
P

E
 o

f A
rra

ys

•
M
P
I
_
S
e
n
d
r
e
c
v
:
 
s
t
a
t
u
s

•
M
P
I
_
I
s
e
n
d
:
 
r
e
q
u
e
s
t

•
M
P
I
_
I
r
e
c
v
:
 
r
e
q
u
e
s
t

•
M
P
I
_
W
a
i
t
a
l
l
:
 
r
e
q
u
e
s
t
,
 
s
t
a
t
u
s

M
P
I
_
S
t
a
t
u
s
 
 
*
S
t
a
t
S
e
n
d
,
 
*
S
t
a
t
R
e
c
v
;

M
P
I
_
R
e
q
u
e
s
t
 
*
R
e
q
u
e
s
t
S
e
n
d
,
 
*
R
e
q
u
e
s
t
R
e
c
v
;

・
・
・

S
t
a
t
S
e
n
d
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
S
t
a
t
u
s
)
 
*
 
N
E
I
B
p
e
t
o
t
)
;

S
t
a
t
R
e
c
v
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
S
t
a
t
u
s
)
 
*
 
N
E
I
B
p
e
t
o
t
)
;

R
e
q
u
e
s
t
S
e
n
d
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
R
e
q
u
e
s
t
)
 
*
 
N
E
I
B
p
e
t
o
t
)
;

R
e
q
u
e
s
t
R
e
c
v
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
R
e
q
u
e
s
t
)
 
*
 
N
E
I
B
p
e
t
o
t
)
;

M
P
I
_
S
t
a
t
u
s
 
*
S
t
a
t
u
s
;

・
・
・

S
t
a
t
u
s
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
S
t
a
t
u
s
)
)
;

15
6

M
P

I P
ro

gr
am

m
in

g



15
7

Fi
le

s 
on

 O
ak

le
af

-F
X

15
7

M
P

I P
ro

gr
am

m
in

g

F
o
t
r
a
n

>
$
 
c
d
 
<
$
O
-
T
O
P
>

>
$
 
c
p
 
/
h
o
m
e
/
z
3
0
0
8
8
/
c
l
a
s
s
_
e
p
s
/
F
/
s
2
-
f
.
t
a
r
 
.

>
$
 
t
a
r
 
x
v
f
 
s
2
-
f
.
t
a
r

C
>
$
 
c
d
 
<
$
O
-
T
O
P
>

>
$
 
c
p
 
/
h
o
m
e
/
z
3
0
0
8
8
/
c
l
a
s
s
_
e
p
s
/
C
/
s
2
-
c
.
t
a
r
 
.

>
$
 
t
a
r
 
x
v
f
 
s
2
-
c
.
t
a
r

C
o
n
f
i
r
m
 
D
i
r
e
c
t
o
r
y

>
$
 
l
s

m
p
i

>
$
 
c
d
 
m
p
i
/
S
2

T
h
i
s
 
d
i
r
e
c
t
o
r
y
 
i
s
 
c
a
l
l
e
d
 
a
s
 
<
$
O
-
S
2
>
 
i
n
 
t
h
i
s
 
c
o
u
r
s
e
.

<
$
O
-
S
2
>
 
=
 
<
$
O
-
T
O
P
>
/
m
p
i
/
S
2



Ex
.1

: S
en

d-
R

ec
v 

a 
Sc

al
ar

•
E

xc
ha

ng
e 

V
A

L
(re

al
, 8

-b
yt

e)
 b

et
w

ee
n 

P
E

#0
 &

 P
E

#1
i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
0
)
 
N
E
I
B
=
 
1

i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
1
)
 
N
E
I
B
=
 
0

c
a
l
l
 
M
P
I
_
I
s
e
n
d
 
(
V
A
L

,
1
,
M
P
I
_
D
O
U
B
L
E
_
P
R
E
C
I
S
I
O
N
,
N
E
I
B
,
…
,
r
e
q
_
s
e
n
d
,
…
)

c
a
l
l
 
M
P
I
_
I
r
e
c
v
 
(
V
A
L
t
e
m
p
,
1
,
M
P
I
_
D
O
U
B
L
E
_
P
R
E
C
I
S
I
O
N
,
N
E
I
B
,
…
,
r
e
q
_
r
e
c
v
,
…
)

c
a
l
l
 
M
P
I
_
W
a
i
t
a
l
l
 
(
…
,
r
e
q
_
r
e
c
v
,
s
t
a
t
_
r
e
c
v
,
…
)
:
 
R
e
c
v
.
b
u
f

V
A
L
t
e
m
p

c
a
n
 
b
e
 
u
s
e
d

c
a
l
l
 
M
P
I
_
W
a
i
t
a
l
l
 
(
…
,
r
e
q
_
s
e
n
d
,
s
t
a
t
_
s
e
n
d
,
…
)
:
 
S
e
n
d
 
b
u
f

V
A
L
 
c
a
n

b
e
 
m
o
d
i
f
i
e
d

V
A
L
=
 
V
A
L
t
e
m
p

i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
0
)
 
N
E
I
B
=
 
1

i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
1
)
 
N
E
I
B
=
 
0

c
a
l
l
 
M
P
I
_
S
e
n
d
r
e
c
v
 
(
V
A
L

,
1
,
M
P
I
_
D
O
U
B
L
E
_
P
R
E
C
I
S
I
O
N
,
N
E
I
B
,
…
 
 
 
 
 
 
 
 
 
 
 
 
 
&

V
A
L
t
e
m
p
,
1
,
M
P
I
_
D
O
U
B
L
E
_
P
R
E
C
I
S
I
O
N
,
N
E
I
B
,
…
,
 
s
t
a
t
u
s
,
…
)
 

V
A
L
=
 
V
A
L
t
e
m
p

N
am

e 
of

 re
cv

. b
uf

fe
r c

ou
ld

 b
e 

“V
A
L

”,
 b

ut
 n

ot
 re

co
m

m
en

de
d.

15
8

M
P

I P
ro

gr
am

m
in

g



Ex
.1

: S
en

d-
R

ec
v 

a 
Sc

al
ar

Is
en

d/
Ire

cv
/W

ai
ta

ll

#
i
n
c
l
u
d
e
 
<
s
t
d
i
o
.
h
>

#
i
n
c
l
u
d
e
 
<
s
t
d
l
i
b
.
h
>

#
i
n
c
l
u
d
e
 
"
m
p
i
.
h
"

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)
{

i
n
t
 
n
e
i
b
,
 
M
y
R
a
n
k
,
 
P
e
T
o
t
;

d
o
u
b
l
e
 
V
A
L
,
 
V
A
L
x
;

M
P
I
_
S
t
a
t
u
s
 
*
S
t
a
t
S
e
n
d
,
 
*
S
t
a
t
R
e
c
v
;

M
P
I
_
R
e
q
u
e
s
t
 
*
R
e
q
u
e
s
t
S
e
n
d
,
 
*
R
e
q
u
e
s
t
R
e
c
v
;

M
P
I
_
I
n
i
t
(
&
a
r
g
c
,
 
&
a
r
g
v
)
;

M
P
I
_
C
o
m
m
_
s
i
z
e
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
P
e
T
o
t
)
;

M
P
I
_
C
o
m
m
_
r
a
n
k
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
M
y
R
a
n
k
)
;

S
t
a
t
S
e
n
d
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
S
t
a
t
u
s
)
 
*
 
1
)
;

S
t
a
t
R
e
c
v
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
S
t
a
t
u
s
)
 
*
 
1
)
;

R
e
q
u
e
s
t
S
e
n
d
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
R
e
q
u
e
s
t
)
 
*
 
1
)
;

R
e
q
u
e
s
t
R
e
c
v
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
R
e
q
u
e
s
t
)
 
*
 
1
)
;

i
f
(
M
y
R
a
n
k
 
=
=
 
0
)
 
{
n
e
i
b
=
 
1
;
 
V
A
L
=
 
1
0
.
0
;
}

i
f
(
M
y
R
a
n
k
 
=
=
 
1
)
 
{
n
e
i
b
=
 
0
;
 
V
A
L
=
 
1
1
.
0
;
}

M
P
I
_
I
s
e
n
d
(
&
V
A
L
 
,
 
1
,
 
M
P
I
_
D
O
U
B
L
E
,
 
n
e
i
b
,
 
0
,
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
R
e
q
u
e
s
t
S
e
n
d
[
0
]
)
;

M
P
I
_
I
r
e
c
v
(
&
V
A
L
x
,
 
1
,
 
M
P
I
_
D
O
U
B
L
E
,
 
n
e
i
b
,
 
0
,
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
R
e
q
u
e
s
t
R
e
c
v
[
0
]
)
;

M
P
I
_
W
a
i
t
a
l
l
(
1
,
 
R
e
q
u
e
s
t
R
e
c
v
,
 
S
t
a
t
R
e
c
v
)
;

M
P
I
_
W
a
i
t
a
l
l
(
1
,
 
R
e
q
u
e
s
t
S
e
n
d
,
 
S
t
a
t
S
e
n
d
)
;

V
A
L
=
V
A
L
x
;

M
P
I
_
F
i
n
a
l
i
z
e
(
)
;

r
e
t
u
r
n
 
0
;
 
}

$
>
 
c
d
 
<
$
O
-
S
2
>

$
>
 
m
p
i
f
c
c
p
x
 
–
K
f
a
s
t
 
e
x
1
-
1
.
c

$
>
 
p
j
s
u
b
 
g
o
2
.
s
h
 

15
9

M
P

I P
ro

gr
am

m
in

g



Ex
.1

: S
en

d-
R

ec
v 

a 
Sc

al
ar

S
en

dR
ec

v

#
i
n
c
l
u
d
e
 
<
s
t
d
i
o
.
h
>

#
i
n
c
l
u
d
e
 
<
s
t
d
l
i
b
.
h
>

#
i
n
c
l
u
d
e
 
"
m
p
i
.
h
"

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)
{

i
n
t
 
n
e
i
b
;

i
n
t
 
M
y
R
a
n
k
,
 
P
e
T
o
t
;

d
o
u
b
l
e
 
V
A
L
,
 
V
A
L
t
e
m
p
;

M
P
I
_
S
t
a
t
u
s
 
*
S
t
a
t
S
R
;

M
P
I
_
I
n
i
t
(
&
a
r
g
c
,
 
&
a
r
g
v
)
;

M
P
I
_
C
o
m
m
_
s
i
z
e
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
P
e
T
o
t
)
;

M
P
I
_
C
o
m
m
_
r
a
n
k
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
M
y
R
a
n
k
)
;

i
f
(
M
y
R
a
n
k
 
=
=
 
0
)
 
{
n
e
i
b
=
 
1
;
 
V
A
L
=
 
1
0
.
0
;
}

i
f
(
M
y
R
a
n
k
 
=
=
 
1
)
 
{
n
e
i
b
=
 
0
;
 
V
A
L
=
 
1
1
.
0
;
}

S
t
a
t
S
R
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
S
t
a
t
u
s
)
)
;

M
P
I
_
S
e
n
d
r
e
c
v
(
&
V
A
L
 
 
 
 
,
 
1
,
 
M
P
I
_
D
O
U
B
L
E
,
 
n
e
i
b
,
 
0
,

&
V
A
L
t
e
m
p
,
 
1
,
 
M
P
I
_
D
O
U
B
L
E
,
 
n
e
i
b
,
 
0
,
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
S
t
a
t
S
R
)
;

V
A
L
=
V
A
L
t
e
m
p
;

M
P
I
_
F
i
n
a
l
i
z
e
(
)
;

r
e
t
u
r
n
 
0
;

}

$
>
 
c
d
 
<
$
O
-
S
2
>

$
>
 
m
p
i
f
c
c
p
x
 
–
K
f
a
s
t
 
e
x
1
-
2
.
c

$
>
 
p
j
s
u
b
 
g
o
2
.
s
h
 

16
0

M
P

I P
ro

gr
am

m
in

g



Ex
.2

: S
en

d-
R

ec
v 

an
 A

rr
ay

 (1
/4

)

•
E

xc
ha

ng
e 

V
E

C
 (r

ea
l, 

8-
by

te
) b

et
w

ee
n 

P
E

#0
 &

 P
E

#1
•

P
E

#0
 to

 P
E

#1
–

P
E

#0
: s

en
d 

V
E

C
(1

)-V
E

C
(1

1)
  (

le
ng

th
=1

1)
–

P
E

#1
: r

ec
v.

 a
s 

V
E

C
(2

6)
-V

E
C

(3
6)

 (l
en

gt
h=

11
)

•
P

E
#1

 to
 P

E
#0

–
P

E
#1

: s
en

d 
V

E
C

(1
)-V

E
C

(2
5)

  (
le

ng
th

=2
5)

–
P

E
#0

: r
ec

v.
 a

s 
V

E
C

(1
2)

-V
E

C
(3

6)
 (l

en
gt

h=
25

)

•
P

ra
ct

ic
e:

 D
ev

el
op

 a
 p

ro
gr

am
 fo

r t
hi

s 
op

er
at

io
n.

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

17
18

19
20

21
22

23
24

25
26

27
28

29
30

31
32

33
34

35
36

P
E

#0

P
E

#1
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18
19

20
21

22
23

24
25

26
27

28
29

30
31

32
33

34
35

36

16
1

M
P

I P
ro

gr
am

m
in

g



Pr
ac

tic
e:

 t1

•
In

iti
al

 s
ta

tu
s 

of
 V

E
C

[:]
:

–
P

E
#0

V
E

C
[0

-3
5]

= 
10

1,
10

2,
10

3,
~,

13
5,

13
6

–
P

E
#1

V
E

C
[0

-3
5]

= 
20

1,
20

2,
20

3,
~,

23
5,

23
6

•
C

on
fir

m
 th

e 
re

su
lts

 in
 th

e 
ne

xt
 p

ag
e

•
U

si
ng

 fo
llo

w
in

g 
tw

o 
fu

nc
tio

ns
:

–
M

P
I_

Is
en

d/
Ire

cv
/W

ai
ta

ll
–

M
P

I_
S

en
dr

ec
v

16
2

M
P

I P
ro

gr
am

m
in

g

t1



Es
tim

at
ed

 R
es

ul
ts

0
 
#
B
E
F
O
R
E
#
 
 
1
 
 
 
 
 
 
1
0
1
.

0
 
#
B
E
F
O
R
E
#
 
 
2
 
 
 
 
 
 
1
0
2
.

0
 
#
B
E
F
O
R
E
#
 
 
3
 
 
 
 
 
 
1
0
3
.

0
 
#
B
E
F
O
R
E
#
 
 
4
 
 
 
 
 
 
1
0
4
.

0
 
#
B
E
F
O
R
E
#
 
 
5
 
 
 
 
 
 
1
0
5
.

0
 
#
B
E
F
O
R
E
#
 
 
6
 
 
 
 
 
 
1
0
6
.

0
 
#
B
E
F
O
R
E
#
 
 
7
 
 
 
 
 
 
1
0
7
.

0
 
#
B
E
F
O
R
E
#
 
 
8
 
 
 
 
 
 
1
0
8
.

0
 
#
B
E
F
O
R
E
#
 
 
9
 
 
 
 
 
 
1
0
9
.

0
 
#
B
E
F
O
R
E
#
 
1
0
 
 
 
 
 
 
1
1
0
.

0
 
#
B
E
F
O
R
E
#
 
1
1
 
 
 
 
 
 
1
1
1
.

0
 
#
B
E
F
O
R
E
#
 
1
2
 
 
 
 
 
 
1
1
2
.

0
 
#
B
E
F
O
R
E
#
 
1
3
 
 
 
 
 
 
1
1
3
.

0
 
#
B
E
F
O
R
E
#
 
1
4
 
 
 
 
 
 
1
1
4
.

0
 
#
B
E
F
O
R
E
#
 
1
5
 
 
 
 
 
 
1
1
5
.

0
 
#
B
E
F
O
R
E
#
 
1
6
 
 
 
 
 
 
1
1
6
.

0
 
#
B
E
F
O
R
E
#
 
1
7
 
 
 
 
 
 
1
1
7
.

0
 
#
B
E
F
O
R
E
#
 
1
8
 
 
 
 
 
 
1
1
8
.

0
 
#
B
E
F
O
R
E
#
 
1
9
 
 
 
 
 
 
1
1
9
.

0
 
#
B
E
F
O
R
E
#
 
2
0
 
 
 
 
 
 
1
2
0
.

0
 
#
B
E
F
O
R
E
#
 
2
1
 
 
 
 
 
 
1
2
1
.

0
 
#
B
E
F
O
R
E
#
 
2
2
 
 
 
 
 
 
1
2
2
.

0
 
#
B
E
F
O
R
E
#
 
2
3
 
 
 
 
 
 
1
2
3
.

0
 
#
B
E
F
O
R
E
#
 
2
4
 
 
 
 
 
 
1
2
4
.

0
 
#
B
E
F
O
R
E
#
 
2
5
 
 
 
 
 
 
1
2
5
.

0
 
#
B
E
F
O
R
E
#
 
2
6
 
 
 
 
 
 
1
2
6
.

0
 
#
B
E
F
O
R
E
#
 
2
7
 
 
 
 
 
 
1
2
7
.

0
 
#
B
E
F
O
R
E
#
 
2
8
 
 
 
 
 
 
1
2
8
.

0
 
#
B
E
F
O
R
E
#
 
2
9
 
 
 
 
 
 
1
2
9
.

0
 
#
B
E
F
O
R
E
#
 
3
0
 
 
 
 
 
 
1
3
0
.

0
 
#
B
E
F
O
R
E
#
 
3
1
 
 
 
 
 
 
1
3
1
.

0
 
#
B
E
F
O
R
E
#
 
3
2
 
 
 
 
 
 
1
3
2
.

0
 
#
B
E
F
O
R
E
#
 
3
3
 
 
 
 
 
 
1
3
3
.

0
 
#
B
E
F
O
R
E
#
 
3
4
 
 
 
 
 
 
1
3
4
.

0
 
#
B
E
F
O
R
E
#
 
3
5
 
 
 
 
 
 
1
3
5
.

0
 
#
B
E
F
O
R
E
#
 
3
6
 
 
 
 
 
 
1
3
6
.

0
 
#
A
F
T
E
R
 
#
 
 
1
 
 
 
 
 
 
1
0
1
.

0
 
#
A
F
T
E
R
 
#
 
 
2
 
 
 
 
 
 
1
0
2
.

0
 
#
A
F
T
E
R
 
#
 
 
3
 
 
 
 
 
 
1
0
3
.

0
 
#
A
F
T
E
R
 
#
 
 
4
 
 
 
 
 
 
1
0
4
.

0
 
#
A
F
T
E
R
 
#
 
 
5
 
 
 
 
 
 
1
0
5
.

0
 
#
A
F
T
E
R
 
#
 
 
6
 
 
 
 
 
 
1
0
6
.

0
 
#
A
F
T
E
R
 
#
 
 
7
 
 
 
 
 
 
1
0
7
.

0
 
#
A
F
T
E
R
 
#
 
 
8
 
 
 
 
 
 
1
0
8
.

0
 
#
A
F
T
E
R
 
#
 
 
9
 
 
 
 
 
 
1
0
9
.

0
 
#
A
F
T
E
R
 
#
 
1
0
 
 
 
 
 
 
1
1
0
.

0
 
#
A
F
T
E
R
 
#
 
1
1
 
 
 
 
 
 
1
1
1
.

0
 
#
A
F
T
E
R
 
#
 
1
2
 
 
 
 
 
 
2
0
1
.

0
 
#
A
F
T
E
R
 
#
 
1
3
 
 
 
 
 
 
2
0
2
.

0
 
#
A
F
T
E
R
 
#
 
1
4
 
 
 
 
 
 
2
0
3
.

