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Introduction

Boost.MPI isalibrary for message passing in high-performance parallel applications. A Boost.MPI program isone or more processes
that can communicate either via sending and receiving individual messages (point-to-point communication) or by coordinating as a
group (collective communication). Unlike communication in threaded environments or using a shared-memory library, Boost.MPI
processes can be spread across many different machines, possibly with different operating systems and underlying architectures.

Boost.MPI is not a completely new parallel programming library. Rather, it is a C++-friendly interface to the standard Message
Passing Interface (MPI), themost popular library interface for high-performance, distributed computing. MPI definesalibrary interface,
available from C, Fortran, and C++, for which there are many MPI implementations. Although there exist C++ bindings for MPI,
they offer little functionality over the C bindings. The Boost.MPI library provides an alternative C++ interface to MPI that better
supports modern C++ devel opment styles, including complete support for user-defined data types and C++ Standard Library types,
arbitrary function objects for collective algorithms, and the use of modern C++ library techniques to maintain maximal efficiency.

At present, Boost.MPI supports the majority of functionality in MPI 1.1. The thin abstractions in Boost.MPI alow one to easily
combineit with callsto the underlying C MPI library. Boost.MPI currently supports:

» Communicators: Boost.MPI supports the creation, destruction, cloning, and splitting of MPI communicators, along with manipu-
lation of process groups.

* Point-to-point communication: Boost.MPI supports point-to-point communication of primitive and user-defined data types with
send and receive operations, with blocking and non-blocking interfaces.

* Collective communication: Boost.MPI supports collective operations such asr educe and gat her with both built-in and user-
defined data types and function objects.

* MPI Datatypes: Boost.MPI can build MPI data types for user-defined types using the Boost.Serialization library.

* Separating structure from content: Boost.MPI can transfer the shape (or "skeleton™) of complexc data structures (lists, maps, €tc.)
and then separately transfer their content. Thisfacility optimizesfor caseswhere the datawithin alarge, static data structure needs
to be transmitted many times.

Boost.MPI can be accessed either through its native C++ bindings, or through its alternative, Python interface.
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Getting started

Getting started with Boost.MPI requires aworking MPI implementation, arecent version of Boost, and some configuration inform-
ation.

MPI Implementation

To get started with Boost. MPI, you will first need aworking M Pl implementation. There are many conforming M Pl implementations
available. Boost.MPI should work with any of the implementations, although it has only been tested extensively with:

* Open MPI
* LAM/MPI
* MPICH2

You can test your implementation using the following simple program, which passes a message from one processor to another. Each
processor prints a message to standard output.

#i ncl ude <nmpi . h>
#i ncl ude <i ostrean

int main()
{
MPI _Init(&argc, &argv);
int rank;
MPl _Cormm r ank( MPI _COVM WORLD, &rank);
if (rank == 0) {

int value = 17;
int result = MPI_Send(&value, 1, MPI _INT, 1, 0, MPI _COWM WORLD);
if (result == MPI _SUCCESS)
std::cout << "Rank 0 OKI" << std::endl;
} else if (rank == 1) {
i nt val ue;
int result = MPI_Recv(&value, 1, MPI_INT, 0, 0, MPI _COVM WORLD,
MPl _STATUS | GNORE) ;
if (result == MPI _SUCCESS && val ue == 17)
std::cout << "Rank 1 OKI" << std::endl;

}
MPI _Finalize();
return O;

You should compile and run this program on two processors. To do this, consult the documentation for your MPI implementation.
With LAM/MPI, for instance, you compile with the npi CC or npi c++ compiler, boot the LAM/MPI daemon, and run your program
vianpi r un. For instance, if your programis called npi - t est . cpp, use the following commands:

npi CC -0 npi-test npi-test.cpp
| amboot

npirun -np 2 ./npi-test

| amhal t

When you run this program, you will see both Rank 0 OK! and Rank 1 OK! printed to the screen. However, they may be printed
in any order and may even overlap each other. The following output is perfectly legitimate for this MPI program:

Rank Rank 1 !
0 &
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If your output looks something like the above, your MPI implementation appears to be working with a C++ compiler and we're ready
to move on.

Configure and Build

Boost.MPI usesversion 2 of the Boost.Build system for configuring and building thelibrary binary. You will need avery new version
of Boost.Jam (3.1.12 or later). If you aready have Boost.Jam, run bj am - v to determine what version you are using.

Information about building Boost.Jam is available here. However, most usersneed only runbui | d. sh inthet ool s/ bui | d/j am src
subdirectory of Boost. Then, copy the resulting bj amexecutable some place convenient.

For many users using LAM/MPI, MPICH2, or OpenMPI, configuration is almost automatic. If you don't already have a file

user - confi g. j amin your home directory, copy t ool s/ bui | d/ user - confi g. j amthere. For many users, MPI support can be
enabled simply by adding the following line to your user-config.jam file, which is used to configure Boost.Build version 2.

usi ng npi

This should auto-detect MPI settings based on the MPI wrapper compiler in your path, e.g., npi c++. If the wrapper compiler is not
in your path, see below.

To actualy build the MPI library, go into the top-level Boost directory and execute the command:
bj am - -wi t h- npi

If your MPI wrapper compiler has a different name from the default, you can pass the name of the wrapper compiler as the first ar-
gument to the mpi module:

using npi : /opt/npich2-1.0.4/bin/npiCC ;

If your MPI implementation does not have a wrapper compiler, or the MPI auto-detection code does not work with your MPI's
wrapper compiler, you can pass MPI-related options explicitly viathe second parameter to the npi module;

using npi : : <find-shared-library>l ampi o <find-shared-|ibrary=>l ampi ++
<find-shared-Ilibrary>npi <find-shared-|ibrary=>lam
<find-shared-Iibrary>dl

To see theresults of MPI auto-detection, pass - - debug- conf i gur at i on on the bjam command line.

The (optional) third argument configures Boost.MPI for running regression tests. These parameters specify the executable used to
launch jobs (default: "mpirun") followed by any necessary arguments to this to run tests and tell the program to expect the number
of processorsto follow (default: "-np"). With the default parameters, for instance, the test harness will execute, e.g.,

npirun -np 4 all_gather_test

Installing and Using Boost.MPI

Installation of Boost.MPI can be performed in the build step by specifyingi nst al I onthe command lineand (optionally) providing
an installation location, e.g.,

bjam --with-npi install

Thiscommand will install librariesinto adefault system location. To change the path where libraries will be installed, add the option
- - pref i x=PATH.
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To build applications based on Boost.MPI, compile and link them as you normally would for MPI programs, but remember to link
against the boost _npi and boost _seri al i zat i on libraries, e.g.,

npi c++ -1/ path/to/boost/npi ny_application.cpp -Llibdir \
-1 boost _npi -gcc-nt-1_35 -1 boost_serialization-gcc-d-1_35.a

If you plan to use the Python bindings for Boost.MPI in conjunction with the C++ Boost.MPI, you will also need to link against the
boost_mpi_python library, e.g., by adding - | boost _npi _pyt hon- gcc- nt - 1_35 to your link command. This step will only be
necessary if you intend to register C++ types or use the skeleton/content mechanism from within Python.

Testing Boost.MPI

If youwould liketo verify that Boost.MPI isworking properly with your compiler, platform, and MPI implementation, a self-contained
test suite is available. To use this test suite, you will need to first configure Boost.Build for your MPI environment and then run
bj aminl i bs/ npi / t est (possibly with some extra options). For LAM/MPI, you will need to run| anboot before running bj am
For MPICH2, you may need to create a machine file and pass - sMPI RUN_FLAGS="- machi nefil e <fil ename>" to Boost.Jam,
see the section on configuration for more information. If testing succeeds, bj amwill exit without errors.
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Tutorial

A Boost.MPI program consists of many cooperating processes (possibly running on different computers) that communicate among
themselves by passing messages. Boost.MPI isalibrary (asisthe lower-level MPI), not alanguage, so thefirst step in aBoost.MP
isto create an npi : : envi ronnent object that initializes the MPI environment and enables communication among the processes.
Thenpi : : envi ronment object isinitialized with the program arguments (which it may modify) in your main program. The creation
of this object initializes MPI, and its destruction will finalize MPI. In the vast mgjority of Boost.MPI programs, an instance of
mpi : : envi ronnent will bedeclared in nai n at the very beginning of the program.

Communication with MPI always occurs over acommunicator, which can be created be simply default-constructing an object of
type npi : : communi cat or . This communicator can then be queried to determine how many processes are running (the "size" of
the communicator) and to give a unique number to each process, from zero to the size of the communicator (i.e., the "rank" of the
process):

#i ncl ude <boost/ npi/environment . hpp>
#i ncl ude <boost/ npi / conmuni cat or. hpp>
#i ncl ude <i ostreanr

namespace npi = boost: : npi;

int main()
{ . .
npi : : envi ronment env;
npi : : conmuni cat or worl d;
std::cout << "I amprocess " << world.rank() << " of " << world. size()
<< "." << std::endl;
return O;

If you run this program with 7 processes, for instance, you will receive output such as:

| am process 5 of 7.
| am process 0 of 7.
| am process 1 of 7.
| am process 6 of 7.
| am process 2 of 7.
| am process 4 of 7.
| am process 3 of 7.

Of course, the processes can execute in adifferent order each time, so the ranks might not be strictly increasing. More interestingly,
thetext could come out completely garbled, because one process can start writing "1 am aprocess' before another process hasfinished
writing "of 7.".

If you should still havean MPI library supporting only MPI 1.1 you will need to pass the command line argumentsto the environment
constructor as shown in this example:

#i ncl ude <boost/ npi/environnment. hpp>
#i ncl ude <boost/ npi / conmuni cat or. hpp>
#i ncl ude <i ostreanr

nanmespace npi = boost:: npi;

int main(int argc, char* argv[])
{
npi : :environnment env(argc, argv);
npi : : conmuni cat or worl d;
std::cout << "| amprocess " << world.rank() << " of " << world.size()
<< "." << std::endl;
return O;

render
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Point-to-Point communication

As amessage passing library, MPI's primary purpose is to routine messages from one process to another, i.e., point-to-point. MPI
contains routines that can send messages, receive messages, and query whether messages are available. Each message has a source
process, atarget process, atag, and a payload containing arbitrary data. The source and target processes are the ranks of the sender
and receiver of the message, respectively. Tags are integersthat allow the receiver to distinguish between different messages coming
from the same sender.

The following program uses two MPI processes to write "Hello, world!" to the screen (hel | o_wor | d. cpp):

#i ncl ude <boost/ npi . hpp>

#i ncl ude <i ostreanm>

#i ncl ude <string>

#i ncl ude <boost/serialization/string. hpp>
namespace npi = boost:: npi;

int main()

{
npi : : envi ronment env;
npi : : communi cat or worl d;

if (world.rank() == 0) {
worl d.send(1, O, std::string("Hello"));
std::string nsg;
world.recv(1l, 1, nsQ);
std::cout << meg << "!" << std::endl;
} else {
std::string nsg;
world.recv(0, O, nsQ);
std::cout << nmeg << "
std::cout.flush();
worl d.send(0, 1, std::string("world"));
}

return O;

The first processor (rank 0) passes the message "Hello" to the second processor (rank 1) using tag 0. The second processor prints
the string it receives, along with acomma, then passesthe message "world" back to processor 0 with adifferent tag. Thefirst processor
then writes this message with the"!" and exits. All sends are accomplished with the communi cat or : : send method and all receives
use a corresponding communi cat or : : recv cal.

Non-blocking communication

The default MPI communication operations--send and r ecv--may have to wait until the entire transmission is completed before
they can return. Sometimes this blocking behavior has a negative impact on performance, because the sender could be performing
useful computation while it is waiting for the transmission to occur. More important, however, are the cases where several commu-
nication operations must occur simultaneously, e.g., a process will both send and receive at the same time.

Let'srevisit our "Hello, world!" program from the previous section. The core of this program transmits two messages:
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if (world.rank() == 0) {
world.send(1, O, std::string("Hello"));
std::string nsg;
world.recv(1l, 1, nmsgQ);
std::cout << meg << "!" << std::endl
} else {
std::string nsg;
worl d.recv(0, 0, nsgQ);
std::cout << neBg << "
std::cout.flush();
worl d.send(0, 1, std::string("world"));

Thefirst process passes a message to the second process, then prepares to receive a message. The second process does the send and
receive in the opposite order. However, this sequence of eventsis just that--a sequence--meaning that there is essentially no paral-
lelism. We can use non-blocking communication to ensure that the two messages are transmitted simultaneously
(hel I o_wor | d_nonbl ocki ng. cpp):

#i ncl ude <boost/ nmpi . hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

#i ncl ude <boost/serialization/string. hpp>
namespace npi = boost: : npi;

int main()

{
npi : : envi ronment env;
npi : : conmuni cat or worl d;

if (world.rank() == 0) {
npi : : request regs|2];
std::string nsg, out_nsg = "Hello";
reqs[0] = world.isend(1, 0, out_nsg)
reqs[1] = world.irecv(1l, 1, nsgQ);
npi::wait_all(reqs, reqs + 2);
std::cout << meg << "!" << std::endl;
} else {
npi : : request regs|2];
std::string nsg, out_nsg = "world";
reqs[0] = world.isend(0, 1, out_nsg);
reqs[1] = world.irecv(0, 0, nsQ);
npi::wait_all(reqs, regs + 2);

std::cout << nmeg << "

}

return O;

We have replaced callsto the communi cat or : : send and comuni cat or : : r ecv memberswith similar callsto their non-blocking
counterparts, communi cat or : : i send and commmuni cat or: : i recv. The prefix i indicates that the operations return immediately
with anpi : : request object, which allows oneto query the status of acommunication request (seethet est method) or wait until
it has completed (see thewai t method). Multiple requests can be completed at the same time with thewai t _al | operation.

Important note: The MPI standard requires usersto keep the request handle for anon-blocking communication, and to call the "wait"
operation (or successfully test for completion) to complete the send or receive. Unlike most C MPI implementations, which allow
the user to discard the request for a non-blocking send, Boost.MPI requires the user to call "wait" or "test", since the request object
might contain temporary buffers that have to be kept until the send is completed. Moreover, the MPI standard does not guarantee
that the receive makes any progress before a call to "wait" or "test”, although most implementations of the C MPI do allow receives
to progress beforethe call to "wait" or "test". Boost.MPI, on the other hand, generally requires "test" or "wait" callsto make progress.

If you run this program multiple times, you may see some strange results: namely, some runswill produce:

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Boost.MPI

Hel | o, worl d!

while otherswill produce:

wor | d!
Hel | o,

or even some garbled version of thelettersin "Hello" and "world". Thisindicatesthat thereis some parallelism in the program, because
after both messages are (simultaneoudly) transmitted, both processeswill concurrent execute their print statements. For both perform-
ance and correctness, non-blocking communication operations are critical to many parallel applications using MPI.

User-defined data types

The inclusion of boost/serialization/string. hpp in the previous examples is very important: it makes values of type
std::string seridizable, so that they can be be transmitted using Boost.MPI. In general, built-in C++ types (i nt s, fl oat s,
characters, etc.) can be transmitted over MPI directly, while user-defined and library-defined types will need to first be serialized
(packed) into aformat that is amenableto transmission. Boost.MPI relieson the Boost.Serialization library to serialize and deseriaize
data types.

For types defined by the standard library (such as std::string or std::vector) and some types in Boost (such as
boost : : vari ant ), the Boost.Serialization library aready contains al of the required serialization code. In these cases, you need
only include the appropriate header from the boost / seri al i zat i on directory.

For types that do not already have a seriaization header, you will first need to implement serialization code before the types can be
transmitted using Boost.MPI. Consider a simple class gps_posi ti on that contains members degr ees, nmi nut es, and seconds.
This class is made serializable by making it afriend of boost : : seri al i zati on: : access and introducing the templated seri -
al i ze() function, asfollows:

cl ass gps_position

{

private:
friend class boost::serialization::access;

t enpl at e<cl ass Archive>
void serialize(Archive & ar, const unsigned int version)

{
ar & degrees;
ar & m nutes;
ar & seconds;
}

i nt degrees;
int mnutes;
fl oat seconds;
publi c:
gps_position(){};
gps_position(int d, int m float s)
degrees(d), minutes(nm, seconds(s)

{}

Complete information about making types serializable is beyond the scope of this tutorial. For more information, please see the
Boost.Serialization library tutorial from which the above example was extracted. One important side benefit of making types serial-
izable for Boost.MPI isthat they become serializable for any other usage, such as storing the objects to disk to manipulated them in
XML.

10
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Some serializable types, like gps_posi ti on above, have a fixed amount of data stored at fixed field positions. When this is the
case, Boost.MPI can optimize their serialization and transmission to avoid extraneous copy operations. To enable this optimization,
users should specialize the typetraiti s_npi _dat at ype, e.g.:

namespace boost { nanmespace npi {

tenmpl ate <>

struct is_npi_datatype<gps_position> : nmpl::true_ { };
b}

For non-template types we have defined a macro to simplify declaring atype as an MPI datatype

BOOST_I S_MPI _DATATYPE( gps_posi tion)

For composite traits, the specialization of i s_npi _dat atype may depend on i s_npi _dat atype itself. For instance, a
boost : : arr ay object isfixed only when the type of the parameter it stores s fixed:

nanmespace boost { nanmespace npi {
tenpl ate <typenane T, std::size_t N>
struct is_npi_datatype<array<T, N> >
public is_npi_datatype<T> { }
b}

The redundant copy elimination optimization can only be applied when the shape of the data type is completely fixed. Variable-
length types (e.g., strings, linked lists) and typesthat store pointers cannot use the optimiation, but Boost.MPI will be unableto detect
thiserror at compile time. Attempting to perform this optimization when it is not correct will likely result in segmentation faults and
other strange program behavior.

Boost.MPI can transmit any user-defined data type from one process to another. Built-in types can be transmitted without any extra
effort; library-defined types require the inclusion of a serialization header; and user-defined typeswill require the addition of serial-
ization code. Fixed data types can be optimized for transmission using thei s_npi _dat at ype type trait.

Collective operations

Point-to-point operations are the core message passing primitives in Boost.MPI. However, many message-passing applications also
require higher-level communication agorithms that combine or summarize the data stored on many different processes. These a-
gorithms support many common tasks such as"broadcast thisvalueto al processes’, " compute the sum of the valueson all processors'
or "find the global minimum."

Broadcast

Thebr oadcast agorithmisby far the simplest collective operation. It broadcasts avalue from asingle processto all other processes
within a communi cat or . For instance, the following program broadcasts "Hello, World!" from process 0 to every other process.
(hel | o_wor| d_broadcast . cpp)
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#i ncl ude <boost/ npi . hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

#i ncl ude <boost/serialization/string. hpp>
nanmespace npi = boost:: npi;

int main()

{
npi : : environnment env;
npi : : conmuni cat or worl d;

std::string val ue;

if (world.rank() == 0) {
value = "Hello, Wrld!'";

}

br oadcast (worl d, value, 0);

std::cout << "Process #" << world.rank() << " says " << val ue
<< std::endl;
return O;

Running this program with seven processes will produce aresult such as:

Process #0 says Hello, Wrld!
Process #2 says Hello, Wrld!
Process #1 says Hello, Wrld!
Process #4 says Hello, Wrld!
Process #3 says Hello, Wrld!
Process #5 says Hello, Wrld!
Process #6 says Hello, Wrld!

Gather

Thegat her collective gathersthe values produced by every processin acommunicator into avector of values on the "root" process
(specified by an argument to gat her ). The /i/th element in the vector will correspond to the value gathered fro mthe /i/th process.
For instance, in the following program each process computes its own random number. All of these random numbers are gathered
at process O (the "root" in this case), which prints out the values that correspond to each processor. (r andom gat her . cpp)

12
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#i ncl ude <boost/ npi . hpp>

#i ncl ude <i ostreanr

#i ncl ude <vector>

#i ncl ude <cstdlib>
nanmespace npi = boost:: npi;

int main()

{
npi : : environnment env;
npi : : conmuni cat or worl d;

std::srand(time(0) + world.rank());
int my_nunmber = std::rand();
if (world.rank() == 0) {
std::vector<int> all _nunbers;
gat her (worl d, nmy_nunber, all _nunbers, 0);
for (int proc = 0; proc < world.size(); ++proc)
std::cout << "Process #" << proc << " thought of
<< all _nunbers[proc] << std::endl;
} else {
gat her (worl d, my_nunber, 0);

return O;

Executing this program with seven processes will result in output such as the following. Although the random values will change
from one run to the next, the order of the processesin the output will remain the same because only process O writesto st d: : cout .

Process #0 t hought of 332199874
Process #1 thought of 20145617
Process #2 thought of 1862420122
Process #3 thought of 480422940
Process #4 thought of 1253380219
Process #5 t hought of 949458815
Process #6 t hought of 650073868

Thegat her operation collects values from every processinto a vector at one process. If instead the values from every process need
to be collected into identical vectors on every process, usetheal | _gat her algorithm, which is semantically equivalent to calling
gat her followed by abr oadcast of the resulting vector.

Reduce

Ther educe collective summarizesthe valuesfrom each processinto asingle val ue at the user-specified "root" process. The Boost. M P
r educe operationissimilar in spirit to the STL accumnul at e operation, because it takes a sequence of values (one per process) and
combines them viaafunction object. For instance, we can randomly generate values in each process and the compute the minimum
value over al processesviaacall tor educe (r andom ni n. cpp):

13

httpo://www.renderx.com/


http://www.sgi.com/tech/stl/accumulate.html
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.MPI

#i ncl ude <boost/ npi . hpp>

#i ncl ude <i ostreanr

#i ncl ude <cstdlib>
nanmespace npi = boost:: npi;

int main()

{
npi : : environnment env;
npi : : conmuni cat or worl d;

std::srand(time(0) + world.rank());
int my_nunmber = std::rand();

if (world.rank() == 0) {
int mninmm
reduce(world, ny_nunber, mninmm npi::mnimnkint>(), 0);
std::cout << "The mininmumvalue is " << mninmm << std::endl;
} else {
reduce(world, ny_nunber, npi::mnimnxint>(), 0);

}

return O;

Theuseof npi : : mi ni nunxi nt > indicates that the minimum value should be computed. npi : : mi ni nunxi nt >isabinary function
object that compares its two parameters via < and returns the smaller value. Any associative binary function or function object will
work. For instance, to concatenate strings with reduce one could use the function object std:: plus<std::string>
(string_cat.cpp):

#i ncl ude <boost/ nmpi . hpp>

#i ncl ude <i ostreanr

#i ncl ude <string>

#i ncl ude <functional >

#i ncl ude <boost/serialization/string. hpp>
namespace npi = boost: : npi;

int main()

{
npi : : envi ronment env;
npi : : conmuni cat or worl d;

std::string nanes[10] = { "zero ", "one ", "two ", "three "
“four ", "five ", "six ", "seven "
"eight ", "nine " };

std::string result;
reduce(worl d,
worl d. rank() < 10? nanes[worl d.rank()]
std::string("many "),
result, std::plus<std::string>(), 0);

if (world.rank() == 0)
std::cout << "The result is " << result << std::endl;

return O;

In this example, we compute a string for each process and then perform areduction that concatenates all of the strings together into
one, long string. Executing this program with seven processors yields the following output:

14
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The result is zero one two three four five six

Any kind of binary function objects can be used with r educe. For instance, and there are many such function objects in the C++
standard <f unct i onal > header and the Boost. M PI header <boost / npi / oper at i ons. hpp>. Or, you can create your own function
object. Function objects used with r educe must be associative, i.e. f (x, f(y, z)) must beequivaenttof (f(x, y), z).If
they are also commutative (i..e, f (x, y) == f(y, x)), Boost.MPI can use a more efficient implementation of r educe. To state
that a function object is commutative, you will need to specialize the classi s_commut at i ve. For instance, we could modify the
previous example by telling Boost.MPI that string concatenation is commutative:

namespace boost { nanmespace npi {

tenpl at e<>
struct is_conmutative<std::plus<std::string> std::string>
mpl : :true_ { };

} } /1 end namespace boost: : npi

By adding thiscode prior tomai n() , Boost.MPI will assumethat string concatenation is commutative and employ adifferent parallel
algorithm for the r educe operation. Using this algorithm, the program outputs the following when run with seven processes:

The result is zero one four five six two three

Note how the numbersin the resulting string are in adifferent order: thisis a direct result of Boost.MPI reordering operations. The
result in this case differed from the non-commutative result because string concatenation is not commutative: f (" x", "y") isnot
thesameasf ("y", "x"), becauseargument order matters. For truly commutative operations (e.g., integer addition), the more ef-
ficient commutative algorithm will produce the same result as the non-commutative algorithm. Boost.MPI aso performs direct
mappings from function objects in <f unct i onal > to MPI _Op values predefined by MPI (e.g., MPI _SUM MPI _NMAX); if you have
your own function objects that can take advantage of this mapping, see the classtemplatei s_npi _op.

