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STANDARDS FOR MESSAGE-PASSING IN A DISTRIBUTED MEMORY
ENVIRONMENT

David W. Walker

Abstract

This report presents a summary of the main ideas presented at the First CRPC Work-
shop on Standards for Message Passing in a Distributed Memory Environment, held April
29-30, 1992, in Williamsburg, Virginia. This workshop attracted 68 attendees including
representatives from major hardware and software vendors, and was the first in a series
of workshops sponsored by the Center for Research on Parallel Computation. The aim of
this series of workshops is to develop and implement a standard for message passing on
distributed memory concurrent computers, thereby making it easier to develop efficient,
portable application codes for such machines. The report discusses the main issues raised
in the CRPC workshop, and describes proposed desirable features of a message passing
standard for distributed memory environments.






1. Introduction

This report gives an overview of the main ideas presented at the First CRPC Workshop on
Standards for Message Passing in a Distributed Memory Environment, held April 29-30, 1992,
at the Hilton Conference Center in Williamsburg, Virginia. The workshop, which was gener-
ously sponsored by the Center for Research on Parallel Computing (CRPC), was attended by
a total of 68 invited participants from universities, government laboratories, and hardware and
software vendors. The aim of the workshop was to assess the need for a message-passing stan-
dard on distributed memory computing systems, and to establish a process for defining and
implementing the standard. In addition, the workshop discussed the important components
that should be included in such a standard. The workshop included 19 talks divided among
5 sessions, and a panel discussion session. It is not the purpose of this report to summarize
each of the talks individually, but rather to present the main ideas that arose from the talks,
and the subsequent discussion. The workshop program, and a list of attendees, are given in
Appendices A and B, respectively.

Among the general matters discussed was the necessity of defining a global standard, rather
than just a U.S. standard. The importance of interacting with ongoing standardization efforts
in Europe was stressed. This ongoing work was described in the first of two talks by Rolf
Hempel of GMD, who discussed the role played by the European Community in fostering
parallel computing standards through its ESPRIT research program. It was also generally
agreed that vendors should be closely involved in the standardization effort, in order to ensure
that whatever message-passing standard emerges can and will be implemented efficiently on

commercial distributed memory computing systems.

2. The Need for a Standard

An important issue addressed near the start of the workshop was whether a message-passing
standard is necessary. It could be argued that the most difficult and time-consuming aspects

of implementing an application on a distributed memory computing system are ..
1. devising a correct parallel program, and
2. optimizing the code to get efficient and scalable performance.

Thus, the argument goes, in porting a code between two distributed memory computing systems
the time spent in replacing the message-passing calls of one system with those of the other is
negligible, and hence a standard doesn’t gain you much. From this viewpoint issues such as
algorithmic correctness, the need for tools to aid in the optimization of parallel programs, and

the development of distributed memory computer hardware with low communication costs,
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are the most important issues facing the research community. In defining a message-passing
standard now, we anticipate advances in these areas that will make the imposition of the
standard at a later date useful and worthwhile. Of course, the main objectives of a message-
passing standard are portability and ease-of-use. It was also pointed out at the workshop that,
by providing high-level routines and/or abstractions, a message-passing standard can reduce
the likelihood of programming errors, thereby enhancing program correctness. Another point
made was that the definition of a message-passing standard would provide vendors with a
clearly defined set of routines that they could implement efficiently at a low level, or even
provide hardware support for, in some cases. Thus, a message-passing standard not only
provides portability and ease-of-use, but also addresses to a limited extent the issues of program
correctness and performance.

There was some concern expressed that standards not be imposed too early, i.e., while the
desired functionality is still uncertain. Clearly there is little point in having a “standard” that
must be modified on a short timescale. It emerged during the workshop that there is a large
measure of agreement over what should be included in a message-passing standard. Thus, the
prevailing opinion was that a standard is needed, and that now is a good time to begin the

process of defining it.

3. Features of the Standard

It is possible to consider defining a message-passing standard at a number of levels. At the lowest
level, closest to the hardware, might be syntactically simple routines for moving packets along
wires. Above this channel-addressed level might be a process-addressed level (where a “process”
may, or may not, be equivalent to a “processor”), such as that defined by NX or Vertex on the
IPSC and nCUBE machines, the commercially-available Express communication environment,
or the PARMACS message-passing macros that form the basis of a draft standard for message-
passing in Europe. Higher-level abstractions, for example, Linda, MetaMP, or Shared Objects,
would lie above this level. Each level could be built using the level beneath, provided that
"the overhead in doing this was sufficiently low that the cumulative overhead incurred at the
higher levels was small. These successive software levels form a series of layers, that with some
stretch of the imagination resemble the multiple skins of an onion, with the hardware being at
the center. We, therefore, call this ihe “Onion Skin Model” of the distributed communication
environment. One of the issues discussed at the workshop was at what level is it best to try
to impose a standard. It was noted that different people might favor different standards. For
example, a non-expert user would prefer to use high-level abstractions, such as virtual shared
_memory, so that details of the message-passing are hidden. An expert application developer