0
 
#
A
F
T
E
R
 
#
 
1
5
 
 
 
 
 
 
2
0
4
.

0
 
#
A
F
T
E
R
 
#
 
1
6
 
 
 
 
 
 
2
0
5
.

0
 
#
A
F
T
E
R
 
#
 
1
7
 
 
 
 
 
 
2
0
6
.

0
 
#
A
F
T
E
R
 
#
 
1
8
 
 
 
 
 
 
2
0
7
.

0
 
#
A
F
T
E
R
 
#
 
1
9
 
 
 
 
 
 
2
0
8
.

0
 
#
A
F
T
E
R
 
#
 
2
0
 
 
 
 
 
 
2
0
9
.

0
 
#
A
F
T
E
R
 
#
 
2
1
 
 
 
 
 
 
2
1
0
.

0
 
#
A
F
T
E
R
 
#
 
2
2
 
 
 
 
 
 
2
1
1
.

0
 
#
A
F
T
E
R
 
#
 
2
3
 
 
 
 
 
 
2
1
2
.

0
 
#
A
F
T
E
R
 
#
 
2
4
 
 
 
 
 
 
2
1
3
.

0
 
#
A
F
T
E
R
 
#
 
2
5
 
 
 
 
 
 
2
1
4
.

0
 
#
A
F
T
E
R
 
#
 
2
6
 
 
 
 
 
 
2
1
5
.

0
 
#
A
F
T
E
R
 
#
 
2
7
 
 
 
 
 
 
2
1
6
.

0
 
#
A
F
T
E
R
 
#
 
2
8
 
 
 
 
 
 
2
1
7
.

0
 
#
A
F
T
E
R
 
#
 
2
9
 
 
 
 
 
 
2
1
8
.

0
 
#
A
F
T
E
R
 
#
 
3
0
 
 
 
 
 
 
2
1
9
.

0
 
#
A
F
T
E
R
 
#
 
3
1
 
 
 
 
 
 
2
2
0
.

0
 
#
A
F
T
E
R
 
#
 
3
2
 
 
 
 
 
 
2
2
1
.

0
 
#
A
F
T
E
R
 
#
 
3
3
 
 
 
 
 
 
2
2
2
.

0
 
#
A
F
T
E
R
 
#
 
3
4
 
 
 
 
 
 
2
2
3
.

0
 
#
A
F
T
E
R
 
#
 
3
5
 
 
 
 
 
 
2
2
4
.

0
 
#
A
F
T
E
R
 
#
 
3
6
 
 
 
 
 
 
2
2
5
.

1
 
#
B
E
F
O
R
E
#
 
 
1
 
 
 
 
 
 
2
0
1
.

1
 
#
B
E
F
O
R
E
#
 
 
2
 
 
 
 
 
 
2
0
2
.

1
 
#
B
E
F
O
R
E
#
 
 
3
 
 
 
 
 
 
2
0
3
.

1
 
#
B
E
F
O
R
E
#
 
 
4
 
 
 
 
 
 
2
0
4
.

1
 
#
B
E
F
O
R
E
#
 
 
5
 
 
 
 
 
 
2
0
5
.

1
 
#
B
E
F
O
R
E
#
 
 
6
 
 
 
 
 
 
2
0
6
.

1
 
#
B
E
F
O
R
E
#
 
 
7
 
 
 
 
 
 
2
0
7
.

1
 
#
B
E
F
O
R
E
#
 
 
8
 
 
 
 
 
 
2
0
8
.

1
 
#
B
E
F
O
R
E
#
 
 
9
 
 
 
 
 
 
2
0
9
.

1
 
#
B
E
F
O
R
E
#
 
1
0
 
 
 
 
 
 
2
1
0
.

1
 
#
B
E
F
O
R
E
#
 
1
1
 
 
 
 
 
 
2
1
1
.

1
 
#
B
E
F
O
R
E
#
 
1
2
 
 
 
 
 
 
2
1
2
.

1
 
#
B
E
F
O
R
E
#
 
1
3
 
 
 
 
 
 
2
1
3
.

1
 
#
B
E
F
O
R
E
#
 
1
4
 
 
 
 
 
 
2
1
4
.

1
 
#
B
E
F
O
R
E
#
 
1
5
 
 
 
 
 
 
2
1
5
.

1
 
#
B
E
F
O
R
E
#
 
1
6
 
 
 
 
 
 
2
1
6
.

1
 
#
B
E
F
O
R
E
#
 
1
7
 
 
 
 
 
 
2
1
7
.

1
 
#
B
E
F
O
R
E
#
 
1
8
 
 
 
 
 
 
2
1
8
.

1
 
#
B
E
F
O
R
E
#
 
1
9
 
 
 
 
 
 
2
1
9
.

1
 
#
B
E
F
O
R
E
#
 
2
0
 
 
 
 
 
 
2
2
0
.

1
 
#
B
E
F
O
R
E
#
 
2
1
 
 
 
 
 
 
2
2
1
.

1
 
#
B
E
F
O
R
E
#
 
2
2
 
 
 
 
 
 
2
2
2
.

1
 
#
B
E
F
O
R
E
#
 
2
3
 
 
 
 
 
 
2
2
3
.

1
 
#
B
E
F
O
R
E
#
 
2
4
 
 
 
 
 
 
2
2
4
.

1
 
#
B
E
F
O
R
E
#
 
2
5
 
 
 
 
 
 
2
2
5
.

1
 
#
B
E
F
O
R
E
#
 
2
6
 
 
 
 
 
 
2
2
6
.

1
 
#
B
E
F
O
R
E
#
 
2
7
 
 
 
 
 
 
2
2
7
.

1
 
#
B
E
F
O
R
E
#
 
2
8
 
 
 
 
 
 
2
2
8
.

1
 
#
B
E
F
O
R
E
#
 
2
9
 
 
 
 
 
 
2
2
9
.

1
 
#
B
E
F
O
R
E
#
 
3
0
 
 
 
 
 
 
2
3
0
.

1
 
#
B
E
F
O
R
E
#
 
3
1
 
 
 
 
 
 
2
3
1
.

1
 
#
B
E
F
O
R
E
#
 
3
2
 
 
 
 
 
 
2
3
2
.

1
 
#
B
E
F
O
R
E
#
 
3
3
 
 
 
 
 
 
2
3
3
.

1
 
#
B
E
F
O
R
E
#
 
3
4
 
 
 
 
 
 
2
3
4
.

1
 
#
B
E
F
O
R
E
#
 
3
5
 
 
 
 
 
 
2
3
5
.

1
 
#
B
E
F
O
R
E
#
 
3
6
 
 
 
 
 
 
2
3
6
.

1
 
#
A
F
T
E
R
 
#
 
 
1
 
 
 
 
 
 
2
0
1
.

1
 
#
A
F
T
E
R
 
#
 
 
2
 
 
 
 
 
 
2
0
2
.

1
 
#
A
F
T
E
R
 
#
 
 
3
 
 
 
 
 
 
2
0
3
.

1
 
#
A
F
T
E
R
 
#
 
 
4
 
 
 
 
 
 
2
0
4
.

1
 
#
A
F
T
E
R
 
#
 
 
5
 
 
 
 
 
 
2
0
5
.

1
 
#
A
F
T
E
R
 
#
 
 
6
 
 
 
 
 
 
2
0
6
.

1
 
#
A
F
T
E
R
 
#
 
 
7
 
 
 
 
 
 
2
0
7
.

1
 
#
A
F
T
E
R
 
#
 
 
8
 
 
 
 
 
 
2
0
8
.

1
 
#
A
F
T
E
R
 
#
 
 
9
 
 
 
 
 
 
2
0
9
.

1
 
#
A
F
T
E
R
 
#
 
1
0
 
 
 
 
 
 
2
1
0
.

1
 
#
A
F
T
E
R
 
#
 
1
1
 
 
 
 
 
 
2
1
1
.

1
 
#
A
F
T
E
R
 
#
 
1
2
 
 
 
 
 
 
2
1
2
.

1
 
#
A
F
T
E
R
 
#
 
1
3
 
 
 
 
 
 
2
1
3
.

1
 
#
A
F
T
E
R
 
#
 
1
4
 
 
 
 
 
 
2
1
4
.

1
 
#
A
F
T
E
R
 
#
 
1
5
 
 
 
 
 
 
2
1
5
.

1
 
#
A
F
T
E
R
 
#
 
1
6
 
 
 
 
 
 
2
1
6
.

1
 
#
A
F
T
E
R
 
#
 
1
7
 
 
 
 
 
 
2
1
7
.

1
 
#
A
F
T
E
R
 
#
 
1
8
 
 
 
 
 
 
2
1
8
.

1
 
#
A
F
T
E
R
 
#
 
1
9
 
 
 
 
 
 
2
1
9
.

1
 
#
A
F
T
E
R
 
#
 
2
0
 
 
 
 
 
 
2
2
0
.

1
 
#
A
F
T
E
R
 
#
 
2
1
 
 
 
 
 
 
2
2
1
.

1
 
#
A
F
T
E
R
 
#
 
2
2
 
 
 
 
 
 
2
2
2
.

1
 
#
A
F
T
E
R
 
#
 
2
3
 
 
 
 
 
 
2
2
3
.

1
 
#
A
F
T
E
R
 
#
 
2
4
 
 
 
 
 
 
2
2
4
.

1
 
#
A
F
T
E
R
 
#
 
2
5
 
 
 
 
 
 
2
2
5
.

1
 
#
A
F
T
E
R
 
#
 
2
6
 
 
 
 
 
 
1
0
1
.

1
 
#
A
F
T
E
R
 
#
 
2
7
 
 
 
 
 
 
1
0
2
.

1
 
#
A
F
T
E
R
 
#
 
2
8
 
 
 
 
 
 
1
0
3
.

1
 
#
A
F
T
E
R
 
#
 
2
9
 
 
 
 
 
 
1
0
4
.

1
 
#
A
F
T
E
R
 
#
 
3
0
 
 
 
 
 
 
1
0
5
.

1
 
#
A
F
T
E
R
 
#
 
3
1
 
 
 
 
 
 
1
0
6
.

1
 
#
A
F
T
E
R
 
#
 
3
2
 
 
 
 
 
 
1
0
7
.

1
 
#
A
F
T
E
R
 
#
 
3
3
 
 
 
 
 
 
1
0
8
.

1
 
#
A
F
T
E
R
 
#
 
3
4
 
 
 
 
 
 
1
0
9
.

1
 
#
A
F
T
E
R
 
#
 
3
5
 
 
 
 
 
 
1
1
0
.

1
 
#
A
F
T
E
R
 
#
 
3
6
 
 
 
 
 
 
1
1
1
.

16
3

M
P

I P
ro

gr
am

m
in

g

t1



Ex
.2

: S
en

d-
R

ec
v 

an
 A

rr
ay

 (2
/4

)
i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
0
)
 
t
h
e
n

c
a
l
l
 
M
P
I
_
I
s
e
n
d
 
(
V
E
C
(
 
1
)
,
1
1
,
M
P
I
_
D
O
U
B
L
E
_
P
R
E
C
I
S
I
O
N
,
1
,
…
,
r
e
q
_
s
e
n
d
,
…
)

c
a
l
l
 
M
P
I
_
I
r
e
c
v
 
(
V
E
C
(
1
2
)
,
2
5
,
M
P
I
_
D
O
U
B
L
E
_
P
R
E
C
I
S
I
O
N
,
1
,
…
,
r
e
q
_
r
e
c
v
,
…
)

e
n
d
i
f

i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
1
)
 
t
h
e
n

c
a
l
l
 
M
P
I
_
I
s
e
n
d
 
(
V
E
C
(
 
1
)
,
2
5
,
M
P
I
_
D
O
U
B
L
E
_
P
R
E
C
I
S
I
O
N
,
0
,
…
,
r
e
q
_
s
e
n
d
,
…
)

c
a
l
l
 
M
P
I
_
I
r
e
c
v
 
(
V
E
C
(
2
6
)
,
1
1
,
M
P
I
_
D
O
U
B
L
E
_
P
R
E
C
I
S
I
O
N
,
0
,
…
,
r
e
q
_
r
e
c
v
,
…
)

e
n
d
i
f

c
a
l
l
 
M
P
I
_
W
a
i
t
a
l
l
 
(
…
,
r
e
q
_
r
e
c
v
,
s
t
a
t
_
r
e
c
v
,
…
)

c
a
l
l
 
M
P
I
_
W
a
i
t
a
l
l
 
(
…
,
r
e
q
_
s
e
n
d
,
s
t
a
t
_
s
e
n
d
,
…
)

It 
w

or
ks

, b
ut

 c
om

pl
ic

at
ed

 o
pe

ra
tio

ns
.

N
ot

 lo
ok

s 
lik

e 
S

P
M

D
.

N
ot

 p
or

ta
bl

e.

16
4

M
P

I P
ro

gr
am

m
in

g

t1



Ex
.2

: S
en

d-
R

ec
v 

an
 A

rr
ay

 (3
/4

)
i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
0
)
 
t
h
e
n

N
E
I
B
=
 
1

s
t
a
r
t
_
s
e
n
d
=
 
 
 
1

l
e
n
g
t
h
_
s
e
n
d
=
 
 
1
1

s
t
a
r
t
_
r
e
c
v
=
 
 
l
e
n
g
t
h
_
s
e
n
d
 
+
 
1

l
e
n
g
t
h
_
r
e
c
v
=
 
 
2
5

e
n
d
i
f

i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
1
)
 
t
h
e
n

N
E
I
B
=
 
0

s
t
a
r
t
_
s
e
n
d
=
 
 
1

l
e
n
g
t
h
_
s
e
n
d
=
 
2
5

s
t
a
r
t
_
r
e
c
v
=
 
l
e
n
g
t
h
_
s
e
n
d
 
+
 
1

l
e
n
g
t
h
_
r
e
c
v
=
 
1
1

e
n
d
i
f

c
a
l
l
 
M
P
I
_
I
s
e
n
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
&
 
 
 
 
 
 
 
 
 
 

(
V
E
C
(
s
t
a
r
t
_
s
e
n
d
)
,
l
e
n
g
t
h
_
s
e
n
d
,
M
P
I
_
D
O
U
B
L
E
_
P
R
E
C
I
S
I
O
N
,
N
E
I
B
,
…
,
r
e
q
_
s
e
n
d
,
…
)

c
a
l
l
 
M
P
I
_
I
r
e
c
v
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
&

(
V
E
C
(
s
t
a
r
t
_
r
e
c
v
)
,
l
e
n
g
t
h
_
r
e
c
v
,
M
P
I
_
D
O
U
B
L
E
_
P
R
E
C
I
S
I
O
N
,
N
E
I
B
,
…
,
r
e
q
_
r
e
c
v
,
…
)

c
a
l
l
 
M
P
I
_
W
a
i
t
a
l
l
 
(
…
,
r
e
q
_
r
e
c
v
,
s
t
a
t
_
r
e
c
v
,
…
)

c
a
l
l
 
M
P
I
_
W
a
i
t
a
l
l
 
(
…
,
r
e
q
_
s
e
n
d
,
s
t
a
t
_
s
e
n
d
,
…
)

Th
is

 is
 “S

M
P

D
” !

!

16
5

M
P

I P
ro

gr
am

m
in

g

t1



Ex
.2

: S
en

d-
R

ec
v 

an
 A

rr
ay

 (4
/4

)
i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
0
)
 
t
h
e
n

N
E
I
B
=
 
1

s
t
a
r
t
_
s
e
n
d
=
 
 
 
1

l
e
n
g
t
h
_
s
e
n
d
=
 
 
1
1

s
t
a
r
t
_
r
e
c
v
=
 
 
l
e
n
g
t
h
_
s
e
n
d
 
+
 
1

l
e
n
g
t
h
_
r
e
c
v
=
 
 
2
5

e
n
d
i
f

i
f
 
(
m
y
_
r
a
n
k
.
e
q
.
1
)
 
t
h
e
n

N
E
I
B
=
 
0

s
t
a
r
t
_
s
e
n
d
=
 
 
1

l
e
n
g
t
h
_
s
e
n
d
=
 
2
5

s
t
a
r
t
_
r
e
c
v
=
 
l
e
n
g
t
h
_
s
e
n
d
 
+
 
1

l
e
n
g
t
h
_
r
e
c
v
=
 
1
1

e
n
d
i
f

c
a
l
l
 
M
P
I
_
S
e
n
d
r
e
c
v
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
&
 
 

(
V
E
C
(
s
t
a
r
t
_
s
e
n
d
)
,
l
e
n
g
t
h
_
s
e
n
d
,
M
P
I
_
D
O
U
B
L
E
_
P
R
E
C
I
S
I
O
N
,
N
E
I
B
,
…
 
 
 
 
 
 
 
 
 
 
 
 
 
&

V
E
C
(
s
t
a
r
t
_
r
e
c
v
)
,
l
e
n
g
t
h
_
r
e
c
v
,
M
P
I
_
D
O
U
B
L
E
_
P
R
E
C
I
S
I
O
N
,
N
E
I
B
,
…
,
 
s
t
a
t
u
s
,
…
)
 

16
6

M
P

I P
ro

gr
am

m
in

g

t1



N
ot

ic
e:

 S
en

d/
R

ec
v 

A
rr

ay
s

#
P
E
0
s
e
n
d
:

V
E
C
(
s
t
a
r
t
_
s
e
n
d
)
~

V
E
C
(
s
t
a
r
t
_
s
e
n
d
+
l
e
n
g
t
h
_
s
e
n
d
-
1
)

#
P
E
1
r
e
c
v
:

V
E
C
(
s
t
a
r
t
_
r
e
c
v
)
~

V
E
C
(
s
t
a
r
t
_
r
e
c
v
+
l
e
n
g
t
h
_
r
e
c
v
-
1
)

#
P
E
1
s
e
n
d
:

V
E
C
(
s
t
a
r
t
_
s
e
n
d
)
~

V
E
C
(
s
t
a
r
t
_
s
e
n
d
+
l
e
n
g
t
h
_
s
e
n
d
-
1
)

#
P
E
0
r
e
c
v
:

V
E
C
(
s
t
a
r
t
_
r
e
c
v
)
~

V
E
C
(
s
t
a
r
t
_
r
e
c
v
+
l
e
n
g
t
h
_
r
e
c
v
-
1
)

•
“le

ng
th

_s
en

d”
 o

f s
en

di
ng

 p
ro

ce
ss

 m
us

t b
e 

eq
ua

l t
o 

“le
ng

th
_r

ec
v”

 o
f r

ec
ei

vi
ng

 p
ro

ce
ss

.
–

P
E

#0
 to

 P
E

#1
, P

E
#1

 to
 P

E
#0

•
“s

en
db

uf
” a

nd
 “r

ec
vb

uf
”: 

di
ffe

re
nt

 a
dd

re
ss

16
7

M
P

I P
ro

gr
am

m
in

g

t1



Pe
er

-to
-P

ee
r C

om
m

un
ic

at
io

n

•
W

ha
t i

s 
P

2P
 C

om
m

un
ic

at
io

n 
?

