— MPI



—MPI ;

) ; FORTRAN C ;
MPI s ; MPI
C /FORTRAN
MPI s MPI
MPI ; MPI : MPI
MPI-2, s .
MPI-1 MPI-2 s
s - MPI

s MPI s



.................................................................................................................................................................. Xl
........................................................................................................................................................ X1
........................................................................................................................................................... XV
..................................................................................................................................................... XVII
......................................................................................................................... 1
LR R Rt R et n s 2
L bR e 2
L L e e r e e r e e r e e e e e e e r e sans 2
PP U OO OURR PP 3
L s 4
T OSSO S TSP SPR 5
s 6
20 TSSO PSP 6
2SSO PSP 7
2 TSSO S PSP 8
PSSP S TS PRTTTSPPTN 9
T PSS S TP S PRTTTSPPTN 9
PSPPSRSO S PTTTRPPTN 9
G 7 OSSP SE PRSPPSO 1
Pl s 12

A M Pl ettt eas 13
4.1 IVIPL e e 13
A2 Pl e R et nas 13
G 1Y TSSO SE TV SP P TR SO 14
A A MNP et nas 14
4.5 Pl e e 15
TSSOSOV SP PRSP 15
5 7 SO STSE TSP PN 16
5.1 MPI B 1= 1 T Ao 4 o PR SRR 16
511  FORTRANTTHMPL e s 16
DL 2 M P e 18

D 2 M Pl e e 21
L TSSO P TSP ST ORT TSP 22
6 Pl s 23
00 TSSOSO 23
B. 0 L M Pl e 23



8.0 2 M Pl e sn e e s 25

LS G 1V PRSP PP PP PP PPRPRPI 25
LG 0 T PP P PP PP PP PPRPPI 25
B. LD e e e e e e Er e e e E e e e e anr e e e e nre e e e nre e e aanre e e e anreas 26
B. 08 e e e —e e e e re e e e E et e e e Ee e e e aR e e et e aREe e e e R Ee e e e aREe e e e aRee e e e nreeeaanrneeeanres 26
L 0 T PRSP PP PP PP PPRPRPO 27
6.1.8 SEBLUS. .. ..ttt e e e r e n e e n e ane e nree s 27
B. 0.0 e e et e r e e e e re e e e anre e e e aares 28
G022 1Y | OSSO 29
B. 3 VPl e —————————————————————— 30
LS T 1V OO PP P PP PP PP PPRPRPO 30
L 7O P TP PP PP PP PPRPRPO 32
G 1V | OSSO 33
B4 L M Pl e e e e e e e et e e e e et e e R E et e e aRE et e e Ree e e e anre e e aanre e e e anreas 33
B4 2 e ee e e e e e e —r e e e e et e e e e e e e e E et e e e re e e e ahre e e e anre e e aanreeeaanres 34
LS 1 Y O PP PP PP PP PPRPPO 35
G 8. OSSO 35
7 PSS 36
7 R /| OSSO 36
7.2 Pl e 38
7.3 e —————————————————— e 39
2 OSSO 41
D ettt be e 43
D e ——————————————————————————— s 46
1.7 .1 SRS 47
7 OSSO 50
8 Ml e —————————————————— 51
8.1 Pl e 51
811 —ACODI e r s 51
812 MPI N = olo o [PPSR 52
813 JACODI e 55
814 JACODI s 60
8.2 1 TSR 62
L 2 T O PP P PP PP PP PRSPPI 62
B2 2 et e e et e e e e e e e e aanre e e e anreas 65
S TR OSSP 68
9 M P —————————————————— 69
0. L bR e e et b et be e ae e e s 69
.2 b R et et b et Re e ne e e s 70
L2 TR OSSP 74
0L b R e e b et e bt be e ne e e s 76
L2 T OSSO 79
10 MPICH M Pl ———————————————————————— 80
10.1 Linux MPICH ... et e e 80
\Y


Administrator
铅笔


J0. 0. L e e e e e e e —————eaee e e ot ——eeaeeeaaantaneeeeeeaanntaaneeeeeeaantrreeaeeeaannrrrreaaeeaann 80
J0.0. 2 e et eeeeeee e e e ———eeeeeeaaa————eeeeeaaa———eeteeeeaaa—aaneeeeeaaantareeaeeeaaanrrrraaaeeaann 81
000 USSR 82
J0. 0 e e eee e e —————eeee e e e —————eeeeaaaataeetaeeeaaataaneaeeeaaantnreeaeeeaaarrareaaeeaaan 82
d0. 0D e e e e e —————aee e e e —————eeeeaaaataneteeeeaaataaneeeeeaaantareeaeeeaannrrrreaaeeaaan 83
0000 USSR 83
J0. 0.7 e eeeee e e e ——eeeeee e e e ————eeeeeaaa———eeeeeeaaa———neeeeeaaantaretaeeeaaarrareeaeeaaan 86
10.2 Windows NT MPICH ..o 87
J0.2. e ———eee e e e ——————aee e e et ——e—teeeaaaataaeeeeeeaaattaneeeeeaaantaaeaaeeeaaanrrrreaaeeaaan 87
20,2, 2 e e ————eee e e e —————teee e e et ————teeeaaantaeetaeeeaantaaneeaeeaaantaaeeaeeeaaanrrareeaeeaaan 87
20,2, et e eeeeee e e e ————eeeee e e e —————eeeeaaa—————eeeeeaaattantaeeeaaantareeeeeeaaanrrrreeaeeaaan 88
d0. 2.4 e e ee e e e —————eeee e e e ———e—eeeeaaaateeteaeeeaaataaeeeeeeeaantaaetaeeeaaanrrrreeaeeaaan 91
Ll e ———————————— ettt 92
L L e ——————————————————— 92
1L 2 e ——————_————— sttt 93
LL 3 e ————————————————— ettt ettt ettt 94
0 TP 95

12 Pl e ————————————— 96
L2 L e —————————— ettt 96
L2 2 e ————————————————————————————— 97
12 3 e —————— 99
12,4 —————————— 101
L2 D e ——————— 102
022 00 SRS 102
02 SRS 104
L2 8 e ———————————— 107
52 00 SRS 107
2 SRS 109

L T e —————————————————— 110
12 8 —————— 112
12.9 O =Yoo o TR 113
L1200 e —————————————————— 116
12.11 JACoDi 119
L1212 bbb bbb bbbttt et b 122
13 Pl e ————— 123
L3 L e ——————_—————— s 123
05 00t SRS 123
G 00 SO 124

G 00 SRS 125
L3 2 e ———————————————— ettt 126
L33 e —————————————————— sttt ettt n s 127
L3 e ——————————————————— ettt 130
L3 D e ———————————— ettt n s 132
L38  —————————————— ettt 135



L3 7 e ———————————————— ettt 138
138 e ———————————— ettt 139
L O Pl e ———————— 141
1535 0 o 142
L3 L e ———————————— st 144
13 02—ttt 145
L3 03 e ——————————— sttt e e 146
L1314 ————— 147
13 0D e ———————— 149
1316 MINLOC  MAXLOC ...ttt sttt st sttt ss st se st st ss st ss s ss s ss s as s 151
L3 07— 153
L3 08 e ———————————— ettt n e 155
14 MPL e —————————— 156
LA.L e —————————————————————— 156
LA 2 e —————————— 157

0t SRS 157

dA. 2 2 e eeeree e e ——eeeee e e e ———eeeeeeaaa—————eaeeeaaa————eeaeeaaaraaeraeeeaaarrareaas 158

0 SRS 160

dA. 2 A e eeeeee e —e—eeeee e e e ————eeeeeaaa—————eaeeeaaa——aneeeeeaaataarraeeeaaarrraeaees 163

0 SRS 164
L 3 e ———————————— ettt 171
TA.4 e —————— bbb 172
LA D e —————— 175
L4.6  e————————————————— s 177
L, T ettt 181
15 MPl e ——————— 182
1D L e ————————————————— sttt ettt e e 182
1D 2 e ——————————— s 182
15,3 e ———————————— s 187
15—ttt 190
LD D e ———————————— ettt 194
158 e —————————————————— ettt e 198
16 Ml e rene 199
18,0 e ———————————————————————— 199
18,2 e ——————————_———— s 199
18,3 e ——————————————— ettt ettt 205
16.4 JACODI e p et rer 208
LB, D e ———————————————— ettt 212
L7 Pl e ——————————— 213
L7 L ——————— et 213
07T 215
18  MPL e ——————— 216
IB.LMPI-1 € 216
ST V|t N o - o 223

Vi



IB.3MPI-2  C e 234

I8AMPI-2 FOIraN = e et st bbbt nenrene s 243
LB D e —————————————— ettt 258
MPI 1 259

1O e ————————————————— 260
10, L e ———————————————————————— 260
19.2 Y 262
10,3 e ————————— 264
194 LS 0102 (- TR TTTTTTTTTTN 268
L0 D e ——————————— ettt 268
70 TP 269
20 RPN 269
20,2 ettt ettt ettt et rererares 270
201720 PR 270
20,2 2 e eeeeeeeeiaeeeeeeeeeeeaaa——ee—eeeeaaa————reeeeeaaanteeetteeeaaantareeaeeeaaararrreaeeeaaarre 271
20172 SRS 272
1 PR 273
2201 TP 275
20 21 PR 275
202 PR 276
20 2 SRS 278
0 TP 280
21 1 281
224 51 TP 281
202 ————————— e et st 282
20,3 et ettt ettt rerares 286
24 10 1 PR 286

2 0 SRR 289

2 10 PR 291
214 —————_—— st 293
A SRS 294

A SRS 298
A P 300

A P 301
224 1 TP 303
241100 0 PR 304
241100 PR 306
241 100 3 PSR 307
20,6 ettt ettt berererereras 311
224 T TP 314
........................................................................................................................................................ 315
........................................................................................................................................................ 316

VI



2

MPICH 121 e e e

VIII



ASCl;

(13

; 7

2000

THNPSC-2 2000

° : 21
, Great Challenge” » , . .

. 90 ; HPCC
( )7 (Computational Science and Engineering).
THNPSC-1 THNPSC-2;
y ---MP i
s MPI;
o MPI ;
; ; THNPSC-1.
; s MPI .

MPI s



MPI

2000 2 2

E

MPI-2.

MPI

MPI ;
MPI 0



MPI ;
M PI 13 ”}
. MPI
FORTRAN 77 C:
. Fortran90
Fortran90 C++ s

s FORTRANT77

s MPI

; MPI
/O o
, I
2001 2 1

XI

- MPI 1994 ;

s MPI

»  FORTRAN 77 C

! 6 ]
MHM ; 6
C++ » MPI
MPI .
C ) MM
MPI
MM
MPI ) MPI
MPI-2, .
MM ;



1 FORTRANT7ZHMPL ettt bbb bbb ne 17
3 CHMPL bbb bbbt ne 20
4 FOrtran@0+ MPl ettt bbb bbb bbb 20
D —————— 29
6 {MPI_REAL MPI_REAL. .ottt 31
7 {MPI_REAL MPI_BYTE D s 31
8 {MPI_BYTE MPI_BYTE s 32
9 MPI_CHARACTER s s 32
L0 ———————— 36
1L MPl e ————————————— 38
12 Pl et b bbb reres 39
L3 Ml e ———————————————— 41
LA e ——————— bbbt ns 42
1D e —————————————— 45
1B ———— 46
L7 e ———————— bbbt ns 47
L8 ——————— 48
L0 e —————————— 49
20 N = To o o TP 52
21  MPI_SEND MPI_RECV JACoDI e —————— 55
22  MPI_SENDRECV JACODI e rens 60
23 JACODI e ————— 62
20—ttt 65
2D —————— 67
20— 74
2T ————————— 1ttt 76
28— 79
2 e ——————————————————— 97
30 MPI_WAIT s 103
Bl ——————————— s 108
32 MPI_REQUEST FREE s 110
B3 e ———————— 11
B ——————— 112
3D e ————— 113
36 JACODI e ————— 116
37 JACODI e rene 122
B8 ———————— e 127
39 MPI_GEENEr et b bbb b bt ettt rereras 129
40 MPI_GatherV e 130
A1l MPL_SCAtEr e s 132



5R &N

46
47

49
50
51
52
53

55
56
57
58
59
60
61
62
63

65
66
67
68

MPI_SCAIEIV sttt 132
MPI_AIIGAINEr e 134
MPI_AIIGAINENV st 135
MPI_AIITOAI e 137

MPL e ————————— 172

X1



1 g A —————————— s 3
2 e e e e ntentens 3
SO 4
A e e e es—e e e e a—e e e te—eate e e teteteateteateateatententententententenretan 8
5 SPMD e ——————————————— 10
6 SPMD e —————————————— 10
7 MPMD e —————————————————————————————————— 1
8 FORTRAN77+MPI L ———————— 17
9 FORTRAN77+MPI A —————————— 17
10 FORTRANTT7HMPL ettt 18
11 C+MPI L ————————————— 19
12 C+MPI A e ———————————————— 19
R0 T 1 SRS 21
SRS 23
LG T 1V SRS 30
16 MPI_SEND e ————————————————— 34
17 MPI_RECV e ————————————— 34
18 tag MPL e ——————————————————— 34
L0 e e e e e nrenren 41
20 e e e e e e et et e te tet e tententententententententenes 43
20 SRS 44
2 e et te e e ntenes 46
22 7RSSR 47
SRS 48
22 2SR 49
26 Jacobi ————— 52
27 JACODI e ——————— 53
28 MPI_SENDRECV JACODI e 57
22 SRR 63
B0 e e e et et et e tentententententententententens 65
1 SRS SSSRS 68
1 7SSOSR 70
G 20 2 SRRSO 71
7SSOSR 75
£ 1 S SRSRSRS 77
B0 —————————————————— e e et 77
G 7 Y/ | SRS 82
1 2 2SSOSR 84
G 1 OSSOSO 84
40 NT M ——————————————————————— 89



41 NT Pl e 89

42 NT MPI 1¢ e 89
43NT MPI 2 ¢ e 90
44 NT MPI 3¢ D e 90
A5 —————— sttt et e 96
BB e ——————— oot ees oottt 97
BT e ———————————— s s ettt 98
B8 e ———————— oottt 99
DO e ———————————— e st 100
0 J 123
5 O 123
B e ———e e er e ettt ettt 124
T Y= 124
BA MPL et 125
B —————————————— oo 126
BB eeeeeeeeeeeeeseee e e ees e eeee e eeee ettt 128
7Aoo 130
Y- S 133
Y =TI oYY 136
)Y L=/ oY 140
BL D ———————————— e ess e ens e 142
72 142
< J 146
Ba ————————————— e 147
B ———————————————— e 148
B6 ———————————nee e 148
BT e —————————————— s 149
7 S 156
69  MPL_TYPE CONTIGUOUS eooooeoeeoscceeeseessessecessesesesssssesssssesssssssessssesss s 158
70 MPLTYPE VECTOR  ceoeesoceeesesssssssossesesssssssessssse s sensssesss s 159
pA Y =T o= = [N == o X 161
r 2 Y =TI 0= =<1 1 =8 (o 163
73— e e ettt 203
TA  ——————e oottt 206
TS ————————————— e nose e 209
76— nere e 209
TT  ———————————— oo 210
T8 ————————————— st 260
7O e ———————————————— s 261
B0 ————————————— oo 261
Bl ——————————— e 271
730~ =T 1 272
I Y L=/ < = 273
A —————————————— ettt 273

XV



85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

MPI_ACCUMULATE et e e 274
MPI_WIN_FENCE e e e 276

Y L= =T === o 1 S 287
Y LTI =1 =3 S 288

XVI



2 MPL et b bbbttt et et et et e b et et et et et erebetet et etererereras 15
3 MPI FORTRANT7 s 29
4 MPI C e ——————— 29
5 Pl e ————————————— s 30
B MPL bbb b et ettt et et et e b et et et et et et et e b et eteteterereras 69
7 Pl e —————————————— s 98
B e —————— 99
O MPL e ettt et bbbttt b et et e teteterereras 141
10 C FORTRAN Pl e ——————— 141
L —————————— bt 141
12 MPI FOMran s 152
13 MPI C e ———— 152
14 MPI_IMAXLOC ettt ettt ettt et bbb r et rens 153
1D e ———————————— et 193
16 ————— 199
17 . C ————————— st nntnen 206
L8 e ———————————— s 206
L0 e ————————————— e 215
20 1O e —————————— 282
2 ——————————— et 283
22—t 296

XVII



MPI



1.1

111

SIMD ¢ Single-Instruction Multiple-Data

MIMD ¢ Multiple-

Instruction Multiple-Data? 1.
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4.5 MPI
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5 MPI

“Helo World” p MP s
MPI o s
s FORTRAN C s
s s MPI o
51MPI “HelloWorld!”
C “Hdlo World™” p
s s MPI s o

5.1.1 FORTRAN77+MPI

1 FORTRAN77+MPI -
; MPI FORTRAN mpif.h. MPI C
; - FORTRAN MPI ; MPI
FORTRAN mpif.h. Fortran90+MPI.  MPI-2
Fortran90 C++ . Fortran90 » “include mpif.h” “use mpi”
MPI Fortran90 { 43,

; MP - MPI_MAX_PROCESSOR_NAME
MPI ; MPI ;
processor_name ; myid numprocs

; namelen ; rcier

MPI .

» MPI MPL_INIT MPI_FINALIZE: MPI

» MPI ; MPI FORTRAN -

MPI_COMM_RANK ; myid ; MPI_COMM_SIZE

; numprocs ; MPI_GET_PROCESSOR_NAME
; processor_name - ;
namelen ; write FORTRAN , s
; ; FORTRAN
; . 4
; “tp5”, 4 tp5 ;
0. 1. 2, 3 8 ; MPI ;

16



10

program main

include ‘'mpif.h'

character * (MPI_MAX_PROCESSOR_NAME) processor_name
integer myid, numprocs, namelen, rc,ierr

cal MPL_INIT( ierr)

cdl MPI_COMM_RANK(MPI_COMM_WORLD, myid, ierr)
cal MPI_COMM_SIZE( MPI_COMM_WORLD, numprocs, iefr )
cal MPI_GET_PROCESSOR_NAME(processor_name, namelen, ierr)
write(*,10) myid,numprocs,processor_name
FORMAT('Hello World! Process ',12," of |1, on ', 20A)

cal MPI_FINALIZE(rc)

end

1 FORTRAN77+MPI

Hello World! Process 1 of 4 on tp5
Hello World! Process 0 of 4 on tp5
Hello World! Process 2 of 4 on tp5
Hello World! Process 3 of 4 on tp5

8 FORTRAN77+MPI 1
4 tpl: tp3: tpd: tp5S ;
=] 4 A

A a a

Helo World! Process 0 of 4 on tpb
Helo World! Process 1 of 4 on tpl
Helo World! Process 2 of 4 on tp3
Hdlo World! Process 3 of 4 on tpd

9 FORTRAN77+MPI 4

17
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v

y

y

v
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MPI_GET_PROCESSOR_NAME
processor_name= ““tp5”

MPI_GET_PROCESSOR_NAME
processor_name= “tp5”

MPI_GET_PROCESSOR_NAME
processor_name= “tp5”

namelen=3 namelen=3 nameen=3 namelen=3
write write write write

Hello World! Process0 of 4 ontp5

HelloWorld! Process 1 of 4 ontp5|

Hello World! Process 2 of 4 on tp5

Hello World! Process 3 of 4 on tp5)

v

v

MPI_FINALIZE

MPI_FINALIZE

|

)

v

v

MPI_FINALIZE

MPI_FINALIZE

)

)

5.1.2 C+MPI

MPI >

“Hdlo World”

18

10 FORTRAN77+MPI
C+MPI . FORTRAN77+MPI
MPI C mpi.h: mpif.h; FORTRANT77
MP - MPI_MAX_PROCESSOR_NAME
MPI ;



processor_name FORTRANT77 ; myid numprocs

; nameen
» MPI MPI_Init MPI_Finalize: MPI
. FORTRAN77+MP| ; FORTRAN77 C
; - FORTRAN77 MPI ( FORTRAN77
; ; MPI
FORTRAN77 bE C “MPI_" s s
» MPI s MM C - MPI_Comm_rank
; myid ; MPI_Comm _size
s numprocs ; MPI_Get_processor_name ;
processor_name ; namelen ; fprintf
C ; .
4 s “tp5”: 4
tp5 ; 0. 1. 2, 3; 1 ; MPI
. FORTRAN77+MP|
Hello World! Process 0 of 4 on tp5
Hello World! Process 1 of 4 on tp5
Hello World! Process 3 of 4 on tp5
Hello World! Process 2 of 4 on tp5
11 C+MPI 1
4 tpl, tp3: tp4: tp5 s 12
» 4 @ 4 :
1 E 1 1 4

0 FORTRAN77+MPI  C+MPI s

E E o

Hello World! Process 0 of 4 on tp5
Hello World! Process 1 of 4 ontpl
Hello World! Process 2 of 4 on tp3
Hello World! Process 3 of 4 ontp4

12 C+MPI 4
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#include "mpi.h"
#include <stdio.h>
#include <math.h>
void main(argc,argv)
int argc;
char *argv(];
{
int myid, numprocs,
int namelen;
char processor_namglMPI_ MAX_PROCESSOR_NAME];

MPI_Init(&argc,&argv);
MPI_Comm_rank(MPI_COMM_WORLD,&myid);
MPI_Comm_sizeMPI_COMM_WORLD,& numprocs);
MPI_Get_processor_name(processor_name,& namelen);

fprintf(stderr,"Hello World! Process %d of %d on %s\n",
myid, nuUMProcs, processor_name);

MPI_Finaize();

3 C+MPI

program main

use mpi

character * (MPI_MAX_PROCESSOR _NAME) processor_name
integer myid, numprocs, namelen, rc, ierr

cal MPLINIT( ier )
cadl MPI_COMM_RANK(MPI_COMM_WORLD, myid, ierr)
cal MPl_COMM_SIZE( MPI_COMM_WORLD, numprocs, ierr )
cal MPI_GET_PROCESSOR_NAME(processor_name, namelen, ierr)
print *,"Hello World! Process",myid," of ", numprocs, " on", processor_name
cal MPI_FINALIZE(rc)
end

4 Fortran90+MPI

20




13 MPI
5.2 MPI
; MPI -
MPI “MPI_"s .
- “MPI_"
MPI -
FORTRAN MPI » ( FORTRAN
MPI ; MPI_Aaaa aaa o
MPI  FORTRAN ;
MPI_SUCCESS: o MPI
FORTRAN ; - FORTRAN
; C 0 >
» FORTRAN 77 MPI ANSl FORTRAN 77
ANS| FORTRAN 77 ;
> MPI , -
> MPI -
> MPI -
> mpif.h -
> , mpif.h
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5.3

s MPI s MPI
; s MPI s
; MPI s MPI
» ; “Hello World™ »
; s MPI ;
“Hello World™ » ; SPMD{ Single Program Multiple
Data> >



6 MPI

MPI-1 128 > MPI-2 287 MPI P
L a a MH
6 ) 6 »
A a 6 L
6 » 6
> MPI MPI s
6.1
6 MPI > P
MPI FORTRAN 77 C s
6.1.1 MPI
14 MPI
14 ; MPI » MPI ;
; FORTRAN 77 C > MPI-2
C++ - MPI ; IN. OUT INOUT.
® |INC J: MPI » MPI
® OUT ¢ J: MPI ; MPI
® INOUT ¢ J: MPI, MM .

E E

; OUT INOUT. MPI INOUT

M ! a



MPI IN,

OuT, s
INOUT.
MPI ;
MPI OUT INOUT ; C

void copyIntBuffer( int *pin, int *pout, int len)
{ inti;
for (i=0; i<len; ++i) *pout++ = *pint+;

}
int 10];
copyIntBuffer( a, at3, 7);
C , » MPI » FORTRANT77
MPI ; MPI ,
C ; FORTRAN 77 - MPLINIT ;
MPL_INIT()
int MPI_Init(int *argc, char ***argv)
C ; C ; agc  argv: agc agv
MPI_INIT(IERROR)
INTEGER IERROR
FORTRANT77 ; FORTRANT77 ; IERROR
C FORTRANT7 »void*  <type> . MPI C
FORTRANT77 ; MP ;

MPI_SEND; C FORTRAN77 ) void*  <type>

E E E o
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6.1.2 MPI

MPI_INIT()

int MPL_Init(int *argc, char ***argv)
MPI_INIT(IERROR)

INTEGER IERROR

MPI 1 MPLINIT

MPI_INIT  MPI ; MPI

MPI

6.1.3 MPI
MPI_FINALIZE()
int MPI_Finalize(void)
MPI_FINALIZE(IERROR)
INTEGER IERROR
MPI 2 MPL_FINALIZE
MPI_FINALIZE MHA ; MPI MPI
6.1.4

MPI_COMM_RANK (comm,rank)

IN comm ( p
OUT rank comm

int MPI_Comm_rank(MPI_Comm comm, int *rank)
MPI_COMM_RANK(COMM,RANK,|ERROR)
INTEGER COMM,RANK,|[ERROR

MPI 3 MPI_COMM_RANK

A
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6.1.5

MPI_COMM_SIZE(comm,size)
IN comm { )
OUT sze comm ( )
int MPI_Comm_size(MPI_Comm comm, int *size)
MPI_COMM_SIZE(COMM,SIZE,|ERROR)

INTEGER COMM,SIZE,|[ERROR

MPI 4 MPI_COMM_SIZE

E

6.1.6
MPI_SEND(buf ,count,datatype,dest,tag,comm)
IN buf ( )
IN count ( )
IN  datatype ( )
IN dest ( )
IN  tag «( )
IN comm ( )
int MPI_Send(void* buf, int count, MPI_Datatype datatype, int det, int tag, MPI_Comm
comm)
MPI_SEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, IERROR)
<type> BUF(*)
INTEGER COUNT, DATATYPE, DEST, TAG, COMM, IERROR
MPI 5 MPI_SEND
MPI_SEND count datatype ;
dest, tag: »
MPI_SEND count datatype ;
buf . ; ;
datatype MPI ; {

Y MPI_SEND, .
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6.1.7

MPI_RECV source ;
datatype tag ;
count.
count datatype »  datatype
buf . ;
» MP ; ;
- count ; -
datatype MPI ;
MPI_RECV: -

MPI_RECV (buf ,count,datatype,source,tag,comm,status)

OUT  buf ( )

IN count ( )

IN datatype ( )

IN source ( )
IN tag )

IN comm ( )

OUT datus ( )

int MPI_Recv(void* buf, int count, MPI_Datatype datatype, int source, int tag,
MPI_Comm comm, MP|_Status * status)
MPI_RECV(BUF, COUNT, DATATYPE, SOURCE, TAG, COMM, STATUS,
IERROR)
<type>BUF(*)
INTEGER COUNT, DATATYPE, SOURCE, TAG, COMM,
STATUS(MPI_STATUS SIZE): IERROR

MPI 6 MPI_RECV

6.1.8 status

tatus , MPI ,
C : ,
MPI_SOURCE. MP_TAG MP|_ERROR. .
statusMPI_SOURCE. gausMPI_TAG satusMPI_ERROR ,
, tag
FORTRAN . status MPI_STATUS SIZE
status(MPI_SOURCE), statusMP|_TAT) statusMPI_ERROR)

E tw o

27



; status MPI_GET_COUNT

a a

6.1.9

A

{ 1 s “Hello, process 17,

#include "mpi.h"
main( argc, argv )
int argc;
char **argv;
{
char message[20];
int myrank;
MPI_Init( &argc, &argv );
* MPI */
MPI_Comm _rank( MPI_COMM_WORLD, &myrank );
I* */

if (myrank == 0) /* 0 */
{
[* message - MPI_Send
strien(message) > MPI_CHAR » 1
99. MPI_COMM_WORLD ( 0’
13 . .
*/

strepy(message,"Hdllo, process 1');
MPI_Send(message, strlen(message), MPI_CHAR, 1,
99,MPI_COMM_WORLD);

0’

1.

}
elseif(myrank==1) /* 1*/
{
[* 1 ; message s s
; . 20,
MPI_CHAR ; 0,
99, MPI_COMM_WORLD: status
; o ¥/
MPI_Recv(message, 20, MPI_CHAR, 0, 99, MPl_COMM_WORLD, & status);
printf("received :%s.", message);
}

MPI_Findize();

28
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* MPI */

5
6.2 MPI
FORTRAN77 , MPI ; FORTRANT77
3 o
3 MPI FORTRAN77
MPI FORTRANT77
MPI_INTEGER INTEGER
MPI_REAL REAL
MPI_DOUBLE_PRECISION DOUBLE PRECISION
MPI_COMPLEX COMPLEX
MPI_LOGICAL LOGICAL
MPI_CHARACTER CHARACTER()
MPI_BYTE
MPI_PACKED
» MPI C ; 4
4 MPI C
MPI C
MPI_CHAR signed char
MPI_SHORT signed short int
MPI_INT signed int
MPI_LONG signed long int
MPI_UNSIGNED_CHAR unsigned char
MPI_UNSIGNED_SHORT unsigned short int
MPI_UNSIGNED unsigned int
MPI_UNSIGNED_LONG unsigned long int
MP_FLOAT float
MPI_DOUBLE double
MPI_LONG_DOUBLE long double
MPI_BYTE
MPI_PACKED
MPI_BYTE MPI_PACKED FORTRAN77 C
MPI_BYTE (8 ). ;
MPI , Fortran 77 ANS C .

; MPI s 5 s
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5 MPI

MPI C
MPI LONG LONG INT long long int
MPI FORTRANT77
MPI_DOUBLE_COMPLEX DOUBLE COMPLEX
MPI_REAL?2 REAL*2
MPI_REAL4 REAL*4
MPI_REALS REAL*8
MPI_INTEGER1 INTEGER*1
MPI_INTEGER2 INTEGER*2
MPI INTEGER4 INTEGER* 4
6.3 MPI
6.3.1 MPI
MPI ’ ? MPI ;
15 o
> >
15 MPI
MPI
@ A A @
@ A o
@ A @
: : @ :
H @ H
H @ H
’ ) ’ MPI
: : ® H @
) FORTRANTY7 INTEGER
MPI_INTEGER ’ REAL
MPI_REAL ’ FORTRAN77 MM
; C , int MPL_INT , float  MPI_FIOAT

A ]



MPI_INTEGER: MPI_INTEGER, MPI_REAL ,

MPI_REAL : C s int long ; MPI
MPI_INT MPIL_LONG » MPLINT MPI_LONG »
MPIL_INT MPI_LONG.
MPI MPI_BYTE MPI_PACKED:
» » MPI_TYPE
» MPI_PACK {MPI_UNPACK?>.

REAL a(20),b(20)

CALL MPI_COMM_RANK(comm, rank, ierr)
IF(rank.EQ.0) THEN
CALL MPI_SEND(a(1), 10, MPI_REAL, 1, tag, comm, iefr)
ELSE IF (rank .EQ. 1) THEN
CALL MPI_RECV(b(2), 15, MPI_REAL, 0, tag, comm, status, ierr)
END IF

6 {MPI_REAL MPI_REAL }

REAL a(20),b(20)

CALL MPI_COMM_RANK (comm, rank, ierr)
IF(rank.EQ.0) THEN
CALL MPI_SEND(&(1), 10, MPI_REAL, 1, tag, comm, iefr)
ELSE IF (rank .EQ. 1) THEN
CALL MPI_RECV(b(2), 40, MPI_BYTE, 0, tag, comm, status, iefr)
END IF

7 {MPI_REAL MPI_BYTE )

REAL a(20),b(20)

CALL MPI_COMM_RANK (comm, rank, ierr)
IF(rank.EQ.0) THEN
CALL MPI_SEND(a(1), 40, MPI_BYTE, 1, tag, comm, ierr)
ELSE IF (rank .EQ. 1) THEN
CALL MPI_RECV(b(1), 60, MPI_BYTE, 0, tag, comm, status, iefr)
END IF
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8 (MPI_BYTE MPI_BYTE )

[ ] ; e
[ s MPI_BYTE 0
[ , MPI_PACKED.
6 > 7 P MPI_REAL
MPI_BYTE > 8 P
MPI_BYTE.

MPI_CHARACTER FORTRAN 77 CHARACTER P
. CHARACTER FORTRAN 77

CHARACTER*10a
CHARACTER*10b

CALL MPI_COMM_RANK (comm, rank, ierr)
IF (rank.EQ.0) THEN
CALL MPI_SEND(a, 5, MPI_CHARACTER, 1, tag, comm, ierr)
ELSE IF (rank .EQ. 1) THEN
CALL MPI_RECV(b(6), 5, MPI_CHARACTER, 0, tag, comm, Status, iefr)

END IF
9 MPI_ CHARACTER
9 p 1 b 0 a
Fortran : o .
CHARACTER , MPI o
MPI o
Fortran CHARACTER

o E M PI o
6.3.2

®
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MPI ; MPI 0 » MPI

(  MPI_BYTE ).

a

MPI , , o
. ab 10 » .
s 10 s
. ( )
. ab » ;
6.4 MPI
6.4.1 MPI
MPI ) )
r < / ; ; >
H < 2 A >
MPI_SEND MP_RECV ’ 17 17 .

MPI_SEND( buf, count,datatype,dest,tag,comm)

Yy v vy v
' v




16 MPI_SEND

MPI_RECV (buf,count,datatype,source,tag,comm,status)

17 MPI_RECV
/ , tag 1 ;
2 2 o 18
0 1
MPI_SEND( x,1, ,1,tagl,comm)
MPI_SEND(y,1, ,1,tag2,comm)
tag2 2 ; 2 P
X ; tag ;
,0,tagl,comm,status)
tagl 1 ; 1 1
MPI_RECV(y,1, ,0,tag2,comm,status)
; 1 2
18 tag MPI
6.4.2
sourcetag comm , . source
MPI_ANY_SOURCE: ;
2 2 t@ H t@
MPI_ANY_TAG: tag o ; o
MPI_ANY_SOURCE MPI_ANY_TAG . comm
o s s source (
source=MPI_ANY_SOURCE): tag( tag=MP_ANY_TAG):

o

MPI_ANY_SOURCE MP_ANY_TAG )

MPI = { Source = destination

L]



6.4.3 MPI

0 N-1;

MPI_COMM_WORLD MPI = MPI ;

MPI
N
6.5
MPI
MPI

E

MPI
MPI
MPI
MPI

MPI_COMM_WORLD

MPI s

MPI



7 MPI

MPI
MPI ;
MPI .
7.1 MPI
MPI ; ;
MPI ; .
MPI_WTIME()
double MPI_Wtime(void)
DOUBLE PRECISION MPI_WTIME()
MPI 7 MPI_WTIME
MPI_WTIME

] a

double starttime, endtime;

sarttime = MPI_Wtime()

endtime = MPI_Wtime()
printf("That tooks %f secodes\n”, endtime-starttime);

10

MPI_WTICK (3
double MPI_Wrtick ¢>
DOUBLE PRECISION MPI_WTICK ¢

MPI 8 MPI_WTICK

MPI_WTICK MPI_WTIME > >



MPI -

#include <stdio.h>
#include <stdlib.h>
#include "mpi.h"
#include "test.h"

int main( int argc, char **argv )
{

int ar =0,

double t1, t2;

double tick;

int i;

MPI_Init( &arge, &argv );

tl = MPI_Wtime();/* t1*/

t2 = MPI_Wtime();/* t2*/

if ((2-t1>01]t2-t1<0.0){

[* s 01 .

err++;

fprintf( stderr,
"Two successive calls to MPI_Wtime gave strange results. (%f) (%f)\n",
t1,t2);

I* 10 » 1 *
for (i = 0; i<10; i++) {

t1 = MPI_Wtime();/* */
sleep(l);/* 1 */
t2 = MPI_Wtime();/* */
if (12-t1>=(1.0-0.01) && t2-t1 <=5.0) bresk;
I* ; */
if ((2-11>50)i=09;
/* E E

*/

}

/* E E 10 E

*/

if (i ==10) {

I* */
fprintf( stderr, "Timer around deep(1) did not give 1 second; gave %f\n" 12 - t1);
err++;
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}
tick = MPI_Wtick();
I* */
if (tick > 1.0 || tick <0.0) {
I* ; */
err++;
fprintf( stderr, "MPI_Wtick gave a strange result: (%f)\n", tick );
}

MPI_Finalize( );
}
11 MPI
7.2 M PI
MPI s
; rank » MPI
MPI_GET_PROCESSOR_NAME {name, resultlen’
OUT name
OUT resultlen ( )

int MPI_Get_processor_name ( char *name, int *resultlen)
MPI_GET_PROCESSOR_NAME (NAME, RESULTLEN, IERROR?
CHARACTER *(*) NAME
INTEGER RESULTLEN, IERROR

MPI 9 MPI_GET_PROCESSOR_NAME

MPI_GET_PROCESSOR_NAME .

MPI_GET_VERSION(version, subversion)

OUT  version

OUT  subversion

int MPI_Get_version(int * version, int * subversion)

MPI_GET_VERSION(VERSION, SUBVERSION,I[ERROR)
INTEGER VERSION, SUBVERSION, IERROR

MPI 10 MPI_GET_VERSION

MPI_GET_VERSION MPI version subversion.

MPI -

38



7.3

MPI

program main
include 'mpif.h'

character* (MPI_MAX_PROCESSOR_NAME) name
integer resultlen, version, subversion, ierr

cal MPI_Init( ierr )
name =" "

cal MPI_Get_processor_name( name, resultlen, ierr )

name

resultlen

cal MPI_GET_VERSION(version, subversion,ierr)

MPI
ers=0

do i=resultlen+1, MPI_MAX_PROCESSOR_NAME

if (name(i:i) .ne. " ") then

name resultlen

ers=ers+1
endif

enddo

if (errs.gt. 0) then

print *, 'Non-blanks after name'

ese

print *, name, " MP version”,version, ".", subversion

endif
cal MPI_Finalize( ierr )
end

12

MPI

MPI_INIT MPI

MPI_INIT

a

MPI_INITALIZED,

MPI_INITALIZED(flag)
OuUT flag MPLINIT
int MPI_Initialized(int *flag)

MPI_INITALIZED(FLAG, IERROR)

LOGICAL FLAG
INTEGER IERROR

MPI

11 MPIL_INITALIZED
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MPI_INITALIZED MPI_INIT, . flag=true:

flag=false.
MPI ; s MPI
» MPI ; o
MPI_ABORT(comm, errorcode)
IN comm
IN errorcode
int MPI_Abort(MPI_Comm comm, int errorcode)
MPI_ABORT(COMM, ERRORCODE, IERROR)
INTEGER COMM, ERRORCODE, |IERROR
MPI 12 MPI_ABORT
MP_ABORT comm °
master o
#include "mpi.h"
#include <stdio.h>
/* s masternode == s masternode != 0.
*/
int main( int argc, char **argv )
{
int node, size, i;
int masternode = 0;
/* */

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &node);
MPI_Comm_size(MPI_COMM_WORLD, &size);
I* */
for (i=1; i<argc; i++) {
fprintf(stderr," myid=%d,procs=%d,argv[%6d]=%s\n" ,node,sizei,argv[i]);
if (argv[i] && stremp( "lastmaster”, argv[i] ) == 0) {
masternode = size-1;

* master*/
}
}
if(node == masternode) {
*  madter */

fprintf(stderr,"myid=%d is masternode Abort'\n",node);
MPI_Abort(MPI_COMM_WORLD, 99);
}



ese{
r*  master */
fprintf(stderr,"myid=%d is not masternode Barrier!\n",node);
MPI_Barrier(MPI_COMM_WORLD);

}
MPI_Finalize();
}
13 MPI
7.4
; 19
A
N1 < T
19
#include <stdio.h>
#include "mpi.h"
int main( argc, argv )
int argc;
char **argv;
{

int rank, value, size;

MPI_Status status,

MPI_Init( &argc, &argv );

MPI_Comm_rank( MPI_COMM_WORLD, &rank );
MPI_Comm _size(l MPl_COMM_WORLD, &size);
* */
do{

* ; */
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if (rank == Q) {
fprintf(stderr, "\nPlease give new value=");

I* 0 */

scanf( "%d", &vaue );
fprintf(stderr,"%d read <-<-  (%d)\n",rank,value);
if (dze>1){

MPI_Send( &value, 1, MPI_INT, rank + 1, 0, MPI_COMM_WORLD );
fprintf(stderr,"%d send  (%d)->-> %d\n",

rank,valuerank+1);
* ; */
}
}
dse{
MPI_Recv( &vaue, 1, MPI_INT, rank - 1, 0, MPI_COMM_WORLD,
& status );
* */
fprintf(stderr,"%d  receive (%od)<-<- %ad\n" rank,value,rank-1);

if (rank <size-1){

MPI_Send( &value, 1, MPI_INT, rank + 1, 0, MPI_COMM_WORLD );

fprintf(stderr,"%d send  (%d)->-> %d\n",
rank,valuerank+1);
I* ; */
}
}

MPI_Barrier(MPI_COMM_WORLD);

* ; */

} while ( value>=0);

MPI_Finalize( );

}
14
7 ; 76 -3, 20 .
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7.5

Please give new value=76

O U1 o, DA WWDNDNPEPRFPROO

read <-<-
send  (76)->->
receive (76)<-<-
send  (76)->->
receive (76)<-<-
send  (76)->->
receive (76)<-<-
send  (76)->->
receive (76)<-<-
send  (76)->->
receive (76)<-<-
send  (76)->->

receive (76)<-<-

Please give new vaue=-3

g w NPFEF O OO~ WDNPE OO

read <-<-
send  (-3)->->

receive (-3)<-<-
receive (-3)<-<-
receive (-3)<-<-
receive (-3)<-<-

send  (-3)->->

receive (-3)<-<-
receive (-3)<-<-

send  (-3)->->
send  (-3)->->
send  (-3)->->
send  (-3)->->

«
N

W N P O R

oM w N UM

20

212,




21

#include "mpi.h"

#include <stdio.h>

#include <stdlib.h>

void Hello( void );

int main(int argc, char *argv[])

{
int me, option, namelen, size;
char processor_nameglMPI_MAX_PROCESSOR_NAME];
MPI_Init(&arge, &argv);
MPI_Comm_rank(MPI_COMM_WORLD,&me);
MPI_Comm_size(MPI_COMM_WORLD,&size);

I* */
if (Sze<?2){
I* 2: */

fprintf(stderr, "systest requires at least 2 processes' );
MPI_Abort(MPI_COMM_WORLD,1);

}

MPI_Get_processor_name(processor_name,& namelen);

I* */

fprintf(stderr,"Process %d is dive on %s\n", me, processor_name);

MPI_Barrier(MPI_COMM_WORLD);

I* */

Hdlo();

I* */

MPI_Finalize();



void Hello( void )

I* ;
{
int nproc, me,
int type = 1,
int buffer[2], node;
MPI_Status status,
MPI_Comm_rank(MPI_COMM_WORLD, &me);
MPI_Comm_size(MPI_COMM_WORLD, &hproc);
I* */
if (me==0){
I* 0 */
printf("\nHello test from al to al\n™);
fflush(stdout);
}
for (node = O; node<nproc; nodet++) {
I* */
if (node!=me) {
I* */
buffer[0] = me; /* */
buffer[1] = node; /* */
MPI_Send(buffer, 2, MPI_INT, node, type, MPI_COMM_WORLD);
I* */
MPI_Recv(buffer, 2, MPI_INT, node, type, MPI_COMM_WORLD, & status);
I* */
if ((buffer[O] != node) || (buffer[1] '=me) ) {
/*
*/
(void) fprintf(stderr, "Hello: %d!=%d or %d!=%0d\n",
buffer[Q], node, buffer[1], me);
printf(*Mismatch on hello processids; node = %d\n", node);
}
printf("Hello from %d to %d\n", me, node);
I* */
fflush(stdout);
}
}

15
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7.6

ROOT

#include "mpi.h"
#include <stdio.h>
int main(argc, argv)
int argc;
char **argv;
{
int rank, size, i, buf[1];
MPI_Status status,
MPI_Init( &arge, &argv );
MPI_Comm_rank( MPI_COMM_WORLD, &rank );
MPI_Comm_size( MPl_COMM_WORLD, &size);
if (rank == 0) {
for (i=0; i<100* (size-1); i++) {
MPI_Recv( buf, 1, MPI_INT, MPI_ANY_SOURCE,
MPI_ANY_TAG, MPl_COMM_WORLD, &status );
printf( "Msg=%d from %d with tag %d\n",
buf[Q], statusMPI_SOURCE, statusMPI_TAG);
}
}
esef
for (i=0; i<100; i++)
buf[O]=rank+i;
MPI_Send( buf, 1, MPI_INT, O, i, MPI_COMM_WORLD );
}
MPI_Finalize();

16



1.7 MPI

MPI s s ;

CALL MPI_COMM_RANK (comm, rank, ierr)

IF (rank.EQ.0) THEN
CALL MPI_RECV((recvbuf, count, MPI_REAL, 1, tag, comm, status, ierr)
CALL MPI_SEND(sendbuf, count, MPI_REAL, 1, tag, comm, ierr)

ELSE IF(rank .EQ. 1)
CALL MPI_RECV((recvbuf, count, MPI_REAL, 0, tag, comm, status, ierr)
CALL MPI_SEND(sendbuf, count, MPI_REAL, 0, tag, comm, ierr)

END IF
17
oD D
1 A h 4
0 B
h 4
1 C h 4
0 D
A
C D
B
23
0 A 1 D A D>
s 0 1 C
A » C A; ; 1 B 0

47
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CALL MPI_COMM_RANK (comm, rank, ierr)
IF (rank.EQ.0) THEN
CALL MPI_SEND(sendbuf, count, MPI_REAL, 1, tag, comm, ierr)
CALL MPI_RECV((recvbuf, count, MPI_REAL, 1, tag, comm, status, ierr)
ELSE Crank .EQ.1>
CALL MPI_SEND(sendbuf, count, MPI_REAK, 0, tag, comm, status, iefr)
CALL MPI_RECV((recvbuf, count, MPI_REAL, 0, tag, comm, status, ierr)
END IF

25

18
1 A
l ' 0
1 C |e I l
VN
A
c D
B
24
0 1 ¢ MP
E 0 1 E b

¢ 257,



CALL MPI_COMM_RANK (comm, rank, ierr)
IF (rank.EQ.0) THEN

CALL MPI_SEND(sendbuf, count, MPI_REAL, 1, tag, comm, ierr)
CALL MPI_RECV ((recvbuf, count, MPI_REAL, 1, tag, comm, status, ierr)

ELSE (rank .EQ. 1)

CALL MPI_RECV((recvbuf, count, MPI_REAL, 0, tag, comm, status, ierr)
CALL MPI_SEND(sendbuf, count, MPI_REAL, 0, tag, comm, ierr)