Likegat her, reduce hasan"al" variant called al | _r educe that performs the reduction operation and broadcasts the result to all
processes. This variant is useful, for instance, in establishing global minimum or maximum values.

The following code (gl obal _ni n. cpp) shows a broadcasting version of ther andom ni n. cpp example:

#i ncl ude <boost/ nmpi . hpp>

#i ncl ude <i ostreanr

#i nclude <cstdlib>
namespace npi = boost:: npi;

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

{
npi : : environment env(argc, argv);
npi : : conmuni cat or worl d;

std::srand(world.rank());
int my_number = std::rand();
int mni mum

all _reduce(worl d, my_nunber, mnimm npi::mnimnxint>());

if (world.rank() == 0) {

std::cout << "The mnimumvalue is " << mninmum << std::endl;
}
return O;

15

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Boost.MPI

In that example we provide both input and output values, requiring twice as much space, which can be a problem depending on the
size of thetransmitted data. If thereisno need to preserve theinput value, the ouput value can be omitted. In that case the input value
will be overriden with the output value and Boost. M Pl is able, in some situation, to implement the operation with amore space efficient
solution (using the MPI _I N_PLACE flag of the MPI C mapping), asin the following example (i n_pl ace_gl obal _ni n. cpp):

#i ncl ude <boost/ nmpi . hpp>

#i ncl ude <i ostreanr

#i ncl ude <cstdlib>
namespace npi = boost:: npi;

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

{
npi : :environment env(argc, argv);
npi : : conmuni cat or worl d;

std::srand(world.rank());
int my_number = std::rand();

all _reduce(world, ny_nunber, npi::mninmnxint>());

if (world.rank() == 0) {

std::cout << "The mininumvalue is " << ny_nunber << std::endl;
}
return O;

Managing communicators

Communication with Boost.MPI always occurs over a communicator. A communicator contains a set of processes that can send
messages among themselves and perform collective operations. There can be many communicators within a single program, each
of which containsits own isolated communication space that acts independently of the other communicators.

When the MPI environment is initialized, only the "world" communicator (called MPI _COVM WORLD in the MPI C and Fortran
bindings) is available. The "world" communicator, accessed by default-constructing anpi : : conmuni cat or object, contains all of
the MPI processes present when the program begins execution. Other communicators can then be constructed by duplicating or
building subsets of the "world" communicator. For instance, in the following program we split the processes into two groups: one
for processes generating data and the other for processes that will collect the data. (gener at e_col | ect . cpp)
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#i ncl ude <boost/ npi . hpp>

#i ncl ude <i ostreanr

#i ncl ude <cstdlib>

#i ncl ude <boost/serialization/vector. hpp>
nanmespace npi = boost:: npi;

enum nessage_t ags {nmsg_data_packet, nsg_broadcast_data, nsg_fi nished};

voi d generate_data(npi::comunicator |ocal, npi::communicator world);
voi d col | ect _data(npi::comunicator |ocal, npi::comunicator world);

int main()

{
npi : : environnment env;
npi : : conmuni cat or worl d;

bool is_generator = world.rank() < 2 * world.size() / 3;
npi : : conmuni cator local = world.split(is_generator? 0 : 1);
if (is_generator) generate_data(local, world);

el se collect_data(local, world);

return O;

When communicatorsare split in thisway, their processes retain membership in both the original communicator (whichisnot altered
by the split) and the new communicator. However, the ranks of the processes may be different from one communicator to the next,
because the rank values within a communicator are always contiguous values starting at zero. In the example above, the first two
thirds of the processes become "generators' and the remaining processes become "collectors’. The ranks of the "collectors' in the
wor | d communicator will be 2/3 wor | d. si ze() and greater, whereas the ranks of the same collector processes in the | ocal
communicator will start at zero. The following excerpt from col | ect _dat a() (ingenerate_col | ect. cpp) illustrates how to
manage multiple communicators:

npi : :status nmsg = worl d. probe();

if (msg.tag() == nsg_data_packet) {
/'l Receive the packet of data
std::vector<int> data;
wor | d. recv(nsg. source(), nsg.tag(), data);

/1 Tell each of the collectors that we'll be broadcasting sone data
for (int dest = 1; dest < local.size(); ++dest)
| ocal . send(dest, nsg_broadcast_data, mnsg.source());

// Broadcast the actual data.
broadcast (|l ocal, data, 0);

The code in this except is executed by the "master” collector, e.g., the node with rank 2/3wor | d. si ze() inthewor | d communic-
ator and rank O in thel ocal (collector) communicator. It receives a message from a generator via the wor | d communicator, then
broadcasts the message to each of the collectorsviathel ocal communicator.

For more contral in the creation of communicators for subgroups of processes, the Boost.MPI gr oup provides facilities to compute
the union (| ), intersection (&), and difference (- ) of two groups, generate arbitrary subgroups, etc.

Separating structure from content

When communicating data types over MPI that are not fundamental to MPI (such as strings, lists, and user-defined data types),
Boost.MPI must first serialize these data types into a buffer and then communicate them; the receiver then copies the resultsinto a
buffer before deserializing into an object on the other end. For some data types, this overhead can be eliminated by using
i s_npi _dat at ype. However, variable-length data types such as strings and lists cannot be MPI data types.
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Boost.MPI supports asecond technique for improving performance by separating the structure of these variable-length data structures
from the content stored in the data structures. This feature is only beneficial when the shape of the data structure remains the same
but the content of the data structure will need to be communi cated several times. For instance, in afinite element analysisthe structure
of the mesh may be fixed at the beginning of computation but the various variables on the cells of the mesh (temperature, stress,
etc.) will be communicated many times within the iterative analysis process. In this case, Boost.MPI alows one to first send the
"skeleton™" of the mesh once, then transmit the "content” multiple times. Since the content need not contain any information about
the structure of the data type, it can be transmitted without creating separate communication buffers.

To illustrate the use of skeletons and content, we will take a somewhat more limited example wherein a master process generates
random number sequences into a list and transmits them to several slave processes. The length of the list will be fixed at program
startup, so the content of the list (i.e., the current sequence of numbers) can be transmitted efficiently. The complete example is
available in exanpl e/ random cont ent . cpp. We being with the master process (rank 0), which builds a list, communicates its
structure viaaskel et on, then repeatedly generates random number sequences to be broadcast to the slave processesviacont ent :

// Generate the list and broadcast its structure
std::list<int>1(list_len);
br oadcast (world, npi::skeleton(l), 0);

// Generate content several tinmes and broadcast out that content
npi::content ¢ = npi::get_content(l);
for (int i =0; i <.iterations; ++i) {

/'l Generate new random val ues

std::generate(l.begin(), |.end(), & andom;

// Broadcast the new content of |
br oadcast (world, ¢, 0);

}

/1 Notify the slaves that we're done by sending all zeroes
std::fill(l.begin(), I.end(), 0);
br oadcast (world, ¢, 0);

The slave processes have a very similar structure to the master. They receive (viathe br oadcast () call) the skeleton of the data
structure, then use it to build their own lists of integers. In each iteration, they receive via another br oadcast () the new content
in the data structure and compute some property of the data:

/'l Receive the content and build up our own I|ist
std::list<int> |;
br oadcast (worl d, npi::skeleton(l), 0);

npi::content ¢ = npi::get_content(l);
int i =0;
do {

broadcast (world, ¢, 0);

if (std::find_if
(I.begin(), I.end(),
std:: bindlst(std::not_equal _to<int>(), 0)) == 1.end())
br eak;

/1 Compute sone property of the data.

++i
} while (true);

The skeletons and content of any Serializable datatype can be transmitted either viathe send and r ecv members of the communi c-
at or class (for point-to-point communicators) or broadcast viathe br oadcast () collective. When separating a data structure into
askeleton and content, be careful not to modify the data structure (either on the sender side or the receiver side) without transmitting
the skeleton again. Boost.MPI can not detect these accidental modificationsto the data structure, which will likely result in incorrect
data being transmitted or unstable programs.
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Performance optimizations

Serialization optimizations

To obtain optimal performance for small fixed-length data types not containing any pointersit is very important to mark them using
the type traits of Boost.MPI and Boost.Serialization.

It was alredy discussed that fixed length types containing no pointers can be using asi s_npi _dat at ype, 9.

nanespace boost { nanespace npi {

tenpl ate <>

struct is_npi_datatype<gps_position> : nmpl::true_ { };
P}

or the equivalent macro
BOOST_I S _MPI _DATATYPE( gps_posi tion)

In addition it can give a substantial performance gain to turn off tracking and versioning for these types, if no pointersto these types
are used, by using the traits classes or helper macros of Boost.Serialization:

BOOST_CLASS_TRACKI NG( gps_posi tion, track_never)
BOOST_CLASS | MPLEMENTATI ON( gps_posi ti on, obj ect _seri al i zabl e)

Homogeneous machines

More optimizations are possible on homogeneous machines, by avoiding MPI_Pack/MPI_Unpack calls but using direct bitwise
copy. This feature can be enabled by defining the macro BOOST_MPI_HOMOGENEOUS when building Boost.MPI and when
building the application.

In addition all classes need to be marked both as is mpi_datatype and as is_bitwise serializable, by using the helper macro of
Boost.Serialization:

BOOST | S_BI TW SE_SERI ALI ZABLE( gps_posi t i on)

Usually itissafeto serialize aclassfor which is_mpi_datatypeistrue by using binary copy of the bits. The exception are classes for
which some members should be skipped for serialization.

Mapping from C MPI to Boost.MPI

This section provides tables that map from the functions and constants of the standard C MPI to their Boost.MPI equivalents. It will
be most useful for users that are already familiar with the C or Fortran interfaces to MPI, or for porting existing parallel programs
to Boost.MPI.

19

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.MPI

Table 1. Point-to-point communication

C Function/Constant
MPl _ANY SOURCE
MPl _ANY TAG

MPI _Bsend

MPI _Bsend_ini t

MPI _Buffer _attach
VPl _Buf f er _det ach
MPI _Cance

MPI _CGet _count

MPI | bsend
MPI _| pr obe
MPI _Irsend
MPI | send
MPI _| ssend
MPI _Irecv
MPI _Pr obe

MPI _PROC NULL
MPI _Recv

MPI _Recv_init

MPl _Request _free

MPlI _Rsend

MPl _Rsend_init

MPI _Send

MPI _Sendr ecv

MPI _Sendr ecv_repl ace
MPlI _Send_init

MPI _Ssend

MPl _Ssend_i ni t

Boost.MPI Equivalent
any_source

any_tag

unsupported

unsupported

unsupported

unsupported

request : : cancel
status:: count
unsupported

comuni cator: :iprobe
unsupported

conmuni cator: :isend
unsupported

comuni cator::irecv
conmuni cat or: : probe
unsupported

comuni cator::recv
unsupported

unsupported

unsupported
unsupported
comuni cat or: : send
unsupported

unsupported

unsupported

unsupported

unsupported
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C Function/Constant
MPI _Start

MPI _Startal

VPl _Test

MPI _Test al

MPI _Test any

MPI _Test some

MPI _Test _cancel | ed
MPl Wi t

MPl _Wai tall

VPl _\\i t any

MPI _\\i t sone

Boost.MPI Equivalent
unsupported
unsupported
request: :test

test _al

test _any

t est _sone
status::cancel |l ed
request::wait

wai t_al

wai t _any

wai t _sone

Boost.MPI automatically maps C and C++ datatypesto their MPI equivalents. The following tableillustrates the mappings between
C++ types and MPI datatype constants.
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Table 2. Datatypes

C Constant

MPl _CHAR

MPl _SHORT

MPl I NT

MPl _LONG

MPl _UNSI GNED CHAR
MPl _UNSI GNED_SHORT
MPl _UNSI GNED_| NT
MPl _UNSI GNED_LONG
MPl _FLOAT

MPI _DOUBLE

MPl _LONG DOUBLE
MPl _BYTE

MPI _PACKED

MPl _LONG_LONG | NT
MPl _UNSI GNED_LONG LONG | NT
MPl _FLOAT I NT

MPI _DOUBLE_I NT

MPl _LONG | NT

MPl 21 NT

MPl _SHORT I NT

MPl _LONG DOUBLE_| NT

Boost.MPI Equivalent

signed char

signed short int

signed int

signed |long int

unsi gned char

unsi gned short int

unsi gned i nt

unsi gned | ong int

f | oat

doubl e

| ong doubl e

unused

used internally for serialized data types
I ong | ong int, if supported by compiler
unsi gned | ong | ong i nt,if supported by compiler
std::pair<float, int>

std: : pai r<double, int>
std::pair<long, int>
std::pair<int, int>
std::pair<short, int>

std::pair<long double, int>

Boost.MPI does not provide direct wrappers to the MPI derived datatypes functionality. Instead, Boost.MPI relies on the
Boost.Serialization library to construct MPI datatypes for user-defined classe. The section on user-defined data types describes this
mechanism, which is used for types that marked as "MPI datatypes' usingi s_npi _dat at ype.

The derived datatypestabl e that follows describes which C++ types correspond to the functionality of the C MPI's datatype constructor.
Boost.MPI may not actually use the C MPI function listed when building datatypes of a certain form. Since the actual datatypes built
by Boost.MPI are typically hidden from the user, many of these operations are called internally by Boost.MPI.
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Table 3. Derived datatypes

C Function/Constant Boost.MPI Equivalent

MPl _Addr ess used automatically in Boost.MPI for MPI version 1.x
MPl _Get _address used automatically in Boost.MPI for MPI version 2.0 and higher
MPI _Type_conmi t used automatically in Boost.MPI

MPlI _Type_conti guous arrays

MPl _Type_ext ent used automatically in Boost.MPI

MPl _Type_free used automatically in Boost.MPI

MPl _Type_hi ndexed any type used as a subobject

MPI _Type_hvect or unused

MPl _Type_i ndexed any type used as a subobject

MPI _Type_ | b unsupported

MPl _Type_si ze used automatically in Boost.MPI

MPI _Type_struct user-defined classes and structs with MPI 1.x

MPl _Type_create_struct user-defined classes and structs with MPI 2.0 and higher
MPI _Type_ub unsupported

MPI _Type_vect or used automatically in Boost.MPI

MPI's packing facilities store values into a contiguous buffer, which can later be transmitted via MPI and unpacked into separate
values via MPI's unpacking facilities. As with datatypes, Boost.MPI provides an abstract interface to MPI's packing and unpacking
facilities. In particular, the two archive classes packed_oar chi ve and packed_i ar chi ve can be used to pack or unpack a con-
tiguous buffer using MPI's facilities.

Table 4. Packing and unpacking

C Function Boost.MPI Equivalent

MPI _Pack packed_oar chi ve

MPI _Pack_si ze used internally by Boost.MPI
MPI _Unpack packed_i archi ve

Boost.MPI supports aone-to-one mapping for most of the MPI collectives. For each collective provided by Boost.MPI, the underlying
C MPI callective will be invoked when it is possible (and efficient) to do so.
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Table 5. Collectives

C Function

MPI _Al | gat her
WPl _Al | gat herv
MPI _Al | reduce
MPI _Al | t oal

MPI _Alltoallv
VPl _Barrier

MPI _Bcast

MPI _Gat her

MPI _Gat herv
MPI _Reduce

MPl _Reduce_scatter
MPI _Scan

MPI _Scatter

MPI _Scatterv

MPl I N_PLACE

Boost.MPI Equivalent

al | _gat her

most uses supported by al | _gat her
al | _reduce

all _to_all

most uses supported by al | _to_al |
conmuni cator::barrier

br oadcast

gat her

most uses supported by gat her
reduce

unsupported

scan

scatter

most uses supported by scat t er

supported implicitly by all _reduce by onmiting the
ouput val ue

Boost.MPI uses function objects to specify how reductions should occur in its equivalentsto MPI _Al | r educe, MPI _Reduce, and
MPI _Scan. Thefollowing tableillustrates how predefined and user-defined reduction operations can be mapped between the C MPI

and Boost.MPI.

24

httpo://www.renderx.com/


http://www.mpi-forum.org/docs/mpi-11-html/node73.html#Node73
http://www.mpi-forum.org/docs/mpi-11-html/node73.html#Node73
http://www.mpi-forum.org/docs/mpi-11-html/node82.html#Node82
http://www.mpi-forum.org/docs/mpi-11-html/node75.html#Node75
http://www.mpi-forum.org/docs/mpi-11-html/node75.html#Node75
http://www.mpi-forum.org/docs/mpi-11-html/node66.html#Node66
http://www.mpi-forum.org/docs/mpi-11-html/node67.html#Node67
http://www.mpi-forum.org/docs/mpi-11-html/node69.html#Node69
http://www.mpi-forum.org/docs/mpi-11-html/node69.html#Node69
http://www.mpi-forum.org/docs/mpi-11-html/node77.html#Node77
http://www.mpi-forum.org/docs/mpi-11-html/node83.html#Node83
http://www.mpi-forum.org/docs/mpi-11-html/node84.html#Node84
http://www.mpi-forum.org/docs/mpi-11-html/node71.html#Node71
http://www.mpi-forum.org/docs/mpi-11-html/node71.html#Node71
http://www.mpi-forum.org/docs/mpi-20-html/node145.htm#Node145
http://www.mpi-forum.org/docs/mpi-11-html/node78.html#Node78
http://www.mpi-forum.org/docs/mpi-11-html/node80.html#Node80
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.MPI

Table 6. Reduction operations

C Constant Boost.MPI Equivalent

VPl _BAND bi twi se_and

VPl _BOR bi twi se_or

VPl _BXOR bi twi se_xor

MPI _LAND std:: | ogical _and

WPl _LOR std:: | ogical _or

MPl _LXOR | ogi cal _xor

MPI _MAX maxi mum

MPl _MAXLOC unsupported

MPI_M N m ni num

MPl _M NLOC unsupported

MPI _Op _create used internally by Boost.MPI
MPI_Op free used internally by Boost.MPI
WPl _PROD std::multiplies

MPI _SUM std::plus

MPI defines several special communicators, including MPI_COMM WORLD (including all processesthat the local process can commu-
nicate with), MPI _COWM SELF (including only the local process), and MPI _COVM EMPTY (including no processes). These special
communicators are al instances of the conmuni cat or classin Boost.MPI.

Table 7. Predefined communicator s

C Constant Boost.MPI Equivalent

MPI _COVM WORLD a default-constructed conmuni cat or

MPI _COWM SELF acommuni cat or that contains only the current process
MPl _COWM _EMPTY acommuni cat or that evaluates false

Boost.MPI supports groups of processes through its gr oup class.
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Table 8. Group operations and constants

C Function/Constant
MPl _GROUP_EMPTY
MPl _Group_si ze
MPI _Group_r ank

MPl _Group_transl ate_ranks

MPI _G oup_conpare
MPI | DENT

MPl _SI M LAR

MPl _UNEQUAL

MPI _Conmm _gr oup

MPlI _Group_uni on

MPl _Group_i ntersection
MPlI _Group_di fference
VPl _Group_i ncl

MPI _Gr oup_excl

MPI _Group_range_i ncl
MPI _Group_r ange_excl

MPl _Group_free

Boost.MPI Equivalent

a default-constructed gr oup
group: :size

memberref boost::mpi::grou

memberref
group: :transl ate_rank

operators == and !

operators==and ! =

operators==and !
operators==and! =
conmuni cat or: : group
operator | for groups
operator & for groups
operator - for groups
group: :include
group: : excl ude
unsupported

unsupported

p::rank gr oup: : rank

boost::mpi::group::trandate_ranks
S

used automatically in Boost.MPI

Boost.MPI provides manipulation of communicators through the communi cat or class.
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Table 9. Communicator operations

C Function Boost.MPI Equivalent

MPI _Comm si ze conmuni cator: : size

MPI _Comm r ank comuni cat or: : rank

MPI _Conm conpar e operators==and ! =

MPI _Conm dup conmmuni cat or class constructor using conm dupl i cat e
MPI _Comm creat e comuni cat or constructor

MPl _Comm spl it conmuni cator: :split

MPI _Conm free used automatically in Boost.MPI

Boost.MPI currently provides support for inter-communicators viathe i nt er communi cat or class.

Table 10. Inter-communicator operations

C Function Boost.MPI Equivalent
MPI _Comm test _inter use conmuni cator::as_i nterconmuni cat or
MPI _Comm renot e_si ze boost:: npi::intercomunicator::renote_sizeinter-

comuni cator::renote_size

MPI _Comm r enot e_gr oup i nt er conmuni cator::renote_group
MPI _I nterconmcreate i nt er commruni cat or constructor
MPI _I nt er conm_ner ge i ntercommuni cat or: : mer ge

Boost.MPI currently provides no support for attribute caching.
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Table 11. Attributes and caching

C Function/Constant Boost.MPI Equivalent
MPI _NULL_COPY_FN unsupported
MPI _NULL_DELETE_FN unsupported
MPI _KEYVAL_| NVALI D unsupported
MPI _Keyval create unsupported
MPI _Copy_function unsupported
MPI _Del ete function unsupported
MPl _Keyval free unsupported
MPI _Attr _put unsupported
MPl _Attr_get unsupported
MPl _Attr_del ete unsupported

Boost.MPI will provide complete support for creating communicators with different topologies and later querying those topol ogies.
Support for graph topologiesis provided via an interface to the Boost Graph Library (BGL), where a communicator can be created
which matches the structure of any BGL graph, and the graph topology of a communicator can be viewed as a BGL graph for use
in existing, generic graph algorithms.

28

render
httpo://www.renderx.com/


http://www.mpi-forum.org/docs/mpi-11-html/node119.html#Node119
http://www.mpi-forum.org/docs/mpi-11-html/node119.html#Node119
http://www.mpi-forum.org/docs/mpi-11-html/node119.html#Node119
http://www.mpi-forum.org/docs/mpi-11-html/node119.html#Node119
http://www.mpi-forum.org/docs/mpi-11-html/node119.html#Node119
http://www.mpi-forum.org/docs/mpi-11-html/node119.html#Node119
http://www.mpi-forum.org/docs/mpi-11-html/node119.html#Node119
http://www.boost.org/libs/graph/doc/index.html
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.MPI

Table 12. Process topologies

C Function/Constant
MPl _GRAPH

MPl _CART

MPI _Cart_create
MPI _Dins_create
MPl _Graph_create

MPI _Topo_t est

MPI _Graphdi ns_get
MPlI _Graph_get

MPI _Cartdi m get

VPl _Cart _get

MPI _Cart _rank

MPI _Cart _coords

MPI _Graph_nei ghbors_count
MPI _Graph_nei ghbors
MPI _Cart _shift

MPI _Cart _sub

MPl _Cart_nmap

MPl _Graph_nap

Boost.MPI Equivalent
unnecessary; use conmuni cat or: : has_gr aph_t opol ogy

unnecessary; use conmuni cat or: : has_cart esi an_t opo-
| ogy

unsupported
unsupported
conmuni cat or: :w t h_graph_t opol ogy

conmuni cat or: : has_graph_t opol ogy, conmuni cat -
or::has_cartesian_t opol ogy

numvertices, num edges
vertices, edges
unsupported

unsupported

unsupported

unsupported

out _degree

out _edges, adj acent _vertices
unsupported

unsupported

unsupported

unsupported

Boost.MPI supports environmental inquires through the envi r onment class.