•
2D

 P
ro

bl
em

, G
en

er
al

iz
ed

 C
om

m
un

ic
at

io
n 

Ta
bl

e
–

2D
 F

D
M

–
P

ro
bl

em
 S

et
tin

g
–

D
is

tri
bu

te
d 

Lo
ca

l D
at

a 
an

d 
C

om
m

un
ic

at
io

n 
Ta

bl
e

–
Im

pl
em

en
ta

tio
n

•
R

ep
or

t S
2

16
8

M
P

I P
ro

gr
am

m
in

g



2D
 F

D
M

 (1
/5

)
E

nt
ire

 M
es

h

16
9

M
P

I P
ro

gr
am

m
in

g



2D
 F

D
M

 (5
-p

oi
nt

, c
en

tr
al

 d
iff

er
en

ce
)

f
y

x






2

2

2

2




x
x

 W

 C
 E

 N  S

y y

C
S

C
N

W
C

E
f

y
x

  
 





  

 





2
2

2
2










17
0

M
P

I P
ro

gr
am

m
in

g



D
ec

om
po

se
 in

to
 4

 d
om

ai
ns

5
6

7
8

13
14

15
16

21
22

23
24

29
30

31
32

33
34

35
36

41
42

43
44

49
50

51
52

57
58

59
60

37
38

39
40

45
46

47
48

53
54

55
56

61
62

63
64

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

17
1

M
P

I P
ro

gr
am

m
in

g



33
34

35
36

41
42

43
44

49
50

51
52

57
58

59
60

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

5
6

7
8

13
14

15
16

21
22

23
24

29
30

31
32

4 
do

m
ai

ns
: G

lo
ba

l I
D

P
E

#0
P

E
#1

P
E

#2
P

E
#3

37
38

39
40

45
46

47
48

53
54

55
56

61
62

63
64

17
2

M
P

I P
ro

gr
am

m
in

g



4 
do

m
ai

ns
: L

oc
al

 ID

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

P
E

#0
P

E
#1

17
3

M
P

I P
ro

gr
am

m
in

g

P
E

#2
P

E
#3



Ex
te

rn
al

 P
oi

nt
s:

 O
ve

rla
pp

ed
 R

eg
io

n

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

5
6

7
8

9
10

11

13
14

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

5
6

7

9
10

11
12

13
14

15
16

P
E

#0
P

E
#1

x
x

 W

 C
 E

 N  S

y y

12

15
16

13

4

12

15
164

3

8

17
4

M
P

I P
ro

gr
am

m
in

g

P
E

#2
P

E
#3



Ex
te

rn
al

 P
oi

nt
s:

 O
ve

rla
pp

ed
 R

eg
io

n

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

2
3

4

6
7

8

10
11

12

13
14

15
16

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28 4

5
6

7
8

9
10

11
12

13
14

15
16

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

6
7

8

10
11

12

14
15

16

P
E

#0
P

E
#1

1
2

3

1591
2

3
4

5913

17
5

M
P

I P
ro

gr
am

m
in

g

P
E

#2
P

E
#3



Lo
ca

l I
D

 o
f E

xt
er

na
l P

oi
nt

s 
?

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3

5
6

7

9
10

11

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

2
3

4

6
7

8

10
11

12

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

5
6

7

9
10

11

13
14

15

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

6
7

8

10
11

12

14
15

16

P
E

#0
P

E
#1

? ? ? ?

?
?

?
?

? ? ? ?

? ? ? ?

? ? ? ?

?
?

?
?

?
?

?
?

?
?

?
?

4812

13
14

15
16

15913
14

15
16

1
2

3
481216

1
2

3
4

5913

17
6

M
P

I P
ro

gr
am

m
in

g

P
E

#2
P

E
#3



O
ve

rla
pp

ed
 R

eg
io

n

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

P
E

#0
P

E
#1

? ? ? ?

?
?

?
?

? ? ? ?

? ? ? ?

? ? ? ?

?
?

?
?

?
?

?
?

?
?

?
?

17
7

M
P

I P
ro

gr
am

m
in

g

P
E

#2
P

E
#3



O
ve

rla
pp

ed
 R

eg
io

n

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

1
2

3
4

9
10

11
12

17
18

19
20

25
26

27
28

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

P
E

#0
P

E
#1

? ? ? ?

?
?

?
?

? ? ? ?

? ? ? ?

? ? ? ?

?
?

?
?

?
?

?
?

?
?

?
?

17
8

M
P

I P
ro

gr
am

m
in

g

P
E

#2
P

E
#3



Pe
er

-to
-P

ee
r C

om
m

un
ic

at
io

n

•
W

ha
t i

s 
P

2P
 C

om
m

un
ic

at
io

n 
?

•
2D

 P
ro

bl
em

, G
en

er
al

iz
ed

 C
om

m
un

ic
at

io
n 

Ta
bl

e
–

2D
 F

D
M

–
P

ro
bl

em
 S

et
tin

g
–

D
is

tri
bu

te
d 

Lo
ca

l D
at

a 
an

d 
C

om
m

un
ic

at
io

n 
Ta

bl
e

–
Im

pl
em

en
ta

tio
n

•
R

ep
or

t S
2

17
9

M
P

I P
ro

gr
am

m
in

g



Pr
ob

le
m

 S
et

tin
g:

 2
D

 F
D

M

•
2D

 re
gi

on
 w

ith
 6

4 
m

es
he

s 
(8

x8
)

•
E

ac
h 

m
es

h 
ha

s 
gl

ob
al

 
ID

 fr
om

 1
 to

 6
4

–
In

 th
is

 e
xa

m
pl

e,
 th

is
 

gl
ob

al
 ID

 is
 c

on
si

de
re

d 
as

 d
ep

en
de

nt
 v

ar
ia

bl
e,

 
su

ch
 a

s 
te

m
pe

ra
tu

re
, 

pr
es

su
re

 e
tc

.
–

S
om

et
hi

ng
 li

ke
 c

om
pu

te
d 

re
su

lts

57
58

59
60

61
62

63
64

49
50

51
52

53
54

55
56

41
42

43
44

45
46

47
48

33
34

35
36

37
38

39
40

25
26

27
28

29
30

31
32

17
18

19
20

21
22

23
24

9
10

11
12

13
14

15
16

1
2

3
4

5
6

7
8

18
0

M
P

I P
ro

gr
am

m
in

g



Pr
ob

le
m

 S
et

tin
g:

 D
is

tr
ib

ut
ed

 L
oc

al
 D

at
a

•
4 

su
b-

do
m

ai
ns

. 
•

In
fo

. o
f e

xt
er

na
l p

oi
nt

s 
(g

lo
ba

l I
D

 o
f m

es
h)

 is
 

re
ce

iv
ed

 fr
om

 n
ei

gh
bo

rs
.

–
P

E
#0

 re
ce

iv
es

 □

57
58

59
60

49
50

51
52

41
42

43
44

33
34

35
36

61
62

63
64

53
54

55
56

45
46

47
48

37
38

39
40

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

29
30

31
32

21
22

23
24

13
14

15
16

5
6

7
8

PE
#0

PE
#1

PE
#2

PE
#3

57
58

59
60

49
50

51
52

41
42

43
44

33
34

35
36

61
62

63
64

53
54

55
56

45
46

47
48

37
38

39
40

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

29
30

31
32

21
22

23
24

13
14

15
16

5
6

7
8

PE
#0

PE
#1

PE
#2

PE
#3

33
34

35
36

25
26

27
28

61 53 45 37 29 21 13 5

60 52 44 36 28 20 12 4

29
30

31
32

37
38

39
40

18
1

M
P

I P
ro

gr
am

m
in

g



O
pe

ra
tio

ns
 o

f 2
D

 F
D

M

57
58

59
60

49
50

51
52

41
42

43
44

33
34

35
36

61
62

63
64

53
54

55
56

45
46

47
48

37
38

39
40

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

29
30

31
32

21
22

23
24

13
14

15
16

5
6

7
8

x
x

 W

 C
 E

 N  S

y yf
y

x






2

2

2

2




C
S

C
N

W
C

E
f

y
x


 

 





  
 





2

2

2
2










18
2

M
P

I P
ro

gr
am

m
in

g



O
pe

ra
tio

ns
 o

f 2
D

 F
D

M

57
58

59
60

49
50

51
52

41
42

43
44

33
34

35

61
62

63
64

53
54

55
56

45
46

47
48

37
38

39
40

25
26

17
19

12
1

3
4

30
31

32
21

22
23

24
13

14
15

16
5

6
7

8

18
9

10
11

2

36
27

28 20
29

x
x

 W

 C
 E

 N  S

y yf
y

x






2

2

2

2




C
S

C
N

W
C

E
f

y
x


 

 





  
 





2

2

2
2










18
3

M
P

I P
ro

gr
am

m
in

g



C
om

pu
ta

tio
n 

(1
/3

)

•
O

n 
ea

ch
 P

E
, i

nf
o.

 o
f i

nt
er

na
lp

ts
 (i

=1
-N

(=
16

))
 a

re
 re

ad
 fr

om
 

di
st

rib
ut

ed
 lo

ca
l d

at
a,

 in
fo

. o
f b

ou
nd

ar
y

pt
s 

ar
e 

se
nt

 to
 

ne
ig

hb
or

s,
 a

nd
 th

ey
 a

re
 re

ce
iv

ed
 a

s 
in

fo
. o

f e
xt

er
na

lp
ts

.

57
58

59
60

49
50

51
52

41
42

43
44

33
34

35
36

61
62

63
64

53
54

55
56

45
46

47
48

37
38

39
40

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

29
30

31
32

21
22

23
24

13
14

15
16

5
6

7
8

PE
#0

PE
#1

PE
#2

PE
#3

18
4

M
P

I P
ro

gr
am

m
in

g



C
om

pu
ta

tio
n 

(2
/3

): 
B

ef
or

e 
Se

nd
/R

ec
v

57
58

59
60

49
50

51
52

41
42

43
44

33
34

35
36

61
62

63
64

53
54

55
56

45
46

47
48

37
38

39
40

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

29
30

31
32

21
22

23
24

13
14

15
16

5
6

7
8

PE
#0

PE
#1

PE
#2

PE
#3

1:
 3

3
9:

 4
9

17
: ?

2:
 3

4
10

: 5
0

18
: ?

3:
 3

5
11

: 5
1

19
: ?

4:
 3

6
12

: 5
2

20
: ?

5:
 4

1
13

: 5
7

21
: ?

6:
 4

2
14

: 5
8

22
: ?

7:
 4

3
15

: 5
9

23
: ?

8:
 4

4
16

: 6
0

24
: ?

1:
 3

7
9:

 5
3

17
: ?

2:
 3

8
10

: 5
4

18
: ?

3:
 3

9
11

: 5
5

19
: ?

4:
 4

0
12

: 5
6

20
: ?

5:
 4

5
13

: 6
1

21
: ?

6:
 4

6
14

: 6
2

22
: ?

7:
 4

7
15

: 6
3

23
: ?

8:
 4

8
16

: 6
4

24
: ?

1:
 

1
9:

 1
7

17
: ?

2:
 

2
10

: 1
8

18
: ?

3:
 

3
11

: 1
9

19
: ?

4:
 

4
12

: 2
0

20
: ?

5:
 

9
13

: 2
5

21
: ?

6:
 1

0
14

: 2
6

22
: ?

7:
 1

1
15

: 2
7

23
: ?

8:
 1

2
16

: 2
8

24
: ?

1:
 

5
9:

 2
1

17
: ?

2:
 

6
10

: 2
2

18
: ?

3:
 

7
11

: 2
3

19
: ?

4:
 

8
12

: 2
4

20
: ?

5:
 1

3
13

: 2
9

21
: ?

6:
 1

4
14

: 3
0

22
: ?

7:
 1

5
15

: 3
1

23
: ?

8:
 1

6
16

: 3
2

24
: ?

33
34

35
36

25
26

27
28

61 53 45 37 29 21 13 5

60 52 44 36 28 20 12 4

29
30

31
32

37
38

39
40

18
5

M
P

I P
ro

gr
am

m
in

g



C
om

pu
ta

tio
n 

(2
/3

): 
B

ef
or

e 
Se

nd
/R

ec
v

57
58

59
60

49
50

51
52

41
42

43
44

33
34

35
36

61
62

63
64

53
54

55
56

45
46

47
48

37
38

39
40

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

29
30

31
32

21
22

23
24

13
14

15
16

5
6

7
8

PE
#0

PE
#1

PE
#2

PE
#3

1:
 3

3
9:

 4
9

17
: ?

2:
 3

4
10

: 5
0

18
: ?

3:
 3

5
11

: 5
1

19
: ?

4:
 3

6
12

: 5
2

20
: ?

5:
 4

1
13

: 5
7

21
: ?

6:
 4

2
14

: 5
8

22
: ?

7:
 4

3
15

: 5
9

23
: ?

8:
 4

4
16

: 6
0

24
: ?

1:
 3

7
9:

 5
3

17
: ?

2:
 3

8
10

: 5
4

18
: ?

3:
 3

9
11

: 5
5

19
: ?

4:
 4

0
12

: 5
6

20
: ?

5:
 4

5
13

: 6
1

21
: ?

6:
 4

6
14

: 6
2

22
: ?

7:
 4

7
15

: 6
3

23
: ?

8:
 4

8
16

: 6
4

24
: ?

1:
 

1
9:

 1
7

17
: ?

2:
 

2
10

: 1
8

18
: ?

3:
 

3
11

: 1
9

19
: ?

4:
 

4
12

: 2
0

20
: ?

5:
 

9
13

: 2
5

21
: ?

6:
 1

0
14

: 2
6

22
: ?

7:
 1

1
15

: 2
7

23
: ?

8:
 1

2
16

: 2
8

24
: ?

1:
 

5
9:

 2
1

17
: ?

2:
 

6
10

: 2
2

18
: ?

3:
 

7
11

: 2
3

19
: ?

4:
 

8
12

: 2
4

20
: ?

5:
 1

3
13

: 2
9

21
: ?

6:
 1

4
14

: 3
0

22
: ?

7:
 1

5
15

: 3
1

23
: ?

8:
 1

6
16

: 3
2

24
: ?

33
34

35
36

25
26

27
28

61 53 45 37 29 21 13 5

60 52 44 36 28 20 12 4

29
30

31
32

37
38

39
40

18
6

M
P

I P
ro

gr
am

m
in

g



C
om

pu
ta

tio
n 

(3
/3

): 
A

fte
r S

en
d/

R
ec

v

61
62

63
64

53
54

55
56

45
46

47
48

37
38

39
40

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

PE
#0

PE
#1

PE
#2

PE
#3

1:
 3

3
9:

 4
9

17
: 3

7
2:

 3
4

10
: 5

0
18

: 4
5

3:
 3

5
11

: 5
1

19
: 5

3
4:

 3
6

12
: 5

2
20

: 6
1

5:
 4

1
13

: 5
7

21
: 2

5
6:

 4
2

14
: 5

8
22

: 2
6

7:
 4

3
15

: 5
9

23
: 2

7
8:

 4
4

16
: 6

0
24

: 2
8

1:
 3

7
9:

 5
3

17
: 3

6
2:

 3
8

10
: 5

4
18

: 4
4

3:
 3

9
11

: 5
5

19
: 5

2
4:

 4
0

12
: 5

6
20

: 6
0

5:
 4

5
13

: 6
1

21
: 2

9
6:

 4
6

14
: 6

2
22

: 3
0

7:
 4

7
15

: 6
3

23
: 3

1
8:

 4
8

16
: 6

4
24

: 3
2

1:
 

1
9:

 1
7

17
: 

5
2:

 
2

10
: 1

8
18

: 1
4

3:
 

3
11

: 1
9

19
: 2

1
4:

 
4

12
: 2

0
20

: 2
9

5:
 

9
13

: 2
5

21
: 3

3
6:

 1
0

14
: 2

6
22

: 3
4

7:
 1

1
15

: 2
7

23
: 3

5
8:

 1
2

16
: 2

8
24

: 3
6

1:
 

5
9:

 2
1

17
: 

4
2:

 
6

10
: 2

2
18

: 1
2

3:
 

7
11

: 2
3

19
: 2

0
4:

 
8

12
: 2

4
20

: 2
8

5:
 1

3
13

: 2
9

21
: 3

7
6:

 1
4

14
: 3

0
22

: 3
8

7:
 1

5
15

: 3
1

23
: 3

9
8:

 1
6

16
: 3

2
24

: 4
0

33
34

35
36

25
26

27
28

61 53 45 37 29 21 13 5

60 52 44 36 28 20 12 4

29
30

31
32

37
38

39
40

57
58

59
60

49
50

51
52

41
42

43
44

33
34

35
36

29
30

31
32

21
22

23
24

13
14

15
16

5
6

7
8

18
7

M
P

I P
ro

gr
am

m
in

g



Pe
er

-to
-P

ee
r C

om
m

un
ic

at
io

n

•
W

ha
t i

s 
P

2P
 C

om
m

un
ic

at
io

n 
?

•
2D

 P
ro

bl
em

, G
en

er
al

iz
ed

 C
om

m
un

ic
at

io
n 

Ta
bl

e
–

2D
 F

D
M

–
P

ro
bl

em
 S

et
tin

g
–

D
is

tri
bu

te
d 

Lo
ca

l D
at

a 
an

d 
C

om
m

un
ic

at
io

n 
Ta

bl
e

–
Im

pl
em

en
ta

tio
n

•
R

ep
or

t S
2

18
8

M
P

I P
ro

gr
am

m
in

g



O
ve

rv
ie

w
 o

f D
is

tr
ib

ut
ed

 L
oc

al
 D

at
a

E
xa

m
pl

e 
on

 P
E

#0

Va
lu

e 
at

 e
ac

h 
m

es
h 

(=
 G

lo
ba

l I
D

) 
Lo

ca
l I

D

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

PE
#0

PE
#1

PE
#2

13
14

15
16

9
10

11
12

5
6

7
8

1
2

3
4

PE
#0

PE
#1

PE
#2

18
9

M
P

I P
ro

gr
am

m
in

g



SP
M

D
・
・
・

P
E

 #
0

“
a.

ou
t”

“
sq

m
.0

”

P
E

 #
1

“
a.

ou
t”

“
sq

m
.1

”

P
E

 #
2

“
a.

ou
t”

“
sq

m
.2

”

P
E

 #
3

“
a.

ou
t”

“
sq

m
.3

”

“
sq

.0
”

“
sq

.1
”

“
sq

.2
”

“
sq

.3
”

D
is

t. 
Lo

ca
l D

at
a 

S
et

s 
(N

ei
gh

bo
rs

,
C

om
m

. T
ab

le
s)

D
is

t. 
Lo

ca
l D

at
a

S
et

s 
(G

lo
ba

l I
D

 
of

 In
te

rn
al

P
oi

nt
s)

G
eo

m
et

ry

R
es

ul
ts

19
0

M
P

I P
ro

gr
am

m
in

g



2D
 F

D
M

: P
E#

0
In

fo
rm

at
io

n 
at

 e
ac

h 
do

m
ai

n 
(1

/4
) 

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

19
1

M
P

I P
ro

gr
am

m
in

g

In
te

rn
al

 P
oi

nt
s

M
es

he
s 

or
ig

in
al

ly
 a

ss
ig

ne
d 

to
 th

e 
do

m
ai

n



2D
 F

D
M

: P
E#

0
In

fo
rm

at
io

n 
at

 e
ac

h 
do

m
ai

n 
(2

/4
) 

PE
#2

PE
#1

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

●
●

●
●

● ● ● ●

E
xt

er
na

l P
oi

nt
s

M
es

he
s 

or
ig

in
al

ly
 a

ss
ig

ne
d 

to
 d

iff
er

en
t d

om
ai

n,
 b

ut
 

re
qu

ire
d 

fo
r c

om
pu

ta
tio

n 
of

 m
es

he
s 

in
 th

e 
do

m
ai

n 
(m

es
he

s 
in

 o
ve

rla
pp

ed
 re

gi
on

s)

・
S

le
ev

es
・
H

al
o

19
2

M
P

I P
ro

gr
am

m
in

g

In
te

rn
al

 P
oi

nt
s

M
es

he
s 

or
ig

in
al

ly
 a

ss
ig

ne
d 

to
 th

e 
do

m
ai

n



2D
 F

D
M

: P
E#

0
In

fo
rm

at
io

n 
at

 e
ac

h 
do

m
ai

n 
(3

/4
) 

