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NETWORKING AND COMMUNICATION TECHNOLOGY LABORATORY
LITERATURE REVIEW

1.0 INTRODUCTION

1.1 Purpose

The purpose of this report is to document the
results of a literature search performed in the area of
networking and communication technology. This information
search was undertaken to assess the effectiveness and resource
requirements of <current networking and communication
technology, and to provide guidance for future enhancements.

12 Statement of the Problem

There is a need for networked systems for use in
multi-service, multi-organizational team training. A
literature search was performed to identify new networking and
communication technologies, determine the state-of-the-art in
this arena, and provide guidance for the future maximization
of operational assets.

2.0 INVESTIGATION METHODOLOGY

21 Procedures

Relevant information was located through the search
of various indices and computerized data bases.

b 0 L | Indices

b S R P Papers and Articles

Approximately 200 abstracts or bibliographies of
relevance were located through the use of indices. Indices
queried include the Applied Science and Technology Index,
Computer Abstracts, Government Documents, Computing Review,
and Computer and Control Abstracts. After careful review,
copies of 30 of these articles were obtained, either through
the UCF library, or with the use of inter-library loan, and
retained for reference in the IST library.

All material contained 1in the IST library is
available for review upon request. Additionally, IST library
information has been shared with the PM TRADE data base on a
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limited basis. A copy of the titles and IST library file
numbers of the papers and articles of relevance to the
networking and communication technology effort is contained
in Appendix A.

e e (O - Books

Nearly 50 books of interest were also discovered by
quizzing indices. Directories utilized include the Applied
Science and Technology Index, Computer Abstracts, Government
Documents, Computing Review, and Computer and Control
Abstracts. Three books and the abstracts of five others were
added to the IST library. The three books were purchased
directly from the publisher, Howard & Sams Publishing. The
book titles and abstracts are included in the information
found in Appendix A.

2.2 On-line Data File Search

The NTIS data file was gqueried. The key terms
"parallel programming" and "distributed processing" were
entered on-line. More than 300 titles resulted. A copy of
the output is included in Appendix B. The 1listing was
evaluated and pared to 68 titles considered of sufficient
interest to qualify for further investigation.

Abstracts were requested for the 68 titles. A copy
of the abstracts is located in Appendix C. Upon review of
the abstracts, copies of 38 articles were requested. 25 of
the articles were ordered through NTIS; the UCF inter-library
loan service procured the remaining 13 from NASA's library.
The article copies were placed in the IST library, and are
included in Appendix A.

2:1:3 Other

The implementation of medium-access protocol of
local area networks was also investigated as part of this
effort. Both Carrier Sense Multiple Access with Collision
Detection Protocols and Token Ring Protocols were examined and
evaluated. The literature reviewed during this investigation
is included in the latter portion of Appendix A. Copies of
this information is not currently available in house, but may
be obtained upon request.

Additionally, languages for specifying the process
switch 1level of interprocessor communications were also
investigated. Carnegie Mellon University has offered DURRA,
an SEI developed language, to IST. A listing of all DURRA
documentation currently available at IST is 1located in
Appendix D.




3.0 SUMMARY

This Networking and Communication Technology
literature search was undertaken to evaluate current
networking and communication technology efforts, and ascertain
possible future trends and areas of augmentation. The effort
included locating and acquiring the data, and entering it into
the IST library. Access to all literature located in the IST
library is available upon request.
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Use of Ada technology for the design and
implementation of large distributed systems in the context
of the Columbus space station program was assessed by
developing in Ada a prototype of an on-board data
management system (DMS). Results and lessons learned by
applying a virtual node approach together with hierarchical
object oriented design contribute to a better understanding
and management of the use of Ada technology. This
approach provides the definition of a development
framework very well adapted to the Columbus DMS context. By
defining applications and services software as Ada virtual
nodes it is possible to design the whole system as a single
Ada program, structured according to the architecture adopted
for DMS. The applications could be developed in parallel
on geographically
distributed sites and be validated individually using this

initial model and the corresponding interface
specification. The final integration process could
concentrate on the operational validation of the system in
distributed configuration (the functional validation

in centralized configuration being obtained at the end of
the first phase). The efficient implementation of this

method requires support tools for: checking the rules
imposed by the virtual node approach; and scanning
virtual node specifications (Ada packages) in order to
generate a surrogate software layer to provide