Table 13. Environmental inquiries

C Function/Constant
VPl _TAG UB

MPl _HOST

MPl 10O

MPI _CGet _processor _nane

Boost.MPI Equivalent

unnecessary; useenvi ronment : : max_t ag
unnecessary; use envi ronment : : host _r ank
unnecessary; use envi ronment : ;i o_r ank

envi ronment : : processor_nane

Boost.MPI trandates MPI errors into exceptions, reported viathe except i on class.
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Table 14. Error handling

C Function/Constant Boost.MPI Equivalent

MPI _ERRORS_ARE_FATAL unused; errors are translated into Boost.M Pl exceptions
MPI _ERRORS_RETURN unused; errors are translated into Boost.M Pl exceptions
MPI _errhandl er _create unused; errors are translated into Boost.M Pl exceptions
MPI _errhandl er _set unused; errors are translated into Boost.M Pl exceptions
MPI _errhandl er _get unused; errors are translated into Boost.MPI exceptions
MPl _errhandl er _free unused; errors are translated into Boost.M Pl exceptions
MPI _Error_string used internally by Boost.MPI

MPI _Error_cl ass exception::error_class

The MPI timing facilities are exposed viathe Boost.MPI t i ner class, which provides an interface compatible with the Boost Timer
library.

Table 15. Timing facilities

C Function/Constant Boost.MPI Equivalent
MPI _WII ME_| S GLOBAL unnecessary; useti ner::tine_i s_gl obal
MPl _W i me useti mer: : el apsed to determinethetime elapsed from some

specific starting point
MPI _W i ck tinmer::elapsed_mn
MPI startup and shutdown are managed by the construction and descruction of the Boost.MPI envi r onment class.

Table 16. Startup/shutdown facilities

C Function Boost.MPI Equivalent

MPI _Init envi r onment constructor

MPl _Finalize envi ronment destructor

MPI _Initialized environment::initialized
MPI _Abort envi ronnent : : abort

Boost.MPI does not provide any support for the profiling facilitiesin MPI 1.1.
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Table 17. Profiling interface

C Function Boost.MPI Equivalent
PMPI _* routines unsupported
MPI _Pcont r ol unsupported

31

render

> httpo://www.renderx.com/


http://www.mpi-forum.org/docs/mpi-11-html/node153.html#Node153
http://www.mpi-forum.org/docs/mpi-11-html/node156.html#Node156
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.MPI

Reference
Header <boost/mpi.hpp>

Thisfileis atop-level convenience header that includes all of the Boost.MPI library headers. Users concerned about compile time
may wish to include only specific headers from the Boost.MPI library.

Header <boost/mpi/allocator.hpp>

This header provides an STL-compliant allocator that uses the MPI-2 memory allocation facilities.

namespace boost {
namespace npi {
tenpl at e<typenane T> cl ass al |l ocator;

tenpl at e<> cl ass al | ocat or <voi d>;
t enpl at e<typenanme T1, typenanme T2>

bool operator==(const allocator< T1 > &,
const allocator< T2 > &);

t enpl at e<typenanme T1, typenanme T2>
bool operator!=(const allocator< T1 > &,
const allocator< T2 > &);

Class template allocator

boost::mpi::allocator — Standard Library-compliant allocator for the MPI-2 memory alocation routines.
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Synopsis

/1 In header: <boost/npi/allocator.hpp>

t enpl at e<t ypenane T>
class allocator {

publi c:
/'l types
typedef std::size_t size_type;
typedef std::ptrdiff_t difference_type;
typedef T * poi nter;
typedef const T * const _pointer;
typedef T & ref erence;
typedef const T & const _reference;
typedef T val ue_type;

/'l menber cl asses/structs/unions

/1 Holds the size of objects.

/'l Hol ds the nunber of el ements between two pointers.
/1 A pointer to an object of type T.

/1 A pointer to a constant object of type T.

/1 A reference to an object of type T.

/'l A reference to a constant object of type T.

/1 The type of nenory allocated by this allocator.

/!l Retrieve the type of an allocator similar to this allocator

/'l but for a different val ue type.
t enpl at e<t ypenane U>

struct rebind {

/'l types

typedef allocator< U > other;

e

/'l construct/copy/ destruct
al l ocator();
al l ocator(const allocator &);

tenpl at e<typenane U> all ocator(const allocator< U > &);

~al l ocator();

/1 public nmenber functions
poi nter address(reference) const;

const _poi nter address(const_reference) const;

poi nter allocate(size_type,

al l ocator< void >::const_pointer = 0);

voi d deal | ocat e(pointer, size_type);
size_type nmax_size() const;

voi d construct(pointer, const T &);
voi d destroy(pointer);

Description

This alocator provides a standard C++ interface to the MPI _Al | oc_nmemand MPI _Fr ee_nmemroutines of MPI-2. It is intended to
be used with the containersin the Standard Library (vect or , in particular) in cases where the contents of the container will be directly
transmitted viaMPI. Thisallocator is also used internally by the library for character buffersthat will be used in the transmission of

data.

The al | ocat or class template only provides MPI memory allocation when the underlying MPI implementation is either MPI-2
compliant or is known to provide MPI _Al | oc_nemand MPI _Fr ee_nemas extensions. When the MPI memory allocation routines
arenot available, al | ocat or isbrought in directly from namespace st d, so that standard allocators are used throughout. The macro

BOOST_MPI _HAS MEMORY_ALLOCATI ON will be defined when the MPI-2 memory allocation facilities are available.

al | ocat or public construct/copy/destruct
al l ocator();

Default-construct an allocator.
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al l ocator(const allocator &);
Copy-construct an allocator.
tenpl at e<t ypenane U> al |l ocator(const allocator< U > &)
Copy-construct an allocator from another allocator for a different value type.
~al l ocator();

Destroy an allocator.
al | ocat or public member functions
N poi nter address(reference x) const;
Returns the address of object x.
const _poi nter address(const_reference x) const;

Returns the address of object x.

poi nter allocate(size_type n,
al l ocator< void >::const_pointer = 0);

Allocate enough memory for n elements of typeT.

Parameters: n  The number of elements for which memory should be allocated.
Returns: a pointer to the newly-allocated memory

voi d deal | ocate(pointer p, size_type);

Deallocate memory referred to by the pointer p.

Parameters: p The pointer whose memory should be deall ocated. This pointer shall have been returned fromtheal | oc-
at e() function and not have already been freed.

size_type max_size() const;

Returns the maximum number of elements that can be allocated with al | ocat e() .
voi d construct(pointer p, const T & val);

Construct acopy of val at the location referenced by p.
voi d destroy(pointer p);

Destroy the object referenced by p.
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Struct template rebind

boost::mpi::allocator::rebind — Retrieve the type of an allocator similar to this alocator but for a different value type.
Synopsis

/1 I'n header: <boost/npi/allocator. hpp>

/'l Retrieve the type of an allocator simlar to this allocator but
/'l for a different value type.

t enpl at e<t ypenane U>

struct rebind {

/'l types

typedef allocator< U > other;

b

Specializations

» Class allocator<void>

Class allocator<void>

boost::mpi::allocator<void> — Allocator specialization for voi d value types.
Synopsis
/1 I'n header: <boost/npi/allocator.hpp>

cl ass all ocat or <voi d> {

public:
/'l types
typedef void * poi nter;
t ypedef const void * const_pointer;
t ypedef void val ue_type;

/'l menber cl asses/structs/unions

t enpl at e<t ypenane U>

struct rebind {

/'l types

typedef allocator< U > other;
}s

}s

Description

Thevoi d specialization of al | ocat or isuseful only for rebinding to another, different value type.

Struct template rebind

boost::mpi::allocator<void>::rebind
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Synopsis
/1 In header: <boost/npi/allocator.hpp>

t enpl at e<t ypenane U>

struct rebind {

/'l types

typedef allocator< U > other

e

Function template operator==

boost::mpi::operator== — Compare two allocators for equality.
Synopsis
/'l In header: <boost/npi/allocator.hpp>

tenpl at e<t ypenane T1, typenane T2>
bool operator==(const allocator< T1 > &,
const allocator< T2 > &);

Description
Since MPI allocators have no state, all MPI alocators are equal .

Returns: true

Function template operator!=

boost::mpi::operator!= — Compare two allocators for inequality.
Synopsis
/1 I'n header: <boost/npi/allocator.hpp>

tenpl at e<t ypenane T1, typenane T2>
bool operator!=(const allocator< T1 > &,
const allocator< T2 > &);

Description
Since MPI allocators have no state, all MPI allocators are equal .

Returns: fal se

Header <boost/mpi/collectives.hpp>

This header contains MPI collective operations, which implement various parallel algorithms that require the coordination of all
processes within acommunicator. The header col | ect i ves_f wd. hpp provides forward declarations for each of these operations.
To include only specific collective algorithms, use the headers boost / npi / col | ecti ves/ al gori t hm nane. hpp.
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nanespace boost {
nanmespace npi {

t enpl at e<t ypenane T>

void all _gather(const comunicator & const T &
std::vector< T > &)
t enpl at e<t ypenane T>
void all _gather(const comunicator & const T & T *);
t enpl at e<t ypenane T>
voi d al |l _gather(const comunicator & const T *, int,
std::vector< T > &)
t enpl at e<t ypenane T>
void all _gather(const comunicator & const T *, int, T *)
tenpl at e<typenane T, typenanme Qp>
void all _reduce(const comunicator & const T *, int, T *
) ;
tenpl at e<typenane T, typenanme Qp>
void all _reduce(const comunicator & const T & T & Op);

tenpl at e<typenane T, typenanme Qp>

T all _reduce(const comunicator &
tenpl at e<typenane T, typenanme Qp>

void all _reduce(const comunicator &

M) ;

tenpl at e<typenane T, typenanme Qp>

void all _reduce(const comunicator &
t enpl at e<t ypenane T>

void all _to_all(const comunicator &

const std::vector< T > &

std::vector< T > &)
t enpl at e<t ypenane T>

void all _to_all(const comunicator & const T *

t enpl at e<t ypenane T>
void all _to_all(const comunicator &

const std::vector< T > &

std::vector< T > &)
t enpl at e<t ypenane T>

const T & Op);

inplace_t< T * >

inplace_t< T >

i nt,

void all _to_all(const comunicator & const T *,

t enpl at e<t ypenane T>
voi d broadcast (const
t enpl at e<t ypenane T>
voi d broadcast (const
t enpl at e<t ypenane T>
voi d broadcast (const
int);
t enpl at e<t ypenane T>
voi d broadcast (const
const
t enpl at e<t ypenane T>
voi d gat her(const comuni cator & const
std::vector< T > & int)
t enpl at e<t ypenane T>

conmmuni cat or

conmmuni cat or

comuni cator &

& T &

& T+,

skel eton_proxy< T > &

T &

i nt,

int);

nt);

T

i nt,

M) ;

*)1

nt, T%)

int);

conmuni cator & skeleton_proxy< T > &

voi d gat her(const comunicator & const T & T *, int)
t enpl at e<t ypenane T>
voi d gat her(const communicator & const T & int)
t enpl at e<t ypenane T>
voi d gat her(const comunicator & const T *, int,
std::vector< T > & int)
t enpl at e<t ypenane T>
voi d gat her(const comunicator & const T *, int, T *, int)
t enpl at e<t ypenane T>
voi d gat her(const comunicator & const T *, int, int)

t enpl at e<t ypenane T>

voi d scatter(const comunicator & const std::vector< T > &

T & int)
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t enpl at e<t ypenane T>
voi d scatter(const communicator & const T *, T & int);
t enpl at e<t ypenane T>
voi d scatter(const comunicator & T & int);
t enpl at e<t ypenane T>
voi d scatter(const comunicator & const std::vector< T > &,
T*, int, int);
t enpl at e<t ypenane T>
voi d scatter(const comunicator & const T *, T *, int, int);
t enpl at e<t ypenane T>
voi d scatter(const comunicator & T *, int, int);
t enpl at e<typenane T, typename Qp>
voi d reduce(const communicator & const T & T & Op, int);
t enpl at e<typenane T, typename Qp>
voi d reduce(const communicator & const T & Qp, int);
t enpl at e<typenane T, typename Qp>
voi d reduce(const communicator & const T *, int, T *, Op,
int);
t enpl at e<typenane T, typename Qp>
voi d reduce(const communi cator & const T *, int, O, int);
t enpl at e<typenane T, typename Qp>
voi d scan(const comunicator & const T & T & Op);
t enpl at e<typenane T, typename Qp>
T scan(const comunicator & const T & Op);
t enpl at e<typenane T, typename Qp>
voi d scan(const comunicator & const T *, int, T *, Op);

Function all _gather

boost::mpi::all_gather — Gather the values stored at every process into vectors of values from each process.
Synopsis
/1 I'n header: <boost/npi/collectives. hpp>

t enpl at e<t ypenane T>
void al | _gather(const comunicator & comm const T & in_val ue,
std::vector< T > & out_val ues);
t enpl at e<t ypenane T>
void al | _gather(const comunicator & comm const T & in_val ue,
T * out_val ues);
t enpl at e<t ypenane T>
void all _gather(const comuni cator & comm const T * in_val ues,
int n, std::vector< T > & out_val ues);
t enpl at e<t ypenane T>
void all _gather(const comunicator & comm const T * in_val ues,
int n, T* out_values);

Description

al | _gat her isacollective algorithm that collects the values stored at each process into a vector of values indexed by the process
number they came from. The type T of the values may be any type that is serializable or has an associated MPI data type.

When the type T has an associated MPI data type, this routine invokes MPI _Al | gat her to gather the values.

Parameters: comm The communicator over which the all-gather will occur.
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i n_val ue The value to be transmitted by each process. To gather an array of values, i n_val ues points
to the n loca valuesto be transmitted.

out _val ues A vector or pointer to storage that will be populated with the values from each process, indexed
by the process ID number. If it is avector, the vector will be resized accordingly.

Function all reduce

boost::mpi::all_reduce — Combine the values stored by each process into asingle value available to al processes.
Synopsis
/'l In header: <boost/npi/collectives. hpp>

tenpl at e<t ypenane T, typename Op>
voi d all _reduce(const conmunicator & comm const T * val ue,
int n, T* out_value, Op op);
tenpl at e<t ypenane T, typenanme Qp>
voi d all _reduce(const conmuni cator & comm const T & val ue,
T & out_value, Op op);
tenpl at e<t ypenane T, typename Qp>
T all _reduce(const comuni cator & comm const T & value, Op op);
tenpl at e<t ypenane T, typenanme Qp>
voi d all _reduce(const conmuni cator & comm
inplace_t< T * > value, int n, Op op);
tenpl at e<typenane T, typenanme Qp>
voi d all _reduce(const conmunicator & comm inplace_t< T > val ue,

O op);

Description

al | _r educe isacollective algorithm that combines the values stored by each processinto asingle value available to all processes.
The values are combined in a user-defined way, specified via a function object. The type T of the values may be any type that is
seriaizable or has an associated MPI data type. One can think of this operation asaal | _gat her, followed by an st d: : accumu-
| at e() over the gather values and using the operation op.

When the type T has an associated M Pl datatype, thisroutine invokes MPI _Al | r educe to perform the reduction. If possible, built-
in MPI operations will be used; otherwise, al | _r educe() will create acustom MPI_Op for the call to MPI_Allreduce.

If wrapped in ai npl ace_t object, combine the usage of both input and $c out_value and the local value will be overwritten (a
convenience functioni npl ace is provided for the wrapping).

Parameters: comm The communicator over which the reduction will occur.
n Indicated the size of the buffers of array type.
op The binary operation that combines two values of type T and returns a third value of type T. For

types T that has ssociated MPI data types, op will either be trandated into an MPI _(p (via
MPl _Qp_cr eat e) or, if possible, mapped directly to a built-in MPI operation. Seei s_npi _op
intheoper at i ons. hpp header for more details on this mapping. For any non-built-in operation,
commutativity will be determined by thei s_commmut at i ve trait (also in oper at i ons. hpp):
users are encouraged to mark commutative operations as such, becauseit givesthe implementation
additional lattitude to optimize the reduction operation.

out _val ue  Will receive theresult of the reduction operation. If this parameter is omitted, the outgoing value
will instead be returned.

val ue Thelocal value to be combined with the local values of every other process. For reducing arrays,
i n_val ues isapointer to thelocal valuesto be reduced and n isthe number of valuesto reduce.
Seer educe for more information.

Returns: If no out _val ue parameter is supplied, returns the result of the reduction operation.
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Function all_to_all

boost::mpi::al_to_all — Send data from every process to every other process.
Synopsis
/'l In header: <boost/npi/collectives. hpp>

t enpl at e<t ypenane T>
void all _to_all(const conmunicator & comm
const std::vector< T > & in_val ues,
std::vector< T > & out_val ues);
t enpl at e<t ypenane T>
void all _to_all(const conmunicator & comm const T * in_val ues,
T * out_val ues);
t enpl at e<t ypenane T>
void all _to_all(const conmuni cator & comm
const std::vector< T > & in_values, int n,
std::vector< T > & out_val ues);
t enpl at e<t ypenane T>
void all _to_all(const conmunicator & comm const T * in_val ues,
int n, T* out_values);

Description

all _to_al | isacollective agorithm that transmits p values from every process to every other process. On processi, jth value of
thei n_val ues vector is sent to process j and placed in the ith position of the out _val ues vector in processj . The type T of the
values may be any type that is serializable or has an associated MPI data type. If n is provided, then arrays of n values will be
transferred from one process to ancther.

When the type T has an associated MPI data type, this routine invokes MPI _Al | t oal | to scatter the values.

Parameters: comm The communicator over which the all-to-all communication will occur.
i n_val ues A vector or pointer to storage that contains the values to send to each process, indexed by the
process |D number.
out _val ues A vector or pointer to storage that will be updated to contain the values received from other
processes. The jth valuein out _val ues will come from the procss with rank j.

Function broadcast

boost::mpi::broadcast — Broadcast a value from aroot processto all other processes.
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Synopsis
/'l In header: <boost/npi/collectives. hpp>

t enpl at e<t ypenane T>
voi d broadcast (const conmuni cator & comm T & value, int root);
t enpl at e<t ypenane T>
voi d broadcast (const conmuni cator & comm T * values, int n,
int root);
t enpl at e<t ypenane T>
voi d broadcast (const conmuni cator & comm
skel eton_proxy< T > & value, int root);
t enpl at e<t ypenane T>
voi d broadcast (const conmuni cator & comm
const skeleton_proxy< T > & value, int root);

Description

br oadcast isacollective agorithm that transfers a value from an arbitrary r oot process to every other process that is part of the
given communicator. The br oadcast algorithm can transmit any Serializable value, values that have associated MPI data types,
packed archives, skeletons, and the content of skeletons; see the send primitive for communicators for a complete list. The type T
shall be the same for all processes that are a part of the communicator corm unless packed archives are being transferred: with
packed archives, the root sends a packed_oar chi ve or packed_skel et on_oar chi ve whereas the other processes receive a
packed_i ar chi ve or packed_skel et on_i ar chve, respectively.

When the type T has an associated MPI data type, this routine invokes MPl _Bcast to perform the broadcast.

Parameters: comm  Thecommunicator over which the broadcast will occur.
r oot The rank/process | D of the process that will be transmitting the value.
val ue  Thevaue(or values, if n isprovided) to be transmitted (if therank of commisequal tor oot ) or received
(if the rank of conmis not equal tor oot ). When theval ue isaskel et on_pr oxy, only the skeleton
of the object will be broadcast. In this case, ther oot will build a skeleton from the object help in the
proxy and al of the non-roots will reshape the objects held in their proxies based on the skeleton sent
from the root.

Function gather

boost::mpi::gather — Gather the values stored at every process into a vector at the root process.
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Synopsis
/'l In header: <boost/npi/collectives. hpp>

t enpl at e<t ypenane T>
voi d gat her (const communi cator & comm const T & in_val ue,
std::vector< T > & out_val ues, int root);
t enpl at e<t ypenane T>
voi d gat her (const conmmuni cator & comm const T & in_val ue,
T * out_values, int root);
t enpl at e<t ypenane T>
voi d gat her(const conmmuni cator & comm const T & in_val ue,
int root);
t enpl at e<t ypenane T>
voi d gat her(const communi cator & comm const T * in_val ues,
int n, std::vector< T > & out_values, int root);
t enpl at e<t ypenane T>
voi d gat her (const communi cator & comm const T * in_val ues,
int n, T* out_values, int root);
t enpl at e<t ypenane T>
voi d gat her(const communi cator & comm const T * in_val ues,
int n, int root);

Description

gat her is a collective algorithm that collects the values stored at each process into a vector of values at the r oot process. This
vector isindexed by the process number that the value came from. The type T of the values may be any type that is serializable or
has an associated MPI data type.

When the type T has an associated MPI data type, this routine invokes MPI _Gat her to gather the values.

Parameters: comm The communicator over which the gather will occur.
i n_val ue The value to be transmitted by each process. For gathering arrays of values, i n_val ues points
to storage for n* commsize() values.
out _val ues A vector or pointer to storage that will be populated with the values from each process, indexed
by the process ID number. If itisavector, it will beresized accordingly. For non-root processes,
this parameter may be omitted. If it is still provided, however, it will be unchanged.
r oot Theprocess D number that will collect thevalues. Thisvalue must bethe sameon all processes.

Function scatter

boost::mpi::scatter — Scatter the values stored at the root to all processes within the communicator.
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Synopsis
/'l In header: <boost/npi/collectives. hpp>

t enpl at e<t ypenane T>
voi d scatter(const comuni cator & conm
const std::vector< T > & in_values, T & out_val ue,
int root);
t enpl at e<t ypenane T>
voi d scatter(const comunicator & conm const T * in_val ues,
T & out_value, int root);
t enpl at e<t ypenane T>
voi d scatter(const comunicator & comm T & out_value, int root);
t enpl at e<t ypenane T>
voi d scatter(const comuni cator & conm
const std::vector< T > & in_val ues,
T * out_values, int n, int root);
t enpl at e<t ypenane T>
voi d scatter(const comunicator & conm const T * in_val ues,
T * out_values, int n, int root);
t enpl at e<t ypenane T>
void scatter(const conmunicator & comm T * out_values, int n,
int root);

Description

scat t er isacollective algorithm that scatters the values stored in ther oot process (inside a vector) to all of the processesin the
communicator. The vector out _val ues (only significant at ther oot ) isindexed by the process number to which the corresponding
value will be sent. Thetype T of the values may be any type that is serializable or has an associated MPI data type.

When the type T has an associated MPI data type, this routine invokes MPI _Scat t er to scatter the values.

Parameters: comm The communicator over which the gather will occur.

i n_val ues A vector or pointer to storage that will contain the values to send to each process, indexed by the
processrank. For non-root processes, this parameter may be omitted. If itisstill provided, however,
it will be unchanged.

out _val ue  Thevalue received by each process. When scattering an array of values, out _val ues pointsto
the n values that will be received by each process.

r oot The process D number that will scatter the values. This value must be the same on all processes.

