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 Extensions to the message-passing model 

 Parallel I/O 

 One-sided operations 

 Dynamic process management 

 Making MPI more robust and convenient 

 C++ and Fortran 90 bindings 

 External interfaces, handlers 

 Extended collective operations 

 Language interoperability  

 MPI interaction with threads 

Contents of MPI-2 

Source : Reference : [4], [6], [11],[12],[25], [26] 
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 Why do I/O in MPI? 

 Non-parallel I/O from an MPI program 

 Non-MPI parallel I/O to shared file with MPI I/O 

 parallel I/O to shared file with MPI I/O 

 Fortran-90 version 

 Reading a file with a different number of processes  

 C++ version 

 Survey of advanced features in MPI I/O 

Introduction to Parallel I/O in MPI-2 - Outline 

Source : Reference : [4], [6], [11],[12],[25], [26] 
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 Writing is like sending and reading is like receiving 

 Any parallel I/O system will need: 

 collective operations 

 user-defined datatypes to describe both memory and file 

layout 

 communicators to separate application-level message 

passing from I/O-related message passing 

 non-blocking operations 

 I.e., lots of MPI-like machinery  

 

Why MPI is a Good Setting for Parallel I/O 
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Threads and MPI in MPI-2 

 MPI-2 specifies four levels of thread safety 

 MPI_THREAD_SINGLE: only one thread 

 MPI_THREAD_FUNNELED: only one thread that makes MPI 

calls 

 MPI_THREAD_SERIALIZED: only one thread at a time makes 

MPI calls 

 MPI_THREAD_MULTIPLE: any thread can make MPI calls at 

any time 

 MPI_Init_thread( …, required, &provided) can be used 

instead of MPI_Init 
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 First example: non-parallel I/O  (Sequential) from an MPI 
program 

Introduction to Parallel I/O 

Memory 

process 

file 

Source : Reference : [4], [6], [11],[12],[25], [26] 
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#include “mpi.h” 

#include <stdio.h> 

#define BUFSIZE 1000 

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

{ 

 int I, myrank, numprocs, buf[BUFSIZE]; 

 

 MPI_Init (&argc, &argv); 

 MPI_Comm_rank(MPI_COMM_WORLD, &myrank); 

 MPI_Comm_size (MPI_COMM_WORLD, &numprocs); 

 .... 

 .... 

 MPI_Finalize(); 

 Return 0; 

} 

Next few examples have: 
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MPI_Status status; 

FILE *myfile; 

for (i=0; i<BUFSIZE; i++) 

 buf[i] = murank * BUFSIZE + i; 

if (myrank ! =0) 

 MPI-Send(buf, BUFSIZE, MPI_INT, 0, 99, 

       MPI_COMM_WORLD); 

else{ 

 myfile = fopen (“testfile”, “w); 

 fwrite(buf, sizeof(int), BUFSIZE, myfile); 

 for (i=1, i<numprocs; i++) { 

  MPI_Recv(buf, BUFSIZE, MPI-INT, i, 99, 

     MPI_COMM_WORLD, &status); 

  fwrite(buf, sizeof(int), BUFSIZE, myfile); 

 } 

 fclose(myfile); 

} 

Non-parallel I/O from MPI Program 
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 Pros: 

 parallel machine may support I/O from only one 

process 

 I/O libraries (e.g. HDF-4, SILO, etc.) not parallel 

 resulting single file is handy for ftp, mv 

 big blocks improve performance 

 short distance from original, serial code 

 Cons: 

 lack of parallelism limits scalability, performance 

 

Pros and Cons of Sequential I/O 
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Sequential  Versions of UNIX I/O 

Unix 
FILE myfile; 

myfile = 

fopen(...) 

 

 

 

fread(...) 

fwrite(...) 