- A C. D B

49

END IF
19
oD D
h 4 h 4
1 A 0
h 4 h 4
1 C « 0
A
C D
B
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7.8

MPI

MPI

MPI



8 MPI

MH 2 o
MPI s s MPI
MPI s —Jacobi
MPI s
MPI o
MPI s
MPI SPMD s MPI MPMD s s MPMD
E SPMD 2 o
MPI  SPMD s s
; . SPMD 7
s SPMD
s SPMD » SPMD s
SPMD o
8.1 M Pl
8.1.1 —Jacobi
Jacobi s 20 s
Jacobi o

Jacobi ; ;
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REAL A(N+1,N+1), B(N+1,N+1)

DOK=1,STEP
DO JF1,N
DOI=1,N

END DO
END DO
DO 1N
DOI=LN
A(1,I=B(1.9)
END DO
END DO

B(1,9=0.25* (A(I-L)+A(I+1,)+A(,+D)+A(l,}1))

20 Jacobi

8.1.2 MPI Jacobi

26 Jacobi
M™M A(M,M): M=4*N ,
: 0: A(M,lN)}

3: A(M,3*N+1L:M).

a

A(M,2*N+1:3*N);

52
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M*N M* (N+22, 0

( ;
Jacobi s ;
¢ 27,
)O
0 1
27 Jacobi

program main

implicit none

include 'mpif.h

integer totalsize,mysize steps
parameter (totalsize=16)

parameter (mysize=totalsize/4,steps=10)

integer n, myid, numprocs, i, j,rc

rea a(totalsize mysizet+2),b(totalsize,mysize+2)

integer begin_col,end _col,ierr
integer statusMPI_STATUS SIZE)

cal MPI_INIT( ierr )

cal MPl_COMM_RANK(MPI_COMM_WORLD, myid, ierr)
cadl MPI_COMM_SIZE( MPI_COMM_WORLD, numprocs, iefr )

8;

FORTRAN

0:

21




print *, "Process ", myid, " of ", numprocs, " is dive"

do j=1mysizet+2
do i=1totasize
ai,j)=0.0
end do
end do
if (myid .eqg. 0) then
do i=1totasize
ai,2)=8.0
end do
end if
if (myid .eqg. 3) then
do i=1totasize
a(i,mysize+1)=8.0
end do
end if
do i=1,mysize+2
a(1,h)=8.0
a(totalsize,i)=8.0
end do

Jacobi
do n=1steps

if (myid .It. 3) then
call MPI_RECV(a(1,mysize+2) totalsize MPI_REAL myid+1,10,
* MPI_COMM_WORLD,status,ierr)
end if

if ((myid .gt. 0) ) then

cal MPI_SEND(a(1,2) totalsize MPI_REAL ,myid-1,10,
* MPI_COMM_WORLD,ierr)
end if

if (myid .It. 3) then
cal MPI_SEND(a(1,mysize+1) totalsize MPI_REAL myid+1,10,
* MPI_COMM_WORLD,ierr)
end if

if (myid .gt. 0) then
call MPI_RECV(a(1,1),totalsize MPI_REAL myid-1,10,



* MPI_COMM_WORLD,status;ierr)
end if

begin_col=2

end_col=mysize+1

if (myid .eqg. 0) then
begin_col=3

endif

if (myid .eg. 3) then
end_col=mysize

endif

do j=begin_col,end col
do i=2totalsize-1
b(i,j)=(a(i,j+1)+a(i,j-1)+a(i+1,j)+a(i-1,))*0.25
end do
end do
do j=begin_col,end col
do i=2totalsize-1
a(i j)=h(i.))
end do
end do
end do
do i=2totdsize-1
print *, myid,(&(i,j),j=begin_col,end _col)
end do

cal MPI_Finalize(rc)
end

21 MPLSEND MPI_RECV Jacobi

8.1.3 Jacobi

Jacobi p
: MPI ; MPI



MPI_SENDRECV (sendbuf ,sendcount,sendtype,dest,sendtag, recvbuf ,recvcount,
recvtype, source,recvtag,comm,status)
IN sendbuf ( )
IN sendcount ( )
IN sendtype ( )
IN dest
IN sendtag ( )
OUT recvbuf ( )
IN recvcount ( )
IN recvtype ( )
IN source ( )
IN recvtag ( )
IN comm ( )
OUT datus (status)
int MPI_Sendrecv(void *sendbuf, int sendcount, MPI_Datatype sendtype, int dest,
int sendtag, void *recvbuf, int recvcount, MPI_Datatype recvtype, int source,
int recvtag, MPI_Comm comm, MPI_Status * status)
MPI_SENDRECV(SENDBUF, SENDCOUNT, SENDTY PE, DEST, SENDTAG,
RECVBUF, RECVCOUNT, RECVTY PE, SOURCE, RECVTAG, COMM,
STATUS |IERROR)
<type> SENDBUF(*), RECVBUF(*)
INTEGER SENDCOUNT, SENDTY PE, DEST, SENDTAG, RECVCOUNT,
RECVTY PE,SOURCE, RECVTAG, COMM,STATUS(MPI_STATUS SIZE), IERROR

MPI 13 MPI_SENDRECV
MPI_SENDRECV MPI_SENDRECV_REPLACE
MPI_SENDRECV ;
MPI_SENDRECV_REPLACE MPI_SENDRECV (

)



MPI_SENDRECV_REPL ACE(buf,count,datatype,dest,sendtag,source,recvtag,comm, status)

INOUT  buf ( )
IN count ( )
IN datatype « )
IN dest ( )

IN sendtag ( )

IN source ( )

IN recvtag ( )

IN comm ( )
ouT status (status)

int MPI_Sendrecv_replace(void *buf, int count, MPI_Datatype datatype, int dest, int sendtag,
int sourceint recvtag, MPI_Comm comm, MPI_Status * status)
MPI_SENDRECV_REPLACE(BUF, COUNT, DATATYPE, DEST, SENDTAG, SOURCE,
RECVTAG, COMM, STATUS, IERROR) BUF(*)
INTEGER COUNT, DATATYPE, DEST, SENDTAG, SOURCE, RECVTAG,

COMM, STATUS(MPI_STATUS SIZE), IERROR

MPI 14 MPI_SENDRECV_REPLACE
Jacobi s ;
s MPI_SENDRECV - 28 -
>

<

28 MPI_SENDRECV Jacobi
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; 2 -
MPI_SENDRECV 0

program main

implicit none

include 'mpif.h'

integer totalsizemysize,steps

parameter  (totalsize=16)

parameter  (mysize=totalsize/4,steps=10)

integer n, myid, numprocs, i, j,rc
rea a(totalsize mysizet+2),b(totalsize,mysize+2)
integer begin_col,end _col,ierr
integer status(MPI_STATUS SIZE)

cal MPI_INIT( ierr )

cal MPI_COMM_RANK( MPI_COMM_WORLD, myid, iefr)
cadl MPI_COMM_SIZE( MPI_COMM_WORLD, numprocs, iefr )
print *, "Process ", myid, " of ", numprocs, " is dive"

do j=1mysizet2
do i=1totdsize
ai,j)=0.0
end do
end do
if (myid .eg. 0) then
do i=1totasize
ai,2)=8.0
end do
end if
if (myid .eqg. 3) then
do i=1totasize
a(i,mysize+1)=8.0
end do
end if
do i=1,mysize+2
a(1,H=8.0
a(totalsize,i)=8.0
end do



do n=1steps

if (myid .eqg. 0) then
call MPI_SEND(a(1,mysizet1),totalsize MPI_REAL,myid+1,10,
* MPI_COMM_WORLD,ierr)
ese if (myid .eq. 3) then
cal MPI_RECV(a(1,1),totasize MPI_REAL,myid-1,10,

* MPI_COMM_WORLD,status,ierr)
else
cal MPI_SENDRECV (a(1,mysizet+1), totalsize MPl_REAL ,myid+1,10,
* a(1,1) totalsize MPI_REAL,myid-1,10,
* MPI_COMM_WORLD,status,ierr)
end if

if (myid .eq. 0) then
cal MPI_RECV(a(1,mysizet+2) totalsize MPI_REAL,myid+1,10,
* MPI_COMM_WORLD gatus,ierr)
eseif (myid .eq. 3) then
cal MPI_SEND(a(1,2),totalsize MPI_REAL,myid-1,10,
* MPI_COMM_WORLD,ierr)
ese
cal MPI_SENDRECV (a(1,2),totdsize MPI_REAL,myid-1,10,
* a(1,mysize+2)totdsize MPI_REAL ,myid+1,10,
* MPI_COMM_WORLD gatus,ierr)
end if
begin_col=2
end_col=mysize+1
if (myid .eg. 0) then
begin_col=3
endif
if (myid .eg. 3) then
end_col=mysize
endif

do j=begin_col,end col
do i=2totalsize-1
b(i,j)=(a(i,j+1)+a(i,j-1)+a(i+1,j)+a(i-1,))*0.25
end do
end do
do j=begin_col,end col
do i=2totalsize-1
a(i,j)=h(i))
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end do
end do
end do
do i=2totdsize-1
print *, myid,(a(i,j),j=begin_col,end col)
end do

cal MPI_Finalize(rc)

end
22 MPI_SENDRECV Jacobi
8.14 Jacobi
{MPI_PROC _NULL > »  MPI
MPI_PRC_NULL ;
MPI_PROC_NULL ;

Jacobi

program main

implicit none

include 'mpif.h'

integer totalsizemysize,steps

parameter (totalsize=16)

parameter (mysize=totalsize/4,steps=10)

integer n, myid, numprocs, i, j,rc
real a(totalsize mysize+2),b(totalsize,mysize+2)
integer begin_col,end colierr
integer left,right,tagl,tag2
integer status(MPI_STATUS SIZE)

cal MPLINIT( ier )

cadl MPI_COMM_RANK(MPI_COMM_WORLD, myid, ierr)
cal MPl_COMM_SIZE( MPI_COMM_WORLD, numprocs, ierr )
print *, "Process ", myid, " of ", numprocs, " is dive"



do j=1mysizet2
do i=1totasize
ai,j)=0.0
end do
end do
if (myid .eg. 0) then
do i=1totasize
ai,2)=8.0
end do
end if
if (myid .eg. 3) then
do i=1totasize
a(i,mysize+1)=8.0
end do
end if
do i=1,mysize+2
a(1,h)=8.0
a(totalsize,i)=8.0
end do

tagl=3
tag2=4

if (myid .gt. O) then
left=myid-1

ese
left=MPI_PROC_NULL

end if

if (myid .It. 3) then
right=myid+1

ese
right=MPI_PROC_NULL

end if

Jacobi

do n=1steps

cal MPI_SENDRECV (a(1,mysize+1),totasize MPI_REAL ,right,tagl,
* a(1,1) totalsize MPI_REAL | eft,tagl,
* MPI_COMM_WORLD  géatus,ierr)

cal MPI_SENDRECV(a(1,2) totalsize MPl_REAL l€ft tag2,

* a(1,mysize+2),totalsize MPI_REAL ,right,tag2,
* MPI_COMM_WORLD gatus,ierr)
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8.2.1

begin_col=2

end_col=mysize+1

if (myid .eg. 0) then
begin_col=3

endif

if (myid .eg. 3) then
end_col=mysize

endif

do j=begin_col,end col
do i=2totalsize-1

b(i,j)=(a(i,j+1)+a(i,j-1)+a(i+1,j)+a(i-1,))*0.25

end do

end do

do j=begin_col,end col
do i=2totalsize-1

a(i,j)=h(i))

end do

end do

end do

do i=2totalsize-1
print *, myid,(a(i,j),j=begin_col,end col)

end do

cal MPI_Finalize(rc)

end

23 Jacobi

MPI
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29

program main

include "mpif.h"

integer MAX_ROWSMAX_COLS, rows, cols

parameter (MAX_ROWS=1000, MAX_COL S=1000)

double precison a(MAX_ROWS, MAX_COLS),b(MAX_COLS),c(MAX_COLYS)
double precision buffer (MAX_COLYS), ans

integer myid, master, numprocs, ierr, status(MPI_STATUS SIZE)
integer i,j,numsent, numrcvd, sender
integer anstype, row

cal MPI_INIT(ierr)

cdl MPI_COMM_RANK(MPI_COMM_WORLD, myid, ierr)
cdl MPI_COMM_SIZE(MPI_COMM_WORLD, numpraocs, iefr)
master=0

rows=100

cols=100

if (myid .eq. master) then
A B

doi=1,cols

b(i)=1

do j=1,rows

a(ij)=i

end do
end do
numsent=0
numrcvd=0



B ,
call MPI_BCAST(b,colsMPI_DOUBLE_PRECISION,master,
$ MPI_COMM_WORLD, ier)

A numprocs-1
do i=1,min(numprocs-1,rows)
do j=1,cols

buffer(j)=a(i,j)
end do

call MPI_SEND(buffer, cols, MPI_DOUBLE,_PRECISION,i,
$ i,MP_COMM_WORLD, ierr)

numsent=numsent+1
end do
doi=1,row
cal MPI_RECV(ans, 1,MPI_DOUBLE_PRECISION, MPI_ANY_SOURCE,
$ MPI_ANY_TAGMPI_COMM_WORLD, gatus, ier)

sender=status(MPI_SOURCE)
anstype=status(MPI_TAG)

C
c(anstype)=ans
if (numsent .It. rows) then

doj=1,cols

buffer(j)=a(numsent+1,))
end do

cal MPI_SEND(buffer,cols, MPI_DOUBLE_PRECISION, sender,
$ numsent+1,MPI_COMM_WORLD, ierr)
numsent=numsent+1
else

0 ;
cal MPI_SEND(1.0,0,0MPI_DOUBLE_PRECISION,sender,
$ 0, MPI_COMM_WORLD, ierr)

end if
else
; B
cal MPI_BCAST(b,colsMPI_DOUBLE_PRECISION,master,
$ MPI_COMM_WORLD, ierr)



A

cal MPI_RECV (buffer,cols, MPI_DOUBLE_PRECISION, master,

9
MPI_ANY_TAG, MPl_COMM_WORLD, status,ierr)

$
C 0
if (status(MPI_TAG) .ne. 0) then
row=status(MPI_TAG)
ans=0.0
do i=1,cols
ans=anst+buffer(i)*b(i)
end do
C ;
cdl MPI_SEND(ans, 1, MPI_DOUBLE_PRECISION, master, row,
$ MPI_COMM_WORLD, ierr)

goto 90
end if
endif
cal MPI_FINALIZE(ierr)
end

E
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#include <stdio.h>
#include "mpi.h"
int main( argc, argv )
int argc;
char **argv;
{
int rank, size;
MPI_Init( &arge, &argv );

MPI_Comm_rank( MPI_COMM_WORLD, &rank );

if (rank == 0)

master_io(); /* 0
ese

dave io(); /*
MPI_Finalize( );

#defineMSG_EXIT 1
#defineMSG_PRINT ORDERED 2 /*
#define MSG_PRINT_UNORDERED 3 /*

I* */
int master_io( void )
{
int i,j, Sze, ndave, firsmsg;
char buf[256], buf2[256];

MPI_Status status,

*/

*/

MPI_Comm_size{ MPI_COMM_WORLD, &size);/*

ndave = sze - 1;/*
while (ndave > 0) {/*

*/

E

*/
*/

*/

*/

MPI_Recv( buf, 256, MPI_CHAR, MPI_ANY _SOURCE, MPI_ANY_TAG,

MPI_COMM_WORLD, &status );/*

switch (statusMPI_TAG) {
case MSG_EXIT: ndave--; break;/*
case MSG_PRINT_UNORDERED:/*
fputs( buf, stdout );
break;
case MSG_PRINT_ORDERED:/*
*/
firstmsg = statusMPI_SOURCE;
for (i=1; i<dze; i++) {/*
if (i == firstmsg)
fputs( buf, stdout );/*

*/

*/

1*/
*/

*/



else {/* » ; */
MPI_Recv( buf2, 256, MPI_CHAR, i, MSG_PRINT_ORDERED,
MPI_COMM_WORLD, &status );/*

*/
fputs( buf2, stdout );
}
}
break;
}
}
}
I* */
int dave io( void)
{
char buf[256];
int rank;
MPI_Comm_rank( MPI_COMM_WORLD, &rank );/* */

sprintf( buf, "Hello from dave %d. ordered print\n”, rank );
MPI_Send( buf, strlen(buf) + 1, MPI_CHAR, 0, MSG_PRINT_ORDERED,
MPI_COMM_WORLD );# */

sprintf( buf, "Goodbye from dave %d, ordered print\n*, rank );

MPI_Send( buf, strlen(buf) + 1, MPI_CHAR, 0, MSG_PRINT_ORDERED,
MPI_COMM_WORLD );/* */

sprintf( buf, "I'm exiting (%od),unordered print\n”, rank );

MPI_Send( buf, strlen(buf) + 1, MPI_CHAR, 0, MSG_PRINT_UNORDERED,

MPI_COMM_WORLD );/* ; */
MPI_Send( buf, 0, MPI_CHAR, 0, MSG_EXIT, MPI_COMM_WORLD );/*
*/
}
25
31 10 1 9 Do

Hello from dave 1,ordered print
Hello from dave 2,ordered print
Hello from dave 3,ordered print
Hello from dave 4,ordered print
Hello from dave 5,ordered print
Hello from dave 6,ordered print
Hello from dave 7,ordered print
Hello from dave 8,ordered print
Hello from dave 9,ordered print
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Goodbye from slave 1,ordered print
Goodbye from slave 2,ordered print
Goodbye from slave 3,ordered print
Goaodbye from slave 4,ordered print
Goaodbye from slave 5,ordered print
Goodbye from slave 6,ordered print
Goaodbye from slave 7,ordered print
Goaodbye from slave 8,ordered print
Goodbye from slave 9,ordered print
I'm exiting (1),unordered print
I'm exiting (3),unordered print
I'm exiting (4),unordered print
I'm exiting (7),unordered print
I'm exiting (8),unordered print
I'm exiting (9),unordered print
I'm exiting (2),unordered print
I'm exiting (5),unordered print
I'm exiting (6),unordered print

31
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9 MPI

MPI ; { standard mode?
; ; ( buffered-
mode’ ; {synchronous-mode> { ready-mode>.
> MPI ;
: 1
"2 73
7 4 7 7
7 > MPI °
6 MPI
MPI_SEND MPI_RECV
MPI_BSEND
MPI_SSEND
MPI_RSEND
; s ; - MPI
» H B
> S » R - -
9.1
MPI ¢ 32 . MPI s
MPI ; ; ;
s MPI s s
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9.2

( 33)0 a ~

MPI_BSEND(buf, count, datatype, dest, tag, comm)

IN buf ( )
IN count ( )

IN datatype ( )

IN dest «C )

IN  teg « )

IN comm ( )

int MPI_Bsend(void* buf, int count, MPI_Datatype datatype, int dest,
int tag, MPI_Comm comm)
MPI_BSEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, |IERROR)

<type>BUF(*)
INTEGER COUNT, DATATYPE, DEST, TAG, COMM, IERROR

MPI 15 MPI_BSEND

MPI_BSEND MPI_SEND )
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s MPI ;
- ; » MPI

MPI_BUFFER_ATTACH( buffer, size)
IN buffer ( )
IN size ( )
int MPI_Buffer_attach( void* buffer, int size)
MPI_BUFFER_ATTACH( BUFFER, SIZE, IERROR)
<type>BUFFERR(*)
INTEGER SIZE, IERROR

MPI 16 MPI_BUFFER_ATTACH

MPI_BUFFER_ATTACH Size MPI,

a

MPI_BUFFER_DETACH( buffer, size)

OUT buffer ( )

OUT size ( )

int MPI_Buffer_detach( void** buffer, int* size)
MPI_BUFFER_DETACH( BUFFER, SIZE, IERROR)
<type>BUFFER(*) INTEGER SIZE, IERROR

MPI 17 MPI_BUFFER_DETACH

MPI_BUFFER_DETACH Size buffer s

a

71



a a

#include <stdio.h>
#include <stdlib.h>
#include "mpi.h"
#define SIZE 6

I* */
gatic int src = 0;
gatic int dest = 1,

void Generate Data ( double *, int );

I* */
void Norma_Test_Recv ( double *, int);
I* */
void Buffered_Test_Send ( double *, int );
I* */
void Generate_Data(buffer, buff_size)
double *buffer;
int buff_size;
{

int i

for (i =0; i < buff_dze; i++)
buffer[i] = (double)i+1;

}
void Normal_Test_Recv(buffer, buff_size)
double *buffer;
int buff_size;
{
int i, j;
MPI_Status Stat;
double *b;
b = buffer;
[* buff size-1 */

MPI_Recv(b, (buff_size - 1), MPI_DOUBLE, src,
2000, MPI_COMM_WORLD, & Stat);
fprintf(stderr,"standard receive a message of %d data\n”,buff_size-1);
for (j=0;j<buff_size-1;j++)
fprintf(stderr,” buf[%d]=%f\n" j,b[j]);
b += buff size- 1;
I* */
MPI_Recv(b, 1, MPI_DOUBLE, src, 2000, MPI_COMM_WORLD, & Stat);
fprintf(stderr,"standard receive a message of one data\n");
fprintf(stderr,”buf[0]=%f\n",* b);

2



void Buffered Test_Send(buffer, buff_size)
double *buffer;
int buff_size;
{
int i, j;
void *bbuffer;
int size
fprintf(stderr,"buffered send message of %d data\n”,buff_size-1);
for (j=0;j<buff_size-1;j++)
fprintf(stderr,"buf[%d]=%f\n" j ,buffer[j]);
[* buff size-1 */
MPI_Bsend(buffer, (buff_size - 1), MPI_DOUBLE, dest, 2000,
MPI_COMM_WORLD);
buffer += buff_size - 1,
fprintf(stderr,"buffered send message of one data\n”);
fprintf(stderr,"buf[0]=%f\n" * buffer);
I* 1 */
MPI_Bsend(buffer, 1, MPI_DOUBLE,
dest, 2000, MPI_COMM_WORLD);

* ; */
MPI_Buffer_detach( & bbuffer, &size);
I* */

MPI_Buffer_attach( bbuffer, size);

int main(int argc, char **argv)
{
int rank; /* My Rank (O or 1) */
double buffer[SIZE], *tmpbuffer, *tmpbuf;
int tsize, bsize;
char *Current_ Test = NULL,;

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

if (rank == src)

I* */
Generate_Data(buffer, SIZE);/* */
MPI_Pack _size( SIZE, MPI_DOUBLE, MPI_COMM_WORLD, &bsize);
* SIZE MPI_DOUBLE */

tmpbuffer = (double *) malloc( bsize + 2*MPI_BSEND_OVERHEAD );
I* */
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9.3

if ('tmpbuffer) {
fprintf( stderr, "Could not allocate bsend buffer of size %d\n",
bsize );
MPI_Abort( MPI_COMM_WORLD, 1);

}

MPI_Buffer_attach( tmpbuffer, bsize+ MPI_BSEND_OVERHEAD );
[* MPI. MPI
Buffered Test Send(buffer, SIZE);/* */

MPI_Buffer_detach( & tmpbuf, &tsize);/*
} dseif (rank == dest) {
I* */
Normal_Test Recv(buffer, SIZE);/* */

} dse{
fprintf(stderr, "*** This program uses exactly 2 processes! ***\n");
I* */
MPI_Abort( MPI_COMM_WORLD, 1);

}
MPI_Finalize();

26

*/

*/

MPI_SSEND(buf, count, datatype, dest, tag, comm)

IN buf ( )
IN count (

IN datatype ( )

IN dest ( )

IN  teg «( )

IN comm ( )

int MPI_Ssend(void* buf, int count, MPI_Datatype datatype, int det,
int tag, MPI_Comm comm)

MPI_SSEND(BUF, COUNT, DATATY PE, DEST, TAG, COMM, IERROR)
<type> BUF(*)
INTEGER COUNT, DATATYPE, DEST, TAG, COMM, IERROR)

MPI 18 MPI_SSEND
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34

tag 1 2 s 5
#include <stdio.h>
#include "mpi.h"
#define SIZE 10
/* Amount of time in seconds to wait for the receipt of the second Ssend
message */
gatic int src = 0;
gatic int dest = 1
int main( int argc, char **argv)
{
int rank; /* My Rank (0 or 1) */
int act sze=0;
int flag, np, rva, i;
int buffer[SIZE];
MPI_Status status, statusl, status?;
int countl, count2;
MPI_Init(&arge, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size( MPI_COMM_WORLD, &np);
if (np!=2){
fprintf(stderr, "*** This program uses exactly 2 processes! ***\n");
MPI_Abort( MPI_COMM_WORLD, 1);

}
act size=5;/* */
if (rank == s¢) { /* */
act sze = 1,
MPI_Ssend( buffer, act_size, MPI_INT, dest, 1, MPI_COMM_WORLD );
[* ; . tag 1*/

fprintf(stderr,"MPI_Ssend %d datatag=1\n", act_size);
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act sze = 4,
MPI_Ssend( buffer, act_size, MPI_INT, dest, 2, MPI_COMM_WORLD );
I* 4 » tag 2%/
fprintf(stderr,"MPI_Ssend %d datatag=2\n", act_size);
} dseif (rank == dest) {/* */
MPI_Recv( buffer, act_ size, MPI_INT, src, 1, MPl_COMM_WORLD,
& statusl );
I* s act_size » tag 1%/
MPI_Recv( buffer, act_ size, MPI_INT, src, 2, MPl_COMM_WORLD,
& status? );
I* ; act_size » tag 2*/
MPI_Get_count( &statusl, MPI_INT, &countl );/* 1 */
fprintf(stderr,"receive %d data,tag=%d\n",count1,statusl.MPI_TAG);
MPI_Get_count( &status2, MPI_INT, &count2 );/* 2 */
fprintf(stderr,"receive %d data,tag=%d\n",count2,status2.MPI_TAG);

}
MPI_Finalize();

27

9.4

MPI_RSEND(buf, count, datatype, dest, tag, comm)

IN  buf ( )
IN  count ( )

IN  datatype ( )

IN  dest ()

IN  tag C )

IN  comm ( )

int MPI_Rsend(void* buf, int count, MPI_Datatype datatype, int det,
int tag, MPI_Comm comm)
MPI_RSEND(BUF, COUNT, DATATY PE, DEST, TAG, COMM, IERROR)

<type>BUF(*)
INTEGER COUNT, DATATYPE, DEST, TAG, COMM, IERROR

MPI 19 MPI_RSEND

¢ 35 ;
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¢ 367
{ @ @> .
0 1
MP1_IRECV
@<
MP1_SEND
MPI_RECV
|—_|—(>®
MP1_RSEND @
v
36
@: MPI_IRECV
@: MP1_SEND
®: MPI_RECV
@ MP1_RSEND
MP1_RSEND s
MP1_RECV, . @@, | e ® @7,
s MP1_SEND + MP1_RECV ;
@<®; MPI_SEND MP1_IRECV s x®. D<@

program rsendtest
include 'mpif.h'
integer ierr

cal MPI_Init(ierr)
call test rsend



o000

cal MPI_Finalize(ierr)
end

subroutine test_rsend
include 'mpif.h'
integer TEST_SIZE
parameter (TEST_SIZE=2000)
integer ierr, prev, next, count, tag, index, i, outcount,

$ requests(2), indices(2), rank, size,
$ satus(MPI_STATUS SIZE), statusesMPI_STATUS SIZE,2)
logical flag

rel send_buf( TEST_SIZE ), recv_buf ( TEST_SIZE)

cal MPI_Comm_rank( MPI_COMM_WORLD, rank, iefr)
cal MPI_Comm_size( MPI_COMM_WORLD, size, ierr)
if (size.ne. 2) then

print *, "This test requires exactly 2 processes

cal MPI_Abort( 1, MPI_COMM_WORLD, iefr)
endif

next = rank + 1

if (next.ge. size) next=0
prev = rank - 1

if (prev .It. 0) prev =size-1

if (rank .eg. O0) then
print *, " Rsend Test "
end if
tag = 1456
count = TEST SIZE/3
if (rank .eg. O0) then
cal MPI_Recv( MPI_BOTTOM, 0, MPI_INTEGER, next, tag,
$ MPI_COMM_WORLD, satus, ierr )
0 ;

MPI_BOTTOM MPI

print *,"Process ",rank," post Ready send"

cal MPI_Rsend(send_buf, count, MPI_REAL, next, tag,
$ MPI_COMM_WORLD, ierr)

ese

print *, "process ",rank," post a receive call”
cal MPI_Irecv(recv_buf, TEST_SIZE, MPI_REAL,
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9.5

$ MPI_ANY_SOURCE, MPI_ANY_TAG, MP|_COMM_WORLD,
$ requests(1), ierr)
1 ;
cal MPI_Send( MPI_BOTTOM, 0, MPI_INTEGER, next, tag,
$ MPI_COMM_WORLD, ierr )

E

MPI_Irecv s

cal MPI_Wait( requests(1), Status, ierr )
print *,"Process ", rank,” Receive Rsend message from ",
$ status(MPI_SOURCE)
end if
end

28
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10 MPICH MPI
MPI MPICH ; MPICH
Linux NT ~ MPI .
MPICH, MPI .
MPICH MPI ; » MPICH MPI
, MPICH MPI -
MPICH Argonne National Laboratory Mississippi State University
; » IBM - MPI MPI
10.1 Linux MPICH
10.1.1
® MPICH
s s mpich.tar.gz
mpich.tar.Z. mpich.tar.gz gunzip -

s http://www.mcs.anl .org/mpi/mpich/

ftp

ftp://ftp.mcs.anl.org/pub/mpi

ftp://ftp.mcs.anl.org/pub/mpisplit »

ftp://ftp.mcs.anl.org/pub/mpisplit s

a

@

tar zxvf mpi ch.t.ar.gz

gunzip —c mpich.tar.gz | tar xovf —
zcat mpich.tar.Z | tar xovf —

uncompress mpich.tar.Z
tar xvf mpich.tar
® mpich
cd mpich
» 111, 112

@ Makefile
Jconfigure

prefix : Jconfigure
make

configure MPI ;

E

—prefix=/ust/local/mpich-1.2.1

make MPI 0

cat



®
cd examples/basic
make cpi
.J../bin/mpirun —p 4 cpi
$(HOME)/mpich
make testing
® mpich
make ingtall
prefix

10.1.2

$ (HOME? /mpich-1.2.1/MPI-2-C++
mpich C++
$ (HOME> /mpich-1.2.1/bin
mpich
$ (HOME> /mpich-1.2.1/doc
mpich
$ (HOME> /mpich-1.2.1/examples
mpich
$ (HOME> /mpich-1.2.1/f90modules
mpich Fortran90
$ (HOME> /mpich-1.2.1/include
mpich
$ (HOME> /mpich-1.2.1/lib
mpich
$ (HOME> /mpich-1.2.1/man
mpich
$ (HOME> /mpich-1.2.1/mpe
mpich
$ (HOME> /mpich-1.2.1/mpid
mpich
$ (HOME> /mpich-1.2.1/romio
mpich 1/O
$ (HOME> /mpich-1.2.1/share
upshot  jumpshot
$ (HOME> /mpich-1.2.1/src
mpich
$ (HOME> /mpich-1.2.1/util
mpich
$ (HOME> /mpich-1.2.1/Awww
mpich
MPI ;
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10.1.3

mpi CC/mpicc/mpif77/mpif90
mpiCC C++ MPI »  mpicc
mpif77  mpif90 FORTRAN77 Fortran90
MPI ; >

-mpilog MPE log

-mpitrace ; MPI
-mpilog ; -

-mpianim

-show »

-help

-echo

C++/C/FORTRANT7/Fortran90

10.1.4
MPI SPMD (Single Program Multiple Data>
o MPI MASTER/SLAVER
MPI

MPI C FORTRAN

| MPI
| il/i/z

MPI
mpiCC

E

MPI

MPI

37 MPI
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MPI ¢ 30

@ MPI
MPI -
®
® mpirun MPI
10.1.5
MPI ; MPI
; MPI - ;
[etc/hosts.equiv MPI . tp5 16
MPI ; tpl.tp2,...,tpl6: tpl,...,tpl6 [etc/hosts.equiv
tp5
tp5 ’ ’
fetc/hosts.equiv s . [etc/hosts.equiv
.rhosts - MPI ;
home rhosts ;
. tpl pact ’ tp5 pact )
tpl pact home rhosts ;
tp5 pact
; ; MPI
10.1.6
MPI
mpirun —-np N program
N » program MPI . ’
; $(HOME)/mpich/util/machinessmachines.LINUX
tp5.cs.tsinghua.edu.cn
tpl.cs.tsinghua.edu.cn
tp2.cs.tsinghua.edu.cn
tp3.cs.tsinghua.edu.cn
tp4.cs.tsinghua.edu.cn
tp8.cs.tsinghua.edu.cn




6 MPI ° s
- tpS.cstsinghua.edu.cn  $(HOME)/mpich/examples/basic/
mpirun —np 6 cpi
{tpd,tp2,tp3,tp4,tp8} $(HOME)/mpich/examples/basic/ cpi -

E E

mashines.LINUX 5
mpirun —machinefile hosts —np 6 cpi

hosts o

mpirun —p4pg pgfile cpi

pdfile 33 -
< > < > < >
< > < > < >
38
- 39 >
tp5 0  /home/pact/mpich/examples/basic/cpi
tpl 1 /home/pact/mpich/examples/basic/cpi
tp2 1 /home/pact/mpich/examples/basic/cpi
tp3 1 /home/pact/mpich/examples/basic/cpi
tpd 1  /home/pact/mpich/examples/basic/cpi
tp8 1  /home/pact/mpich/examples/basic/cpi
39
0 tpS ; 0 tp5 MPI .
mpirun - MM s s
; MPI -

MPI



mpirun -np <number of processes> <program name and arguments>

MPI
chameleon ( chameleon/pvm, chameleon/p4, ...)
meiko ( meiko )
paragon  (paragon ch_nx )
p4 ( chps )
ibmspx (IBM SP2 ch_eui)
anlspx (ANLs SPx  ch_eui)
ksr (KSR1 2 ch_p4)
sgi_mp (SGl ch_shmem)
cray t3d (Cray T3D t3d)
smp (SMPs ch_shmem)
execer . )
MPI ; » MM

mpirun [mpirun_options...] <progname> [options...]
> ¥ MPIR_HOME}/util/machines

-arch <architecture>
machines.<arch>
-h

MPI

-machine <machine name> use startup procedure for <machine name>
-machinefile <machine-file name>

-np <np>
-nolocd
-stdin filename
-t s
-V
-dbx
-gdb gdb
-xxgdb  xxgdb
-tv  totaview
NEC - CENJU-3
-batch
-stdout filename
-stderr filename
Nexus
-nexuspg filename

-leave pg
-nexusdb filename

dbx

-e  execer
-Pg

-leave pg
-p4pg filename

Nexus

execer
P4

-np -nolocal

_np

-noloca



; -leave pg
-tcppg filename tcp -np
nolocal s -leave _pg
-p4dssport num p4 ,
nums numM=0- MPI_PASSPORT )
MPI_USEPASSPORT MPI_PASSPORT ; -pdssport 0.

-mvhome home
-mvback files
-maxtime min
-nopoll
-mem value
-cpu time CPU

IBM SP2

-cac name ANL o

Intel Paragon
-paragontype name
-paragonname name shels
-paragonpn name  Paragon -

-arch -np . MPI o
sun4 rs6000 »  sund 2 > rse000
3 ;
mpirun -arch sun4 -np 2 -arch rs6000 -np 3 program
s un4 program.sun4. rs6000
program.rs6000; %a .
mpirun -arch sun4 -np 2 -arch rs6000 -np 3 program.%a
ftmp/me/sund ftmp/me/rs6000 -
mpirun -arch sun4 -np 2 -arch rs6000 -np 3 /tmp/me/%a/program

10.1.7

mpiman
MPI , , UNIX man ,
Web HTML . > mpiman xman, X

-Xmosaic xmosaic Web

-mosaic mosaic Web

-netscape netscape Web

-Xman X Xman

-man man program ( mpiman -man MPI_Send)
mpireconfig



make s MPICH s
make .

mpireconfig filename

filename s filename.in 5
10.2 Windows NT MPICH
NT MPICH MPICH.NT.1.2.0.4. teplip, VIA
sockets VI -
MS Visud C++ 6.0 Digital Fortran 6.0 ; FORTRAN
- MPI. PMPI C FORTRAN -
10.2.1
ftp://ftp.mes.anl.gov/pub/mpi/nt/mpich.nt.1.2.0.4.all .zip setup
s MPICH NT . c\Program Files\Argonne National

Lab\MPICH.NT.1.2.0.4

°
® MPI {launcher
[ MPI ; sdk
°
10.2.2
CIC++ : CIC++ MPI »  MS Visud C++
[ makefile { project> ; .
o include [MPICH Home)\include
[
Debug - /MTd
Release - IMT
[
Debug - ws2 32.lib mpichd.lib pmpichd.lib romiod.lib
Release - ws2 32.lib mpich.lib pmpich.lib romio.lib
pmpich*.lib MPI PMPI_*
[ lib [MPICH Home|\lib

MPI ) build
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FORTRAN : FORTRAN ; Visual Fortran 6+ ;

) mpif.h
® Visud Fortran 6+
fiface:cref
fiface:nomixed_str_len_arg
® C/IC++
NT MPICH ; VIA. s
10.2.3
NT MPICH ; :
) Remote Shdll Server MPIRun.exe s
o Simple Launcher MPIRun.exe ;
) MPICH
Remote Shell Server MPI p DCOM server;
SYSTEM p MPIRun Remote Shell Server p MPIRun
E M H o
Remote Shell Server MPIRun.exe MPI
MPIRun  -np

MPIRun.exe c\Program Files\Argonne National Lab\MPICH.NT.1.2.0.4\RemoteShell\Bin

A a ]

MPI , MPI
s ; MPIConfig o
MPIConfig c\Program Files\Argonne Nationa Lab\MPICH.NT.1.2.0.4\RemoteShell\Bin
; MPI ,
MPIConfig . MPIConfig ;
, MPI ; ;
® Refresh:
® Find: s
® Veify: ; DCOM server .
® Set
» "set HOSTS' . MPIRun
» "sat TEMP' , remote shell service MPI
- C\



40

timeout
Remote Shel Server MPIRun.exe MPI

MPIRun configfile [-logon] [args ...]

MPIRun -np #processes [-logon] [-env "varl=vd ljvar2=va2..."]
executable [args...]

MPIRun -localonly #processes [-env "varl=valjvar2=va2..."]
executable [args...]

40 NT MPI

41 -

exe c:\somepath\myapp.exe
\\host\share\somepath\myapp.exe

[args argl arg2 arg3 ...]

[env VARI=VALIVAR2=VALZ2|..VAR=VALN]

hosts

hostA #procs [path\myapp.exe]

hostB #procs [\\host\share\somepath\myapp2.exe]

hostC #procs
41 NT MPI
; NTO1: NTO2: ..., NTO8: MPI testmpint,
c:\mpint ; 42 mpiconfl
exe c:\mpint\testmpint.exe
hosts
NTO1 1
NTO2 1
NTO3 1
NTO4 1
NTO5 1
NTO6 1
NTO7 1
NTO8 1
42NT MPI 1< )

mpirun - mpiconfl
s testmpint 8 .

89



MPI

mpiconf2

exe c.\mpint\testmpint.exe

hosts

NTO1L 1 c:\mpint\testmpint.exe

NTO2 1 d:\mpint\tetmpint2.exe

NTO3 1 e\mpint‘testmpintl.exe

NTO4 1 c\testmpint.exe

NTO5 1 c:\test\testmpint9.exe

NTO6 1 d:\abc\abc.exe

NTO7 1 c\temp\testmpint7.exe

NTO8 1 c:\mpint\testmpint.exe
43 NT MPI 21 )

mpirun - mpiconf2

testmpint 8 ;

; 44 mpiconf3
exe c.\mpint\testmpint.exe
hosts
NTO1 2 c\mpint\tessmpint.exe
NTO2 3 d\mpint\‘testmpint2.exe
NTO3 1 e\mpint\testmpintl.exe
NTO4 4 c\testmpint.exe
NTO5 1 c\test\testmpint9.exe
NTO6 1 d:\abc\abc.exe
NTO7 2 c\temp\testmpint?7.exe
NTO8 1 c:\mpint\testmpint.exe
44 NT MPI 3¢ p
mpirun - mpiconf2
15 » NTO1 2 ., NT02 3 .

... NTO8



mpirun -locdonly 8 testmpint
8 b 8 o

MPIRun.exe
-localonly #procs -tcp

-tep sockets -
-env "varl=valjvar2=va2jvar3=val3|...varn=valn"

-logon
mpirun 0
s 0 mpiregister.exe
MPIRegister.exe ; c\Program Files\Argonne National Lab\
MPICH.NT.1.2.0.4\RemoteShd I\Bin\M Pl Regi ster.exe:
- MPIRun.exe ; mpirun
M PIRegister
MPIRegister -remove
mpirun ; -
MPIRegister -remove
10.2.4
. MPI

91



MPI

11

11.1
[ ierr
Fortran » MPI ierr . C
; ; p Fortran ’
Fortran ; ;
[ satus
status ) > MPl_Recv ) status
[
Fortran s C s 10
string10;
character* 10 string10
character string10 €107
10 . Fortran MPI s
[ MPI_
MPI , ; MPI_
® agc: agv
; MPI agc agv . C
MPI ; agc  agv MPI_Init s agc agv
’ MPI ) MPI agc
agv ’ ’ MPI agc argv ’
o MPI_Init MPI_Findize
MPI > MPI_Init MPI_Findize » MPI
[ MPI_Recv  MPI_Bcast
, MPI_Bcast “ v , ,
; MPI_Bcast MPI_Send ; » MPI , MPI_Recv
MPI_Bcast - MPI_Bcast , MPI_Bcast
; MPI_Recv -
[ MPI
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MPI ; MPI MPI ; MPI
- s pthreed MPICH-1.1.1 ;

MPICH -
® MPI_Send MPI_Recv
1 2 » MPI
1 2
MPI_Send 2 MPI_Send 1
MPI_Recv 2 MPI_Recv 1
; ; 1 2
> E E
> s MPI_Sendrecv ;

, , MPI_Send MPI_Recv

> MPI_Buffer_attach 5

> MPI_Isend MPI_Irecv
([
([
([
C : h)
H FORTRAN 2 :
([
C FORTRAN s
. address( MPI_BOTTOM )
s s FORTRAN
COMMON , C 5
11.2
([
MPI ; ; {
p s MPICH
([
MPI SPMD s
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MPI

MPI . . MPI



MPI

12

12.1

45

1

46



CALL MPI_COMM_RANK (comm, rank, ierr)
IF (rank.EQ.0) THEN
CALL MPI_BSEND(buf1, count, MPI_REAL, 1, tag, comm, ierr)
CALL MPI_BSEND(buf2, count, MPI_REAL, 1, tag, comm, ierr)
ELSE IF Crank .EQ.1> THEN
CALL MPI_RECV(bufl, count, MPI_REAL, 0, MPI_ANY_TAG, comm, status, iefr)
CALL MPI_RECV (buf2, count, MPI_REAL, 0, tag, comm, status, iefr)

END IF
29
®
0 1
MP1_BSEND(buf1, ..)\\: MP1_RECV(bufl, ..)
MP1_BSEND(buf2, ..)® MP1_RECV(buf2, ..)
1 |
2¢ 1 ) > 2
>
v i1 ) > i
46
12.2
MPI ,

I/0 /0 .
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= MPI

13

a

< €

-
b

47

7 MPI

13 a

» MPI

MPI_ISEND

MPI_IRECV

MPI_IBSEND

MPI_ISSEND

MPI_IRSEND

MPI_SEND_INIT

MPI_RECV_INIT

MPI_BSEND_INIT

MPI_SSEND_INIT

MPI_RSEND_INIT




12.3

MPI_TEST MP_WAIT
MPI_TESTANY MPI_WAITANY
MPl_TESTSOME MP_WAITSOME
MPI_TESTALL MP_WAITALL
48




49

MPI_ISEND ;

request;

ar

L] o

MPI_IRECV P

; request ;

. MPI_ISEND

« MPI_IRECV

L]

MPI_ISEND(buf, count, datatype, dest, tag, comm, request)
IN buf (
IN count ( )
IN datatype ( )
IN dest ( )
IN tag C )
IN comm
OUT request ( )

MPI_Comm comm, MPI_Request *request)

<type>BUF(*)

)

int MPI_Isend(void* buf, int count, MPI_Datatype datatype, int dest, int tag,
MPI_ISEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR)

INTEGER COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR

MPI 20 MPI_ISEND

OUT buf (
IN count ( )

IN datatype ( )
IN source ( )

IN tag ( )
IN comm (

OUT request ( )

MPI_Comm comm, MPI_Request *request)

|ERROR)
<type>BUF(*)

MPI_IRECV (buf, count, datatype, source, tag, comm, request)
)

int MPI_Irecv(void* buf, int count, MPI_Datatype datatype, int source, int tag,

MPI_IRECV(BUF, COUNT, DATATY PE, SOURCE, TAG, COMM, REQUEST,

INTEGER COUNT, DATATY PE, SOURCE, TAG, COMM, REQUEST, IERROR
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MPI 21 MPI_IRECV

12.4

s . MPI
s B,SR p . [(immediate)

MPI_ISSEND ;

A ]

MPI_ISSEND(buf, count, datatype, dest, tag, comm, request)
IN buf ( )
IN count (

IN datatype ( )
IN dest ()

IN tag C )
IN comm ( )
OUT request ( )

int MPI_Issend(void* buf, int count, MPl_Datatype datatype, int de<t, int tag,
MPI_Comm comm, MPI_Request *request)

MPI_ISSEND(BUF, COUNT, DATATY PE, DEST, TAG, COMM, REQUEST, IERROR)
<type>BUF(*)
INTEGER COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR

MPI 22 MPI_ISSEND

MPI_IBSEND s P

o

MPI_IBSEND(buf, count, datatype, dest, tag, comm, request)
IN buf ( )
IN count (

IN datatype «( )
IN dest ( )

IN teg « )
IN comm ( )
OUT request ( )

int MPI_Ibsend(void* buf, int count, MPI_Datatype datatype, int dest, int tag,
MPI_Comm comm, MPI_Reqguest *request)

MPI_IBSEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR)
<type>BUF(*)
INTEGER COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR)
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MPI 23 MPI_IBSEND

MPI_IRSEND - s

E E o

MPI_IRSEND(buf, count, datatype, dest, tag, comm, request)
IN buf ( )
IN count ( )

IN datatype ( )
IN dest ( )

IN tag «( )
IN comm ( )
OUT request ( )

int MPI_Irsend(void* buf, int count, MPI_Datatype datatype, int dest, int tag,
MPI_Comm comm, MPl_Request * request)

MPI_IRSEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR)
<type>BUF(*)
INTEGER COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR

MPI 24 MPI_IRSEND
12.5
125.1
? MPI MPI_WAIT MPI_TEST .
MPI_WAIT ;
saus -
MP_WAIT ., MPLTEST ;
. MPI_TEST
; MP_WAIT ) flag=true; MPI_TEST .
; MPI_WAIT )

i ﬂ@:faIEJ @
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MPI_WAIT(request, status)

INOUT request ( )

OUT datus ( )
int MPI_Wait(MPI_Request *request, MPI_Status * status)
MPI_WAIT(REQUEST, STATUS, IERROR)

INTEGER REQUEST, STATUS(MPI_STATUS SIZE), IERROR

MPI 25 MPI_WAIT

MPI_TEST (request, flag, status)

INOUT request ( )

OUT flag ( )

OUT datus ( )
int MPl_Test(MPI_Request*request, int *flag, MPI_Status * status)
MPI_TEST(REQUEST, FLAG, STATUS, IERROR)

LOGICAL FLAG

INTEGER REQUEST, STATUS(MPI_STATUS SIZE), IERROR

MPI 26 MPI_TEST

CALL MPI_COMM_RANK(comm, rank, ierr)
IF(rank.EQ.0) THEN
CALL MPI_ISEND(a(1), 10, MPI_REAL, 1, tag, comm, request, iefr)

C

CALL MPI_WAIT(request, status, ierr)
C

EL SE (rank .EQ. 1) THEN

CALL MPI_IRECV(a(1), 15, MPI_REAL, 0, tag, comm, request, ierr)
C

CALL MPI_WAIT(request, status, ierr)
C

END IF

30 MPI_WAIT

103




12.5.2

» MPI ;

MPI_WAIT > MPL_WAITANY
MPI_WAITANY index=1.  MPI_WAITANY
; MPI_WAIT(array_of requestd 1], status).
MPI_WAITALL
DO I=1,COUNT
MPI_WAIT(array_of request1],status)
END DO

o

MPI_WAITSOME MP_WAITANY MP_WAITALL ;
; . outcount -
array_of regquests array_of _indices
array_of datuses .