PE
#1

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

●
●

●
●

● ● ● ●

19
3

M
P

I P
ro

gr
am

m
in

g

In
te

rn
al

 P
oi

nt
s

M
es

he
s 

or
ig

in
al

ly
 a

ss
ig

ne
d 

to
 th

e 
do

m
ai

n

E
xt

er
na

l P
oi

nt
s

M
es

he
s 

or
ig

in
al

ly
 a

ss
ig

ne
d 

to
 d

iff
er

en
t d

om
ai

n,
 b

ut
 

re
qu

ire
d 

fo
r c

om
pu

ta
tio

n 
of

 m
es

he
s 

in
 th

e 
do

m
ai

n 
(m

es
he

s 
in

 o
ve

rla
pp

ed
 re

gi
on

s)

B
ou

nd
ar

y 
P

oi
nt

s
In

te
rn

al
 p

oi
nt

s,
 w

hi
ch

 a
re

 a
ls

o 
ex

te
rn

al
 p

oi
nt

s 
of

 
ot

he
r d

om
ai

ns
 (u

se
d 

in
 c

om
pu

ta
tio

ns
 o

f m
es

he
s 

in
 

ot
he

r d
om

ai
ns

)

PE
#2



2D
 F

D
M

: P
E#

0
In

fo
rm

at
io

n 
at

 e
ac

h 
do

m
ai

n 
(4

/4
) 

In
te

rn
al

 P
oi

nt
s

M
es

he
s 

or
ig

in
al

ly
 a

ss
ig

ne
d 

to
 th

e 
do

m
ai

n

E
xt

er
na

l P
oi

nt
s

M
es

he
s 

or
ig

in
al

ly
 a

ss
ig

ne
d 

to
 d

iff
er

en
t d

om
ai

n,
 b

ut
 

re
qu

ire
d 

fo
r c

om
pu

ta
tio

n 
of

 m
es

he
s 

in
 th

e 
do

m
ai

n 
(m

es
he

s 
in

 o
ve

rla
pp

ed
 re

gi
on

s)

B
ou

nd
ar

y 
P

oi
nt

s
In

te
rn

al
 p

oi
nt

s,
 w

hi
ch

 a
re

 a
ls

o 
ex

te
rn

al
 p

oi
nt

s 
of

 
ot

he
r d

om
ai

ns
 (u

se
d 

in
 c

om
pu

ta
tio

ns
 o

f m
es

he
s 

in
 

ot
he

r d
om

ai
ns

)

R
el

at
io

ns
hi

ps
 b

et
w

ee
n 

D
om

ai
ns

C
om

m
un

ic
at

io
n 

Ta
bl

e:
 E

xt
er

na
l/B

ou
nd

ar
y 

P
oi

nt
s

N
ei

gh
bo

rs

PE
#1

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

●
●

●
●

● ● ● ●

19
4

M
P

I P
ro

gr
am

m
in

g

PE
#2



D
es

cr
ip

tio
n 

of
 D

is
tr

ib
ut

ed
 L

oc
al

 D
at

a

•
In

te
rn

al
/E

xt
er

na
l P

oi
nt

s
–

N
um

be
rin

g:
 S

ta
rti

ng
 fr

om
 in

te
rn

al
pt

s,
 

th
en

 e
xt

er
na

lp
ts

 a
fte

r t
ha

t
•

N
ei

gh
bo

rs
–

S
ha

re
s 

ov
er

la
pp

ed
 m

es
he

s
–

N
um

be
r a

nd
 ID

 o
f n

ei
gh

bo
rs

•
E

xt
er

na
l P

oi
nt

s
–

Fr
om

 w
he

re
, h

ow
 m

an
y,

 a
nd

 w
hi

ch
 

ex
te

rn
al

 p
oi

nt
s 

ar
e 

re
ce

iv
ed

/im
po

rte
d 

? 
•

B
ou

nd
ar

y 
P

oi
nt

s
–

To
 w

he
re

, h
ow

 m
an

y 
an

d 
w

hi
ch

 
bo

un
da

ry
 p

oi
nt

s 
ar

e 
se

nt
/e

xp
or

te
d 

?

1
2

3
4

17

5
6

7
8

18

9
10

11
12

19

13
14

15
16

20

21
22

23
24

19
5

M
P

I P
ro

gr
am

m
in

g



O
ve

rv
ie

w
 o

f D
is

tr
ib

ut
ed

 L
oc

al
 D

at
a

E
xa

m
pl

e 
on

 P
E

#0

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

PE
#0

PE
#1

PE
#2

21
22

23
24

13
14

15
16

9
10

11
12

5
6

7
8

1
2

3
4

20 19 18 17
PE

#0
PE

#1

PE
#2

19
6

M
P

I P
ro

gr
am

m
in

g

Va
lu

e 
at

 e
ac

h 
m

es
h 

(=
 G

lo
ba

l I
D

) 
Lo

ca
l I

D



G
en

er
al

iz
ed

 C
om

m
. T

ab
le

: S
en

d
•

N
ei

gh
bo

rs
–

N
ei

bP
E

To
t，

N
ei

bP
E

[n
ei

b]
•

M
es

sa
ge

 s
iz

e 
fo

r e
ac

h 
ne

ig
hb

or
–

ex
po

rt_
in

de
x[

ne
ib

], 
ne

ib
= 

0,
 N

ei
bP

E
To

t-1
•

ID
 o

f b
ou

nd
ar

y
po

in
ts

–
ex

po
rt_

ite
m

[k
], 

k=
 0

, e
xp

or
t_

in
de

x[
N

ei
bP

E
To

t]-
1

•
M

es
sa

ge
s 

to
 e

ac
h 

ne
ig

hb
or

–
S

en
dB

uf
[k

], 
k=

 0
, e

xp
or

t_
in

de
x[

N
ei

bP
E

To
t]-

1

C

19
7

M
P

I P
ro

gr
am

m
in

g



SE
N

D
: M

PI
_I

se
nd

/Ir
ec

v/
W

ai
ta

ll
ne

ib
#0

Se
nd

B
uf

ne
ib

#1
ne

ib
#2

ne
ib

#3

B
U

Fl
en

gt
h_

e
B

U
Fl

en
gt

h_
e

B
U

Fl
en

gt
h_

e
B

U
Fl

en
gt

h_
e

ex
po

rt
_i

nd
ex

[0
]

ex
po

rt
_i

nd
ex

[1
]

ex
po

rt
_i

nd
ex

[2
]

ex
po

rt
_i

nd
ex

[3
]

ex
po

rt
_i

nd
ex

[4
]

f
o
r
 
(
n
e
i
b
=
0
;
 
n
e
i
b
<
N
e
i
b
P
E
T
o
t
;
n
e
i
b
+
+
)
{

f
o
r
 
(
k
=
e
x
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
]
;
k
<
e
x
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
+
1
]
;
k
+
+
)
{

k
k
=
 
e
x
p
o
r
t
_
i
t
e
m
[
k
]
;

S
e
n
d
B
u
f
[
k
]
=
 
V
A
L
[
k
k
]
;

}
} f
o
r
 
(
n
e
i
b
=
0
;
 
n
e
i
b
<
N
e
i
b
P
E
T
o
t
;
 
n
e
i
b
+
+
)
{

t
a
g
=
 
0
;

i
S
_
e
=
 
e
x
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
]
;

i
E
_
e
=
 
e
x
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
+
1
]
;

B
U
F
l
e
n
g
t
h
_
e
=
 
i
E
_
e
 
-
i
S
_
e

i
e
r
r
=
 
M
P
I
_
I
s
e
n
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(
&
S
e
n
d
B
u
f
[
i
S
_
e
]
,
 
B
U
F
l
e
n
g
t
h
_
e
,
 
M
P
I
_
D
O
U
B
L
E
,
 
N
e
i
b
P
E
[
n
e
i
b
]
,
0
,

M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
R
e
q
S
e
n
d
[
n
e
i
b
]
)

} M
P
I
_
W
a
i
t
a
l
l
(
N
e
i
b
P
E
T
o
t
,
 
R
e
q
S
e
n
d
,
 
S
t
a
t
S
e
n
d
)
;

C
op

ie
d 

to
 s

en
di

ng
 b

uf
fe

rs

ex
po

rt
_i

te
m

(e
xp

or
t_

in
de

x[
ne

ib
]:e

xp
or

t_
in

de
x[

ne
ib

+1
]-1

)  
ar

e 
se

nt
 to

 n
ei

b-
th

ne
ig

hb
or

C
19

8
M

P
I P

ro
gr

am
m

in
g



G
en

er
al

iz
ed

 C
om

m
. T

ab
le

: R
ec

ei
ve

•
N

ei
gh

bo
rs

–
N

ei
bP

E
To

t ，
N

ei
bP

E
[n

ei
b]

•
M

es
sa

ge
 s

iz
e 

fo
r e

ac
h 

ne
ig

hb
or

–
im

po
rt_

in
de

x[
ne

ib
], 

ne
ib

= 
0,

 N
ei

bP
E

To
t-1

•
ID

 o
f e

xt
er

na
lp

oi
nt

s
–

im
po

rt_
ite

m
[k

], 
k=

 0
, i

m
po

rt_
in

de
x[

N
ei

bP
E

To
t]-

1
•

M
es

sa
ge

s 
fro

m
 e

ac
h 

ne
ig

hb
or

–
R

ec
vB

uf
[k

], 
k=

 0
, i

m
po

rt_
in

de
x[

N
ei

bP
E

To
t]-

1

19
9

M
P

I P
ro

gr
am

m
in

g

C



R
EC

V:
 M

PI
_I

se
nd

/Ir
ec

v/
W

ai
ta

ll

ne
ib

#0
R

ec
vB

uf
ne

ib
#1

ne
ib

#2
ne

ib
#3

B
U

Fl
en

gt
h_

i
B

U
Fl

en
gt

h_
i

B
U

Fl
en

gt
h_

i
B

U
Fl

en
gt

h_
i

f
o
r
 
(
n
e
i
b
=
0
;
 
n
e
i
b
<
N
e
i
b
P
E
T
o
t
;
 
n
e
i
b
+
+
)
{

t
a
g
=
 
0
;

i
S
_
i
=
 
i
m
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
]
;

i
E
_
i
=
 
i
m
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
+
1
]
;

B
U
F
l
e
n
g
t
h
_
i
=
 
i
E
_
i
 
-
i
S
_
i

i
e
r
r
=
 
M
P
I
_
I
r
e
c
v
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(
&
R
e
c
v
B
u
f
[
i
S
_
i
]
,
 
B
U
F
l
e
n
g
t
h
_
i
,
 
M
P
I
_
D
O
U
B
L
E
,
 
N
e
i
b
P
E
[
n
e
i
b
]
,
0
,

M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
R
e
q
R
e
c
v
[
n
e
i
b
]
)

} M
P
I
_
W
a
i
t
a
l
l
(
N
e
i
b
P
E
T
o
t
,
 
R
e
q
R
e
c
v
,
 
S
t
a
t
R
e
c
v
)
;

f
o
r
 
(
n
e
i
b
=
0
;
 
n
e
i
b
<
N
e
i
b
P
E
T
o
t
;
n
e
i
b
+
+
)
{

f
o
r
 
(
k
=
i
m
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
]
;
k
<
i
m
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
+
1
]
;
k
+
+
)
{

k
k
=
 
i
m
p
o
r
t
_
i
t
e
m
[
k
]
;

V
A
L
[
k
k
]
=
 
R
e
c
v
B
u
f
[
k
]
;

}
} im

po
rt

_i
nd

ex
[0

]
im

po
rt

_i
nd

ex
[1

]
im

po
rt

_i
nd

ex
[2

]
im

po
rt

_i
nd

ex
[3

]
im

po
rt

_i
nd

ex
[4

]C
20

0
M

P
I P

ro
gr

am
m

in
g

im
po

rt
_i

te
m

(im
po

rt
_i

nd
ex

[n
ei

b]
:im

po
rt

_i
nd

ex
[n

ei
b+

1]
-1

)  
ar

e 
re

ce
iv

ed
 fr

om
 n

ei
b-

th
ne

ig
hb

or

C
op

ie
d 

fro
m

 re
ce

iv
in

g 
bu

ffe
r



R
el

at
io

ns
hi

p 
SE

N
D

/R
EC

V

d
o
 
n
e
i
b
=
 
1
,
 
N
E
I
B
P
E
T
O
T

i
S
_
i
=
 
i
m
p
o
r
t
_
i
n
d
e
x
(
n
e
i
b
-
1
)
 
+
 
1

i
E
_
i
=
 
i
m
p
o
r
t
_
i
n
d
e
x
(
n
e
i
b
 
 
)

B
U
F
l
e
n
g
t
h
_
i
=
 
i
E
_
i
 
+
 
1
 
-
i
S
_
i

c
a
l
l
 
M
P
I
_
I
R
E
C
V
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
&

&
 
 
 
 
 
 
 
 
 
(
R
E
C
V
b
u
f
(
i
S
_
i
)
,
 
B
U
F
l
e
n
g
t
h
_
i
,
M
P
I
_
I
N
T
E
G
E
R
,
 
N
E
I
B
P
E
(
n
e
i
b
)
,
0
,
&

&
 
 
 
 
 
 
 
 
 
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
r
e
q
u
e
s
t
_
r
e
c
v
(
n
e
i
b
)
,
i
e
r
r
)

e
n
d
d
o

d
o
 
n
e
i
b
=
 1
,
 
N
E
I
B
P
E
T
O
T

i
S
_
e
=
 
e
x
p
o
r
t
_
i
n
d
e
x
(
n
e
i
b
-
1
)
 
+
 
1

i
E
_
e
=
 
e
x
p
o
r
t
_
i
n
d
e
x
(
n
e
i
b
 
 
)

B
U
F
l
e
n
g
t
h
_
e
=
 
i
E
_
e
 
+
 
1
 
-
i
S
_
e

c
a
l
l
 
M
P
I
_
I
S
E
N
D

&
&
 
 
 
 
 
 
 
 
 
(
S
E
N
D
b
u
f
(
i
S
_
e
)
,
 
B
U
F
l
e
n
g
t
h
_
e
,
 
M
P
I
_
I
N
T
E
G
E
R
,
 
N
E
I
B
P
E
(
n
e
i
b
)
,
0
,
&

&
 
 
 
 
 
 
 
 
 
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
r
e
q
u
e
s
t
_
s
e
n
d
(
n
e
i
b
)
,
i
e
r
r
)

e
n
d
d
o

•
C

on
si

st
en

cy
 o

f I
D

’s
 o

f s
ou

rc
es

/d
es

tin
at

io
ns

, s
iz

e 
an

d 
co

nt
en

ts
 o

f m
es

sa
ge

s 
! 

•
C

om
m

un
ic

at
io

n 
oc

cu
rs

 w
he

n 
N

E
IB

P
E

(n
ei

b)
 m

at
ch

es

20
1

M
P

I P
ro

gr
am

m
in

g



R
el

at
io

ns
hi

p 
SE

N
D

/R
EC

V 
(#

0 
to

 #
3)

•
C

on
si

st
en

cy
 o

f I
D

’s
 o

f s
ou

rc
es

/d
es

tin
at

io
ns

, s
iz

e 
an

d 
co

nt
en

ts
 o

f m
es

sa
ge

s 
! 

•
C

om
m

un
ic

at
io

n 
oc

cu
rs

 w
he

n 
N

E
IB

P
E

(n
ei

b)
 m

at
ch

es

Se
nd

 #
0

R
ec

v.
 #

3

#1 #5 #9

#1 #1
0

#0

#3

N
EI

B
PE

(:)
=1

,3
,5

,9
N

EI
B

PE
(:)

=1
,0

,1
0

20
2

M
P

I P
ro

gr
am

m
in

g



G
en

er
al

iz
ed

 C
om

m
. T

ab
le

 (1
/6

)

1
2

3
4

17

5
6

7
8

18

9
10

11
12

19

13
14

15
16

20

21
22

23
24

PE
#2

PE
#1

#
N
E
I
B
P
E
t
o
t

2 #
N
E
I
B
P
E

1
2

#
N
O
D
E

2
4
 
1
6

#
I
M
P
O
R
T
_
i
n
d
e
x

4
 
 
8

#
I
M
P
O
R
T
_
i
t
e
m
s

1
7

1
8

1
9

2
0

2
1

2
2

2
3

2
4

#
E
X
P
O
R
T
_
i
n
d
e
x

4
 
 
8

#
E
X
P
O
R
T
_
i
t
e
m
s

4 8 1
2

1
6

1
3

1
4

1
5

1
6

20
3

M
P

I P
ro

gr
am

m
in

g



G
en

er
al

iz
ed

 C
om

m
. T

ab
le

 (2
/6

)

1
2

3
4

17

5
6

7
8

18

9
10

11
12

19

13
14

15
16

20

21
22

23
24

PE
#1

#
N
E
I
B
P
E
t
o
t

N
um

be
r o

f n
ei

gh
bo

rs
2 #
N
E
I
B
P
E
 
 
 
 
 

ID
 o

f n
ei

gh
bo

rs
1

2
#
N
O
D
E

2
4
 
1
6
 
 
 
 
 
 
 

E
xt

/In
t P

ts
, I

nt
 P

ts
#
I
M
P
O
R
T
_
i
n
d
e
x

4
 
 
8

#
I
M
P
O
R
T
_
i
t
e
m
s

1
7

1
8

1
9

2
0

2
1

2
2

2
3

2
4

#
E
X
P
O
R
T
_
i
n
d
e
x

4
 
 
8

#
E
X
P
O
R
T
_
i
t
e
m
s

4 8 1
2

1
6

1
3

1
4

1
5

1
6

20
4

M
P

I P
ro

gr
am

m
in

g

PE
#2



#
N
E
I
B
P
E
t
o
t

2 #
N
E
I
B
P
E

1
2

#
N
O
D
E

2
4
 
1
6

#
I
M
P
O
R
T
_
i
n
d
e
x

4
 
 
8

#
I
M
P
O
R
T
_
i
t
e
m
s

1
7

1
8

1
9

2
0

2
1

2
2

2
3

2
4

#
E
X
P
O
R
T
_
i
n
d
e
x

4
 
 
8

#
E
X
P
O
R
T
_
i
t
e
m
s

4 8 1
2

1
6

1
3

1
4

1
5

1
6

G
en

er
al

iz
ed

 C
om

m
. T

ab
le

 (3
/6

)

Fo
ur

 e
xt

 p
ts

 (1
st
-4

th
ite

m
s)

 a
re

 
im

po
rte

d 
fro

m
 1

st
ne

ig
hb

or
 

(P
E

#1
), 

an
d 

fo
ur

 (5
th
-8

th
ite

m
s)

 
ar

e 
fro

m
 2

nd
ne

ig
hb

or
 (P

E
#2

).