might be prepared to sacrifice some ease-of-use for additional speed, and so would prefer a
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standard that provides a set of efficient primitives for point-to-point message-passing, together
with some global operations. Finally, a compiler writer would like to produce a portable parallel
compiler, and would like to use small, fast messages such as might be provided by a low-level
standard.

If the Onion Skin model is valid, then it makes sense to impose a standard that is also layered.
However, it was pointed out that the hardware of different distributed memory computing
systems is sufficiently varied that it is difficult to impose a low-level standard that is efficient
on all machines. Therefore, it is more appropriate to define a standard at an intermediate level,
and to implement this as efficiently as possible on each machine. There is still the possibility of
defining higher-level standards on top of this intermediate level. Thus, the intermediate-level
standard will be open and extendable.

Many of the talks at the workshop focused on an intermediate-level standard based on point-
to-point message passing, together with some higher-level, collective communication routines.
The general consensus that emerged was that the following were desirable features of a message-

passing standard,

¢ Point-to-point message passing between processes (or processors) with:

message selectivity by type and source

message contexts

blocking and nonblocking communication primitives

- support for communication of non-contiguous data
o Ability to define process groups
o Global reduction operations
- o Gather, scatter, and scatter-with-add routines
K Colie;tive commuﬁication primi';ivés such as shift, broadcast, a.nd concatenate
e Support for‘ heterogeneous distributed computi#g systen;s | .

Some of these features require further elucidation.

3.1. Message Contexts

Often a parallel program divides naturally into different computational phases. Message con-
texts can be used to prevent nonblocking messages from different phases interfering with one

another without the need for a time-consuming barrier synchronization between phases.
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3.2. Blocking and Nonblocking Communication

The receipt of a message is said to be blocking if the receiving process suspends execution until
all of the message has been received. A nonblocking receive takes place in two phases. In the
first a receive is posted on the receiving process, that is, the user provides a buffer that is to
be used to store a specified incoming message. The receiving process can then continue to do
useful work while waiting for the message to arrive. However, before the data in the incoming
message can be used the receiving process must suspend execution until the message has arrived
and been placed in the buffer supplied by the user. This is the second phase of a nonblocking
receive. A blocking receive is conceptually the same as a nonblocking receive in which no useful
work is done between the two phases.

The above method of using nonblocking receives is commonly used when the maximum
amount of work that could be done between posting the receive and actually using the received
data is know at compile time. In more dynamic situations there may be an almost arbitrary
amount of work that a process could do until an anticipated message arrives. In such cases it is
common to periodically check whether the message has arrived by calling a low overhead probe
routine. As long as the probe routine indicates that the message has not arrived the process
continues to do useful work, but once the message arrives it is processed.

The sending of a message is said to be blocking if the sending process suspends execution
until all of the message has been received. There are (at least) two types of nonblocking send.
In one type the sending process suspends execution until it is safe to overwrite the message
buffer, i.e., until the buffer is guaranteed to be non-volatile. We can call this a partially blocking
send. A fully nonblocking send takes place in two phases. In the first phase the user supplies a
message buffer on the sending process and transmission of this buffer to the receiving process
is initiated. While the message is in transit the sending process can continue to do useful work,
but during this time the message buffer is volatile, and it is a programming error to change it
in any way. In the second phase of a nonblocking send the sending process suspends execution
until the message buffer is no longer vo!atile. A partially blocking send is conceptually the
~ same as a nonblocking send in which no useful work is done between the two phases.

In point-to-point communication between two processes any combination of communication
modes can be used on the receiving and sending processes. Fully blocking communication is

often referred to as “synchronous” communication.