MPI_WAITANY (count, array_of_requests, index, status)

IN count ( )
INOUT array_of_requests ( )
OUT index ( )
OUT datus ( )

int MPI_Waitany(int count, MPI_Request *array_of_requests, int *index,
MPI_Status * status)
MPI_WAITANY (COUNT, ARRAY_OF REQUESTS, INDEX, STATUS, IERROR)
INTEGER  COUNT, ARRAY_OF REQUESTS(*), INDEX,
STATUS(MPI_STATUS SIZE); IERROR

MPI 27 MPI_WAITANY
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MPI_WAITALL( count, array_of _requests, array_of _statuses)
IN count ( )
INOUT array_of_requests ( )
OUT array_of_statuses ( )
int MPI_Waitall(int count, MPI_Request *array_of_requests,
MPI_Status *array_of _statuses)
MPI_WAITALL(COUNT, ARRAY_OF REQUESTS, ARRAY_OF STATUSES,
IERROR)
INTEGER COUNT, ARRAY_OF REQUESTS(*)
INTEGER ARRAY_OF STATUSES(MPI_STATUS SIZE*), IERROR

MPI 28 MPI_WAITALL

MPI_WAITSOME(incount,array_of_requests,outcount,array_of _indices,array_of _statuses)
IN incount ( )
INOUT array_of_requests ( )
OUT outcount (
OUT array_of_indices ( )
OUT array_of_statuses ( )
int MPI_Waitsome(int incount,MPI_Request *array_of request, int * outcount,
int *array_of_indices, MPl_Status *array_of _statuses)
MPI_WAITSOME(INCOUNT, ARRAY_OF REQUESTS, OUTCOUNT,
ARRAY_OF INDICESARRAY_OF STATUSES, IERROR)
INTEGER INCOUNT, ARRAY_OF REQUESTS(*), OUTCOUNT,
ARRAY_OF_INDICES(*)
ARRAY_OF STATUSES(MPI_STATUS SIZE*), IERROR

MPI 29 MPI_WAITSOME
MPI_TESTANY ;
{ 3 flag=true, ;
, flag=fdse o

MPI_TESTALL s flag=true ;

; ; flag=false -
MPI_TESTSOME MP_WAITSOME ; -

. outcount ; array_of_requests
array_of_indices aray_of _statuses -
; outcount=0.
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MPI_TESTANY (count, array_of requests, index, flag, status)

IN count ( )

INOUT array_of requests ( )

OUT index MPI_UNDEFINED (
OUT flag ( )

OUT datus ( )

int MPI_Testany(int count, MPI_Request *array_of requests, int *index,
int *flag, MPIl_Status * status)
MPI_TESTANY (COUNT, ARRAY_OF REQUESTS, INDEX, FLAG, STATUS,
IERROR)
LOGICAL FLAG
INTEGER  COUNT, ARRAY_OF REQUESTS(*), INDEX,
STATUS(MPI_STATUS SIZE); IERROR

MPI 30 MPI_TESTANY

MPI_TESTALL (count, array_of requests, flag, array_of _statuses)
IN count ( )
INOUT array_of requests ( )
OUT flag ( )
OUT array_of _statuses ( )
int MPI_Testal(int count, MPI_Request *array_of requests, int *flag,
MPI_Status*array_of statuses)

MPI_TESTALL(COUNT, ARRAY OF REQUESTS, FLAG, ARRAY_ OF STATUSES,

IERROR)
LOGICAL FLAG
INTEGER COUNT, ARRAY_OF REQUESTS(*),
ARRAY_OF STATUSES(MPI_STATUS SIZE*), IERROR

MPI 31 MPI_TESTALL
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MPI_TESTSOME(incount,array_of _requests,outcount,array_of _indices,array_of _statuses)

IN incount ( )
INOUT array_of_requests ( )
OUT outcount (

OUT array_of_indices ( )
OUT array_of_statuses ( )

int MPI_Testsome(int incount, MPl_Request *array_of _request, int * outcount,
int *array_of_indices, MPI_Status *array_of _statuses)
MPI_TESTSOME(INCOUNT, ARRAY_OF REQUESTS, OUTCOUNT,
ARRAY_OF INDICESARRAY_OF STATUSES, IERROR)
INTEGER INCOUNT, ARRAY_OF REQUESTS(*), OUTCOUNT,
ARRAY_OF_INDICES(*)
ARRAY_OF STATUSES(MPI_STATUS SIZE*), IERROR

MPI 32 MPI_TESTSOME

12.6

13 a

12.6.1

MPI_CANCEL P

a ]
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MPI_CANCEL (request)

IN request ( )

int MPI_Cancel(MPI_Request *request)

MPI_CANCEL (REQUEST,|[ERROR)
INTEGER REQUEST,|[ERROR

MPI 33 MPI_CANCEL

) MPI_WAIT MP_TEST

; status -
MPI_TEST_CANCELLED(status,flag)
IN status ( )
OuUT flag ( )

int MPI_Test_cancelled(MPI_Status status, int *flag)
MPI_TEST_CANCELLED(STATUSFLAG,IERROR)
LOGICAL FLAG
INTEGER STATUS(MPI_STATUS SIZE),IERROR

MPI 34 MPI_TEST_CANCELLED

; MPI_TEST_CANCELLED s
» MPI_TEST_CANCELLED flag=true; ;

a

MPI_Comm_rank( MPI_COMM_WORLD, &rank );

if (rank == 0) {
MPI_Send(sbuf, 1, MPI_INT, 1, 99, MPl_COMM_WORLD );
I* 0 */

} dseif (rank ==1)
{
MPI_lrecv( rbuf, 1, MPI_INT, O, 99,
MPI_COMM_WORLD, request);
I* 1 */
MPI_Cancel( request); /* */
MPI_Wait(& request, & status);/* ; */
MPI_Test cancelled(& status & flag);/* */
if (flag) MPI_lrecv( rbuf, 1, MPI_INT, O, 99
MPI_COMM_WORLD, request);/* ;
*/

31
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12.6.2

E

MPl_REQUEST FREE ,

. reques  MPI_REQUEST NULL.

b a

E

MPI_REQUEST_FREE(request)

INOUT request

int MPI_Request_free(MPI_Request * request)

MPI_REQUEST_FREE(REQUEST, IERROR)
INTEGER REQUEST, |IERROR

MPI 35 MPI_REQUEST_FREE

CALL MPI_COMM_RANK(MPI_COMM_WORLD, rank)

IF(rank.EQ.0) THEN
DOi=1, n

CALL MPI_ISEND(outvd, 1, MPI_redl, 1, O, reqg, ierr)

CALL MPI_REQUEST FREE(req, ierr)

C reg. MPI_ISEND
CALL MPI_IRECV(invd, 1, MPI_REAL, 1, O, reqg, ierr)
C req
CALL MPI_WAIT(req, status, ierr)
C MPI_IRECV
END DO

ELSE IF(rank.EQ.1) THEN

CALL MPI_IRECV (inva, 1, MPI_REAL, O, O, req, iefr)

CALL MPI_WAIT (reg, status)

C » ;
DOI=1,n-1
CALL MPI_ISEND(outval, 1, MPI_REAL, 0O, O, reqg, ier)
CALL MPI_REQUEST_FREE(req, ierr)
C reg. MPI_ISEND
CALL MPI_IRECV(invd, 1, MPI_REAL, O, O, reqg, ierr)
C req

CALL MPI_WAIT(req, status, ierr)
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C MPI_IRECV
END DO
CALL MPI_ISEND(outval, 1, MPI_REAL, 0, 0, req, ierr)
CALL MPI_WAIT(req, status)
END IF

32 MPl_REQUEST FREE

12.7

MPI MPI_PROBE MPI_IPROBE s

E o E E

a

MPI_IPROBE(source tag,comm,flag,status) s

; MPI_IPROBE <source, tag,
comm> , flag=true: status MPI_RECV(..., source,
tag,cmm,status) status : MPI_IPROBE status MPI_RECV satus

. MPI_IPROBE ;
MPI_IPROBE ; flag=fase status >
MP_IPROBE flag=true; status source,tag
MPI_IPROBE source MPI_ANY_SOURCE; tag MPI_ANY_TAG:
source tag. ;
comm > ; ;
MPI_PROBE MPI_IPROBE ; ;
MPI_PROBE (source,tag,cmm,status)
IN source MPI_ANY_SOURCE( )
IN tag tag tag MPI_ANY_TAG ¢ )
IN comm { )
OUT dtatus { )

int MPI_Probe(int source,int tag,MPI_Comm comm,MPI_Status * status)
MPI_PROBE(SOURCE, TAG,COMM,STATUS|ERROR)
INTEGER SOURCE,TAG,COMM,STATUS(MPI_STATUS _SIZE),|IERROR

MPI 36 MPI_PROBE
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MPI_IPROBE(source,tag,comm,flag,status)

IN source MPI_ANY_SOURCE { 7}
IN tag tag tag MPL_ANY_TAG ¢

IN comm { p

OUT flag ¢ D

OUT datus { 3

int MPI_Iprobe(int source,int tag,MPI_Comm comm,int *flag, MPI_Status * status)
MPI_IPROBE(SOURCE, TAG,COMM,FLAG,STATUS TERROR)

LOGICAL FLAG

INTEGER SOURCE,TAG,COMM,STATUS(MPI_STATUS SIZE),|ERROR

MPI 37 MPI_IPROBE

CALL MPI_COMM_RANK (comm,rank,ierr)
IF (rank .EQ. 0) THEN
CALL MPI_SEND(i,1,MPI_INTEGER,2,0,commiierr)
0 2
ELSE IF (rank.EQ.1) THEN
CALL MPI_SEND(x,1,MPI_REAL,2,0,comm,ierr)

1 2
ELSE IF (rank .EQ.2) THEN
DO =12

CALL MPI_PROBE(MPI_ANY _SOURCE,Q, comm,status,ierr)

IF (status(MPl_SOURCE) = 0) THEN
0 :
CALL MPI_RECV(i,1,MPI_INTEGER 0,0 status,ierr)
ELSE
{ 1 3
CALL MPI_RECV(x,1,MPI_REAL,10 status,err)
END IF
END DO
END IF

33

CALL MPI_COMM_RANK (comm,rank,ierr)
IF (rank.EQ.0) THEN

CALL MPI_SEND(i,1,MPI_INTEGER,2,0,commiierr)
ELSE IF(rank.EQ.1) THEN

m




CALL MPI_SEND(x,1,MPI_REAL,2,0,comm,ierr)
ELSE IF ( rank .EQ. 2) THEN
DO =12
CALL MPI_PROBE(MPI_ANY _SOURCE,0 comm,status;ierr)
IF (status(MPI_SOURCE)=0) THEN
CALL MPI_RECV(i,LMPI_INTEGERMPI_ANY_SOURCE

$ 0, status,ierr)
C ; s
C MPI_PROBE
ELSE
CALL MPI_RECV(x,1,MPI_REAL ,MPI_ANY_SOURCE,
O,statusiierr)
C ; s
C MPI_PROBE
END IF
END DO
END IF
34
MPI_ANY_SOURCE source ;
MPI_PROBE .
12.8
A B B ;
CALL MPI_COMM_RANK (comm, rank, ierr)
IF (RANK.EQ.0) THEN
CALL MPI_ISEND(a, 1, MPI_REAL, 1, 0, comm, r1, ierr)
C 0 1 a
CALL MPI_ISEND(b, 1, MPI_REAL, 1, O, comm, r2, ierr)
C 0 1 b
ELSE IF ( rank.EQ.1)
CALL MPI_IRECV(a, 1, MPI_REAL, 0, MPI_ANY_TAG, comm, r1, ierr)
C 1 a b s b
CALL MPI_IRECV (b, 1, MPI_REAL, 0, 0, comm, r2, ierr)
C 1 b
END IF

CALL MPI_WAIT(r1status)
CALL MPI_WAIT(r2,status)
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12.9

A WON P

35
Jacobi
Jacobi » ,
; » Jacobi
; Jacobi
<
program main
implicit none
include 'mpif.h'

integer totalsizemysize,steps
parameter  (totalsize=16)
parameter  (mysize=totalsize/4,steps=10)

integer n, myid, numprocs, i, j,rc

rea a(totalsize mysizet+2),b(totalsize,mysize+2)
integer begin_col,end _col,ierr

integer left,right,tagl,tag2

integer statusMPI_STATUS SIZE 4)

integer req(4)

cal MPI_INIT( ierr )

cal MPI_COMM_RANK( MPI_COMM_WORLD, myid, iefr)
cadl MPI_COMM_SIZE( MPI_COMM_WORLD, numprocs, iefr )
print *, "Process ", myid, " of ", numprocs, " is dive"
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do j=1mysizet2
do i=1totasize
ai,j)=0.0
end do
end do
do i=1totasize
ai,1)=8.0
a(i,mysize+2)=8.0
end do

if (myid .eg. 0) then
do i=1totasize
ai,2)=8.0
end do
end if
if (myid .eg. 3) then
do i=1totasize
a(i,mysize+1)=8.0
end do
end if
do i=1,mysizet+2
a(1,h)=8.0
a(totalsize,i)=8.0
end do

tagl=3
tag2=4

if (myid .gt. O) then
left=myid-1

ese
left=MPI_PROC_NULL

end if

if (myid .It. 3) then
right=myid+1

ese
right=MPI_PROC_NULL

end if

begin_col=2

end_col=mysizet+1

if (myid .eg. 0) then
begin_col=3
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endif

if (myid .eg. 3) then
end_col=mysize

endif

do n=1steps

do i=2totalsize-1
b(i,begin_col)=(a(i,begin_col+1)+a(i,begin_col-1)+

* a(i+1,begin_col)+a(i-1,begin_cal))*0.25
b(i,end_col)=(a(i,end_col+1)+a(i,end_col-1)+
* a(i+1,end_col)+a(i-1,end_col))*0.25
end do

E

cal MPI_ISEND(b(1,end_col),totalsize MPI_REAL ,right,tagl,

* MPI_COMM_WORLD,req(1),ierr)
call MPI_ISEND(b(1,begin_col) totalsize MPI_REAL ,left,tag2,
* MPI_COMM_WORLD,req(2),ierr)

cal MPI_IRECV (a(1,1),totalsize MPI_REAL left,tagl,

* MPI_COMM_WORLD,req(3),ierr)
cal MPI_IRECV (a(1,mysizet+2),totalsize MPI_REAL right,tag2,
* MPI_COMM_WORLD,req(4),ierr)

do j=begin_col+1,end_col-1
do i=2totalsize-1
b(i.j)=(a(i.j+1)+a(i j-1)+ai+1,))+&(i-1,)))*0.25
end do
end do

do j=begin_col,end col
do i=2totalsize-1
a(i j)=h(i))
end do
end do

do i=14
CALL MPI_WAIT(req(i),status(1,i),ierr)
end do
end do
do i=2totdsize-1
print *, myid,(&(i,j),j=begin_col,end _col)
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end do
cal MPI_Finalize(rc)
end
36 Jacobi
12.10
s ;> MPI
; s MPI
s o MPI
1 ; MPI_SEND_INIT
2 : MP_START
3 : MPI_WAIT
4 » MPI_REQUEST FREE
MP_START s ;
s ; MPI_START s

. , MPl_REQUEST FREE

» a

MPI_SEND_INIT(buf,count,datatype,dest,tag,comm,request)
IN buf ( )
IN count ( )

IN datatype ( )
IN dest ( )

IN teg C )
IN comm ( )
OUT request ( )
int MPI_Send_init(void* buf, int count, MPI_Data type,int dest, int tag,
MPI_Comm comm, MPI_Reqguest *request)
MPI_SEND_INIT(BUF,COUNT,DATATY PE,DEST, TAG,COMM ,REQUEST,
|IERRR)
<type> BUF (*)
INTEGER COUNT,DATATYPE,DEST, TAG,COMM,REQUEST,|[ERRROR

MPI 38 MPI_SEND_INIT
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MPI_SEND_INIT )

a

MPI_BSEND_INIT(buf,count,datatype,dest,tag,comm,request)
IN buf ( )
IN count ( )

IN datatype « )
IN dest ( )

IN teg «( )
IN comm ( )
OUT request ( )
int MPI_Bsend init(void* buf,int count,MPI_Datatype datatype,int det, int tag,
MPI_Comm comm,MPI_Request * request)
MPI_BSEND_INIT(BUF,COUNT,DATATY PE,DEST, TAG,COMM,REQUEST,|[ERROR)
<type> BUF (*)
INTEGER,COUNT,DATATY PE,DEST, TAG,COMM,REQUEST,|ERROR

MPI 39 MPI_BSEND_INIT

MPI_BSEND_INIT ,

a

MPI_SSEND _INIT(buf,count,datatype,dest,tag,comm,request)
IN buf ( )
IN count ( )

IN datatype ( )
IN dest « )

IN teg «( )
IN comm ( )
OUT request ( )
int MPI_Ssend_init(void* buf,int count, MPI_Datatype datatype,int dest, int tag,
MPI_Comm comm,MPI_Request * request)
MPI_SSEND_INIT(BUF,COUNT,DATATY PE,DEST, TAG,COMM,REQUEST,|ERROR)
<type> BUF (*)
INTEGER COUNT,DATATYPE,DEST, TAG,COMM,REQUEST,|[ERROR

MPI 40 MPI_SSEND_INIT

MPI_SSEND_INIT )

a
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MPI_RSEND_INIT(buf,count,datatype,dest,tag,comm,request)
IN buf ( )
IN count ( )

IN datatype ( )
IN dest ( )

IN tag «( )
IN comm ( )
OUT request ( )
int MPI_Rsend init(void* buf,int count,MPI_Datatype datatype,int det, int tag,
MPI_Comm comm,MPI_Request * request)
MPI_RSEND_INIT(BUF,COUNT,DATATY PE,DEST,TAG,COMM,REQUEST,
IERROR)
<type> BUF (*)
INTEGER COUNT,DATATYPE,DEST, TAG,COMM,REQUEST,|[ERROR

MPI 41 MPI_RSEND_INIT

MPI_RSEND_INIT )

MPI_RECV_INIT(buf,count,dataty pe,source,tag,comm,request)

OUT buf ( )

IN count ( )

IN datatype ( )

IN source MPI_ANY_SOURCE( )
IN tag MPI_ANY_TAG( )

IN comm ( )

OUT request ( )

int MPI_Recv_init(void* buf,int count,MPI_Datatype datatype,int source, int tag,
MPI_Comm comm,MPI_Request * request)
MPI_RECV_INIT(BUF,COUNT,DATATY PE,SOURCE, TAG,COMM,REQUEST,
|IERROR)
<type> BUF (*)
INTEGER COUNT,DATATY PE,SOURCE, TAG,COMM,REQUEST,|ERROR

MPI 42 MPI_RECV_INIT

MPI_RECV_INIT ,
. buf  OUT MPI_RECV_INIT

b a

( ) MP_START .
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MPI_START (request)

INOUT request ( )
int MPI_Start(MPI_Request * request)
MPI_START(REQUEST,|ERROR)

INTEGER REQUEST ,|IERROR

MP 43 MPI_START
request . MP_START
MPI_SEND_INIT MPI_START
MPI_ISEND ; MPI_BSEND_INIT
MP_START MPI_IBSEND )

MPI_STARTALL (count,array_of_requests)
IN count ( )
IN array_of _requests ( )
int MPI_Startall(int count, MPl_Request *array_of _requests)
MPI_STARTALL(COUNT, ARRAY_OF REQUESTS||ERROR)
INTEGER COUNT, ARRAY_OF REQUESTS(*),|IERROR

MPI 44 MPI_STARTALL
MPI_STARTALL array_of_reguest
MPI_START - MP_START MP_STARTALL
> MPLWAIT MP_TEST -
; ; MPI_START
MP_STARTALL - MPI_REQUEST FREE ;

MPI_REQUEST_FREE ; s

MPI_START , .
MPI_START

12.11 Jacobi

mbi E E E

program main
implicit none
include 'mpif.h'
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integer totalsizemysize steps
parameter  (totalsize=16)
parameter (mysize=totalsize/4,steps=10)

integer n, myid, numprocs, i, j,rc

rea a(totalsize mysizet+2),b(totalsize,mysize+2)
integer begin_col,end _col,ierr

integer left,right,tagl,tag2

integer statusMPI_STATUS SIZE 4)

integer req(4)

cal MPI_INIT( ierr )

cal MPI_COMM_RANK( MPI_COMM_WORLD, myid, iefr)
cadl MPI_COMM_SIZE( MPI_COMM_WORLD, numprocs, iefr )
print *, "Process ", myid, " of ", numprocs, " is dive"

do j=1mysizet2
do i=1totasize
ai,j)=0.0
end do
end do
do i=1totdsize
a(i,1)=8.0
a(i,mysize+2)=8.0
end do

if (myid .eg. 0) then
do i=1totasize
ai,2)=8.0
end do
end if
if (myid .eg. 3) then
do i=1totasize
a(i,mysize+1)=8.0
end do
end if
do i=1,mysize+2
a(1,h=8.0
a(totalsize,i)=8.0
end do

tagl=3
tag2=4



if (myid .gt. 0) then
left=myid-1

ese
left=MPI_PROC_NULL

end if

if (myid .It. 3) then
right=myid+1

ese
right=MPI_PROC_NULL

end if

begin_col=2

end_col=mysizet+1

if (myid .eg. 0) then
begin_col=3

endif

if (myid .eg. 3) then
end_col=mysize

endif

cal MPI_SEND_INIT(b(1,end_coal),totalsize MPI_REAL ,right,tagl,

* MPI_COMM_WORLD,req(1),ierr)
cal MPI_SEND_INIT(b(1,begin_col),totalsize MPI_REAL ,left,tag2,
* MPI_COMM_WORLD,req(2),ierr)

cal MPI_RECV_INIT(a(1,1),totalsize MPI_REAL left tagl,

* MPI_COMM_WORLD,req(3),ierr)

cal MPI_RECV_INIT(a(1,mysizet+2),totalsize MPI_REAL right,tag2,
* MPI_COMM_WORLD,req(4),ierr)

do n=1steps

do i=2totalsize-1
b(i,begin_col)=(a(i,begin_col+1)+a(i,begin_col-1)+

* a(i+1,begin_col)+a(i-1,begin_cal))*0.25
b(i,end_col)=(a(i,end_col+1)+a(i,end_col-1)+
* a(i+1,end_col)+a(i-1,end_col))*0.25
end do
; 4
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call MPI_STARTALL (4,reg,ier)

do j=begin_col+1,end_col-1
do i=2totalsize-1
b(i,j)=(a(i j+1)+a(i j-1)+a(i+1,))+a(i-1,)))*0.25
end do
end do
do j=begin_col,end col
do i=2totalsize-1
a(i,j)=h(i.))
end do
end do

C ;
cal MPI_WAITALL (4 reg,status,ierr)

end do
do i=2totdsize-1

print *, myid,(a(i,j),j=begin_col,end coal)
end do

do i=1,4
CALL MPI_REQUEST_FREE(req(i),ierr)
end do
cal MPI_FINALIZE(rc)
end

37 Jacobi

12.12

MPI ;
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ROOT » ; ROOT
; ROQT
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13.1.2
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v
53 MPI
53 a a A

124
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13.1.3
a a MPI a A

» MPI P

54 MPI
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13.2

MPI_BCAST (buffer,count,datatype,root,comm)

IN/OUT  buffer ( )
IN count / ( )

IN datatype / ( )

IN root ( )

IN comm ( )

int MPI_Bcast(void* buffer,int count,MPI_Datatype datatype,int root, MPI_Comm comm)
MPI_BCAST(BUFFER,COUNT,DATATY PE,ROOT,COMM,|ERROR)

<type> BUFFER(*)

INTEGER COUNT,DATATY PE,ROOT,COMM,IERROR

MPI 45 MPI_BCAST
MPI_BCAST ; root
{ root ) comm root
; datatype ;
count- datatype count-
datatype - s ;
- MP_BCAST ; .

X< XX

55

ROOT s s

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

int main( argc, argv )
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int argc;
char **argv;
{
int rank, value,
MPI_Init( &arge, &argv );
MPI_Comm_rank( MPI_COMM_WORLD, &rank );
do{
if (rank == Q) /* 0
scanf( "%d", &vaue );

*/

MPI_Bcast( &vaue, 1, MPI_INT, 0, MPI_COMM_WORLD );/* */

printf( "Process %d got %d\n”, rank, value );/* */

} while (value >= 0);

MPI_Finalize( );

return O;
}

38
13.3
MPI_GATHER > » {

) ;

rank . s
E o N <

) E N L]
sendcount sendtype s
recvcount recvtype o
sendbuf -

sendcount. sendtype. root comm
root comm
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MPI_GATHER(sendbuf, sendcount, sendtype, recvbuf, recvcount, recvtype, root , comm)
IN  sendbuf ( )
IN  sendcount ( )
IN sendtype ( )
OUT recvbuf ( )
IN  recvcount ( , )
IN recvtype ( , )
IN root ( )
IN  comm ( )
int MPI_Gather(void* sendbuf, int sendcount, MPI_Datatype sendtype,
void* recvbuf, int recvcount, MPI_Datatype recvtype,
int root, MPI_Comm comm)
MPI_GATHER(SENDBUF, SENDCOUNT, SENDTY PE, RECVBUF, RECVCOUNT,
RECVTYPE,ROOT, COMM, |[ERROR)
<type> SENDBUF(*), RECVBUF(*)
INTEGER SENDCOUNT, SENDTY PE, RECVCOUNT, RECVTY PE, ROOT, COMM,

IERROR
MPI 46 MPI_GATHER
Al L8 [¢ ROOT
\(
AlBlc|p| .. [H]| ROOT

56
MPI_GATHERVY MPI_GATHER ; ;
- ; recvcounts »
displs ; -
» MPI_GATHERV
ROOT ; MPI_GATHER ;
MPI_GATHER -
; sendbuf -
sendcount. sendtype. root comm - root comm

a
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MPI_GATHERV (sendbuf, sendcount, sendtype, recvbuf, recvcounts, displs,recvtype,

root, comm)
IN sendbuf ( )
IN sendcount ( )
IN sendtype « )
ouT recvbuf ( ,
IN recvcounts ( ),
IN displs , recvbuf
IN recvtype « )
IN root ( )
IN comm ( )

int MPI_Gatherv(void* sendbuf, int sendcount, MPI_Datatype sendtype, void* recvbuf,
int *recvcounts, int *displs, MPI_Datatype recvtype, int root, MPI_Comm comm)
MPI_GATHERV(SENDBUF, SENDCOUNT, SENDTY PE, RECVBUF, RECVCOUNTS,
DISPLS, RECVTYPE, ROOT, COMM, IERROR)
<type> SENDBUF(*), RECVBUF(*)
INTEGER SENDCOUNT, SENDTY PE, RECVCOUNTS(*), DISPLS(*), RECVTY PE,
ROOT, COMM, IERROR

MPI 47 MPI_GATHERV

100 .

MPI_Comm comm;

int gsize,sendarray[100];

int root,*rbuf;

MPI_Comm_size(comm,& gsize);

rbuf=(int *)malloc(gsize* 100* sizeof(int));
MPI_Gather(sendarray,100,MPI_INT ,rbuf,100,MPI_INT,root,comm);

39 MPI_Gather

100 , (100 )
MPI_GATHERV displs , =100.

MP_Comm comm;

int gsize, sendarray[100];
int root, *rbuf, stride;

int *displs, i, *rcounts,

MPI_Comm_size{(comm, & gsize);



rbuf = (int *)malloc(gsize* stride* sizeof (int));
displs = (int *)malloc(gsize* sizeof (int));
rcounts = (int *)malloc(gsize* sizeof (int));
for (i=0; i<gsize; ++i) {
displg[i] = i*dtride;
rcountgi] =100;

}
MPI_Gatherv(sendarray, 100, MPI_INT, rbuf, rcounts, displs, MPI_INT,
root, comm);
40 MPI_Gatherv
13.4
MPI_SCATTER ; » ROOT
- MPI_SCATTER MP_GATHER ; -
|A|B|C|D| H| ROOT
\ )
Al B [€ [P] roor
57
; - sendcount
sendtype recvcount recvtype
; ; recvbuf -
recvcount. recvtype. root comm > root comm
MPI_GATHER MPI_GATHERV: MP_SCATTER
MP_SCATTERV.
MPI_SCATTER MPI_GATHER » MPI_SCATTERV MPI_GATHERV
MPI_SCATTERV MPI_SCATTER ; ROOT
; sendcounts . displs:
- sendcount[i]  sendtype i recvcount recvtype
; recvbuf-
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recvcount. recvtype. root comm o root comm

a

MPI_SCATTER(sendbuf,sendcount,sendtype,recvbuf,recvcount,recvtype,

root,comm)
IN  sendbuf ( )
IN  sendcount ( )
IN  sendtype ¢ )
OUT  recvbuf ( )
IN  recvcount ( )
IN  recvtype ()
IN  root ( )
IN  comm ( )

int MPI_Scatter(void* sendbuf, int sendcount, MPI_Datatype sendtype,
void* recvbuf, int recvcount, MPI_Datatype recvtype,
int root, MPI_Comm comm)

RECVTYPE, ROOT, COMM, IERROR)
<type> SENDBUF(*), RECVBUF(*)

COMM, IERROR

MPI_SCATTER(SENDBUF, SENDCOUNT, SENDTY PE, RECVBUF, RECVCOUNT,

INTEGER SENDCOUNT, SENDTY PE, RECVCOUNT, RECVTY PE, ROQT,

MPI 48 MPI_SCATTER

comm)
IN  sendbuf ( )
IN  sendcounts s ( )
IN displs s ( )
IN  sendtype « )
OUT  recvbuf ( )
IN  recvcount ( )
IN  recvtype ()
IN  root ( )
IN  comm ( )

MPI_Comm comm)

RECVCOUNT, RECVTYPE, ROOT, COMM, IERROR)
<type> SENDBUF(*), RECVBUF(*)

RECVTYPE, ROOT, COMM, IERROR

MPI_SCATTERV (sendbuf, sendcounts, displs, sendtype, recvbuf, recvcount, recvtype, root,

int MPI_Scatterv(void* sendbuf, int *sendcounts, int *displs, MPI_Datatype sendtype,
void* recvbuf, int recvcount, MPI_Datatype recvtype, int root,

MPI_SCATTERV(SENDBUF, SENDCOUNTS, DISPLS, SENDTY PE, RECVBUF,

INTEGER SENDCOUNTS(*), DISPLS(*), SENDTYPE, RECVCOUNT,

MPI 49 MPI_SCATTERV
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100 -
MPI_Comm comm;
int gsize* sendbuf;
int root,rbuf[100];
MPI_Comm_size{comm, & gsize);
sendbuf = (int *)malloc(gsize* 100* sizeof(int));

MPI_Scatter(sendbuf, 100, MPI_INT, rbuf, 100, MPI_INT, root, comm);
41 MPI_Scatter

100 ; 100

MPI_Comm comm;
int gsize* sendbuf;
int root,rbuf[100],i,*displs,* scounts;
MPI_Comm_size{(comm, & gsize);
sendbuf = (int *)malloc(gsize* stride* sizeof (int));
displs = (int *)malloc(gsize* sizeof(int));
scounts = (int *)malloc(gsize* sizeof(int));
for (i=0; i<gsize; ++i) {
displg[i] = i*dtride;
scountgfi] =100;
}
MPI_Scatterv(sendbuf, scounts, displs, MPI_INT, rbuf, 100,
MPI_INT, root, comm);

42 MPI_Scatterv

13.5
MPI_GATHER ROOT » MPI_ALLGATHER
ROOT MPI_GATHER ; .
» MPI_ALLGATHER MPI_GATHER ; ;
MPI_GATHER ; ROOT » MPI_ALLGATHER
MPI_ALLGATHER  MPI_GATHER ; MPI_ALLGATHERV
MP_GATHERV - MP_ALLGATHERV ;
L] j 1
recvbuf i s j sendcount sendtype
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recvcounts[j] recvtype -

MPI_ALLGATHER(sendbuf, sendcount, sendtype, recvbuf, recvcount,
recvtype,comm)
IN  sendbuf ( )
IN  sendcount ( )
IN  sendtype « )
OUT recvbuf ( )
IN  recvcount ( )
IN  recvtype « )
IN comm ( )
int MPI_Allgather(void* sendbuf, int sendcount, MPI_Datatype sendtype,
void* recvbuf, int recvcount, MPI_Datatype recvtype,
MPI_Comm comm)
MPI_ALLGATHER(SENDBUF, SENDCOUNT, SENDTY PE, RECVBUF, RECVCOUNT,
RECVTYPE, COMM, IERROR)
<type> SENDBUF(*), RECVBUF(*)
INTEGER SENDCOUNT, SENDTY PE, RECVCOUNT, RECVTYPE, COMM,
|[ERROR

MPI 50 MPI_ALLGATHER

01

N-1

58

133



MPI_ALLGATHERV (sendbuf, sendcount, sendtype, recvbuf, recvcounts, displs, recvtype,
comm)
IN  sendbuf ( )
IN  sendcount ( )
IN  sendtype « )
OUT recvbuf (
IN  recvcounts s ( )
IN displs s (
IN  recvtype (
IN comm ( )
int MPI_Allgatherv(void* sendbuf, int sendcount,MPI_Datatype sendtype,
void* recvbuf, int *recvcounts, int *displs,
MPI_Datatype recvtype, MPI_Comm comm)
MPI_ALLGATHERV(SENDBUF, SENDCOUNT, SENDTY PE, RECVBUF,
RECVCOUNTS, DISPLS, RECVTYPE, COMM, |IERROR)
<type> SENDBUF(*), RECVBUF(*)
INTEGER SENDCOUNT, SENDTY PE, RECVCOUNTS(*), DISPLS(*),
RECVTYPE, COMM, IERROR

MPI 51 MPI_ALLGATHERV

100 »

MPI_Comm comm;

int gsize,sendarray[100];

int *rbuf;

MPI_Comm_size{(comm, & gsize);

rbuf = (int *)malloc(gsize* 100* sizeof (int));
MPI_Allgather(sendarray, 100, MPI_INT, rbuf, 100, MPI_INT, comm);

43 MPI_Aligather

MPI_Allgatherv
MP_Comm comm;
int gsize, sendarray[100];
int root, *rbuf, stride;
int *displs, i, *rcounts,
MPI_Comm_size(comm, &gsize);
rbuf = (int *)malloc(gsize* stride* sizeof (int));
displs = (int *)malloc(gsize* sizeof (int));
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rcounts = (int *)malloc(gsize* sizeof (int));
for (i=0; i<gsize; ++i) {
displg[i] = i*dtride;
rcountgi] =100;
}
MPI_Allgatherv(sendarray, 100, MPI_INT, rbuf, rcounts, displs, MPI_INT,
root, comm);

44 MPI_Allgatherv

13.6

MPI_ALLTOALL ;
MPI_ALLGATHER » MPI_ALLTOALL
; - MPI_ALLTOALL
o j i
recvbuf [ sendcount  sendtype
recvcount recvtype ; ;

a

MPI_ALLTOALL i [

MPI_ALLTOALL (sendbuf, sendcount, sendtype, recvbuf, recvcount,
recvtype, comm)
IN  sendbuf ( )
IN  sendcount ( )
IN  sendtype « )
OUT recvbuf ( )
IN  recvcount ( )
IN  recvtype «( )
IN comm ( )
int MPI_Alltodl(void* sendbuf, int sendcount, MPI_Datatype sendtype,
void* recvbuf, int recvcount, MPI_Datatype recvtype,
MPI_Comm comm)

RECVTYPE, COMM, |ERROR)
<type> SENDBUF(*), RECVBUF(*)
INTEGER SENDCOUNT, SENDTY PE, RECVCOUNT, RECVTY PE, COMM,
IERROR

MPI_ALLTOALL(SENDBUF, SENDCOUNT, SENDTY PE, RECVBUF, RECVCOUNT,

MPI 52 MPI_ALLTOALL
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59 MPI_ALLTOALL

MPI_ALLTOALL - ;

E E E

#include "mpi.h"
#include <stdlib.h>
#include <stdio.h>
#include <string.h>
#include <errno.h>
int main( argc, argv )
int argc;
char *argv[];
{
int rank, size;
int chunk = 2;
I* */
intij;
int *sb;
int *rb;
int status, gstatus;
MPI_Init(&argc,&argv);
MPI_Comm_rank(MPI_COMM_WORLD,&rank);
MPI_Comm_size(MPI_COMM_WORLD,&size);

sb = (int *)maloc(size* chunk* sizeof(int));/* */

if (b)) {
perror( "can't dlocate send buffer” );

136



MPI_Abort(MPl_COMM_WORLD,EXIT_FAILURE);

}
rb = (int *)malloc(size* chunk* sizeof (int));/* */
if (!rb){
perror( "can't allocate recv buffer");
freg(sh);
MPI_Abort(MPI_COMM_WORLD,EXIT_FAILURE);
}

for (i=0;i<dgze;i++){
for (j=0;j <chunk ;j++) {

sofi*chunk+j] = rank + i* chunk+j;/* */
printf (" myid=%d,send to id=%d, data] %d]=%d\n" rank,ij,sb[i* chunk+j]);
ro[i* chunk+j] = 0;/* 0*/

}

}

[* MP_Alltoal */

MPI_Alltodl(sh,chunk,MPI_INT,rb,chunk,MPI_INT,
MPI_COMM_WORLD);
for (i=0;i<gze;i++){
for (j=0;j < chunk ; j++) {
printf("myid=%d,recv from id=%d, data]%ed]=%d\n" rank,i,j,rb[i* chunk+j]);
I* */
}
}
free(sh);
free(rb);
MPI_Finalize();

45 MPI_Alitoall

MPI_ALLGATHERVY  MPI_ALLGATHER » MP_ALLTOALLV
MPI_ALLTOALL

rdispls

; sispls

; comm s
MPI_ALLTOALL MPI_ALLTOALLV n

i 2)
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MPI_ALLTOALLYV (sendbuf, sendcounts, sdispls, sendtype, recvbuf,
recvcounts, rdispls, recvtype, comm)
IN  sendbuf ( )
IN  sendcounts ( )
IN sdispls ( )
IN  sendtype « )
OUT recvbuf ( )
IN  recvcounts ( )
IN rdispls { )
IN  recvtype «( )
IN comm ( )
int MPI_Alltoallv(void* sendbuf, int *sendcounts, int * sdispls,
MPI_Datatype sendtype, void* recvbuf,
int *recveounts, int *rdispls,
MPI_Datatype recvtype, MPI_Comm comm)
MPI_ALLTOALLV(SENDBUF, SENDCOUNTS, SDISPLS, SENDTY PE, RECVBUF,
RECVCOUNTS, RDISPLS, RECVTYPE, COMM, IERROR)
<type> SENDBUF(*), RECVBUF(*)
INTEGER SENDCOUNTS(*), SDISPLS(*), SENDTYPE, RECVCOUNTS(*),
RDISPLS(*), RECVTYPE, COMM, |IERROR

MPI 53 MPI_ALLTOALLV

13.7

MPI_BARRIER(comm)

IN  comm ( )

int MPI_Barrier(MPI_Comm comm)

MPI_BARRIER(COMM, IERROR)

INTEGER COMM, IERROR

MPI 54 MPI_BARRIER

MPI_BARRIER »
#include "mpi.h"
#include "test.h"

#include <stdlib.h>
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#include <stdio.h>
int main( int argc, char **argv )
{
int rank, size, i;
int *table
int errors=0;
MPI_Aint address;
MPI_Datatype type, newtype;
int lens,
MPI_Init( &arge, &argv );
MPI_Comm_rank( MPI_COMM_WORLD, &rank );
MPI_Comm _size( MPl_COMM_WORLD, &size);
[* Make data table */
table = (int *) caloc (sze, sizeof(int));
tablefrank] = rank + 1; /* */
MPI_Barrier (MPI_COMM_WORLD );
I* */
for (i=0; i<dze; i++)
MPI_Bcast( &tabl€[i], 1, MPI_INT, i, MPl_COMM_WORLD );
I* */
for (i=0; i<dze; i++)
if (tableli] !=i+1) errorst++;
MPI_Barrier (MPI_COMM_WORLD );/* */

/* */
MPI_Finalize();

46

13.8

MPI_REDUCE op »
root - sendbuf - count  datatype

s recvbuf. count datatype s
5 count. datatype- op- root comm ;

- a

op ) MPI .
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MPI_REDUCE(sendbuf,recvbuf,count,datatype,op,root,comm)

IN  sendouf ( )
OUT  recvbuf ( )
IN  count ( )

IN  datatype C )

IN  op « )

IN  root ()

IN  comm ( )

int MPI_Reduce(void* sendbuf, void* recvbuf, int count, PI_Datatype datatype,
MPI_Op op, int root, MPI_Comm comm)
MPI_REDUCE(SENDBUF, RECVBUF, COUNT, DATATYPE, OP, ROOT, COMM,
|IERROR)
<type> SENDBUF(*), RECVBUF(*)
INTEGER COUNT, DATATYPE, OP, ROOT, COMM, IERROR

MPI 55 MPI_REDUCE
A
Op Op
v N A S > —>
Op Op — >
----------- > -
—>
Op Op
3l || S > —>
Op Op
73 IR I S > —>
Op Op
A S > —>
>
0 1 N-1 ROQOT
60 MPI
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13.9 MPI

MPI ,

OpO
9 MPI

MPI_REDUCE
MPI_ALLREDUCE. MPI_REDUCE_SCATTER MPI_SCAN

MPI_MAX

MPI_MIN

MPI_SUM

MPI_PROD

MPI_LAND

MPI_BAND

MPI_LOR

MPl_BOR

MPI_LXOR

MPI_BXOR

MPI_MAXLOC

MPI_MINLOC

MPI_MINLOC MPI_MAXLOC
op datatype

10 C FORTRAN

493

MPI

MPI

C FORTRAN

MPI

C

MPI_INT MPI_LONG MPI_SHORT

MPI_UNSIGNED_SHORT

MPI_UNSIGNED MPI_UNSIGNED LONG

Fortran

MPI_INTEGER

MPI_FLOAT MPI_DOUBLE MPI_REAL

MP|_DOUBLE_PRECISION
MP|_LONG DOUBLE

MPI_LOGICAL
MPI_COMPLEX
MPI_BYTE
11
MPI_MAX, MP_MIN C  Fottran
MPI_SUM, MPl_PROD C Fotran
MPI_LAND, MPI_LOR, MP|_LXOR c
MPI_BAND, MPl_BOR, MPI_BXOR C Fotran
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13.10 p

@lﬁdx = arctan( x) |; = arctan( 1) - arctan( 0) = arctan(1) = %

f(X)=4/(1+x°).
1
Qf(x)dx =p

f()

4
f(x)=4/(1+)
\
2
0 0.2 04 06 0.8 1.0
61 p
f(x) 01 D 5
p 01 N
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#include "mpi.h"
#include <stdio.h>
#include <math.h>

double f(double);
double f(double x)
I* f(x) */
{
return (4.0 / (1.0 + x*x));

int main(int argc,char *argv[])
{
int done = 0, n, myid, numprocs, i;
double PI25DT = 3.141592653589793238462643;
[* p *
double mypi, pi, h, sum, x;
double gtartwtime = 0.0, endwtime;
int namelen;
char processor_nameglMPI_MAX_PROCESSOR_NAME];

MPI_Init(&argc,&argv);
MPI_Comm_sizeMPI_COMM_WORLD,& numprocs);
MPI_Comm_rank(MPI_COMM_WORLD,&myid);
MPI_Get_processor_name(processor_name,& namelen);

fprintf(stdout," Process %d of %d on %s\n”,
myid, NUMpProcs, processor_name);

n=0;
if (myid == 0)
{ printf("Please give N=");
scanf(&n);
gartwtime = MPI_Wtime();
}

MPI_Bcast(&n, 1, MPI_INT, O, MPI_COMM_WORLD);* n
h = 1.0 /(double) n;/* s
sum = 0.0; /* */
for i = myid + 1; i <= n; i += numprocs)
I* ; numprocs 4. 0-1
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0 1. 5. 9, 13, ... 97
1 2. 6, 10, 14, ... 98
2 3 7 11, 15, ... 99
3 4. 8 12, 16, ... 100
*/
{
X = h * ((double)i - 0.5);
sum +=f(x);
}
mypi = h * sum;/* */
MPI_Reduce(& mypi, &pi, 1, MPI_DOUBLE, MPI_SUM, O,
MPI_COMM_WORLD);
[* s p */
if (myid == 0)
I* 0 */
{
printf("pi is approximately %.16f, Error is %.16f\n",
pi, fabs(pi - PI25DT));
endwtime = MPI_Wtime();
printf("wall clock time = %f\n", endwtime-startwtime);
fflush( stdout );
}
MPI_Finalize();
}
47 p
13.11
» > MPI_ALLREDUCE
ROOT o
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MPI_ALLREDUCE(sendbuf, recvbuf, count, datatype, op, comm)