Function reduce

boost::mpi::reduce — Combine the values stored by each processinto asingle value at the root.
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Synopsis

/'l In header: <boost/npi/collectives. hpp>

tenpl at e<typenane T, typenanme Q>
voi d reduce(const communi cator & comm const T & in_val ue,
T & out_value, Op op, int root);
tenpl at e<typenane T, typenanme Qp>
voi d reduce(const communi cator & comm const T & in_val ue,

o op, int

root);

tenpl at e<typenane T, typenanme Qp>
voi d reduce(const conmmuni cator & comm const T * in_val ues,
int n, T* out_values, Op op, int root);
tenpl at e<typenane T, typenanme Qp>
voi d reduce(const communi cator & comm const T * in_val ues,
int n, Op op, int root);

Description

r educe isacollective agorithm that combines the values stored by each processinto asingle value at ther oot . The values can be
combined arbitrarily, specified viaafunction object. Thetype T of the values may be any typethat is serializable or has an associated
MPI data type. One can think of this operation as agat her tother oot , followed by an st d: : accumul at e() over the gathered

values and using the operation op.

When the type T has an associated MPI data type, this routine invokes MPlI _Reduce to perform the reduction. If possible, built-in
MPI operations will be used; otherwise, r educe() will create a custom MPI_Op for the call to MPI_Reduce.

Parameters: comm
i n_val ue
op
out _val ue
r oot

Function scan

The communicator over which the reduction will occur.

Thelocal value to be combined with the local values of every other process. For reducing arrays,
i n_val ues containsapointer to thelocal values. Inthis case, n isthe number of valuesthat will
be reduced. Reduction occurs independently for each of the n valuesreferenced by i n_val ues,
e.g., caling reduce on an array of n valuesislike calling r educe n separate times, one for each
locationini n_val ues and out _val ues.

The binary operation that combines two values of type T into athird value of type T. For types T
that has ssociated MPI data types, op will either be trandated into an MPI_Op (via
MPl _Qp_creat e) or, if possible, mapped directly to a built-in MPI operation. Seei s_npi _op
intheoper at i ons. hpp header for more details on this mapping. For any non-built-in operation,
commutativity will be determined by thei s_conmmmut at i ve trait (also in oper at i ons. hpp):
usersare encouraged to mark commutative operations as such, becauseit givesthe implementation
additional lattitude to optimize the reduction operation.

Will receive theresult of the reduction operation, but only for ther oot process. Non-root processes
may omit if parameter; if they choose to supply the parameter, it will be unchanged. For reducing
arrays, out _val ues contains a pointer to the storage for the output values.

The process ID number that will receive the final, combined value. This value must be the same
on all processes.

boost::mpi::scan — Compute a prefix reduction of values from all processesin the communicator.
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Synopsis
/'l In header: <boost/npi/collectives. hpp>

tenpl at e<typenane T, typenanme Q>
voi d scan(const conmmuni cator & conm const T & in_val ue,
T & out_value, Op op);
tenpl at e<typenane T, typenanme Qp>
T scan(const comuni cator & conm const T & in_value, Op op);
tenpl at e<typenane T, typenanme Q>
voi d scan(const communi cator & conm const T * in_values, int n,
T * out_values, Op op);

Description

scan isacollective algorithm that combines the values stored by each process with the values of al processes with a smaller rank.
Thevalues can be arbitrarily combined, specified viaafunction object op. Thetype T of the values may be any typethat isseridizable
or hasan associated MPI datatype. One can think of thisoperation asagat her to someprocess, followed by anst d: : prefi x_sunt)
over the gathered values using the operation op. The ith process returns the ith value emitted by st d: : prefi x_sun() .

When thetype T has an associated MPI datatype, this routine invokes MPI _Scan to perform the reduction. If possible, built-in MPI
operations will be used; otherwise, scan() will create a custom MPI _Op for the call to MPI_Scan.

Parameters: comm The communicator over which the prefix reduction will occur.
i n_val ue The local value to be combined with the local values of other processes. For the array variant,
thei n_val ues parameter pointsto the n local values that will be combined.
op The binary operation that combines two values of type T into athird value of type T. For types T
that has ssociated MPI data types, op will either be trandated into an MPI_Op (via
MPl _Qp_creat e) or, if possible, mapped directly to a built-in MPI operation. Seei s_npi _op
intheoper at i ons. hpp header for more details on this mapping. For any non-built-in operation,
commutativity will be determined by thei s_commut at i ve trait (alsoin oper at i ons. hpp).
out _val ue If provided, theith processwill receivethevalueop(in_vaue0], op(in_vaue1], op(..., in_vaug[i])
... )). For the array variant, out _val ues contains a pointer to storage for the n output values.
The prefix reduction occurs independently for each of the n values referenced by i n_val ues,
e.g., caling scan onan array of n valuesislikecalling scan n separate times, onefor each location
ini n_val ues and out _val ues.
Returns: If noout _val ue parameter is provided, returns the result of prefix reduction.

Header <boost/mpi/collectives_fwd.hpp>

This header provides forward declarations for al of the collective operations contained in the header col | ecti ves. hpp.

Header <boost/mpi/communicator.hpp>

This header defines the conmuni cat or class, which is the basis of all communication within Boost.MPI, and provides point-to-
point communication operations.
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nanespace boost {
nanmespace npi {
cl ass conmuni cat or;

enum conm cr eat e_Kki nd;

const int any_source; /1 A constant representing "any process.".
const int any_tag; /1 A constant representing "any tag.".
BOOST_MPI _DECL bool

oper at or ==(const comuni cator & const comunicator &);

bool operator!=(const comunicator & const conmunicator &);

Class communicator

boost::mpi::communicator — A communicator that permits communication and synchronization among a set of processes.
Synopsis
/'l I'n header: <boost/npi/communi cator. hpp>

cl ass conmmuni cator {
public:
/'l construct/copy/ destruct
conmmuni cator () ;
communi cat or (const MPI _Comm &, comm create_ Kkind);
conmuni cat or (const communi cator &, const boost::npi::group &) ;

/1 public menber functions
int rank() const;
int size() const;
boost:: npi::group group() const;
tenpl at e<typenane T> void send(int, int, const T & const;
t enpl at e<t ypenane T>
void send(int, int, const skeleton_proxy< T > & const;
tenpl at e<typenane T> void send(int, int, const T *, int) const;
void send(int, int) const;
tenpl at e<typenane T> status recv(int, int, T & const;
t enpl at e<t ypenane T>
status recv(int, int, const skeleton_proxy< T > &) const;
t enpl at e<t ypenane T>
status recv(int, int, skeleton_proxy< T > &) const;
tenpl at e<typenane T> status recv(int, int, T *, int) const;
status recv(int, int) const;
tenpl at e<typenane T> request isend(int, int, const T & const;
t enpl at e<t ypenane T>
request isend(int, int, const skeleton_proxy< T > &) const;
t enpl at e<t ypenane T>
request isend(int, int, const T * int) const;
request isend(int, int) const;
tenpl at e<typenane T> request irecv(int, int, T & const;
tenpl at e<typenane T> request irecv(int, int, T *, int) const;
request irecv(int, int) const;
status probe(int = any_source, int = any_tag) const;
optional < status > iprobe(int = any_source, int = any_tag) const;
void barrier() const;
oper ator bool () const;
operator MPI_Comm) const;
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comuni cator split(int) const;

comuni cator split(int, int) const;

optional < interconmuni cator > as_interconmuni cator() const;
opti onal < graph_conmuni cator > as_graph_conmuni cator() const;
bool has_cartesi an_t opol ogy() const;

voi d abort(int) const;

Description

The communi cat or class abstracts a set of communicating processesin MPI. All of the processes that belong to a certain commu-
nicator can determine the size of the communicator, their rank within the communicator, and communicate with any other processes
in the communicator.

comuni cat or public construct/copy/destruct

conmmuni cator () ;

Build a new Boost.MPI communicator for MPI _COVM WORLD.

Constructs a Boost.MPI communicator that attaches to MPI _COVM WORLD. This is the equivalent of constructing with
(MPI_COMM_WORLD, comm_attach).

communi cat or (const MPI _Comm & comm conm create_kind ki nd);

Build a new Boost.MPlI communicator based on the MPI communicator conm

commmay be any valid MPI communicator. If conmis MPI_COMM_NULL, an empty communicator (that cannot be used for
communication) is created and the ki nd parameter isignored. Otherwise, the ki nd parameters determines how the Boost.MPI
communicator will be related to conm

» If ki nd iscomm dupl i cat e, duplicate conmto create a new communicator. This new communicator will be freed when the
Boost.MPI communicator (and all copies of it) is destroyed. Thisoption is only permitted if conrmisavalid MPI intracommu-
nicator or if the underlying MPI implementation supports MPI 2.0 (which supports duplication of intercommunicators).

* If ki nd isconm t ake_owner shi p, take ownership of conm It will be freed automatically when al of the Boost.MPI com-
municators go out of scope. This option must not be used when cormis MPI_COMM_WORLD.

 If ki ndiscomm at t ach, thisBoost.MPI communicator will reference the existing MPI communicator cormbut will not free
commwhen the Boost.M Pl communicator goes out of scope. This option should only be used when the communicator is managed
by the user or MPI library (e.g., MPI_COMM_WORLD).

communi cat or (const comuni cator & conm
const boost::npi::group & subgroup);

Build a new Boost.MPI communicator based on a subgroup of another MPI communicator.

This routine will construct a new communicator containing all of the processes from communicator commthat are listed within
the group subgr oup. Equivalent to MPI _Comm cr eat e.

Parameters: conm An MPI communicator.
subgroup A subgroup of the MPI communicator, conm for which we will construct a new communicator.

communi cat or public member functions

1

int rank() const;
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Determine the rank of the executing process in a communicator.
Thisroutineis equivalent to MPl _Conmm r ank.

Returns: The rank of the process in the communicator, which will be avaluein [0, size())
int size() const;

Determine the number of processes in a communicator.
Thisroutineis equivalent to MPl _Comm si ze.

Returns: The number of processes in the communicator.
boost: : npi::group group() const;

This routine constructs a new group whose members are the processes within this communicator. Equivalent to calling
MPI _Comm_gr oup.

t enpl at e<t ypenane T>
void send(int dest, int tag, const T & value) const;

Send data to another process.

Thisroutine executes a potentially blocking send withtag t ag to the processwith rank dest . It can be received by the destination
process with amatching r ecv call.

The given val ue must be suitable for transmission over MPI. There are several classes of types that meet these requirements:

» Typeswith mappingsto MPI datatypes. If i s_npi _dat at ype<T> is convertibletonpl : : true_, thenval ue will be trans-
mitted using the MPI datatypeget _npi _dat at ype<T>() . All primitive C++ datatypesthat have MPI equivalents, e.g.,i nt ,
fl oat, char, doubl e, etc., have built-in mappings to MPI data types. You may turn a Serializable type with fixed structure
into an MPI datatype by specializingi s_npi _dat at ype for your type.

» Serializable types: Any type that providesthe seri al i ze() functionality required by the Boost.Seriaization library can be
transmitted and received.

» Packed archives and skeletons: Data that has been packed into an npi : : packed_oar chi ve or the skeletons of datathat have
been backedintoannpi : : packed_skel et on_oar chi ve canbetransmitted, but will bereceived asnpi : : packed_i ar chi ve
and npi : : packed_skel et on_i ar chi ve, respectively, to allow the values (or skeletons) to be extracted by the destination
process.

» Content: Content associated with a previously-transmitted skeleton can be transmitted by send and received by recv. The
receiving process may only receive content into the content of a value that has been constructed with the matching skeleton.

For types that have mappingsto an MPI data type (including the concent of atype), an invocation of this routine will result in a
singleMPI_Send call. For variable-length data, e.g., serialized types and packed archives, two messageswill be sent viaMPI_Send:
one containing the length of the dataand the second containing the dataitself. Note that the transmission mode for variable-length
datais an implementation detail that is subject to change.

Parameters: dest The rank of the remote process to which the data will be sent.
tag The tag that will be associated with this message. Tags may be any integer between zero and an
implementation-defined upper limit. Thislimit is accessible viaenvi r onnent : : max_t ag() .
val ue  Thevauethat will be transmitted to the receiver. The type T of this value must meet the aforemen-
tioned criteria for transmission.
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t enpl at e<t ypenane T>
voi d send(int dest, int tag, const skeleton_proxy< T > & proxy) const;

Send the skeleton of an object.

Thisroutine executes a potentially blocking send with tag t ag to the process with rank dest . It can be received by the destination
process with amatching r ecv call. Thisvariation on send will be used when a send of a skeleton isexplicitly requested viacode
such as:

conm send(dest, tag, skeleton(object));

The semanticsof thisroutine are equivalent to that of sending apacked_skel et on_oar chi ve storing the skeleton of theobj ect .

Parameters: dest The rank of the remote process to which the skeleton will be sent.
proxy Theskel et on_proxy containing areference to the object whose skeleton will be transmitted.
tag The tag that will be associated with this message. Tags may be any integer between zero and an
implementation-defined upper limit. Thislimit is accessible viaenvi r onnent : : max_t ag() .

t enpl at e<t ypenane T>
void send(int dest, int tag, const T * values, int n) const;

Send an array of values to another process.

Thisroutine executes apotentially blocking send of an array of datawithtagt ag to the processwith rank dest . It can be received
by the destination process with amatching array r ecv call.

If T is an MPI datatype, an invocation of this routine will be mapped to a single call to MPI_Send, using the datatype
get _npi _dat at ype<T>().

Parameters: dest The process rank of the remote process to which the data will be sent.
n The number of values stored in the array. The destination process must call receive with at least
this many elements to correctly receive the message.
t ag The tag that will be associated with this message. Tags may be any integer between zero and an

implementation-defined upper limit. Thislimit is accessible viaenvi r onnment : : max_t ag() .
val ues The array of values that will be transmitted to the receiver. The type T of these values must be
mapped to an MPI datatype.

voi d send(int dest, int tag) const;

Send a message to another process without any data.

This routine executes a potentially blocking send of a message to another process. The message contains no extra data, and can
therefore only be received by a matching call tor ecv() .

Parameters: dest  The process rank of the remote process to which the message will be sent.
tag The tag that will be associated with this message. Tags may be any integer between zero and an im-
plementation-defined upper limit. Thislimit is accessible viaenvi r onment : : nax_t ag() .

t enpl at e<t ypenane T>
status recv(int source, int tag, T & value) const;

Receive data from a remote process.

This routine blocks until it receives a message from the process sour ce with the given t ag. The type T of the val ue must be
suitable for transmission over MPI, which includes serializabl e types, typesthat can be mapped to MPI data types (including most
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9.

n

built-in C++ types), packed MPI archives, skeletons, and content associated with skeletons; see the documentation of send for
a complete description.

Parameters:

Returns:

t enpl at e<t ypenane T>

source

tag

val ue

The process that will be sending data. This will either be a process rank within the communicator
or the constant any_sour ce, indicating that we can receive the message from any process.

The tag that matches a particular kind of message sent by the source process. This may be any tag
value permitted by send. Alternatively, the argument may be the constant any_t ag, indicating
that this receive matches a message with any tag.

Will contain the value of the message after a successful receive. The type of this value must match
the value transmitted by the sender, unless the sender transmitted a packed archive or skeleton: in
these cases, the sender transmitsapacked_oar chi ve or packed_skel et on_oar chi ve andthe
destination receives apacked_i ar chi ve or packed_skel et on_i ar chi ve, respectively.

Information about the received message.

status recv(int source, int tag,
const skel eton_proxy< T > & proxy) const;

Recelve a skeleton from a remote process.

This routine blocks until it receives a message from the process sour ce with the givent ag containing a skeleton.

Parameters:

Returns:

t enpl at e<t ypenane T>

proxy
source

tag

The skel et on_pr oxy containing a reference to the object that will be reshaped to match the re-
ceived skeleton.

The process that will be sending data. This will either be a process rank within the communicator
or the constant any_sour ce, indicating that we can receive the message from any process.

The tag that matches a particular kind of message sent by the source process. This may be any tag
value permitted by send. Alternatively, the argument may be the constant any_t ag, indicating
that this receive matches a message with any tag.

Information about the received message.

status recv(int source, int tag, skeleton_proxy< T > & proxy) const;

Receive a skeleton from a remote process.

This routine blocks until it receives a message from the process sour ce with the given t ag containing a skeleton.

Parameters:

Returns:

t enpl at e<t ypenane T>

pr oxy

source

t ag

The skel et on_pr oxy containing a reference to the object that will be reshaped to match the re-
ceived skeleton.

The process that will be sending data. Thiswill either be a process rank within the communicator
or the constant any _sour ce, indicating that we can receive the message from any process.

The tag that matches a particular kind of message sent by the source process. This may be any tag
value permitted by send. Alternatively, the argument may be the constant any_t ag, indicating
that this receive matches a message with any tag.

Information about the received message.

status recv(int source, int tag, T * values, int n) const;

Receive an array of values from aremote process.

This routine blocks until it receives an array of values from the process sour ce with the givent ag. If thetype T is

Parameters:

n

source

The number of values that can be stored into the val ues array. This shall not be smaller than the
number of elements transmitted by the sender.

The process that will be sending data. This will either be a process rank within the communicator
or the constant any_sour ce, indicating that we can receive the message from any process.
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tag The tag that matches a particular kind of message sent by the source process. This may be any tag
value permitted by send. Alternatively, the argument may be the constant any_t ag, indicating
that this receive matches a message with any tag.
val ues  Will contain the values in the message after a successful receive. The type of these elements must
match the type of the elements transmitted by the sender.
Returns: Information about the received message.
Throws: std::range_error if the message to be received contains more than n values.

status recv(int source, int tag) const;

Receive a message from a remote process without any data.

This routine blocks until it receives a message from the process sour ce with the givent ag.

Parameters: source Theprocessthat will be sending the message. Thiswill either be a process rank within the commu-
nicator or the constant any_sour ce, indicating that we can receive the message from any process.
tag The tag that matches a particular kind of message sent by the source process. This may be any tag

value permitted by send. Alternatively, the argument may be the constant any_t ag, indicating
that this receive matches a message with any tag.
Returns: Information about the received message.

13 t enpl at e<t ypenane T>

request isend(int dest, int tag, const T & value) const;

Send a message to a remote process without blocking.

Thei send method is functionality identical to the send method and transmits data in the same way, except that i send will not
block while waiting for the data to be transmitted. Instead, a request object will be immediately returned, allowing one to query
the status of the communication or wait until it has completed.

Parameters: dest The rank of the remote process to which the data will be sent.
tag The tag that will be associated with this message. Tags may be any integer between zero and an
implementation-defined upper limit. Thislimit is accessible viaenvi r onnent : : max_t ag() .
val ue  Thevauethat will be transmitted to the receiver. The type T of this value must meet the aforemen-
tioned criteria for transmission.
Returns: ar equest object that describes this communication.

1 t enpl at e<t ypenane T>

request isend(int dest, int tag,
const skel eton_proxy< T > & proxy) const;

Send the skeleton of an object without blocking.

This routine is functionally identical to the send method for skel et on_pr oxy objects except that i send will not block while
waiting for the data to be transmitted. Instead, a request object will be immediately returned, allowing one to query the status of
the communication or wait until it has completed.

The semantics of this routine are equivalent to a non-blocking send of apacked_skel et on_oar chi ve storing the skeleton of

the obj ect .
Parameters: dest Therank of the remote process to which the skeleton will be sent.
proxy Theskel et on_proxy containing areference to the object whose skeleton will be transmitted.
tag The tag that will be associated with this message. Tags may be any integer between zero and an
implementation-defined upper limit. Thislimit is accessible viaenvi ronnent : : max_t ag() .
Returns: ar equest object that describes this communication.
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18

t enpl at e<t ypenane T>
request isend(int dest, int tag, const T * values, int n) const;

Send an array of values to another process without blocking.

Thisroutine is functionally identical to the send method for arrays except that i send will not block while waiting for the data
to be transmitted. Instead, arequest object will be immediately returned, allowing one to query the status of the communication
or wait until it has completed.

Parameters: dest The process rank of the remote process to which the data will be sent.
n The number of values stored in the array. The destination process must call receive with at least
this many elements to correctly receive the message.
t ag The tag that will be associated with this message. Tags may be any integer between zero and an

implementation-defined upper limit. Thislimit is accessible viaenvi r onnent : : max_t ag() .
val ues The array of values that will be transmitted to the receiver. The type T of these values must be
mapped to an MPI datatype.
Returns: ar equest object that describes this communication.

request isend(int dest, int tag) const;

Send a message to another process without any data without blocking.

Thisroutineis functionally identical to the send method for sends with no data, except that i send will not block while waiting
for the message to be transmitted. Instead, arequest object will beimmediately returned, allowing one to query the status of the
communication or wait until it has completed.

Parameters: dest  The process rank of the remote process to which the message will be sent.
tag The tag that will be associated with this message. Tags may be any integer between zero and an im-
plementation-defined upper limit. Thislimit is accessible viaenvi r onment : : nax_t ag() .
Returns: ar equest object that describes this communication.

t enpl at e<t ypenane T>
request irecv(int source, int tag, T & value) const;

Prepare to receive a message from a remote process.

Thei recv method is functionally identical to the r ecv method and receive data in the same way, except that i r ecv will not
block while waiting for data to be transmitted. Instead, it immediately returns arequest object that allows one to query the status
of the receive or wait until it has completed.

Parameters: source The processthat will be sending data. Thiswill either be a process rank within the communicator
or the constant any_sour ce, indicating that we can receive the message from any process.
tag The tag that matches a particular kind of message sent by the source process. This may be any tag

value permitted by send. Alternatively, the argument may be the constant any_t ag, indicating
that this receive matches a message with any tag.
val ue Will contain the value of the message after a successful receive. The type of thisvalue must match
the value transmitted by the sender, unless the sender transmitted a packed archive or skeleton: in
these cases, the sender transmitsapacked_oar chi ve or packed_skel et on_oar chi ve andthe
destination receives apacked_i ar chi ve or packed_skel et on_i ar chi ve, respectively.
Returns: ar equest object that describes this communication.

t enpl at e<t ypenane T>
request irecv(int source, int tag, T * values, int n) const;

Initiate receipt of an array of values from a remote process.

Thisroutine initiates a receive operation for an array of values transmitted by process sour ce with the givent ag.
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Parameters: n The number of values that can be stored into the val ues array. This shall not be smaller than the
number of elements transmitted by the sender.
source The processthat will be sending data. Thiswill either be a process rank within the communicator
or the constant any_sour ce, indicating that we can receive the message from any process.
tag The tag that matches a particular kind of message sent by the source process. This may be any tag
value permitted by send. Alternatively, the argument may be the constant any _t ag, indicating
that this receive matches a message with any tag.
val ues  Will contain the values in the message after a successful receive. The type of these elements must
match the type of the elements transmitted by the sender.
Returns: ar equest object that describes this communication.

request irecv(int source, int tag) const;

Initiate receipt of a message from a remote process that carries no data

Thisroutine initiates a receive operation for a message from process sour ce with the givent ag that carries no data.

Parameters: source Theprocessthat will be sending the message. Thiswill either be a process rank within the commu-
nicator or the constant any_sour ce, indicating that we can receive the message from any process.
tag The tag that matches a particular kind of message sent by the source process. This may be any tag

value permitted by send. Alternatively, the argument may be the constant any_t ag, indicating
that this receive matches a message with any tag.
Returns: ar equest object that describes this communication.

status probe(int source = any_source, int tag = any_tag) const;

Waits until a message is available to be received.

This operation waits until a message matching (sour ce, t ag) is available to be received. It then returns information about that
message. The functionality is equivalent to MPI _Pr obe. To check if amessage is available without blocking, usei pr obe.

Parameters: source Determineif thereisamessage available fromthisrank. If any_sour ce, then the message returned
may come from any source.
tag Determineif thereisamessage availablewith the giventag. If any_t ag, then the message returned
may have any tag.
Returns: Returns information about the first message that matches the given criteria

optional < status >
i probe(int source = any_source, int tag = any_tag) const;

Determine if amessage is available to be received.

This operation determines if a message matching (sour ce, t ag) is available to be received. If so, it returns information about
that message; otherwise, it returnsimmediately with an empty optional. The functionality is equivalent to MPI _I pr obe. To wait
until amessage is available, usewai t .