syntactically transparent communication between virtual nodes
located on distinct physical processors.
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The Clouds project is well underway to its goal of
building a unified distributed operating system supporting
the object model. The operating system design uses the object
concept of structuring software at all levels of the system.
The basic operating system was developed and work is under
progress to build a usable system.
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The goal of the Qlisp project at Stanford is to gain
experience with the shared-memory, gqueue-based approach to
parallel Lisp, by implementing the Qlisp language on an
actual multiprocessor, and by developing a symbolic algebra
system as a testbed application. The experiments performed
on the simulator included: 1. Algorithms for sorting and
basic data structure manipulation for polynomials. 2.
Partitioning and scheduling methods for parallel programming.
3. Parallelizing the production rule system OPS5. Computer
programs. (jes)
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The Ada programming language provides a means of
specifying logical concurrency by using multitasking.
Extending the Ada multitasking concurrency mechanism into
a physically concurrent distributed environment which imposes
its own requirements can lead to incompatibilities. These
problems are discussed. Using distributed Ada for a target
system may be appropriate, but when using the Ada
language in a host environment, a multiprocessing model may
be more suitable than retargeting an Ada compiler for the
distributed environment. The tradeoffs between multitasking
on distributed targets and multiprocessing on distributed
hosts are discussed. Comparisons of the multitasking and
multiprocessing models indicate
different areas of application.
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Certain types of software facilities are needed in
a Space Station Information Systems Environment; the
Common APSE (Ada Program Support Environment) Interface
Set (CAIS) was proposed as a means of satisfying them. The
reasonableness of this is discussed by examining the
current CAIS, considering the changes due to the latest
Reguirements and Criteria (RAC) document, and postulating the
effects on the CAIS 2.0. Finally, a few additional comments
are made on the problems inherent in the Ada language itself,
especially on its deficiencies when used for implementing
large distributed processing and data base applications.

1379988/7
1379988 N89-16292/9/XAB
Distributed Programming Environment for Ada




Brennan, P. ; McDonnell, T. ; McFarland, G. ; Timmins, L.
J. ; Litke, J.
D.
Grumman Data Systems Corp., Woodbury, NY.
Corp. Source Codes: 093982000; G7180425
Sponsor: National Aeronautics and Space Administration,
Washington, DC.

1986 11p

Languages: English

Journal Announcement: GRAI8911; STAR2708

In NASA, Lyndon B. Johnson Space Center, First
International Conference on Ada (R) Programming Language
Applications for the NASA Space Station, Volume 1 11 p.

NTIS Prices: (Order as N89-16279/6, PC Al8/MF AO01l)

Country of Publication: United States

Despite considerable commercial exploitation of fault
tolerance systems, significant and difficult research
problems remain in such areas as fault detection and

correction. A research project is described which constructs
a distributed computing test bed for loosely coupled
computers. The project is <constructing a tool kit to
support research into distributed control algorithms,
including a distributed Ada compiler, distributed debugger,
test harnesses, and environment monitors. The Ada compiler is
being written in Ada and will implement distributed computing
at the subsystem level. The design goal 1is to provide a
variety of control mechanics for distributed programming while
retaining total transparency at the code level.
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This paper first describes a hierarchical model for
very large area networks (VLAN) . Space communication
problems whose solution could profit by the model are
discussed and then an enhanced version of this model
incorporating the knowledge needed for the missile
detection-destruction problem is presented. A satellite
network or VLAN is a network which includes at 1least one
satellite. Due to the complexity, a compromise between
fully centralized and fully distributed network management has




been adopted. Network nodes are assigned to a physically
localized group, called a partition. Partitions consist of
groups of cell nodes with one cell node acting as the
organizer or master, called the Group Master (GM) .
Coordinating the group masters is a Partition Master (PM).
Knowledge is also distributed hierarchically existing in
at least two nodes. Each satellite node has a back-up
earth node. Knowledge must be distributed in such a way so
as to minimize information loss when a node fails. Thus the
model is hierarchical both physically and informationally.
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The Fiber Distributed Data Interface (FDDI)
high-speed token-ring protocol provides support for two
classes of service: synchronous, to support applications
which require deterministic access to the channel, and
asynchronous, to support applications which do not have
such stringent response-time requirements. The purpose of
this paper is to determine how
to set ring parameters to support synchronous traffic most
efficiently. Both theoretical results and results obtained
from a simulation study are presented.
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The module, which has a thermoelectric cooler, has
the following advantages: a smooth frequency response up
to 5GHz, relative intensity noise 1less than -145dB/Hz,
side-model suppression ratio better than 35dB during
high-bit-rate modulation, high output-power stability (< or
= 0.2dB) over a wide 0] approx. 60 degrees C
operating-temperature range, and efficient cooling.