1
2

3
4

17

5
6

7
8

18

9
10

11
12

19

13
14

15
16

20

21
22

23
24

PE
#1

20
5

M
P

I P
ro

gr
am

m
in

g

PE
#2



#
N
E
I
B
P
E
t
o
t

2 #
N
E
I
B
P
E

1
2

#
N
O
D
E

2
4
 
1
6

#
I
M
P
O
R
T
_
i
n
d
e
x

4
 
 
8

#
I
M
P
O
R
T
_
i
t
e
m
s

1
7

1
8

1
9

2
0

2
1

2
2

2
3

2
4

#
E
X
P
O
R
T
_
i
n
d
e
x

4
 
 
8

#
E
X
P
O
R
T
_
i
t
e
m
s

4 8 1
2

1
6

1
3

1
4

1
5

1
6

G
en

er
al

iz
ed

 C
om

m
. T

ab
le

 (4
/6

)

im
po

rte
d 

fro
m

 1
st

N
ei

gh
bo

r 
(P

E
#1

) (
1s

t -4
th

ite
m

s)

1
2

3
4

17

5
6

7
8

18

9
10

11
12

19

13
14

15
16

20

21
22

23
24

PE
#1

20
6

M
P

I P
ro

gr
am

m
in

g

im
po

rte
d 

fro
m

 2
nd

N
ei

gh
bo

r 
(P

E
#2

) (
5t

h -
8t

h
ite

m
s)

PE
#2



#
N
E
I
B
P
E
t
o
t

2 #
N
E
I
B
P
E

1
2

#
N
O
D
E

2
4
 
1
6

#
I
M
P
O
R
T
_
i
n
d
e
x

4
 
 
8

#
I
M
P
O
R
T
_
i
t
e
m
s

1
7

1
8

1
9

2
0

2
1

2
2

2
3

2
4

#
E
X
P
O
R
T
_
i
n
d
e
x

4
 
 
8

#
E
X
P
O
R
T
_
i
t
e
m
s

4 8 1
2

1
6

1
3

1
4

1
5

1
6

G
en

er
al

iz
ed

 C
om

m
. T

ab
le

 (5
/6

)

1
2

3
4

17

5
6

7
8

18

9
10

11
12

19

13
14

15
16

20

21
22

23
24

PE
#1

20
7

M
P

I P
ro

gr
am

m
in

g

Fo
ur

 b
ou

nd
ar

y 
pt

s 
(1

st
-4

th

ite
m

s)
 a

re
 e

xp
or

te
d 

to
 1

st

ne
ig

hb
or

 (P
E

#1
), 

an
d 

fo
ur

 (5
th
-

8t
h

ite
m

s)
 a

re
 to

 2
nd

ne
ig

hb
or

 
(P

E
#2

).

PE
#2



#
N
E
I
B
P
E
t
o
t

2 #
N
E
I
B
P
E

1
2

#
N
O
D
E

2
4
 
1
6

#
I
M
P
O
R
T
_
i
n
d
e
x

4
 
 
8

#
I
M
P
O
R
T
_
i
t
e
m
s

1
7

1
8

1
9

2
0

2
1

2
2

2
3

2
4

#
E
X
P
O
R
T
_
i
n
d
e
x

4
 
 
8

#
E
X
P
O
R
T
_
i
t
e
m
s

4 8 1
2

1
6

1
3

1
4

1
5

1
6

G
en

er
al

iz
ed

 C
om

m
. T

ab
le

 (6
/6

)

1
2

3
4

17

5
6

7
8

18

9
10

11
12

19

13
14

15
16

20

21
22

23
24

PE
#1

20
8

M
P

I P
ro

gr
am

m
in

g

ex
po

rte
d 

to
 1

st
N

ei
gh

bo
r 

(P
E

#1
) (

1s
t -4

th
ite

m
s)

ex
po

rte
d 

to
 2

nd
N

ei
gh

bo
r 

(P
E

#2
) (

5t
h -

8t
h

ite
m

s)

PE
#2



G
en

er
al

iz
ed

 C
om

m
. T

ab
le

 (6
/6

)

1
2

3
4

17

5
6

7
8

18

9
10

11
12

19

13
14

15
16

20

21
22

23
24

PE
#1

A
n 

ex
te

rn
al

 p
oi

nt
 is

 o
nl

y 
se

nt
 

fro
m

 it
s 

or
ig

in
al

 d
om

ai
n.

A 
bo

un
da

ry
 p

oi
nt

 c
ou

ld
 b

e 
re

fe
rre

d 
fro

m
 m

or
e 

th
an

 o
ne

 
do

m
ai

n,
 a

nd
 s

en
t t

o 
m

ul
tip

le
 

do
m

ai
ns

 (e
.g

. 1
6t

h
m

es
h)

.

20
9

M
P

I P
ro

gr
am

m
in

g

PE
#2



N
ot

ic
e:

 S
en

d/
R

ec
v 

A
rr

ay
s

#
P
E
0
s
e
n
d
:

V
E
C
(
s
t
a
r
t
_
s
e
n
d
)
~

V
E
C
(
s
t
a
r
t
_
s
e
n
d
+
l
e
n
g
t
h
_
s
e
n
d
-
1
)

#
P
E
1
r
e
c
v
:

V
E
C
(
s
t
a
r
t
_
r
e
c
v
)
~

V
E
C
(
s
t
a
r
t
_
r
e
c
v
+
l
e
n
g
t
h
_
r
e
c
v
-
1
)

#
P
E
1
s
e
n
d
:

V
E
C
(
s
t
a
r
t
_
s
e
n
d
)
~

V
E
C
(
s
t
a
r
t
_
s
e
n
d
+
l
e
n
g
t
h
_
s
e
n
d
-
1
)

#
P
E
0
r
e
c
v
:

V
E
C
(
s
t
a
r
t
_
r
e
c
v
)
~

V
E
C
(
s
t
a
r
t
_
r
e
c
v
+
l
e
n
g
t
h
_
r
e
c
v
-
1
)

•
“le

ng
th

_s
en

d”
 o

f s
en

di
ng

 p
ro

ce
ss

 m
us

t b
e 

eq
ua

l t
o 

“le
ng

th
_r

ec
v”

 o
f r

ec
ei

vi
ng

 p
ro

ce
ss

.
–

P
E

#0
 to

 P
E

#1
, P

E
#1

 to
 P

E
#0

•
“s

en
db

uf
” a

nd
 “r

ec
vb

uf
”: 

di
ffe

re
nt

 a
dd

re
ss

21
0

M
P

I P
ro

gr
am

m
in

g



Pe
er

-to
-P

ee
r C

om
m

un
ic

at
io

n

•
W

ha
t i

s 
P

2P
 C

om
m

un
ic

at
io

n 
?

•
2D

 P
ro

bl
em

, G
en

er
al

iz
ed

 C
om

m
un

ic
at

io
n 

Ta
bl

e
–

2D
 F

D
M

–
P

ro
bl

em
 S

et
tin

g
–

D
is

tri
bu

te
d 

Lo
ca

l D
at

a 
an

d 
C

om
m

un
ic

at
io

n 
Ta

bl
e

–
Im

pl
em

en
ta

tio
n

•
R

ep
or

t S
2

21
1

M
P

I P
ro

gr
am

m
in

g



Sa
m

pl
e 

Pr
og

ra
m

 fo
r 2

D
 F

D
M

21
2

M
P

I P
ro

gr
am

m
in

g $
 
c
d
 
<
$
O
-
S
2
>

$
 
m
p
i
f
r
t
p
x
 
–
K
f
a
s
t
 
s
q
-
s
r
1
.
f

$
 
m
p
i
f
c
c
p
x
 
–
K
f
a
s
t
 
s
q
-
s
r
1
.
c

(
m
o
d
i
f
y
 
g
o
4
.
s
h
 
f
o
r
 
4
 
p
r
o
c
e
s
s
e
s
)

$
 
p
j
s
u
b
 
g
o
4
.
s
h



Ex
am

pl
e:

 s
q-

sr
1.

c 
(1

/6
)

In
iti

al
iz

at
io

n
#
i
n
c
l
u
d
e
 
<
s
t
d
i
o
.
h
>

#
i
n
c
l
u
d
e
 
<
s
t
d
l
i
b
.
h
>

#
i
n
c
l
u
d
e
 
<
s
t
r
i
n
g
.
h
>

#
i
n
c
l
u
d
e
 
<
a
s
s
e
r
t
.
h
>

#
i
n
c
l
u
d
e
 
"
m
p
i
.
h
"

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)
{

i
n
t
 
n
,
 
n
p
,
 
N
e
i
b
P
e
T
o
t
,
 
B
u
f
L
e
n
g
t
h
;

M
P
I
_
S
t
a
t
u
s
 
*
S
t
a
t
S
e
n
d
,
 
*
S
t
a
t
R
e
c
v
;

M
P
I
_
R
e
q
u
e
s
t
 
*
R
e
q
u
e
s
t
S
e
n
d
,
 
*
R
e
q
u
e
s
t
R
e
c
v
;

i
n
t
 
M
y
R
a
n
k
,
 
P
e
T
o
t
;

i
n
t
 
*
v
a
l
,
 
*
S
e
n
d
B
u
f
,
 
*
R
e
c
v
B
u
f
,
 
*
N
e
i
b
P
e
;

i
n
t
 
*
I
m
p
o
r
t
I
n
d
e
x
,
 
*
E
x
p
o
r
t
I
n
d
e
x
,
 
*
I
m
p
o
r
t
I
t
e
m
,
 
*
E
x
p
o
r
t
I
t
e
m
;

c
h
a
r
 
F
i
l
e
N
a
m
e
[
8
0
]
,
 
l
i
n
e
[
8
0
]
;

i
n
t
 
i
,
 
n
n
,
 
n
e
i
b
;

i
n
t
 
i
S
t
a
r
t
,
 
i
E
n
d
;

F
I
L
E
 
*
f
p
;

/
*
!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
 
|
 
I
N
I
T
.
 
M
P
I
 
|

!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
=
=
=
*
/
M
P
I
_
I
n
i
t
(
&
a
r
g
c
,
 
&
a
r
g
v
)
;

M
P
I
_
C
o
m
m
_
s
i
z
e
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
P
e
T
o
t
)
;

M
P
I
_
C
o
m
m
_
r
a
n
k
(
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
M
y
R
a
n
k
)
;

C
21

3
M

P
I P

ro
gr

am
m

in
g



/
*
!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
 
|
 
D
A
T
A
 
f
i
l
e
 
|

!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
=
=
=
*
/
s
p
r
i
n
t
f
(
F
i
l
e
N
a
m
e
,
 
"
s
q
m
.
%
d
"
,
 
M
y
R
a
n
k
)
;

f
p
 
=
 
f
o
p
e
n
(
F
i
l
e
N
a
m
e
,
 
"
r
"
)
;

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
N
e
i
b
P
e
T
o
t
)
;

N
e
i
b
P
e
 
=
 
c
a
l
l
o
c
(
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

I
m
p
o
r
t
I
n
d
e
x
 
=
 
c
a
l
l
o
c
(
1
+
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

E
x
p
o
r
t
I
n
d
e
x
 
=
 
c
a
l
l
o
c
(
1
+
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
n
e
i
b
=
0
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
N
e
i
b
P
e
[
n
e
i
b
]
)
;

} f
s
c
a
n
f
(
f
p
,
 
"
%
d
 
%
d
"
,
 
&
n
p
,
 
&
n
)
;

f
o
r
(
n
e
i
b
=
1
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
+
1
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
)
;
}

n
n
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
N
e
i
b
P
e
T
o
t
]
;

I
m
p
o
r
t
I
t
e
m
 
=
 
m
a
l
l
o
c
(
n
n
 
*
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
i
=
0
;
i
<
n
n
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
I
m
p
o
r
t
I
t
e
m
[
i
]
)
;
 
I
m
p
o
r
t
I
t
e
m
[
i
]
-
-
;
}

f
o
r
(
n
e
i
b
=
1
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
+
1
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
E
x
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
)
;
}

n
n
 
=
 
E
x
p
o
r
t
I
n
d
e
x
[
N
e
i
b
P
e
T
o
t
]
;

E
x
p
o
r
t
I
t
e
m
 
=
 
m
a
l
l
o
c
(
n
n
 
*
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
i
=
0
;
i
<
n
n
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
E
x
p
o
r
t
I
t
e
m
[
i
]
)
;
E
x
p
o
r
t
I
t
e
m
[
i
]
-
-
;
}

Ex
am

pl
e:

 s
q-

sr
1.

c 
(2

/6
)

R
ea

di
ng

 d
is

tri
bu

te
d 

lo
ca

l d
at

a 
fil

es
 (s

qm
.*

)
C

21
4

M
P

I P
ro

gr
am

m
in

g



/
*
!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
 
|
 
D
A
T
A
 
f
i
l
e
 
|

!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
=
=
=
*
/
s
p
r
i
n
t
f
(
F
i
l
e
N
a
m
e
,
 
"
s
q
m
.
%
d
"
,
 
M
y
R
a
n
k
)
;

f
p
 
=
 
f
o
p
e
n
(
F
i
l
e
N
a
m
e
,
 
"
r
"
)
;

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
N
e
i
b
P
e
T
o
t
)
;

N
e
i
b
P
e
 
=
 
c
a
l
l
o
c
(
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

I
m
p
o
r
t
I
n
d
e
x
 
=
 
c
a
l
l
o
c
(
1
+
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

E
x
p
o
r
t
I
n
d
e
x
 
=
 
c
a
l
l
o
c
(
1
+
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
n
e
i
b
=
0
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
N
e
i
b
P
e
[
n
e
i
b
]
)
;

} f
s
c
a
n
f
(
f
p
,
 
"
%
d
 
%
d
"
,
 
&
n
p
,
 
&
n
)
;

f
o
r
(
n
e
i
b
=
1
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
+
1
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
)
;
}

n
n
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
N
e
i
b
P
e
T
o
t
]
;

I
m
p
o
r
t
I
t
e
m
 
=
 
m
a
l
l
o
c
(
n
n
 
*
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
i
=
0
;
i
<
n
n
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
I
m
p
o
r
t
I
t
e
m
[
i
]
)
;
 
I
m
p
o
r
t
I
t
e
m
[
i
]
-
-
;
}

f
o
r
(
n
e
i
b
=
1
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
+
1
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
E
x
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
)
;
}

n
n
 
=
 
E
x
p
o
r
t
I
n
d
e
x
[
N
e
i
b
P
e
T
o
t
]
;

E
x
p
o
r
t
I
t
e
m
 
=
 
m
a
l
l
o
c
(
n
n
 
*
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
i
=
0
;
i
<
n
n
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
E
x
p
o
r
t
I
t
e
m
[
i
]
)
;
E
x
p
o
r
t
I
t
e
m
[
i
]
-
-
;
}

Ex
am

pl
e:

 s
q-

sr
1.

c 
(2

/6
)

R
ea

di
ng

 d
is

tri
bu

te
d 

lo
ca

l d
at

a 
fil

es
 (s

qm
.*

)
#
N
E
I
B
P
E
t
o
t

2 #
N
E
I
B
P
E

1
 
 
2

#
N
O
D
E

2
4
 
1
6

#
I
M
P
O
R
T
i
n
d
e
x

4
 
 
8

#
I
M
P
O
R
T
i
t
e
m
s

1
7
1
8
1
9
2
0
2
1
2
2
2
3
2
4
#
E
X
P
O
R
T
i
n
d
e
x

4
 
 
8

#
E
X
P
O
R
T
i
t
e
m
s

4 8 1
2
1
6
1
3
1
4
1
5
1
6

C
21

5
M

P
I P

ro
gr

am
m

in
g



/
*
!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
 
|
 
D
A
T
A
 
f
i
l
e
 
|

!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
=
=
=
*
/
s
p
r
i
n
t
f
(
F
i
l
e
N
a
m
e
,
 
"
s
q
m
.
%
d
"
,
 
M
y
R
a
n
k
)
;

f
p
 
=
 
f
o
p
e
n
(
F
i
l
e
N
a
m
e
,
 
"
r
"
)
;

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
N
e
i
b
P
e
T
o
t
)
;

N
e
i
b
P
e
 
=
 
c
a
l
l
o
c
(
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

I
m
p
o
r
t
I
n
d
e
x
 
=
 
c
a
l
l
o
c
(
1
+
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

E
x
p
o
r
t
I
n
d
e
x
 
=
 
c
a
l
l
o
c
(
1
+
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
n
e
i
b
=
0
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
N
e
i
b
P
e
[
n
e
i
b
]
)
;

} f
s
c
a
n
f
(
f
p
,
 
"
%
d
 
%
d
"
,
 
&
n
p
,
 
&
n
)
;

f
o
r
(
n
e
i
b
=
1
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
+
1
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
)
;
}

n
n
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
N
e
i
b
P
e
T
o
t
]
;

I
m
p
o
r
t
I
t
e
m
 
=
 
m
a
l
l
o
c
(
n
n
 
*
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
i
=
0
;
i
<
n
n
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
I
m
p
o
r
t
I
t
e
m
[
i
]
)
;
 
I
m
p
o
r
t
I
t
e
m
[
i
]
-
-
;
}

f
o
r
(
n
e
i
b
=
1
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
+
1
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
E
x
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
)
;
}

n
n
 
=
 
E
x
p
o
r
t
I
n
d
e
x
[
N
e
i
b
P
e
T
o
t
]
;

E
x
p
o
r
t
I
t
e
m
 
=
 
m
a
l
l
o
c
(
n
n
 
*
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
i
=
0
;
i
<
n
n
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
E
x
p
o
r
t
I
t
e
m
[
i
]
)
;
E
x
p
o
r
t
I
t
e
m
[
i
]
-
-
;
}

Ex
am

pl
e:

 s
q-

sr
1.

c 
(2

/6
)

R
ea

di
ng

 d
is

tri
bu

te
d 

lo
ca

l d
at

a 
fil

es
 (s

qm
.*

)
#
N
E
I
B
P
E
t
o
t

2 #
N
E
I
B
P
E

1
 
 
2

#
N
O
D
E

2
4
 
1
6

#
I
M
P
O
R
T
i
n
d
e
x

4
 
 
8

#
I
M
P
O
R
T
i
t
e
m
s

1
7
1
8
1
9
2
0
2
1
2
2
2
3
2
4
#
E
X
P
O
R
T
i
n
d
e
x

4
 
 
8

#
E
X
P
O
R
T
i
t
e
m
s

4 8 1
2
1
6
1
3
1
4
1
5
1
6

np
N

um
be

r o
f a

ll 
m

es
he

s 
(in

te
rn

al
 +

 e
xt

er
na

l)
n

N
um

be
r o

f i
nt

er
na

l m
es

he
s

C
21

6
M

P
I P

ro
gr

am
m

in
g



/
*
!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
 
|
 
D
A
T
A
 
f
i
l
e
 
|

!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
=
=
=
*
/
s
p
r
i
n
t
f
(
F
i
l
e
N
a
m
e
,
 
"
s
q
m
.
%
d
"
,
 
M
y
R
a
n
k
)
;

f
p
 
=
 
f
o
p
e
n
(
F
i
l
e
N
a
m
e
,
 
"
r
"
)
;

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
N
e
i
b
P
e
T
o
t
)
;

N
e
i
b
P
e
 
=
 
c
a
l
l
o
c
(
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

I
m
p
o
r
t
I
n
d
e
x
 
=
 
c
a
l
l
o
c
(
1
+
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

E
x
p
o
r
t
I
n
d
e
x
 
=
 
c
a
l
l
o
c
(
1
+
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
n
e
i
b
=
0
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
N
e
i
b
P
e
[
n
e
i
b
]
)
;

} f
s
c
a
n
f
(
f
p
,
 
"
%
d
 
%
d
"
,
 
&
n
p
,
 
&
n
)
;

f
o
r
(
n
e
i
b
=
1
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
+
1
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
)
;
}

n
n
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
N
e
i
b
P
e
T
o
t
]
;

I
m
p
o
r
t
I
t
e
m
 
=
 
m
a
l
l
o
c
(
n
n
 
*
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
i
=
0
;
i
<
n
n
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
I
m
p
o
r
t
I
t
e
m
[
i
]
)
;
 
I
m
p
o
r
t
I
t
e
m
[
i
]
-
-
;
}

f
o
r
(
n
e
i
b
=
1
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
+
1
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
E
x
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
)
;
}

n
n
 
=
 
E
x
p
o
r
t
I
n
d
e
x
[
N
e
i
b
P
e
T
o
t
]
;

E
x
p
o
r
t
I
t
e
m
 
=
 
m
a
l
l
o
c
(
n
n
 
*
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
i
=
0
;
i
<
n
n
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
E
x
p
o
r
t
I
t
e
m
[
i
]
)
;
E
x
p
o
r
t
I
t
e
m
[
i
]
-
-
;
}