Parameters: source Determineif thereisamessage availablefromthisrank. If any_sour ce, then the message returned
may come from any source.
t ag Determineif thereisamessage availablewith the giventag. If any_t ag, then the message returned
may have any tag.
Returns: If a matching message is available, returns information about that message. Otherwise, returns an empty

boost: : opti onal
voi d barrier() const;

Wait for all processes within acommunicator to reach the barrier.
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Thisroutine is acollective operation that blocks each process until all processes have entered it, then releases all of the processes
"simultaneously”. It isequivalentto MPI _Barri er .

oper ator bool () const;

Determineif this communicator is valid for communication.

Evaluatest r ue inaboolean context if thiscommunicator isvalid for communication, i.e., doesnot represent MPI_COMM_NULL.
Otherwise, evaluatesf al se.

operator MPlI_Comm{) const;

Access the MPI communicator associated with a Boost.MPI communicator.
This routine permits the implicit conversion from a Boost.MPI communicator to an MPI communicator.

Returns: The associated MPlI communicator.
conmuni cator split(int color) const;

Split the communicator into multiple, disjoint communicators each of which is based on a particular color. This is a collective
operation that returnsanew communicator that isasubgroup of t hi s. Thisroutineisfunctionally equivalentto MPl _Conm spl i t.

Parameters: col or  The color of this process. All processes with the same col or value will be placed into the same
group.
Returns: A new communicator containing all of the processesint hi s that have the samecol or.

conmmuni cator split(int color, int key) const;

Split the communicator into multiple, disjoint communicators each of which is based on a particular color. This is a collective
operation that returnsanew communicator that isasubgroup of t hi s. Thisroutineisfunctionally equivalentto MPl _Conm spl i t.

Parameters: col or  The color of this process. All processes with the same col or value will be placed into the same
group.
key A key value that will be used to determine the ordering of processes with the same color in the res-

ulting communicator. If omitted, the rank of the processesint hi s will determine the ordering of
processes in the resulting group.
Returns: A new communicator containing al of the processesint hi s that have the same col or.

optional < i nterconmuni cator > as_interconmuni cator() const;

Determineif the communicator isin fact an intercommunicator and, if so, return that intercommunicator.

Returns: anopt i onal containing the intercommunicator, if this communicator isin fact an intercommunicator. Otherwise,
returns an empty opti onal .

opti onal < graph_comuni cator > as_graph_conmmuni cator () const;

Determine if the communicator has a graph topology and, if so, return that gr aph_conmmuni cat or . Even though the communic-
ators have different types, they refer to the same underlying communication space and can be used interchangeably for commu-
nication.

Returns: anopt i onal containing the graph communicator, if this communicator doesin fact have a graph topology. Other-
wise, returns an empty opt i onal .
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2 bool has_cartesi an_t opol ogy() const;

Determines whether this communicator has a Cartesian topol ogy.
void abort(int errcode) const;

Abort all tasksin the group of this communicator.
Makes a"best attempt” to abort all of the tasks in the group of this communicator. Depending on the underlying MPI implement-
ation, this may either abort the entire program (and possibly return er r code to the environment) or only abort some processes,
allowing the othersto continue. Consult the documentation for your MPI implementation. Thisisequivalent toacall toMPl _Abor t
Parameters: errcode Theerror codeto return from aborted processes.
Returns: Will not return.

Type comm_create_kind

boost::mpi::comm_create_kind — Enumeration used to describe how to adopt a C MPI _Conminto a Boost.MPI communicator.
Synopsis

/'l In header: <boost/npi/conmuni cator. hpp>

enum comm create_kind { comm duplicate, comm.take_ownership,
comm attach };

Description

The values for this enumeration determine how a Boost.MPI communicator will behave when constructed with an MPI communic-
ator. The options are:

» conm dupl i cat e: Duplicate the MPI_Comm communicator to create anew communicator (e.g., with MPI_Comm_dup). This
new MPI_Comm communicator will be automatically freed when the Boost.MPI communicator (and all copies of it) isdestroyed.

e conm t ake_owner shi p: Take ownership of the communicator. It will be freed automatically when al of the Boost.MPI com-
municators go out of scope. This option must not be used with MPI_COMM_WORLD.

e comm attach: The Boost.MPI communicator will reference the existing MPI communicator but will not free it when the
Boost.MPI communicator goes out of scope. This option should only be used when the communicator is managed by the user or
MPI library (e.g., MPI_COMM_WORLD).

Global any_source
boost::mpi::any_source — A constant representing "any process.".
Synopsis

/'l I'n header: <boost/npi/communi cator. hpp>

const int any_source;
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Description

This constant may be used for the sour ce parameter of r ecei ve operations to indicate that a message may be received from any
source.

Global any_tag
boost::mpi::any tag — A constant representing "any tag.".
Synopsis

/'l 1In header: <boost/npi/conmuni cator. hpp>

const int any_tag;

Description

This constant may be used for the t ag parameter of r ecei ve operations to indicate that a send with any tag will be matched by
the receive.

Function operator==

boost::mpi::operator== — Determines whether two communicators are identical.
Synopsis
/'l I'n header: <boost/npi/communi cator. hpp>

BOOST_MPI _DECL bool
oper at or ==(const comuni cator & conmil, const conmmuni cator & com®);

Description
Equivalent to calling MPI _Conm conpar e and checking whether the result is MPI _| DENT.

Returns: True when the two communicators refer to the same underlying MPI communicator.

Function operator!=

boost::mpi::operator! = — Determines whether two communicators are different.
Synopsis
/1 I'n header: <boost/npi/conmmuni cator. hpp>

bool operator!=(const comunicator & comnl,
const conmmuni cator & comm®);

Description

Returns: I (comml == comm?2)
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Header <boost/mpi/config.hpp>

This header provides MPI configuration details that expose the capabilities of the underlying MPI implementation, and provides
auto-linking support on Windows.

MPI CH_| GNORE_CXX_SEEK
BOOST_MPI _HAS_MEMORY_ALLOCATI ON
BOOST_MPI _HAS_NOARG | NI TI ALI ZATI ON
BOOST_MPI_CALLI NG_CONVENTI ON
BOOST_MPI _DECL

Macro MPICH_IGNORE_CXX_SEEK

MPICH_IGNORE_CXX_SEEK
Synopsis

/'l I'n header: <boost/npi/config.hpp>

MPI CH_| GNORE_CXX_SEEK

Macro BOOST_MPI_HAS_MEMORY_ALLOCATION

BOOST_MPI_HAS MEMORY_ALLOCATION — Definethismacro to avoid expensice M PI_Pack/Unpack calls on homogeneous
machines.

Synopsis

/1 1 n header: <boost/npi/config.hpp>

BOOST_MPI _HAS_MEMORY_ALLOCATI ON

Description
Determine if the MPI implementation has support for memory allocation.

This macro will be defined when the underlying MPI implementation has support for the MPI-2 memory allocation routines
MPI _Al | oc_rmemand MPI _Fr ee_nmem When defined, theal | ocat or classtemplatewill provide Standard Library-compliant access
to these memory-allocation routines.

Macro BOOST_MPI_HAS_NOARG_INITIALIZATION

BOOST_MPI_HAS NOARG_INITIALIZATION — Determine if the MPI implementation has supports initialization without
command-line arguments.

Synopsis

/'l I'n header: <boost/npi/config.hpp>

BOOST_MPI _HAS_NOARG | NI TI ALI ZATI ON
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Description

This macro will be defined when the underlying implementation supports initiali zation of MPI without passing along command-line
arguments, e.g., MPl _I ni t (NULL, NULL).When defined, the envi r onment class will provide a default constructor. This macro
is always defined for MPI-2 implementations.

Macro BOOST_MPI_CALLING_CONVENTION

BOOST_MPI_CALLING_CONVENTION — Specifies the calling convention that will be used for callbacks from the underlying
CMPIL.

Synopsis

/'l I'n header: <boost/npi/config.hpp>

BOOST_MPl _CALLI NG_CONVENTI ON

Description

Thisis aWindows-specific macro, which will be used internally to state the calling convention of any function that isto be used as
a callback from MPI. For example, the internally-defined functions that are used in acall to MPl _Qp_cr eat e. Thismacro islikely
only to be useful to users that wish to bypass Boost.MPI, registering their own callbacks in certain cases, e.g., through
MPI _Op_create.

Macro BOOST_MPI_DECL

BOOST_MPI_DECL
Synopsis

/'l I'n header: <boost/npi/config.hpp>

BOOST_MPI _DECL

Header <boost/mpi/datatype.hpp>

This header provides the mapping from C++ typesto MPI data types.

BOOST_|'S_MPI _DATATYPE(T)

namespace boost {
namespace npi {
tenpl at e<typenane T> struct is_npi_builtin_datatype;
tenpl at e<typenane T> struct is_npi_byte_datatype;
tenpl at e<typenane T> struct is_npi_conpl ex_dat atype;
tenpl at e<typenane T> struct is_npi_datatype;
tenpl at e<typenane T> struct is_npi_floating_point_datatype;
tenpl at e<typenane T> struct is_npi_integer_datatype;
tenpl at e<typenane T> struct is_npi_| ogical _datatype;
tenpl at e<t ypenane T> MP|I _Dat at ype get _npi _datatype(const T &);
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Struct template is_mpi_builtin_datatype

boost::mpi::is mpi_builtin_datatype — Type trait that determines if there exists a built-in MPI data type for a given C++ type.
Synopsis

/1 I'n header: <boost/npi/datatype. hpp>

t enpl at e<t ypenane T>

struct is_npi_builtin_datatype : public boost::npl::or_<is_npi_integer_datatype< T >, is_npi_floatO
i ng_point_datatype< T >, is_npi_logical _datatype< T >, is_npi_conplex_datatype< T >, 0O
is_npi_byte datatype< T > >

{

}

Description

This type trait determines when there is a direct mapping from a C++ type to an MPI type. For instance, the C++ i nt type maps
directly to the MPI type MPI _I NT. When there is a direct mapping from the type T to an MPI type, i s_npi _bui | ti n_dat at ype
will derive from npl : : t rue_ and the MPI datatype will be accessible viaget _npi _dat at ype.

In general, users should not need to specialize this trait. However, if you have an additional C++ type that can map directly to only
of MPI's built-in types, specialize either this trait or one of the traits corresponding to categories of MPI datatypes (i s_npi _i n-
t eger _datatype, i s_npi _fl oating_point_datatype, i s_npi _| ogi cal _dat atype, i s_npi _conpl ex_dat at ype, or
i s_npi_builtin_datatype).is_npi _builtin_datatype derivesnpl : : t rue_ if any of thetraits corresponding to MPI data
type categories derived npl : : true_.

Struct template is_mpi_byte datatype

boost::mpi::is mpi_byte datatype — Typetrait that determines if there exists a built-in byte MPI data type for a given C++ type.
Synopsis

/1 I'n header: <boost/npi/datatype. hpp>
t enpl at e<t ypenane T>
struct is_npi_byte _datatype : public false_ {
b
Description

Thisytpetrait determines when there isadirect mapping from a C++ typeto an MPI datatypethat is classified as an byte data type.
Seei s_npi _buil tin_dat at ype for general information about built-in MPI data types.

Struct template is_mpi_complex_datatype

boost::mpi::is mpi_complex_datatype — Typetrait that determinesif there exists a built-in complex MPI datatype for agiven C++
type.
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Synopsis

/1 I'n header: <boost/npi/datatype. hpp>

t enpl at e<t ypenane T>
struct is_npi_conplex_datatype : public false_ {
b

Description

Thisytpetrait determines when there is a direct mapping from a C++ type to an MPI datatypethat is classified as an complex data
type. Seei s_npi _bui | ti n_dat at ype for general information about built-in MPI data types.

Struct template is_mpi_datatype

boost::mpi::is mpi_datatype — Type trait that determinesif a C++ type can be mapped to an MPI data type.
Synopsis

/1 I'n header: <boost/npi/datatype. hpp>

t enpl at e<t ypenane T>
struct is_npi_datatype :
public boost::npi::is_npi_builtin_datatype< T >
{
b

Description

This type trait determines if it is possible to build an MPI data type that represents a C++ data type. When this is the case,
i s_npi _dat at ype derivesnpl : : t r ue_ and the MPI datatype will be accessible viaget _npi _dat at ype.

For any C++ type that mapsto abuilt-in MPI datatype (seei s_npi _bui | ti n_dat at ype), i s_npi _dat a_t ype istrivialy true.
However, any POD ("Plain Old Data") type containing types that themselves can be represented by MPI data types can itself be
represented as an MPI datatype. For instance, a poi nt 3d class containing three doubl e values can be represented as an MPI data
type. To do so, first make the data type Serializable (using the Boost.Serialization library); then, specializethei s_npi _dat at ype
trait for the point type so that it will derivenpl : : true_:

namespace boost { nanmespace npi {
tenpl at e<> struct is_npi_datatype<point >
public npl::true_ { };
b}

Struct template is_mpi_floating_point_datatype

boost::mpi::is mpi_floating_point_datatype — Type trait that determines if there exists a built-in floating point MPI data type for
agiven C++ type.
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Synopsis

/1 I'n header: <boost/npi/datatype. hpp>
t enpl at e<t ypenane T>

struct is_npi_floating_point_datatype : public false_ {
b

Description

This ytpe trait determines when there is a direct mapping from a C++ type to an MPI data type that is classified as a floating point
datatype. Seei s_npi _bui | ti n_dat at ype for general information about built-in MPI data types.

Struct template is_mpi_integer_datatype

boost::mpi::is mpi_integer_datatype — Type trait that determines if there exists a built-in integer MPI data type for a given C++
type.

Synopsis

/1 I'n header: <boost/npi/datatype. hpp>

t enpl at e<t ypenane T>

struct is_npi_integer_datatype : public false_ {
b

Description

This ytpe trait determines when there is a direct mapping from a C++ type to an MPI data type that is classified as an integer data
type. Seei s_npi _bui | ti n_dat at ype for general information about built-in MPI data types.
Struct template is_mpi_logical datatype

boost::mpi::is mpi_logical_datatype — Type trait that determines if there exists a built-in logical MPI data type for a given C++
type.

Synopsis

/'l I'n header: <boost/npi/datatype. hpp>
t enpl at e<t ypenane T>

struct is_npi_logical _datatype : public false_{

b

Description

This ytpe trait determines when there is a direct mapping from a C++ type to an MPI data type that is classified as an logical data
type. Seei s_npi _bui | ti n_dat at ype for general information about built-in MPI data types.

Function template get_mpi_datatype

boost::mpi::get_mpi_datatype — Returns an MPI data type for a C++ type.
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Synopsis
/1 I'n header: <boost/npi/datatype. hpp>

tenpl at e<typenane T> MPI _Dat atype get _npi _datatype(const T & x);

Description

The function creates an MPI datatype for the given object x. Thefirst timeit iscalled for aclass T, the MPI datatypeis created and
cached. Subsequent calls for abjects of the same type T return the cached MPI data type. The type T must allow creation of an MPI
datatype. That is, it must be Serializable and i s_npi _dat at ype<T> must derivenpl : : true_.

For fundamental MPI types, a copy of the MPI data type of the MPI library is returned.

Note that since the datatypes are cached, the caller should never call MPI _Type_free() for the MPI datatype returned by thiscall.

Parameters: x  for an optimized call, a constructed object of the type should be passed; otherwise, an abject will be default-
constructed.
Returns: The MPI datatype corresponding to type T.

Macro BOOST_IS_MPI_DATATYPE

BOOST IS MPI_DATATYPE
Synopsis

/1 I'n header: <boost/npi/datatype. hpp>

BOOST | S_MPI _DATATYPE(T)

Header <boost/mpi/datatype_fwd.hpp>

Thisheader provides forward declarationsfor the contents of the header dat at ype. hpp. It isexpected to be used primarily by user-
defined C++ classes that need to specializei s_npi _dat at ype.

nanespace boost {
nanespace npi {
struct packed;
tenpl at e<t ypenane T> MPI _Dat at ype get _npi _datatype();
}
}

Struct packed

boost::mpi::packed — a dummy data type giving MPI_PACKED asits MPI_Datatype
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Synopsis
/'l I'n header: <boost/npi/datatype_fwd. hpp>

struct packed {

I

Header <boost/mpi/environment.hpp>

This header provides the envi r onnent class, which provides routines to initialize, finalization, and query the status of the Boost
MPI environment.

namespace boost {
namespace npi {
cl ass environnent;
namespace threadi ng {
enum | evel ;
std::ostream & operator<<(std::ostream &, |evel);
std::istream & operator>>(std::istream &, |evel &);
}
}
}

Type level
boost::mpi::threading::level — specify the supported threading level.
Synopsis

/'l In header: <boost/npi/environnent. hpp>

enum | evel { single = MPI _THREAD_SI NGLE,

funnel ed = = MPl _THREAD FUNNELED,
serialized = = MPI _THREAD_SERI AL| ZED,
multiple = = MPl_THREAD MULTI PLE };

Description
Based on MPI 2 standard/8.7.3

single Only one thread will execute.
funnel ed Only main thread will do MPI calls.

The process may be multi-threaded, but only the main thread will make MPI calls (all MPI callsare “funneled” to
the main thread).
serialized Onlyonethread at thetime do MPI calls.

The process may be multi-threaded, and multiple threads may make MPI calls, but only one at atime: MPI calls
are not made concurrently from two distinct threads (all MPI calls are “serialized").
mul tiple Multiple thread may do MPI calls.

Multiple threads may call MPI, with no restrictions.
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Function operator<<

boost::mpi::threading::operator<<
Synopsis

/'l I'n header: <boost/npi/environnent. hpp>

std::ostream & operator<<(std::ostream & out,

Description

Formated output for threading level.

Function operator>>

boost::mpi::threading::operator>>

Synopsis
/'l In header: <boost/npi/environnent. hpp>
std::istream & operator>>(std::istream & in,

Description

Formated input for threading level.

Class environment

boost::mpi::environment — Initiaize, finalize, and query the MPI environment.

| evel

| evel

1)

&1);
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Synopsis
/'l 1n header: <boost/npi/environnent. hpp>

class environnent : private noncopyable {

publi c:
/'l construct/copy/ destruct
explicit environnent(bool = true);
explicit environment(threading::Ilevel, bool = true);
environment (int & char **& bool = true);
environment (int & char **& threading::level, bool = true);

~envi ronment () ;

/1 public static functions
static void abort(int);

static bool initialized();
static bool finalized();
static int max_tag();
static int collectives_tag();
static optional < int > host_rank();
static optional < int > io_rank();
static std::string processor_nane();
static threading::level thread_|level();
static bool is_nain_thread();
b
Description

The envi ronment class is used to initidize, finalize, and query the MPI environment. It will typically be used in the mai n()
function of a program, which will create asingle instance of envi r onnent initialized with the arguments passed to the program:

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

{

npi : :environnent env(argc, argv);

}

Theinstanceof envi r onnent will initializeMPI (by calling MPI _I ni t ) initsconstructor and finalize MPI (by callingMPl _Fi nal i ze
for normal termination or MPI _Abort for an uncaught exception) in its destructor.

The use of envi r onment is not mandatory. Users may chooseto invoke MPI _I ni t and MPI _Fi nal i ze manually. In this case, no
envi ronnent object isneeded. If oneis created, however, it will do nothing on either construction or destruction.

envi ronnent public construct/copy/destruct
explicit environnent(bool abort_on_exception = true);

Initialize the MPI environment.

If the MPI environment has not already been initialized, initializes MPI with acall to MPI _I ni t . Since this constructor does not
take command-line arguments (ar gc and ar gv), it is only available when the underlying MPI implementation supports calling
MPI _I ni t with NULL arguments, indicated by the macro BOOST_MPI _HAS_NOARG | NI TI ALI ZATI ON.

Parameters: abort_on_exception When true, this object will abort the programiif it is destructed due to an uncaught
exception.

explicit environment(threading::level nt_|evel,
bool abort_on_exception = true);
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Initialize the MPI environment.

If the MPI environment has not already been initialized, initializes MPI with acall to MPI _I ni t _t hr ead. Since this constructor
does not take command-line arguments (ar gc and ar gv), it isonly available when the underlying MPI implementation supports
caling MPI _I ni t with NULL arguments, indicated by the macro BOOST_MPI _HAS_NOARG | NI TI ALI ZATI ON.

Parameters: abort_on_exception When true, thisobject will abort the programiif it is destructed due to an uncaught
exception.
nt_| evel the required level of threading support.

environment (int & argc, char **& argv,
bool abort_on_exception = true);

Initialize the MPI environment.

If the MPI environment has not aready been initialized, initializes MPI withacal toMPl _Init.

Parameters: abort_on_exception When true, thisobject will abort the programiif it is destructed due to an uncaught
exception.
argc The number of arguments provided in ar gv, as passed into the program’'s mai n
function.
ar gv The array of argument strings passed to the program vianai n.

environment (int & argc, char **& argv, threading::|level nt_|level,
bool abort_on_exception = true);

Initialize the MPI environment.

If the MPI environment has not aready been initialized, initializes MPI withacall toMPl _I ni t _t hr ead.

Parameters: abort _on_exception When true, thisobject will abort the programiif it is destructed due to an uncaught
exception.
argc The number of arguments provided in ar gv, as passed into the program’'s mai n
function.
ar gv The array of argument strings passed to the program vianai n.
mt_| evel the required level of threading support

5 ~envi ronment () ;

Shuts down the M Pl environment.

If thisenvi ronment object was used to initialize the MPI environment, and the MPI environment has not aready been shut
down (finalized), this destructor will shut down the MPI environment. Under normal circumstances, this only involves invoking
MPI _Fi nal i ze. However, if destruction is the result of an uncaught exception and theabor t _on_except i on parameter of the
constructor had the valuet r ue, this destructor will invoke MPI _Abor t with MPI _COVM WORL D to abort the entire MPI program
with aresult code of -1.

envi ronnent public static functions
static void abort(int errcode);

Abort all MPI processes.

Abortsall MPI processes and returns to the environment. The precise behavior will be defined by the underlying MPI implement-
ation. Thisisequivalent to acall to MPI _Abor t with MPI _COVM WORLD.

Parameters: errcode Theerror code to return to the environment.
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Returns: Will not return.
static bool initialized();

Determine if the MPI environment has already been initialized.
Thisroutineis equivalenttoacall toMPI _I niti al i zed.

Returns: t rue if the MPI environment has been initidized.
static bool finalized();

Determine if the MPI environment has already been finalized.
Theroutineis equivalent to acall to MPl _Fi nal i zed.

Returns: t rue if the MPI environment has been finalized.
static int max_tag();

Retrieves the maximum tag value.

Returns the maximum value that may be used for the t ag parameter of send/receive operations. This value will be somewhat
smaller than the value of MPI _TAG_UB, because the Boost. MPI implementation reserves some tags for collective operations.

Returns: the maximum tag value.
static int collectives_tag();

The tag value used for collective operations.

Returnsthe reserved tag value used by the Boost.M Pl implementation for collective operations. Although users are not permitted
to use this tag to send or receive messages, it may be useful when monitoring communication patterns.

Returns: the tag value used for collective operations.
static optional < int > host_rank();

Retrieves the rank of the host process, if one exists.

If there is ahost process, this routine returns the rank of that process. Otherwise, it returns an empty opt i onal <i nt >. MPI does
not define the meaning of a "host" process. consult the documentation for the MPI implementation. This routine examines the
VPl _HOST attribute of MPI _COVMM WORLD.

Returns: The rank of the host process, if one exists.
static optional< int > io_rank();

Retrieves the rank of a process that can perform input/output.

Thisroutine returns the rank of aprocess that can perform input/output viathe standard C and C++ /O facilities. If every process
can perform I/O using the standard facilities, this routine will return any_sour ce; if no process can perform 1/0, this routine
will return no value (an empty opt i onal ). This routine examines the MPI _| Oattribute of MPI _COVM WORLD.