3.3. Noncontiguous Messages

Two methods for sending noncontiguous data from one process to another in a single message
were described at the workshop. In the first method the message to be sent is made up of blocks

of data separated by a fixed stride in the memory of the sending process. On the receiving



process the message is received into a user-supplied buffer in blocks of data separated by a
fixed stride in memory. In general, the block size and stride do not have to be the same on the
receiving and sending processes. This type of communication could be used, for example, to
communicate a row of a distributed matrix that is stored by columns. In the second method
the outgoing message on the sending process is specified by a vector, each element of which is
a structure consisting of a pointer and an integer. The message is composed by looking at the
first structure in the vector, and, starting at the memory location given by the pointer, copying
the number of bytes specified by the corresponding integer into the message buffer. Next the
data specified by the second structure in the vector is added to the message buffer directly
after that of the first, and so on for all structures in the vector. On the receiving process the
incoming message can be unpacked into user memory using a similar vector of structures. This
type of communication could be used in certain types of gather/scatter operations in which the
distributed object from which data are being gathered and/or to which data are being scattered
has a regular decomposition, for example, the Cartesian grid typically used in particle-in-cell
simulations. Clearly, the first method using a constant stride is a special case of the second

method.

3.4. Process Subgroups

In some applications it is advantageous to be able to dynamically partition the processes into
process subgroups that may, or may not, overlap. This permits functional parallelism to be
exploited, by allowing different groups of processes to work on different subtasks in an appli-

cation.

3.5. Reduction Operations

Given a set of vectors with the same data distribution a reduction operation combines the
elements of each vector in a pairwise fashion using an associative,”commutative reduction
function, and distributes the result to all processes. Thus given the N elements of vector vV,

and a reduction function, &, the result of the reduction’ opera.tlon would be,

A=VioV2®---0V~n | (1)



3.6. Gather/Scatter Routines

Given distributed vectors X and A of length NV, and an indirection vector, I, of integers, the

gather, scatter, and scatter-with-add are most simply typified as follows:

X(I) = AK(I)) GATHER
AK(I) = X(I) SCATTER (2)
AK(I) = AKI)+X() SCATTER-WITH-ADD
for I =1,...,N. This is readily extended to the case of multidimensional arrays.

A gather operation executed loosely synchronously on all processes would examine the
indirection array, K, on each process and gather to each process those elements of the array
indexed by its indirection array. Clearly, such a gather operation would need to know how the
array is distributed over the processes. This type of gather operation differs from that described
in Sec. 3.3, which is really a coordinated gather/scatter operation between two specific processes.

A scatter operation can be defined in a similar way, except in this case the indirection array
on each processor indicates to which array elements data are to be scattered. For consistency
no two entries in the indirection arra.ys of all processes may refer to the same target array
element. Thus this type of scatter operation can be used to permute an array.

The scatter-with-add operation is similar to the scatter operation except that the restriction
on the uniqueness of target array elements pointed to by the indirection arrays is relaxed, and

data scattered to the same array element are additively accumulated.

3.7. Collective Communication

Collective communication routines involve the coordinated exchange of data between processes
in a predictable, regular way. Examples include shifting an array along a specified array axis,
replicating an array along a specified array axis, one-to-all broadcasts, and all-to-all broadcasts

(or concatenation).

3.8. Support for Heterogeneous Computing

In the context of a message-passing standard, support for heterogeneous computing means that
it should be possible for the user to.communicate data transparently between processes residing
on different types of processor, without having to worry about the processors having different
ways of internally representing the data. In a broader context it is desirable to define a standard
for heterogeneous computing, but it should be noted that this involves many issues in addition
to message passing, and really requires the definition of a standard for a complete distributed

operating system for heterogeneous environments.
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4. Other Standards Issues

As mentioned in the preceding subsection, ultimately it is desirable to define a standard for
a distributed operating system. This is a more difficult undertaking than defining a standard
for message-passing, and as mentioned at the workshop, involves important issues such as
standards for parallel I/O. Other areas mentioned in which the development of standards would
be beneficial include the definition of performance tracing routines and trace file formats, and
standard tools for debugging, assessing performance and application behavior, etc.

It must also be decided whether the mapping of processes to physical processors is an issue
that should be addressed in defining a message-passing standard. In many cases this reduces to
assigning spatial subdomains to physical processors, and packages such as PARMACS provide
quite sophisticated support for this task. The mapping issue is likely to be less important on
“fat” machines for which the time to send a message between any two processors is only weakly
dependent on their separation in the communication network. On non-flat machines, particu-
larly when channel-addressed communication is used, the mapping of processes to processors

has a significant impact on performance.

