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Abstract

The original specification for the Message Passing Interface (MPI) included language bindings for C
and Fortran 77. C++ programs that used MPI were thus required to use the C bindings. With MPI-2, a
C++ interface for all of MPI is specified. In this paper, we describe the design of the C++ interface for
MPI and provide some of the history and motivations behind the design decisions.

1 Introduction

The Message Passing Interface (MPI) is a specification for a library of routines that provide an infrastructure
for parallel message passing applications. MPI provides routines for point-to-point communication and
collective operations, as well as support for the development of safe libraries and miscellaneous related
functionality. The MPI standard defines C and Fortran (77) bindings for all MPI functions.

The MPI Forum reconvened in 1995 to consider additions to the MPI standard, known as MPI-2. MPI-2
has now been finalized [1]. Included in MPI-2 are support for one-sided communication, cooperative I/O,
dynamic process management, and many small clarifications and extensions. MPI-2 also defines a C++
interface for all MPI-1 and MPI-2 functions.

The development of a C++ interface followed a winding path as the Forum considered many different
styles of interfaces. What eventually emerged is closely related to the C interface, but has a number of
important features that make it more appealing to C++ programmers and exploit MPI features in new and
unanticipated ways.

In this paper we describe the design of the MPI-2 C++ inteface, explaining what choices were made and
why. We assume that the reader is familiar with MPI in general and the MPI C bindings in particular.

2 The Major Issues

2.1 Big or Small?

A number of proposals for the MPI C++ bindings were introduced during the course of the MPI-2 Forum.
The original (preliminary) proposal was modeled closely after the MPI++ [2] class library. The initial
proposal introduced a major question to the Forum: Should the bindings be a full-blown class library or
should they be something closer to the C interface? Both options were explored, with proposals for each
being made over a period of time. After the Forum had a chance to study and evaluate the class library
proposal, it was felt that the role of the C++ bindings was to facilitate the development of class libraries, not
to actually be a class library. The proposed class library went on to become Object-Oriented MPI [3].

After the class library approach was discarded, the pendulum swung the other way and a proposal for
very low-level bindings was made. These proposed bindings were very close to the C bindings, but provided
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a few C++ features such &snst and reference semantics. However, the Forum felt that these bindings
were too low-level and did not do enough to enable class library design.

Thus, the final, and accepted, proposal for MPI C++ bindings found the middle ground between big and
small (or, perhaps like MPI itself, it wamthbig and small). The bindings contain a limited number of class
library like features, but the bindings still remain limited enough not to constrain class libraries built using
them.

2.2 Object-Based Design

The design of MPI itself is object-based. MPI defines a number of objects — Communicators, Groups, Re-
guests, etc. These objects are referred to in C by handles and in Fortran by integers. It was an obvious choice
for the C++ bindings (once there was a decision to go with the “small” interface) to turn the handles into reg-
ular C++ objects. Most MPI functions became methods associated with these objects. In most cases, which
object to associate with a given function was “obvious” to the Forum, though the rationale is ultimately
more intuitive than rigorous. Some of these obvious choices wemam.send() request.wait()
andcomm.dup() . There are good arguments for preferrocamm.send() to datatype.send() , for
instance, but this was not an issue for the Forum, and we do not discuss them here.

Which object to associate with each method turned out not to be so straightforward, however. We defer
a discussion of these methods until the next sections.

2.3 Constructors and Destructors

MPI-1 has routines that clearly create objects (eMf2I_COMMDUB and routines that free them (e.g.,
MPI_COMMFREE. It seems at first natural in C++ to turn these and related functions into constructors
and destructors. The main problem with this is that creating and freeing a communicator are collective
operations. Thus a declaration

MPI::Comm a(MP]_COMM_WORLD)

intended to implicitlydup() MPI _.COMMVORLDIvould be a “collective declaration.” Worse, the return
from the routine where this variable was declared would be a collective operation, when the object was
explicitly freed.

MPI-2 therefore chooses a path that may be unfamiliar to C++ programmers: the application is re-
sponsible for explicitly creating and freeing objects. Memory management is not done automatically by
constructors and descructors.

As a consolation prize, MPI-2 specifies constructors that initialize objects to NULL objects, and de-
structors that do free the “top-level” C++ object, but not the underlying object to which it refers.