 

 

fclose 

 

Memory Allocation on  

Multiple threads 
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 Each process writes to a separate file  

Non-MPI Parallel I/O 

 Pro: parallelism 

 Con: lots of small files to manage  

Memory 

process 

file 
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Non-MPI Parallel I/O 

char filename[128]; 
FILE *myfile; 
 
for (i=0; i<BUFSIZE; i++) 
 buf[i] = myrank * BUFSIZE + i; 
 
sprintf(filename, “testfile.%”, myrank); 
myfile = fopen(filename, “w”); 
fwrite(buf, sizeof(int), BUFSIZE, myfile); 
fclose(myfile); 

 Pro: parallelism 

 Con: Individual processes may find their data to be in 

small contiguous chunk, many I/O operations with 

smaller data.  
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 Same pattern as previous example 

 MPI I/O replaces Unix I/O in a straightforward way 

 Easy way to start with MPI I/O 

 Does not exploit advantages of MPI I/O 

 parallel machine may support I/O from only one 
process 

 I/O libraries need not be parallel 

 Note files cannot be read conveniently by a different 
number of processes 

  

 

MPI I/O to Separate Files 

Source : Reference : [4], [6], [11],[12],[25], [26] 
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MPI I/O to Separate Files 

char filename[128]; 

MPI_FILE myfile; 

 

for (i=0; i<BUFSIZE; i++) 

 buf[i] = myrank * BUFSIZE + i; 

sprintf(filename, “testfile.%”, murank); 

MPI_File_open(MPI_COMM_SELF, filename, 

   MPI_MODE_WRONLY | MPI_MODE_CREATE, 

   MPI_INFO_NULL, &myfile); 

MPI_File_write(myfile, buf, BUFSIZE, MPI_INT, 

    MPI_STATUS_IGNORE); 

MPI_File_close(&myfile); 
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MPI Versions of UNIX I/O 

Unix 
FILE myfile; 

myfile = 

fopen(...) 

 

 

 

fread(...) 

fwrite(...) 

 

 

fclose 

 

MPI 
MPI_File myfile; 

MPI_File_open(...) 

 takes info, comm 

 args 

 

MPI_File_read/write(...) 

take(addr, count,datatype) 

 

 

MPI_File_close 
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 Processes write to shared file  

MPI Parallel I/O to Single File 

• MPI_File_set_view assigns regions of the file to 

separate processes 
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MPI Parallel I/O to Single File 

MPI_FILE thefile; 

 

for (i=0; i<BUFSIZE; i++) 

 buf[i] = myrank * BUFSIZE + i; 

MPI_File_open(MPI_COMM_WORLD, “testfile”, 

   MPI_MODE_CREATE | 

MPI_MODE_WRONLY, 

   MPI_INFO_NULL, &thefile); 

MPI_File_set_view(thefile, myrank * BUFSIZE * sizeof(int), 

       MPI_INT, MPI_INT, “native”, 

       MPI_INFO_NULL); 

MPI_File_write(thefile, buf, BUFSIZE, MPI_INT, 

    MPI_STATUS_IGNORE); 

MPI_File_close(&thefile); 
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MPI_File_set_view 

 Describes that part of the file accessed by a 
single MPI process. 

 Arguments to MPI_File_set_view: 
 MPI_File file 

 MPI_offset disp 

 MPI_Datatype etype 

 MPI_Datatype filetype 

 char *datarep 

 MPI_Info info 

  

 Source : Reference : [4], [6], [11],[12],[25], [26] 
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Fortran Issues 

 “Fortran” now means Fortran-90 (or –95). 

 MPI can’t take advantage of some new Fortran features, 

e.g. array sections. 

 Some MPI features are incompatible with Fortran-90. 

 e.g., communication operations with different types 

for first argument, assumptions about argument 

copying. 