IN  sendbuf ( )
OUT  recvbuf ( )
IN  count ( )

IN  datatype ( )

IN op ( )

IN  comm ( )

int MPI_Allreduce(void* sendbuf, void* recvbuf, int count, MPI_Datatype datatype,
MPI_Op op, MPI_Comm comm)
MPI_ALLREDUCE(SENDBUF, RECVBUF, COUNT, DATATY PE, OP, COMM,
|IERROR)
<type> SENDBUF(*), RECVBUF(*)
INTEGER COUNT, DATATYPE, OP, COMM, IERROR

MPI 56 MPI_ALLREDUCE

13.12

MPI_REDUCE_SCATTER(sendbuf, recvbuf, recvcounts, datatype, op, comm)

IN  sendbuf ( )
OUT recvhbuf ( )
IN  recvcounts { )

IN  datatype ( )

IN  op «( )

IN  comm ( )

int MPI_Reduce scatter(void* sendbuf, void* recvbuf, int * recvcounts
MPI_Datatype datatype, MPI_Op op, MPI_Comm comm)
MPI_REDUCE_SCATTER(SENDBUF, RECVBUF, RECVCOUNTS, DATATYPE,
OP, COMM, IERROR)
<type> SENDBUF(*), RECVBUF(*)
INTEGER RECVCOUNTS(*), DATATYPE, OP, COMM, |IERROR

MPI 57 MPI_REDUCE_SCATTER
MPI_REDUCE_SCATTER MPI ;
s ROOT 0

MP_REDUCE _SCATTER sendbuf. count datatype
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» count= 2 irecvcount[i] » »

recvcounts O] 0 » recvcounts[ 1]
; s recvcountsN-1] N-1
A
O O
o) 0 P,
M-1 recvcounty N-1]
O O
--------- 5 > p» —»
Op Op
2 > > Te%vcounus[Z]
O O
o) 0 P,
1 recycounts] 1]
O O
o) 0 P,
0 ‘r%wcounus[O]
4_
0 1 N-1
63
13.13
- MPI_SCAN ; is 0,...,i
E i o
; i
i-1 s i
i+1 > 0
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MPI_SCAN(sendbuf, recvbuf, count, datatype, op, comm)

IN sendbuf ( )
OUT  recvbuf ( )
IN count ( )

IN datatype ( )

IN-op ¢ )

IN  comm ( )

int MPI_Scan(void* sendbuf, void* recvbuf, int count, MPI_Datatype datatype, MPI_Op
op, MPI_Comm comm)
MPI_SCAN(SENDBUF, RECVBUF, COUNT, DATATY PE, OP, COMM, IERROR)
<type> SENDBUF(*), RECVBUF(*)
INTEGER COUNT, DATATYPE, OP, COMM, IERROR

MPI 58 MPI_SCAN
13.14
A
A
0
—
A2l [B2| |c2 2
Al [BL| |c1 1
A0| [BO| |coO 0 | [A0+BO+CO [ A1+B1+C1 [A2+B2+C2
>
0 1 2
64
ROOT :

= ROQOT
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= ROOT
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>
o 1 2
65
ROOT
—>

A2 [B2| |c2 2
Al [BL| |c1 1

A0| [BO| |coO 0

>
o 1 2
66
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ROOT
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AO+BO+CO | A1+B1+C1 [A2+B2+C2
AO0+BO Al+B1 A2+B2
AO BO C0

commo);
comm2);

E—
A2 B2 c2 2
Al B1 Cl 1
A0 BO Co 0
>
0 1 2
67
13.15
switch(rank) {
case O
MPI_Bcast(buf1, count, type, 0, comm);
MPI_Bcast(buf2, count, type, 1, comm);
break;
case 1
MPI_Bcast(buf2, count, type, 1, comm);
MPI_Bcast(buf1, count, type, 0, comm);
break;
}
switch(rank) {
case O
MPI_Bcast(bufl, count, type, O,
MPI_Bcast(buf2, count, type, 2,
break;
case 1
MPI_Bcast(bufl, count, type, 1,
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MPI_Bcast(buf2, count, type, 0, commO);
break;
case 2.
MPI_Bcast(bufl, count, type, 2, comm2);
MPI_Bcast(buf2, count, type, 1, comml);

break;
}
48
comm {0,1}
0 commO {0,1}, comml
comm?2 {2,0}. ,
commO ;i commO
» comml comm?2
switch(rank) {
case O
MPI_Bcast(buf1, count, type, 0, comm);
MPI_Send(buf2, count, type, 1, tag, comm);
break;
case 1
MPI_Recv(buf2, count, type, O, tag, comm, status);
MPI_Bcast(buf1, count, type, 0, comm);
break;
}
49
0 ; ; 1
; 0
; 0 1
) 1 )
switch(rank) {
case O

MPI_Bcast(buf1, count, type, 0, comm);
MPI_Send(buf2, count, type, 1, tag, comm);
break;
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case 1
MPI_Recv(buf2, count, type, MPI_ANY_SOURCE, tag, comm, status);
I* 1 ; 2 */
MPI_Bcast(buf1, count, type, 0, comm);
MPI_Recv(buf2, count, type, MPI_ANY_SOURCE, tag, comm, status);
break;
case 2.
MPI_Send(buf2, count, type, 1, tag, comm);
MPI_Bcast(buf1, count, type, 0, comm);

break;
}
50
, 0 1 : 2
1 ; 1 -
13.16 MINLOC MAXLOC
MPI_MINLOC » MPI_MAXLOC
( ) .
. . MPI_MAXLOC (U,0),(Us,2),..,(Uy1,n-1)
s (un
_ _ n-1 .
u=u,=mx {y. u <u,. =0 r-1
u r - MPI_MINLOC
MPI_MINLOC (Uo,0),(uy,2),..,(Uy1,N-1) s (u,n
— a— n'-l 1 a—
u=uy,=mn {u u.>u,.t=0.. r-1
MPI_MINLOC MPI_MAXLOC, (

) - MP ,MPI_MAXLOC MPI_MINLOC
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12 MPI Fortran

MPI_2REAL
MPI_2DOUBLE_PRECISION
MPI_2INTEGER

13 MPI C

MPI_FLOAT_INT
MP_DOUBLE_INT
MPI_LONG_INT
MPI_2INT

MPI_SHORT _INT
MPI_LONG_DOUBLE_INT

MPI_2REAL .
MPI_TYPE_CONTIGUOUS(2, MPl_REAL, MPI_2REAL)
MPI_2INTEGER. MPI_2DOUBLE_PRECISION MP_2INT MPI_2REAL

» MPI_FLOAT_INT :

type[0] = MPI_FLOAT

type[1] = MPLINT

disp[0] = O

disp[1] = sizeof(float)

block[0] =1

block[1] =1

MPI_TYPE_STRUCT(2, block, disp, type, MPI_FLOAT _INT)

MPI_LONG_INT MP_DOUBLE_INT MPI_FLOAT_INT
3 ( C ), 3
* 3 an[3] */
double ain[3],ao0ut[3];
int ind[3];
struct {
double va;
int rank;
} in[3], out[3];/* */

int i, myrank, root;
MPI_Comm_rank(MPI_COMM_WORLD, & myrank);
for (i=0; i<3; ++i) {
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infil.va = ain[i];
in[i].rank = myrank;

} /* * [
MPI_Reduce(in, out, 3, MPI_DOUBLE_INT, MPI_MAXLOC, root, comm);
I* */
if (myrank == root) {

I* */

for (i=0; i<3; ++) {
aout[i] = out[i].va;
ind[i] =out[i].rank;

}
}
51 MPI_MAXLOC
14 MPI_MAXLOC
0 (30.5,0 @1.7,0) (35.9,0)
1 (12.1,1) (1131) (135,1)
2 (100.7,2) (232,2) (98.4,2)
MPI_MAXLOC (100.7,2) (41.7,0) (98.4,2)
13.17

MPI_OP_CREATE(function, commute, op)

IN  function ( )
IN commute true, fase
OUT op ( )

int MPI_Op_create(MPI_User_function *function,int commute,MPI_Op *op)
MPI_OP_CREATE(FUNCTION, COMMUTE, OP, IERROR)
EXTERNAL FUNCTION
LOGICAL COMMUTE
INTEGER OP, IERROR

MPI 59 MPI_OP_CREATE
MPI MPI ;
MPI_OP _CREATE function op s op
MPI MPI .
. commute=true:
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commute=false:

function . invec, inoutvec,len datatype.

typedef void MPI_User_function(void *invec, void *inoutvec, int *len,
MPI_Datatype * datatype);
Fortran

FUNCTION USER_FUNCTION(INVEC(*), INOUTVEC(*), LEN, TY PE)
<type> INVEC(LEN), INOUTVEC(LEN)
INTEGER LEN, TYPE

datatype MPI_REDUCE

invec inoutvec

Jen
,datatype - ; u[q,...,uflen-1]
invec. len datatype ; v[0],...,v[len-1] inoutvec. len
datatype » w[0],....w[len-1] » inoutvec. len
datatype ; s

wli]=u[i] = v[i],i O len1,
. ’ invec inoutvec
len , inoutvec len

a

MPI -
MPI_ABORT .

MPI_OP_FREE(op)
IN op « )
int MPI_Op_free(MPI_Op *op)
MPI_OP_FREE(OP, IERROR)
INTEGER OP, IERROR

MPI 60 MPI_OP_FREE
MPI_OP_FREE ; op MPI_OP_NULL.
typedef struct {
double real,imag;
} Complex;
I* */

void myProd(Complex *in, Complex *inout, int *len, MPI_Datatype *dptr)
{
int i
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13.18

Complex c;

for (i=0; i < *len; ++) {
crea = inout->rea*in->real - inout->imag*in->imag;
c.imag = inout->real*in->imag + inout->imag*in->red;
*inout = c;
int+; inout++;

}
}
* */
* 100 */
Complex g[100], answer[100];
MP_Op myOp;

MPI_Datatype ctype;

* MPI */
MPI_Type_contiguous(2, MPI_DOUBLE, &ctype);
MPI_Type_commit(&ctype);

I* */
MPI_Op_create(myProd, True, & myOp);
MPI_Reduce(a, answer, 100, ctype, myOp, root, comm);
I* ; ( 100 )

52
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14 MPI

MPI ; ;
> ( s
14.1
( ,
) ( )-
< , >
=< 0: 0>< 1, 1>,..< n-1, n-1>}

68

={ 0, ... n-13

) MPI_INT
) {(int, 0)}, int 0.
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typemap={ (type,dispo),....(tyPen.1,dispn. 0},
Ib(typemap)=min {disp}, O=<j<=n-1
ub(typemayp)=max(disp+sizeof (typg)), O=<j<=n-1

extent(typemap)=ub(typemap)-Ib(typemap)-+e

E e
type={ (double,0),(char,8)} ( double 0, 8
)s double 8
extent 16( 9 8 )e
extent 16.
14.2
14.2.1

MPI_TYPE_CONTIGUOUS,

MPI_TYPE_CONTIGUOUS(count,ol dtype,newtype)
IN count ( )

IN oldtype C )

OUT newtype ( )
int MPI_Type_contiguous(int count,MPI_Datatype oldtype, MPI_Datatype * newtype)

MPI_TYPE_CONTIGUOUS(COUNT,OLDTY PE,NEWTY PE,|ERROR)
INTEGER COUNT,OLDTYPENEWTY PE,|IERROR

MPI 61 MPI_TYPE _CONTIGUOUS
MPI_TYPE_CONTIGUOUS s oldtype
{ (doubd,0),(char,8)}, extent=16, count=3,

newtype
{ (double,0),(char,8),(double,16),(char,24),(double,32),(char,40)}
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69 MPI_TYPE_CONTIGUOUS

s oldtype
{ (typey, dispo), (typen1,dispn1 )}, extent = ex.
count newtype
{ (typey, dispo),..., (typen1,dispn1),
(typey, dispytex),..., (type,1, disp,.1+ex),

(typey, dispy+ex(count-1)),..., (type,..,disp,,+ex(count-1))} .

14.2.2

MPI_TYPE_VECTOR )

extent .

MPI_TYPE_VECTOR(count,blocklength,stride,ol dtype,newtype)
IN count ( )
IN blocklength ( )
IN stride ( )
IN oldtype ¢ )
OUT newtypr ( )
int MPI_Type vector(int count,int blocklength,int stride,
MPI_Datatype oldtype,MPI_Datatype * newtype)
MPI_TYPE_VECTOR(COUNT,BLOCKLENGTH,STRIDE,OLDTY PE,

NEWTY PE,|ERROR)
INTEGER COUNT,BLOCKLENGTH,STRIDE,OLDTY PE,NEWTY PE,|ERROR

MPI 62 MPI_TYPE_VECTOR
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oldtype {(double,0),(char,8)} ,extent=16.
MPI_TYPE_VECTOR(2,3,4,0ldtype,newtype) :

{(double,0),(char,8), (double,16),(char,24), (double,32),(char,40),
(double,64),(char,72), (double,80),(char,88),(double,96),(char,104)}.
, , stride 4

:I >

-
-

o

2
>
0 6 2 4% 6 0 6 T

70 MPI_TYPE_VECTOR

MPI_TYPE_VECTOR(3,1,-2,0ldtype,newtype)
{ (double,0),(char,8),(double,-32),(char,-24),(double,-64),(char,-56)} .

,  Oldtype

{ (typey, dispy), (typen1,dispy.1 )},
extent = ex.

bl blocklength. count* bl ,
{ (typey, dispo),..., (typen1,dispy type,,disp,.+ex.(stride+bl-1)),...,
(type, dispy+ex.(count-1)),..., (type,., disp,..+ex.(count-1)),...,
(type, dispy+ex.(count-1).stride),...,
(type,.1, disp,.,+ex.(stride.(count-1)+bl-1)} ,...,
(type,.1, disp,.,+ex.(stride.(count-1)+bl-1)} .

MPI_TYPE_CONTIGUOUS( count, oldtype, newtype )
MPI_TYPE_VECTOR( count, 1, 1, oldtype, newtype ), MPI_TYPE_VECTOR(1, count, n,
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oldtype, newtype), n

MPI_TYPE_HVECTOR(count,blocklength,stride,ol dtype,newtype)

IN count ( )

IN blocklength ( )

IN stride ( )
IN oldtype ( )

OUT newtype ( )

MPI_Datatype * newtype)

int MPI_Type_hvector(int count,int blocklength,MPI_Aint stride, MPI_Datatype oldtype,

MPI_TYPE_HVECTOR(COUNT,BLOCKLENGTH,STRIDE,OLDTY PE,NEWTY PE,|ERROR)
INTEGER COUNT,BLOCKLENGTH,STRIDE,OLDTY PE,NEWTY PE,|ERROR

MPI 63 MP_TYPE_HVECTOR

MPI_TYPE_HVECTOR MPI_TYPE_VECTOR ., tride

oldtype
{ (typey, disp), (type,..,disp,.1 )} extent = ex.
bl blocklength. count.bl.n
{ (typey, dispo),..., (typen1,dispna ),
(typey, dispytex),..., (type,s, disp,+ex),...,
(typey, dispy+ex.(bl-1)),..., (typens, disp,..+ex.(bl-1)),
(typey, dispyt+stride),...,
(type,.1, disp,.,+stride),...,
(typey, dispytstridetex.(bl-1)),..., (type,,disp,. tstridetex.(bl-1))....,
(typey, dispy+ stride.(count-1)),..., (type,,,disp,,+stride.(count-1)),...,
(typey, dispyt+stride.(count-1)+(bl-1).ex),...,
(type.., dispn-1+stride.(count-1)+(bl-1).ex> }.

14.2.3

MPI_TYPE_INDEXED (
),

extent
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MPI_TYPE_INDEXED(count,array_of blocklengths,array_of _displacemets,oldtype,newtype)

IN count ( )
IN array_of blocklengths ( )
IN array_of displacements ( )
IN oldtype « )
OUT newtypr ( )

int MPI_Type indexed(int count,int *array of blocklengths, int *array of displacements,
MPI_Datatype oldtype, MPI_Datatype * newtype)
MPI_TYPE_INDEXED(COUNT,ARRAY_OF BLOCKLENGTHSARRAY_OF DISPLACE
MENTS,OLDTYPENEWTY PE,|IERROR)
INTEGER COUNT,ARRAY_OF BLOCKLENGTHS(*),
ARRAY_OF DISPLACEMENTS(*) ,OLDTY PE,NEWTY PE,IERROR

MPI 64 MPI_TYPE_INDEXED

oldtype { (double,0),(char,8)} ,extent=16. B=(3,1),D=(4,0),

MPI_TYPE_INDEXED( 2, B, D, oldtype, newtype)

{(double,64),(char,72), (double,80),(char,88),(double,96),(char,104), (doubl e,Oi,(char,B)}.

:I >

N e

71  MPIL_TYPE_INDEXED
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: 64 , 0 . , oldtype

{(typey, dispy), (typen-1,disp,.1 )}, extent = ex.
B array_of blocklengths ,D array_of_displacements
n.SUM(BJi],i=0,...,count-1) ,
{ (typey, dispe+D[0].€X),..., (typen.1,disp,.1 +D[0].€X),...,
(type,, dispe+(D[0]+B[0]-1).eX),...,
(typey.1,disp,.,+(D[0]+B[(]-1).€)....,
(typey, dispo+D[count-1].ex),..., (type,,,disp.,+D[count-1].ex),...,
(typey, dispo+(D[count-1]+B[count-1]-1).ex),...,
(type,.,, disp,.1+(D[count-1]+B[count-1]-1).ex.)} .
MPI_TY PE_VECTOR(count,blocklength,stride, ol dtype,newtype)
MPI_TY PE_INDEXED(count,B,D,oldtype,newtype),
D[j]=j.gtride, j=0,...,count-1,
B[j]=blocklength, j=0....,count-1.
MPI_TYPE_HINDEXED MPI_TYPE_INDEXED
extent ,

, array_of_displacements

MPI_TYPE_HINDEXED(count,array_of _blocklengths,array_of _displacemets,ol dtype,newtype)

IN count ( )
IN array_of _blocklengths ( )
IN array_of _displacements ( )
IN oldtype « )
OUT newtypr ( )

int MPI_Type_hindexed(int count,int *array_of blocklengths, MPI_Aint*
array_of_displacements, MPI_Datatype oldtype, MPI_Datatype * newtype)
MPI_TYPE_HINDEXED(COUNT,ARRAY_OF BLOCKLENGTHS,
ARRAY_OF DISPLACEMENTS,OLDTYPE,NEWTY PE,|ERROR)
INTEGER COUNT, ARRAY_OF BLOCKLENGTHS(*),
ARRAY_OF DISPLACEMENTS(*), OLDTYPE, NEWTYPE, IERROR

MPI 65 MPI_TYPE_HINDEXED

oldtype
{ (typey, dispo), (typen.1,disp,1 )} extent = ex.
B array_of blocklengths ,D array_of_displacements
n.SUM(BJi],i=0,...,count-1) ,
{(typey, dispo*D[0Q])...., (type1,dispr, +D[0)),...,
(type, disp,+(D[0]+B[0]-1).eX),...,
(typ&.s, disp,,+D[0]+ (B[0]-1).ex),...,
(typey, dispy+D[count-1]),..., (typen-1, disp,, ,+D[count-1]),...,
(type,, dispy+D[count-1]+(B[count-1]-1).ex),...,
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(type,, disp,.+D[count-1]+ ¢B[count-1]-1).ex.)}.

14.2.4

MPI_TYPE_STRUCT )

L]

MPI_TYPE_STRUCT (count,array_of blocklengths,array of displacemets,array_of types,

newtype)
IN count ( )
IN array_of blocklengths ( )
IN array_of displacements ( )
IN array_of types ( )
OUT newtypr ( )

int MPI_Type struct(int count,int *array_of blocklengths, MPI_Aint *array_of _displacements,
MPI_Datatype array_of _types, MPI_Datatype * newtype)
MPI_TYPE_STRUCT(COUNT,ARRAY_OF BLOCKLENGTHSARRAY_OF DISPLACEMEN
TS, ARRAY_OF TYPES (*) NEWTYPE,|ERROR)

INTEGER COUNT, ARRAY_OF BLOCKLENGTHS(*),

ARRAY_OF DISPLACEMENTS(*),ARRAY_OF TYPES (*) NEWTYPE, IERROR

MPI 66 MPI_TYPE STRUCT

typel
{ (double0>; {char,8}}, extent=16.

B=(2,1,3),D=(0,16,26), T=(MPI_FLOAT, typel,
MPI_CHAR). MPI_TYPE_STRUCT(3,B,D,T,newtype)
{ (float,0),(float,4),(double,16),(char,24),(char,26),(char,27),(char,28)} .

I float
>
typel
] L >
I char |:|
>

0 8 16 2426

72  MPL_TYPE_STRUCT
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0 MP_FLOAT 16
MPI_CHAR « ( 4 )s
, T array_of _types , T[] ,
typemapi ={(type0, disp0), (typen-1,dispn-1 )},
extent = ex.
B array_of blocklengths ,D array_of_displacements
n.SUM(BJil],i=0,...,count-1) ,
{(typ&, dispe+D[0].ex),..., (type,,,disp,, +D[0].ex),...,
(typey, dispy+(D[0]+B[0]-1).€x),..., (typen.s,
disp,.+(D[0]+B[0]-1).ex),...,
(type, dispy+D[count-1].ex),..., (type,1,
disp,.;+D[count-1].ex),...,
(typey, dispy+(D[count-1]+B[count-1]-1).ex),...,
(type,.1, disp,.1+(D[count-1]+B[count-1]-1).ex.)}.
MPI_TYPE_HINDEXED(count,B,D,0l dtype,newtype)
MPI_TYPE_STRUCT( count, B, D, T, newtype), T

14.2.5

P MPI

typel,

oldtype.

MPI_TYPE_COMMIT (datatype)

INOUT datatype ( )
int MPI_Type_commit(MPI_Datatype * datatype)
MPI_TYPE_COMMIT(DATATY PE,|IERROR)

INTEGER DATATYPE,|IERROR

MPI 67 MPI_TYPE_COMMIT

MPI_TYPE_FREE(datatype)

INOUT datatype ( )
int MPI_Type free(MPI_Datatype * datatype)
MPI_TYPE_FREE(DATATY PE,|ERROR)

INTEGER DATATYPE,|IERROR

MPI 68 MPI_TYPE_FREE

MPI_TYPE_FREE ;
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MPI_DATATYPE_NULL.

INTEGER typel, type2
CALL MPI_TYPE_CNTIGUOUS(5, MPl_REAL, typel, ierr)

C

CALL MPI_TYPE_COMMIT(typel, ierr)
C typel

type2 = typel
C type2 : typel

CALL MPI_TYPE_VECTOR(3,54,MPI_REAL ¢typel,ierr)
C typel

CALL MPI_TYPE_COMMIT(typel,ierr)
C typel

53

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

#define NUMBER_OF _TESTS 10

int main( argc, argv )
int argc;

char **argv;

{

MPI_Datatype vecl, vec n;
int blockleng2];
MPI_Aint indices 2];
MPI_Datatype old_typeq2];

double *puf, *|buf;
register double *in_p, *out_p;
int rank;

int n, stride;
double t1, t2, tmin;
int i,], K, nloop;

MPI_Status  dtatus,

MPI_Init( &arge, &argv );

MPI_Comm_rank( MPI_COMM_WORLD, &rank );
n = 1000;
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dride = 24;
nloop =2100000/n;
buf = (double *) maloc( n * stride * sizeof(double) );

if ('buf) {
fprintf( stderr, "Could not alocate send/recv buffer of size %d\n®,
n* stride);
MPI_Abort( MPI_COMM_WORLD, 1);
}
Ibuf = (double *) malloc( n * sizeof(double) );
if (Mbuf){
fprintf( stderr, "Could not alocated send/recv Ibuffer of size %d\n",
n);
MPI_Abort( MPI_COMM_WORLD, 1);
}
if (rank == 0)

printf( "Kind\tn\tstride\ttime (sec)\tRate (MB/sec)\n" );

* */

MPI_Type vector( n, 1, stride, MPI_DOUBLE, &vecl);
MPI_Type _commit( &vecl ),

tmin =1000;
for (k=0; kKkNUMBER_OF TESTS; k++) {
if (rank == 0) {
[* */

MPI_Sendrecv( MPI_BOTTOM, 0, MPI_INT, 1, 14,
MPI_BOTTOM, 0, MPI_INT, 1, 14, MPI_COMM_WORLD,
& tatus );
t1 = MPI_Wtime();
for (j=0; j<nloop; j++) {
MPI_Send( buf, 1, vecl, 1, k, MPI_COMM_WORLD );
MPI_Recv( buf, 1, vecl, 1, kK, MPI_COMM_WORLD, &status);
}
t2 = (MPI_Wtim&() - t1) / nloop;
if (t2 <tmin) tmin = t2
}
eseif (rank == 1) {
I* */
MPI_Sendrecv( MPI_BOTTOM, 0, MPI_INT, O, 14,
MPI_BOTTOM, O, MPI_INT, 0O, 14, MPI_COMM_WORLD,
& tatus );
for (j=0; j<nloop; j++) {
MPI_Recv( buf, 1, vecl, 0, kK, MPI_COMM_WORLD, &tatus);
MPI_Send( buf, 1, vecl, 0, k, MPI_COMM_WORLD );

}
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}

}

[* */
tmin = tmin / 2.0;

if (rank == 0) {

printf( "V ector\t%d\t%d\t%f\t%f\n",
n, stride, tmin, n * sizeof(double) * 1.0e-6 / tmin));

}

MPI_Type free( &vecl ),

* */
blockleng0] = 1;

blocklend1] = 1;

indiced0] = 0;

indiceg1l] = dride* sizeof(double);

old_typeq0] = MPI_DOUBLE;

old_typeq1] = MPI_UB;

MPI_Type_struct( 2, blocklens, indices, old_types, &vec n);
MPI_Type_commit( &vec n );

tmin =1000;
for (k=0; kKkNUMBER_OF TESTS; k++) {
if (rank == 0) {
* */

MPI_Sendrecv( MPI_BOTTOM, 0, MPI_INT, 1, 14,
MPI_BOTTOM, O, MPI_INT, 1, 14, MPI_COMM_WORLD,
& tatus );
t1 = MPI_Wtime();
for (j=0; j<nloop; j++) {
MPI_Send( buf, n, vec n, 1, k, MPI_COMM_WORLD );
MPI_Recv( buf, n, vec_n, 1, k, MPI_COMM_WORLD, & status);
}
t2 = (MPI_Wtime() - t1) / nloop;
if (t2 <tmin) tmin = t2

}
eseif (rank == 1) {
I* */
MPI_Sendrecv( MPI_BOTTOM, 0, MPI_INT, O, 14,
MPI_BOTTOM, 0, MPI_INT, 0O, 14, MPI_COMM_WORLD,
& tatus );
for (j=0; j<nloop; j++) {
MPI_Recv( buf, n, vec_n, 0, k, MPI_COMM_WORLD, &status);
MPI_Send( buf, n, vec_n, 0, k, MPI_COMM_WORLD );
}
}
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* */
tmin = tmin / 2.0;
if (rank == 0) {
printf( " Struct\t%ed\t%ed\t%6f\t%f\n",
n, stride, tmin, n * sizeof(double) * 1.0e-6 / tmin));
}
MPI_Type free( &vec n);
* Use user-packing with known stride */
tmin =1000;
for (k=0; kKkNUMBER_OF TESTS; k++) {
if (rank == 0) {
/* Make aure both processes are ready */
MPI_Sendrecv( MPI_BOTTOM, 0, MPI_INT, 1, 14,
MPI_BOTTOM, 0, MPI_INT, 1, 14, MPI_COMM_WORLD,
& tatus );
t1 = MPI_Wtime();
for (j=0; j<nloop; j++) {
* 1f the compiler isn't good at unrolling and changing
multiplication to indexing, this won't be as good as
it could be */
for (iI=0; i<n; i++)
Ibuf[i] = buf[i*stride];
MPI_Send( Ibuf, n, MPI_DOUBLE, 1, k, MPI_COMM_WORLD );
MPI_Recv( Ibuf, n, MPI_DOUBLE, 1, k, MPI_COMM_WORLD, &status);
for (iI=0; i<n; i++)
buf[i*stride] = 1buf[i];
}
t2 = (MPI_Wtime() - t1) / nloop;
if (t2 <tmin) tmin = t2;
}
dseif (rank == 1) {
I* Make sure both processes are ready */
MPI_Sendrecv( MPI_BOTTOM, 0, MPI_INT, 0, 14,
MPI_BOTTOM, 0, MPI_INT, 0O, 14, MPI_COMM_WORLD,
& tatus );
for (j=0; j<nloop; j++) {
MPI_Recv( Ibuf, n, MPI_DOUBLE, 0, k, MPl_COMM_WORLD, & status);
for (iI=0; i<n; i++)
buf[i*stride] = 1buf[i];
for (iI=0; i<n; i++)
Ibuf[i] = buf[i*<tride];
MPI_Send( Ibuf, n, MPI_DOUBLE, 0, k, MPI_COMM_WORLD );
}
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}

f* Convert to hdf the round-trip time */
tmin = tmin / 2.0;

if (rank == 0) {

printf (" User\t%d\t%d\t%ef\t%6f\n",

n, stride, tmin, n * sizeof(double) * 1.0e-6 / tmin);

* Use user-packing with known stride, using addition in the user

copy code */

tmin =1000;
for (k=0; kKkNUMBER_OF TESTS; k++) {
if (rank == 0) {

}

[* Make sure both processes are ready */

MPI_Sendrecv( MPI_BOTTOM, 0, MPI_INT, 1, 14,
MPI_BOTTOM, 0, MPI_INT, 1, 14, MPI_COMM_WORLD,
& tatus );

t1 = MPI_Wtime();
for (j=0; j<nloop; j++) {

* 1f the compiler isn't good at unrolling and changing

multiplication to indexing, this won't be as good as

it could be */
in_p = buf; out_p = Ibuf;
for (i=0; i<n; i++) {

out_p[i] = *in_p; in_p += gtride;
}
MPI_Send( Ibuf, n, MPI_DOUBLE, 1, k, MPI_COMM_WORLD );
MPI_Recv( Ibuf, n, MPI_DOUBLE, 1, k, MPI_COMM_WORLD, & status);
out_p = buf; in_p = Ibuf;
for (i=0; i<n; i++) {

*out_p = in_p[i]; out_p += gtride;

}
}

t2 = (MPI_Wtime() - t1) / nloop;
if (t2 <tmin) tmin = t2,

eseif (rank == 1) {

[* Make sure both processes are ready */

MPI_Sendrecv( MPI_BOTTOM, 0, MPI_INT, 0, 14,
MPI_BOTTOM, 0, MPI_INT, O, 14, MPI_COMM_WORLD,
& tatus );

for (j=0; j<nloop; j++) {

MPI_Recv( Ibuf, n, MPI_DOUBLE, 0, k, MPI_COMM_WORLD, & status);
in_p = |buf; out_p = buf;
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for (i=0; i<n; i++) {
*out_p = in_p[i]; out_p += siride;
}
out_p = Ibuf; in_p = buf;
for (i=0; i<n; i++) {
out_p[i] = *in_p; in_p += stride;

}
MPI_Send( Ibuf, n, MPI_DOUBLE, 0, k, MPI_COMM_WORLD );
}

}

}

f* Convert to hdf the round-trip time */
tmin = tmin / 2.0;
if (rank == 0) {
printf( " User(add)\t%d\t%d\t%6f\t%f\n",
n, stride, tmin, n * sizeof(double) * 1.0e-6 / tmin));

MPI_Finalize( );

/************ 'k****************************************/

#include "mpi.h"

#include <stdio.h>

int main(argc, argv)

int argc;

char **argv;

{
int rank, size, i, buf[1];
MPI_Status status,

MPI_Init( &arge, &argv );
MPI_Comm_rank( MPI_COMM_WORLD, &rank );
MPI_Comm_size( MPI_COMM_WORLD, &size);
if (rank == 0) {
for (i=0; i<100* (size-1); i++) {
MPI_Recv( buf, 1, MPI_INT, MPI_ANY_SOURCE,
MPI_ANY_TAG, MPI_COMM_WORLD, &4tatus );
printf( "Msg from %d with tag %d\n",
statusMPI_SOURCE, statusMPI_TAG );
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ese{
for (i=0; i<100; i++)
MPI_Send( buf, 1, MPI_INT, O, i, MPI_COMM_WORLD ),

}
MPI_Finalize();
return O;
}
14.3
MHA MPI_ADDRESS
MPI_BOTTOM .

MPI_ADDRESS(location,address)
IN location ( )
OUT address MPI_BOTTOM ()
int MPI_ADdress(void* location, MPI_Aint * address)
MPI_ADDRESS(LOCATION,ADDRESS,|ERROR) <type> LOCATION(*)
INTEGER ADDRESS,|ERROR

MPI 69 MPI_ADDRESS

REAL A(100,100)

INTEGER 11, 12, DIFF

CALL MPI_ADDRESS(A(1,1), 11, IERROR)
CALL MPI_ADDRESS(A(10,10), 12, IERROR)
DIFF=12- 11

54 MPI_ADDRESS

DIFF [(10-1)*10-(10-1)]*sizeof (red);11 12 .
MPI ;
: MPI_Type_struct,
MPI_ADDRESS

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

int main( argc, argv )
int argc;

char **argv;

{

int rank;
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sruct { int & double b } vaue; /* */
MPI_Datatype mystruct;
int blocklend[2];
MPI_Aint indiceq 2];
MPI_Datatype old_typeq2];

MPI_Init( &arge, &argv );
MPI_Comm_rank( MPI_COMM_WORLD, &rank );
/* One vaue of each type */
blockleng0] = 1; /* */
blockleng1] = 1; /* */
/* The base types*/
old_typeg0] = MPL_INT;/* */
old_typeq1] = MPI_DOUBLE;/* */
I* */
MPI_Address( &vaue.a, &indiceq0] );
MPI_Address( &vaueb, &indiceq1] );
I* */
indiceq1] = indiceq1] - indiceq0];
indiceg0] =0;
MPI_Type struct( 2, blocklens, indices, old_types, &mystruct );/* MPI
*/
MPI_Type_commit( &mystruct );/* */

do{
if (rank == 0)  scanf( "%d %lf", &value.a &vdueb ),
I* 0 */
MPI_Bcast( &vaue, 1, mystruct, 0, MPI_COMM_WORLD );/*
*/

printf( "Process %d got %d and %lf\n", rank, value.a, valueb);
} while (value.a>= 0);

/* Clean up the type */
MPI_Type free( &mystruct );/* */
MPI_Finalize( );

55 MPI

14.4
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MPI_TY PE_EXTENT (datatype,extent)
IN datatype ( )
OUT extent extent( )
int MPI_Type_extent(MPI_Datatype datatype, int * extent)
MPI_TYPE _EXTENT(DATATYPE,SIZE,|ERROR)
INTEGER DATATYPE,EXTENT,|[ERROR

MPI 70 MPI_TYPE_EXTENT

MPI_TYPE_EXTENT extent.

MPI_TYPE SIZE(datatype,size)
IN datatype ( )
OUT sdize ( )
int MPI_Type size(MPI_Datatype datatype, int *size)
MPI_TYPE_SIZE(DATATYPE,SIZE,|ERROR)
INTEGER DATATYPE,SIZE,|ERROR

MPI 71 MPI_TYPE_SIZE
MPI_TYPE_SIZE ) )
. MPL_TYPE EXTENT . MP_TYPE SIZE

MPI_RECV( buf, count, datatype, dest, tag, comm, status ) , datatype

{ (type0, disp0),..., (typen-1,dispn-1)},
status , MPI_GET_ELEMENTS.

MPI_GET_COUNT .

MPI_GET_ELEMENTS {tatus, datatype, count )

IN status ( )

IN datatype (

OUT count ( )
int MPI_Get_elements( MPI_Status status, MPI_Datatype datatype, int * count)
MPI_GET_ELEMENTS(STATUSDATATY PE,COUNT,|IERROR)

INTEGER STATUS(MPI_STATUS SIZE),DATATYPE,COUNT,|[ERROR

MPI 72 MPI_GET_ELEMENTS

MPI_CET_COUNT ,
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MPI_GET_ELEMENTS . MPI_GET_COUNT
MPI_GET_ELEMENT .

MPI_GET_COUNT(status, datatype,count)

IN status ( )
IN datatype ( )
OUT count ( )

int MPl_Get_count(MPI_Status * status, MPI_Datatype datatype, int * count)
MPI_GET_COUNT(STATUS, DATATY PE,COUNT,|[ERROR)
INTEGER STATUS(MPI_STATUS SIZE), DATATYPE,COUNT
IERROR

MPI 73 MPI_GET_COUNT
MPI_GET_COUNT status ;
datatype -
MPI_GET_COUNT MPI_GET_ELEMENT
CALL MPI_TYPE_CONTIGUOUS(2, MPI_REAL, Type2, ierr)

CALL MPI_TYPE_COMMIT(Type2,ierr)

CALL MPI_COMM_RANK (comm, rank, ierr)

IF(rank.EQ.0) THEN
CALL MPI_SEND(a 2, MPI_REAL, 1, 0, comm, iefr)
1 2
CALL MPI_SEND(a 3, MPI_REAL, 1, 0, comm, iefr)
1 3
ELSE
CALL MPI_RECV(a, 2, Type2, 0, 0, comm, stat, ierr)
0  Type
CALL MPI_GET_COUNT (stat, Type2, i, iefr)
Type2 » i=1
CALL MPI_GET_ELEMENTS(stat, Type2, i, iefr)
REAL ; i=2
CALL MPI_RECV(a, 2, Type2, 0, 0, comm, stat, ierr)
0
CALL MPI_GET_COUNT (stat, Type2, i, iefr)
Type2 ; i=MPI_UNDEFINED:
3 REAL Type2
CALL MPI_GET_ELEMENTS(stat, Type2, i, ierr) ! returnsi=3
REAL » i=3
END IF

56
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MPI_GET_ELEMENTS

14.5
MPI » ; MPI_UB
MPI_LB. extent(MPI_LB)= extent(MPI_UB) =0).
, typemap ={(typeo, dispo),..., (tyPen1,disph1 )},
typemap
min; disp; lb
Ib(Typemap)= {
min; { disp; such that type;=Ib} Ib
typemap
max; disp;+sizeof(type;)+e ub
ub(Typemap)= {
max; { disp; such that type =ub} ub

typemap
extent(typemap) =ub(typemap)-lb(typemap)+e

MPI_TY PE_L B(datatype,displacement)
IN datatype ( )
OUT displacement ( )
int MPI_Type |b (MPI_Datatype datatype, int *displacement)
MPI_TYPE_LB (DATATY PE,DISPLACEMENT,|[ERROR)
INTEGER DATATY PE,DISPLACEMENT,|IERROR

MP 74 MPI_TYPE_LB

MPI_TY PE_UB(datatype,displacement)
IN datatype ( )
OUT displacement ( )
int MPI_Type ub (MPI_Datatype datatype, int *displacement)
MPI_TYPE_UB (DATATY PE,DISPLACEMENT,|[ERROR)
INTEGER DATATYPE,DISPLACEMENT,|IERROR

MPI 75 MPI_TYPE_UB
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D=(-3,0,6); T=(MPI_LB,MPI_INT,MPI_UB),B=(1,1,1).
MPI_TYPE_STRUCT(3,B,D,T,typel)
extent 9 , 0 .

3),(int,0),(ub,6)} s

MPI_TYPE_CONTIGUOUS(2,typel type2)
: {(Ib-3),(int,0),(int,9),(ub,15)}
E )

REAL a(100,100),b(100,100)
INTEGER disp(100),blocklen(100),ltype,myrank,ierr
INTEGER status(MPI_STATUS SIZE)

a b
CALL MPI_COMM_RANK(MPI_COMM_WORLD,myrank)
; i ai-1,i) 100-i
100* (i-1)+i» FORTRAN
DO i=1, 100
disp(i) =200*(i-1) +i
block(i) = 100-i
END DO

CALL MPI_TYPE_INDEXED(100,block,disp,MPl_REAL 1type,ierr
CALL MPI_TYPE_COMMTT(ltype,ier)

CALL MPE_SENDRECV (a,1,1typemyrank,0,b,1 1type,myrank,0,
MPI_COMM_WORLD,gtatusierr)
0 a b

57

REAL &(100,100),b(100,100)
INTEGER row,xpose,sizeofreal,myrank,ierr
INTEGER status(MPI_STATUS SIZE)
ab
CALL MPI_COMM_RANK(MPI_COMM_WORL D,myrank)
CALL MPI_TYPE_EXTENT(MPI_REAL ,sizeofred,ierr)

row 100 : 100 o
CALL MPI_TYPE_VECTOR(100,1,100,MPI_REAL ,row,ierr)
row Xpose:

CALL MPI_TYPE_HVECTOR(100,1,sizeofreal ,row,xpose,lerr)
CALL MPI_TYPE_COMMIT(xpose,ierr)
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E

ab

CALL MPI_SENDRECV (a,1,xpose,myrank,0,b,100* 100,MPI_REAL ,MYRANK,0,
_COMM_WORLD gtatusierr)

58
14.6
(Pack) (Unpack) ;
MPI_PACK inbuf ,incount,datatype inbount  datatype
outbuf s outcount - MPI_SEND
- position s
s position

- COmm

MPI_PACK (inbuf, incount, datatype, outbuf, outcount, position, comm )
IN' inbuf ( )

IN incount

IN datatype
OUT outbuf

IN outcount
INOUT position
IN comm

« )
int MPI_Pack(void* inbuf, int incount, MPI_datatype, void *outbuf, int outcount, int
*position, MPI_Comm comm)

MPI_PACK(INBUF,INCOUNT DATATY PE,OUTBUF,OUTCOUNT,POSI TION,COMM,
IERROR)

INBUF(*),OUTBUF(*)
INTEGER INCOUNT,DATATY PE,OUTCOUNT,POSI TION,COMM ,|ERROR

MPI 76 MPI_PACK
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MPI_UNPACK (inbuf, insize, position, outbuf, outcount, datatype, comm )
IN inbuf ()
IN insize «( )
INOUT position , ( )
OUT outbuf ( )
IN outcount , ( )
IN datatype ( )
IN comm ( )
int MPI_Unpack(void* inbuf, int insize, int *position, void *outbuf, int
outcount, MPI_Datatype datatype, MPI_Comm comm)
MPI_UNPACK(INBUF,INSIZE, POSITION,OUTBUF,OUTCOUNT, DATATY PE,
COMM, IERROR)
INBUF(*),OUTBUF(*)
INTEGER INSIZE, POSITION,OUTCOUNT, , DATATYPE COMM,IERROR

MPI 77 MPI_UNPACK
MPI_UNPACK MPI_PACK ; inbuf insize
s outbuf ,outcount,datatype - MPI_RECV
- s insize s inbuf »
position s
; position
- comm -
MPI_RECV MPI_UNPACK . MPI_RECV ,count
. - MPI_UNPACK ,count
s position -
MPI_PACKED -
- MP_PACKED ;
- ( MPI_PACKED )
MPI_PACKED - MPI_UNPACK -
MPI_UNPACK ; position=0. ;

position ; inbuf. insze comm .
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MPI_PACK_SIZE( incount, datatype, comm, size)
IN incount

C )
IN datatype ( )
IN comm )
OUT size » incount datatype

«C )
int MPI_Pack_size(int incount, MPI_Datatype datatype, MPI_Comm comm, int *size)
MPI_PACK_SIZE(INCOUNT,DATATY PE,COMM,SIZE,|ERROR)

INTEGER INCOUNT,DATATY PE,COMM,SIZE,|[ERROR

MPI 78 MPI_PACK_SIZE
MPI_PACK_SIZE size incount datatype
« )
MPI_PACKED
MPL_INT

int position , i,j,a2];
char buff[1000];

MPI_Comm_rank(MPI_COMM_WORLD,& myrank);
if (myrank ==0) { /* 0 */

*/
MPI_Pack(&i,1,MPI_INT,buff,1000,& position, MPI_COMM_WORLD);
I* i

position =0;/*
i */

MPI_Pack(&],1,MPI_INT,buff,1000,& position, MPl_COMM_WORLD);
* i

MPI_Send(buff position, MPI_PACKED,1,0,MP|_COMM_WORLD); }
I* *

else if(myrank==1) {
I* 1 */

MPI_Recv(a,2, MPL_INT,0,0,MPI_COMM_WORLD)/*

59
100 -
int position, i;
float g1000];
char buff[1000];
MPI_Status status,
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MPI_Comm_rank(MPI_Comm_world,&myrank);
if (myrank ==0) {

1000

}

I* 0 */

int len[2];

MPI_Aint disp[2];
MPI_Datatype type{2], newtype;

i=100;

* */

len[0]=1,

len[1]=i;

MPI_Address( &i,disp);/*i MPI_BOTTOM */
MPI_Address( adisp+l); /*a MPI_BOTTOM */
type[O]=MPI_INT;/* */
typel1]=MPI_FLOAT; /* */
MPI_Type_struct(2,len,disp,type,& newtype);/* ;

*/

MPI_Type_commit(&newtype);/* */

I* */

position =0;/* */
MPI_Pack(MPI_BOTTOM, 1,newtype, buff,

1000,& position,MPI_COMM_WORLD);/* i a buff*/

/* *
MPI_Send(buff,postion, MPI_PACKED,1,0, MP_COMM_WORLD)

ese if(myrank ==1) {

int

MPI_Recv(buff, 1000,MPI_PACKED,0,0,& status); /* */
position =0;

MPI_Unpack(buff,1000,& position,&i,1,MPl_INT,MPl_COMM_WORLD);
I* */

MPI_Unpack(buff,1000,& position,a,i,MPl_FLOAT,MPI_COMM_WORLD);
I* */

60

» ROQOT

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

int main( argc, argv )
int argc;
char **argv;

rank;
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int packsize, position;

int a
double b;
char packbuf[100];

MPI_Init( &argc, &argv );

MPI_Comm_rank( MPI_COMM_WORLD, &rank );

do{
if (rank == 0) {/* 0 */
scanf( "%d %lf", &a, &b);
packsize = O;/* */
MPI_Pack( &a, 1, MPI_INT, packbuf, 100, & packsize,
MPI_COMM_WORLD );/* a */
MPI_Pack( &b, 1, MPI_DOUBLE, packbuf, 100, & packsize,
MPI_COMM_WORLD );/* b */
}
MPI_Bcast( &packsize, 1, MPI_INT, 0, MPI_COMM_WORLD );/* */

MPI_Bcast( packbuf, packsize, MPI_PACKED, 0, MPI_COMM_WORLD );/*
*/

if (rank 1= 0) {
position = O;
MPI_Unpack( packbuf, packsize, & position, &a, 1, MPI_INT,
MPI_COMM_WORLD );/* a */

MPI_Unpack( packbuf, packsize, & position, &b, 1, MPI_DOUBLE,
MPI_COMM_WORLD );/* b */

}
printf( "Process %d got %d and %If\n", rank, a, b );

} while(@a>=0);* a ; */

MPI_Finalize( );

return O;
}

61
14.7
MPI » ;

; > MPI-2 /0
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15.1

15 MPI

MPI P

a O.’ l} e A N'l A

- MPI

rank

MPI_GROUP_EMPTY
MPlI_GROUP_NULL
MPI_GROUP NULL

MPI ;

MPL_INIT ;

L]

MPI_GROUP_EMPTY

L]

L]

MPI_COMM_WORLD:;

MPI_COMM_SELF,

MPI_COMM_NULL

MPI

o

MP_COMM_WORLD

MPI_COMM_GROUP .