2.4 Exceptions

The C bindings for almost all MPI functions (excedP| _ Wtime() andMPI_Wtick() ) return an error

code. In principle, an application can check this error code and take some action if there is an error. In prac-
tice, this error code is never used, for several reasons. The first is that by default, errors cause an MPI pro-
gram to abort. This is often the desired behavior. The second is that even if MPI is configured to return errors
to the application, the MPI standard says that the state of a program is undefined after an MPI error. About
the only thing an application can (semi)reliably do is print and error message and abort. Finally, it is simply
tedious to check the return value from every call, and can be quite hard to figure out what to do with that er-
ror (e.g., pass it up the calling stack or take action directly). C++ exception handling provides a mechanism



to handle the last of these, in case the first two are ever solved by a robust MPI implementation. C++ appli-
cations are given the option of setting the default error handi®l R ERRORIHROWEXCEPTIONSIN

which case MPI functions throw a C++ exception when there is an error. Along with this, C++ methods do
not return error codes as function values. The only way to deal with errors in C++ programs is to abort (the
default behavior) or use the exception mechanism.

2.5 Return values

In C and in Fortran, values are returned through the argument list. For instance,
MPI_Comm_dup(oldcomm, &newcomm)

returns a new communicataewcomm Part of the reason for this is that the return value of the function is
reserved for the error code. Since C++ MPI methods do not return error codes, the function return value is
freed up to hold more than an error code.

In many MPI functions there is a designated “out” quantity that makes sense as a return value in the C++
case. In other functions, the out quantity may not be readily returned (e.g., when it is an array) or there may
be no out quantity at all. In these cases, the corresponding C++ bindingsvetdrn

2.6 Naming

MPI-1 did not use consistent naming rules. Often, names are of theN®?nObject _function asin
MPI_COMMSPLIT , MPI_LINTERCOMMIERGEand sometimes they are not, elR1_TYPECONTIGUOUS
Sometimes the verbs are consistent, &) COMM-REE MPI_COMMREEand sometimes they are not,
e.g.,MPI_ ERRHANDLERETandMPI ATTRPUT.

While it was recognized that there was inconsistency, the Forum felt that it would be disruptive to change
the familiar names. In cases where new functions replace deprecated old functions of the same functionality,
the “correct” name was used, (e.§yIPI_TYPECREATESTRUCY but this was as far as name-changing
went.

For the C++ bindings, the Forum decided to use rigorously consistent names. The names are thus slightly
different from the C names in several cases. This was done for three reasons:

1. The bindings are new. There is no existing code that needs to be changed or book that must to be
rewritten.

2. It was felt that using the inconsistent names was more of a problem in a C++ context where where the
structure highlights discordant design, estiatus.get  _count() ,status.get _elements()
butcomm.size() andcomm.rank()

3. The C++ names are necessarily different from the C names alreadgoengn, split() instead of
comm.MPI_Commnsplit()

One relatively new feature of ANSI C++ is theamespace construct which allows programs to provide
explicit scoping of names. The MPI C++ bindings make use of this feature by including all named quantities
within the scope of aamespace MPI .

2.7 References, Pointers anMPI_STATUSIGNORE
The MPI C++ bindings use reference semantics when possible. Thus the bindMgfaEOMMENDis

void Comm::Send(..., const Datatype& datatype, ...)



The only pointer arguments achar* arguments for strings (because of convention)warid* arguments
for choice buffer arguments.
This introduces a problem with the the new MPI-2 option to ignore a retustatds by specifying
MPI_STATUSIGNORE In C, this constant is associated witM&|_Status* argument and has the value
NULL In C++, the corresponding status argument is passed by reference, so it's not possible to pass a
NULL pointer. The C++ bindings take another route, which is to have two bindings for every function with
an OUTstatus argument in the language-neutral specification. One binding has a refererstatiosa
argument and the other has status argumentMPI_STATUSIGNOREis not defined in C++.

3 Design details

An abbreviated definition of thBIPI namespace and its member classes is as follows:

namespace MPI {
class Comm {...};
class Intra_comm : public Comm {...};
class Graph_comm : public Intra {...};
class Cart_comm : public Intra {...};
class Inter_comm : public Comm {...};
class Datatype {...};
class Errhandler {...};
class Group {...};
class Op {...};
class Request {...};
class Prequest : public Request {...};
class Grequest : public Request {...};
class Status {...};

4 Conclusions

Our full paper will include further discussions of the design details of the C++ interface for MPI as well as
extended examples.
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