 MPI-2 provides “basic” and “extended Fortran support. 
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Using MPI with Fortran 

 Basic support: 

 The file mpi.h must be valid in both fixed-and 
free-form format. 

 includes some new functions using parameterized 
types 

 

 Extended support (new in MPI-2) 

 mpi module 

• allows function prototypes 

• catches common errors at compile time 

 Status 

 ierr  
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MPI I/O Fortran 

PROGRAM main 
use mpi 
 
integer ierr, i, myrank, BUFSIZE, thefile 
parameter (BUFSIZE=100) 
integer buf(BUFSIZE) 
integer(kind=MPI_OFFSET_KIND) disp 
 
call MPI_INIT(ierr) 
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank, 
ierr) 

do i = 0, BUFSIZE 
 buf(i) = myrank * BUFSIZE + i 
Enddo 
 
* in F77, see implementation notes (might be 
integer*8) 
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MPI I/O in Fortran contd.  

call MPI_File_open(MPI_COMM_WORLD, “testfile”, 

& 

   MPI_MODE_WRONLY | MPI_MODE_CREATE, 

& 

   MPI_INFO_NULL, thefile, ierr); 

call MPI_TYPE_SIZE(MPI_INTEGER, intsize) 

disp = myrank * BUFSIZE * Intsize 

call MPI_FILE_SET_VIEW(thefile, disp, 

MPI_INTEGER, & 

       MPI_INTEGER, ‘native’, & 

       MPI_INFO_NULL, ierr); 

call MPI_FILE_WRITE(thefile, buf, BUFSIZE, 

MPI_INTEGER, & 

    MPI_STATUS_IGNORE, ierr); 

call MPI_FILE_CLOSE(thefile, ierr); 

call MPI_FINALIZE(ierr) 

END PROGRAM main 
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C++ Bindings 

 C++ binding alternatives: 
 use C bindings 

 Class library (e.g., OOMPI) 

 “minimal” binding 

 Chose “minimal” approach 

 Most MPI functions are member functions of MPI 
classes: 
 example: MPI::COMM_WORLD.send(...) 

 Others are in MPI namespace if namespaces are 
supported, otherwise in MPI class 
 problem with MPI::SEEK_SET 

 C++ bindings for both MPI-1 and MPI-2 
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C++ Version 

// example of parallel MPI read from single file 

#include <iostream.h> 

#include “mpi.h” 

 

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

{ 

 int bufsize, *buf, count; 

 char filename[128]; 

 MPI::Status status; 

 

 MPI::Init(); 

 int myrabj = MPI::COMM_WORLD.Get_rank(); 

 int numprocs = MPI::COMM_WORLD.Get_size(); 

 MPI::FILE thefile = 

MPI::File::Open(MPI::COMM_WORLD,“testfile”, 

       MPI::MODE_RDONLY 

       MPI::INFO_NULL); 
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C++ Version, Part 2 

MPI::offset filesize = thefile.Get_size(); 
filesize    = filesize / sizeof(int); 
bufsize     = filesize / numprocs + 1; 
buf = new int[bufsize]; 
Thefile.Set_view(myrank * bufsize * 

sizeof(int), 
     MPI_INT, MPI_INT, “native”, 
     MPI::INFO_NULL); 
thefile.Read(buf, bufsize, MPI_INT, &status); 
count = status.Get_count(MPI_INT); 
count << “process” <<myrank << “read” <<count 
    << “ints” << endl; 
thefile.Close(); 
delete [] buf; 
MPI::Finalize(); 
return 0; 

} 
 

Source : Reference : [4], [6], [11],[12],[25], [26] 
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Other Ways to Write to a Shared File  

• MPI_File_seek          like Unix seek 

• MPI_File_read_at       combine seek and 

I/O 
• MPI_File_write_at      for thread safety 

• MPI_File_read_shared 

• MPI_File_write_shared  use shared file 

pointer 

 
 

• Collective operations 
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Collective I/O in MPI  

 A critical operation in parallel I/O 

 Allows communication of “big picture” to file system 

 Framework for 2-phase I/O, in which communication 
precedes I/O (can use MPI machinery) 

 Basic idea: build large blocks, so that reads/writes in 
I/O system will be large  

Large collective 

access 

Small individual 

requests 
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Summary 

 MPI-2 provides major extensions to the 

original message-passing model targeted 

by MPI-1 

 MPI-2 can deliver to libraries and 

applications portability across a diverse 

set of environments. 

Source : Reference : [4], [6], [11],[12],[25], [26] 
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 Thank You  
   Any questions ? 