15.2

MPI .

L]

L]

MPI_GROUP_SIZE(group,size)
IN group (
ouT Sze

]
(

)

int MPI_Group_size(MPI_Group group,int *size)
MPI_GROUP_SIZE(GROUP,SIZE,|ERROR)
INTEGER GROUP,SIZE,|ERROR

MPI 79 MPI_GROUP_SIZE

MPI_GROUP_SIZE
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MPI_GROUP_RANK(group,rank)
IN group { )
ouT rank /IMPI_UNDEFINED ¢ )
int MPI_Group_rank(MPI_Group group,int *rank)
MPI_GROUP_RANK(GROUP,RANK,IERROR)

INTEGER GROUP,RANK,|ERROR

MPI 80 MPI_GROUP_RANK

MPI_GROUP_RANK rank ;
MPI_COMM_RANK; ) ) MP!_UNDEFINED.

MPI_GROUP_TRANSLATE RANKS(groupl,n,ranksl,group2,ranks2)

IN groupl 1¢ )

IN n rankl rank2 ( ]

IN ranksl ( s groupl

IN group2 2 ¢ )

ouT ranks2 ranksl group2 { J

int MPI_Group_trandate ranks(MPI_Group groupl,int n,int *ranksl,
MPI_Group group2,int * ranks2)
MPI_GROUP_TRANSLATE_RANKS(GROUP1,N,RANKS1,GROUP2,RANKS2,
IERROR)
INTEGER GROUP1,N,RANDSL(*),GROUP2,RANKS2,|ERROR

MPI 81 MPI_GROUP_TRANSLATE_RANKS
MPI_GROUP_TRANSLATE_RANKS groupl n ¢ rankl )
group2 ( rank2 . group2
groupl s MPI_UNDEFINED.

. , MPl_COMM_WORLD

MPI_GROUP_COM PARE(groupl,group2,result)

IN groupl ( ]
IN group2 ( ]
ouT result ( )

int MPI_Group_compare(MPI_Group groupl,MPI_Group group2,int *result)
MPI_GROUP_COMPARE(GROUP1,GROUP2,RESULT,IERROR)
INTEGER GROUP1,GROUP2,RESULT,|[ERROR

MPI 82 MPI_GROUP_COMPARE
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MPI_GROUP_COMPARE groupl group2 ; groupl
group2 P MPI_IDENT ;
groupl group2 ;
MPI_SIMILAR; MPI_UNEQUAL .

» a H

MPI_COMM_GROUP(comm,group)
IN comm ( )
ouT group comm ( p
int MPI_Comm_group(MPI_Comm comm, MPI_Group * group)
MPI_COMM_GROUP(COMM,GROUP,|ERROR)
INTEGER COMM,GROUP,|ERROR
MPI_COMM_GROUP

MP 83 MPI_COMM_GROUP

MPI_COMM_GROUP 0

MPI_GROUP_UNION(groupl,group2,newgroup)

IN groupl { )
IN group2 { )
ouT newgroup ( )

int MPI_Group_union(MPI_Group groupl,MPI_Group group2,MPI_Group * newgroup)
MPI_GROUP_UNION(GROUP1,GROUP2, NEWGROUP, |IERROR)
INTEGER GROUP1,GROUP2,NEWGROUP,|[ERROR

MPI 84 MPI_GROUP_UNION
MPI_GROUP_UNION newgroup groupl
group2 groupl -

a

MPI_GROUP_INTERSECTION(groupl,group2,newgroup)

IN groupl { )
IN group2 { )
ouT newgroup ( )

* newgroup)
MPI_GROUP_INTERSECTION(GROUP1,GROUP2,NEWGROUP,|ERROR)
INTGETER GROUP1,GROUP2,NEWGROUP,|ERROR

int  MPI_Group intersection(MPI_Group  groupl,MPI_Group  group2,MPI_Groug

MPI 85 MPI_GROUP_INTERSECTION
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MPI_GROUP_INTERSECTION newgroup groupl
group2 5 5

MPI_GROUP_DIFFERENCE(groupl,group2,newgroup)

IN groupl { )
IN group2 { )
ouT newgroup ( )

int MPI_Group_difference(MPI_Group groupl,MPI_Group group2,MPI_Group * newgroup)
MPI_GROUP_DIFFERENCE(GROUP1,GROUP2,NEWGROUP,|ERROR)
INTEGER GROUP1,GROUP2,NEWGROUP,|[ERROR

MPI 86 MPI_GROUP_DIFFERENCE
MPI_GROUP_DIFFERENCE nhewgroup groupl
group2 s 5

) , MPI_GROUP_EMPTY.

MPI_GROUP_INCL (group,n,ranks,newgroup)

IN group { )
IN n ranks [ ]
IN ranks [ )

ouT newgroup ( )
int MPI_Group_incl(MPI_Group group,int n,int *ranks,MPI_Group * newgroup)
MPI_GROUP_INCL (GROUP,N,RANKS NEWGROUP,|ERROR)

INTEGER GROUP,NRANKS(*),NEWGROUP,|ERROR

MPI 87 MPI_GROUP_INCL
MPI_GROUP_INCL n rank[0]; ..., rank[n-1]
hewgroup - n=0. newgroup MPI_GROUP_EMPTY :

MPI_GROUP_EXCL (group,n,ranks,newgroup)

IN group ( )

IN n ranks ( )

IN ranks newgroup ( )
ouT newgroup { )

int MPI_Group_excl(MPI_Group group, int n, int *ranks,MPI_Group * newgroup)
MPI_GROUP_EXCL (GROUP,N,RANKSNEWGROUP,|ERROR)
INTEGER GROUP,N,RANKS(*),NEWGROUP,|ERROR

MPI 88 MPI_GROUP_EXCL
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MPI_GROUP_EXCL group n rankg[Q],...,ranks[n-1]
newgroup. ranks n group
; n=0, newgroup group 5

MPI_GROUP_RANGE_INCL (group,n,ranges,newgroup)

IN group ( )

IN n ranges ( )
IN ranges { )
ouT newgroup ( J

int MPI_Group_range incl(MPI_Group group, int n, int rangeq][3],MPl_Groug

* newgroup)
MPI_GROUP_RANGE_INCL(GROUP,N,RANGESNEWGROUP,|ERROR)
INTEGER GROUP,N,RANGES(3,*),NEWGROUP,|ERROR

MP 89 MPI_GROUP_RANGE_INCL

MPI_GROUP_RANGE INCL group n ranges
newgroup. ranges
(firsty lasty, stridey), ..., (first, last,  stride,),
newgroup group
first, first;+stride,, ..., first;+(last,-first,)/stride, *stridey,...
first,, first,+tride,, ..., first,+(last,-first,)/stride,*stride,

group
. (1,9,2) (15,20,3),(21,30,2)
1,3,5,7,9,15,18,21,23,2527,29

MPI_GROUP_RANGE_EXCL (group,n,ranges,newgroup)

IN group ( )

IN n ranges ( )
IN ranges ( J
ouT newgroup { J

int MPI_Group_range_excl(MPI_Group group,int n, int rangeg][3],
MPI_Group * newgroup)
MPI_GROUP_RANGE_EXCL(GROUP,N,RANGESNEWGROUP,| ERROR)
INTEGER GROUP,N,RANGES(3,*),NEWGROUP,|ERROR

MPI 90 MPI_GROUP_RANGE_EXCL
MPI_GROUP_RANGE_EXCL group n rangs
newgroup. MPI_GROUP_INCL 5
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MPI_GROUP_FREE(group)

IN/OUT group ( )

int MPI_Group_free(MPI_Group *group)

MPI_GROUP_FREE(GROUP,|ERROR)
INTEGER GROUP,|IERROR

MPI 91 MPI_GROUP_FREE

MPI_GROUP_FREE , group  MPI_GROUP _NULL

15.3

MH o o

MPI_COMM_SIZE(comm,size)

IN comm ( )

ouT size comm ( )

int MPI_Comm_size(MPI_Comm comm, int *size)

MPI_COMM_SIZE(COMM,SIZE,|ERROR)
INTEGER COMM,SIZE,|[ERROR

MPI_COMM_RANK(comm,rank)

IN comm ( )

ouT rank ( )

int MPI_Comm_rank(MPI_Comm comm, int *rank)

MPI_COMM_RANK(COMM,RANK,IERROR)
INTEGER COMM,RANK,I[ERROR

’ rank.
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MPI_COMM_COMPARE(comm1,comm2,result)

IN comml ( )
IN comm?2 ( )
OUT  result ( )

int MPI_Comm_compare(MPl_Comm comm1,MPI_Comm comm2,int * result)
MPI_COMM_COMPARE(COMM1,COMM2,RESULT,|[ERROR)
INTEGER COMM1,COMM2,RESULT,IERROR

MPI 92 MPI_COMM_COMPARE
MPI_COMM_COMPARE , comml comm2
) MP!_IDENT; )
MPI_CONGRUENT ; ,
MPI_SIMILAR; MPl_UNEQUAL .
MPI MPI_COMM_WORLD MPI .

MPI_COMM _DUP(comm,newcomm)
IN comm ( )
ouT newcomm comm ( )
int MPI_Comm_dup(MPI_Comm comm,MPI_Comm * newcomm)
MPI_COMM_DUP(COMM ,NEWCOMM,IERROR)
INTEGER COMM, NEWCOMM ,|IERROR

MPI 93 MPI_COMM_DUP

MPI_COMM_DUP comm s newcomme.
newcomm ; s

a

MPI_COMM _CREATE(comm,group,newcomm)

IN comm ( )
IN group ( )
ouT newcomm ( )

MPI_COMM_CREATE(COMM,GROUP,NEWCOMM |ERROR)
INTEGER COMM,GROUP,NEWCOMM,|ERROR

int MPI_Comm_create(MPI_Comm comm,MPI_Group group,MPI_Comm * newcomm)

MPI 94 MPI_COMM_CREATE
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MPI_COMM_CREATE group ; s .

° group ) MPI_COMM_NULL . group
, group comm -

MPI_COMM _SPLIT(comm,color,key,newcomm)

IN comm ( )

IN color ( )

IN key « )
ouT newcomm ( )

int MPI_Comm_split(MPI_Comm commiint color, int key, MPI_Comm * newcomm)
MPI_COMM_SPLIT(COMM,COLOR,KEY ,NEWCOMM,IERROR)
INTEGER COMM,COLOR,KEY ,NEWCOMM,IERROR

MPI 95 MPI_COMM_SPLIT

MPI_COMM_SPLIT comm s color
s color s color ’

» key s ; key ;

o color

MPI_UNDEFINED: » hewcomm MPI_COMM_NULL . ; color

MPI_COMM_FREE(comm)
IN/OUT comm ( p
int MPI_Comm_free(MPI_Comm * comm)
MPI_COMM_FREE(COMM,IERROR)

INTEGER COMM,|IERROR

MPI 9 MPI_COMM_FREE

MPI_COMM_FREE ,
MPI_COMM_NULL. )

E

0 ; (commglave)
; MPI_COMM_WORLD
. MPI_COMM_WORLD commdave

main(int argc,char **argv)

{

int me,count,count2;
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15.4

void *send_buf,*recv_buf,*send_buf2,*recv_buf2;
MPI_Group MPI_GROUP_WORLD,grprem;
MPI_Comm commdave;

gtatic int rank[]={ 0} ;

MPI_Init(& argc,& argv);
MPI_Comm_group(MPI_COMM_WORLD,&MPI_GROUP_WORLD);
I* MPI_COMM_WORLD */
MPI_Comm_rank(MPI_COMM_WORLD,&me);
MPI_Group_excl(MPI_GROUP_WORLD,1,ranks,&grprem);/*

*/
MPI_Comm_create(MPI_COMM_WORLD,grprem,& commdave);/*

0 */

if((me!=0)
{r o */

MPI_Reduce(send_buf,recv_buff,count, MPI_INT,MPI_SUM,1,commdave);/*
; o/

}
I* MPI_COMM_WORLD */

MPI_Reduce(send_buf2,recv_buff2,count2,MPI_INT,MPI_SUM,0,
MPI_COMM_WORLD);

MPI_Comm_free(& commslave);
MPI_Group_free(& MPI_GROUP_WORLD);
MPI_Group_free(&grprem);

I* */

MPI_Finalize();

}

62
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MPI_COMM_TEST_INTER(comm,flag)

IN comm ( )

ouT flag ( )

int MPI_Comm _test_inter(MPI_Comm comm,int *flag)

MPI_COMM_TEST_INTER(COMM,FLAG,IERROR)
INTEGER COMM,IERROR LOGICAL FLAG

MPI 97 MPI_COMM_TEST_INTER

MPI_COMM_TEST _INTER
true false.

MPI_COMM_REMOTE_SIZE(comm,size)
IN comm ( )
ouT size comm ( )
int MPI_COMM_Comm_remote _size(MPI_Comm comm,int *size)
MPI_COMM_REMOTE_SIZE(COMM,SIZE,|IERROR)
INTEGER COMM,SIZE,|[ERROR

MP 98 MPI_COMM_REMOTE_SIZE

MPI_COMM_REMOTE_SIZE .

MPI_COMM_REMOTE_GROUP(comm,group)

IN comm ( )

ouT group comm ( )

int MPI_Comm_remote_group(MPI_Comm comm,MPI_Group *group)

MPI_COMM_REMOTE_GROUP(COMM,GROUP,|ERROR)
INTEGER COMM,GROUP,|IERROR

MP 99 MPI_COMM_REMOTE_GROUP

MPI_COMM_REMOTE_GROUP .
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MPI_INTERCOMM_CREATE(local_comm,loca_|eader,peer_comm,
remote_leader ,tag,newintercomm )

IN loca_comm ( )

IN local_leader ( )

IN peer_comm “ 7 , local_leader ( )

IN remote leader peer_comm ( )
IN tag © 7 « )

ouT newintercomm ( )

int MPIl_Intercomm_create(MPI_Comm local_comm,int loca_leader, MPI_Comm
peer_comm,int remote_|eader,int tag,MPI_Comm * newintercomm)
MPI_INTERCOMM_CREATE(LOCAL_COMM,LOCAL_LEADER,PEER_COMM,REM
OTE_LEADER ,TAGNEWINTERCOMM,IERROR)
INTEGER LOCAL_COMM,LOCAL_LEADER,PEER COMM,REMOTE_LEADER,
TAGNEWINTERCOMM,IERROR

MPI 100 MPI_INTERCOMM_CREATE
MPI_INTERCOMM_CREATE ; -
; loca_comm local_|eader ¢
local_leader 25
peer_comm remote leader ¢ remote_|leader
¥y tag tag
MPI_WILD_TAG. . MPI_COMM_WORLD peer_comm.

MPI_INTERCOMM _MERGE(intercomm,high,newintracomm)

IN intercomm ( )
IN high ( )
ouT newintracomm ( )

int MPIl_Intercomm_merge(MPI_Comm intercomm,int
high,MPI_Comm *newintracomm)
MPI_INTERCOMM_MERGE(INTERCOMM,HIGH,INTRACOMM,|ERROR)
INTEGER INTERCOMM,INTRACOMM ,IERROR LOGICAL HIGH

MPI 101 MPI_INTERCOMM_MERGE

MPI_INTERCOMM_MERGE ;
- high »
high=true: high=false: true s
o high o
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-
-
a

0 1 ;01 2 - > 0 ;01 ;
2 -
main(int argc,char**argv)
{
MPI_Comm myComm;/* */
MPI_Comm myFirstComm;/* */
MPI_Comm mySecondComm;/* */
int membershipKey;
int rank;
MPI_Init(& argc,& argv);
MPI_Comm_rank(MPI_COMM_WORLD,&rank);

membershipK ey=rank%o3;
¥ MPI_COMM_WORLD » membershipKey
*/
MPI_Comm_split(MPI_COMM_WORL D,membershipKey,rank,& myComm);
/-k

15
0 1 2
membershipKey=0 membershipKey=1 membershipKey=2

rank=0. 3. 6 rank=1. 4. 7 rank=2. 5, 8

if(membershipKey==0)

{I* 0 */

[* 0 1 myFirstComm */

MPI_Intercomm_create(myComm,0,MPI_COMM_WORLD,1, 1,& myFirssComm);

}

dseif (membershipKey==1)

{I* 1 */

[* 1 0 myFirstComm */
MPI_Intercomm_create(myComm,0,MPI_COMM_WORLD,0, 1,& myFirssComm);
[* 1 2 mySecondComm */
MPI_Intercomm_ereate(myComm,0,MPI_COMM_WORLD,2,
12,& mySecondComm);

}

elseif (membershipKey==2)

{I* 2 */

I* 2 1 myFirstComm */
MPI_Intercomm_create(myComm,0,MPI_COMM_WORLD,1,

12,& myFirstComm);
}
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switch(membershipK ey)/* */
{

15.5

case 1.
MPI_COMM _free(& mySecondComm);/* 1 */
case 0
case 2
MPI_COMM _freg(& myFirstComm);
break;
}
MPI_Finalize();
}
63
MPI Cache ; ; s
, » MPI
; MPI_COMM_DUP o
* ; " " ; > MM

MPI_KEYVAL_CREATE(copy_fn,delte fnkeyva extra_state)

IN copy_fn keyval
IN delete fn keyval
ouT keyval ( )

ouT extra state

int MPI_Keyva_create(MPI_Copyfunction *copy_fn,MPI_Delete function

*delete_fn ,int *keyval ,void* extra_state)

MPI_KEYVAL_CREATE(COPY_FN,DELETE_FN,KEYVAL,EXTRA_STATE,|ERROR)
EXTERNAL COPY_FN,DELETE FN

INTEGER KEYVAL,EXTRA_STATE,|[ERROR

MPI 102 MPI_KEYVAL_CREATE
MPI_KEYVAL_CREATE , )

a
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MPI_COMM_DUP , copy_fn » copy_fn
MPI_Copy_function , :
typedef int MPI_Copy_function(MPI_Comm *oldcomm,int *keyval, void
*extra_state,void * attribute_val_in, void **attribute_va_out,int *flag)
Fortran :
FUNCTION
COPY_FUNCTION(OLDCOMM,KEYVAL,EXTRA_STATEATTRIBUTE VAL_IN,
ATTRIBUTE_VAL_OUT,FLAG)
INTEGER OLDCOMM KEYVAL,EXTRA_STATEATTRIBUTE VAL _IN,
ATTRIBUTE_VAL_OUT
LOGICAL FLAG

oldcomm .
- flag=0:
; flag=1: atribute va_out . ; MPI_SUCCESS;
( » MPI_COMM_DUP ).

copy_fn C FORTRAN MPI_NULL_COPY_FN MPI_DUP _FN ,
MPI_NULL_COPY_FN flag=0 MPI_SUCCESS: - MPI_DUP_FN

flag=1. atribute val _out attribute va in MPI_SUCCESS.

copy_fn ; MPI_COMM_FREE
MPI_ATTR_DELETE ; deete fn . Odelete fn
MPI_Delete function ;
C :

typedef int MPI_Delete function(MPI_Comm *comm,int *keyval, void*attribute val,void
*extra_state)

Fortran

FUNCTION DELETE_FUNCTION(COMM,KEYVAL ATTRIBUTE VAL EXTRA_STATE)
INTEGER COMM,KEYVAL ATTRIBUTE_VAL,EXTRA_STATE
MPI_COMM_FREE. MPI_ATTR DELETE MP_ATTR PUT
. C FORTRAN delete fn MPI_NULL_DELETE_FN,
MPI_SUCCESS.

MPI_KEYVAL_FREE(keyva)

IN keyval ( )

int MPI_Keyvd_free(int *keyval)

MPI_KEYVAL_FREE(KEYVAL,I[ERROR)
INTEGER KEYVAL,IERROR

MPI 103 MPI_KEYVAL_FREE

MPI_KEYVAL_FREE , keyval
MPI_KEYVAL_INVALID. ,
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MPI_ATTR_PUT(comm,keyval attribute val)

IN comm ( )
IN keyval ,  MPI_KEY_CREATE ( )
IN atribute val

int MPI_Attr_put(MPI_Comm comm,int keyval void* attribute val)
MPI_ATTR_PUT(COMM,KEYVAL,ATTRIBUTE_VAL,|[ERROR)
INTEGER COMM,KEYVAL,ATTRIBUTE_VAL,IERROR

MPI 104 MPI_ATTR_PUT

MPI_ATTR_PUT , MPI_ATTR_GET
keyval: .

a

MPI_ATTR_GET(comm,keyval attribute val,flag)

IN comm ( )
IN keyva ( )

ouT attribute val

ouT flag

int MPI_Attr_get(MPI_Comm comm,int keyval,void **attribute_val,int *flag)
MPI_ATTR_GET(COMM ,KEYVAL,ATTRIBUTE_VAL,FLAG,|[ERROR)
INTEGER COMM KEYVAL,ATTRIBUTE_VAL,|IERROR LOGICAL FLAG

MPI 105 MPI_ATTR_GET

MP_ATTR _GET » keyval »
' comm , ;
flag=false. »  flag=true
atribute_val.

MPI_ATTR_DELETE(comm,keyva)

IN comm ( )

IN keyva

int MPI_Attr_delete(MPI_Comm comm,int keyval)

MPI_ATTR_DELETE(COMM KEYVAL,IERROR)
INTEGER COMM KEYVAL,IERROR

MPI 106 MPI_ATTR_DELETE

MPI_ATTR_DELETE - keyval
delete fn. delete fn s
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MPI_SUCCESS.
MPI_COMM_DUP ,
) MPI_COMM_FREE ,

PROGRAM MAIN

include 'mpif.h'

integer PM_MAX_TESTS

parameter (PM_MAX_TESTS=3)

integer PM_TEST_INTEGER, fuzzy, Error, FazAttr
integer PM_RANK_SELF

integer Faz_World

parameter (PM_TEST_INTEGER=12345)
logica FazFlag

external FazCreate, FazDelete

cal MPI_INIT(PM_GLOBAL_ERROR)

PM_GLOBAL_ERROR = MPI_SUCCESS

cal MPI_COMM_SIZE (MPI_COMM_WORLD,PM_NUM_NODES,
$ PM_GLOBAL_ERROR)

cal MPI_COMM_RANK (MPI_COMM_WORLD,PM_RANK_SELF,
$ PM_GLOBAL_ERROR)

cal MPI_keyvd_create ( FazCreate, FazDelete, FazTag,

& fuzzy, Error )

cal MPI_attr_get (MPI_COMM_WORLD, FazTag, FazAttr,
& FazFlag, Error)

if (FazFlag) then

print *, "Trueget attr=",FazAttr
ese

print *, "Fase; no attr"
end if
FazAttr =120
cal MPI_attr_put (MPI_COMM_WORLD, FazTag, FazAttr, Error)
cal MPI_Comm_Dup (MPI_COMM_WORLD, Faz WORLD, Error)

cal MPI_Attr_Get (Faz WORLD, FazTag, FazAttr,
& FazFlag, Error)

if (FazFlag) then
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print *, "True,dup comm get attr=",FazAttr
ese
print *,"error"
end if
cal MPI_Comm_free( Faz WORLD, Error)

C
cal MPI_FINALIZE (PM_GLOBAL_ERROR)
end
C
C
C
SUBROUTINE FazCresgte (comm, keyval, fuzzy,
& atr_in, attr_out, flag, ierr)
INTEGER comm, keyval, fuzzy, attr_in, attr_out
LOGICAL flag
include 'mpif.h'
atr_out =attr_in+1
flag = .true.
ierr = MPI_SUCCESS
END
C
C
C
SUBROUTINE FazDelete (comm, keyval, éttr, extra, ierr )
INTEGER comm, keyval, attr, extra, ierr
include 'mpif.h'
ierr = MPI_SUCCESS
if (keyvd .ne. MPI_KEYVAL_INVALID)then
atr = attr - 1
end if
END
64
15.6
» MPI
MPI ;

MPI
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16

MPI >

MPI

16.1
; (
)} A
N ; (inter-communicator) -
MPI ;
16
MPI_CART_CREATE MPI_GRAPH_CREATE
MPI_CARTDIM_GET MPI_GRAPHDIMS GET
MPI_CART_GET MPI_GRAPH_GET
MPI_CART_MAP MPI_GRAPH_MAP
16.2

MPI_CART_CREATE
. MP_CART CREATE
. reorder = false;

L A

ndims

; dimg0]: dimg1]: ... dimgndims-1] o

dimg1]*dimg[1]*...*dimgndims-1]
; MPI_COMM_NULL.
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; comm_old

MPI_CART_CREATE(comm_old, ndims, dims, periods, reorder, comm_cart)
IN comm_old { )
IN ndims { )
IN dims ndims ; {
IN periods ndims » {
IN reorder { )
OUT comm_cart { p
int MPI_Cart_create(MPI_Comm comm_old, int ndims, int *dims, int *periods,
int reorder, MPI_Comm *comm_cart)
MPI_CART_CREATE(COMM_OLD, NDIMS, DIMS, PERIODS, REORDER,
COMM_CART, IERROR)
INTEGER COMM_OLD, NDIMS, DIMS(*), COMM_CART, IERROR
LOGICAL PERIODS(*), REORDER

MPI 107 MPI_CART_CREATE

MPI_DIMS_CREATE(nnodes, ndims,dims)

IN nnodes { 3
IN ndims { 3
INOUT dims ndims s

int MPI_Dims_create(int nnodes, int ndims, int *dims)
MPI_DIMS CREATE(NNODE, NDIMS, DIMS, IERROR)
INTEGER NNODES, NDIMS, DIMS(*), IERROR

MP 108 MPI_DIMS_CREATE
MPI_DIMS CREATE ndims nnodes.
. dims MPI_CART_CREATE
. i , dimgi]=k>0.
dimgi] dimgi]=0
dims{i] .
MPI_TOPO_TEST ) STATUS
MPI_GRAPH . MP_CART MPI_UNDEFINED
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MPI_TOPO_TEST(comm, status)
IN comm ( p
OUT dtatus comm (
int MPI_Topo_test(MPI_Comm comm, int * status)
MPI_TOPO_TEST(COMM, STATUS, IERROR)
INTEGER COMM, STATUS, IERROR

)

MP 109 MPI_TOPO_TEST

MPI_CART_GET(comm, maxdims, dims, periods, coords)

IN comm { J

IN maxdims {
OUT dims
OUT periods

OUT coords ( )
int MPI_Cart_get(MPI_Comm comm, int maxdims, int *dims, int * periods, int * coords)

MPI_CART_GET(COMM, MAXDIMS, DIMS, PERIODS, COORDS, IERROR)
INTEGER COMM, MAXDIMS, DIMS(*), COORDS(*), IERROR

LOGICAL PERIODS(*)

MPI_CART_GET
periods

MPI 110 MPI_CART_GET

dims:

E

coords.

MPI_CART_RANK(comm, coords, rank)
IN comm
IN coords

OUT rank { )
int MPI_Cart_rank(MPI_Comm comm, int *coords, int *rank)

MPI_CART_RANK(COMM, COORDS, RANK, IERROR)
INTEGER COMM, COORDS(*), RANK, IERROR

MPI 111 MPI_CART_RANK

MPI_CART_RANK MP|_COMM_RANK

a
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MPI_CARTDIM_GET(comm, ndims)
IN comm { )
OUT ndims { )
int MPI_Cartdim_get(MPI_Comm comm, int *ndims)
MPI_CARTDIM_GET(COMM, NDIMS, IERROR)
INTEGER COMM, NDIMS, IERROR

MPI 112 MPI_CARTDIM_GET

MPI_CARTDIM_GET comm ndims.

MPI_CART_SHIFT(comm, direction, disp, rank_source, rank_dest)
IN comm { p
IN direction { 3
IN disp { )
OUT rank_source
OUT rank_dest
int MPI_Cart_shift(MPI_Comm comm, int direction, int disp, int
*rank_source, int *rank_dest)
MPI_CART_SHIFT(COMM, DIRECTION, DISP, RANK_SOURCE, RANK_DEST,
|IERROR)
INTEGER COMM, DIRECTION, DISP, RANK_SOURCE, RANK_DEST, IERROR

MPI 113 MPI_CART_SHIFT
MPI_CART_SHIFT comm rank_source;
direction. disp s s
s rank_dest. ;
rank_source rank_dest MPI_PROC_NULL -

MPI_CART_COORDS(comm, rank, maxdims, coords)
IN comm ( p
IN rank ( )
IN maxdims ( p
OUT coords
int MPI_Cart_coords(MPI_Comm comm, int rank, int maxdims, int * coords)
MPI_CART_COORDS(COMM, RANK, MAXDIMS, COORDS, |IERROR)
INTEGER COMM, RANK, MAXDIMS, COORDS(*), IERROR

MPI 114 MPI_CART_COORDS
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MPI_CART_COORDS rank coords: maxdims

a

MPI_CART_SUB(comm, remain_dims, newcomm)

IN comm { J
IN  remain_dims { J
OUT newcomm p { 3

int MPI_Cart_sub(MPI_Comm com, int *remain_dims, MPI_Comm * hewcomm)
MPI_CART_SUB(COMM, REMAIN_DIMS, NEWCOMM, IERROR)
INTEGER COMM, NEWCOMM, IERROR
LOGICAL REMAIN_DIMS(*)

MPI 115 MPI_CART_SUB
MPI_CART_SUB » remain_dims
remain_dimgi] true, »  reman_dimgi] fadse
. comm 2°3 4, reman_dims= {fasetruetrue.
<1,1,1><1,1,2><1,1,3><1,1,4> <1,1><1,2><1,3><1,4>
<121><1,225<123><124> | == | <2,1><225<23><24>
<1,3,1><1,3,2><1,3,3><1,34> <3,1><3,2><3,3><3/4>
1
<2,1,1><2,1,2><2,1,3><2,1,4> <1,1><1,2><1,3><1,4>
<2215<2225<22.35<224> | T | <2,15<2,25<2,35<2 4>
<2,3,1><2,3,2><2,3,3><2,34> <3,1><3,2><3,3><34>
2
73
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MPI_CART_MAP {<comm, ndims, dims, periods, newrank>

IN comm ( 3

IN ndims ( 3
IN dims ndims ;
IN periods ndims ;
OUT newrank

int MPI_Cart_map(MPI_comm comm, int ndims, int * dims, int * periods, int * newrank)
MPI_CART_MAP(COMM, NDIMS, DIMS, PERIODS, NEWRANK, |[ERROR)
INTEGER COMM, NDIMS, DIMS(*), NEWRANK, IERROR
LOGICAL PERIODS(*)

MPI 116 MPI_CART_MAP

ndims dims » MP_CART_MAP
’ s newrank. s
MPI_UNDEFINED .

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

int main( argc, argv )

int argc;

char **argv;

{
int rank, value, size, false=0;
int right_nbr, left_nbr;
MPI_Comm  ring_comm;
MPI_Status status,

MPI_Init( &arge, &argv );

MPI_Comm _size(l MPl_COMM_WORLD, &size);

MPI_Cart_create( MPI_COMM_WORLD, 1, &sze, &fdse, 1, &ring_comm );/*
» fase ( MPI_PROC NULL>: 1

MPI_PROC NULL,0,1, .. ,sizel, MPI_PROC NULL
*/
MPI_Cart_shift( ring_comm, O, 1, &left_nbr, &right_nbr );/*

*/
MPI_Comm_rank( ring_comm, &rank );/* */

204




MPI_Comm_size( ring_comm, &size);/* */
do{

if (rank ==0) {/* 0 */
scanf( "%d", &vaue );

MPI_Send( &vaue, 1, MPI_INT, right_nbr, O, ring_comm );/*

*/
}
edse{
MPI_Recv( &vdue, 1, MPI_INT, left_nbr, O, ring_comm,
&status );/* */
MPI_Send( &vaue, 1, MPI_INT, right_nbr, O, ring_comm );/*
*/
}
printf( "Process %d got %d\n”, rank, value );/* */
} while (value >= 0);/* ; */
MPI_Finalize( );
}
65
16.3
MPI_GRAPH_CREATE »
nnodes. index edges . reorder = falsg,
nnodes  comm ; MPI_COMM_NULL ¢
MPI_COMM_SPLIT . comm ; .
nnodes-1. 0 nnodes-1- C > index[i]
0 i s » 0 index[0],1
index[1]-index[0],i index[i]-index[i-1]. i 1 nnodes-1.
; ; edges -
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MPI_GRAPH_CREATE(comm_old, nnodes, index, edges, reorder, comm_graph)

IN comm_old { )
IN nnodes { )

IN index ( )

IN edges ( )

IN reorder ( )
OUT comm_graph ( 3

int MPI_Graph_create(MPI_Comm comm_old, int nnodes, int *index, int * edges,
int reorder, MPI_Comm *comm_graph)
MPI_GRAPH_CREATE(COMM_OLD, NNODES, INDEX, EDGES, REORDER,
COMM_GRAPH,IERROR)
INTEGER COMM_OLD, NNODES, INDEX(*), EDGES(*), COMM_GRAPH,
|[ERROR
LOGICAL REORDER

MPI 117 MPI_GRAPH_CREATE

74

17 ~ hl

1. 3

w|Oo

WIN|F| O
NIFRIFIN

0. 2

nnodes, index edges

18

nnodes = 4 index=2, 3,4, 6 edges=1,30,3,0,2
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nnodes-1;

C , index[0] 0 , index(i] - indexi-1] i ,i=1, ...
0 edgedj] ,  O<j=index[0]-1, i i>0,

edgesj] ,  index[i-1<j<indexi]-1.

MPI_GRAPHDIMS GET(comm, nnodes, nedges)

IN comm ( )

OUT nnodes ( )

OUT nedges { )

int MPI_Graphdims_get(MPI_Comm comm, int * nnodes, int * nedges)

MPI_GRAPHDIMS _GET(COMM NNODES, NEDGES, IERROR)
INTEGER COMM, NNODES, NEDGES, IERROR

MPI 118 MPI_GRAPHDIMS_GET

MPI_GRAPHDIMS GET comm nnodes nedges.

MPI_GRAPH_GET(comm, maxindex, maxedges, index, edges)
IN comm { )
IN maxindex  index ( )
IN maxedges  edges { )
OUT index { )
OUT edges { 3
int MPI_Graph_get(MPI_Comm comm, int maxindex, int maxedges,
int *index,int *edges)
MPI_GRAPH_GET(COMM, MAXINDEX, MAXEDGES, INDEX, EDGES, IERROR)
INTEGER COMM, MAXINDEX, MAXEDGES, INDEX(*),EDGES(*), IERROR

MPI 119 MPI_GRAPH_GET

MPI_GRAPH_GET index-. edges:

a

MPI_GRAPH_NEIGHBORS COUNT(comm, rank, nneighbors)

IN comm { 3
IN rank comm { 3
OUT nneighbors ( J

int MPI_Graph_neighbors_count(MPI_Comm comm, int rank, int * nneighbors)
MPI_GRAPH_NEIGHBORS _COUNT(COMM, RANK, NNEIGHBORS,
|[ERROR)
INTEGER COMM, RANK, NNEIGHBORS, IERROR

MPI 120 MPI_GRAPH_NEIGHBORS_COUNT
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MP_GRAPH_NEIGHBORS _COUNT rank nneighbors.

MPI_GRAPH_NEIGHBORS(comm, rank, maxneighbors, neighbors)

IN comm ( p

IN rank comm ( )

IN maxneighbors neighbors { )

OUT neighbors ( )

int MPI_Graph_neighbors_count(MPI_Comm comm, int rank, int maxneighbors,
int *neighbors)
MPI_GRAPH_NEIGHBORS(COMM, RANK, MAXNEIGHBORS,
NEIGHBORS, IERROR)

INTEGER COMM, RANK, MAXNEIGHBORS, NEIGHBORS(* », IERROR

MPI 121 MPI_GRAPH_NEIGHBORS

MPI_GRAPH_NEIGHBORS rank neighbors.

MPI_GRAPH_MAP(comm, nnodes, index, edges, newrank)

IN comm ( p
IN nnodes ( p

IN index ( p

IN edges { )

OUT newrank

int MPI_Graph_map(MPI_Com comm, int nnodes, int *index, int *edges, int* newrank)
MPI_GRAPH_MAP(COMM, NNODES, INDEX, EDGES, NEWRANK, |[ERROR)
INTEGER COMM, NNODES, INDEX(*), EDGES(*), NEWRANK, |IERROR

MPI 122 MPI_GRAPH_MAP
MPI_GRAPH_MAP MPI_CART _MAP s nnodes. index edges
s MPI ;
newrank .
16.4 Jacobi
s Jacobi s
s MPI Jacobi .
C ; FORTRAN. {
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77

#include "mpi.h"
#define arysize 256
#define arysize? (arysize/2)

int main(int argc, char *argv([])
{
int n, myid, numprocs, i, j, nsteps=10;
float garysize2+2][arysize2+2],b[arysize2+2][arysize2+2];/*
*/
double starttime,endtime;
int col_tag,row_tag,send_col,send_row,recv_col,recv_row;
int col_neighbor,row_neighbor;
MPI_Comm comm2d;
MPI_Datatype newtype;
int right,left,down,top,top_bound,left_bound,down_bound,right_bound;
int periody2];
int dimg[2],begin_row,end_row;
MPI_Status status,
MPI_Init(&argc,&argv);

dimgQ] = 2;

dmgl] = 2

periodg[0]=0;

periodg[1]=0;

MPI_Cart_create( MPI_COMM_WORLD, 2, dims, periods, 0,&comm2d);/*

; 22 ; comm?2d*/
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MPI_Comm_rank(comm2d,& myid);

MPI_Type vector( arysize?, 1, arysize2+2,MPI_FLOAT,& newtype);/*
*/

MPI_Type_commit( &newtype );/* */

MPI_Cart_shift( comm2d, O, 1, &left, &right);/*

MPI_Cart_shift( comm2d, 1, 1, &down, &top);/* */

I* */
for(i=0;i<arysize2+2;i++) for(j=0;j<arysize2+2;j++) di][j]=0.0;
if (top == MPI_PROC_NULL)
{
for (i=0;i<arysize2+2;i++) g 1][i]=8.0;
}
if (down == MPI_PROC_NULL)
{
for ( i=0;ji<arysize2+2;i++) darysize?][i]=8.0;
}
if (left == MPI_PROC_NULL)
{
for (i=0;i<arysize2+2;i++) &i][1]=8.0;
}
if (right == MPI_PROC_NULL)
{
for ( i=0ji<arysize2+2;i++) a[i][arysize2]=8.0;
}
col_tag = 5; row_tag = 6;
printf("Laplace Jacobi#C(BL OCK,BL OCK )#myid=%0#step=%0d#total

arysize=%d* %d\n",myid,nsteps,arysize,arysize);

top_bound=1,

left bound=1,

down_bound=arysize2;

right_bound=arysize2;

if (top == MPI_PROC_NULL) top_bound=2;

if (left == MPI_PROC_NULL) left_bound=2;

if (down == MPI_PROC_NULL) down_bound=arysize?-1;
if (right == MPI_PROC_NULL) left_bound= arysize?-1;

starttime=MPI_Wtime();
for (n=0; n<nsteps, n++) {

MPI_Sendrecv( &a[1][1], arysize2, MPI_FLOAT, top, row_tag,& garysize?+1][1],
arysize2, MPI_FLOAT, down, row_tag, comm2d, & status );/* */
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MPI_Sendrecv( & glarysize?][1], arysize2, MPI_FLOAT, down, row_tag,& & 0][1],
arysize2, MPI_FLOAT, top, row_tag, comm2d, & status );/* */

MPI_Sendrecv( &a[1][1], 1,newtype, |€ft, col_tag,& a[1][arysize2+1], 1, newtype,

right, col_tag, comm2d, & status );/* */

MPI_Sendrecv( & a[1][arysize?], 1, newtype, right, col_tag, & 1][0], 1, newtype, l&ft,
col_tag, comm2d, & status );/* */

for (i=left_bound;i<right_bound;i++) for (j=top_bound;j<down_bound;j++)
bli][j] = (ali][j+1]+&li][j-1]+ ai+1][j]+ai-1][j])* 0.25;

for (i=left_bound;i<right_bound;i++) for (j=top_bound;j<down_bound;j++)
a[i][j] = bli[il;
}

endtime=MPI_Wtime();
printf("elapse time=%f\n" endtime-starttime);

MPI_Type free( &newtype );
MPI_Comm_free( &comm?2d );
MPI_Finaize();

66 Jacobi

16.5

MPI
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17 MPI

MPI > > MPI
A L MPI ]

17.1

MPI_ERRHANDLER CREATE ( function, errhandler)

IN function
OUT errhandler MPI ( )
int MPI_Errhandler_create (MPI_Handler_function *function, MPI_Errhandler

*errhandler)
MPI_ERRHANDLER_CREATE ( FUNCTION, ERRHANDLER, IERROR)
EXTERNAL FUNCTION
INTEGER ERRHANDLER, IERROR

MPI 123 MPI_ERRHANDLER_CREATE
MPI_ERRHANDLER_CREATE function MPI ; MPI
errhandler .
MPI_Handler_function > C :
typedef void (MPI_Handler_function) (MPI_Comm *, int*, --+)
. MPI .

MPI_ERRHANDLER_SET ( comm, errhandler)

IN comm { )

IN errhandler MPI ( )

int MPI_Errhandler_set (MPI_Comm comm, MPI_Errhandler errhandler)

MPI_ERRHANDLER_SET ( COMM, ERRHANDLER, IERROR)
INTEGER COMM, ERRHANDLER, IERROR

MPI 124 MPI_ERRHANDLER_SET

MPI_ERRHANDLER SET errhandler comm
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MPI_ERRHANDLER GET(comm, errhandler)

IN comm ( p

OUT errhandler MPI ( p

int MPI_Errhandler_get (MPI_Comm comm, MPI_Errhandler *errhandler)

MPI_ERRHANDLER_GET ( COMM, ERRHANDLER, IERROR)
INTEGER COMM, ERRHANDLER, IERROR

MPI 125 MPI_ERRHANDLER_GET

MPI_ERRHANDLER_GET comm errhandler .

