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Abstract

Massively Parallel Processing Project started in 1992
as a Priority Area of Researh for the Ministry of Edu-
cation in Japan. The objective of this research project
1s 1o establish the basic technology of massively paral-
lel processing which is expected to be the fundamental
tool to develop the high-level technologies of 21 century.
The matn goal of this project is to build up a system
prototype of massively parallel processing system. This
paper describes the organizaiion of this project and dis-

cusses the research results up to this time.

1 Introduction

Information processing technology of which represen-
tative 1s computer is now undispensable tool for the
research and development of science and technology.
Computers are used as simulators to replace some ex-
periments and as important tools to make the design
work efficient. However, the requirments from the
research and development of new technologies grows
more and mbre In terms of processing power and mem-
ory capacity. For‘ such requirements, single processor
systems can not afford. Massively parallel processing

is the key to solve this situation. Though parallel pro-

cesging has a long history, massively parallel processing
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systems with reasonable high performance came out
as commercial systems since only these 2 years. The
technologies such as compiler, programming environ-
ment and operating systems have not developed yet
in full scale, though preliminary software systems are
available now.

Massively parallel processing project started in April
1992 as a priority area of research for the Ministry of
Education of Japan to research and develop such fun-
damental technology of massively parallel processing.
The member of this project are university researchers.
We formed 5 groups of researchers and have been mak-
ing research to build a sytem prototype of massively
parallel processing, ie. system which can run massively
parallel applications. This paper surveys this project,
shows some research results, and discusses the future

planning.

2 Objectives and Planning

The major components of massively parallel processing
systems are applications, programming paradigm, pro-
gramming languages, operating system and hardware
architecture.

The objectives of our massively parallel processing
project is to establish the basic technology for the cre-
ation of next generation supercomputers, which are

expected to be general purpose simulators for the re-




search and development of high level science and tech-
nology. The characteristic point of our research is to
make research of all necessary technologies from ap-
plications to hardware in an unified manner. That is,
the requirement analysis of all elemental technologies
is also included in our activity. Though this means
that we need to do so many things at one time, we
believe that we need to come across all kinds of expe-
riences from the beginning in order to view reasonable
far research target.

One way of basic research is to do freely all the ele-
mental research topics in this field. However, we didn'’t
take this approach, but took the way of building one
system prototype under the cooperation of all mem-
bers. Accordingly, our activity is concentrated around
the design and implementation of a prototype mas-

sively parallel processing system called Jump-1.

3 Research Group Organiza-
tion

We divided our activity into 4 groups, application de-
velopment, language system development, operating
system development and hardware development. We
formed another group, management group which has
the role of planning and integration of the 4 groups.
Accordingly, the whole organization of this project is

of 5 groups as showon in the table 1.

Table 1: Group Organization

Group Name Number of

Researchers
Management group 18
A group: Applications 7
B group: Description System 10
C group: Operating System 8
D group: Hardware System 11
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Though the research activity is basically within the
group which each member belongs to, several task
forces are formed to discuss such items that span
among a few groups. Examples are input-output sys-
tem task force, security mechanism task force, language
interface task force, memory management task force,
simulator task force, etc. Working groups are formed
corresponding with every specific research item in each
group, ie. language design working group, OS design
working group, system IO working group, connecting

network working group, etc.

4 Applications

The objectives of application group is to develop a par-
allel computational modelling method which can be
used to organize a simulator through mapping many
kinds of problems directly to processors of a massively
parallel computer. This group is developing a visu-
alization technology of computed results and a set of
benchmark applications for the evaluation of parallel
processing.

The titles of research themes of this group are as

follows.

1. Parallel Finite Element Method Based on Sub-
structure Method
This method is implemented on the Fujitsu
AP1000 machine. For a problem of two-
dimentional Poisson differential equation, the
speed up gain of 27.9 was obtained on 64 proces-

sors machine.

2. Massively Parallel Cooperated Processing through
Self-organizing Agents
This is a research of self-organization of au-

tonomous agents on massively parallel and dis-




tributed computational system.

. Parallel Processing of Binary Decision Diagram on

Distributed Computer Environment

Data representaion by BDD is known to be effi-
cient for processing. This research is a trial of
parallelization of BDD. Parallel gain of 129 was
attained by using AP1000 of 512 processor ele-

ments.

. Design of Optimum Parallel Algorithm with the

Communication Delay Taken into Account
Fibo-Net which is an expansion of Fibonacci

Cubes is introduced.

. Design of Massively Parallel Machine for Com-

puter Graphics

In this theme, Massively Parallel Algorithms for
Computer Graphics is designed for AP1000. The
speed up of 200 is attained by using the AP1000
of 256 processor elements. The final target is to
realize a real time processing system for computer

graphics.

. Evaluation of Parallel Processing

Functional emulator DMSTEG is developed which
can change the parameters of parallel machine
such as connection topology, communication de-

lay, shared memory scheme, synchronization

‘method between adjacent processors and among

all processors, etc.

. Massively Parallel Processing by Irregular Field

Model

MGCG method is proposed for linear partial dif-
ferential equations and evaluated on AP1000 for
its parallel implementation. Speed up of 70-90
times is gained by using 100 processing elements

machine.
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5 Languages

The research objective of language group is to design
a few languages for the description of programs which
are executed on parallel machines, and to develop the
language processors.

For the designing of parallel languages, we need to
support 2 features. One is easy description of prob-
lems. The another is high speed execution of the pro-
grams. Moreover, the languges should be practical and
have the descriptive power to express complicated pro-
cess structure of MIMD execution. Accordingly, we
divided our activities into 2 kinds of languages de-
sign. One is the design of language NCX. The other
is the research of a set of more future oriented lan-
guages, of which representative is language V. NCX is a
practical language derived from C and oriented toward
data-parallel execution. Language V is a language for
MIMD execution, which is derived from dataflow pfo—

gramming language.

Language NCX

1. Exection model: based on SIMD semantics. For
MIMD machines, the compiler generates MIMD
execution code which synchronizes among parallel
activities through barrier at minimun number of
points which are extracted by analysing part of

the compiler.

2. Data structure: Field concept is introduced. Field
1s a set of virtual processors to which data set is
mapped by one to one correspondence. Connect-
ing topology can be given at the time of field def-
inition. As the basic topology, we provided the
mesh, binarytree and hypercube. Data processing

1s described for one virtual processor element.
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