Returns: the rank of the process that can perform /O, any_sour ce if every process can perform 1/O, or no value if no
process can perform 1/O.
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static std::string processor_nane();

Retrieve the name of this processor.

Thisroutine returns the name of this processor. The actual form of the name is unspecified, but may be documented by the under-
lying MPI implementation. Thisroutine isimplemented asacall to MPI _Get _pr ocessor _nane.

Returns: the name of this processor.

static threading::level thread_level ();
Query the current level of thread support.

static bool is_main_thread();
Are we in the main thread?

Header <boost/mpi/exception.hpp>

This header provides exception classes that report MPI errors to the user and macros that translate MPI error codes into Boost.MPI
exceptions.

BOOST_MPI _CHECK_RESULT(MPI Func, Args)

namespace boost {
namespace npi {
cl ass excepti on;
}
}

Class exception

boost::mpi::exception — Catch-all exception classfor MPI errors.
Synopsis
/'l I'n header: <boost/npi/exception. hpp>

cl ass exception : public exception {
publi c:
/'l construct/copy/ destruct
exception(const char *, int);
~exception();

/'l public menber functions

virtual const char * what() const;
const char * routine() const;

int result_code() const;

int error_class() const;
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Description

Instances of this classwill be thrown when an MPI error occurs. MPI failuresthat trigger these exceptions may or may not be recov-
erable, depending on the underlying MPI implementation. Consult the documentation for your MPI implementation to determine
the effect of MPI errors.

except i on public construct/copy/destruct
exception(const char * routine, int result_code);

Build anew except i on exception.

Parameters: result_code  Theresult code returned from the MPI routine that aborted with an error.
routine The MPI routine in which the error occurred. This should be a pointer to a string constant:
it will not be copied.

~exception();

excepti on public member functions
virtual const char * what() const;
A description of the error that occurred.
const char * routine() const;
Retrieve the name of the MPI routine that reported the error.
3. . ,
int result _code() const;
Retrieve the result code returned from the MPI routine that reported the error.

int error_class() const;

Returns the MPI error class associated with the error that triggered this exception.

Macro BOOST _MPI|_CHECK_RESULT
BOOST_MPI_CHECK_RESULT
Synopsis

/1 I'n header: <boost/npi/exception. hpp>

BOOST_MPI _CHECK_RESULT(MPI Func, Args)

Description

Call the MPI routine MPIFunc with arguments Args (surrounded by parentheses). If the result is not MPI_SUCCESS, use
boost::throw_exception to throw an exception or abort, depending on BOOST_NO_EXCEPTIONS.
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Header <boost/mpi/graph_communicator.hpp>

This header defines facilities to support MPI communicators with graph topologies, using the graph interface defined by the Boost
Graph Library. One can construct a communicator whose topology is described by any graph meeting the requirements of the Boost
Graph Library's graph concepts. Likewise, any communicator that has agraph topology can be viewed as agraph by the Boost Graph
Library, permitting one to use the BGL's graph a gorithms on the process topol ogy.

namespace boost {
tenpl at e<> struct graph_traits<npi::graph_conmmuni cator >;
namespace npi {
cl ass graph_communi cat or;

/1 Returns the source vertex froman edge in the graph topol ogy of a communi cator.
int source(const std::pair<int, int > & edge,
const graph_communi cator &);

/1 Returns the target vertex froman edge in the graph topol ogy of a communicator.
int target(const std::pair<int, int > & edge,
const graph_communi cator &);

/1l Returns an iterator range containing all of the edges outgoing fromthe given vertex in O
a graph topol ogy of a conmunicator.
unspeci fied out_edges(int vertex,
const graph_communi cator & comm;

/'l Returns the out-degree of a vertex in the graph topol ogy of a comuni cator.
int out_degree(int vertex, const graph_comunicator & comm;

/1l Returns an iterator range containing all of the neighbors of the given vertex in the conl
nmuni cator' s graph topol ogy.
unspeci fied adjacent_vertices(int vertex,
const graph_communi cator & comm;

/1 Returns an iterator range that contains all of the vertices with the conmunicator's graph O
topol ogy, i.e., all of the process ranks in the comunicator.

std::pair< counting_iterator< int > counting_ iterator< int > >

vertices(const graph_communi cator & comm ;

/1 Returns the nunber of vertices within the graph topol ogy of the communicator, i.e., the O
nunmber of processes in the conmuni cator.
int numvertices(const graph_comunicator & conm ;

/1 Returns an iterator range that contains all of the edges with the comunicator's graph O

t opol ogy.
unspeci fi ed edges(const graph_communi cator & comm;

/1l Returns the nunmber of edges in the conmunicator's graph topol ogy.
i nt num edges(const graph_conmuni cator & comm ;

identity property_map

get (vertex_index_t, const graph_conmunicator &);

int get(vertex_index_t, const graph_comunicator & int);

Class graph_communicator

boost::mpi::graph_communicator — An MPI communicator with a graph topology.
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Synopsis
/'l I'n header: <boost/npi/graph_conmuni cator. hpp>

cl ass graph_communi cator : public boost::npi::comunicator {
publi c:

/'l construct/copy/ destruct
gr aph_comuni cat or (const MPI _Conm &, conmm create_Kki nd);
t enpl at e<t ypenane G aph>
explicit graph_conmuni cator(const conmuni cator &,
const Graph & bool = false);
t enpl at e<t ypenane G aph, typenane RankMap>
explicit graph_conmuni cator(const conmuni cator &,
const Graph & RankMap,
bool = false);

Description

A graph_conmmuni cat or isacommunicator whose topology is expressed as a graph. Graph communicators have the same func-
tionality as (intra)communicators, but also allow one to query the relationships among processes. Those rel ationships are expressed
via a graph, using the interface defined by the Boost Graph Library. The gr aph_conmuni cat or class meets the requirements of
the BGL Graph, Incidence Graph, Adjacency Graph, Vertex List Graph, and Edge List Graph concepts.

gr aph_conmuni cat or public construct/copy/destruct

gr aph_conmuni cat or (const MPI _Conmm & conm conmm create_ki nd ki nd);

Build anew Boost.MPI graph communicator based on the MPI communicator commwith graph topol ogy.

commmay be any valid MPI communicator. If conmis MPI_COMM_NULL, an empty communicator (that cannot be used for
communication) is created and the ki nd parameter is ignored. Otherwise, the ki nd parameter determines how the Boost.MPI
communicator will be related to conm

* If ki nd isconm dupl i cat e, duplicate conmto create a new communicator. This new communicator will be freed when the
Boost.MPI communicator (and all copiesof it) isdestroyed. Thisoption isonly permitted if the underlying MPI implementation
supports MPI 2.0; duplication of intercommunicatorsis not available in MPI 1.x.

e If ki nd isconm t ake_owner shi p, take ownership of comm It will be freed automatically when all of the Boost.MPI com-
municators go out of scope.

* If ki ndiscomm at t ach, thisBoost.MPI communicator will reference the existing MPI communicator commbut will not free
commwhen the Boost.M Pl communicator goes out of scope. This option should only be used when the communicator is managed
by the user.

t enpl at e<t ypenane G aph>
explicit graph_conmuni cator(const conmuni cator & comm
const Graph & graph,
bool reorder = false);

Create anew communicator whose topology is described by the given graph. Theindices of the verticesin the graph will be assumed
to be the ranks of the processes within the communicator. There may be fewer vertices in the graph than there are processes in
the communicator; in this case, the resulting communicator will be aNULL communicator.

Parameters: comm The communicator that the new, graph communicator will be based on.
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gr aph Any type that meets the requirements of the Incidence Graph and Vertex List Graph concepts
from the Boost Graph Library. This structure of this graph will become the topology of the com-
municator that is returned.

reorder  Whether MPI is permitted to re-order the process ranks within the returned communicator, to
better optimize communication. If false, the ranks of each process in the returned process will
match precisely the rank of that process within the original communicator.

t enpl at e<t ypenane G aph, typenanme RankMap>
explicit graph_comuni cator(const conmuni cator & conmm
const Graph & graph, RankMap rank,
bool reorder = fal se);

Create anew communicator whose topol ogy is described by the given graph. Therank map (r ank) givesthe mapping from vertices
in the graph to ranks within the communicator. There may be fewer vertices in the graph than there are processes in the commu-
nicator; in this case, the resulting communicator will be aNULL communicator.

Parameters: comm The communicator that the new, graph communicator will be based on. The ranksin r ank refer

to the processes in this communicator.

gr aph Any type that meets the requirements of the Incidence Graph and Vertex List Graph concepts
from the Boost Graph Library. This structure of this graph will become the topology of the com-
municator that is returned.

r ank This map trangdlates verticesin the gr aph into ranks within the current communicator. It must be
aReadable Property Map (see the Boost Property Map library) whose key type isthe vertex type
of the gr aph and whose value typeisi nt .

reorder  Whether MPI is permitted to re-order the process ranks within the returned communicator, to
better optimize communication. If false, the ranks of each process in the returned process will
match precisely the rank of that process within the original communicator.

Function get

boost::mpi::get — Returns a property map that maps from vertices in a communicator's graph topology to their index values.
Synopsis
/1 1 n header: <boost/npi/graph_conmuni cator. hpp>

identity_property_map
get (vertex_i ndex_t, const graph_conmunicator &);

Description

Since the vertices are ranks in the communicator, the returned property map is the identity property map.

Function get

boost::mpi::get — Returns the index of avertex in the communicator's graph topol ogy.
Synopsis
/'l 1n header: <boost/npi/graph_conmuni cator. hpp>

int get(vertex_index_t, const graph_comunicator & int vertex);
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Description

Since the vertices are ranks in the communicator, thisisthe identity function.

Struct graph_traits<mpi::graph_communicator>

boost::graph_traits<mpi::graph_communicator> — Traits structure that allows a communicator with graph topology to be view as
agraph by the Boost Graph Library.

Synopsis
/1 I'n header: <boost/npi/graph_conmuni cator. hpp>

struct graph_traits<npi::graph_comunicator> {

/'l types

t ypedef int vertex_descriptor;
typedef std::pair<int, int > edge_descri ptor;
typedef directed_tag directed_cat egory;
typedef disall ow parallel_edge_tag edge_parallel _category;
t ypedef unspecified out _edge_iterator;
t ypedef int degree_size_type;

t ypedef unspecified adj acency_iterator;
typedef counting_iterator< int > vertex_iterator;

t ypedef int vertices_size_type;
t ypedef unspecified edge_iterator;

t ypedef int edges_si ze_type;

/1 public static functions
static vertex_descriptor null_vertex();

Description

The speciaization of graph_traits for an MPl communicator allows a communicator with graph topology to be viewed as a
graph. An MPI communicator with graph topology meets the requirements of the Graph, Incidence Graph, Adjacency Graph, Vertex
List Graph, and Edge List Graph concepts from the Boost Graph Library.

graph_traits public static functions
static vertex_descriptor null_vertex();

Returns a vertex descriptor that can never refer to any valid vertex.

Header <boost/mpi/group.hpp>

This header defines the gr oup class, which allows one to manipulate and query groups of processes.
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nanespace boost {
nanmespace npi {
cl ass group;
BOOST_MPI _DECL bool operator==(const group & const group &) ;
bool operator!=(const group & const group &);
BOOST_MPI _DECL group operator|(const group & const group &) ;
BOOST_MPI _DECL group operator&(const group & const group &) ;
BOOST_MPI _DECL group operator-(const group & const group &) ;

Class group

boost::mpi::group — A gr oup is arepresentation of a subset of the processes within acommuni cat or.
Synopsis
/'l I'n header: <boost/npi/group. hpp>

class group {
public:
/'l construct/copy/ destruct

group();
group(const MPI _Goup & bool);

/1 public menber functions
optional < int > rank() const;
int size() const;
tenpl at e<typenane | nputlterator, typename Qutputlterator>
Cut putlterator
translate_ranks(lnputlterator, Inputlterator, const group &,
Qutputlterator);
oper ator bool () const;
operator MPlI_G oup() const;
tenpl at e<t ypenane | nputlterator>
group include(lnputlterator, Inputlterator);
tenpl at e<t ypenane | nputlterator>
group exclude(lnputlterator, Inputlterator);

Description

The gr oup class alows one to create arbitrary subsets of the processes within a communicator. One can compute the union, inter-
section, or difference of two groups, or create new groups by specifically including or excluding certain processes. Given a group,
one can create anew communicator containing only the processesin that group.

gr oup public construct/copy/destruct

group();
Constructs an empty group.
group(const MPI _Group & in_group, bool adopt);

Constructs agroup from an MPI _G oup.
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This routine allows one to construct a Boost.MPI gr oup from a C MPI _G oup. The gr oup object can (optionally) adopt the
MPl _Gr oup, after which point the gr oup object becomes responsible for freeing the MPI _Gr oup when the last copy of gr oup

disappears.

Parameters: adopt Whether the gr oup should adopt the MPI _Gr oup. When true, the gr oup object (or one of its
copies) will free the group (viaMPI _Comm f r ee) when the last copy is destroyed. Otherwise,
the user is responsible for calling MPI _Group_fr ee.

in_group TheMPl _G oup usedto construct thisgr oup.

gr oup public member functions

L optional < int > rank() const;

Determine the rank of the calling process in the group.
Thisroutineis equivalent to MPl _Gr oup_r ank.

Returns: The rank of the calling process in the group, which will be avauein [0, size()). If the calling processis not in the
group, returns an empty value.

int size() const;

Determine the number of processesin the group.
Thisroutineis equivalent to MPl _Gr oup_si ze.

Returns: The number of processesin the group.

tenpl at e<typenane | nputlterator, typename Qutputlterator>
Cut putlterator
translate_ranks(lnputlterator first, Inputlterator |ast,
const group & to_group, Qutputlterator out);

Tranglates the ranks from one group into the ranks of the same processes in another group.

This routine translates each of the integer rank values in the iterator range [first, last) from the current group into rank values of
the corresponding processesint o_gr oup. The corresponding rank values are written via the output iterator out . When there is
no correspondence between arank in the current group and arank int o_gr oup, the value MPI _UNDEFI NED is written to the
output iterator.

Parameters: first Beginning of the iterator range of ranksin the current group.
| ast Past the end of the iterator range of ranksin the current group.
out The output iterator to which the translated ranks will be written.
to_group  Thegroup that we are trandating ranks to.

Returns: the output iterator, which points one step past the last rank written.

operator bool () const;

Determines whether the group is non-empty.

Returns: Trueif the group is not empty, falseif it is empty.
operator MPlI_G oup() const;

Retrieves the underlying MPl _Gr oup associated with this group.
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Returns: The MPI_Group handle manipulated by this object. If this object represents the empty group, returns
MPl _GROUP_EMPTY.

t enpl at e<t ypenane | nputlterator>
group include(lnputlterator first, Inputlterator last);

Creates anew group including a subset of the processesin the current group.

This routine creates a new gr oup which includes only those processes in the current group that are listed in the integer iterator
range [first, last). Equivalent to MPI _Group_i ncl .

first Thebeginning of the iterator range of ranks to include.
| ast Past the end of theiterator range of ranks to include.

Returns: A new group containing those processes with ranks [first, last) in the current group.

t enpl at e<t ypenane | nputlterator>
group exclude(lnputlterator first, Inputlterator last);

Creates anew group from all of the processes in the current group, exluding a specific subset of the processes.

This routine creates anew gr oup which includes al of the processesin the current group except those whose ranks are listed in
the integer iterator range [first, last). Equivalent to MPl _Gr oup_excl .

first Thebeginning of the iterator range of ranks to exclude.
| ast Past the end of the iterator range of ranksto exclude.

Returns: A new group containing all of the processes in the current group except those processes with ranks [first, last) in
the current group.

Function operator==

boost::mpi::operator== — Determines whether two process groups are identical.
Synopsis

/'l I'n header: <boost/npi/group. hpp>

BOOST_MPI _DECL bool operator==(const group & gl, const group & g2);

Description
Equivalent to calling VPl _Gr oup_conpar e and checking whether the result is MPI _| DENT.

Returns: True when the two process groups contain the same processes in the same order.

Function operator!=

boost::mpi::operator! = — Determines whether two process groups are not identical.
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Synopsis
/1 I'n header: <boost/npi/group. hpp>

bool operator!=(const group & gl, const group & g2);

Description
Equivaent to calling MPl _Gr oup_conpar e and checking whether the result is not MPI _I DENT.

Returns: False when the two process groups contain the same processes in the same order.

Function operator|

boost::mpi::operator]| — Computes the union of two process groups.
Synopsis
/'l 1 n header: <boost/npi/group. hpp>
BOOST_MPI _DECL group operator|(const group & gl, const group & g2);

Description

Thisroutine returns anew gr oup that contains all processes that are either in group g1 or in group g2 (or both). The processes that
are in g1 will be first in the resulting group, followed by the processes from g2 (but not also in gi1). Equivaent to
MPl _Gr oup_uni on.

Function operator&

boost::mpi::operator& — Computes the intersection of two process groups.
Synopsis

/1 I'n header: <boost/npi/group. hpp>

BOOST_MPI _DECL group operator&(const group & gl, const group & g2);

Description

This routine returns a new gr oup that contains all processes that are in group g1 and in group g2, ordered in the same way asgl.
Equivalent to MPl _Gr oup_i nt er secti on.

Function operator-

boost::mpi::operator- — Computes the difference between two process groups.
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Synopsis
/1 I'n header: <boost/npi/group. hpp>
BOOST_MPI _DECL group operator-(const group & gl, const group & g2);

Description

This routine returns a new gr oup that contains all processes that are in group g1 but not in group g2, ordered in the same way as
gl. Equivalent to MPI _G oup_di f f er ence.

Header <boost/mpi/inplace.hpp>

This header provides helpersto indicate to MPI collective operation that a buffer can be use both as an input and output.

nanmespace boost {
namespace npi {
t enpl at e<t ypename T> struct inplace_t;
t enpl at e<t ypename T> struct inplace_t<T *>;

tenpl ate<typenane T> inplace_t< T > inplace(T &);
tenpl ate<typenane T> inplace_t< T * > inplace(T *);

Struct template inplace_t

boost::mpi::inplace_t — Wrapper typeto explicitly indicate that ainput data can be overriden with an output value.
Synopsis

/1 I'n header: <boost/npi/inplace. hpp>
t enpl at e<t ypenane T>
struct inplace_t {
/'l construct/copy/ destruct
inplace_t(T &);
/1 public data nenbers

T & buffer;
I

Description

i npl ace_t public construct/copy/destruct

inplace_t (T & inout);

Struct template inplace_t<T *>

boost::mpi::inplace t<T *>
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Synopsis

/'l In header: <boost/npi/inplace. hpp>
t enpl at e<t ypenane T>
struct inplace_t<T *> {
/'l construct/copy/ destruct
inplace_t(T *);
/1 public data nenbers

T * buffer;
}

Description

i npl ace_t public construct/copy/destruct

inplace_t(T * inout);

Function inplace

boost::mpi::inplace — Wrapp ainput data to indicate that it can be overriden with an ouput value.
Synopsis
/'l In header: <boost/npi/inplace. hpp>

t enpl at e<typenanme T> inplace_t< T > inplace(T & inout);
tenpl ate<typenane T> inplace_t< T * > inplace(T * inout);

Description

Parameters: i nout the contributing input value, it will be overriden with the output value where one is expected. If it isa
pointer, the number of elementswill be provided separatly.

Returns: The wrapped value or pointer.

Header <boost/mpi/intercommunicator.hpp>

This header definesthei nt er communi cat or class, which permits communication between different process groups.

nanmespace boost {
namespace npi {
cl ass interconmuni cator;
}
}

Class intercommunicator

boost::mpi::intercommunicator — Communication facilities among processesin different groups.
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Synopsis
/'l In header: <boost/npi/interconmunicator.hpp>

class intercommuni cator : public boost::npi::communicator {
publi c:
/'l construct/copy/ destruct
i nt er conmruni cat or (const MPlI _Comm &, conmm create_kind);
i nt er conmuni cat or (const conmuni cator &, int,
const comunicator & int);

/1 public nmenber functions

int |ocal_size() const;

boost:: npi::group | ocal _group() const;
int local _rank() const;

int renote_size() const;

boost:: npi::group renote_group() const;
communi cat or nerge(bool) const;

Description

Thei nt er conmuni cat or class provides communication facilities anong processes from different groups. An intercommunicator
isaways associated with two process groups: one "local" process group, containing the process that initiates an MPI operation (e.g.,
the sender in asend operation), and one "remote" process group, containing the process that is the target of the MPI operation.

While intercommunicators have essentially the same point-to-point operations as intracommunicators (the latter communicate only
within asingle process group), all communication with intercommuni cators occurs between the processes in the local group and the
processes in the remote group; communication within a group must use a different (intra-)communicator.

i nt ercommuni cat or public construct/copy/destruct
i nt er communi cat or (const MPI _Conm & conm comm create_kind kind);

Build a new Boost.MPI intercommunicator based on the MPI intercommunicator conm

commmay be any valid MPI intercommunicator. If cormis MPI_COMM_NULL, an empty communicator (that cannot be used
for communication) is created and the ki nd parameter isignored. Otherwise, theki nd parameter determines how the Boost.MPI
communicator will be related to conm

» If ki nd iscomm dupl i cat e, duplicate conmto create a new communicator. This new communicator will be freed when the
Boost.MPI communicator (and all copiesof it) isdestroyed. Thisoptionisonly permitted if the underlying MPI implementation
supports MPI 2.0; duplication of intercommunicatorsis not availablein MPI 1.x.

» If ki nd isconm t ake_owner shi p, take ownership of corm It will be freed automatically when all of the Boost.MPI com-
municators go out of scope.

e If ki ndisconm at t ach, thisBoost.MPI communicator will reference the existing MPI communicator conmbut will not free
conmwhen the Boost. MPI communi cator goes out of scope. This option should only be used when the communicator is managed
by the user.

i nt er conmuni cat or (const conmuni cator & local, int |ocal_|eader,
const conmmuni cator & peer, int renote_| eader);

Constructs a new intercommunicator whose local group is! ocal and whose remote group is peer . The intercommunicator can
then be used to communi cate between processesin the two groups. This constructor isequivalenttoacall toMPI _I nt er corm cr e-
ate.
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Parameters: | ocal The intracommunicator containing all of the processes that will go into the local group.
| ocal _| eader Therank withinthel ocal intracommunicator that will serve asits leader.
peer Theintracommunicator containing all of the processesthat will go into the remote group.

renot e_| eader The rank within the peer group that will serve asits leader.

i nt ercommuni cat or public member functions

int |ocal _size() const;

Returns the size of the local group, i.e., the number of local processes that are part of the group.
boost::npi::group | ocal _group() const;

Returns the local group, containing all of the local processesin this intercommunicator.
int local _rank() const;

Returns the rank of this process within the local group.
int renote_size() const;

Returns the size of the remote group, i.e., the number of processes that are part of the remote group.
boost:: npi::group renote_group() const;

Returns the remote group, containing all of the remote processes in this intercommunicator.
conmuni cat or ner ge(bool high) const;

Mergethelocal and remote groupsin thisintercommunicator into anew intracommunicator containing the union of the processes
in both groups. This method is equivalent to MPI _I nt er conm ner ge.