MPI_ERRHANDLER_FREE ( errhandler)

IN errhandler MPI { )

int MPI_Errhandler_free (MPI_Errhandler * errhandler)

MPI_ERRHANDLER_FREE ( ERRHANDLER, IERROR)
INTEGER ERRHANDLER, IERROR

MPI 126 MPI_ERRHANDLER_FREE

MPI_ERRHANDLER_FREE errhandler ; errhandler
MPI_ERRHANDLERNULL.

a

MPI_ERROR_STRING (errorcode, string, resultlen)

IN errorcode MPI
OUT dtring errorcode
OUT resultlen string

int MPI_Error_string (int errorcode, char * string, int *resultlen)
MPI_ERROR_STRING (ERRORCODE, STRING, RESULTLEN, IERROR)
INTEGER ERRORCODE, RESULTLEN, IERROR
CHARACTER *(*) STRING

MPI 127 MPI_ERROR_STRING

MPI_ERROR_STRING string.
string MPI_MAX_ERROR_STRING .
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IN errorcode

OUT errorclass

int MPI_Error_class (int errorcode, int * errorclass)

MPI_ERROR_CLASS (ERRORCODE, ERRORCLASS, |IERROR)
INTEGER ERRORCODE, ERRORCLASS, IERROR

MPI_ERROR_CLASS (errorcode, errorclass)
MPI

errorcode

MPI

MPI_ERROR_CLASS

a

128 MPI_ERROR_CLASS

E E

19

MPI_SUCCESS

MPI_ERR_BUFFER

MPI_ERR_COUNT

MPl_ERR_TYPE

MP_ERR_TAG

MPI_ERR_COMM

MPI_ERR_RANK

MPI_ERR_REQUEST

MPl_ERR_ROOT

MPI_ERR_GROUP

MPI_ERR_OP

MPl_ERR_TOPOLOGY

MPI_ERR_DIMS

MPl_ERR_ARG

MPI_ERR_UNKNOWN

MPI_ERR_TRUNCATE

MPI_ERR_OTHER

MPI_ERR_INTERN

MPI

MPl_ERR_LASTCODE

H :

0 = MP|_SUCCESS<MPI_ERR ‘*-<MP|_ERR_LASTCODE

17.2

MPI ;
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18 MPI

MPI > / >

18.1MPI-1 C

int MPI_Abort(MPI_Comm comm, int errorcode)
MPI MPI
int MPI_Address(void * location, MPI_Aint * address)
s s MPI_Get_address
int MPI_Allgather(void * sendbuff, int sendcount, MPl_Datatype sendtype, void * recvbuf, int *
recvcounts, int * displs, MPI_Datatype recvtype, MPI_Comm comm)
; MPI_Gather
int MPI_Allgatherv(void * sendbuff, int sendcount, MPI_Datatype sendtype, void * recvbuf, int
recvcounts, int * displs, MPI_Datatype recvtype, MPI_Comm comm)
s MPI_Gatherv

int MPI_Allreduce(void * sendbuf, void * recvbuf, int count, MPI_Datatype datatype, MPI_Op op,
MPI_Comm comm)
MPI_Reduce o
int MPI_Alltoall(void * sendbuf, void * recvbuf, int count, MPl_Datatype datatype, void * recvbuf,
int * recvcounts, int * rdispls, MPI_Datatype recvtype, MPI_Comm comm)

int MPI_Alltoalv(void * sendbuf, int * sendcount, int * sdispls, MPI_Datatype sendtype, void *
recvbuf, int * recvcounts, int * rdispls, MPI_Datatype recvtype, MPI_Comm comm)
Int MPI_Attr_delete(MPI_Comm comm, int keyval)
o ; MPI_Comm_delete attr

int MPI_Attr_get(MPI_Comm comm, int keyvd, void * attribute val, int * flag)
, , MPI_Comm_get_attr
int MPI_Attr put(MPI_Comm comm, int keyval, void * attribute val)
0 , MPI_Comm_set_attr
int MPI_Barrier(MPI_Comm comm)
int MPI_Bcast(void * buffer, int count, MPI_Datatype datatype, int root, MPI_Comm comm)
root
int MPI_Bsend(void * buf, int count, MPI_Datatype datatype, int det, int tag, MPI_Comm comm)
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int MPI_Bsend_init(void * buf, int count, MPI_Datatype datatype, int dest, int tag, MPI_Comm
comm, MPI_Request * request)

int MPI_Buffer_attach(void * buffer, int size)

int MPI_Buffer_detach(void * buffer, int * size)

int MPI_Cancel(MPI_Reguest * request)

int MPI_Cart_coordstMPI_Comm comm, int rank, int maxdims, int * coords)

int MPI_Cart_create(MPI_Comm corT;m_oId, int ndims, int * dims, int * periods, int reorder,
MPI_Comm * comm_cart )

int MPI_Cart_get(MPI_Comm comm, int maxdims, int * dims, int *periods, int * coords)

int MPI_Cart_map(MPI_Comm comm, int * ndims, int * periods, int * newrank)

int MPI_Cart_rank(MPI_Comm comm, int * coords, int * rank)

int MPI_Cart_shift(MPI_Comm comm, int direction, int disp, int * rank_source, int * rank_dest)

int MPI_Cart_sub(M PI_‘Comm comm, int * ,remai n_dims, MPI_Comm * newcomm)

int MPI_Cartdim _getEM PI_Comm con;m, int* ndims)

int MPI_Comm_compare(MPI_comm comm1, MPI_Comm commz2, int * result)

int MPI_Comm_create(MPI_Comm comm, MPI_Group group, MPI_Comm * newcomm)

Int MPI_Comm_dup(MPI_Comm comm, MPI_Comm * new_comm)

int MPI_Comm_free(MPI_Comm* comm)

int MPI_Comm_group(MPI_Comm comm, MPI_Group * group)

int MPI_Comm_rank(MPI_Comm comm, int * rank)

int MPI_Comm_remote_group(MPI_Comm comm, MPI_Group * group)

int MPI_Comm_remote_size(MPI_Comm comm, int * size)

int MPI_Comm_set_attr(MPI_Comm comm, int keyval, void * attribute val)
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int MPI_Comm_size(MPI_Comm comm, int * size)

int MPI_Comm_split(MPI_Comm comm, int color, int key, MPI_Comm * newcomm)

int MPI_Comm_test_inter(MPI_Comm comm, int * flag)

int MPI_Dims_create(int nnodes, int ndims, int * dims)

int MPI_Errhandler_create(MPI_handler_function * function, MPI_Errhandler * errhandler)

MHA . , MPI_Comm_create errhandler
int MPI_Errhandler_free(MPI_Errhandler * errhandler)
MPI

int MPI_Errhandler_get(MPI_Comm comm, MPI_Errhandler * errhandler)
s s MPI_Comm_get_errhandler
int MPI_Errhandler_set(MPI_Comm comm, MPI_Errhandler errhandler)
MHA ; ; MPI_Comm _set _errhandler
int MPI_Error_class(int errorcode, int * errorclass)

int MPI_Error_string(int errorcode, char * string, int * resultlen)
int MPI_Finalize(void)
MPI
int MPI_Gather(void * sendbuf, int sendcount, MPI_Datatype sendtype, void * recvbuf, int
recvcount, MPI_Datatype recvtype, int root, MPI_Comm comm)

int MPI_Gatherv(void * sendbuf, int sendcount, MPI_Datatype sendtype, void * recvbuf, int *
recvcounts, int * displs, MPI_Datatype recvtype, int root, MPI_Comm comm)

int MPI_Get_count(MPI_Status * status, MPI_Datatype datatype, int * count)
int MPI_Get_elements(MPI_Statue * status, MPI_Datatype datatype, int * elements)
int MPI_Get_processor_name(char * name, int * resultlen)
int MPI_Get_version(int * version, int * subversion)
MPI
int MPI_Graph_create(MPI_Comm comm_old, int nnodes, int * index, int * edges, int reorder,
MPI_Comm * comm_graph)

int MPI_Graph_get(MPI_Comm comm, int maxindex, int maxedges, int * index, int * edges)

int MPI_Graph_map(MPI_Comm comm, int nnodes, int * index, int * edges, int * newrank)
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int MPI_Graph_neighbors_count(MPI_Comm comm, int rank, int * nneighbors)
int MPI_Graph_neighbors(MPI_Comm comm, int rank, int * maxneighbors, int * neighbors)

int MPI_Graphdims_Get(MPI_Comm comm, int * nnodes, int * nedges)

int MPI_Group_compare(MPI_Group groupl, MPI_Group group2, int * result)

int MPI_Group_diffenence(MPI_Group groupl, MPI_Group group2, MPI_Group * newgroup)

int MPI_Group_excl(MPI_Group group, int n, int * ranks, MPI_Group * newgroup)

int MPI_Group_free(MPI_Group * group)

int MPI_Group_incl(MPI_Group group, int n, int * ranks, MPI_Group * newgroup)

int MPI_Group_intersection(MPI_Group groupl, MPI_Group group2, MPI_Group * newgroup)

int MPI_Group_range_excl(MPI_Group group, int n, int rangeq[][3], MPI_group * newgroup)
int MPI_Group_range_incl(MPI_Group group, int n, int rangeq[][3], MPI_Group * newgroup)

int MPI_Group_rank(MPI_Group group, int * rank)

int MPI_Group_size(MPI_Group group, int * size)

int MPI_Group_trandate_ranks(MPI_Group groupl, int n, int * ranksl, MPI_Group group2, int *
ranks?)

int MPI_Group_union(MPI_Group groupl, MPI_Group group2, MPI_Group * newgroup)

int MPI_Ibsend(void * buf, int count, MPI_Datatype datatype, int det, int tga, MPI_Comm comm,
MPI_Request * request)

int MPI_Init(int * argc, char *** argv)
MPI
Int MPI_Initialized(int * flag)
MPI_Init
int MPI_Intercomm_create(MPI_Comm loca_comm, int loca_leader, MPI_Comm peer_comm,
int remote_|leader, int tag, MPI_Comm * newintercomm)

int MPI_Intercomm_merge(MPI_Comm intercomm, int high, MPI_Comm * newintracomm)

int MPI_Iprobe(int source, int tag, MPI_Comm comm, int * flag, MPI_Status * status)
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int MPI_Irecv(void * buf, int count, MPI_Datatype datatype, int source, int tag, MPI_Comm comm,
MPI_Request * request)

int MPI_Irsend(viud * buf, int count, MPI_Datatype datatype, int dest, int tag, MPI_Comm comm,
MPI_Request * request)

int MPI_lsend(void * buf, int count, MPI_Datatype datatype, int dest, int tag, MPI_Comm comm,
MPI_Request * request)

int MPI_Issend(void * buf, int count, MPI_Datatype datatype, int dest, int tag, MPI_Comm comm,
MPI_Request * request)

int MPI_Keyva_create(MPI_Copy_function * copy_fn, MPI_Delete function * delete fn, int *
keyval, void * extra_state)
; , MPI_Comm_creste keyvd
int MPI_Keyval_free(int * keyval)

int MPI_Op_create(MPI_Uop function, int commute, MPI_Op * op)

int MPI_Op_free(MPI_Op* op)

int MPI_Pack(void * inbuf, int incount, MPI_Datatype datetype, void * outbuf, int outcount, int *
position, MPI_Comm comm)

int MPI_Pack_size(int incount, MPI_Datatype datatype, MPI_Comm comm, int * size)

int MPI_Pcontrol(const int level)

int MPI_Probe(int source, int tag, MPI_Comm comm, MPI_Status * status)

int MPI_Recv(void * buf, int count, MPI_Datatype datatype, int source, int tag, MPI_Comm comm,
MPI_Status * status)

int MPI_Recv_init(void * buf, int count, MPI_Datatype datatype, int source, int tag, MPI_Comm
comm, MPI_Request * request)

int MPI_Reduce(void * sendbuf, void * recvbuf, int count, MPI_Datatype datatype, MPI_Op op,
int root, MPI_Comm comm)
root ,
int MPI_Reduce_scatter(void * sendbuf, void * recvbuf, int * recvcounts, MPI_Datatype datatype,
MPI_Op op, MPI_Comm comm)

int MPI_Request_free(MPI_Request * request)



int MPI_Rsend(void * buf, int count, MPI_Datatype datatype, int dest, int tag, MPI_Comm comm)

int MPI_Rsend_init(void * buf, int count, MPI_Datatype datatype, int dest, int tag, MPI_Comm
comm, MPI_Request * request)

int MPI_Scan(void * sendbuf, void * recvbuf, int count, MPI_Datatype datatype, MPI_Op op,
MPI_Comm comm)

int MPI_Scatter(void * sendbuf, int sendcount, MPI_Datatype sendtype, void * recvbuf, int
recvcount, MPI_Datatype recvtype, int root, MPI_Comm comm)

int MPI_Scatterv(void * sendbuf, int * sendcounts, int * displs, MPI_Datatype sendtype, void *
recvbuf, int recvcount, MPI_Datatype recvtype, int root, MPI_Comm comm)

int MPI_Send(void * buf, int count, MPI_Datatype datatype, int dest, int tag, MPI_Comm comm)

int MPI_Send_init(void * buf, int count, MPI_Datatype datatype, int dest, int tag, MPI_Comm
comm, MPI_Request * request)

int MPI_Sendrecv(void * sendbuf, int sendcount, MPI_Datatype sendtype, int dest, int sendtag,
void * recvbuf, int recvcount, MPI_Datatype recvtype, int source, int recvtag, MPI_Comm
comm, MPl_Status * status)

int MPI_Sendrecv_replace(void * buf, int count, MPI_Datatype datatype, int dest, int sendtag, int
source, int recvtag, MPI_Comm comm, MPl_Status * status)

int MPI_Ssend(void * buf, int count, MPI_Datatype datatype, int dest, int tag, MPI_Comm comm)

int MPI_Ssend_init(void * buf, int count, MPI_Datatype datatype, int dest, int tag, MPI_Comm
comm, MPI_Request * request)

int MPI_Start(MPI_Request * request)

int MPI_Startall(int count, MPI_Request * array_of _requests)

int MPI_Test(MPI_Request * request, int * flag, MPI_Status * dtatus)

int MPI_Tedtdl(int count, MPI_Request * array of requests, int * flag, MPl_Status *
array_of_statuses)

int MPI_Testany(int count, MPI_Request * array_of requests, int * index, int * flag, MPI_Status *
status)
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int MPI_Testsome(int incount, MPI_Request * array_of requests, int * outcount, int *
array_of_indices, MPI_Status * array_of_statuses)

int MPI_Test_cancelled(MPI_Status * status, int * flag)

int MPI_Topo_test(MPI_Comm comm, int * top_type)

int MPI_Type_commit(MPI_Datatype * datatype)

int MPI_Type_contiguous(int count, MPI_Datatype oldtype, MPI_Datatype * newtype)

int MPI_Type_extent(MPI_Datatype datatype, MPI_Aint * extent)
; , MPI_type get_extent
int MPI_Type free(MPI_Datatype * datatype)

int  MPI_Type hindexed(int count, int * aray of blocklengths, MPI_Aint *
array_of_displacements, MPI_Datatype oldtype, MPI_Datatype * newtype)
MPI_type create hindexed

int MPI_Type_hvector(int count, int blocklength, MPI_Aint stride, MPI_Datatype oldtype,
MPI_Datatype * newtype)

MPI_type create hvector
int MPI_Type_ indexed(int cont, int * array_of blocklengths, int * array_of displacements,
MPI_Datatype oldtype, MPI_Datatype * newtype)

int MPI_Type_Ib(MPI_Datatype datatype, MPI_Aint * displacement)
, , MPI_type get_extent
int MPI_Type _size(MPI_Datatype datatype, int * size)
int MPI_Type_struct(int count, int * array_of blocklengths, MPI_Aint * array_of displacements,
MPI_Datatype * array_of_types, MPI_Datatype * newtype)
; , MPI_type _create struct
int MPI_Type_ub(MPI_Datatype datatype, MPI_Aint * displacement)
, , MPI_type get_extent
int MPI_Type_vector(int count, int blocklength, int stride, MPI_Datatype oldtype, MPI_Datatype *
newtype)

int MPI_Unpack(void * inbuf, int insize, int * position, void * outbuf, int outcount, MPI_Datatype
datatype, MPI_Comm comm)

int MPI_Wait(MPI_Request * request, MPI_Status * status)
MPI
int MPI_Waitall(int count, MPI_Request * array_of requests, MPl_Status * array_of _status)



int MPI_Waitany(int count, MPI_Request *array_of requests, int *index,MPI_Status *status)

int MPI_Waitsome(int incount, MPI_Request * array pf requests, int * outcount, int *
array_of_indices, MPI_Status * array_of_statuses)

double MPI_Wtick(void)

MPI_Wtime
double MPI_Wtime(void)

18.2 MPI-1 Fortran

MPI_Abort(comm, errorcode, ierror)
integer comm, errorcode, ierror

MPI MPI
MPI_Address(location, address, eerror)
<type>location

integer address, ierror
s , MPI_Get_address
MPI_Allgather(sendbuf, sendcount, sendtype, recvbuf, recvcount, recvtype, comm, ierror )
<type> sendbuf(*), recvbuf(*)
integer sendcount, sendtype, recvcount, recvtype, comm, ierror
MPI_Gather »

MPI_Allgatherv(sendbuf, sendcount, sendtype, recvbuf, recbcounts, displs, recvtype, comm, ierror)
<type>sendbuf(*), recvbuf(*)
integer sendcount, sendtype, recvcounts(*), displs(*), recvtype, comm, ierror

MPI_Gatherv ;
MPI_Allreduce(sendbuf, recvbuf, count, datatype, op, comm, ierror)
<type> sendbuf(*), recvbuf(*)
integer count, datatype, op, comm, ierror

; MPI_Reduce

MPI_Alltoall (sendbuf, sendcount, sendtyupe, recvbuf, recvcount, recvtype, comm, ierror)
<type> sendbuf(*), recvbuf(*)
integer sendcount, sendtype, recvcount, recvtype, comm, ierror

MPI_Alltoallv(sendbuf, sendcounts, sdispls, sendtype, recvbuf, recvcounts, rdispls, recvtype,
comm, ierror)

<type> sendbuf(*), recvbuf(*)

integer sendcounts(*), sdispls(*), sendtype, recvcounts(*), rdispls(*), recvtype, comm, ierror

y a

MPI_Attr_delete(comm, keyval, ierror)



integer comm, keyval, ierror
o ; MPI_Comm_delete attr

MPI_Attr_get(comm, keyval, attribute val, flag, ierror)
integer comm, keyval, attribute val, ierror
Logical flag
s s MPI_Comm_get_attr
MPI_Attr_put(comm, keyval, attribute val, ierror)
integer comm, keyval, attribute val, ierror
o s MPI_Comm_set attr
MPI_Barrier(comm, ierror)
integer comm, ierror

MPI_Bcast(buffer, count, datatype, root, comm, ierror)
<type> buffer(*)
integer count, datatype, root, comm, ierror

root
MPI_Bsend(buf, count, datatype, dest, tag, comm, ierror )
<type> buf(*)
integer cont, datatype, dest, tag, comm, ierror

MPI_Bsend_init(buf, cont, datatype, dest, tag, comm, request, ierror)
<type> buf(*)
integer count, datatype, dest, tag, comm, request, ierror

MPI_Biffer_attch(buffer, size, ierror)
<type> buffer(*)
integer size, ierror

MPI_Biffer_detach(buffer, size, ierror)
<type> buffer(*)
integer Size, ierror

MPI_Cancel (request, ierror)
integer request, ierror

MPI_Cart_coords(comm, rank, maxdims, coords, ierror)

integer comm, rank , maxdims, coords(*), ierror

MPI_Cart_creat(comm_old, ndims, dims, periods, reorder, comm_cart, ierror)
integer comm_old, ndims, dims(*), comm_cart, ierror

Logical periods(*), reorder

MPI_Cart_get(comm, maxdims, dims, periods, coords, ierror)
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integer comm, maxdims, dims(*), coords(*), ierror
Logical periods(*)

MPI_Cart_map(comm, ndims, dims, periods, newrank, ierror)
integer comm, ndims, dims(*), newrank, ierror
Logical periods(*)

MPI_Cart_rank(comm, coords, rank, ierror)
integer comm, coords(*), rank, ierror

MPI_Cart_shift(comm, direction, disp, rank_source, rank_dest, ierror
MPI_Cart_sub(comm, remain_dims, newcomm, iefror)

integer comm, newcomm, iefror

Logical remain_dims(*)

MPI_Cartdim_get(comm, ndism, ierror)

integer comm, ndims, ierror

MPI_Comm_compare(comml, commz2, result, ierror)
integer comm, group, newcomm, ierror

MPI_Comm_creat(comm, group, hewcomm, iefror)
integer comm, group, newcomm, ierror

MPI_Comm_dup(comm, hewcomm, ierror)
integer comm, newcomm, iefror

MPI_Comm_free(comm, ierror)
integer comm, ierror

MPI_Comm_group(comm, group, ierror)
integer comm, group, ierror

MPI_Comm_rank(comm, rank, ierror)
integer comm, rank, ierror

MPI_comm_remote_group(comm, group, iefror)
integer comm, group, ierror

MPI_comm_remote_size(comm, Size, ierror)
integer comm, size, ierror

MPI_Comm_set_attr(comm, keyval, attribute val, ierror)
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integer comm, keyval, ierror
integer (kind=MPI_ADDRESS_KIND) attribute val

MPI_Comm_size(comm, Size, iefror)
integer comm, size, ierror

MPI_Comm_split(comm, color, key, newcomm, iefror)
integer comm, color, key, newcomm, ierror

MPI_Comm_test_inter(comm, flag, ierror)
integer comm, ierror
Logical flag

MPI_Dims_create(nnodes, ndims, dims, ierror)
integer nnodes, ndims, dims(*), ierror

MPI_Errhandler_create(function, errhandler, ierror)
Externa function
integer errhandler, ierror

MHA . , MPI_Comm_create errhandler
MPI_Errhandler_free(comm, errhandler, ierror)
integer comm, errhandler, ierror

MPI
MPI_Errhandler_get(comm, errhandler, ierror)
integer errhandler, ierror

s s MPI_Comm_get_errhandler

MPI_Errhandler_set(comm, errhandler, ierror)
integer comm, errhandler, ierror

MHA ; ; MPI_Comm _set_errhandler
MPI_Error_class(errorcode, errorclass, ierror)
integer errorcode, errorclass, ierror

MPI_Error_string(errorcode, string, resultlen, ierror)
integer errorcode, resultlem, ierror
character *(MPI_MAX_ERROR_STRING) string
MPI_Finalize(ierror)
integer ierror
MPI
MPI_Gather(sendbuf, sendcount, sendtype, recvbuf, recvcounts, displs, recvtype, root, comm,
ierror)
<type> sendbuf(*), recvbuf(*)
integer sendcount, sendtype, recvcount, recvtype, root, comm, ierror

226



MPI_Gatherv(sendbuf, sendcount, sendtype, recvbuf, recvcounts, displs, recvtype, root, comm,
ierror)

<type> sendbuf(*), recvbuf(*)

integer sendcount, sendtype, recvcounts(*), displs(*), recvtype, root, comm, ierror

MPI_Get_count(status, datatype, count, ierror)
integer status(*), datatype, count, ierror

MPI_Get_elements(status, datatype, elements, ierror)
integer status(*), datatype, elements, ierror

MPI_Get_processor_name(name, resultlen, ierror)
character * (MPI_MAX_PROCESSOR_NAME) name
integer resultlen, ierror

MPI_Get_version(version, subversion, ierror)
integer version, subversion, ierror
MPI
MPI_Graph_create(comm_old, nnodes, index, edges, reorder, comm_graph, ierror)
integer comm_old, nnodes, index(*), edges(*), comm_graph, ierror
Logica reorder

MPI_Graph_get(comm, maxindex, maxedges, index, edges, ierror)
integer comm, maxindex, maxedges, index(*), edges(*), error

MPI_Graph_map(comm, nnodes, index, edges, newrank, error)
integer comm, nnodes, index(*), edges(*), newrank, error

MPI_Graph_neighbors_count(comm, rank, nneighbors, ierror)
integer comm, rank, nneighbors, ierror
MPI_Graph_neighbors(comm, rank, maxneighbors, neighbors, ierror)
integer comm, rank, maxneighbors, neighbors(*), ierror
MPI_Graphdims_Get(comm, nnodes, nedges, ierror)

integer comm, nnodes, nedges, ierror

MPI_Group_compare(groupl, group2, result, ierror)
integer groupl, group2, result, ierror

MPI_Group_difference(groupl, group2, newgroup, ierror)
integer groupl, group2, newgroup, ierror

MPI_Gropu_excl(gropu, n, ranks, newgroup, ierror)
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integer group, n, ranks(*), newgroup, ierror

MPI_Group_free(group, ierror)
integer group, ierror

MPI_Group_incl(group, n, ranks, newgroup, iefrror)

integer group, n, ranks(*), newgroup, ierror
MPI_Group_intersection(groupl, group2, newgroup, ierror)
integer groupl, group2, newgroup, ierror

MPI_Group_range_excl(group, n, ranges, newgroup, ierror)
integer group, n, ranges(3, *), newgroup, ierror
MPI_Group_range_incl(group, n, ranges, newgroup, ierror)
integer group, n, ranges(3, *), newgroup, ierror
MPI_Group_rank(group, rank, ierror)

integer group, rank, ierror

MPI_Group_size(group, Size, ierror)
integer group, size, ierror

MPI_Group_trandate_ranks(groupl, n, ranksl, group2, ranks2, ierror)
integer groupl, n, ranksl(*), group2, ranks2(*), ierror

MPI_Group_union(groupl, group2, newgroup, iefrror)
integer groupl, group2, newgroup, ierror

MPI_Ibsend(buf, count, datatype, dest, tag, comm, request, ierror)
<type> buf(*)
integer count, datatype, dest, tag, comm, request, ierror

MPI_Init(ierror)
integer ierror

MPI
MPI_Initidlized(flag, ierror)
logical flag
integer ierror

MPI_Init

MPI_Intercomm_create(local_comm, local_|leader, peer_comm,
remote |eader, tag, newintercomm, ierror)
integer local_comm, loca_leader, peer_comm, remote_|eader, tag,
newintercomm, ierror
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MPI_Intercomm_merge(intercomm, high, intracomm, ierror)
integer intercomm, intracomm, ierror
logica high

MPI_Iprobe(source, tag, comm, flag, status, ierror)
integer source, tag, comm, status(*), ierror

MPI_Irecv(buf, count, datatype, source, tag, comm, regquest, ierror)
<type> buf(*)
integer count, datatype, source, tag, comm, request, ierror

MPI_Irsend(buf, count, datatype, dest, tag, comm, request, ierror)
<type> buf(*)
integer count, datatype, dest, tag, comm, request, ierror

MPI_Isend(buf, count, datatype, dest, tag, comm, request, ierror)
<type> buf(*)
integer count, datatype, dest, tag, comm, request, ierror

MPI_Issend(buf, count, datatype, dest, tag, comm, request, ierror)
<type> buf(*)
integer count, datatype, dest, tag, comm, request, ierror

MPI_Keyval_create(copy_fn, delete fn, keyval, extra_state, ierror)
externa copy_fn, delete fn
integer keyval, extra_state, ierror
; , MPI_Comm_creste keyva
MPI_Keyval free(keyval, ierror)
integer keyvdl, ierror

MPI_Op_create(function, commute, op, ierror)
exterval function
logical commute
integer op, ierror

MPI_Op_free(op, ierror)
integer op, ierror

MPI_Pack(inbuf, incount, datatype, outbuf, outcount, position, comm, ierror)
<type>inbuf(*), outbuf(*)
integer incount, datatype, outcount, position, comm, ierror

MPI_Pack_size(incount, datatype, size, ierror)



integer incount, datatype, size, ierror

MPI_Pcontrol(level)
integer level

MPI_Probe(cource, tag, comm, status, ierror)
integer source, tag, comm, status(*), ierror

MPI_Recv(buf, count, datatype, source, tag, comm, status, ierror)
<type> buf(*)
integer count, datatype, source, tag, comm, status(*), ierror

MPI_Recv_init(buf, count, datatype, source, tag, comm, request, ierror)
<type> buf(*)
integer count, datatype, source, tag, comm, request, ierror

MPI_Reduce(sendbuf, recvbuf, count, datatype, op, root, comm, ierror)
<type> sendbuf(*), recvbuf(*)
integer count, datatype, op, root, comm, ierror

root ,
MPI_Reduce_scatter(sendbuf, recvbuf, recvcounts, datatype, op, comm, ierror)
<type> sendbuf(*), recvbuf(*)
integer recvcounts(*), datatype, op, comm, ierror

MPI_Request_free(request, ierror)
integer request, ierror

MPI_Rsend(buf, count, datatype, dest, tag, comm, ierror)
<type> buf(*)
integer count, datatype, dest, tag, comm, ierror

MPI_Rsend_init(buf, count, datatype, dest, tag, comm, request, ierror)
<type> buf(*)
integer count, datatype, dest, tag, comm, request, ierror

MPI_Scan(sendbuf, recvbuf, count, datatype, op, comm, ierror)

<type> sendbuf(*), recvbuf(*)

integer count, datatype, ip, comm, ierror

MPI_Scatter(sendbuf, sendcount, sendtype, recvbuf, recvcount, recvtype, root, comm, ierror)
<type> sendbuf(*), recvbuf(*)

integer sendcount, sendtype, recvcount, recvtype, root, comm, ierror

MPI_Scatterv(sendbuf, sendcounts, displs, sendtype, recvbuf, recvcount, recvtype, root, comm,
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ierror)
<type> sendbuf(*), recvbuf(*)
integer sendcounts(*), displs(*), sendtype, recvcount, recvtype,
root, comm, ierror

MPI_Send(buf, count, datatype, dest, tag, comm, ierror)
<type> buf(*)
integer count, datatype, dest, tag, comm, ierror

MPI_Send _init(buf, count, datatype, dest, tag, comm, request, ierror)
<type> buf(*)
integer count, datatype, dest, tag, comm, request, ierror

MPI_Sendrecv(sendbuf, sendcount, sendtype, dest, sendtag, recvbuf, recvcount, recvtyep, source,
recvtag, comm, status, ierror)

<type> sendbuf(*), recvbuf(*)

integer sendcount, sendtype, dest, sendtag, recvcount, recvtype,

source, recvtag, comm, status(*), ierror

MPI_Sendrecv_replace(buf, count, datatype, dest, sendtag, source, recvtag, comm, status, ierror)
<type> buf(*)

integer count, datatype, dest, sendtag, source, recvtag, comm,

status(*), ierror

MPI_Ssend(buf, count, datatype, dest, tag, comm, ierror)
<type> buf(*)
integer count, datatype, dest, tag, comm, ierror

MPI_Ssend_init(buf, count, datatype, dest, tag, comm, request, ierror)
<type> buf(*)
integer count, datatype, dest, tag, comm, request, ierror

MPI_Start(request, ierror)
integer request, ierror

MPI_Startall(count, array_of _requests, ierror)
integer count, array_of _requests(*), ierror

MPI_Test(request, flag, status, ierror)
integer request, status(*), ierror
logical flag

MPI_Testall(count, array_of _requests, flag, array_of _statuses, ierror)
integer count, array_of _request(*),
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aray_of_statuses(MPI_STATUS SIZE, *), ierror
logical flag

MPI_Testany(count, array_of _request, index, flag, status, ierror)
integer count, array_of _requests(*), index, status(*), ierror
logical flag

MPI_Testsome(incount, array_of _requests, outcount, array_of _indices, array_of_statuses, ierror)
integer incount, array_of _requests(*), outcount,
array_of_indices(*), array_of_statuses(MPI_STATUS SIZE, *), ierror

MPI_Test_cancelled(stetus, flag, ierror)
integer status(*), ierror

MPI_Topo_test(comm, top_type, ierror)
integer comm, top_type, ierror

MPI_Type_commit(datatype, ierror)
integer datatype, ierror

MPI_Type_contiguous(count, oldtype, newtype, ierror)
integer count, oldtype, newtype, ierror

MPI_Type_extent(datatype, extent, ierror)
integer datatype, extent, ierror
’ , MPI_type get_extent
MPI_Type free(datatype, ierror)
integer datatype, ierror

MPI_Type_hindexed(count, array_of blocklenghths, array of displacements, oldtype, newtype,
ierror)

integer count, array_of _blocklengths(*), array_of _displacements(*),

oldtype, newtype, ierror
MPI_type create hindexed

MPI_Type_hvector(count, blocklength, stride, oldtype, newtype, ierror)

integer count, blocklength, stride, oldtype, newtype, ierror
MPI_type create hvector

MPI_Type indexed(count, array of blocklengths, array_of displacements, oldtype, newtype,
ierror)

integer count, array_of _blocklengths(*), array_of _displacements(*),

oldtype, newtype, ierror
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MPI_Type_Ib(datatype, displacement, ierror)
integer datatype, displacement, ierror
, , MPI_type get_extent
MPI_Type_size(datatype, Size, ierror)
integer datatype, size, ierror
MPI_Type_struct(count, array_of_blocklengths, array_of _displacements, array_of _types, newtype,
ierror)
integer count, array_of _blocklengths(*), array_of _displacements(*)
array_of_type(*), newtype, ierror
; , MPI_type _create struct
int MPI_Type_ub(MPI_Datatype datatype, MPI_Aint * displacement)
, , MPI_type get_extent
MPI_Type_ub(datatype, displacement, ierror)
integer datatype, displacement, ierror

MPI_Type_vector(count, blocklength, stride, oldtype, newtype, ierror)
integer count, blocklength, stride, oldtype, newtype, ierror

MPI_Unpack(inbuf, insize, position, outbuf, outcount, datatype, comm, ierror)
<type> inbuf(*), outbuf(*)
integer insize, position, outcount, datatype, comm, ierror

MPI_Wait(request, status, ierror)
integer request, status(*), ierror

MPI
MPI_Waitall(count, array_of _requests, array_of _statuses, ierror)
integer count, array_of _requests(*),
aray_of_statuses(MPI_STATUS SIZE, *), ierror

MPI_Waitany(count, array_of_request, index, status, ierror)
integer count, array_of _requests(*), index, status(*), ierror

MPI_Waitsome(incount, array_of _requests, outcount, array_of _indices, array_of _statuses, ierror)
integer incount, array_of _requests(*), outcount,
array_of_indices(*), array_of_statuses(MPI_STATUS SIZE, *), ierror

MPI_Wtick()

MPI_Wtime
MPI_Witime()
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18.3MPI-2 C

int MPI_Accumulate(void * origin_addr, int origin_count, MPI_Datatype origin_datatype, int
target_rank, MPI_Aint target_disp, int target_count, MPI_Datatype target_datatype, MPI_Op
op, MPI_Win win)

int MPI_Add_error_class(int * errorclass)

int MPI_Add_error_code(int errorclass, int * error)

int MPI_Add_error_string(int errorcode, char * string)

int MPI_Alloc_mem(MPI_Aint size, MPI_Info info, void * baseptr)

int MPI_Alltoalw(void * sendbuf, int sendcounts[], int sdisplg], MPI_Datatype sendtypeq], void
* recvbuf, int recvcountd], int rdisplg[], MPI_Datatype recvtyped], MPI_Comm comm)

int MPI_Close_port(char * port_name)

int MPI_Comm_accept(char * port_name, MPI_Info info, int root, MPI_Comm comm,
MPI_Comm * newcomm)

MPI_Fint MPI_Comm_c2f(MPI_Comm comm)
C Fortran

int MPI_Comm_call_errhandler(MPI_Comm comm, int error)

int MPI_Comm_connect(char * portname, MPI_Info info, int root, MPI_Comm comm,
MPI_Comm * newcomm)

int  MPI_Comm_create errhandler(MPI_Comm_errhandler_fn  *function, MPI_Errhandler

*errhandler)

int MPI_Comm_create_keyva(MPI_Comm_copy_attr_function *comm_copy_attr_fn,
MPI_Comm_delete attr_function *comm_delete attr fn, int *comm_keyva, void
*extra_state)

int MPI_Comm_delete attr(MPI_Comm comm, int comm_keyval)

int MPI_Comm_disconnect(MPI_Comm * comm)

MPI_Comm MPI_Comm_f2c(MPI_Fint comm)
Fortran C
int MPI_Comm_free keyval(int *comm_keyval)
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MPI_Comm_create_keyva
int MPI_Comm_get_attr(MPI_Comm comm, int comm_keyval, void attribute val, int *flag)

int MPI_Comm_get_errhandler(MPI_comm comm, MPI_Errhandler *errhandler)

int MPI_Comm_get_name(MPI_Comm comm, char *comm_name, int *resultlen)

int MPI_Comm_get_parent(MPI_Comm * parent)

int MPI_Comm_join(int fd, MPI_Comm *intercom)
MPI
int MPI_Comm_set_attr(MPI_Comm comm, int comm_keyval, void *attribute_val)

int MPI_Comm_set_errhandler(MPI_Comm comm, MPI_Errhandler errhandler)

int MPI_Comm_set_name(MPI_Comm comm, char *comm_name)

int MPI_Comm_spawn(char *command, char *argv[], int maxprocs, MPI_Info info, int root,

MPI_Comm comm, MPI_Comm *intercom, int array_of_errcoded[])
MPI

int MPI_Comm_spawn_multiple(int count, char *array_of commandg]], Char **array_of _argv[],
int array_of _maxprocy], MP_Info array_of info[], int root, MPI_Comm comm,
MPI_Comm *intercom, int array_of_errcodeq])

MPI

int MPI_Exscan(void *sendbuf, void *recvbuf, int count, MPI_Datatype datatype, MPI_Op op,

MPI_Comm comm)

MPI_Scan;,
MPI_Fint MPI_File c2f(MPI_Filefile)
C Fortran

int MPI_File_call_errhandler(MPI_File fh, int error)
int MPI_File_close(MPI_File *fh)
int MPI_File_create_errhanlder(MPI_File_errhandler_fn *function, MPI_Errhandler *errhandler)
int MPI_File_delete(char *filename, MPI_Info info)
MPI_File MPI_File f2c(MPI_Fint file)
Fortran C
int MPI_File_get_amode(MPI_File fh, int *amode)
int MPI_File_get_atomicity(MPI_File fh, int *flag)

fh ; flag
int MPI_File_get_byte offset(MPI_File fh, MPI_Offset offset, MPI_Offset *disp)
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int MPI_File_get_errhandler(MPI_File file, MPI_Errhandler *errhandler)
int MPI_File_get_group(MPI_file fh, MPI_Group *group)
int MPI_File get_info(MPI_File fh, MPI_Info *info_used)
INFO
int MPI_File_get position(MPI_File fh, MPI_Offset * offset)
int MPI_File_get_position_shared(MPI_File fh, MPI_Offset * offset)
int MPI_File get size(MPI_Filefh, MPI_Offset *size)

int MPI_File_get type extent(MPI_File fh, MPI_Datatype datatype, MPI_Aint * extent)

int MPI_File get view(MPI_File fh, MPI_Offset *disp, MPI_Datatype *etype, MPI_Datatype
*filetype, char * datarep)

int MPI_File ireed(MPI_File fh, void *buf, int count, MPI_Datatype datatype, MPI_Request
*reguest)

int MPI_File iread at(MPI_File fh, MPI_Offset offset, void *buf, int count, MPI_Datatype
datatype, MPI_Request *request)

int MPI_File iread shared(MPI_File fh, void *buf, int count, MPI_Datatype datatype,
MPI_Request * request)

int MPI_File_iwrite(MPI_Filefh, void *buf, int count, MPI_Datatype, MPI_Request *request)

int MPI_File iwrite_ at(MPI_File fh, MPI_Offsat offset, void *buf, int count, MPI_Datatype
datatype, MPI_Request *request)

int MPI_File iwrite_ shared(MPI_File fh, void *buf, int count, MPI_Datatype datatype,
MPI_Request *request)

int MPI_File_open(MPI_Comm comm, char *filename, int amode, MPI_Info info, MPI_File *fh)
int MPI_File preallocate(MPI_File fh, MPI_Offset size)

int MPI_File read(MPI_File fh, void *buf, int count, MPI_Datatype datatype, MPI_Status * status)
int MPI_File read_dl(MPI_File fh, void *buf, int count, MPI_Datatype datatype, MPI_Status

*dtatus)
; MPI_FILE READ
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int MPI_File read all_begin(MPI_File fh, void *buf, int count, MPI_Datatype datatype)
int MPI_File read al_end(MPI_Filefh, void *buf, MPl_Status * status)

int MPI_File read a(MPI_File fh, MPI_Offset offset, void *buf, int count, MPI_Datatype
datatype, MPI_Status * status)

int MPI_File read at al(MPI_File fh, MPI_Offset offset, void *buf, int count, MPI_Datatype
datatype, MPI_Status * status)

MP_FILE READ_AT
int MPI_File read at dl_begin(MPl_File fh, MPI_Offset offsst, Void *buf, int count,
MPI_Datatype datatype)

int MPI_file read_at_al_end(MPI_File fh, void *buf, MPI_Status *status)

int MPI_File read ordered(MPI_File fh, void *buf, int count, MPI_Datatype datatype, MPI_Status
*datus)

MPI_FILE_ READ_SHARED
int MPI_File read ordered_begin(MPI_File fh, void *buf, int count, MPI_datatype datatype)

int MPI_File read ordered end(MPI_Filefh, void *buf, MPI_status * status)

int MPI_File read shared(MPI_File fh, void *buf, int count, MPI_Datatype datatype, MPI_Status
*dtatus)

int MPI_file_seek(MPI_File fh, MPI_Offset offset, int whence)
int MPI_file_seek_shared(MPI_File fh, MPI_Offset offset, int whence)
int MPI_File_set_atomicity(MPI_File fh, int flag)
int MPI_File_set_errhandler(MPI_File file, MPI_Errhandler errhandler)
int MPI_File set_info(MPI_File fh, MPI_Info info)

INFO

int MPI_File set_size(MPI_File fh, MPI_Offset size)

int MPI_File set view(MPI_File fh, MPI_Offset disp, MPOI_Datatype etype, MPI_Datatype
filetype, char *datarep, MPI_info info)

int MPI_File_sync(MPI_File fh)
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int MPI_File write(MPI_File fh, void *buf, int count, MPI_Datatype datatype, MPI_Status * status)

int MPI_File write_al(MPI_File fh, void *buf, int count, MPI_Datatype datatype, MPI_Status
*datus)
; MPI_File write
int MPI_File write_all_begin(MPI_File fh, void *buf, int count, MPI_Datatype datatype)

int MPI_File write_al_end(MPI_file fh, void *buf, MPI_Status * status)

int MPI_File write at(MPI_file fh, MPI_Offset offset, void *buf, int count, MPI_Datatype
datatype, MPI_Status * status)

int MPI_File write at_dl(MPI_File fh, MPI_Offset offset, void *buf, int count, MPI_Datatype
datatype, MPI_Status * status)

int MPI_File write a_dl_begin(MPl_File fh, MPI_Offset offset, Void *buf, int count,
MPI_Datatype datatype)

int MPI_File write_at_al_end(MPI_File fh, void *buf, MPI_Status * status)

int MPI_File write_ordered(MPI_file fh, void *buf, int count, MPI_Datatype datatype, MPI_Status
*gtatus)

MPI_File write_shared
int MPI_File write_ordered_begin(MPI_File fh, void *buf, int count, MPI_Datatype datatype)

int MPI_File write_ordered_end(MPI_File fh, viod *buf, MPI_Status * status)

int MPI_File write_shared(MPI_File fh, void *buf, int count, MPI_Datatype datatype, MPI_Status
*dtatus)

int MPI_Finalized(int *flag)
MPI_Findize
int MPI_Free_mem(void *base)
MPI_Alloc_mem
int MPI_Get(void *origin_addr, int origin_count, MPI_Datatype origin_datatype, int target_rank,
MPI_Aint target_disp, int target_count, MPI_Datatype target_datatype, MPI_Win win)

int MPI_Get_address(void *location, MPI_Aint * address)
int MPI_Grequest_complete(MPI_Request request)

MPI
int MPI_Gregquest_start(MPI_Grequest_query_function *query_fn, MPI_Grequest_free function
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*free_fn, MPI_Grequest_cancel_function *cancel_fn, void *extra state, MPI_Request
*request)
MPI_Fint MPI_Group_c2f(MPI_Group group)
C Fortran
MPI_Group MPI_Group_f2c(MPI_Fint group)
Fortran C
MPI_Fint MPI_Info_c2f(MPI_Info info)
C Fortran
int MPI_Info_create(MPI_Info *info)
INFO
int MPI_Info_delete(MPI_Info info, char *key)
INFO < , >
int MPI_Info_dup(MPI_Info info, MPI_Info * newinfo)
INFO
MPI_Info MPI_Info_f2c(MPI_Fint info)
Fortran INFO CINFO
int MPI_Info_free(MPI_Info *info)
INFO
int MPI_Info_get(MPI_Info info, char *key, int valuelen, char *value, int *flag)

int MPI_Info_get_nkeys(MPI_Info info, int *nkeys)

INFO
int MPI_Info_get_nthkey(MPI_Info info, int n, char *key)
INFO n

int MPI_Info_get valueen(MPI_Info info, char *key, int *valuelen, int *flag)

int MPI_Info_set(MPI_Info info, char *key, char *value)

INFO < -
int MPI_Init_thread(int *argc, char *((*argv)[]), int required, int * provided)
MPI  MPI

int MPI_Is thread main(int *flag)

int MPI_Lookup_name(char *service_name, MPI_Info info, Char *prot_name)

MP!_Fint MPI_Op_c2f(MPI_Op op)

C Fortran
MPI_Op MPI_Op_f2c(MPI_Fint op)
Fortran C

int MPI_Open_port(MPI_Info info, char *port_name)
int MPI_Pack_externd(char *datarep, void *inbuf, int incount, MPI_Datatype datatype, void
*outbuf, MPI_Aint outsize, MPI_Aint *position)
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int MPI_Pack_external_size(char *datarep, int incount, MPI_Datatype datatype, MPI_Aint *size)

int MPI_Publish_name(char *service_name, MPI_Info info, Char *port_name)

int MPI_Put(void *origin_addr, int origin_count, MPI_Datatype origin_datatype, int target_rank,
MPI_Aint target_disp, int target_count, MPI_Datatype target_datatype, MPI_Win win)

int MPI_Query_thread(int * provided)

int MPI_Register_datarep(char *datarep, MPI_Datarep_conversion_function *read_conversion_fn,
MPI_Datarep_conversion_function *write_conversion_fn, MPI_Datarep_extent_function
*dtype_file_extent_fn, Void *extra_state)
MPI
MPI_Fint MPI_Request_c2f(MPI_Request request)
C Fortran
MPI_Request MPI_Request_f2c(MPI_Fint request)
Fortran C
int MPI_Request_get_status(MPl_Request request, int *flag, MPI_Status * status)

int MPI_Status c2f(MPI_Status *c_status, MPI_Fint *f_status)

C Fortran
int MPI_Status f2c(MPI_Fint *f_status, MPI_Status *c_status)
Fortran C

int MPI_Status set_cancelled(MPI_Status * status, int flag)
MPI_Test cancelled
int MPI_Status set_elements(MPI_Status * status, MPI_Datatype datatype, int count)
MPI_Get_elements
MPI_Fint MPI_Type_c2f(MPI_Datatype datatype)
C Fortran
int MPI_Type create darray(int size, int rank, int ndims, int array of gszeq], int
array_of_distribg[], int array_of _dargq]], int array_of psizeq], int order, MPI_Datatype
oldtype, MPI_Datatype * newtype)

int MPI_type create f90_complex(int p, int r, MPI_Datatype * newtype)
MPI ; Fortran 90

int MPI_Type create f90_integer(int r, MPI_Datatype * newtype)
MPI ; Fortran 90

int MPI_type create f90_real(int p, int r, MPI_Datatype * newtype)
MPI ; Fortran 90

int  MPI_Type create hindexed(int  count, int aray_of_blocklengthd], @ MPI_Ainyt
array_of_displacementy[], MPI_Datatype oldtype, MPI_Datatype * newtype)
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int MPI_Type _create_hvector(int count, int blocklength, MPI_Aint stride, MPI_Datatype oldtype,
MPI_Datatype * newtype)

int MPI_Type create_indexed_block(int count, int blocklength, int array of displacementy],
MPI_Datatype oldtype, MPI_Datatype * newtype)

int MPI_Type _create keyval(MPI_Type copy_éattr_function *type_copy_attr_fn,
MPI_Type delete attr_function *type delete attr_fn, int *type_keyval, void *extra_state)

int MPI_Type create resized(MPI_Datatype oldtype, MPI_Aint Ib, MPI_Aint extent,
MPI_Datatype * newtype)

int MPI_Type _create_struct(int count, int array_of_blocklengthd[], MPI_Aint
array_of_displacementy]], MPI_Datatype array_of_typed[], MPI_Datatype * newtype)

int MPI_type create subarray(int ndims, int array _of sizeq], int array_of subsizeq], int
array_of_gtartd[], int order, MPI_Datatype oldtype, MPI_Datatype * newtype)

int MPI_type delete attr(MPI_Datatype type, int type keyval)
int MPI_Type_dup(MPI_Datatype type, MPI_Datatype * newtype)
MPI_datatype MPI_Type f2c(MPI_Fint datatype)
Fortran C
int MPI_Type free keyva(int *type_keyval)
MPI_Type _create keyva
int MPI_Type _get_attr(MPI_Datatype type, int type_keyval, Void *attribute_val, int *flag)
int MPI_type get_contents(MPI_Datatype datatype, int max_integers, int max_addresses, int
max_datatypes, int array_of integers]], MPI_Aint array_of addresseq], MPI_Datatype
array_of_datatyped[])

int MPI_Type _get_envelope(MPI_Datatype datatype, int *num_integers, int *num_addresses, int
*num_datatypes, int * combiner)

int MPI_Type_get_extent(MPI_Datatype datatype, MPI_Aint *|b, MPI_Aint *extent)

int MPI_Type_get_name(MPI(_Datatype type, char *type_name, int *resultlen)

int MPI_Type get_true extent(MPI_Datatype datatype, MPI_Aint *true Ib, MPI_Aint
*true_extent)

int MPI_Type_match_size(int typeclass, int size, MPI_Datatype *type)
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MPI
int MPI_Type set_attr(MPI_Datatype type, int type _keyval, void *attribute_val)

int MPI_Type_set name(MPI_Datatype type, char *type name)

int MPI_Unpack_external(char *datarep, void *inbuf, MPI_Aint insize, MPI_Aint *position, void
*outbuf, int outocunt, MPI_Datatype datatype)

int MPI_Unpublish_name(char *service_name, MPI_Info info, Char *port_name)
MPI_Fint MPI_Win_c2f(MPl_Win win)
C Fortran

int MPI_Win_cal_errhandler(MPI_Win win, int error)

int MPI_Win_complete(MPI_Win win)