Ex
am

pl
e:

 s
q-

sr
1.

c 
(2

/6
)

R
ea

di
ng

 d
is

tri
bu

te
d 

lo
ca

l d
at

a 
fil

es
 (s

qm
.*

)
#
N
E
I
B
P
E
t
o
t

2 #
N
E
I
B
P
E

1
 
 
2

#
N
O
D
E

2
4
 
1
6

#
I
M
P
O
R
T
i
n
d
e
x

4
 
 
8

#
I
M
P
O
R
T
i
t
e
m
s

1
7
1
8
1
9
2
0
2
1
2
2
2
3
2
4
#
E
X
P
O
R
T
i
n
d
e
x

4
 
 
8

#
E
X
P
O
R
T
i
t
e
m
s

4 8 1
2
1
6
1
3
1
4
1
5
1
6

C
21

7
M

P
I P

ro
gr

am
m

in
g



/
*
!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
 
|
 
D
A
T
A
 
f
i
l
e
 
|

!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
=
=
=
*
/
s
p
r
i
n
t
f
(
F
i
l
e
N
a
m
e
,
 
"
s
q
m
.
%
d
"
,
 
M
y
R
a
n
k
)
;

f
p
 
=
 
f
o
p
e
n
(
F
i
l
e
N
a
m
e
,
 
"
r
"
)
;

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
N
e
i
b
P
e
T
o
t
)
;

N
e
i
b
P
e
 
=
 
c
a
l
l
o
c
(
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

I
m
p
o
r
t
I
n
d
e
x
 
=
 
c
a
l
l
o
c
(
1
+
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

E
x
p
o
r
t
I
n
d
e
x
 
=
 
c
a
l
l
o
c
(
1
+
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
n
e
i
b
=
0
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
N
e
i
b
P
e
[
n
e
i
b
]
)
;

} f
s
c
a
n
f
(
f
p
,
 
"
%
d
 
%
d
"
,
 
&
n
p
,
 
&
n
)
;

f
o
r
(
n
e
i
b
=
1
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
+
1
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
)
;
}

n
n
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
N
e
i
b
P
e
T
o
t
]
;

I
m
p
o
r
t
I
t
e
m
 
=
 
m
a
l
l
o
c
(n
n
 
*
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
i
=
0
;
i
<
n
n
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
I
m
p
o
r
t
I
t
e
m
[
i
]
)
;
 
I
m
p
o
r
t
I
t
e
m
[
i
]
-
-
;
}

f
o
r
(
n
e
i
b
=
1
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
+
1
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
E
x
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
)
;
}

n
n
 
=
 
E
x
p
o
r
t
I
n
d
e
x
[
N
e
i
b
P
e
T
o
t
]
;

E
x
p
o
r
t
I
t
e
m
 
=
 
m
a
l
l
o
c
(
n
n
 
*
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
i
=
0
;
i
<
n
n
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
E
x
p
o
r
t
I
t
e
m
[
i
]
)
;
E
x
p
o
r
t
I
t
e
m
[
i
]
-
-
;
}

Ex
am

pl
e:

 s
q-

sr
1.

c 
(2

/6
)

R
ea

di
ng

 d
is

tri
bu

te
d 

lo
ca

l d
at

a 
fil

es
 (s

qm
.*

)
#
N
E
I
B
P
E
t
o
t

2 #
N
E
I
B
P
E

1
 
 
2

#
N
O
D
E

2
4
 
1
6

#
I
M
P
O
R
T
i
n
d
e
x

4
 
 
8

#
I
M
P
O
R
T
i
t
e
m
s

1
7
1
8
1
9
2
0
2
1
2
2
2
3
2
4
#
E
X
P
O
R
T
i
n
d
e
x

4
 
 
8

#
E
X
P
O
R
T
i
t
e
m
s

4 8 1
2
1
6
1
3
1
4
1
5
1
6

C
21

8
M

P
I P

ro
gr

am
m

in
g



R
EC

V/
Im

po
rt

: P
E#

0
#
N
E
I
B
P
E
t
o
t

2 #
N
E
I
B
P
E

1
 
 
2

#
N
O
D
E

2
4
 
1
6

#
I
M
P
O
R
T
i
n
d
e
x

4
 
 
8

#
I
M
P
O
R
T
i
t
e
m
s

1
7
1
8
1
9
2
0
2
1
2
2
2
3
2
4
#
E
X
P
O
R
T
i
n
d
e
x

4
 
 
8

#
E
X
P
O
R
T
i
t
e
m
s

4 8 1
2
1
6
1
3
1
4
1
5
1
6

21
22

23
24

13
14

15
16

9
10

11
12

5
6

7
8

1
2

3
4

20 19 18 17
PE

#0
PE

#1

PE
#2

21
9

M
P

I P
ro

gr
am

m
in

g



/
*
!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
 
|
 
D
A
T
A
 
f
i
l
e
 
|

!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
=
=
=
*
/
s
p
r
i
n
t
f
(
F
i
l
e
N
a
m
e
,
 
"
s
q
m
.
%
d
"
,
 
M
y
R
a
n
k
)
;

f
p
 
=
 
f
o
p
e
n
(
F
i
l
e
N
a
m
e
,
 
"
r
"
)
;

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
N
e
i
b
P
e
T
o
t
)
;

N
e
i
b
P
e
 
=
 
c
a
l
l
o
c
(
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

I
m
p
o
r
t
I
n
d
e
x
 
=
 
c
a
l
l
o
c
(
1
+
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

E
x
p
o
r
t
I
n
d
e
x
 
=
 
c
a
l
l
o
c
(
1
+
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
n
e
i
b
=
0
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
N
e
i
b
P
e
[
n
e
i
b
]
)
;

} f
s
c
a
n
f
(
f
p
,
 
"
%
d
 
%
d
"
,
 
&
n
p
,
 
&
n
)
;

f
o
r
(
n
e
i
b
=
1
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
+
1
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
)
;
}

n
n
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
N
e
i
b
P
e
T
o
t
]
;

I
m
p
o
r
t
I
t
e
m
 
=
 
m
a
l
l
o
c
(
n
n
 
*
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
i
=
0
;
i
<
n
n
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
I
m
p
o
r
t
I
t
e
m
[
i
]
)
;
 
I
m
p
o
r
t
I
t
e
m
[
i
]
-
-
;
}

f
o
r
(
n
e
i
b
=
1
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
+
1
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
E
x
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
)
;
}

n
n
 
=
 
E
x
p
o
r
t
I
n
d
e
x
[
N
e
i
b
P
e
T
o
t
]
;

E
x
p
o
r
t
I
t
e
m
 
=
 
m
a
l
l
o
c
(
n
n
 
*
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
i
=
0
;
i
<
n
n
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
E
x
p
o
r
t
I
t
e
m
[
i
]
)
;
E
x
p
o
r
t
I
t
e
m
[
i
]
-
-
;
}

Ex
am

pl
e:

 s
q-

sr
1.

c 
(2

/6
)

R
ea

di
ng

 d
is

tri
bu

te
d 

lo
ca

l d
at

a 
fil

es
 (s

qm
.*

)
#
N
E
I
B
P
E
t
o
t

2 #
N
E
I
B
P
E

1
 
 
2

#
N
O
D
E

2
4
 
1
6

#
I
M
P
O
R
T
i
n
d
e
x

4
 
 
8

#
I
M
P
O
R
T
i
t
e
m
s

1
7
1
8
1
9
2
0
2
1
2
2
2
3
2
4
#
E
X
P
O
R
T
i
n
d
e
x

4
 
 
8

#
E
X
P
O
R
T
i
t
e
m
s

4 8 1
2
1
6
1
3
1
4
1
5
1
6

C
22

0
M

P
I P

ro
gr

am
m

in
g



/
*
!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
 
|
 
D
A
T
A
 
f
i
l
e
 
|

!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
=
=
=
*
/
s
p
r
i
n
t
f
(
F
i
l
e
N
a
m
e
,
 
"
s
q
m
.
%
d
"
,
 
M
y
R
a
n
k
)
;

f
p
 
=
 
f
o
p
e
n
(
F
i
l
e
N
a
m
e
,
 
"
r
"
)
;

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
N
e
i
b
P
e
T
o
t
)
;

N
e
i
b
P
e
 
=
 
c
a
l
l
o
c
(
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

I
m
p
o
r
t
I
n
d
e
x
 
=
 
c
a
l
l
o
c
(
1
+
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

E
x
p
o
r
t
I
n
d
e
x
 
=
 
c
a
l
l
o
c
(
1
+
N
e
i
b
P
e
T
o
t
,
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
n
e
i
b
=
0
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
N
e
i
b
P
e
[
n
e
i
b
]
)
;

} f
s
c
a
n
f
(
f
p
,
 
"
%
d
 
%
d
"
,
 
&
n
p
,
 
&
n
)
;

f
o
r
(
n
e
i
b
=
1
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
+
1
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
)
;
}

n
n
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
N
e
i
b
P
e
T
o
t
]
;

I
m
p
o
r
t
I
t
e
m
 
=
 
m
a
l
l
o
c
(
n
n
 
*
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
i
=
0
;
i
<
n
n
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
I
m
p
o
r
t
I
t
e
m
[
i
]
)
;
 
I
m
p
o
r
t
I
t
e
m
[
i
]
-
-
;
}

f
o
r
(
n
e
i
b
=
1
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
+
1
;
n
e
i
b
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
E
x
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
)
;
}

n
n
 
=
 
E
x
p
o
r
t
I
n
d
e
x
[
N
e
i
b
P
e
T
o
t
]
;

E
x
p
o
r
t
I
t
e
m
 
=
 
m
a
l
l
o
c
(n
n
 
*
 
s
i
z
e
o
f
(
i
n
t
)
)
;

f
o
r
(
i
=
0
;
i
<
n
n
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
E
x
p
o
r
t
I
t
e
m
[
i
]
)
;
E
x
p
o
r
t
I
t
e
m
[
i
]
-
-
;
}

Ex
am

pl
e:

 s
q-

sr
1.

c 
(2

/6
)

R
ea

di
ng

 d
is

tri
bu

te
d 

lo
ca

l d
at

a 
fil

es
 (s

qm
.*

)
#
N
E
I
B
P
E
t
o
t

2 #
N
E
I
B
P
E

1
 
 
2

#
N
O
D
E

2
4
 
1
6

#
I
M
P
O
R
T
i
n
d
e
x

4
 
 
8

#
I
M
P
O
R
T
i
t
e
m
s

1
7
1
8
1
9
2
0
2
1
2
2
2
3
2
4
#
E
X
P
O
R
T
i
n
d
e
x

4
 
 
8

#
E
X
P
O
R
T
i
t
e
m
s

4 8 1
2
1
6
1
3
1
4
1
5
1
6

C
22

1
M

P
I P

ro
gr

am
m

in
g



SE
N

D
/E

xp
or

t: 
PE

#0
#
N
E
I
B
P
E
t
o
t

2 #
N
E
I
B
P
E

1
 
 
2

#
N
O
D
E

2
4
 
1
6

#
I
M
P
O
R
T
i
n
d
e
x

4
 
 
8

#
I
M
P
O
R
T
i
t
e
m
s

1
7
1
8
1
9
2
0
2
1
2
2
2
3
2
4
#
E
X
P
O
R
T
i
n
d
e
x

4
 
 
8

#
E
X
P
O
R
T
i
t
e
m
s

4 8 1
2
1
6
1
3
1
4
1
5
1
6

21
22

23
24

13
14

15
16

9
10

11
12

5
6

7
8

1
2

3
4

20 19 18 17
PE

#0
PE

#1

PE
#2

22
2

M
P

I P
ro

gr
am

m
in

g



s
p
r
i
n
t
f
(
F
i
l
e
N
a
m
e
,
 
"
s
q
.
%
d
"
,
 
M
y
R
a
n
k
)
;

f
p
 
=
 
f
o
p
e
n
(
F
i
l
e
N
a
m
e
,
 
"
r
"
)
;

a
s
s
e
r
t
(
f
p
 
!
=
 
N
U
L
L
)
;

v
a
l
 
=
 
c
a
l
l
o
c
(
n
p
,
 
s
i
z
e
o
f
(
*
v
a
l
)
)
;

f
o
r
(
i
=
0
;
i
<
n
;
i
+
+
)
{

f
s
c
a
n
f
(
f
p
,
 
"
%
d
"
,
 
&
v
a
l
[
i
]
)
;

}

Ex
am

pl
e:

 s
q-

sr
1.

c 
(3

/6
)

R
ea

di
ng

 d
is

tri
bu

te
d 

lo
ca

l d
at

a 
fil

es
 (s

q.
*)

n 
   

: N
um

be
r o

f i
nt

er
na

l p
oi

nt
s

va
l :

 G
lo

ba
l I

D
 o

f m
es

he
s

va
l o

n 
ex

te
rn

al
 p

oi
nt

s 
ar

e 
un

kn
ow

n
at

 th
is

 s
ta

ge
.

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

PE
#0

PE
#1

PE
#2

1 2 3 4 9 1
0
1
1
1
2
1
7
1
8
1
9
2
0
2
5
2
6
2
7
2
8

C
22

3
M

P
I P

ro
gr

am
m

in
g



Ex
am

pl
e:

 s
q-

sr
1.

c 
(4

/6
)

P
re

pa
ra

tio
n 

of
 s

en
di

ng
/re

ce
iv

in
g 

bu
ffe

rs
/
*
!
C
!
C
 
+
-
-
-
-
-
-
-
-
+

!
C
 
|
 
B
U
F
F
E
R
 
|

!
C
 
+
-
-
-
-
-
-
-
-
+

!
C
=
=
=
*
/
S
e
n
d
B
u
f
 
=
 
c
a
l
l
o
c
(
E
x
p
o
r
t
I
n
d
e
x
[
N
e
i
b
P
e
T
o
t
]
,
 
s
i
z
e
o
f
(
*
S
e
n
d
B
u
f
)
)
;

R
e
c
v
B
u
f
 
=
 
c
a
l
l
o
c
(
I
m
p
o
r
t
I
n
d
e
x
[
N
e
i
b
P
e
T
o
t
]
,
 
s
i
z
e
o
f
(
*
R
e
c
v
B
u
f
)
)
;

f
o
r
(
n
e
i
b
=
0
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
;
n
e
i
b
+
+
)
{

i
S
t
a
r
t
 
=
 
E
x
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
;

i
E
n
d
 
 
 
=
 
E
x
p
o
r
t
I
n
d
e
x
[
n
e
i
b
+
1
]
;

f
o
r
(
i
=
i
S
t
a
r
t
;
i
<
i
E
n
d
;
i
+
+
)
{

S
e
n
d
B
u
f
[
i
]
 
=
 
v
a
l
[
E
x
p
o
r
t
I
t
e
m
[
i
]
]
;

}
}

In
fo

. o
f b

ou
nd

ar
y 

po
in

ts
 is

 w
rit

te
n 

in
to

 s
en

di
ng

 
bu

ffe
r (
S
e
n
d
B
u
f

). 
In

fo
. s

en
t t

o 
N
e
i
b
P
e
[
n
e
i
b
]

is
 s

to
re

d 
in

 
S
e
n
d
B
u
f
[
E
x
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
:

E
x
p
o
r
t
I
n
e
d
x
[
n
e
i
b
+
1
]
-
1
]

C
22

4
M

P
I P

ro
gr

am
m

in
g



Se
nd

in
g 

B
uf

fe
r i

s 
ni

ce
 ..

.

21
22

23
24

13
14

15
16

9
10

11
12

5
6

7
8

1
2

3
4

20 19 18 17
PE

#0
PE

#1

PE
#2

N
um

be
rin

g 
of

 th
es

e 
bo

un
da

ry
 n

od
es

 
is

 n
ot

 c
on

tin
uo

us
, t

he
re

fo
re

 th
e 

fo
llo

w
in

g 
pr

oc
ed

ur
e 

of
 M

P
I_

Is
en

d 
is

 
no

t a
pp

lie
d 

di
re

ct
ly

:

・
S

ta
rti

ng
 a

dd
re

ss
 o

f s
en

di
ng

 b
uf

fe
r

・
X

X
-m

es
sa

ge
s 

fro
m

 th
at

 a
dd

re
ss

f
o
r
 
(
n
e
i
b
=
0
;
 
n
e
i
b
<
N
e
i
b
P
E
T
o
t
;
 
n
e
i
b
+
+
)
{

t
a
g
=
 
0
;

i
S
_
e
=
 
e
x
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
]
;

i
E
_
e
=
 
e
x
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
+
1
]
;

B
U
F
l
e
n
g
t
h
_
e
=
 
i
E
_
e
 
-
i
S
_
e

i
e
r
r
=
 
M
P
I
_
I
s
e
n
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(
&
S
e
n
d
B
u
f
[
i
S
_
e
]
,
 
B
U
F
l
e
n
g
t
h
_
e
,
 
M
P
I
_
D
O
U
B
L
E
,
 
N
e
i
b
P
E
[
n
e
i
b
]
,
0
,

M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
R
e
q
S
e
n
d
[
n
e
i
b
]
)

}

C
22

5
M

P
I P

ro
gr

am
m

in
g



C
om

m
un

ic
at

io
n 

P
at

te
rn

 u
si

ng
 1

D
 

S
tru

ct
ur

e

ha
lo

ha
lo

ha
lo

ha
lo

D
r. 