Parameters: hi gh  Whether the processes in this group should have the higher rank numbers than the processes in the
other group. Each of the processes within a particular group shall have the same "high" value.
Returns: the new, merged intracommuni cator

Header <boost/mpi/nonblocking.hpp>

This header defines operations for compl eting non-blocking communication requests.
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nanespace boost {
nanmespace npi {
t enpl at e<t ypenane Forwardlterator>
std::pair< status, Forwardlterator >
wai t _any(Forwardlterator, Forwardlterator);
t enpl at e<t ypenane Forwardlterator>
optional < std::pair< status, Forwardlterator > >
test _any(Forwardlterator, Forwardlterator);
t enpl at e<t ypenane Forwardlterator, typename CQutputlterator>
Qut putlterator
wait_all (Forwardlterator, Forwardlterator, Qutputlterator);
t enpl at e<t ypenane Forwardlterator>
void wait_all (Forwardlterator, Forwardlterator)
t enpl at e<t ypenane Forwardlterator, typename CQutputlterator>
optional < Qutputlterator >
test_all (Forwardlterator, Forwardlterator, Qutputlterator);
t enpl at e<t ypenane Forwardlterator>
bool test_all(Forwardlterator, Forwardlterator);
tenpl at e<typenane Bidirectionallterator
typenane Qutputlterator>
std::pair< Qutputlterator, Bidirectionallterator >
wai t _sone(Bidirectionallterator, Bidirectionallterator
Qutputlterator);
t enpl at e<t ypenane Bidirectionallterator>
Bi di rectional Iterator
wai t _sone(Bidirectionallterator, Bidirectionallterator)
tenpl at e<typenane Bidirectionallterator
typenane Qutputlterator>
std::pair< Qutputlterator, Bidirectionallterator >
test_sone(Bidirectional Iterator, Bidirectionallterator
Qutputlterator);
tenpl at e<typenane Bidirectionallterator>
Bi di rectional Iterator
test_sonme(Bidirectional lterator, Bidirectionallterator)

Function template wait_any

boost::mpi::wait_any — Wait until any non-blocking request has compl eted.
Synopsis
/'l I'n header: <boost/npi/nonbl ocking. hpp>

t enpl at e<t ypenane Forwardlterator>
std::pair< status, Forwardlterator >
wai t _any(Forwardlterator first, Forwardlterator |ast)

Description

Thisroutine takesin a set of requests stored in the iterator range [first,last) and waits until any of these requests has been compl eted.
It provides functionality equivalent to MPI _Wai t any.

Parameters: first Theiterator that denotes the beginning of the sequence of request objects.
| ast Theiterator that denotes the end of the sequence of request objects. This may not beequal tofi rst.
Returns: A pair containing the status object that corresponds to the completed operation and the iterator referencing the
completed reguest.
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Function template test_any

boost::mpi::test_any — Test whether any non-blocking request has completed.
Synopsis
/'l 1n header: <boost/ npi/nonbl ocki ng. hpp>

t enpl at e<t ypenane Forwardlterator>
optional < std::pair< status, Forwardlterator > >
test_any(Forwardlterator first, Forwardlterator |ast);

Description

Thisroutinetakesin aset of requests stored in theiterator range [first,last) and tests whether any of these requests has been compl eted.
This routine is similar to wai t _any, but will not block waiting for requests to completed. It provides functionality equivalent to
MPI _Test any.

Parameters: first Theiterator that denotes the beginning of the sequence of request objects.
| ast Theiterator that denotes the end of the sequence of request objects.
Returns: If any outstanding requests have completed, a pair containing the status object that corresponds to the completed

operation and the iterator referencing the completed request. Otherwise, an empty opt i onal <>.

Function wait_all

boost::mpi::wait_all — Wait until al non-blocking requests have completed.
Synopsis
/1 I'n header: <boost/npi/nonbl ocking. hpp>

tenpl at e<t ypenane Forwardlterator, typenane Qutputlterator>
Cut putlterator
wait_all (Forwardlterator first, Forwardlterator |ast,
Cutputlterator out);
t enpl at e<t ypenane Forwardlterator>
void wait_all (Forwardlterator first, Forwardlterator |ast);

Description

Thisroutinetakesin aset of requests stored in the iterator range [first,last) and waits until all of these requests have been completed.
It provides functionality equivalent to MPI _Wai tal | .

Parameters: first Theiterator that denotes the beginning of the sequence of request objects.
| ast Theiterator that denotes the end of the sequence of request objects.
out If provided, an output iterator through which the status of each request will be emitted. The st at us
objects are emitted in the same order as the requests are retrieved from [first,last).
Returns: If an out parameter was provided, the value out after all of the st at us objects have been emitted.

Function test_all

boost::mpi::test_all — Tests whether all non-blocking requests have compl eted.
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Synopsis
/'l In header: <boost/npi/nonbl ocki ng. hpp>

t enpl at e<t ypenane Forwardlterator, typenanme Qutputlterator>
optional < Qutputlterator >
test_all (Forwardlterator first, Forwardlterator |ast,
Qutputlterator out)
t enpl at e<t ypenane Forwardlterator>
bool test_all(Forwardlterator first, Forwardlterator |ast)

Description

This routine takes in a set of requests stored in the iterator range [first,last) and determines whether all of these requests have been
completed. However, due to limitations of the underlying MPI implementation, if any of the requests refers to a non-blocking send
or receive of a serialized datatype, t est _al | will always return the equivalent of f al se (i.e., the requests cannot all be finished
at thistime). Thisroutine performsthe same functionality aswai t _al | , except that thisroutine will not block. Thisroutine provides
functionality equivalent to MPI _Test al | .

Parameters: first Theiterator that denotes the beginning of the sequence of request objects.
| ast The iterator that denotes the end of the sequence of request objects.
out If provided and al requests hav been completed, an output iterator through which the status of each

reguest will be emitted. The st at us objects are emitted in the same order as the requests are retrieved
from [first,last).
Returns: If an out parameter was provided, the value out after all of the st at us objects have been emitted (if all requests
were completed) or an empty opt i onal <>. If no out parameter was provided, returnst r ue if all requests have
completed or f al se otherwise.

Function wait_some

boost::mpi::wait_some — Wait until some non-blocking regquests have completed.
Synopsis
/'l 1 n header: <boost/npi/nonbl ocki ng. hpp>

t enpl at e<t ypenane Bidirectional Iterator, typenane Qutputlterator>
std::pair< Qutputlterator, Bidirectionallterator >
wait _sonme(Bidirectionallterator first
Bidirectional lterator last, Qutputlterator out);
t enpl at e<t ypenane Bidirectionallterator>
Bi directional Iterator
wait _sone(Bidirectional lterator first
Bi directionallterator |ast);

Description

Thisroutinetakesin aset of requests stored in the iterator range [first,last) and waits until at |east one of the requests has compl eted.
It then completes all of the requestsit can, partitioning the input sequence into pending requests followed by completed requests. If
an output iterator is provided, st at us objectswill be emitted for each of the completed requests. This routine provides functionality
equivalent to MPI _ Wi t sone.

Parameters: first Theiterator that denotes the beginning of the sequence of request objects.
| ast Theiterator that denotes the end of the sequence of request objects. This may not beequal tofi rst.
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out If provided, thest at us objects corresponding to compl eted requests will be emitted through this output
iterator.
Returns: If the out parameter was provided, apair containing the output iterator out after all of the st at us objects have

been written through it and an iterator referencing the first completed request. If no out parameter was provided,
only the iterator referencing the first completed request will be emitted.

Function test_some

boost::mpi::test_some — Test whether some non-blocking regquests have completed.
Synopsis
/'l 1n header: <boost/ npi/nonbl ocki ng. hpp>

tenpl at e<typenane Bidirectionallterator, typenane Qutputlterator>
std::pair< Qutputlterator, Bidirectionallterator >
test_sone(Bidirectional lterator first,
Bidirectionallterator |ast, Qutputlterator out);
tenpl at e<typenane Bidirectionallterator>
Bi di rectional Iterator
test_sone(Bidirectionallterator first,
Bi directionallterator |ast);

Description

This routine takes in a set of requests stored in the iterator range [first,last) and tests to see if any of the requests has completed. It
completes al of the requests it can, partitioning the input sequence into pending requests followed by completed requests. If an
output iterator isprovided, st at us objectswill be emitted for each of the completed requests. Thisroutineissimilar towai t _some,
but does not wait until any requests have completed. This routine provides functionality equivalent to MPI _Test sore.

Parameters: first Theiterator that denotes the beginning of the sequence of request objects.
| ast Theiterator that denotes the end of the sequence of request objects. This may not beequal tofi rst .
out If provided, thest at us objects corresponding to compl eted requestswill be emitted through this output
iterator.
Returns: If theout parameter was provided, apair containing the output iterator out after all of the st at us objects have

been written through it and an iterator referencing the first completed request. If no out parameter was provided,
only the iterator referencing the first completed request will be emitted.

Header <boost/mpi/operations.hpp>

This header provides a mapping from function objectsto MPI _Op constants used in MPI collective operations. It also provides sev-
eral new function object types not present in the standard <functional> header that have direct mappingsto MPI _Op.

namespace boost {
namespace npi {
tenpl at e<t ypenane T> struct bitw se_and;
tenpl at e<t ypenane T> struct bitw se_or;
tenpl at e<t ypenane T> struct bitw se_xor;
tenpl at e<t ypenane Op, typename T> struct is_commutative;
t enpl at e<t ypename Op, typenanme T> struct is_npi_op;
t enpl at e<t ypenane T> struct | ogical _xor;
tenpl at e<t ypenane T> struct maxi mum
tenpl at e<t ypenane T> struct mi ni mum
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Struct template bitwise_and

boost::mpi::bitwise_and — Compute the bitwise AND of two integral values.
Synopsis

/'l I'n header: <boost/npi/operations. hpp>

t enpl at e<t ypenane T>
struct bitwise_and : public std::binary_ function< T, T, T > {

/1 public nmenber functions

T operator()(const T & const T & const;

b

Description

This binary function object computes the bitwise AND of the two valuesit is given. When used with MPI and atype T that has an
associated, built-in MPI datatype, translates to MPI _BAND.

bi t wi se_and public member functions

L T operator()(const T & x, const T & y) const;

Returns: X &Y.

Struct template bitwise_or

boost::mpi::bitwise_or — Compute the bitwise OR of two integral values.
Synopsis

/'l In header: <boost/npi/operations. hpp>

t enpl at e<t ypenane T>
struct bitwise_or : public std::binary_function< T, T, T > {

/1 public nmenber functions

T operator()(const T & const T & const;

e

Description

This binary function object computes the bitwise OR of the two valuesit is given. When used with MPI and atype T that has an as-
sociated, built-in MPI data type, translates to MPI _BOR.

bi t wi se_or public member functions

L T operator()(const T & x, const T & y) const;

Returns: thex |y.
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Struct template bitwise_xor

boost::mpi::bitwise xor — Compute the bitwise exclusive OR of two integral values.
Synopsis

/'l In header: <boost/npi/operations. hpp>

t enpl at e<t ypenane T>
struct bitw se_xor : public std::binary_function< T, T, T > {

/1 public nmenber functions

T operator()(const T & const T & const;

b

Description

This binary function object computes the bitwise exclusive OR of the two valuesit is given. When used with MPI and atype T that
has an associated, built-in MPI datatype, translatesto MPI _BXOR.

bi t wi se_xor public member functions

L T operator()(const T & x, const T & y) const;

Returns: X Ny

Struct template is_commutative

boost::mpi::is_ commutative — Determineif afunction object type is commutative.
Synopsis

/'l In header: <boost/npi/operations. hpp>
tenpl at e<t ypenanme Op, typenane T>

struct is_commutative : public false_ {
b

Description

This trait determines if an operation Op is commutative when applied to values of type T. Parallel operations such asr educe and
pr ef i x_sumcan beimplemented more efficiently with commutative operations. To mark an operation ascommutative, users should
specidizei s_commut at i ve and derive from the classnpl : : true_.

Struct template is_mpi_op

boost::mpi::is mpi_op — Determine if afunction object has an associated MPI _Op.
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Synopsis

/'l I n header: <boost/npi/operations. hpp>
t enpl at e<t ypenane Qp, typenanme T>

struct is_npi_op : public false_ {

b
Description

Thistrait determinesif afunction object type Op, when used with argument type T, hasan associated MPI _(p. If s0,i s_npi _op<Qp, T>
will derive from npl : : f al se_ and will contain a static member function op that takes no arguments but returns the associated
MPI _Op value. For instance, i s_npi _op<st d: : pl us<i nt >,int>::0p() returns VPl _SUM

Users may specializei s_npi _op for any other class templates that map onto operations that have MPI _Op equivalences, such as
bitwise OR, logical and, or maximum. However, users are encouraged to use the standard function objectsin thef unct i onal and
boost / npi / oper at i ons. hpp headers whenever possible. For function objects that are class templates with a single template
parameter, it may be easier to specializei s_bui | ti n_npi _op.

Struct template logical_xor

boost::mpi::logical_xor — Compute the logical exclusive OR of two integral values.
Synopsis

/'l 1 n header: <boost/npi/operations. hpp>

t enpl at e<t ypenane T>
struct logical _xor : public std::binary_function< T, T, T > {

/1 public menber functions

T operator()(const T & const T & const;

i

Description

This binary function object computes the logical exclusive of the two valuesit is given. When used with MPI and atype T that has
an associated, built-in MPI data type, trandatesto MPI _LXOR.

| ogi cal _xor public member functions

L T operator()(const T & x, const T & y) const;
Returns: the logical exclusive OR of x and y.

Struct template maximum

boost::mpi::maximum — Compute the maximum of two values.
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Synopsis

/'l I n header: <boost/npi/operations. hpp>

t enpl at e<t ypenane T>
struct maximum: public std::binary_function< T, T, T > {

/1 public nmenber functions

const T & operator()(const T & const T & const;

I

Description

This binary function object computes the maximum of the two valuesit is given. When used with MPI and atype T that has an asso-
ciated, built-in MPI datatype, trandatesto MPI _ MAX.

maxi mumpublic member functions

L const T & operator()(const T & x, const T & y) const;

Returns: the maximum of x and y.

Struct template minimum

boost::mpi::minimum — Compute the minimum of two values.
Synopsis

/'l I'n header: <boost/npi/operations. hpp>

t enpl at e<t ypenane T>
struct mininmum: public std::binary_function< T, T, T > {

/1 public nmenber functions
const T & operator()(const T & const T & const;

b

Description

This binary function object computes the minimum of the two valuesit is given. When used with MPI and atype T that has an asso-
ciated, built-in MPI datatype, translatesto M°Pl _M N.

m ni numpublic member functions
const T & operator()(const T & x, const T & y) const;

Returns: the minimum of x and y.

Header <boost/mpi/packed_iarchive.hpp>

This header provides the facilities for packing Serializable data types into a buffer using MPI _Pack. The buffers can then be trans-
mitted viaMPI and then be unpacked either viathe facilitiesin packed_oar chi ve. hpp or MPl _Unpack.
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nanespace boost {
nanmespace npi {
cl ass packed_i archi ve;

typedef packed_iprimtive iprinmtive;
}
}

Class packed iarchive

boost::mpi::packed_iarchive — An archive that unpacks binary data from an MPI buffer.
Synopsis
/'l I'n header: <boost/npi/packed_i archive. hpp>

cl ass packed_iarchive : public iprimtive {
public:
/'l construct/copy/ destruct
packed_i archi ve(MPl _Comm const &, buffer_type &,
unsi gned int = boost::archive::no_header,
int = 0);
packed_i archi ve(MPlI _Comm const &, std::size_t = O,
unsigned int = boost::archive::no_header);

/1 public menber functions

tenpl at e<typenane T> void |oad_override(T & int, npl::false_);
tenpl at e<typenane T> void |oad_override(T & int, npl::true_);
tenpl at e<typenane T> void | oad_override(T & int);

void | oad_override(archive::class_id_optional _type & int);
void | oad_override(archive::class_id_type & int);

void | oad_override(archive::version_type & int);

void | oad_override(archive::class_id_reference_type & int);
voi d | oad_override(archive::class_nane_type & int);

—~ o~ A~ —~

Description

The packed_oar chi ve classisan Archiver (asin the Boost.Serialization library) that unpacks binary data from a buffer received
viaMPI. It can operate on any Serializable data type and will use the MPI _Unpack function of the underlying MPI implementation
to perform deserialization.

packed_i ar chi ve public construct/copy/destruct

L packed_i ar chi ve( MPl _Conm const & conm buffer_type & b,

unsi gned int flags = boost::archive::no_header,
int position = 0);

Construct apacked_i ar chi ve to receive data over the given MPI communicator and with an initial buffer.

Parameters: b A user-defined buffer that contains the binary representation of serialized objects.
comm  Thecommunicator over which this archive will be received.
flags Control the seriadlization of the data types. Refer to the Boost.Serialization documentation before
changing the default flags.
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packed_i archi ve(MPlI _Comm const & conm std::size t s = 0,
unsigned int flags = boost::archive::no_header);

Construct apacked_i ar chi ve to receive data over the given MPI communicator.

Parameters: comm  The communicator over which this archive will be received.
flags Control the seridization of the data types. Refer to the Boost.Serialization documentation before
changing the default flags.

packed_i ar chi ve public member functions

1.

t enpl at e<t ypenane T>

void load_override(T & x, int version, npl::false_);

tenpl at e<typenane T> void |oad_override(T & x, int, npl::true_);
3. . i . . ]

tenpl at e<typenane T> void |oad_override(T & x, int version);
4. voi d | oad_override(archive::class_id_optional _type & int);
5 voi d | oad_override(archive::class_id_type &t, int version);
6. void | oad_override(archive::version_type &t, int version);
1. void | oad_override(archive::class_id_reference_type & t,

int version);

8.

voi d | oad_override(archive::class_nane_type & t, int);

Header <boost/mpi/packed_oarchive.hpp>

This header provides the facilities for unpacking Serializable data types from a buffer using MPI _Unpack. The buffers are typically
received via MPI and have been packed either by viathe facilitiesin packed_i ar chi ve. hpp or MPl _Pack.

nanmespace boost {
namespace npi {
cl ass packed_oarchi ve;

t ypedef packed_oprinmitive oprinitive;
}
}
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Class packed_oarchive

boost::mpi::packed oarchive — An archive that packs binary datainto an MPI buffer.
Synopsis
/'l I'n header: <boost/npi/packed_oarchive. hpp>

cl ass packed_oarchive : public oprimtive {
public:
/1 construct/copy/ destruct
packed_oarchi ve(MPl _Comm const &, buffer_type &,
unsi gned int = boost::archive::no_header);
packed_oar chi ve( MPI _Comm const &,
unsi gned int = boost::archive::no_header);

/1 public nmenber functions
t enpl at e<t ypenane T>
voi d save_override(T const & int, npl::false_ );
t enpl at e<t ypenane T>
voi d save_override(T const & int, npl::true_);
tenpl at e<typenane T> void save_override(T const & int);
voi d save_override(const archive::class_id _optional _type & int);
voi d save_override(const archive::class_nane_type & int);
voi d save_override(archive::class_id_type & int);
voi d save_override(archive::version_type & int);

Description

Thepacked_i ar chi ve classisanArchiver (asinthe Boost.Seridization library) that packs binary datainto abuffer for transmission
viaMPI. It can operate on any Serializable data type and will use the MPI _Pack function of the underlying MPI implementation to
perform serialization.

packed_oar chi ve public construct/copy/destruct

packed_oar chi ve(MPl _Comm const & conm buffer_type & b,
unsigned int flags = boost::archive::no_header);

Construct apacked_oar chi ve for transmission over the given MPI communicator and with an initial buffer.

Parameters: b A user-defined buffer that will be filled with the binary representation of serialized objects.
comm  The communicator over which this archive will be sent.
flags Control the seridization of the data types. Refer to the Boost.Serialization documentation before
changing the default flags.

2. packed_oar chi ve( MPl _Conm const & conm

unsi gned int flags = boost::archive::no_header);

Construct apacked_oar chi ve for transmission over the given MPl communicator.

Parameters: comm  Thecommunicator over which this archive will be sent.
flags Control the seriadlization of the data types. Refer to the Boost.Serialization documentation before
changing the default flags.
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packed_oar chi ve public member functions

t enpl at e<t ypenane T>
voi d save_override(T const & x, int version, npl::false_)

2. t enpl at e<t ypenane T>
voi d save_override(T const & x, int, npl::true_);

3. . . . . )

tenpl at e<t ypenane T> void save_override(T const & x, int version)
4. voi d save_override(const archive::class_id_optional _type & int)
5. voi d save_override(const archive::class_nane_type & t, int)
6. voi d save_override(archive::class_id_type &t, int version)
7

voi d save_override(archive::version_type &t, int version)

Header <boost/mpi/python.hpp>

This header interacts with the Python bindings for Boost.MPI. The routines in this header can be used to register user-defined and
library-defined data types with Boost.MPI for efficient (de-)serialization and separate transmission of skeletons and content.

nanespace boost {
nanespace npi {
namespace python {
t enpl at e<t ypenane T>
void register_serialized(const T & = T()
PyTypeChject * = 0);
t enpl at e<t ypenane T>
voi d register_skel eton_and_content(const T & = T()
PyTypeChject * = 0);

Function template register_serialized

boost::mpi::python::register_serialized — Register thetype T for direct serialization within Boost.MPI.
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Synopsis
/'l I'n header: <boost/npi/python. hpp>

t enpl at e<t ypenane T>
voi d register_serialized(const T & value = T(),
PyTypeChj ect * type = 0);

Description

Ther egi st er _seri al i zed function registers a C++ type for direct serialization within Boost.MPI. Direct serialization elides the
use of the Python pi ckl e package when serializing Python objects that represent C++ values. Direct serialization can be beneficial
both to improve seridization performance (Python pickling can be very inefficient) and to permit serialization for Python-wrapped
C++ objects that do not support pickling.

Parameters: type The Python type associated with the C++ type T. If not provided, it will be computed from the same
valueval ue.
val ue A sample value of the type T. This may be used to compute the Python type associated with the C++
typeT.

Function template register_skeleton_and_content

boost::mpi::python::register_skeleton _and_content — Registers atype for use with the skeleton/content mechanism in Python.
Synopsis
/1 1 n header: <boost/npi/python. hpp>

t enpl at e<t ypenane T>
voi d register_skel eton_and_content(const T & value = T(),
PyTypeChj ect * type = 0);

Description

The skeleton/content mechanism can only be used from Python with C++ types that have previously been registered viaa call to
this function. Both the sender and the transmitter must register the type. It is permitted to call this function multiple times for the
sametype T, but only one call per process per typeisrequired. The type T must be Serializable.

Parameters: type The Python type associated with the C++ type T. If not provided, it will be computed from the same
valueval ue.

val ue A sample object of type T that will be used to determine the Python type associated with T, if t ype is
not specified.

Header <boost/mpi/request.hpp>

This header definesthe classr equest , which contains a request for non-blocking communication.

nanmespace boost {
namespace npi {
cl ass request;

}

}
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Class request

boost::mpi::request — A request for a non-blocking send or receive.
Synopsis
/'l In header: <boost/npi/request. hpp>

cl ass request {

public:
/1 construct/copy/ destruct
request () ;
/1 public nmenber functions
status wait();

optional < status > test();
voi d cancel ();

Description
This structure contains information about a non-blocking send or receive and will be returned fromi send ori r ecv, respectively.

request public construct/copy/destruct
request () ;

ConstructsaNULL request.
request public member functions

status wait();

Wait until the communication associated with this request has completed, then return ast at us object describing the communic-
ation.

optional < status > test();

Determine whether the communication associated with this request has completed successfully. If so, returnsthe st at us object
describing the communication. Otherwise, returns an empty opt i onal <> to indicate that the communication has not completed
yet. Note that oncet est () returnsast at us object, the request has completed and wai t () should not be called.

voi d cancel ();

Cancel a pending communication, assuming it has not already been completed.