MPI_Win_start RMA
int MPI_Win_create(void *base, MPI_Aint size, int disp_unit, MPI_Info info, MPI_Comm comm,
MPI_Win *win)

int MPI_Win_create_errhandler(MPI_Win_errhandler_fn *function, MPI_Errhandler * errhandler)

int MPI_Win_create keyval(MPI_Win_copy_attr_function *win_copy_attr_fn,
MPI_Win_delete attr_function *win_delete attr_fn, int *win_keyval, void * extra_dtate)

int MPI_Win_delete attr(MPI_Win win, int win_keyval)
MPI_Win MPI_Win_f2c(MPI_Fint win)

Fortran C
int MPI_Win_fence(int assert, MPI_Win win)

RMA
int MPI_Win_free(MPI_Win *win)
int MPI_Win_free_keyval(int *win_keyval)
MPI_Win_create keyva

int MPI_Win_get attr(MPI_Win win, int win_keyval, void *attribute_val, int *flag)
int MPI_Win_get_errhandler(MPI_Win win, MPI_Errhandler * errhandler)
int MPI_Win_get_group(MPI_Win win, MPI_Group *group)

int MPI_Win_get name(MPI_Win win, char *win_name, int *resultlen)

int MPI_Win_lock(int lock_type, int rank, int assert, MPI_Win win)
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int MPI_Win_post(MPI_Group group, int assert, MPI_Win win)

int MPI_Win_set_attr(MPI_Winwin, int win_keyval, void *attribute_val)

int MPI_Win_set_errhandler(MPI_Win win, MPI_Errhandler errhandler)

int MPI_Win_set name(MPI_Win win, char *win_name)

int MPI_Win_start(MPI_Group group, int assert, MPI_Win win)
s MPI_Win_post

int MPI_Win_test(MPI_Win win, int *flag)
RMA

int MPI_Win_unlock(int rank, MPl_Win win)

int MPI_Win_wait(MPl_Win win)
MPI_Win_post RMA

18.4 MPI-2 Fortran

MPI_Accumulate(origin_addr,  origin_count,  origin_datatype,
target_count, target_datatype, op, Win, ierror)

<type>origin_addr(*)

integer(kind=MPI_ADDRESS _KIND) target_disp

integer origin_count, origin_datatype, target_rank, target_count,

target_datatype, op, win, ierror

MPI_Add_error_class(errorclass, ierror)
integer errorclass, ierror

MPI_Add_error_code(errorclass, errorcode, ierror)
integer errorclass, errorcode, ierror

MPI_Add_error_string(errorcode, string, ierror)
integer errorcode, ierror
character* (*) string

MPI_Alloc_mem(size, info, baseptr, ierror)
integer info, ierror
integer(kind=MPI_ADDRESS KIND) size, baseptr

Target_rank,

target_disp,

MPI_Alltoallw(sendbuf, sendcounts, sdispls, sendtypes, recvbuf, Recvcounts, rdispls, recvtypes,

comm, ierror)
<type> sendbuf(*), recvbuf(*)
integer sendcounts(*), sdispls(*), sendtypes(*), recvcounts(*),
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rdispls(*), recvtypes(*), comm, ierror
MPI_Close_port(port_name, ierror)
character* (*) port_name

integer ierror

MPI_Comm_accept(port_name, info, root, comm, newcomm, iefror)
character* (*) port_name
integer info, root, comm, newcomm, ierror

MPI_Comm_call_errhandler(comm, errorcode, ierror)
integer comm, errorcode, ierror

MPI_Comm_connect(port_name, info, root, comm, newcomm, iefror)
character* (*) port_name
integer info, root, comm, newcomm, ierror

MPI_Comm_create_errhandler(function, errhandler, ierror)
Externa function
integer errhandler, ierror

MPI_Comm_create_keyval(comm_copy_attr_fn, comm_delete attr_fn, Comm_keyval, extra_state,
ierror)

External comm_copy_attr_fn, comm_delete attr_fn

integer comm_keyval, ierror

integer(kind=MPI_ADDRESS KIND) extra_state

MPI_Comm_delete_attr(comm, comm_keyval, ierror)
integer comm, comm_keyval_ierror

MPI_Comm_disconnect(comm, ierror)
integer comm, ierror
MPI_Comm_free _keyva (comm_keyval, ierror)
integer comm_keyval, ierror

MPI_Comm_create_keyva
MPI_Comm_get_attr(comm, comm_keyval, attribute val, flag, ierror)
integer comm, comm_keyval, ierror
integer(kind=MPI_ADDRESS _KIND) attribute_val
Logical flag

MPI_Comm_get_errhandler(comm, errhandler, ierror)
integer comm, errhandler, ierror

244



MPI_Comm_get_name(comm, comm_name, resultlen, ierror)
integer comm, resultlen, ierror
character* (*) comm_name

MPI_Comm_get_parent(parent, ierror)
integer parent, ierror

MPI_Comm_join(fd, intercom, ierror)
integer fd, intercom, ierror

MPI
MPI_Comm_set_attr(com, comm_keyval, attribute_val, ierror)
integer comm, comm_keyval, ierror
integer(kind=MPI_ADDRESS _KIND) attribute_val

MPI_Comm_set_errhandler(comm, errhandler, ierror)
integer comm, errhandler, ierror

MPI_Comm_set_name(comm, comm_name, iefror)
integer comm, ierror
character* (*) comm_name

MPI_Comm_spawn(command, argv, maxprocs, info, root, comm, intercom, array_of_errcodes,
ierror)
character* (*) command, argv(*)
integer info, maxprocs, root, comm, intercomm, array_of _errcodes(*), ierror
MPI
MPI_Comm_spwan_multiple(count, array_of commands, array_of argv, aray_of _maxprocs,
array_of_info, root, comm, intercomm, array_of _errcodes, ierror)
integer count, array_of_info(*), array_of _maxprocs(*), root, comm,
intercomm, array_of_errcodes(*), ierror
character* (*) array_of _commands(*), array_of _argv(count, *)
MPI
MPI_Exscan(sendbuf, recvbuf, count, datatype, op, comm, ierror)
<type> sendbuf(*), recvbuf(*)
integer count, datatype, op, comm, ierror
MPI_Scan:
MPI_File_cal_errhandler(fh, errorcode, ierror)
integer fh, errorcode, ierror

MPI_File close(fh, ierror)
integer fh, ierror

MPI_File_create_errhandler(function, errhandler, ierror)
Externa function
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integer errhandler, ierror

MPI_File_delete(filename, info, ierror)
Character* (*) filename
integer info, ierror

MPI_File_get_amode(fh, amode, ierror)
integer fh, amode, ierror

MPI_File _get_atomicity(fh, flag, ierror)
integer fh, ferror
Logical flag

fh »
MPI_File _get_byte offset(fh, offset, disp, ierror)
integer fh, ierror
integer(kind=MPI_OFFSET_KIND) offset, disp

MPI_File get_errhandler(file, errhandler, ierror)
integer file, errhandler, ierror

MPI_File_get_group(fh, group, ierror)
integer fh, group, ierror

MPI_File get_info(fh, info_used, ierror)
integer fh, info_used, ierror

INFO
MPI_File get_position(fh, offset, ierror)
integer fh, ierror
integer(kind=MPI_OFFSET_KIND) offset

MPI_File_get position_shared(fh, offset, ierror)
integer fh, ierror
integer(kind=MPI_OFFSET_KIND) offset

MPI_File get_size(fh, size, ierror)
integer fh, ierror
integer(kind=MPI_OFFSET_KIND) size

MPI_File _get type extent(fh, datatype, extent, ierror)
integer fh, datatype, ierror
integer(kind=MPI_ADDRESS_KIND) extent

MPI_File_get_view(fh, disp, etype, filetype, datarep, ierror)
integer fh, etype, filetype, ierror
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Character* (*) datarep, integer(kind=MPI_OFFSET_KIND) disp

MPI_File_iread(fh, buf, count, datatype, request, ierror)
<type> buf(*)
integer fh, count, datatype, request, ierror

MPI_File iread at(fh, offset, buf, count, datatype, request, ierror)
<type> buf(*)

integer fh, count, datatype, request, ierror
integer(kind=MPI_OFFSET_KIND) offset

MPI_File iread shared(fh, buf, count, datatype, request, ierror)
<type> buf(*)
integer fh, count, datatype, request, ierror

MPI_File_iwrite(fh, buf, count, datatype, request, ierror)
<type> buf(*)
integer fh, count, datatype, request, ierror

MPI_File_ iwrite_at(fh, offset, buf, count, datatype, request, ierror)
<type> buf(*)

integer fh, count, datatype, request, ierror
integer(kind=MPI_OFFSET_KIND) offset

MPI_File iwrite_share(fh, buf, count, datatype, request, ierror)
<type> buf(*)
integer fh, count, datatype, request, ierror

MPI_File_open(comm., filename, amode, info, fh, ierror)
Character* (*) filename
integer comm., amode, info, fh, ierror

MPI_File preallocate(fh, size, ierror)
integer fh, ierror
integer(kind=MPI_OFFSET_KIND) size

MPI_File read(fh, buf, count, datatype, status, ierror)
<type> buf(*)
integer fh, count, datatype, status(MPI_STATUS SIZE), ierror

MPI_File read dlI(fh, buf, count, datatype, status, ierror)
<type> buf(*)
integer fh, count, datatype, status(MPI_STATUS SIZE), ierror

E
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MPI_File read al_begin(fh, buf, count, datatype, ierror)
<type> buf(*)
integer fh, count, datatype, ierror

MPI_File read al_end(fh, buf, status, ierror)
<type> buf(*)
integer th, statustMPI_STATUS SIZE), ierror

MPI_File read at(fh, offset, buf, count, datatype, status, ierror)
<type> buf(*)

integer fh, count, datatype, status(MPI_STATUS SIZE), ierror
integer(kind=MPI_OFFSET_KIND) offset

MPI_File read at_all(fh, offset, buf, count, datatype, status, ierror)
<type> buf(*)
integer fh, count, datatype, status(MPI_STATUS SIZE), ierror
integer(kind=MPI_OFFSET_KIND) offset

MP_FILE READ_AT
MPI_File read at_all_begin(fh, offset, buf, count, datatype, ierror)
<type> buf(*)
integer fh, count, datatype, ierror
integer(kind=MPI_OFFSET_KIND) offset

MPI_File read at_all_end(fh, buf, status, ierror)
<type> buf(*)
integer th, statustMPI_STATUS SIZE), ierror

MPI_File read ordered(fh, buf, count, datatype, status, ierror)

<type> buf(*)

integer fh, count, datatype, status(MPI_STATUS SIZE), ierror
MPI_FILE READ_SHARED

MPI_File read ordered_begin(fh, buf, count, datatype, ierror)

<type> buf(*)

integer fh, count, datatype, ierror

MPI_File read ordered_end(fh, buf, status, ierror)
<type> buf(*)
integer th, statustMPI_STATUS SIZE), ierror

MPI_File read shared (fh, buf, count, datatype, status, ierror)
<type> buf(*)
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integer fh, count, datatype, status(MPI_STATUS SIZE), ierror

MPI_File_seek(fh, offset, whence, ierror)
integer fh, whence, ierror
integer(kind=MPI_OFFSET_KIND) offset

MPI_File_seek shared(fh, offset, whence, ierror)
integer fh, whence, ierror
integer(kind=MPI_OFFSET_KIND) offset

MPI_File_set_atomicity(fh, flag, ierror)
integer fh, ierror
logical flag

MPI_File_set_errhandler(file, errhandler, ierror)
integer file, errhandler, ierror

MPI_File_set_info(fh, info, ierror)
integer th, info, ierror

INFO
MPI_File_set_size(fh, size, ierror)
integer fh, ierror
integer(kind=MPI_OFFSET_KIND) size

MPI_File set_view(fh, disp, etype, filetype, datarep, info, ierror)
integer th, etype, filetype, info, ierror

character* (*) datarep

integer(kind=MPI_OFFSET_KIND) disp

MPI_File_sync(fh, ierror)
integer fh, ierror

MPI_File write(fh, buf, count, datatype, status, ierror)
<type> buf(*)
integer fh, count, datatype, status(MPI_STATUS SIZE), ierror

MPI_File write_al(fh, buf, count, datatype, status, ierror)
<type> buf(*)

integer fh, count, datatype, status(MPI_STATUS SIZE), ierror
MPI_File write_al_begin(fh, buf, count, datatype, ierror)
<type> buf(*)

integer fh, count, datatype, ierror
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MPI_File write_al_end(fh, buf, status, ierror)
<type> buf(*)
integer th, statustMPI_STATUS SIZE), ierror

MPI_File write_at(fh, offset, buf, count, datatype, status, ierror)
<type> buf(*)

integer fh, count, datatype, status(MPI_STATUS SIZE), ierror
integer(kind=MPI_OFFSET_KIND) offset

MPI_File write_at_al(fh, offset, buf, count, datatype, status, ierror)
<type> buf(*)

integer fh, count, datatype, status(MPI_STATUS SIZE), ierror
integer(kind=MPI_OFFSET_KIND) offset

MPI_File write_at_al_begin(fh, offset, buf, count, datatype, ierror)
<type> buf(*)

integer fh, count, datatype, ierror
integer(kind=MPI_OFFSET_KIND) offset

MPI_File write_at_all_end(fh, buf, status, ierror)
<type> buf(*)
integer th, statustMPI_STATUS SIZE), ierror

MPI_File write_ordered (fh, buf, count, datatype, status, ierror)

<type> buf(*)

integer fh, count, datatype, status(MPI_STATUS SIZE), ierror
MPI_File write_shared

MPI_File write_ordered _begin(fh, buf, count, datatype, ierror)

<type> buf(*)

integer fh, count, datatype, ierror

MPI_File write_ordered _end(fh, buf, status, ierror)
<type> buf(*)
integer th, statustMPI_STATUS SIZE), ierror

MPI_File write_shared (fh, buf, count, datatype, status, ierror)
<type> buf(*)
integer fh, count, datatype, status(MPI_STATUS SIZE), ierror

MPI_Finalized(flag, ierror)

logical flag

integer ierror
MPI_Findize
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MPI_Free_mem(base, ierror)
<type> base(*)
integer ierror

MPI_Alloc_mem

MPI_Get(origin_addr, origin_count, origin_datatype, target rank, target disp,

target_datatype, win, ierror)
<type> origin_addr(*)
integer(kind=MPI_ADDRESS _KIND) target_disp
integer origin_count, origin_datatype, target_rank, target_count,
target_datatype, win, ierror

MPI_Get_address(location, address, ierror)
<type> location(*)

integer ierror
integer(kind=MPI_ADDRESS KIND) address

MPI_Grequest_complete(request, ierror)
integer request, ierror

MPI
MPI_Grequest_start(query_fn, free fn, cancel_fn, extra_state, request, ierror)
integer request, ierror
externa query_fn, free fn, cancel_fn
integer (kind=MPI_ADDRESS KIND) extra state
MPI_Info_create(info, ierror)
integer info, ierror

INFO
MPI_Info_delete(info, key, ierror)
integer info, ierror
integer info, ierror
character* (*) key
INFO ( )

MPI_Info_dup(info, newinfo, ierror)
integer info, newinfo, ierror

INFO
MPI_Info_free(info, ierror)
integer info, ierror

INFO
MPI_Info_get(info, key, valuden, vaue, fag, ierror)
integer info, valuelen, ierror
character* (*) key, value
logical flag

MPI_Info_get_nkeys(info, nkeys, ierror)
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integer info, nkeys, ierror
INFO
MPI_Info_get_nthkey(info, n, key, ierror)
integer info, n, ierror
character* (*) key
INFO n
MPI_Info_get vauden(info, key, valuelen, falg, ierror)
integer info, valuelen, ierror
logical flag
character* (*) key

MPI_Info_set(info, key, vaue, ierror)
integer info, ierror
character* (*) key, value

INFO ( v )
MPI_Init_thread(required, provided, ierror)
integer reugired, provided, ierror

MPI  MPI
MPI_Is thread_main(flag, ierror)
logical flag
integer ierror

MPI_Lookup_name(service_name, info, port_name, ierror)
character* (*) service_name, port_name
integer info, ierror

MPI_Open_port(info, port_name, ierror)

character* (*) port_name

integer info, ierror

MPI_Pack_externd (datarep, inbuf, incount, datatype, outbuf, outsize, Position, ierror)
integer incount, datatype, ierror

integer(kind=MPI_ADDRESS KIND) outsize, position

character* (*) datarep

<type> inbuf(*), outbuf(*)

MPI_Pack_external_size(datarep, incount, datatype, size, ierror)
integer incount, datatype, ierror
integer(kind=MPI_ADDRESS KIND) size

character* (*) datarep

MPI_Publish_name(service_name, info, port_name, ierror)
integer info, ierror

character* (*) service_name, port_name
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MPI_Put(origin_addr, origin_count, origin_datatype, target rank, target disp, target count,
target_datatype, win, ierror)

<type> origin_addr(*)

integer(kind=MPI_ADDRESS_KIND) target_disp

integer origin_count, origin_datatype, target_rank, target_count,

target_datatype, win, ierror

MPI_Query_thread(provide, ierror)
integer provided, ierror

MPI_Register_datarep(datarep, read conversion_fn, write _conversion fn, dtype file extent_fn,
extra_state, ierror)
character* (*) datarep
external read_conversion_fn, write_conversion _fn, dtype file_extent_fn
integer(kind=MPI_ADDRESS KIND) extra_state
integer ierror
MPI
MPI_Request_get_status(request, falg, status, ierror)
integer request, statusMPI_STATUS _SIZE), ierror
logical flag

MPI_Sizeof(x, size, ierror)
<type> X
integer size, ierror

MPI_Status set_cancelled(status, flag, ierror)

integer status(MPI_STATUS_SIZE), ierror

logical fdg
MPI_Test cancelled

MPI_Status set_elements(status, datatype, count, ierror)

integer status(MPI_STATUS SIZE), datatype, count, ierror
MPI_Get_elements

MPI_Type _create darray(size, rank, ndims, array of gsizes, array of distribs, array_of dargs,

array_of_psizes, order, oldtype, newtype, ierror)
integer size, rank, ndims, array_of _gsizes(*), array_of_distribs(*),
array_of_dargs(*), array_of_psizes(*), order, oldtype, newtype, ierror

MPI_type create f90_complex(p, r, newtype, ierror)
integer p, r, newtype, ierror
MPI ; Fortran 90

MPI_Type _create f90_integer(r, newtype, ierror)
integer r, newtype, ierror
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MPI s Fortran 90

MPI_Type _create f90_red(p, r, newtype, ierror)

integer p, r, newtype, ierror
MPI ; Fortran 90

MPI_Type create_hindexed(count, array_of blocklengths, array_of dispalcements, oldtype,
newtype, ierror)

integer count, array_of _blocklengths(*), oldtype, newtype, ierror

integer(kind=MPI_ADDRESS_KIND) array_of_displacements(*)

MPI_Type _create_hvector(count, blocklength, stide, oldtype, newtype, ierror)

integer count, blocklength, oldtype, newtype, ierror

integer(kind=MPI_ADDRESS KIND) stride

MPI_Type _create indexed block(count, blocklength, array of displacements, oldtype, newtype,
ierror)

integer count, blocklength, array_of _displacements(*), oldtype,

newtype, ierror

MPI_Type create keyval(type _copy_attr_fn, type delete attr_fn, type keyval, extra_state, ierror)
externa type_copy_attr_fn, type_delete attr_fn

integer type keyval, ierror

integer(kind=MPI_ADDRESS KIND) extra_state

MPI_Type _create resized(oldtype, Ib, extent, newtype, ierror)
integer oldtype, newtype, ierror
integer(kind=MPI_ADDRESS KIND) Ib, extent

MPI_Type _create dtruct(count, array_of blocklengths, array of displacements, array_of_types,
newtyep, ierror)

integer count, array_of _blocklengths(*), array_of _types(*), newtype, ierror

integer(kind=MPI_ADDRESS_KIND) array_of_displacements(*)

MPI_Type _create subarray(ndims, array of sizes, array_of subsizes, array of darts, order,
oldtype, newtype, ierror)

integer ndims, array_of_sizes(*), array_of_subsizes(*),

array_of_starts(*), order, oldtype, newtype, ierror

MPI_type _delete attr(type, type_keyval, ierror)
integer type, tyep_keyval, ierror

MPI_Type_dup(type, newtype, ierror)
integer type, newtype, ierror
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MPI_Type free keyval(type_keyval, ierror)
integer type keyval, ierror

MPI_Type _create keyva
MPI_Type_get_attr(type, type keyval, attribute va, flag, ierror)
integer type, type_keyval, ierror
integer(kind=MPI_ADDRESS_KIND) attribute val
logical flag

MPI_Type _get_contents(datatype, max_integers, max_addresses, max_datatypes,
array_of_integers, array_of _addresses, array_of _datatypes, ierror)

integer datatype, max_integers, max_addresses, max_datatypes,

array_of_integers(*), array_of_datatypes(*), ierror

integer(kind=MPI_ADDRESS _KIND) array_of_addresses(*)

MPI_Type get_envelope(datatype, num_integers, num_addresses, num_datatypes, combiner,
ierror)

integer datatype, num_integers, num_addresses, num_datatypes,

combiner, ierror

MPI_Type _get_extent(datatype, Ib, extent, ierror)
integer datatype, ierror
integer(kind=MPI_ADDRESS KIND) Ib, extent

MPI_Type _get_name(type, type_name, resultlen, ierror)
integer tyep, resultlen, ierror
character* (*) type_name

MPI_Type _get_true_extent(datatype, true_Ib, true_extent, ierror)
integer datatype, ierror
integer(kind=MPI_ADDRESS KIND) true_Ib, true_extent

MPI_Type _match_size(typeclass, size, type, ierror)
integer typeclass, size, type, ierror

MPI
MPI_type_set_attr(type, type_keyval, attribute val, ierror)
integer type, type_keyval, ierror
integer(kind=MPI_ADDRESS _KIND) attribute_val

MPI_Type_set_name(type, type name, ierror)
integer type, ierror

character* (*) type_name

MPI_Unpack_externa (datarep, inbuf, insize, position, outbuf, outcount, datatype, ierror)
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integer outcount, datatype, ierror
integer(kind=MPI_ADDRESS KIND) insize, position
character* (*) datarep

<type> inbuf(*), outbuf(*)

MPI_Unpublish_name(service_name, info, port_name, ierror)
integer info, ierror
character* (*) service_name, port_name

MPI_Win_call_errhandler(win, errorcode, ierror)
integer win, errorcode, ierror

MPI_Win_complete(win, ierror)
integer win, ierror

MPI_Win_start RMA
MPI_Win_create(base, size, disp_unit, info, comm, win, ierror)
<type> base(*)
integer(kind=MPI_ADDRESS KIND) size
integer disp_unit, info, comm, win, ierror

MPI_Win_create_errhanlder(function, errhanlder, ierror)
externa function
integer errhandler, ierror

MPI_Win_create_keyva(win_copy_attr_fn, win_delete _attr_fn, win_keyval,
extra_state, ierror)

external win_copy_attr_fn, win_delete attr_fn

integer win_keyval, ierror

integer(kind=MPI_ADDRESS KIND) extra_state

MPI_Win_delete attr(win, win_keyval, ierror)
integer win, win_keyval, ierror

MPI_Win_fence(assert, win, ierror)
integer assert, win, ierror

RMA
MPI_Win_free(win, ierror)
integer win, ierror

MPI_Win_free keyva(win_keyvd, ierror)
integer win_keyval, ierror

MPI_Win_create keyva
MPI_Win_get_attr(win, win_keyval, attribute_val, flag, ierror)
integer win, win_keyval, ierror
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integer(kind=MPI_ADDRESS _KIND) attribute_val
logical flag

MPI_Win_get_errhandler(win, errhandler, ierror)
integer iwn, errhandler, ierror

MPI_Win_get_group(win, group, ierror)
integer win, group, irror

MPI_Win_get_name(win, win_name, resultlen, ierror)
integer win, resultlen, irror
character* (*) win_name

MPI_Win_lock(lock_type, rank, assert, win, ierror)
integer lock_type, rank, assert, win, ierror

MPI_Win_post(group, assert, win, ierror)
integer group, assert, win, ierror

MPI_Win_set_attr(win, win_keyval, attribute_val, ierror)
integer win, win_keyval, ierror
integer(kind=MPI_ADDRESS _KIND) attribute_val

MPI_Win_set_errhandler(win, errhandler, ierror)
integer win, errhandler, ierror

MPI_Win_set_name(win, win_name, ierror)
integer win, ierror
character* (*) win_name

MPI_Win_start(group, assert, win, ierror)
integer group, assert, win, ierror
s MPI_Win_post
MPI_Win_test(win, falg, ierror)
integer win, ierror
logical flag
RMA
MPI_Win_unlock(rank, win, ierror)
integer rank, win, ierror

MPI_Win_wait(win, ierror)

integer win, ierror
MPI_Win_post RMA

257



18.5

258



MPI MPI-2

MPI MPIF 1994 MPI s MPI s MPI
MPI-2. MPI-2 MPI-1
1/O; MPI

259



19

MPI-1 MPI P MPI
MPI-2

19.1

MPI-1 MPI » MPI_Init

L WM A A /
s MPI .

MPI-1 > > MPI-
2

MPI-2 .

78

260



ROOT

ORCHOINISHONO

80

ROOT
ROOT

ROOT

ROOT
ROOT

ROQOT

261

ROOT




ROOT MPI_ROQOT : ROOT s ROOT
MPI_PROC_NULL.: ; ROOT 0

: ;  Socket

19.2 M Pl

MPI-2 s

MPI_COMM_SPAWN(command, argv,maxprocs,info,root,comm,intercomm,array_of errcodes)
IN  command

IN argv command
IN  maxprocs MPI

IN info

IN root

IN comm

OUT intercomm ,

OUT array_of _errcodes

Int MPI_Comm_spawn(char * command, char ** argv, int maxprocs, MPl_Info info, int roct,

MPI_Comm comm, MPI_Comm * intercomm, int * array_of errcodes)

MPI_COMM_SPAWN(COMMAND, ARGV, MAXPROCS, INFO, ROOT, COMM,
INTERCOMM, ARRAY_OF ERRCODES, |IERROR)

INTEGER INFO, MAXPROCS, ROOT, COMM, INTERCOMM ARRAY_OF ERRCODES(*),

IERROR
MPI 129 MPI_COMM_SPAWN
MPI MP_COMM_SPAWN - MP_COMM_SPAWN
command: argv
maxprocs info. ;
MM ; ROOT »  ROOT
{ comm> ( )

intercomm: o
array_of_errcodes.
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: H

s MPI_INIT s

MPI_COMM_SPAWN MPL_INIT )

E

7 MPI_COMM_GET_PARENT

MPI_COMM_GET_PARENT (parent)

OUT parent

int MPI_Comm_get parent(MPI_Comm * parent)
MPI_COMM_GET_PARENT(PARENT, IERROR)
INTEGER PARENT, IERROR

MP 130 MPI_COMM_GET_PARENT

MP_COMM_GET_PARENT , .

a

MPI_COMM_SPAWN MPI_COMM_SPAWN_MULTIPLE;
MPI_COMM_SPAWN MPI_COMM_SPAWN_MULTIPLE .
MPI_COMM_SPAWN_MULTIPLE , .
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MPI_COMM_SPAWN_MULTIPLE(count, array_of commands, array_of argv,
array_of_max_maxprocs,array_of info, root, vcomm,intercomm)
IN  count
IN array_of commands
IN array_of maxprocs
IN array of info
IN  root
IN  comm
OUT intercomm
OUT array_of errcodes
int MPI_Comm_spawn_multiple(int count, char ** array_of commands, char ***
array_of argv, int * array_of _maxprocs, MPIl_Info * array_of info, int root, MPI_Comm
comm, MPI_Comm * intercomm, int * array_of errcodes)
MPI_COMM_SPAWN_MULTIPLE(COUNT, ARRAY_OF COMMANDS,
ARRAY_OF ARGV, ARRAY_OF MAXPROCS, ARRAY_OF INFO, ROOT, COMM,
INTERCOMM, ARRAY _OF ERRCODES, IERROR)
INTEGER COUNT, ARRAY_OF MAXPROCS(*), ARRAY_OF_INFO(*),ROOT,COMM
INTERCOMM, ARRAY_OF ERRCODES, IERR
CHARACTER *(*) ARRAY_OF COMMANDS(*), ARRAY_OF ARGV(COUNT, *)

MPI 131 MPI_COMM_SPAWN_MULTIPLE

MPI_Comm_spawn » MPI_Comm_spawn_multiple

E E

19.3

» MPI 0
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MPI_OPEN_PORT(info, port_name)

IN info

OUT port_name

int MPI_Open_prot(MPI_Info info, char * port_name)
MPI_OPEN_PORT(INFO, PORT_NAME, IERROR)
CHARACTER *(*) PORT_NAME

INTEGER INFOR, IERROR

MPI 132 MPI_OPEN_PORT

E E

MPI_COMM_ACCEPT (port_name, info, root, comm, newcomm)
IN port_name

IN info
IN root
IN comm

OUT newcomm
int MPI_Comm_accept(char * port_name, MPI_Info info, int root, MPI_Comm
comm, MPI_Comm * newcomm, )
MPI_COMM_ACCEPT(PORT_NAME, INFO, ROOT, COMM, NEWCOMM,
IERROR)
CHARACTER *(*) PORT_NAME
INTEGER INFO, ROOT, COMM ,NEWCOMM,IERROR

MPI 133 MPI_COMM_ACCEPT

port_name info ; newcomm

MPI_CLOSE_PORT(port_name)

IN port_name

int MPI_Close _port(char * port_name)

MPI_CLOSE_PORT(PORT_NAME, IERROR)
CHARACTER *(*) PORT_NAME
INTEGER |ERROR

MPI 134 MPI_CLOSE_PORT
MPI_CLOSE PORT port_name °

E E o
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MPI_COMM_CONNECT(port_name, info, root, comm, newcomm)
IN port_name

IN info
IN root
IN comm

OUT newcomm
int MPI_Comm_connect(char * port_name, MPI_Info info, int root, MPI_Comm
comm, MPI_Comm * newcomm)
MPI_COMM_CONNECT(PORT_NAME, INFO, ROOT, COMM, NEWCOMM,
IERROR)
CHARACTER *(*) PORT_NAME
INTEGER INFO, ROOT, COMM, NEWCOMM, IERROR

MPI 135 MPI_COMM_CONNECT
MPI_COMM_CONNECT ; port_name
. port_name info root
newcomm: .

; ; MPI_COMM_DISCONNECT

E

MPI_COMM_DISCONNECT (comm)

INOUT comm

int MPI_Comm_disconnect(MPI_Comm * comm)
MPI_COMM_DISCONNECT(COMM, IERROR)
INTEGER COMM, IERROR

MPI 136 MPI_COMM_DISCONNECT

comm o
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MPI_PUBLISH_NAME(service_name, info, port_name)

IN service_name

IN info

IN port_name

int MPI_Publish_name(char * service name, MPI_Info info, char * prot_name)

MPI_PUBLISH_NAME(SERVICE_NAME, INFO, PORT_NAME, IERROR)
INTEGER INFO, IERROR
CHARACTER *(*) SERVICE_NAME, PORT_NAME

MPI 137 MPI_PUBLISH_NAME

MPI_PUBLISH_NAME ) )

a a

MPI_LOOKUP_NAME(service_name, info, port_name)

IN service_name

IN info

OUT  port_name

int MPI_Lookup_name(char * service_name, MPI_Info info, char * port_name)

MPI_LOOKUP_NAME(SERVICE_NAME, INFO, PORT_NAME, IERROR)
CHARACTER *(*) SERVICE_NAME, PORT_NAME
INTEGER INFO, IERROR

MPI 138 MPI_LOOKUP_NAME

E E E

MPI_UNPUBLISH_NAME(service name, info, port_name)

IN  service hame

IN info

IN  port_name

int MPI_Unpublish_name(char * service_name, MPI_Info info, char * port_name)

MPI_UNPUBLISH_NAME(SERVICE_NAME, INFO, PORT_NAME, IERROR)
INTEGER INFO, IERROR
CHARACTER *(*) SERVICE_NAME, PORT_NAME

MPI 139 MPI_UNPUBLISH_NAME
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19.4 sock et

MPI socket o

MPI_COMM_JOIN(fd, intercomm)

IN fd socket

OUT intercomm socket

int MPI_Comm _join(int fd, MPI_Comm * intercomm)

MPI_COMM_JOIN(FD, INTERCOMM,|ERROR)
INTEGER FD, INTERCOMM, IERROR

MPI 140 MPI_COMM_JOIN
MPI_COMM_JOIN s socket ;
: socket MPI o

19.5

s : . socket
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MPI-2 ) MPI
MPI-2 “ v .
’ » MPI-2
M PI—2 13 h‘\ [ 13 ar
» MPI-2 )
MPI-2 0 1 (fence’: ,
H 2 H E]
MPIWIN START . MP_WIN_COMPLETE ,

MPI_WIN_POST MPI_WIN_WAIT

» MPLWIN_WAIT

. MPI_WIN_START ;

MPI_WIN_POST
H 3 H

. MPI_WIN_COMPLETE

269

. MPI_WIN_POST



20.2

20.2.1

MPI_WIN_CREATE(base, size, disp_unit, info, comm ,win)

IN base

IN size

IN disp_unit

IN info

IN comm

OUT  win

int MPI_Win_create(void * base, MPI_Aint size, int disp_unit, MPI_Info info, MPI_Comm comm,

MPI_Win * win)

MPI_WIN_CREATE(BASE, SIZE, DISP_UNIT, INFO, COMM, WIN, IERROR)
<type> BASE(*)
INTEGER (KIND=MPI_ADDRESS KIND) SIZE
INTEGER DISP_UNIT, INFO, COMM, WIN, |[ERROR

MPI 141 MPI_WIN_CREATE

MPI_WIN_CREATE “ 7
o base:
size; disp_unit,
info. size=0: o
; comm > ;

MPI_WIN_FREE(win)
INOUT  win s ;
int MPI_Win_free(MPI_Win * win)
MPI_WIN_FREE(WIN, IERROR)

INTEGER WIN, IERROR

MPI 142 MPI_WIN_FREE

MPI_WIN_CREAT » MPI_WIN_FREE )

a A
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MPI_WIN_NULL . )

20.2.2

81

MPI_PUT (origin_addr, origin_count, origin_datatype, target_rank, target_disp,

IN
IN
IN
IN
IN
IN
IN
IN

target_count, target datatype, win)
origin_addr
origin_count
origin_datatype
target rank
target_disp ;
target_count ;
target datatype
win

int MPI_Put(void * origin_addr, int origin_count, MPI_Datatype origin_datatype,

int target_rank, MPI_Aint target_disp, int target_count, MPlI_Datatype
target_datatype, MPI_Win win)

MPI_PUT(ORIGIN_ADDR, ORIGIN_COUNT, ORIGIN_DATATYPE,

TARGET_RANK, TARGET DISP, TARGET_COUNT,
TARGET_DATATYPE, WIN, IERROR)
<type> ORIGIN_ADDR(*)
INTEGER (KIND=MPI|_ADDRESS KIND) TARGET DISP
INTEGER ORIGIN_COUNT, ORIGIN_DATATYPE, TARGET RANK,
TARGET_COUNT, TARGET _DATATYPE, WIN, IERROR

MPI 143 MPI_PUT
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MPI_PUT origin_addr origin_datatype  origin_count

; target_rank s
target_disp » target_address=baset+target_disp*disp_unit, target_count
target_datatype - base disp_unit -
3 typel
MPI_PUT (buf,3,typel,] ,4,3,type1¥vi n)
buf 4
i 3 typel

82 MPI_PUT

20.2.3

MPI_GET (origin_addr, origin_count, origin_datatype, target_rank, target_disp,
target_count, target_datatype, win)
OUT  origin_addr
IN origin_count ;
IN origin_datatype
IN target_rank
IN target_disp
IN target_count ’
IN target _datatype
IN win
int MPI_Get(void *origin_addr, int origin_count, MPI_Datatype origin_datatype, int
target_rank, MPI_Aint target_disp, int target_count, MPI_Datatype
target_datatype, MPI_Win win)
MPI_GET(ORIGIN_ADDR, ORIGIN_COUNT, ORIGIN_DATATYPE,
TARGET_RANK)
<type> ORIGIN_ADD(*)
INTEGER (KIND=MPI_ADDRESS KIND) TARGET_DISP
INTEGER ORIGIN_COUNT, ORIGIN_DATATYPE, TARGET_RANK,
TARGET_COUNT, TARGET_DATATYPE, WIN, IERROR

MPI 144 MPI_GET
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MPI_GET MPI_PUT ; »

- ; target_rank target_disp
target_count target_datatype s origin_add
origin_count - origin_datatype.

3 typel

- MPI_GET(buf,3,typel,j,4,3typel,win)
buf 4
i 3 typel

0 1 2 3 4

j
83 MPI_GET
20.2.4

MPI_ACCUMULATE >

84

: origin_addr origin_count
origin_datatype s target_rank »  target disp
target_count: target_datatype s op s
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MPI_ACCUMULATE(origin_addr, origin_count, origin_datatype, target_rank, target_disp
target_count, target_datatype, op, win)

IN origin_addr

IN origin_count

IN origin_datatype
IN target_rank

IN target_disp

IN target_count

IN target_datatype
IN op

IN win

int MPI_Accumulate(void * origin_addr, int origin_count, MPI_Datatype origin_datatype,
int target_rank, MPI_Aint target_disp, int target_count, MPI_Datatype
target_datatype, MPI_Op op, MPI_Win win)
MPI_ACCUMULATE(ORIGIN_ADDR, ORIGIN_COUNT, ORIGIN_DATATY PE,
TARGET_RANK, TARGET_DISP, TARGET_COUNT, TARGET_DATATYPE,
OP, WIN, |IERROR)
<type> ORIGIN_ADDR(*)
INTEGER (KIND=MPI_ADDRESS KIND) TARGET_DISP
INTEGER ORIGIN_ADDR, ORIGIN_DATATYPE, TARGET_RANK,
TARGET_COUNT, TARGET_DATATYPE, OP, WIN, IERROR

MPI 145 MPI_ACCUMULATE

3 typel 3 typel

buf $

MPI_ACCUMULATE(bUf, 3, typel, j, 4,3, typel, MPI_SUM, win)

85 MPI_ACCUMULATE
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MPI_WIN_GET_GROUP(win, group)
IN win
OUT group

INTEGER WIN, GROUP, IERROR

int MPI_Win_get group(MPI_Win win, MPI_Group * group)
MPI_WIN_GET_GROUP(WIN,GROUP, IERROR)

MPI 146 MPI_WIN_GET_GROUP
MPI_WIN_GET_GROUP win;
win

20.3

20.3.1

group:

MPI_WIN_FENCE(assert, win)

IN assert

IN win

int MPI_Win_fence(int assert, MPI_Win win)

MPI_WIN_FENCE(ASSERT,WIN, IERROR)
INTEGER ASSERT, WIN, IERROR

MPI 147 MPI_WIN_FENCE

MPI_WIN_FENCE »win

a L
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0 1 N-1

MPI_WIN_FENCE MPI_WIN_FENCE MPI_WIN_FENCE
MPI_GET MPI_PUT
MPI_WIN_FENCE MPI_WIN_FENCE MPI_WIN_FENCE

86 MPI_WIN_FENCE

MPI_WIN_FENCE
MPI_WIN_FENCE ,

E E

a

MPI_WIN_FENCE , ,
E 1 L]

20.3.2

MPI_WIN_POST

MPI_WIN_START 4/<

( )

MPI_WIN_PUT

_—
( )
( )

o

MPI_WIN_COMPLETE

¢ \

MP_WIN_WAIT
¢

87
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MPI_WIN_START(group, assert, win)

IN group
IN assert
IN win

int MPI_Win_start(MPI_Group group, int assert, MPl_Win win)
MPI_WIN_START(GROUP, ASSERT, WIN, IERROR)
INTEGER GROUP, ASSERT, WIN, IERROR

MPI 148 MPI_WIN_START

) MPI_WIN_START group
. assert P

MPI_WIN_COMPLETE(win)

IN win

int MPI_Win_complete(MPI_Win win)

MPI_WIN_COMPLETE(WIN, IERROR)
INTEGER WIN, IERROR

MPI 149 MPI_WIN_COMPLETE

) MPI_WIN_START ,
MPI_WIN_COMPLETE ) )

b a

MPI_WIN_POST(group, assert, win)

IN group
IN assert
IN win

int MPI_Win_post(MPI_Group group, int assert, MPI_Win win)
MPI_WIN_POST(GROUP, ASSERT, WIN)
INTEGER GROUP, ASSERS5T, WIN, IERROR

MPI 150 MPI_WIN_POST

MPI_WIN_POST , ,
) ., MPL_WIN_POST
MPI_WIN_START ) ,

b a
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MPI_WIN_WAIT(win)

IN win

int MPI_Win_wait(MPl_Win win)

MPI_WIN_WAIT(WIN, IERROR)
INTEGER WIN, IERROR

MPI 151 MPI_WIN_WAIT

MPI_WIN_WAIT MPI_WIN_POST

MPI_WIN_COMPLETE ;

a

MPI_WIN_TEST (win,flag)

IN win

ouT flag

int MPI_Win_test(MPI_Win win, int * flag)

MPI_WIN_TEST(WIN,FLAG,|[ERROR)
INTEGER WIN, IERROR
LOGICAL FLAG

MPI 152 MPI_WIN_TEST

MPI_WIN_TEST TEST

MPI_WIN_WAIT . flag=fase,

20.3.3

278

E

flag=true .

E

MPI_WIN_WAIT



{

MPI_WIN_LOCK 1

j [T

{

MPI_WIN_ PUT |—» 2
3

{

MPI_WIN_UNLOCK

i )

MPI_WIN_LOCK
j

MPI_WIN_GET

MPl_WIN_UNLOCK
j

88

MPI_WIN_LOCK(lock_type, rank, assert, win)

IN
IN
IN
IN

int MPI_Win_lock(int lock_type, int rank, int assert, MPI_Win win)
MPI_WIN_LOCK(LOCK_TYPE, RANK, ASSERT, WIN, IERROR)
INTEGER LOCK_TYPE, RANK, ASSERT, WIN, IERROR

lock_type
rank
assert
win

MPI 153 MPI_WIN_LOCK

MPI_WIN_LOCK , ,

o E E
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MPI_WIN_UNLOCK (rank, win)

IN rank

IN win

int MPI_Win_unlock(int rank, MPI_Win win)

MPI_WIN_UNLOCK(RANK, WIN, IERROR)
INTEGER RANK, WIN, IERROR

MPI 154 MPI_WIN_UNLOCK

MPI_WIN_UNLOCK rank ,
. MPI_WIN_LOCK )

20.4

s MPI-2
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21 /O

MPI-1 I/0 )
o » 1O » MPI-2
I/O o
21.1
MPI-2 I/0 ’
: 1 2 :
b 2 H
i 3
’ MPI
» MPI )
MPI_WAIT ’
MPI-2 ) )
’ MPI ’
MPI

281

110



20 I/0

READ AT READ_AT ALL
WRITE AT WRITE_ AT ALL
IREAD_AT
IWRITE_ AT
READ_AT ALL_BEGIN
READ_AT ALL_END
WRITE_AT_ALL_BEGIN
WRITE AT ALL_END
READ READ_ALL
WRITE WRITE_ALL
IREAD
IWRITE
READ ALL_BEGIN
READ_ALL_END
WRITE_ALL_BEGIN
WRITE ALL_END
READ_SHARED READ_ORDERED
WRITE_SHARED WRITE_ORDERED
IREAD_SHARED
IWRITE_SHARED
READ_ORDERED_BEGIN
READ_ORDERED_END
WRITE_ORDERED_BEGIN
WRITE_ORDERED END

21.2

MPI_FILE_OPEN(comm, filename, amode, info, fh)

IN comm
IN filename
IN amode
IN info
OuUT fh

MPI_File * fh)

CHARACTER*(*) FILENAME
INTEGER COMM, AMODE, INFO, FH, IERROR

int MPI_File_open(MPI_Comm comm, char * filename, int anode, MPI_Info info,

MPI_FILE_OPEN(COMM,FILENAME, AMODE, INFO, FH,IERROR)

MPI 155 MPI_FILE_OPEN

MPI_FILE_OPEN ) comm
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filename s filename s amode

info . fh,
fh .

21

E

MPI_MODE_RDONLY

MPI_MODE_RDWR

MPI_MODE_WRONLY

MPI_MODE_CREATE

MPI_MODE_EXCL )

MPI_MODE_DELETE_ON_CLOSE

MPI_MODE_UNIQUE_OPEN

MPI_MODE_SEQUENTIAL

MPI_MODE_APPEND ,

MPI_FILE_CLOSE(fh)

INOUT fh

int MPI_File close(MPI_File* fh)

MPI_FILE_CLOSE(FH,|[ERROR)
INTEGER FH, IERROR

MPI 156 MPI_FILE_CLOSE

MPI_FILE_CLOSE fh ;

A fh L

MPI_FILE_DEL ETE(filename, info)
IN filename
IN info
int MPI_File_delete(char * filename, MPI_Info info)
MPI_FILE_DELETE(FILENAME, INFO, IERROR)
CHARACTER *(*) FILENAME
INTEGER INFO, IERROR

MPI 157 MPI_FILE_DELETE

MPI_FILE_DELETE filename.

283




MPI_FILE_SET_SIZE(fh,size)
INOUT fh
IN size ( p
int MPI_File set size(MPI_Filefh, MPl_Offset size)
MPI_FILE_SET_SIZE(FH, SIZE, IERROR)

INTEGER FH, IERROR

INTEGER (KIND=MPI_OFFSET_KIND) SIZE

MPI 158 MPI_FILE_SET_SIZE

MPI_FILE_SET SIZE fh size.
: size.

MPI_FILE_PREALLOCATE(fh, size)
INOUT fh
IN size
int MPI_File_preallocate(MPI_File fh, MPI_Offset size)
MPI_FILE_PREALLOCATE(FH, SIZE, IERROR)
INTEGER FH, IERROR
INTEGER (KIND=MPI_OFFSET_KIND) SIZE

MPI 159 MPI_FILE PREALLOCATE
MPI_FILE PREALLOCATE fh size
: size .
size ; size;
sizes .