O
sn

i M
ar

qu
es

（
La

w
re

nc
e 

B
er

ke
le

y 
N

at
io

na
l L

ab
or

at
or

y）

22
6

M
P

I P
ro

gr
am

m
in

g



Ex
am

pl
e:

 s
q-

sr
1.

c 
(5

/6
)

S
E

N
D

/E
xp

or
t: 

M
P

I_
Is

en
d

/
*
!
C
!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
 
|
 
S
E
N
D
-
R
E
C
V
 
|

!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
=
=
=
*
/
S
t
a
t
S
e
n
d
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
S
t
a
t
u
s
)
 
*
 
N
e
i
b
P
e
T
o
t
)
;

S
t
a
t
R
e
c
v
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
S
t
a
t
u
s
)
 
*
 
N
e
i
b
P
e
T
o
t
)
;

R
e
q
u
e
s
t
S
e
n
d
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
R
e
q
u
e
s
t
)
 
*
 
N
e
i
b
P
e
T
o
t
)
;

R
e
q
u
e
s
t
R
e
c
v
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
R
e
q
u
e
s
t
)
 
*
 
N
e
i
b
P
e
T
o
t
)
;

f
o
r
(
n
e
i
b
=
0
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
;
n
e
i
b
+
+
)
{

i
S
t
a
r
t
 
=
 
E
x
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
;

i
E
n
d
 
 
 
=
 
E
x
p
o
r
t
I
n
d
e
x
[
n
e
i
b
+
1
]
;

B
u
f
L
e
n
g
t
h
 
=
 
i
E
n
d
 
-
i
S
t
a
r
t
;

M
P
I
_
I
s
e
n
d
(
&
S
e
n
d
B
u
f
[
i
S
t
a
r
t
]
,
 
B
u
f
L
e
n
g
t
h
,
 
M
P
I
_
I
N
T
,

N
e
i
b
P
e
[
n
e
i
b
]
,
 
0
,
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
R
e
q
u
e
s
t
S
e
n
d
[
n
e
i
b
]
)
;

} f
o
r
(
n
e
i
b
=
0
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
;
n
e
i
b
+
+
)
{

i
S
t
a
r
t
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
;

i
E
n
d
 
 
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
+
1
]
;

B
u
f
L
e
n
g
t
h
 
=
 
i
E
n
d
 
-
i
S
t
a
r
t
;

M
P
I
_
I
r
e
c
v
(
&
R
e
c
v
B
u
f
[
i
S
t
a
r
t
]
,
 
B
u
f
L
e
n
g
t
h
,
 
M
P
I
_
I
N
T
,

N
e
i
b
P
e
[
n
e
i
b
]
,
 
0
,
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
R
e
q
u
e
s
t
R
e
c
v
[
n
e
i
b
]
)
;

}

57
58

59
60

49
50

51
52

41
42

43
44

33
34

35
36

57
58

59
60

49
50

51
52

41
42

43
44

33
34

35
36

61
62

63
64

53
54

55
56

45
46

47
48

37
38

39
40

61
62

63
64

53
54

55
56

45
46

47
48

37
38

39
40

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

29
30

31
32

21
22

23
24

13
14

15
16

5
6

7
8

29
30

31
32

21
22

23
24

13
14

15
16

5
6

7
8

PE
#0

PE
#1

PE
#2

PE
#3

C
22

7
M

P
I P

ro
gr

am
m

in
g



SE
N

D
/E

xp
or

t: 
PE

#0
#
N
E
I
B
P
E
t
o
t

2 #
N
E
I
B
P
E

1
 
 
2

#
N
O
D
E

2
4
 
1
6

#
I
M
P
O
R
T
i
n
d
e
x

4
 
 
8

#
I
M
P
O
R
T
i
t
e
m
s

1
7
1
8
1
9
2
0
2
1
2
2
2
3
2
4
#
E
X
P
O
R
T
i
n
d
e
x

4
 
 
8

#
E
X
P
O
R
T
i
t
e
m
s

4 8 1
2
1
6
1
3
1
4
1
5
1
6

21
22

23
24

13
14

15
16

9
10

11
12

5
6

7
8

1
2

3
4

20 19 18 17
PE

#0
PE

#1

PE
#2

22
8

M
P

I P
ro

gr
am

m
in

g



SE
N

D
: M

PI
_I

se
nd

/Ir
ec

v/
W

ai
ta

ll
ne

ib
#0

Se
nd

B
uf

ne
ib

#1
ne

ib
#2

ne
ib

#3

B
U

Fl
en

gt
h_

e
B

U
Fl

en
gt

h_
e

B
U

Fl
en

gt
h_

e
B

U
Fl

en
gt

h_
e

ex
po

rt
_i

nd
ex

[0
]

ex
po

rt
_i

nd
ex

[1
]

ex
po

rt
_i

nd
ex

[2
]

ex
po

rt
_i

nd
ex

[3
]

ex
po

rt
_i

nd
ex

[4
]

f
o
r
 
(
n
e
i
b
=
0
;
 
n
e
i
b
<
N
e
i
b
P
E
T
o
t
;
n
e
i
b
+
+
)
{

f
o
r
 
(
k
=
e
x
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
]
;
k
<
e
x
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
+
1
]
;
k
+
+
)
{

k
k
=
 
e
x
p
o
r
t
_
i
t
e
m
[
k
]
;

S
e
n
d
B
u
f
[
k
]
=
 
V
A
L
[
k
k
]
;

}
} f
o
r
 
(
n
e
i
b
=
0
;
 
n
e
i
b
<
N
e
i
b
P
E
T
o
t
;
 
n
e
i
b
+
+
)
{

t
a
g
=
 
0
;

i
S
_
e
=
 
e
x
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
]
;

i
E
_
e
=
 
e
x
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
+
1
]
;

B
U
F
l
e
n
g
t
h
_
e
=
 
i
E
_
e
 
-
i
S
_
e

i
e
r
r
=
 
M
P
I
_
I
s
e
n
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(
&
S
e
n
d
B
u
f
[
i
S
_
e
]
,
 
B
U
F
l
e
n
g
t
h
_
e
,
 
M
P
I
_
D
O
U
B
L
E
,
 
N
e
i
b
P
E
[
n
e
i
b
]
,
0
,

M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
R
e
q
S
e
n
d
[
n
e
i
b
]
)

} M
P
I
_
W
a
i
t
a
l
l
(
N
e
i
b
P
E
T
o
t
,
 
R
e
q
S
e
n
d
,
 
S
t
a
t
S
e
n
d
)
;

ex
po

rt
_i

te
m

(e
xp

or
t_

in
de

x[
ne

ib
]:e

xp
or

t_
in

de
x[

ne
ib

+1
]-1

)  
ar

e 
se

nt
 to

 n
ei

b-
th

ne
ig

hb
or

C
22

9
M

P
I P

ro
gr

am
m

in
g

C
op

ie
d 

to
 s

en
di

ng
 b

uf
fe

rs



N
ot

ic
e:

 S
en

d/
R

ec
v 

A
rr

ay
s

#
P
E
0
s
e
n
d
:

V
E
C
(
s
t
a
r
t
_
s
e
n
d
)
~

V
E
C
(
s
t
a
r
t
_
s
e
n
d
+
l
e
n
g
t
h
_
s
e
n
d
-
1
)

#
P
E
1
r
e
c
v
:

V
E
C
(
s
t
a
r
t
_
r
e
c
v
)
~

V
E
C
(
s
t
a
r
t
_
r
e
c
v
+
l
e
n
g
t
h
_
r
e
c
v
-
1
)

#
P
E
1
s
e
n
d
:

V
E
C
(
s
t
a
r
t
_
s
e
n
d
)
~

V
E
C
(
s
t
a
r
t
_
s
e
n
d
+
l
e
n
g
t
h
_
s
e
n
d
-
1
)

#
P
E
0
r
e
c
v
:

V
E
C
(
s
t
a
r
t
_
r
e
c
v
)
~

V
E
C
(
s
t
a
r
t
_
r
e
c
v
+
l
e
n
g
t
h
_
r
e
c
v
-
1
)

•
“le

ng
th

_s
en

d”
 o

f s
en

di
ng

 p
ro

ce
ss

 m
us

t b
e 

eq
ua

l t
o 

“le
ng

th
_r

ec
v”

 o
f r

ec
ei

vi
ng

 p
ro

ce
ss

.
–

P
E

#0
 to

 P
E

#1
, P

E
#1

 to
 P

E
#0

•
“s

en
db

uf
” a

nd
 “r

ec
vb

uf
”: 

di
ffe

re
nt

 a
dd

re
ss

23
0

M
P

I P
ro

gr
am

m
in

g



R
el

at
io

ns
hi

p 
SE

N
D

/R
EC

V

d
o
 
n
e
i
b
=
 
1
,
 
N
E
I
B
P
E
T
O
T

i
S
_
i
=
 
i
m
p
o
r
t
_
i
n
d
e
x
(
n
e
i
b
-
1
)
 
+
 
1

i
E
_
i
=
 
i
m
p
o
r
t
_
i
n
d
e
x
(
n
e
i
b
 
 
)

B
U
F
l
e
n
g
t
h
_
i
=
 
i
E
_
i
 
+
 
1
 
-
i
S
_
i

c
a
l
l
 
M
P
I
_
I
R
E
C
V
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
&

&
 
 
 
 
 
 
 
 
 
(
R
E
C
V
b
u
f
(
i
S
_
i
)
,
 
B
U
F
l
e
n
g
t
h
_
i
,
M
P
I
_
I
N
T
E
G
E
R
,
 
N
E
I
B
P
E
(
n
e
i
b
)
,
0
,
&

&
 
 
 
 
 
 
 
 
 
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
r
e
q
u
e
s
t
_
r
e
c
v
(
n
e
i
b
)
,
i
e
r
r
)

e
n
d
d
o

d
o
 
n
e
i
b
=
 1
,
 
N
E
I
B
P
E
T
O
T

i
S
_
e
=
 
e
x
p
o
r
t
_
i
n
d
e
x
(
n
e
i
b
-
1
)
 
+
 
1

i
E
_
e
=
 
e
x
p
o
r
t
_
i
n
d
e
x
(
n
e
i
b
 
 
)

B
U
F
l
e
n
g
t
h
_
e
=
 
i
E
_
e
 
+
 
1
 
-
i
S
_
e

c
a
l
l
 
M
P
I
_
I
S
E
N
D

&
&
 
 
 
 
 
 
 
 
 
(
S
E
N
D
b
u
f
(
i
S
_
e
)
,
 
B
U
F
l
e
n
g
t
h
_
e
,
 
M
P
I
_
I
N
T
E
G
E
R
,
 
N
E
I
B
P
E
(
n
e
i
b
)
,
0
,
&

&
 
 
 
 
 
 
 
 
 
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
r
e
q
u
e
s
t
_
s
e
n
d
(
n
e
i
b
)
,
i
e
r
r
)

e
n
d
d
o

•
C

on
si

st
en

cy
 o

f I
D

’s
 o

f s
ou

rc
es

/d
es

tin
at

io
ns

, s
iz

e 
an

d 
co

nt
en

ts
 o

f m
es

sa
ge

s 
! 

•
C

om
m

un
ic

at
io

n 
oc

cu
rs

 w
he

n 
N

E
IB

P
E

(n
ei

b)
 m

at
ch

es

23
1

M
P

I P
ro

gr
am

m
in

g



R
el

at
io

ns
hi

p 
SE

N
D

/R
EC

V 
(#

0 
to

 #
3)

•
C

on
si

st
en

cy
 o

f I
D

’s
 o

f s
ou

rc
es

/d
es

tin
at

io
ns

, s
iz

e 
an

d 
co

nt
en

ts
 o

f m
es

sa
ge

s 
! 

•
C

om
m

un
ic

at
io

n 
oc

cu
rs

 w
he

n 
N

E
IB

P
E

(n
ei

b)
 m

at
ch

es

Se
nd

 #
0

R
ec

v.
 #

3

#1 #5 #9

#1 #1
0

#0

#3

N
EI

B
PE

(:)
=1

,3
,5

,9
N

EI
B

PE
(:)

=1
,0

,1
0

23
2

M
P

I P
ro

gr
am

m
in

g



Ex
am

pl
e:

 s
q-

sr
1.

c 
(5

/6
)

R
E

C
V

/Im
po

rt:
 M

P
I_

Ire
cv

/
*
!
C
!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
 
|
 
S
E
N
D
-
R
E
C
V
 
|

!
C
 
+
-
-
-
-
-
-
-
-
-
-
-
+

!
C
=
=
=
*
/
S
t
a
t
S
e
n
d
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
S
t
a
t
u
s
)
 
*
 
N
e
i
b
P
e
T
o
t
)
;

S
t
a
t
R
e
c
v
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
S
t
a
t
u
s
)
 
*
 
N
e
i
b
P
e
T
o
t
)
;

R
e
q
u
e
s
t
S
e
n
d
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
R
e
q
u
e
s
t
)
 
*
 
N
e
i
b
P
e
T
o
t
)
;

R
e
q
u
e
s
t
R
e
c
v
 
=
 
m
a
l
l
o
c
(
s
i
z
e
o
f
(
M
P
I
_
R
e
q
u
e
s
t
)
 
*
 
N
e
i
b
P
e
T
o
t
)
;

f
o
r
(
n
e
i
b
=
0
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
;
n
e
i
b
+
+
)
{

i
S
t
a
r
t
 
=
 
E
x
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
;

i
E
n
d
 
 
 
=
 
E
x
p
o
r
t
I
n
d
e
x
[
n
e
i
b
+
1
]
;

B
u
f
L
e
n
g
t
h
 
=
 
i
E
n
d
 
-
i
S
t
a
r
t
;

M
P
I
_
I
s
e
n
d
(
&
S
e
n
d
B
u
f
[
i
S
t
a
r
t
]
,
 
B
u
f
L
e
n
g
t
h
,
 
M
P
I
_
I
N
T
,

N
e
i
b
P
e
[
n
e
i
b
]
,
 
0
,
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
R
e
q
u
e
s
t
S
e
n
d
[
n
e
i
b
]
)
;

} f
o
r
(
n
e
i
b
=
0
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
;
n
e
i
b
+
+
)
{

i
S
t
a
r
t
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
;

i
E
n
d
 
 
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
+
1
]
;

B
u
f
L
e
n
g
t
h
 
=
 
i
E
n
d
 
-
i
S
t
a
r
t
;

M
P
I
_
I
r
e
c
v
(
&
R
e
c
v
B
u
f
[
i
S
t
a
r
t
]
,
 
B
u
f
L
e
n
g
t
h
,
 
M
P
I
_
I
N
T
,

N
e
i
b
P
e
[
n
e
i
b
]
,
 
0
,
 
M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
R
e
q
u
e
s
t
R
e
c
v
[
n
e
i
b
]
)
;

}

57
58

59
60

49
50

51
52

41
42

43
44

33
34

35
36

57
58

59
60

49
50

51
52

41
42

43
44

33
34

35
36

61
62

63
64

53
54

55
56

45
46

47
48

37
38

39
40

61
62

63
64

53
54

55
56

45
46

47
48

37
38

39
40

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

29
30

31
32

21
22

23
24

13
14

15
16

5
6

7
8

29
30

31
32

21
22

23
24

13
14

15
16

5
6

7
8

PE
#0

PE
#1

PE
#2

PE
#3

C
23

3
M

P
I P

ro
gr

am
m

in
g



R
EC

V/
Im

po
rt

: P
E#

0
#
N
E
I
B
P
E
t
o
t

2 #
N
E
I
B
P
E

1
 
 
2

#
N
O
D
E

2
4
 
1
6

#
I
M
P
O
R
T
i
n
d
e
x

4
 
 
8

#
I
M
P
O
R
T
i
t
e
m
s

1
7
1
8
1
9
2
0
2
1
2
2
2
3
2
4
#
E
X
P
O
R
T
i
n
d
e
x

4
 
 
8

#
E
X
P
O
R
T
i
t
e
m
s

4 8 1
2
1
6
1
3
1
4
1
5
1
6

21
22

23
24

13
14

15
16

9
10

11
12

5
6

7
8

1
2

3
4

20 19 18 17
PE

#0
PE

#1

PE
#2

23
4

M
P

I P
ro

gr
am

m
in

g



R
EC

V:
 M

PI
_I

se
nd

/Ir
ec

v/
W

ai
ta

ll

ne
ib

#0
R

ec
vB

uf
ne

ib
#1

ne
ib

#2
ne

ib
#3

B
U

Fl
en

gt
h_

i
B

U
Fl

en
gt

h_
i

B
U

Fl
en

gt
h_

i
B

U
Fl

en
gt

h_
i

f
o
r
 
(
n
e
i
b
=
0
;
 
n
e
i
b
<
N
e
i
b
P
E
T
o
t
;
 
n
e
i
b
+
+
)
{

t
a
g
=
 
0
;

i
S
_
i
=
 
i
m
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
]
;

i
E
_
i
=
 
i
m
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
+
1
]
;

B
U
F
l
e
n
g
t
h
_
i
=
 
i
E
_
i
 
-
i
S
_
i

i
e
r
r
=
 
M
P
I
_
I
r
e
c
v
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(
&
R
e
c
v
B
u
f
[
i
S
_
i
]
,
 
B
U
F
l
e
n
g
t
h
_
i
,
 
M
P
I
_
D
O
U
B
L
E
,
 
N
e
i
b
P
E
[
n
e
i
b
]
,
0
,

M
P
I
_
C
O
M
M
_
W
O
R
L
D
,
 
&
R
e
q
R
e
c
v
[
n
e
i
b
]
)

} M
P
I
_
W
a
i
t
a
l
l
(
N
e
i
b
P
E
T
o
t
,
 
R
e
q
R
e
c
v
,
 
S
t
a
t
R
e
c
v
)
;

f
o
r
 
(
n
e
i
b
=
0
;
 
n
e
i
b
<
N
e
i
b
P
E
T
o
t
;
n
e
i
b
+
+
)
{

f
o
r
 
(
k
=
i
m
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
]
;
k
<
i
m
p
o
r
t
_
i
n
d
e
x
[
n
e
i
b
+
1
]
;
k
+
+
)
{

k
k
=
 
i
m
p
o
r
t
_
i
t
e
m
[
k
]
;

V
A
L
[
k
k
]
=
 
R
e
c
v
B
u
f
[
k
]
;

}
}

C
op

ie
d 

fro
m

 re
ce

iv
in

g 
bu

ffe
r

im
po

rt
_i

nd
ex

[0
]

im
po

rt
_i

nd
ex

[1
]

im
po

rt
_i

nd
ex

[2
]

im
po

rt
_i

nd
ex

[3
]

im
po

rt
_i

nd
ex

[4
]C

23
5

M
P

I P
ro

gr
am

m
in

g

im
po

rt
_i

te
m

(im
po

rt
_i

nd
ex

[n
ei

b]
:im

po
rt

_i
nd

ex
[n

ei
b+

1]
-1

)  
ar

e 
re

ce
iv

ed
 fr

om
 n

ei
b-

th
ne

ig
hb

or



Ex
am

pl
e:

 s
q-

sr
1.

c 
(6

/6
)

R
ea

di
ng

 in
fo

 o
f e

xt
 p

ts
 fr

om
 re

ce
iv

in
g 

bu
ffe

rs
M
P
I
_
W
a
i
t
a
l
l
(
N
e
i
b
P
e
T
o
t
,
 
R
e
q
u
e
s
t
R
e
c
v
,
 
S
t
a
t
R
e
c
v
)
;

f
o
r
(
n
e
i
b
=
0
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
;
n
e
i
b
+
+
)
{

i
S
t
a
r
t
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
;

i
E
n
d
 
 
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
+
1
]
;

f
o
r
(
i
=
i
S
t
a
r
t
;
i
<
i
E
n
d
;
i
+
+
)
{

v
a
l
[
I
m
p
o
r
t
I
t
e
m
[
i
]
]
 
=
 
R
e
c
v
B
u
f
[
i
]
;

}
} M
P
I
_
W
a
i
t
a
l
l
(
N
e
i
b
P
e
T
o
t
,
 
R
e
q
u
e
s
t
S
e
n
d
,
 
S
t
a
t
S
e
n
d
)
;
 
/
*

!
C
 
+
-
-
-
-
-
-
-
-
+

!
C
 
|
 
O
U
T
P
U
T
 
|

!
C
 
+
-
-
-
-
-
-
-
-
+

!
C
=
=
=
*
/
f
o
r
(
n
e
i
b
=
0
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
;
n
e
i
b
+
+
)
{

i
S
t
a
r
t
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
;

i
E
n
d
 
 
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
+
1
]
;

f
o
r
(
i
=
i
S
t
a
r
t
;
i
<
i
E
n
d
;
i
+
+
)
{

i
n
t
 
i
n
 
=
 
I
m
p
o
r
t
I
t
e
m
[
i
]
;

p
r
i
n
t
f
(
"
R
E
C
V
b
u
f
%
8
d
%
8
d
%
8
d
¥
n
"
,
 
M
y
R
a
n
k
,
 
N
e
i
b
P
e
[
n
e
i
b
]
,
 
v
a
l
[
i
n
]
)
;

}
} M
P
I
_
F
i
n
a
l
i
z
e
(
)
;

r
e
t
u
r
n
 
0
;

}

C
on

te
nt

s 
of

 R
e
c
v
B
u
f

ar
e 

co
pi

ed
 to

va
lu

es
 a

t e
xt

er
na

l p
oi

nt
s.