5. Summary

The general consensus emerging from the workshop was that now is a good time to begin the
process of defining a standard for message-passing in distributed memory computing environ-
ments. To this end a Working Group of about 30 interested and public-spirited persons was
formed, with Jack Dongarra serving as Chair and David Walker as Executive Director. The im-
portance of involving European colleagues in deﬁnmg the standard was stressed, and a number
of Europeans are members of the Working Group The main objective of the Workmg Group is
to take the broad outline of a message-passing standard discussed in Sec. 3 and fashion it into a
complete, well-defined, and practical standard. ‘Rather than taking one of the existing message-
passing systems and anointing it as the standard, the intent is to settle on the functional and
semantic requirements (drawing where appropriate on existing systems for guidance), and then
to define the detailed syntax of the standard. It is expected that the Workmg Group will meet
about once every 4 to 6 months and that it w1ll take about 12 months to put forward a draft

sta.nda.rd
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Appendix A. Workshop Program

The First CRPC Workshop on
“Standards for Message Passing in a Distributed
Memory Environment”

April 29-30, 1992

Hilton Conference Center
Williamsburg, Virginia, USA

Wednesday, April 29

First Session, 2:00pm to 3:15pm

e “Message Passing Systems: Portability, Capability, Performance, Standards,” Anthony

Skjellum, Lawrence Livermore National Laboratory (30 min)

e “European Initiatives Towards a Message Passing Standard,” Rolf Hempel, GMD (30
min)
e Open Discussion (15 min)
'Bréak, 3:15pm to 3:30pm
Second Session, 3:30pm to 5:30pm
e “PICL: Description, Experiebces, and Implicatioxis for Message-Passing Interface Stan-

o “The Express Parallel Programming Environment,” Jon Flower, Parasoft Corporation
“ (25 min) TR : PR ’

e “ Standards for Building Message Passing Systems Capable of Supporting Higber-LeveI

Parallel Languages,” Robert Bjornson, Scientific Computing Associates (25 min)

e “Heterogeneous Distributed Computing with PVM,” Adam Beguelin, University of Ten-
nessee and Oak Ridge National Laboratory (25 min)

e Open Discussion (20 min)

Reception, 5:30pm to 7:30pm
Banquet, 7:30pm to 9:30pm



-9-

Thursday, April 30

Third Session, 8:30am to 10:30am

e “Enhancements to NX/2 Message Passing for Portable Communications Libraries,” Paul

Pierce, Intel Corporation, Supercomputer Systems Division (25 min)

o “Message Passing on the Vulcan Massively Parallel Computer,” Vasanth Bala, IBM T. J.
Watson Research Center (25 min)

e “The Reactive Kernel and Cosmic Environment: Native and Emulated Systems for
Medium-Grain Multicomputers and Workstation Networks,” Anthony Skjellum, Law-

rence Livermore National Laboratory (25 min)

o “The CMMD Message Passing Library for the CM-5,” Lew Tucker and Lennart Johnsson,

Thinking Machines Corporation and Harvard University (25 min)
e Open Discussion (10 min)  _

Break, 10:30am to 10:40am
Fourth Session, 10:40am to 12:40pm

o “Message-passing on CRAY Computer Systems,” Peter Rigsbee, Cray Research, Inc. (25

min)
e “The Computing Surface Network,” Eric Barton, Meiko (25 min)

o “Shared Objects and their Role in Standardization,” Jonathan Nash, Leeds University
(25 min) '

e “Low Latency Loosely Synchronous Communication Primitives,” Matt Rosing, ICASE

(25 min)

e “Portable Programs for Parallel Processors: the P4 System,” Ewing Lusk, Argonne Na-

tional Laboratory (10 min)
e Open Discussion (10 min)

Lunch 12:40pm to 2:00pm
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Fifth Session, 2:00pm to 3:50pm

e “PARMACS: the ANL/GMD Portability Macros for Message Passing,” Rolf Hempel,
GMD (25min)

o “MetaMP: A Higher Level Abstraction for Message Passing,” Steve Otto, Oregon Grad-

uate Institute (25 min)

e “A Set of High Level Collective Communication Routines for Multicomputers,” Robert

van de Geijn, University of Texas at Austin (25 min)

o “PVM++: An Object-Oriented Interface for Heterogeneous Computing,” Roldan Pozo,

University of Tennessee (25 min)
¢ Open Discussion (10 min)

Break, 3:50pm to 4:00pm
Sixth Session, 4:00pm to 5:00pm

o Panel Discussion (55 min)

— Ken Kennedy, Rice University, moderator
— Al Geist, Oak Ridge National Laboratory

Michael Heath, University of Illinois

— Rolf Hempel, GMD

Anthony Skjellum, Lawrence Livermore National Laboratory
e Wrap-Up, David Walker and Jack Dongarra (5 min)

Workshop Ends, 5:00pm
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Given below is a list of the attendees at the First CRPC Workshop on “Standards for Message
Passing in a Distributed Memory Environment,” held April 29-30, 1992, at the Williamsburg

Hilton, Virginia. A reasonable effort has been made to ensure that the information given here

is correct, however, there are no doubt errors. It is hoped that these do not cause too much

inconvenience.
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