Chapter N

Message-Passing Computing

In this chapter, we outline the basic concepts of message-passing computing. The structure
of message-passing programs is introduced and how to specify message-passing between
processes. We discuss these first in general, and then outline one specific system, MPI
(message-passing interface).! Finally, we discuss how to evaluate message-passing parallel
programs, both theoretically and in practice.

2.1 BASICS OF MESSAGE-PASSING PROGRAMMING
2.1.1 Programming Options
Programming a message-passing multicomputer can be achieved by
1, Designing a special parallel programming language

2. Extending the syntax/reserved words of an existing sequential high-level language to
handle message-passing

3. Using an existing sequential high-level language and providing a library of external
procedures for message-passing
There are examples of all three approaches. Perhaps the only common example of a special

message-passing parallel programming language is the language called occam, which was
designed to be used with the unique message-passing processor called the transputer

"'Web-based materials for this book include support for two systems, MPI and PYM,
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(Inmos, 1984). There are several examples of language extensions for parallel program-
ming, althongh most, such as High Performance Fortran (HPF), are more geared toward
shared memory systems (see Chapter 8). One example of a language extension with explicit
message-passing facilities is Fortran M (Foster, 1995).

It is also possible to use a special parallelizing compiler to convert a program written
in a sequential programming language, such as Fortran, into executable parallel code. This
option was propased many years ago but is not usually practical for message-passing
because traditional sequential programming languages alone do not have the concept of
message-passing. Parallelizing compilers are considered briefly in Chapter 8 in the context
of shared memory programming.

Here we will concentrate upon the option of programming by using a normal high-
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direct process-to-process message-passing. In this method, it is necessary to say explicitly
what processes are o be executed, when to pass messages between concurrent processes,

and what to pass in the messages. In this form of programming a message-passing system,
we need:

1. A method of creating separate processes for execution on different computers
2. A method of sending and receiving messages

2.1.2 Process Creation

Before continuing, let us reiterate the concept of a process. In Chapter 1, the term process
was introduced for constructing parallel programs. In some instances, especially when
testing a program, more than one process may be mapped onto a single processor. Usually,
this will not produce the fastest execution speed, as the processor must then time-share
between the processes given to it, but it allows a program to be verified before executing
the program on a multiple-processor system. There is one situation in which it may be
desirable to construct a program to have more than one process on one processor: in order
to hide network latencies (this will be discussed in Section 2.3,1). Nevertheless, we will
assume that one process is mapped onto each processor and use the term process rather than
processor unless it is necessary to highlight the operation of the processor. First, it is
necessary to create processes and begin their execution.
Two methods of creating processes are:

= Static process creation

*  Dynamic process creation

In static process creation, all the processes are specified before execution and the system
will execute a fixed number of processes. The programmer usually explicitly identifies the
processes or programs prior to execution by command-line actions. In dynamic process
creation, processes can be created and their execution initiated during the execution of
other processes, Process creation constructs or library/system calls are used to create pro-
cesses. Processes can also be destroyed. Process creation and destruction may be done con-
ditionally, and the number of processes may vary during execution. Clearly, dynamic
process creation is a more powerful technigue than static process creation, but it does incur
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very significant overhead when the processes are created. The erm process creation is
somewhat misleading because in all cases the code for the processes has to be written and
compiled prior to the execution of any process.

In most applications, the processes are neither all the same nor all different; usually
there is one controlling process, a “master process,” and the remainder are “slaves,” or “work-
ers,” which are identical in form, only differentiated by their process identification (ID). The
process 1D can be used to modify the actions of the process or compulte different destinations
for messages, The processes are defined by programs written by the programmer,

The most general programming model is the multiple-program, multiple-data
(MPMD) model, in which a completely separate and different program is written for each
processor, as shown in Figure 2.1, However, as we have mentioned, normally it is sufficient
to have just two different programs, a master program and a slave program, One nrocessor
Sy Uie dhdsicl plugladl, and mulliple processors execute identical slave programs.
Usually, even though the slave programs are identical, process IDs may be used to
customize the execution—for example, to specify the destination of generated messages,

For static process creation especially, the so-called single-program, multiple-data
(SPMD) model is convenient. In the SPMD model, the different programs are merged into
one program. Within the program are control statements that will select different parts for
each process, After the source program is constructed with the required control statements
Lo separate the actions of each processor, the program is compiled into executable code for
each processor, as illustrated in Figure 2.2. Each processor will load a copy of this code into
its local memory for execution, and all Processors can start executing their code together.
If the processors are of different types, the source code has to be compiled into executable
code for each processor type, and the correct type must be loaded for execution by each pro-
cessor. We will describe the SPMD programming in more detail later (Section 2.2.2), as it
is the main approach for one of the most common message-passing systems, MPI.
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Figure 2.2 Single-program,
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For dynamic process creation, two distinct programs may be written, a master
program and a slave program separately compiled and ready for execution. An example of
alibrary call for dynamic process creation might be of the form

spawn (name_of_process) ;

which immediately starts another process?, and both the calling process and the called
process proceed together, as shown in Figure 2.3, The process being “spawned” is simply
a previously compiled and executable program,
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Figure 2.3  Spawning a process,

2 Courier typeface is used to highlight code, either pseudocode or using a specific language or system.
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