Header <boost/mpi/skeleton_and_content.hpp>

This header provides facilities that allow the structure of datatypes (called the "skeleton™) to be transmitted and received separately
from the content stored in those data types. These facilities are useful when the datain astable data structure (e.g., amesh or agraph)
will need to be transmitted repeatedly. In this case, transmitting the skeleton only once saves both communication effort (it need not
be sent again) and local computation (serialization need only be performed once for the content).
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nanespace boost {
nanmespace npi {
cl ass content;
cl ass packed_skel et on_i archi ve;
cl ass packed_skel et on_oar chi ve;
tenpl at e<typenane T> struct skel eton_proxy;

tenpl at e<typenane T> const skel eton_proxy< T > skeleton(T &)
t enpl at e<t ypenane T> const content get_content(const T &);

Class content

boost::mpi::content — A proxy object that transfers the content of an object without its structure.
Synopsis
/1 I'n header: <boost/npi/skel eton_and_content. hpp>

class content {

public:
/'l construct/copy/ destruct
content ()
cont ent (MPI _Dat at ype, bool = true)
const content & operator=(MPI_Datatype)
/'l public menmber functions
MPI _Dat at ype get_npi _datatype() const
void conmt();

Description

Thecont ent classindicates that Boost.MPI should transmit or receive the content of an object, but without any information about
the structure of the object. It is only meaningful to transmit the content of an object after the receiver has already received the skel-
eton for the same object.

Most userswill not use cont ent objects directly. Rather, they will invokesend, r ecv, or br oadcast operationsusing get _con-
tent().

cont ent public construct/copy/destruct
content ()
Constructs an empty cont ent object. This object will not be useful for any Boost.MPI operations until it is reassigned.
content (MPl _Dat atype d, bool conmitted = true)

Thisroutineinitializesthe cont ent object with an MPI data type that refers to the content of an object without its structure.

Parameters: comritted trueindicatesthat MPI _Type_conmit hasalready been excuted for the datatyped.
d the MPI data type referring to the content of the object.

const content & operator=(MPI_Datatype d)
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Replace the MPI data type referencing the content of an object.

Parameters: d thenew MPI datatype referring to the content of the object.
Returns: *this

cont ent public member functions

L MPl _Dat at ype get_npi _datatype() const;

Retrieve the MPI datatype that refers to the content of the object.

Returns: the MPI data type, which should only be transmitted or received using MPI _BOTTOMas the address.
void comit();

Commit the MPI data type referring to the content of the object.

Class packed_skeleton_iarchive

boost::mpi::packed skeleton iarchive— An archiver that reconstructs adata structure based on the binary skeleton stored in abuffer.
Synopsis
/'l 1n header: <boost/npi/skel eton_and_content. hpp>

cl ass packed_skel eton_iarchive : public ignore_iprimtive {
public:
/'l construct/copy/destruct
packed_skel et on_i ar chi ve( MPl _Comm const &,
unsi gned int = boost::archive::no_header);
explicit packed_skel eton_i archi ve(packed_i archive &);

/'l public menber functions

const packed_i archive & get_skel eton() const;
packed_i archive & get_skel eton();

Description

Thepacked_skel et on_i ar chi ve classisan Archiver (asin the Boost.Seridization library) that can construct the the shape of a
data structure based on a binary skeleton stored in a buffer. The packed_skel et on_i ar chi ve istypically used by the receiver of
a skeleton, to prepare a data structure that will eventually receive content separately.

Userswill not generally need to use packed_skel et on_i ar chi ve directly. Instead, use skel et on or get _skel et on.
packed_skel et on_i ar chi ve public construct/copy/destruct

L packed_skel et on_i ar chi ve( MPl _Conm const & comm

unsi gned int flags = boost::archive::no_header);

Construct apacked_skel et on_i ar chi ve for the given communicator.

Parameters: comm  The communicator over which this archive will be transmitted.
flags Control the serialization of the skeleton. Refer to the Boost.Serialization documentation before
changing the default flags.
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explicit packed_skel eton_i archi ve(packed_i archive & archive);

Construct apacked_skel et on_i ar chi ve that unpacks a skeleton from the given ar chi ve.
Parameters: archive thearchive from which the skeleton will be unpacked.

packed_skel et on_i ar chi ve public member functions
const packed_i archive & get_skeleton() const;
Retrieve the archive corresponding to this skeleton.
packed_i archive & get_skeleton();

Retrieve the archive corresponding to this skeleton.

Class packed_skeleton_oarchive

boost::mpi::packed skeleton oarchive — An archiver that records the binary skeleton of a data structure into a buffer.
Synopsis
/1 I'n header: <boost/npi/skel eton_and_content. hpp>

cl ass packed_skel eton_oarchive : public ignore_oprimtive {
publi c:
/'l construct/copy/ destruct
packed_skel et on_oar chi ve( MPl _Comm const &,
unsi gned int = boost::archive::no_header);
explicit packed_skel et on_oarchi ve( packed_oarchive &);

/1 public menber functions
const packed_oarchive & get_skel eton() const;

Description

The packed_skel et on_oar chi ve classis an Archiver (as in the Boost.Serialization library) that can record the shape of a data
structure (called the "skeleton") into abinary representation stored in abuffer. Thepacked_skel et on_oar chi ve istypically used
by the send of a skeleton, to pack the skeleton of a data structure for transmission separately from the content.

Userswill not generally need to use packed_skel et on_oar chi ve directly. Instead, use skel et on or get _skel et on.
packed_skel et on_oar chi ve public construct/copy/destruct

L packed_skel et on_oar chi ve( MPl _Conm const & comm

unsigned int flags = boost::archive::no_header);

Construct apacked_skel et on_oar chi ve for the given communicator.

Parameters: comm  The communicator over which this archive will be transmitted.
flags Control the serialization of the skeleton. Refer to the Boost.Serialization documentation before
changing the default flags.
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explicit packed_skel et on_oarchi ve(packed_oarchive & archive);

Construct apacked_skel et on_oar chi ve that packs a skeleton into the given ar chi ve.
Parameters: archive thearchivetowhich the skeleton will be packed.

packed_skel et on_oar chi ve public member functions
const packed_oarchive & get_skeleton() const;

Retrieve the archive corresponding to this skeleton.

Struct template skeleton_proxy

boost::mpi::skeleton_proxy — A proxy that requests that the skeleton of an object be transmitted.
Synopsis

/'l In header: <boost/npi/skel eton_and_content. hpp>
t enpl at e<t ypenane T>
struct skel eton_proxy {

/1l construct/copy/ destruct

skel eton_proxy(T &);

/1 public data nenbers

T & obj ect;
}

Description

The skel et on_pr oxy isalightweight proxy object used to indicate that the skeleton of an object, not the object itself, should be
transmitted. It can be used with the send and r ecv operations of communicators or the br oadcast collective. When askel et -

on_pr oxy is sent, Boost.MPI generates a description containing the structure of the stored object. When that skeleton is received,
the receiving object is reshaped to match the structure. Once the skeleton of an object as been transmitted, its cont ent can be
transmitted separately (often several times) without changing the structure of the object.

skel et on_proxy public construct/copy/destruct

L skel eton_proxy(T & X);

Constructs askel et on_pr oxy that references object x.

Parameters: x  the object whose structure will be transmitted or atered.

Function template skeleton

boost::mpi::skeleton — Create a skel eton proxy object.
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Synopsis
/'l 1n header: <boost/npi/skel eton_and_content. hpp>

tenpl at e<typenane T> const skeleton_proxy< T > skeleton(T & x);

Description

This routine creates an instance of the skel et on_pr oxy class. It will typically be used when calling send, r ecv, or br oadcast ,
to indicate that only the skeleton (structure) of an object should be transmitted and not its contents.

Parameters: x  the object whose structure will be transmitted.
Returns: askeleton_proxy object referencing x
Function template get_content

boost::mpi::get_content — Returns the content of an object, suitable for transmission via Boost.MPI.
Synopsis
/'l 1'n header: <boost/npi/skel eton_and_content. hpp>

t enpl at e<t ypenanme T> const content get_content(const T & X);

Description

The function creates an absolute MPI datatype for the object, where all offsets are counted from the address 0 (a.k.a. MPI _BOTTOM)
instead of the address &x of the object. This allows the creation of MPI data types for complex data structures containing pointers,
such aslinked lists or trees.

The disadvantage, compared to relative MPI datatypesis that for each object anew MPI data type has to be created.

The contents of an object can only be transmitted when the receiver aready has an object with the same structure or shape as the
sender. To accomplish this, first transmit the skeleton of the object using, e.g., skel et on() or skel et on_pr oxy.

Thetype T hasto allow creation of an absolute MPI data type (content).

Parameters: x  the object for which the content will be transmitted.
Returns: the content of the object x, which can be used for transmission viasend, r ecv, or br oadcast .

Header <boost/mpi/skeleton_and_content_fwd.hpp>

This header contains all of the forward declarations required to use transmit skeletons of data structures and the content of data
structures separately. To actually transmit skeletons or content, include the header boost / npi / skel et on_and_cont ent . hpp.

Header <boost/mpi/status.hpp>

This header defines the class st at us, which reports on the results of point-to-point communication.
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nanespace boost {
nanmespace npi {
cl ass status;

}
}

Class status

boost::mpi::status — Contains information about a message that has been or can be received.
Synopsis
/1 I'n header: <boost/npi/status. hpp>

class status {

public:
/'l construct/copy/ destruct
status();
status(MPlI _Status const &);

/1 public menber functions

int source() const;

int tag() const;

int error() const;

bool cancell ed() const;

tenpl at e<typenane T> optional < int > count() const;
operator MPl_Status &();

operator const MPI_Status &() const;

/1 public data nmenbers
nmut abl e int m count;

Description

This structure contains status information about messages that have been received (with conmmuni cat or : : r ecv) or can bereceived
(returned from conmmuni cat or : : probe or communi cat or: : i pr obe). It permits access to the source of the message, message
tag, error code (rarely used), or the number of elements that have been transmitted.

st at us public construct/copy/destruct

status();

status(MPI _Status const & s);

st at us public member functions
1 . _
int source() const;

Retrieve the source of the message.

int tag() const;
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Retrieve the message tag.
int error() const;

Retrieve the error code.
bool cancelled() const;

Determine whether the communication associated with this object has been successfully cancelled.
tenpl at e<typenane T> optional < int > count() const;

Determines the number of elements of type T contained in the message. The type T must have an associated data type, i.e.,
i s_npi _dat at ype<T> must derive npl : : t r ue_. In cases where the type T does not match the transmitted type, this routine
will return an empty opt i onal <i nt >.

Returns: the number of T elementsin the message, if it can be determined.
operator MPI_Status &();

References the underlying MPI _St at us
operator const MPI_Status &() const;

References the underlying MPI _St at us

Header <boost/mpi/timer.hpp>

This header providesthet i ner class, which provides accessto the MPI timers.

nanmespace boost {
nanmespace npi {
class tiner;
}
}

Class timer

boost::mpi::timer — A simple timer that provides access to the MPI timing facilities.
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Synopsis
/'l In header: <boost/npi/timer.hpp>

class timer {

publi c:
/'l construct/copy/ destruct
timer();
/1 public nmenber functions
void restart();
doubl e el apsed() const;
doubl e el apsed_max() const;
doubl e el apsed_min() const;

/1 public static functions
static bool tine_is_global();

Description
Theti mer classisasimplewrapper around the MPI timing facilities that mimics the interface of the Boost Timer library.

ti mer public construct/copy/destruct
timer();

Initializes the timer
Postconditions: el apsed() ==
ti mer public member functions

L void restart();

Restart the timer.
Postconditions: el apsed() ==

2. doubl e el apsed() const;

Return the amount of time that has elapsed since the last construction or reset, in seconds.

3. doubl e el apsed_max() const;

Return an estimate of the maximum possible value of elapsed(). Note that this routine may return too high aval ue on some systems.
4,

doubl e el apsed_mi n() const;

Returns the minimum non-zero value that el apsed() may return. Thisis the resolution of the timer.

ti mer public static functions

static bool time_is_global();
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Determines whether the elapsed time values are global times or local processor times.
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Python Bindings

Boost.MPI providesan alternative MPI interface from the Python programming language viathe boost . npi module. The Boost.MPI
Python bindings, built on top of the C++ Boost.MPI using the Boost.Python library, provide nearly all of the functionality of Boost. M P
within adynamic, object-oriented language.

The Boost.MPI Python module can be built and installed from the | i bs/ npi / bui | d directory. Just follow the configuration and

installation instructions for the C++ Boost.MPI. Once you have installed the Python module, be sure that the installation location is
in your PYTHONPATH.

Quickstart

Getting started with the Boost.MPI Python module is as easy as importing boost . npi . Our first "Hello, World!" program is just
two lines long:

i nport boost. npi as npi
print "I am process %l of %l. " % (npi.rank, npi.size)

Go ahead and run this program with several processes. Be sure to invoke the pyt hon interpreter from npi r un, e.g.,
npirun -np 5 python hello_world. py

Thiswill return output such as:

| amprocess 1 of 5
| am process 3 of 5
| am process 2 of 5
| am process 4 of 5
| 0 5

am process

Point-to-point operationsin Boost. M Pl have nearly the same syntax in Python asin C++. We can write a simple two-process Python
program that prints "Hello, world!" by transmitting Python strings:

i mport boost.npi as npi

if npi.world. rank ==
npi . world.send(1, 0, 'Hello")
nmsg = npi.world.recv(l, 1)

print msg,'!"’

el se
nmsg = npi.world.recv(0, 0)
print (meg + ', '),

npi . worl d.send(0, 1, '"world")

There are only afew notable differences between this Python code and the example in the C++ tutorial. First of al, we don't need
towriteany initialization codein Python: just loading theboost . npi module makesthe appropriate MPI _I ni t and MPI _Fi nal i ze
calls. Second, we're passing Python objects from one process to another through MPI. Any Python object that can be pickled can be
transmitted; the next section will describein more detail how the Boost.MPI Python layer transmits objects. Finally, when we receive
objects with r ecv, we don't need to specify the type because transmission of Python objectsis polymorphic.

When experimenting with Boost.MPI in Python, don't forget that help is always available via pydoc: just pass the name of the
module or module entity onthe command line (e.g., pydoc boost . npi . conmuni cat or ) to receive complete reference document-
ation. When in doubt, try it!
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Transmitting User-Defined Data

Boost.MPI can transmit user-defined data in severa different ways. Most importantly, it can transmit arbitrary Python objects by
pickling them at the sender and unpickling them at the receiver, allowing arbitrarily complex Python data structures to interoperate
with MPI.

Boost.MPI aso supports efficient serialization and transmission of C++ objects (that have been exposed to Python) through its C++
interface. Any C++ typethat provides (de-)serialization routines that meet the requirements of the Boost. Seridization library iseligible
for this optimization, but the type must be registered in advance. To register a C++ type, invoke the C++ functionr egi st er _seri -
al i zed. If your C++ types come from other Python modules (they probably will!), those modules will need to link against the
boost _npi andboost _npi _pyt hon libraries as described in the installation section. Note that you do not need to link against the
Boost.MPI Python extension module.

Finally, Boost.MPI supports separation of the structure of an object from the data it stores, allowing the two pieces to be transmitted
separately. This"skeleton/content” mechanism, described in more detail in alater section, isacommunication optimization suitable
for problems with fixed data structures whose internal data changes freguently.

Collectives

Boost.MPI supportsall of the MPI collectives(scat t er,r educe, scan, br oadcast , etc.) for any type of datathat can be transmitted
with the point-to-point communication operations. For the MPI collectives that require a user-specified operation (e.g., r educe and
scan), the operation can be an arbitrary Python function. For instance, one could concatenate stringswith al | _r educe:

npi . al | _reduce(ny_string, lanbda x,y: X + V)

The following module-level functions implement MPI collectives. all_gather Gather the values from all processes. al_reduce
Combine the results from all processes. all_to_all Every process sends data to every other process. broadcast Broadcast data from
one processto all other processes. gather Gather the valuesfrom all processesto the root. reduce Combine the resultsfrom all processes
to the root. scan Prefix reduction of the values from all processes. scatter Scatter the values stored at the root to all processes.

Skeleton/Content Mechanism

Boost.MPI provides a skel eton/content mechanism that allowsthe transfer of large data structuresto be split into two separate stages,
with the skeleton (or, "shape") of the data structure sent first and the content (or, "data"') of the data structure sent later, potentially
several times, so long asthe structure has not changed since the skeleton wastransferred. The skel eton/content mechanism canimprove
performance when the data structureislarge and its shapeisfixed, because while the skeleton requires serialization (it has an unknown
size), the content transfer is fixed-size and can be done without extra copies.

To use the skeleton/content mechanism from Python, you must first register the type of your data structure with the skel eton/content
mechanism from C++. The registration function isr egi st er _skel et on_and_cont ent and resides in the <boost / npi / py-
t hon. hpp> header.

Onceyou haveregistered your C++ data structures, you can extract the skeleton for an instance of that datastructurewith skel et on() .
Theresulting skel et on_pr oxy can be transmitted viathe normal send routine, e.g.,

npi . worl d. send(1, 0, skeleton(my_data_ structure))

skel et on_pr oxy objects can bereceived on the other end viar ecv() , which stores anewly-created instance of your datastructure
with the same "shape" asthe sender inits" obj ect " attribute:

shape = npi.world.recv(0, 0)
ny_data_structure = shape. obj ect

Once the skeleton has been transmitted, the content (accessed viaget _cont ent ) can be transmitted in much the same way. Note,
however, that the receiver also specifiesget _cont ent (nmy_dat a_st ruct ure) initscall to receive:
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if npi.rank == 0:

npi . worl d.send(1, 0, get_content(my_data_structure))
el se:

npi .world.recv(0, 0, get_content(my_data_structure))

Of course, this transmission of content can occur repeatedly, if the values in the data structure--but not its shape--changes.

The skeleton/content mechanism isastructured way to exploit the interaction between custom-built MPI datatypesand MPI _BOTTOM,
to eliminate extra buffer copies.

C++/Python MPI Compatibility

Boost.MPI isaC++ library whose facilities have been exposed to Python viathe Boost.Python library. Since the Boost.MPI Python
bindings are build directly on top of the C++ library, and nearly every feature of C++ library is available in Python, hybrid
C++/Python programs using Boost.MPI can interact, e.g., sending a value from Python but receiving that value in C++ (or vice
versa). However, doing so requires some care. Because Python objects are dynamically typed, Boost.MPI transfers type information
along with the serialized form of the object, so that the object can be received even when its type is not known. This mechanism
differs from its C++ counterpart, where the static types of transmitted values are always known.

The only way to communicate between the C++ and Python views on Boost.M Pl isto traffic entirely in Python objects. For Python,
thisis the normal state of affairs, so nothing will change. For C++, this means sending and receiving values of type boost : : py-
t hon: : obj ect , from the Boost.Python library. For instance, say we want to transmit an integer value from Python:

comm send(1, 0, 17)
In C++, we would receive that value into a Python object and then ext r act aninteger value:

boost: : pyt hon: : obj ect val ue;
commrecv(0, 0, value);
int int_value = boost::python::extract<int>(val ue);

In the future, Boost.MPI will be extended to allow improved interoperability with the C++ Boost.MPI and the C MPI bindings.

Reference

The Boost.MPI Python module, boost . npi , has its own reference documentation, which is also available using pydoc (from the
command line) or hel p(boost . npi ) (from the Python interpreter).

Design Philosophy

The design philosophy of the Parallel MPI library is very simple: be both convenient and efficient. MPI is alibrary built for high-
performance applications, but it's FORTRAN-centric, performance-minded design makes it rather inflexible from the C++ point of
view: passing a string from one process to another is inconvenient, requiring several messages and explicit buffering; passing a
container of strings from one process to another requires an extralevel of manual bookkeeping; and passing a map from strings to
containers of strings is positively infuriating. The Parallel MPI library allows all of these data types to be passed using the same
simplesend() and recv() primitives. Likewise, collective operations such asr educe() alow arbitrary data types and function
objects, much like the C++ Standard Library would.

The higher-level abstractions provided for convenience must not have an impact on the performance of the application. For instance,
sending an integer viasend must be as efficient asa call to MPI _Send, which means that it must be implemented by a simple call
to MPI _Send; likewise, aninteger r educe() usingst d: : pl us<i nt > must beimplemented with acall to MPl _Reduce onintegers
using the MPI _SUMoperation: anything lesswill impact performance. In essence, thisisthe "don't pay for what you don't use” principle:
if the user is not transmitting strings, s’he should not pay the overhead associated with strings.
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Sometimes, achieving maximal performance means foregoing convenient abstractions and implementing certain functionality using
lower-level primitives. For this reason, it is always possible to extract enough information from the abstractions in Boost. MPI to
minimize the amount of effort required to interface between Boost.MPI and the C MPI library.

Threads

There are an increasing number of hybrid parrallel applications that mix distributed and shared memory parallelism. To know how
to support that model, one need to know what level of threading support is guaranteed by the MPI implementation. There are 4
ordered level of possiblethreading support described by npi : : t hr eadi ng: : | evel . At thelowest level, you should not use threads
at al, at the highest level, any thread can perform MPI call.

If you want to use multi-threading in your MPI application, you should indicate in the environment constructor your preffered
threading support. Then probe the one the librarie did provide, and decide what you can do with it (it could be nothing, then aborting
isavalid option):

#i ncl ude <boost/ npi/environment. hpp>
#i ncl ude <boost/ npi/comuni cat or. hpp>
#i ncl ude <i ostreanr

namespace npi = boost:: npi;

namespace nt npi : : t hreadi ng;

int main()
{
npi : : environment env(nt::funnel ed);
if (env.thread_level () < nmt::funneled) {
env. abort(-1);

}

npi : : comuni cat or worl d;

std::cout << "| amprocess " << world.rank() << " of " << world.size()
<< "." << std::endl;

return O;

Performance Evaluation

M essage-passing performanceis crucial in high-performance distributed computing. To eval uate the performance of Boost.MPI, we
modified the standard NetPIPE benchmark (version 3.6.2) to use Boost.MPI and compared its performance against raw MPI. We
ran five different variants of the NetPIPE benchmark:

1. MPI: The unmodified NetPlI PE benchmark.
2. Boost.MPI: NetPl PE modified to use Boost.MPI calls for communication.

3. MPI (Datatypes): NetPl PE modified to use aderived datatype (whichitself containsasingle MPl _BYTE) rathan than afundamental
datatype.

4. Boost.MPI (Datatypes): NetPIPE modified to use a user-defined type Char in place of the fundamental char type. The Char
typecontainsasinglechar ,aseri al i ze() method to makeit seriaizable, and specidizesi s_npi _dat at ype toforce Boost. MPI
to build aderived MPI data type for it.

5. Boost.MPI (Serialized): NetPIPE modified to use a user-defined type Char in place of the fundamental char type. This Char
type containsasinglechar andisserializable. Unlikethe Datatypescase, i s_npi _dat at ype isnot speciaized, forcing Boost. MPI
to perform many, many serialization calls.

The actual tests were performed on the Odin cluster in the Department of Computer Science at Indiana University, which contains
128 nodes connected via I nfiniband. Each node contains 4GB memory and two AMD Opteron processors. The NetPl PE benchmarks
were compiled with Intel's C++ Compiler, version 9.0, Boost 1.35.0 (prerelease), and Open MPI version 1.1. The NetPIPE results
follow:
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There are a some observations we can make about these NetPI PE results. First of all, the top two plots show that Boost.MPI performs
on par with MPI for fundamental types. The next two plots show that Boost.MPI performs on par with MPI for derived data types,
even though Boost.MPI provides a much more abstract, completely transparent approach to building derived data types than raw
MPI. Overall performance for derived data typesis significantly worse than for fundamental data types, but the bottleneck isin the
underlying MPI implementation itself. Finally, when forcing Boost.MPI to serialize characters individually, performance suffers
greatly. Thisparticular instanceistheworst possible casefor Boost.MPI, because we are serializing millions of individual characters.
Overall, the additional abstraction provided by Boost.MPI does not impair its performance.

Revision History

* Boost 1.36.0:
« Support for non-blocking operations in Python, from Andreas Kléckner
» Boost 1.35.0: Initial release, containing the following post-review changes
 Support for arraysin all collective operations
« Support default-construction of envi r onnent

» 2006-09-21: Boost.MPI accepted into Boost.
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