C
23

6
M

P
I P

ro
gr

am
m

in
g



Ex
am

pl
e:

 s
q-

sr
1.

c 
(6

/6
)

W
rit

in
g 

va
lu

es
 a

t e
xt

er
na

l p
oi

nt
s

M
P
I
_
W
a
i
t
a
l
l
(
N
e
i
b
P
e
T
o
t
,
 
R
e
q
u
e
s
t
R
e
c
v
,
 
S
t
a
t
R
e
c
v
)
;

f
o
r
(
n
e
i
b
=
0
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
;
n
e
i
b
+
+
)
{

i
S
t
a
r
t
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
;

i
E
n
d
 
 
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
+
1
]
;

f
o
r
(
i
=
i
S
t
a
r
t
;
i
<
i
E
n
d
;
i
+
+
)
{

v
a
l
[
I
m
p
o
r
t
I
t
e
m
[
i
]
]
 
=
 
R
e
c
v
B
u
f
[
i
]
;

}
} M
P
I
_
W
a
i
t
a
l
l
(
N
e
i
b
P
e
T
o
t
,
 
R
e
q
u
e
s
t
S
e
n
d
,
 
S
t
a
t
S
e
n
d
)
;
 
/
*

!
C
 
+
-
-
-
-
-
-
-
-
+

!
C
 
|
 
O
U
T
P
U
T
 
|

!
C
 
+
-
-
-
-
-
-
-
-
+

!
C
=
=
=
*
/
f
o
r
(
n
e
i
b
=
0
;
n
e
i
b
<
N
e
i
b
P
e
T
o
t
;
n
e
i
b
+
+
)
{

i
S
t
a
r
t
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
]
;

i
E
n
d
 
 
 
=
 
I
m
p
o
r
t
I
n
d
e
x
[
n
e
i
b
+
1
]
;

f
o
r
(
i
=
i
S
t
a
r
t
;
i
<
i
E
n
d
;
i
+
+
)
{

i
n
t
 
i
n
 
=
 
I
m
p
o
r
t
I
t
e
m
[
i
]
;

p
r
i
n
t
f
(
"
R
E
C
V
b
u
f
%
8
d
%
8
d
%
8
d
¥
n
"
,
 
M
y
R
a
n
k
,
 
N
e
i
b
P
e
[
n
e
i
b
]
,
 
v
a
l
[
i
n
]
)
;

}
} M
P
I
_
F
i
n
a
l
i
z
e
(
)
;

r
e
t
u
r
n
 
0
;

}

C
23

7
M

P
I P

ro
gr

am
m

in
g



R
es

ul
ts

 (P
E#

0) R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
5

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
1
 
 
 
 
 
 
1
3

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
1
 
 
 
 
 
 
2
1

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
1
 
 
 
 
 
 
2
9

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
3

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
4

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
5

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
6

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
4

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
1
2

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
0

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
8

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
3
 
 
 
 
 
 
3
7

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
3
 
 
 
 
 
 
3
8

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
3
 
 
 
 
 
 
3
9

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
3
 
 
 
 
 
 
4
0

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
3
 
 
 
 
 
 
3
7

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
3
 
 
 
 
 
 
4
5

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
3
 
 
 
 
 
 
5
3

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
3
 
 
 
 
 
 
6
1

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
5

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
6

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
7

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
8

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
6

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
2
 
 
 
 
 
 
4
4

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
2
 
 
 
 
 
 
5
2

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
2
 
 
 
 
 
 
6
0

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
1
 
 
 
 
 
 
2
9

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
1
 
 
 
 
 
 
3
0

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
1
 
 
 
 
 
 
3
1

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
1
 
 
 
 
 
 
3
2

57
58

59
60

49
50

51
52

41
42

43
44

33
34

35
36

61
62

63
64

53
54

55
56

45
46

47
48

37
38

39
40

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

29
30

31
32

21
22

23
24

13
14

15
16

5
6

7
8

PE
#0

PE
#1

PE
#2

PE
#3

23
8

M
P

I P
ro

gr
am

m
in

g



R
es

ul
ts

 (P
E#

1) R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
5

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
1
 
 
 
 
 
 
1
3

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
1
 
 
 
 
 
 
2
1

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
1
 
 
 
 
 
 
2
9

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
3

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
4

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
5

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
6

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
4

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
1
2

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
0

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
8

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
3
 
 
 
 
 
 
3
7

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
3
 
 
 
 
 
 
3
8

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
3
 
 
 
 
 
 
3
9

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
3
 
 
 
 
 
 
4
0

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
3
 
 
 
 
 
 
3
7

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
3
 
 
 
 
 
 
4
5

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
3
 
 
 
 
 
 
5
3

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
3
 
 
 
 
 
 
6
1

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
5

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
6

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
7

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
8

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
6

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
2
 
 
 
 
 
 
4
4

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
2
 
 
 
 
 
 
5
2

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
2
 
 
 
 
 
 
6
0

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
1
 
 
 
 
 
 
2
9

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
1
 
 
 
 
 
 
3
0

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
1
 
 
 
 
 
 
3
1

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
1
 
 
 
 
 
 
3
2

57
58

59
60

49
50

51
52

41
42

43
44

33
34

35
36

61
62

63
64

53
54

55
56

45
46

47
48

37
38

39
40

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

29
30

31
32

21
22

23
24

13
14

15
16

5
6

7
8

PE
#0

PE
#1

PE
#2

PE
#3

23
9

M
P

I P
ro

gr
am

m
in

g



R
es

ul
ts

 (P
E#

2) R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
5

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
1
 
 
 
 
 
 
1
3

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
1
 
 
 
 
 
 
2
1

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
1
 
 
 
 
 
 
2
9

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
3

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
4

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
5

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
6

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
4

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
1
2

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
0

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
8

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
3
 
 
 
 
 
 
3
7

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
3
 
 
 
 
 
 
3
8

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
3
 
 
 
 
 
 
3
9

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
3
 
 
 
 
 
 
4
0

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
3
 
 
 
 
 
 
3
7

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
3
 
 
 
 
 
 
4
5

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
3
 
 
 
 
 
 
5
3

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
3
 
 
 
 
 
 
6
1

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
5

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
6

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
7

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
8

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
6

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
2
 
 
 
 
 
 
4
4

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
2
 
 
 
 
 
 
5
2

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
2
 
 
 
 
 
 
6
0

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
1
 
 
 
 
 
 
2
9

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
1
 
 
 
 
 
 
3
0

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
1
 
 
 
 
 
 
3
1

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
1
 
 
 
 
 
 
3
2

61
62

63
64

53
54

55
56

45
46

47
48

37
38

39
40

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

PE
#0

PE
#1

PE
#2

PE
#3

57
58

59
60

49
50

51
52

41
42

43
44

33
34

35
36

29
30

31
32

21
22

23
24

13
14

15
16

5
6

7
8

24
0

M
P

I P
ro

gr
am

m
in

g



57
58

59
60

49
50

51
52

41
42

43
44

33
34

35
36

29
30

31
32

21
22

23
24

13
14

15
16

5
6

7
8

R
es

ul
ts

 (P
E#

3) R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
5

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
1
 
 
 
 
 
 
1
3

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
1
 
 
 
 
 
 
2
1

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
1
 
 
 
 
 
 
2
9

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
3

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
4

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
5

R
E
C
V
b
u
f
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
6

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
 
4

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
1
2

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
0

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
8

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
3
 
 
 
 
 
 
3
7

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
3
 
 
 
 
 
 
3
8

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
3
 
 
 
 
 
 
3
9

R
E
C
V
b
u
f
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
3
 
 
 
 
 
 
4
0

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
3
 
 
 
 
 
 
3
7

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
3
 
 
 
 
 
 
4
5

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
3
 
 
 
 
 
 
5
3

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
3
 
 
 
 
 
 
6
1

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
5

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
6

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
7

R
E
C
V
b
u
f
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
0
 
 
 
 
 
 
2
8

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
2
 
 
 
 
 
 
3
6

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
2
 
 
 
 
 
 
4
4

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
2
 
 
 
 
 
 
5
2

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
2
 
 
 
 
 
 
6
0

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
1
 
 
 
 
 
 
2
9

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
1
 
 
 
 
 
 
3
0

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
1
 
 
 
 
 
 
3
1

R
E
C
V
b
u
f
 
 
 
 
 
 
 
3
 
 
 
 
 
 
 
1
 
 
 
 
 
 
3
2

61
62

63
64

53
54

55
56

45
46

47
48

37
38

39
40

25
26

27
28

17
18

19
20

9
10

11
12

1
2

3
4

PE
#0

PE
#1

PE
#2

PE
#3

24
1

M
P

I P
ro

gr
am

m
in

g



D
is

tr
ib

ut
ed

 L
oc

al
 D

at
a 

St
ru

ct
ur

e 
fo

r 
Pa

ra
lle

l C
om

pu
ta

tio
n

•
D

is
tri

bu
te

d 
lo

ca
l d

at
a 

st
ru

ct
ur

e 
fo

r d
om

ai
n-

to
-d

oa
in

 
co

m
m

un
ic

at
io

ns
 h

as
 b

ee
n 

in
tro

du
ce

d,
 w

hi
ch

 is
 

ap
pr

op
ria

te
 fo

r s
uc

h 
ap

pl
ic

at
io

ns
 w

ith
 s

pa
rs

e 
co

ef
fic

ie
nt

 
m

at
ric

es
 (e

.g
. F

D
M

, F
E

M
, F

V
M

 e
tc

.).
–

S
P

M
D

–
Lo

ca
l N

um
be

rin
g:

 In
te

rn
al

 p
ts

 to
 E

xt
er

na
l p

ts
–

G
en

er
al

iz
ed

 c
om

m
un

ic
at

io
n 

ta
bl

e

•
E

ve
ry

th
in

g 
is

 e
as

y,
 if

 p
ro

pe
r d

at
a 

st
ru

ct
ur

e 
is

 d
ef

in
ed

:
–

V
al

ue
s 

at
 b

ou
nd

ar
y

pt
s 

ar
e 

co
pi

ed
 in

to
 s

en
di

ng
 b

uf
fe

rs
–

S
en

d/
R

ec
v

–
V

al
ue

s 
at

 e
xt

er
na

lp
ts

 a
re

 u
pd

at
ed

 th
ro

ug
h 

re
ce

iv
in

g 
bu

ffe
rs

24
2

M
P

I P
ro

gr
am

m
in

g



24
3

In
iti

al
 M

es
h

1
2

3
4

5

6
7

8
9

10

11
12

13
14

15

16
17

18
19

20

21
22

23
24

25

t2



24
4

Th
re

e 
D

om
ai

ns

4
5

8
9

10

13
14

15

18
19

20

23
24

25

6
7

8

11
12

13
14

16
17

18
19

21
22

23
24

1
2

3
4

5

6
7

8
9

10

11
12

13

#P
E2

#P
E1

#P
E0

t2



24
5

Th
re

e 
D

om
ai

ns

9 4
10 5

11 8
1 9

2 10

12 13
3 14

4 15

13 18
5 19

6 20

14 23
7 24

8 25

10 6
11 7

12 8

1 11
2 12

3 13
13 14

4 16
5 17

6 18
14 19

7 21
8 22

9 23
15 24

1 1
2 2

3 3
4 4

5 5

6 6
7 7

8 8
9 9

10 10

11 11
12 12

13 13

#P
E2

#P
E0

#P
E1t2



24
6

P
E

#0
: s

qm
.0

: f
ill 
○

’s

9 4
10 5

11 8
1 9

2 10

12 13
3 14

4 15

13 18
5 19

6 20

14 23
7 24

8 25

10 6
11 7

12 8

1 11
2 12

3 13
13 14

4 16
5 17

6 18
14 19

7 21
8 22

9 23
15 24

1 1
2 2

3 3
4 4

5 5

6 6
7 7

8 8
9 9

10 10

11 11
12 12

13 13

#P
E

2

#P
E

0

#P
E

1

9 4
10 5

11 8
1 9

2 10

12 13
3 14

4 15

13 18
5 19

6 20

14 23
7 24

8 25

10 6
11 7

12 8

1 11
2 12

3 13
13 14

4 16
5 17

6 18
14 19

7 21
8 22

9 23
15 24

1 1
2 2

3 3
4 4

5 5

6 6
7 7

8 8
9 9

10 10

11 11
12 12

13 13

#P
E

2

#P
E

0

#P
E

1
#
N
E
I
B
P
E
t
o
t

2
#
N
E
I
B
P
E

1
 
 
 
 
2

#
N
O
D
E
1
3
 
 
 
 
8

(
i
n
t
+
e
x
t
,
 
i
n
t
 
p
t
s
)

#
I
M
P
O
R
T
i
n
d
e
x

○
○

#
I
M
P
O
R
T
i
t
e
m
s

○
…

#
E
X
P
O
R
T
i
n
d
e
x

○
○

#
E
X
P
O
R
T
i
t
e
m
s

○
…

t2



24
7

P
E

#1
: s

qm
.1

: f
ill 
○

’s

9 4
10 5

11 8
1 9

2 10

12 13
3 14

4 15

13 18
5 19

6 20

14 23
7 24

8 25

10 6
11 7

12 8

1 11
2 12

3 13
13 14

4 16
5 17

6 18
14 19

7 21
8 22

9 23
15 24

1 1
2 2

3 3
4 4

5 5

6 6
7 7

8 8
9 9

10 10

11 11
12 12

13 13

#P
E

2

#P
E

0

#P
E

1

9 4
10 5

11 8
1 9

2 10

12 13
3 14

4 15

13 18
5 19

6 20

14 23
7 24

8 25

10 6
11 7

12 8

1 11
2 12

3 13
13 14

4 16
5 17

6 18
14 19

7 21
8 22

9 23
15 24

1 1
2 2

3 3
4 4

5 5

6 6
7 7

8 8
9 9

10 10

11 11
12 12

13 13

#P
E

2

#P
E

0

#P
E

1
#
N
E
I
B
P
E
t
o
t

2
#
N
E
I
B
P
E

0
 
 
 
 
2

#
N
O
D
E 8
 
 
 
1
4

(
i
n
t
+
e
x
t
,
 
i
n
t
 
p
t
s
)

#
I
M
P
O
R
T
i
n
d
e
x

○
○

#
I
M
P
O
R
T
i
t
e
m
s

○
…

#
E
X
P
O
R
T
i
n
d
e
x

○
○

#
E
X
P
O
R
T
i
t
e
m
s

○
…

t2



24
8

P
E

#2
: s

qm
.2

: f
ill 
○

’s

9 4
10 5

11 8
1 9

2 10

12 13
3 14

4 15

13 18
5 19

6 20

14 23
7 24

8 25

10 6
11 7

12 8

1 11
2 12

3 13
13 14

4 16
5 17

6 18
14 19

7 21
8 22

9 23
15 24

1 1
2 2

3 3
4 4

5 5

6 6
7 7

8 8
9 9

10 10

11 11
12 12

13 13

#P
E

2

#P
E

0

#P
E

1

9 4
10 5

11 8
1 9

2 10

12 13
3 14

4 15

13 18
5 19

6 20

14 23
7 24

8 25

10 6
11 7

12 8

1 11
2 12

3 13
13 14

4 16
5 17

6 18
14 19

7 21
8 22

9 23
15 24

1 1
2 2

3 3
4 4

5 5

6 6
7 7

8 8
9 9

10 10

11 11
12 12

13 13

#P
E

2

#P
E

0

#P
E

1
#
N
E
I
B
P
E
t
o
t

2
#
N
E
I
B
P
E

1
 
 
 
 
0

#
N
O
D
E 9
 
 
 
1
5

(
i
n
t
+
e
x
t
,
 
i
n
t
 
p
t
s
)

#
I
M
P
O
R
T
i
n
d
e
x

○
○

#
I
M
P
O
R
T
i
t
e
m
s

○
…

#
E
X
P
O
R
T
i
n
d
e
x

○
○

#
E
X
P
O
R
T
i
t
e
m
s

○
…

t2



24
9

9 4
10 5

11 8
1 9

2 10

12 13
3 14

4 15

13 18
5 19

6 20

14 23
7 24

8 25

10 6
11 7

12 8

1 11
2 12

3 13
13 14

4 16
5 17

6 18
14 19

7 21
8 22

9 23
15 24

1 1
2 2

3 3
4 4

5 5

6 6
7 7

8 8
9 9

10 10

11 11
12 12

13 13

#P
E2

#P
E0

#P
E1t2



25
0

Pr
oc

ed
ur

es
•

N
um

be
r o

f I
nt

er
na

l/E
xt

er
na

l P
oi

nt
s

•
W

he
re

 d
o 

E
xt

er
na

l P
ts

co
m

e 
fro

m
 ?

–
I
M
P
O
R
T
i
n
d
e
x
，
I
M
P
O
R
T
i
t
e
m
s

–
S

eq
ue

nc
e 

of
 N
E
I
B
P
E

•
Th

en
 c

he
ck

 d
es

tin
at

io
ns

 o
f B

ou
nd

ar
y 

P
ts

.
–
E
X
P
O
R
T
i
n
d
e
x
，
E
X
P
O
R
T
i
t
e
m
s

–
S

eq
ue

nc
e 

of
 N
E
I
B
P
E

•
“s

q.
*”

 a
re

 in
 <

$O
-S

2>
/e

x
•

C
re

at
e 

“s
qm

.*
” b

y 
yo

ur
se

lf
•

co
py

 <
$O

-S
2>

/a
.o

ut
(b

y 
sq

-s
r1

.c
) t

o 
<$

O
-S

2>
/e

x
•

pj
su

b
go

3.
sh

t2



R
ep

or
t S

2 
(1

/2
)

•
P

ar
al

le
liz

e 
1D

 c
od

e 
(1

d.
c)

 u
si

ng
 M

P
I

•
R

ea
d 

en
tir

e 
el

em
en

t n
um

be
r, 

an
d 

de
co

m
po

se
 in

to
 s

ub
-

do
m

ai
ns

 in
 y

ou
r p

ro
gr

am

•
M

ea
su

re
 p

ar
al

le
l p

er
fo

rm
an

ce

25
1

M
P

I P
ro

gr
am

m
in

g



R
ep

or
t S

2 
(2

/2
)

•
D

ea
dl

in
e:

 1
7:

00
 O

ct
ob

er
 1

1t
h

(S
at

), 
20

14
.

–
S

en
d 

fil
es

 v
ia

 e
-m

ai
l a

t n
a
k
a
j
i
m
a
(
a
t
)
c
c
.
u
-
t
o
k
y
o
.
a
c
.
j
p

•
P

ro
bl

em
–

A
pp

ly
 “G

en
er

al
iz

ed
 C

om
m

un
ic

at
io

n 
Ta

bl
e”

–
R

ea
d 

en
tir

e 
el

em
. #

, d
ec

om
po

se
 in

to
 s

ub
-d

om
ai

ns
 in

 y
ou

r p
ro

gr
am

–
E

va
lu

at
e 

pa
ra

lle
l p

er
fo

rm
an

ce
•

Y
ou

 n
ee

d 
hu

ge
 n

um
be

r o
f e

le
m

en
ts

, t
o 

ge
t e

xc
el

le
nt

 p
er

fo
rm

an
ce

.
•

Fi
x 

nu
m

be
r o

f i
te

ra
tio

ns
 (e

.g
. 1

00
), 

if 
co

m
pu

ta
tio

ns
 c

an
no

t b
e 

co
m

pl
et

ed
.

•
R

ep
or

t
–

C
ov

er
 P

ag
e:

 N
am

e,
 ID

, a
nd

 P
ro

bl
em

 ID
 (S

2)
 m

us
t b

e 
w

rit
te

n.
 

–
Le

ss
 th

an
 e

ig
ht

pa
ge

s 
in

cl
ud

in
g 

fig
ur

es
 a

nd
 ta

bl
es

 (A
4)

. 
•

S
tra

te
gy

, S
tru

ct
ur

e 
of

 th
e 

P
ro

gr
am

, R
em

ar
ks

–
S

ou
rc

e 
lis

t o
f t

he
 p

ro
gr

am
 (i

f y
ou

 h
av

e 
bu

gs
)

–
O

ut
pu

t l
is

t (
as

 s
m

al
l a

s 
po

ss
ib

le
) 

25
2

M
P

I P
ro

gr
am

m
in

g



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