MPI_FILE_GET_SIZE(fh,size)
IN fh
ouT sze
int MPI_File get size(MPI_File fh, MPl_Offsat * size)
MPI_FILE_GET_SIZE(FH, SIZE, IERROR)
INTEGER FH, IERROR
INTEGER (KIND=MPI_OFFSET_KIND) SIZE

MP 160 MPI_FILE_GET_SIZE

MPI_FILE_GET_SIZE .
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MPI_FILE_GET_GROUP(fh,group)

IN fh

OUT  group

int MPI_File get_group(MPI_File fh, MPI_Group * group)

MPI_FILE_GET_GROUP( FH, GROUP, IERROR)
INTEGER FH, GROUP, IERROR

MPI 161 MPI_FILE_GET_GROUP

MPI_FILE_GET_GROUP fh group:
comm s

MPI_FILE_GET_AMODE(fh, amode)

IN fh

OUT amode

int MPI_File gt amode(MPI_File fh, int * amode)

MPI_FILE_GET_AMODE(FH, AMODE, IERROR)
INTEGER FH, AMODE, IERROR

MPI 162 MPI_FILE_GET_AMODE

MPI_FILE_GET_AMODE fh amode.

MPI_FILE_SET_INFO(fh, info)

INOUT fh

IN info

int MPI_File _set_info(MPI_File fh, MPI_Info info)

MPI_FILE_SET_INFO(FH, INFO, IERROR)
INTEGER FH, INFO, IERROR

MPI 163 MPI_FILE_SET_INFO

MPI_FILE_SET_INFO fh,

» fh

MPI_FILE_GET_INFO(fh, info_used)

IN fh

OUT  info_used

int MPI_File get info(MPI_filefh, MPI_Info * info_used)

MPI_FILE_GET_INFO(FH, INFO_USED,|[ERROR)
INTEGER FH,INFO_USED, IERROR

MPI 164 MPI_FILE_GET_INFO
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MPI_FILE_GET_INFO fh info_used.

21.3

SEEK: 0

21.3.1

MPI_FILE_READ_AT(fh, offset,buf,count,datatype,status)

IN fh

IN offset
OUT  buf

IN count

IN datatype
OUT datus

int MPI_File read at(MPI_Filefh, MPI_Offset offset, void * buf, int count,
MPI_Datatype datatype, MPIl_Statye* status)
MPI_FILE_ READ_AT(FH, OFFSET, BUF, COUNT,DATATYPE,STATUS, IERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATYPE, STATUS(MP_STATUS SIZE), IERROR
INTEGER(KIND=MPI_OFFSET_KIND) OFFSET

MPI 165 MPI_FILE_READ_AT

MPI_FILE READ AT fh offset ; count
datatype ; buf » status
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I oo

offset=100
MPI_FILE_READ_AT (fh,100,buf,5,typel,status)

>

>
buf « 3

89 MPI_FILE_READ AT

MPI_FILE WRITE_AT(fh, offset, buf, count, datatype,status)

INOUT fh

IN offset

IN buf

IN count

IN datatype
ouT status

int MPI_File write at(MPI_File fh, MPI_Offset offset, void * buf, int count,
MPI_Datatype datatype, MPl_Status * status)
MPI_FILE WRITE_AT(FH, OFFSET, BUF, COUNT, DATATYPE, STATUS,
IERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATYPE, STATUSMPI_STATUS SIZE), IERROR
INTEGER (KIND=MPI_OFFSET_KIND) OFFSET

MPI 166 MPI_FILE_WRITE_AT
MP_FILE WRITE AT MP_FILE READ_AT ; fh »
offset » buf  count datatype »

datus o
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Lo -

offset=100
MPI_FILE_WRITE_AT(fh,100,buf,5,typel, status)

buf « 3

90 MPI_FILE_WRITE_AT

MPI_FILE_READ_AT_ALL (fh, offset,but,count,datatype,status)

IN fh

IN offset
OUT  buf

IN count

IN datatype
OUT datus

int MPI_File read at_al(MPI_File fh, MPI_Offset offset, void *buf, int count,
MPI_Datatype datatype, MPI_Status * status)

MPI_FILE READ_AT_ALL(FH, OFFSET,BUF,COUNT,DATATYPE,STATUS, IERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATYPE, STATUS(MPI_STATUS SIZE), IERROR
INTEGER (KIND=MPI_OFFSET_KIND) OFFSET

MP 167 MPI_FILE_READ_AT ALL

MPI_FILE_READ AT ALL , fh
, MP_FILE READ AT .
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MPI_FILE WRITE_AT_ALL(fh, offset, buf, count, datatype, status)

INOUT fh

IN offset

IN buf

IN count

IN datatype
ouT status

int MPI_File write_at_all(MPI_File fh, MPI_Offset offset, void * buf, int count,
MPI_Datatype datatype, MPI_Status * status)

MPI_FILE WRITE_AT_ALL(FH, OFFSET, BUF, COUNT, DATATYPE,
STATUS, IERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATYPE, STATUS(MPI_STATUS SIZE),

|IERROR

INTEGER (KIND=MPI_OFFSET_KIND) OFFSET

MP 168 MPI_FILE_WRITE_AT_ALL

MPI_FILE WRITE_AT ALL MPI_FILE_READ AT ALL )
, fh ,
MPI_FILE WRITE_ AT .

21.3.2
MP_FILE IREAD_AT MP_FILE READ AT ; fh
offset, count datatype:
buf request. ;
; . request
MPI_WAIT . ; MPI_TEST
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MPI_FILE IREAD_AT(fh, offset,buf, count, datatype, request)

IN fh

IN offsat
ouT buf

IN count

IN datatype
ouT request

int MPI_File iread at(MPI_File fh, MPI_Offset offset, void * buf, int count,
MPI_Datatype datatype, MPl_Request * request)
MPI_FILE_IREAD_AT(FH,OFFSET,BUF,COUNT DATATY PE,REQUEST,|[ERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATY PE, REQUEST, IERROR
INTEGER (KIND=MPI_OFFSET_KIND) OFFSET

MP 169 MPI_FILE_IREAD_AT

MPI_FILE_IWRITE_AT(fh, offset,buf, count, datatype, request)

INOUT fh

IN offsat

IN buf

IN count

IN datatype
ouT request

int MPI_File_iwrite_at(MPI_File fh, MPI_Offset offset, void * buf, int count,
MPI_Datatype datatype, MPlI_Request * request)

MPI_FILE IWRITE_AT(FH,OFFSET,BUF,COUNT ,DATATY PE,REQUEST,|IERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATY PE, REQUEST, IERROR
INTEGER (KIND=MPI_OFFSET_KIND) OFFSET

MPI 170 MPI_FILE_IWRITE_AT
MPI_FILE IWRITE AT MP_FILE WRITE AT s fh
s offset, count
datatype: buf
request. s request

MPI_WAIT .
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21.3.3

E

E

MPI_WAIT

MPI-2

13 a

a

MPI_WAIT

MPI_FILE ... BEGIN
{

MPI_FILE ... END
4 3

)

MPI_FILE ... BEGIN
4

MPI_FILE ... END
{

N-1

MPI_FILE .._BEGIN
4

MPI_FILE ... END

91

IN fh

IN offset
OuUT  buf

IN count

IN datatype

MPI_FILE_READ AT _ALL_BEGIN(fh, offset, buf, count, datatype)

int MPI_File read at_all_begin(MPI_File fh, MPI_Offset offset, void * buf,
int count, MPI_Datatype datatype)
MP_FILE READ_AT_ALL_BEGIN(FH, OFFSET, BUF, COUNT, DATATYPE,
IERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATYPE, IERROR
INTEGER (KIND=MPI_OFFSET_KIND) OFFSET

MPI

171 MPI_FILE_READ_AT ALL_BEGIN

MPI_FILE READ AT ALL_BEGIN *

offset
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; fh

; count datatype




: buf .
MPI_FILE READ_AT ALL_END ; MPI_FILE READ_AT ALL_END
) buf o

MP!_FILE_READ AT _ALL_END(fh, buf, status)

IN fh
ouT buf
ouT status

int MPI_File read_at dl_end(MPI_File fh, void * buf, MPI_Status * status)
MPI_FILE_READ_AT_ALL_END(FH, BUF, STATUS, IERROR)

<type> BUF(*)

INTEGER FH, STATUSMPI_STATUS SIZE), IERROR

MPI 172 MPI_FILE_READ_AT_ALL_END

MPI_FILE_READ AT _ALL_END MPI_FILE_READ AT ALL_BEGIN
. fh buf MPI_FILE_ READ AT ALL_BEGIN .
1 1 buf 1 o

MPI_FILE WRITE_AT_ALL_BEGIN(fh, offset, buf, count, datatype)

INOUT fh

IN offset
IN buf

IN count

IN datatype

int MPI_File write_a_al_begin(MPI_File fh, MPI_Offset offset, void * buf,
int count, MPI_Datatype datatype)
MP_FILE WRITE_AT_ALL_BEGIN(FH, OFFSET, BUF, COUNT, DATATYPE,
IERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATYPE, IERROR
INTEGER (KIND=MPI_OFFSET_KIND) OFFSET

MP 173 MPI_FILE_WRITE_AT_ALL_BEGIN

MPI_FILE WRITE_ AT _ALL_BEGIN “ ” ; fh
offset > buf count datatype
; - MPI_FILE READ_AT ALL_BEGIN ;

E E o

MPI_FILE WRITE_AT ALL_END .
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MPI_FILE WRITE_AT_ALL_END(fh, buf, status)

INOUT fh
IN buf
ouT status

int MPI_File write at_al_end(MPI_File fh, void * buf, MPI_Status * status)
MPI_FILE WRITE_AT_ALL_END(FH, BUF, STATUS, IERROR)

<type> BUF(*)
INTEGER FH, STATUS(MPI_STATUS SIZE), IERROR

MPI 174 MPI_FILE_WRITE_AT_ALL_END

MPI_FILE_ WRITE_AT_ALL_END MPI_FILE_ WRITE_AT_ALL_BEGIN
E E bljf o

21.4

92
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2141

93
MPI_FILE_SET_VIEW ; [@] ; fh
o fh »
disp: disp »
etype: etype > filetype etype
s etype filetype: s filetype
etype »
filetype s
; ; disp s N
s filetype ;
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MPI_FILE SET VIEW(fh, disp,etypefiletypedatarep,info)

INOUT fh

IN disp

IN etype
IN filetype
IN datarep
IN info

MPI_Datatype filetype, char * datarep, MPI_Info info)

IERROR)
CHARACTER *(*) DATAREP
INTEGER FH, ETYPE, FILETY PE,INFO, ERROR

int MPl_File set view(MPI_File fh, MPI_Offset disp, MPI_Datatype etype,

MPI_FILE_SET_VIEW(FH, DISP, ETYPE, FILETYPE, DATAREP, INFO,

MPI 175 MPI_FILE_SET_VIEW

MPI_FILE SET VIEW s fh
p fh
: native. internal  externa 32

MPI s s
native
s native
A
native
. internal
external32
94
internal s MPI
s native s

external 32

295
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; MPI s o external32

MPI_FILE_GET_VIEW(fh, disp,etype filetype datarep)

IN fh
OUT disp
OUT etype
ouT filetype
OUT  datarep

int MPI_File_get view(MPI_File fh, MPI_Offset * disp, MPI_Datatype * etype,
MPI_Datatype * filetype, char * datarep)
MPI_FILE_GET_VIEW(FH, DISP,ETY PE,FILETY PE,DATAREP,|ERROR)
INTEGER FH, ETYPEFILETYPEIERROR
CHARACTER *(*) DATAREP,
INTEGER (KIND=MPI_OFFSET_KIND) DISP

MPI 176 MPI_FILE_GET_VIEW

MPI_FILE_GET_VIEW ; » fh
» disgp » etype s
filetype » datarep 0
MPI_FILE_SET_VIEW .

MPI_FILE_SEEK (fh, offset, whence)

INOUT fh
IN offset
IN whence offset

int MPI_File_seek(MPI_File fh, MPI_Offset offset, int whence)
MPI_FILE_SEEK(FH,OFFSET, WHENCE,IERROR)
INTEGER FH, WHENCE, IERROR
INTEGER (KIND=MPI_OFFSET_KIND) OFFSET

MPI 177 MPI_FILE_SEEK
MPI_FILE _SEEK . fh » Offset
whence ; o whence MPI_SEEK SET -
MPI_SEEK CUR MPI_SEEK END. 22 o
22

MPI SEEK SET offset

MPI_SEEK_CUR +offsat

MPI_SEEK _END +offsat
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MPI_FILE_GET_POSITION(fh, offset)
IN fh
ouT offset
int MPI_File get position(MPI_File fh, MPI_Offset * offset)
MPI_FILE_GET_POSITION(FH, OFFSET, IERROR)
INTEGER FH, IERROR
INTEGER (KIND=MPI_OFFSET_KIND) OFFSET

MPI 178 MPI_FILE_GET_POSITION

MP!_FILE_GET_POSITION ,
etype . ;

95

MPI_FILE_GET_BYTE_OFFSET(fh, offset,disp)

IN fh
IN offset
ouT disp ;

int MPI_File get byte offset(MPI_Filefh, MPI_Offsat  offset, MPI_Offset * disp)
MPI_FILE_GET_BYTE_OFFSET(FH, OFFSET, DISP, IERROR)

INTEGER FH, IERROR

INTEGER (KIND=MPI_OFFSET_KIND) OFFSET, DISP

MPI 179 MPI_FILE_GET_BYTE_OFFSET

MPI_FILE_GET_BYTE_OFFSET offset
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disp -

offset

96

21.4.2

MPI_FILE_READ(fh, buf,count,datatype,status)

INOUT fh

ouT buf

IN count

IN datatype

ouT status

int MPI_File read(MPI_file fh, void * buf, int count, MPI_Datatype datatype,

MPI_Status * status)

MPI_FILE_READ(FH, BUF, COUNT,DATATYPE, STATUS, IERROR)
<type> BUF(*)
INTEGER FH,COUNT,DATATYPE,STATUS|ERROR

MPI 180 MPI_FILE_READ

MPI_FILE READ fh p datatype:
counts buf s status .
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MPI_FILE_WRITE(fh, buf,count,datatype,status)

INOUT fh

IN buf

IN count

IN datatype
ouT status

int MPI_File write(MPI_file fh, void * buf, int count, MPI_Datatype datatype,
MPI_Status * status)
MPI_FILE WRITE(FH, BUF, COUNT,DATATYPE, STATUS, IERROR)

<type> BUF(*)
INTEGER FH,COUNT,DATATYPE,STATUS|ERROR

MPI 181 MPI_FILE_WRITE

MPI_FILE WRITE buf count datatype ;
status. MPI_FILE_WRITE MPI_FILE_READ ;

E E

MPI_FILE_READ_ALL(fh, buf,count,datatype,status)

INOUT fh

ouT buf

IN count

IN datatype
ouT status

int MPI_File read dI(MPI_file fh, void * buf, int count, MPI_Datatype datatype,
MPI_Status * status)
MPI_FILE READ_ALL(FH, BUF, COUNT,DATATYPE, STATUS, IERROR)

<type> BUF(*)
INTEGER FH,COUNT,DATATYPE,STATUS|ERROR

MPI 182 MPI_FILE_READ_ALL
MPI_FILE READ_ALL ; fh
; MPI_FILE_READ ;
count datatype s buf . satus -

E

299



MPI_FILE WRITE_ALL(fh, buf,count,datatype,status)

INOUT fh

IN buf

IN count

IN datatype

ouT status
int MPI_File write al(MPI_file fh, void * buf, int count, MPlI_Datatype datatype,
MPI_Status * status)
MPI_FILE WRITE_ALL(FH, BUF, COUNT,DATATYPE, STATUS, IERROR)
<type> BUF(*)
INTEGER FH,COUNT,DATATYPE,STATUSJERROR

MPI 183 MPI_FILE_WRITE_ALL
MPI_FILE WRITE_ALL » MPI_FILE_ READ_ALL ; ;
. fh ;
MPI_FILE WRITE ; buf count
datatype s » status -
21.4.3
MPI_WAIT, .

MPI_FILE_IREAD(fh, buf, count,datatype,request)

INOUT fh

ouT buf

IN count

IN datatype
ouT request

int MPI_File_iread(MPI_File fh, void * buf, int count,Datatype datatype,
MPI_Request * request)
MPI_FILE_IREAD(FH,BUF,COUNT,DATATY PE,REQUEST,|ERROR)
<type> BUF (*)
INTEGER FH, COUNT, DATATYPE, REQUEST, IERROR

MPI 184 MPI_FILE_IREAD
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fh count datatype buf

request : request MPI_WAIT s

MPI_FILE_IWRITE(fh, buf, count,datatype,request)

INOUT fh

IN buf

IN count

IN datatype
ouT request

int MPI_File_iwrite(MPI_File fh, void * buf, int count,Datatype datatype,
MPI_Request * request)
MPI_FILE_IWRITE(FH,BUF,COUNT DATATY PE,REQUEST,|ERROR)
<type> BUF (*)
INTEGER FH, COUNT, DATATYPE, REQUEST, IERROR

MPI 185 MPI_FILE_IWRITE
MPI_FILE_IWRITE fh ; buf . count
datatype: ;
; request » request
MPI_WAIT ; ; .
2144
MPI-2 ;
MPI_WAIT .

MPI_FILE_READ_ALL_BEGIN(fh, buf,count,datatype)

INOUT fh

ouT buf

IN count

IN datatype

int MPI_File read all begin(MPI_Filefh, void * buf, int count,
MPI_Datatype datatype)
MPI_FILE_READ_ALL_BEGIN(FH, BUF, COUNT, DATATYPE, IERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATYPE, IERROR

MP 186 MPI_FILE_READ ALL_BEGIN

MPI_FILE_READ_ALL_BEGIN ;
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: count

datatype- ;
buf MPI_FILE READ_ALL_END .

MPI_FILE_READ_ALL_END(fh, buf,status)

INOUT fh
ouT buf
ouT status

int MPI_File read dl_end(MPI_Filefh, void * buf, MPI_Status * status)
MPI_FILE READ_ALL_END(FH, BUF, STATUS, IERROR)

<type> BUF(*)

INTEGER FH, STATUS(MPI_STATUS SIZE) , IERROR

MP 187 MPI_FILE_READ_ALL_END

MPI_FILE_READ _ALL_END ) MPI_FILE_READ ALL_BEGIN
) . MPI_FILE_ READ ALL_END )

MPI_FILE_WRITE_ALL_BEGIN(fh, buf,count,datatype)

INOUT fh

IN buf

IN count

IN datatype

int MPI_File write_al_begin(MPI_Filefh, void * buf, int count,
MPI_Datatype datatype)
MPI_FILE WRITE_ALL_BEGIN(FH, BUF, COUNT, DATATYPE, IERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATYPE, IERROR

MP 188 MPI_FILE_WRITE_ALL_BEGIN

MPI_FILE WRITE_ALL_BEGIN MPI_FILE READ_ALL_BEGIN »
; fh »
buf count datatype ; fh -

MPI_FILE_ WRITE_ALL_END .
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MPI_FILE WRITE_ALL_END(fh, buf,status)
INOUT fh
IN buf
ouT status
int MPI_File write al_end(MPI_File fh, void * buf, MPl_Status * status)
MPI_FILE WRITE_ALL_END(FH, BUF, STATUS, IERROR)
<type> BUF(*)
INTEGER FH, STATUS(MPI_STATUS SIZE) , IERROR

MP 189 MPI_FILE_WRITE_ALL_END

MPI_FILE WRITE_ALL_END , MPI_FILE WRITE_ALL_BEGIN
, . MPI_FILE WRITE_ALL_END )

215

MPI_FILE_SEEK_SHARED(fh, offset, whence)

INOUT fh
IN offset
IN whence

int MPI_File seek _shared(MPI_File fh, MPI_Offset offset, int whence)
MPI_FILE_SEEK_SHARED(FH, OFFSET, WHENCE, |IERROR)
INTEGER FH, WHENCE, IERROR
INTEGER (KIND=MPI_OFFSET_KIND) OFFSET

MPI 190 MPI_FILE_SEEK_SHARED

MPI_FILE_SEEK_SHARED MPl_FILE SEEK
) , MPI_FILE_SEEK

MPI_FILE_GET_POSITION_SHARED MPI_FILE GET POSITION

a



MPI_FILE_GET_POSITION_SHARED(fh, offset)
IN fh
ouT offset
int MPI_File get position(MPI_File fh, MPI_Offseat * offsat)
MPI_FILE_GET_POSITION_SHARED(FH, OFFSET, IERROR)
INTEGER FH, IERROR
INTEGER (KIND=MPI_OFFSET_KIND) OFFSET

MPI 191 MPI_FILE_GET_POSITION_SHARED

21.5.1

MPI_FILE_READ_SHARED(fh, buf,count,datatype,status)

INOUT fh

ouT buf

IN count

IN datatype
ouT status

int MPI_File_read shared(MPI_File fh, void * buf, int count, MPI_Datatype datatype,
MPI_Status * status)
MPI_FILE_ READ_SHARED(FH, BUF, COUNT,DATATYPE, STATUS|ERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATYPE, STATUS(MPI_STATUS SIZE), IERROR

MPI 192 MPI_FILE_READ_SHARED
MPI_FILE READ SHARED fh count datatype
; buf . status. ,
MPI_FILE WRITE_SHARED fh , buf
count datatype. datus. MPI_FILE WRITE_SHARED

MPI_FILE READ_SHARED )
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MPI_FILE_ WRITE_SHARED(fh, buf,count,datatype,status)

INOUT fh

IN buf

IN count

IN datatype
ouT status

int MPI_File write_shared(MPI_File fh, void * buf, int count, MPI_Datatype datatype,
MPI_Status * status)
MPI_FILE WRITE_SHARED(FH, BUF, COUNT,DATATYPE, STATUS,|ERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATYPE, STATUS(MPI_STATUS SIZE), IERROR

MPI 193 MPI_FILE_WRITE_SHARED

MPI_FILE READ_ORDERED(fh, buf, count, datatype, status)

INOUT fh

ouT buf

IN count

IN datatype
ouT status

int MPI_File read ordered(MPI_File fh, void * buf, int count, MPI_Datatype datatype,
MPI_Status * status)
MPI_FILE_READ_ORDERED(FH, BUF, COUNT, DATATYPE, STATUS, IERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATYPE, STATUS(MPI_STATUS SIZE), IERROR

MPI 194 MPI_FILE_READ_ORDERED

MPI_FILE_ READ_ORDERED ;
MPI_FILE READ_SHARED - ;
rank ; » 0. 1. ..., N1 o
count datatype s buf . status -
MPI_FILE WRITE_ORDERED ;
MPI_FILE WRITE_SHARED - ;
rank ; » 0L ..o N-1 .

E E

buf count datatype - status -



MPI_FILE_ WRITE_ORDERED(fh, buf, count, datatype, status)

INOUT fh

IN buf

IN count

IN datatype
ouT status

int MPI_File write_ordered(MPI_File fh, void * buf, int count, MPI_Datatype datatype,
MPI_Status * status)
MP_FILE WRITE_ORDERED(FH, BUF, COUNT, DATATYPE, STATUS, IERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATYPE, STATUS(MPI_STATUS SIZE), IERROR

MPI 195 MPI_FILE_WRITE_ORDERED
21.5.2
MPI_FILE IREAD_SHARED MPI_FILE_READ_SHARED ; fh
count datatype ; buf

MPI_FILE_READ_SHARED )
, request
MPI_WAIT .

MPI_FILE IREAD_SHARED(fh, buf,count,datatype,request)

INOUT fh

ouT buf

IN count

IN datatype
ouT request

int MPI_File iread shared(MPI_File fh, void * buf, int count, MPI_Datatype datatype,
MPI_Request * request)
MPI_FILE IREAD_SHARED(FH, BUF, COUNT,DATATY PE, REQUEST,|[ERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATYPE, REQUEST, IERROR

MPI 196 MPI_FILE_IREAD_SHARED
MPI_FILE_IWRITE_SHARED fh buf ;
count datatype. ;
; request s request

MPI_WAIT .



MPI_FILE_IWRITE_SHARED(fh, buf,count,datatype,request)

INOUT fh

IN buf

IN count

IN datatype
ouT request

int MPI_File_iwrite_shared(MPI_File fh, void * buf, int count, MPI_Datatype datatype,
MPI_Request * request)
MPI_FILE IWRITE_SHARED(FH, BUF, COUNT,DATATY PE, REQUEST,|ERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATY PE, REQUEST, IERROR

MPI 197 MPI_FILE_IWRITE_SHARED

21.5.3

b L]

MPI_FILE_READ_ORDERED_BEGIN(fh, buf, count, datatype)

INOUT fh

ouT buf

IN count

IN datatype

int MPI_File read ordered begin(MP!I_File fh, void * buf, int count,
MPI_Datatype datatype, MPI_Status * status)
MPI_FILE_ READ_ORDERED_BEGIN(FH, BUF, COUNT, DATATY PE, IERROR)
<type> BUF(*)
INTEGER FH, COUNT, DATATYPE, IERROR

MPI 198 MPI_FILE_ READ_ORDERED_BEGIN
MPI_FILE_ READ_ORDERED BEGIN ;
fh rank , ,
count datatype ; buf

MPI_FILE READ_ORDERED _END .
MPI_FILE READ_ORDERED_END ; fh
> buf » status o s
buf o
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MPI_FILE_READ_ORDERED_END(fh, buf, status)

INOUT fh
ouT buf
ouT status

int MPI_File read ordered end(MPI_File fh, void * buf, MPl_Status * status)
MPI_FILE READ_ORDERED_END(FH, BUF, STATUS, IERROR)

<type> BUF(*)
INTEGER FH, STATUS, IERROR

MP 199 MPI_FILE_READ_ORDERED_END

MP!_FILE_WRITE_ORDERED_BEGIN(fh, buf, count, datatype)
INOUT  fh

IN buf
IN count
IN datatype

int MPI_File write_ordered_begin(MPI_File fh, void * buf, int count,
MPI_Datatype datatype)
MPI_FILE WRITE_ORDERED_BEGIN(FH, BUF, COUNT, DATATYPE, IERROR)
<type> BUF(*)
INTEGER FH, COUNT,DATATYPE, IERROR

MPI 200 MPI_FILE_WRITE_ORDERED_BEGIN
MPI_FILE_WRITE_ORDERED_BEGIN »
fh rank ; ;

buf  count datatype » »

E

MP!_FILE_WRITE_ORDERED END .

MPI_FILE_WRITE_ORDERED_END(fh, buf, status)

INOUT fh
IN buf
ouT status

int MPI_File write ordered_end(MPI_File fh, void * buf, MPI_Status * status)
MPI_FILE WRITE_ORDERED_END(FH, BUF, STATUS, IERROR)

<type> BUF(*)

INTEGER FH, STATUS(MPI_STATUS SIZE), IERROR

MP 201 MPI_FILE_WRITE_ORDERED_END




MPI_FILE WRITE_ ORDERED END s
fh » buf » Status .
buf o

MPI_FILE_GET_TYPE_EXTENT(fh, datatype, extent)

IN fh
IN datatype
ouT extent

int MPI_File get_type extent(MPI_File fh, MPI_Datatype datatype, MPI_Aint * extent)
MPI_FILE GET_TYPE_EXTENT(FH, DATATYPE,EXTENT, IERROR)

INTEGER FH, DATATYPE, IERROR

INTEGER (KIND=MPI_ADDRESS KIND) EXTENT

MPI 202 MPI_FILE_GET_TYPE_EXTENT

MPI_FILE_GET_TYPE_EXTENT fh datatype

extent. ; dtype_file_extent_fn

MPI_REGISTER _DATAREP(datarep, read_conversion fn, write_conversion_fn,
dtype file extent_fn,extra state)

IN datarep
IN read _conversion fn
IN write_conversion_fn

IN dtype file extent fn
IN extra_state
int MPl_Register_datarep(char * datarep, MPI_Datarep_conversion function *
read _conversion fn, MPI_Datarep_conversion function * write_conversion fn,
MPI_Datarep_extent_function * dtype file extent fn, void * extra_state)
MPI_REGISTER DATAREP(DATAREP,READ_CONVERSION_FN,
WRITE_CONVERSION_FN,DTYPE_FILE_EXTENT_FN,EXTRA_STATE,|ERROR)
EXTERNAL READ_CONVERSION_FN, WRITE_CONVERSION_FN
DTYPE_FILE_EXTENT_FN
INTEGER (KIND=MPI_ADDRESS KIND) EXTRA_STATE
INTEGER |IERROR

MP 203 MP|_REGISTER_DATAREP
MPI_REGISTER DATAREP datarep,
MPI_FILE_SET_VIEW, datarep: )

read_conversion_fn; ; s
write_conversion_fn. ;
dtype_file_extent_fn.



MPI_FILE_SET_ATOMICITY (fh, flag)
INOUT fh
IN flag
int MPI_File set atomicity(MPI_File fh, int flag)
MPI_FILE_SET_ATOMICITY (FH, FLAG, IERROR)
INTEGER FH, IERROR
LOGICAL FLAG

MPI 204 MPI_FILE_SET_ATOMICITY

MPI_FILE SET_ATOMICITY ;
fh . flag=ture ., »  flag=fdse

a b

MPI_FILE GET_ATOMICITY (fh, flag)
IN fh
ouT flag
int MPI_File set atomicity(MPI_File fh, int * flag)
MPI_FILE_SET_ATOMICITY (FH, FLAG, IERROR)
INTEGER FH, IERROR
LOGICAL FLAG

MPI 205 MPI_FILE_GET_ATOMICITY
MPI_FILE GET_ATOMICITY fh ; flag
MPI_FILE SET_ATOMICITY »  flag=true .
»  flag=fase; 0

MPI_FILE_SYNC(fh)

INOUT fh

int MPI_File_sync(MPI_File fh)

MPI_FILE_SYNC(FH, IERROR)
INTEGER FH, IERROR

MP 206 MPI_FILE_SYNC

MPI_FILE_SYNC ) fh .
fh .
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MPI_TYPE _CREATE DARRAY (sizerank,ndims,array_of gsizesarray of distribs,
array_of _dargsarray_of psizes,order,oldtypenewtype)

IN gze
IN rank
IN ndims

IN array of gsize
IN array_of distribs
IN  aray_of dargs
IN aray _of psizes

IN  older C FORTRAN
IN  oldtype
OUT newtype

oldtype, MPI_Datatype * newtype)

MPI_TYPE_CREATE _DARRAY (SIZE,RANK,NDIMSARRAY_OF GSIZES,
ARRAY_OF DISTRIBSARRAY_OF DARGS, ARRAY_OF_PSIZE,ORDER,
ORDER, OLDTYPE, NEWTYPE, |IERROR)

ARRAY_OF DARGS(*), ARRAY_OF PSIZES(*), ORDER, OLDTYPE,

int MPI_Type create darray(int size, int rank, int ndims, int array _of gsized], int
array_of distribd[], int array_of dargq]], int array_of psizeq], int order, MPI_Datatype

INTEGER SIZE,RANK,NDIMS, ARRAY_OF GSIZE(*), ARRAY_OF DISTRIBS(*),

MPI 207 MPI_TYPE_CREATE_DARRAY

MP_TYPE CREATE DARRAY ;
- ndims s array_of_gsize ;
array_of_distribs array_of_dargs ;

array_of_dargs s s
MPI_DISTRIBUTE_DFLT_DARG. size:
array_of_psizes . ;
older » » FORTRAN

MPI_ORDER _FORTRAN C MPI_ORDER_C. oldtype

; newtype -

5 m*n 2
; » 6 2*3 ;
MPI_Type create darray filetype, filetype

E E

gsizeq 0]=m;
gziseq[1]=n;
distribs0]=MPI_DISTRIBUTE_BLOCK;
distribg/1]=MPI_DISTRIBUTE_BLOCK;
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dargg0]=MPI_DISTRIBUTE_DFLT_DARG;
dargq1]=MPI_DISTRIBUTE _DFLT_DARG;
psizes[0]=2;

psizes[1]=3;
MPI_Comm_rank(MPI_COMM_WORLD,&rank);

MPI_Type_create_darray(6,rank,2,gsizes,distribs,dargs,psizesMPI_ORDER_C,MPI_FLOAT,

&filetype);

MPI_Type _commit(&filetype);

MPI_File_open(MPI_COMM_WORLD, "datéfile',MPl_MODE_CREATE|
MPI_MODE_WRONLY ,MPI_INFO_NULL,&fh);

MPI_File set view(fh,0,MPI_FLOAT filetype,"native',MPI_INFO_NULL);

loca_array_size=num_loca_rows*num_loca_cals;

MPI_File write al(fh,loca_array,locd_array_size MPI_FLOAT & status);

MPI_File_close(&fh);

67

MPI_TYPE_CREATE_SUBARRAY (ndims,array_of_sizes, array_of_subsizes,
array_of_dtarts, order, oldtype, newtype)

IN ndims

IN array_of_sizes

IN array_of_subsizes

IN array_of_starts

IN order
IN oldtype
OUT newtype

int MPI_Type_create_subarray(int ndims, int array_of_sizeq[], int array_of_subsized[],
int array_of_starty[], int order, MPI_Datatype oldtype, MPI_Datatype * newtype)
MPI_TYPE_CREAT_SUBARRAY(NDIMS, ARRAY_OF SIZES,
ARRAY_OF SUBSIZESARRAY_OF _STARTSORDER,OLDTYPENEWTY PE,
IERROR)
INTEGER NDIMS, ARRAY_OF SIZES(*), ARRAY_OF SUBSIZES(*),
ARRAY_OF STARTS(*), ORDER, OLDTY PE, NEWTY PE, IERROR

MPI 208 MPI_TYPE_CREATE_SUBARRAY

MPI_TYPE_CREATE_SUBARRAY )

o ndims , array_of_sizes ,
array_of_subsizes ;
aray_of starts . { > order
oldtype: newtype .
o m*n 2 s
2*3 ; m/i2 n/3:

; dtart_indiceg 0]=coordg 0] *|sizeq[ 0]
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start_indices] 1]=coordd[1]*Isizeq[1] - MPI_Type creste subarray
filetype: filetype s

E

gsizeq 0]=m;

gsizes 1]=n;

psizes[0]=2;

psizeq 3]=3;

Isizeq O]=m/psizeq[O];

Isizeq[1]=n/psizes[1];

dimg[0]=2;

dimg1]=3;

periodq O]=periodg[ 1]=1;
MPI_Cart_create(MPI_COMM_WORLD,2,dims,periods, 0 & comm);
MPI_Comm_rank(comm,&rank);

MPI_Cart_coords(comm,rank,2,coords);

start_indicegq 0]=coordg[0]*Isizeq[0];

dtart_indiceq 1]=coordq[1]*Isizeq[1];

MPI_Type _create_subarray(2,gsizes/|sizes,start_indicesMPI_ORDER_C,MPI_FLOAT &filetype);
MPI_Type _commit(&filetype);
MPI_File_open(MPI_COMM_WORLD,"datéfile’,MPI_MODE_CREATE]|
MPI_MODE_WRONLY, MPI_INFO_NULL, &fhy;
MPI_File_setview(fh,0,MPI_FLOAT filetype,"native’,MPl_INFO_NULL);
memsizeq 0]=Isizeq[0] +8;

memsizes[1]=|sizeq 1] +8;

I* 4 */

dtart_indiceq O]=start_indiceq[1]=4;
MPI_Type_subarray(2,memsizes,|sizes,start_indices MPI_ORDER_C,MPI_FLOAT,& memtype);
I* */

MPI_Type_commit(& memtype);

MPI_File write_al(fh,loca_array,1,memtype,& status);
MPI_File_close(&fh);

68

21.7

I/0 » MPI s

; I/0 I/0
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1.C

MPI C C
MPI_CHAR char
MPI_BYTE

MP_SHORT short
MPI_INT int
MPI_LONG long
MP_FLOAT float

MPI DOUBLE double

MPI_ UNSIGNED CHAR unsigned char
MPI_UNSIGNED SHORT unsigned short
MPI UNSIGNED unsigned int
MPI_UNSIGNED LONG unsigned long
MPI_LONG DOUBLE long double (some systems may not implement)

2. MPI_MAXLOC MPI_MINLOC C

MPI C
MP_FLOAT INT struct { float, int }
MPI_ LONG INT struct { long, int }

MPl_DOUBLE INT

struct { double, int }

MPI_SHORT INT

struct { short, int }

MPI_2INT

gruct{ int, int}

MPI_LONG_DOUBLE_INT

struct { long double, int };

MPI_LONG_LONG_INT

struct { long long, int };

3.
MPI
MPI_PACKED For MPI_Pack and MPI_Unpack
MPI_UB For MPl_Type struct; an upper-bound indicator
MPI LB For MPI_Type struct; alower-bound indicator
4. Fortran
MPI Fortran
MPI_REAL REAL
MPI_INTEGER INTEGER
MPI_LOGICAL LOGICAL
MPI_DOUBLE PRECISION DOUBLE PRECISION
MPI_COMPLEX COMPLEX
MPI_DOUBLE_COMPLEX complex*16 complex* 32
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5. FORTRAN

MPI Fortran
MPI_INTEGER1 integer*1
MPI_INTEGER2 integer*2
MPI_INTEGER4 integer*4
MPI_REAL4 rea*4
MPI_REALS rea*8
6. MPI_MAXLOC MPI_MINLOC Fortran ; Fortran
MPI Fortran
MPI_2INTEGER INTEGER,INTEGER
MPI_2REAL REAL, REAL

MPI_2DOUBLE PRECISION

DOUBLE PRECISION, DOUBLE PRECISION

MPI_ 2COMPLEX

COMPLEX, COMPLEX

MPI_2DOUBLE _COMPLEX

complex* 16, complex* 16

7. , C MPI_Comm.  Fortran Fortran
MPI_COMM_WORLD

MPI_COMM_SELF

8. s C MPI_Group »  Fortran INTEGER

MPI_GROUP_EMPTY

MPI_IDENT

MPI_CONGRUENT

MPI_SIMILAR

MPl_UNEQUAL

10. >

MPI_REDUCE_SCATTER, and MPI_SCAN J,

INTEGER P

{ MPI_REDUCE, MPI_ALLREDUCE,
C MPI_Op » Fortran

MPI_MAX

MPI_MIN

MPI_SUM

MPI_PROD

MPI_LAND
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MPl_BAND

MPl_LOR

MPl_BOR

MPI_LXOR

MPl_BXOR

MPI_MINLOC

MPI_MAXLOC

11. » C Fortran

MP_TAG UB

tag

MPI_HOST

MPI_IO

1/0

MPl_WTIME_IS GLOBAL

MPI_WTIME

12.

MPI_COMM_NULL

MPI_OP_NULL

MPI_GROUP_NULL

MPI_DATATYPE_NULL

MPl_REQUEST _NULL

MPI_ERRHANDLER_NULL

13.

MPI_MAX_PROCESSOR_NAME

MPI_MAX_ERROR_STRING

MPI_UNDEFINED

MPI_UNDEHNED_RANK

MPI_KEYVAL_INVALID

MPI_BSEND_OVERHEAD

MPI_PROC_NULL

MPI_ANY_SOURCE

MPI_ANY_TAG

tag

MPI_BOTTOM

14.

MPl_GRAPH

MPI_CART
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15. MP » MPI_Status

MPI_SOURCE

MPI_TAG

MPI_ERROR

16.

MPI_Aint

MPI_Handler_function

MPI_User_function

ellelle

MPI_Copy_function

MPI_NULL_COPY_FN

MPI_Delete function

MPI_NULL_DELETE_FN

MPl_DUP_FN

MPI_ERRORS ARE_FATAL

MPI_ERRORS RETURN

17. MP

MPI_SUCCESS

MPl_ERR_BUFFER

MPI_ERR_COUNT

MPl_ERR_TYPE

MPI_ERR TAG

tag

MPl_ERR_COMM

MPI_ERR_RANK

MPI_ERR_ROOT

ROOT

MPI_ERR_GROUP

MPI_ERR OP

MPI_ERR_TOPOLOGY

MPI_ERR_DIMS

MPI_ERR_ARG

MPI_ERR_UNKNOWN

MPI_ERR_TRUNCATE

MPI_ERR_OTHER

MPI_ERR_INTERN

MPI_ERR_IN_STATUS

Satus

MPI_ERR_PENDING

MPI_ERR_REQUEST

MPl_ERR_LASTCODE
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2 MPICH 121

1. MM

MPI_Abort MPI_Address
MPI_Allgather MPI_Allgatherv
MPI_Allreduce MPI_Alltoall
MPI_Alltodlv MPI_Attr deete
MPI_Attr_get MPI_Attr_put
MPI_Barrier MPI_Bcast
MPI_Bsend MPI_Bsend init
MPI_Buffer attach MPI Buffer detach
MPI_Cancel MPI_Cart_coords
MPI_Cart create MPI_Cart get
MPI_Cart map MPI_Cart rank
MPI_Cart_shift MPI_Cart_sub
MPI_Cartdim_get MPI_CHAR
MPI_Comm compare MPI_Comm_ create
MPI_Comm _dup MPI_Comm free

MPI_Comm_group

MPI_Comm rank

MPI_Comm remote group

MPI Comm remote size

MPI Comm size

MPI Comm split

MPI_Comm test inter

MPI_Dims create

MPl_ DUP FN

MPI_Errhandler create

MPI_Errhandler free

MPI_Errhandler get

MPI_Errhandler set

MPI_Error_class

MPI_Error_string

MPI_File c2f

MPI_File close

MPI_File delete

MPI File f2c

MPI File get amode

MPI_File get atomicity

MPI_File get byte offset

MPI_File get errhandler

MPI_File get group

MPI_File get info

MPI_File get position

MPI_File get position shared

MPI _File get size

MPI_File get type extent

MPI_File get view

MPI File iread

MPI File iread at

MPI_File iread shared

MPI_File iwrite

MPI File iwrite at

MPI File iwrite shared

MPI_File open MPI _File preallocate
MPI File predlocate MPI File read

MPI_File read all MPI_File read al begin
MPI_File read al end MPI_File read at

MPI_File read at all

MPI_File read a al begin

MPI File read at all end

MPI_File read ordered

MPI_File read ordered begin

MPI_File read ordered end

MPI_File read shared

MPI File seek

MPI_File seek shared

MPI_File set atomicity

MPI_File set errhandler

MPI_File set info

MPI File set size

MPI File set view

MPI_File sync

MPI_File write

MPI_File write all

MPI_File write al begin

MPI_File write al end

MPI_File write at
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MPI_File write at al

MPI_File write at all begin

MPI_File write a all end

MPI_File write ordered

MPI_File write ordered begin

MPI_File write ordered end

MPI_File write shared

MPI_Finalize

MPI_Finaized

MP|_Gather

MPI_Gatherv

MPI_Get count

MPI Get elements

MPI_Get_processor_name

MPI_Get version

MPI_Graph create

MPI _Graph get

MPI_Graph _map

MPI Graph neighbors

MPI Graph neighbors count

MPI_Graphdims get

MPI_Group compare

MPI_Group_difference

MPI_Group_excl

MPI_Group free

MPI_Group_incl

MPI_Group_intersection

MPI_Group_range excl

MPI_Group range incl

MPI_Group rank

MPI_Group_size

MPI_Group_trandate ranks

MPI_Group_union

MPI_Ibsend

MPI_Info_c2f MPI_Info_create

MPI Info delete MPI _Info dup
MPI_Info f2c MPI Info_free

MPI Info get MPI Info get nkeys
MPI_Info_get nthkey MPI_Info get valuelen
MPI_Info_set MPI_Init
MPI_Init_thread MPI_Initidized
MPI_Int2handle MPI_Intercomm create
MPI_Intercomm_merge MPI _Iprobe

MPI_Irecv MPI_Irsend
MPI_Isend MPI_Issend
MPI_Keyva create MPI_Keyva free
MPI_NULL_COPY _FN MPI_NULL DELETE FN
MPI_Op_creste MPI_Op free
MPI_Pack MPI_Pack size
MPI_Pcontrol MPI_Probe

MPI_Recv MPI_Recv_init

MPI Reduce MPI Reduce scatter
MPI_Request c2f MPI Request free
MPI_Rsend MPI Rsend init
MPI_Scan MPI_Scatter
MPI_Scatterv MPI_Send

MPI_Send init MPI_Sendrecv
MPI_Sendrecv_replace MPI_Ssend
MPI_Ssend init MPI Start

MPI_Startall MPI_Status c2f
MPI_Status set_cancelled MPI_Status set_elements
MPI Test MPI_Test cancelled

MPI Tesall MPI_Testany
MPI_Testsome MPI_Topo test

MPI_Type commit

MPI_Type contiguous

MPI_Type create darray

MPI_Type create indexed block

MPI_Type create subarray

MPI_Type extent

MPI Type free

MPI_Type get contents

MPI_Type get_envelope

MPI_Type hindexed

MPI_Type hvector

MPI_Type indexed

MPI_Type Ib

MPI_Type size

MPI_ Type struct

MPI_Type ub
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MPI_Type vector MPI_Unpack
MPI_Wait MPI_Waitall
MPI_Waitany MPI_Waitsome
MPI_Wtick MPI_Wtime

MPIO Reguest c2f MPIO Reguest f2c
MPIO Tedt MPIO Wait

2. MPE

CLOG commtype CLOG cput

CLOG csync CLOG Findlize
CLOG get new_event CLOG get new_state
CLOG Init CLOG init buffers
CLOG _mergelogs CLOG _mergend

CLOG msgtype CLOG_newbuff
CLOG_nodebuffer2disk CLOG_Output
CLOG_prochuf CLOG reclen

CLOG rectype CLOG reinit_buff
CLOG treesetup MPE

MPE_Add RGB_color MPE_CaptureFile

MPE CaptureFile MPE_Close graphics

MPE_Comm global_rank

MPE_Counter create

MPE_Counter free

MPE_Counter nxtval

MPE Decompld MPE Describe event
MPE Describe state MPE Draw circle
MPE Draw line MPE Draw logic

MPE Draw point

MPE Draw points

MPE Draw_string MPE_Fill circle
MPE _Fill rectangle MPE_Finish log
MPE_Get mouse press MPE GetTags

MPE_Iget mouse press

MPE |get mouse press

MPE Init log MPE Initidized logging
MPE |0 Stdout _to file MPE _Line thickness
MPE Log event MPE Log get event number

MPE Log receive

MPE Log send

MPE Make color_array

MPE_Num colors

MPE_Open graphics

MPE_Print_datatype pack action

MPE Print datatype unpack action

MPE ReturnTags

MPE_Seq begin MPE_Seq end
MPE Start log MPE Stop log
MPE_TagsEnd MPE_Update
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