1369112/7
1369112 N89-13991/9/XAB
Strategy for Reducing Turnaround Time in Design
Optimization Using a Distributed Computer System
Young, K. C. ; Padula, S. L. ; Rogers, J. L.
National Aeronautics and Space Administration, Hampton,
VA. Langley Research Center.
Corp. Source Codes: 019041001; ND210491
Report No.: NAS 1.15:101519; NASA-TM-101519
Ooct 88  10p
Languages: English
Journal Announcement: GRAIB908; STAR2705
Presented at the Asme Design Technology Conferences-the
Design Automation Conference, Kissimmee, Fla., 25-28 Sep.
1988.
NTIS Prices: PC AO02/MF AO1l
Country of Publication: United States
There is a need to explore methods for reducing
lengthly computer turnaround or «clock time associated
with engineering design problems. Different strategies can
be employed to reduce this turnaround time. One strategy is
to run validated analysis software on a network of existing
smaller computers so that portions of the computation
can be done in parallel. This paper focuses on the
implementation of this method using two types of problems.
The first type 1is a traditional structural design
optimization problem, which is characterized by a simple
data flow and a complicated analysis. The second type of
problem uses an existing computer program designed to study
multilevel optimization techniques. This problem is
characterized by complicated data flow and a simple analysis.
The paper shows that distributed computing can be a
viable means for reducing computational turnaround time
for engineering design problems that lend themselves to
decomposition. Parallel computing can be accomplished with a
minimal cost in terms of hardware and software.
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Topics range from neural systems and models through
languages and architectures to the respective European
and American perspectives on neurocomputing.
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This work presents a distributed system developed at INPE,
designed for the Multiprocessor for Network Communications

(MCR). The system supports execution of application
processes by request from other processes or external

events. These processes communicate with each other
by asynchrionously exchanging messages; the use of a

logical entity called channel permits the interprocess
communications, independently of where the

processes are being executed. The MCR was designed to
bepart of a packet-switching communications subnetwork node,
among other applications; therefore the system must support
the implementation of the lower layers of a communications
protocol (layers 2 and 3 in the ISO/0SI architecture).
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After taking a 1look at the present situation of energy
supply in the Federal Republic of Germany the book
reports on the non-nuclear energy research of 1972-1982. The
topic is divided into following main points: 1) Criteria of
supporting technologies; 2) A comprehensive 1look at the
support programs and the classification of the individual
areas; 3) The program 'non-nuclear energy systems'; 4) The
partial program 'rational utilization of energy in the
spheres of application and secondary energy'; 5) The partial
program 'new energy sources'j;and 6) The partial program 'coal
and other fossil energy sources'. (UA). (Copyright (c) 1988
by FIZ. Citation no. 88:081947.)
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Designing software environments for parallel computers is
a central issue in parallel computing research. This paper
discusses this 1issue and the alternate approaches to
resolving it which are being studied. We also look at the way
in which the type of parallel architecture constrains the
design of the programming environments. Shared memory
multiprocessors provide the most freedom in the design of
effective programming environments, but are more costly than
nonshared memory architectures of comparable power. After this

general discussion, we describe two new parallel
programming languages, BLAZE 2 and KALI. The first of these,
BLAZE 2, is a high level language for shared memory
multiprocessors. The second, KALI, is a moderately
high-level 1language for distributed memory architectures.
We conclude with a brief discussion of the differences
between these two languages, which are a consequence of




the difference between shared and non-shared memory
multiprocessors. 13 refs., 3 figs. (ERA citation
13:052904)
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The design of high speed local area networks (HSLAN) for
communication among distributed devices requires solving
problems in three areas: (1) the network medium and its
topology:; (2) the medium access control; and (3) the network

interface. Considerable progress has been made in all
areas. Accomplishments are divided into two groups according
to their theoretical or experimental nature. A brief

summary is given in Section 2, including references to papers
which appeared in the 1literature, as well as to Ph.D.
dissertations and technical reports published at Stanford
University.
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Experience from over five years of building nonshared
memory parallel programs using the Poker Parallel Programming
Environment has positioned us to evaluate our approach to
defining and developing parallel programs. This paper presents
the more significant results of our evaluation of Poker. The
evaluation is driving our next effort in parallel programming
environment; many of the results should be sufficiently




general to apply to other related efforts. Keywords:
Algorithms; Programming language. (Kkr)
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The paper presents a survey of recent research in
programming distributed systems, with the emphasis on new
programming languages specifically designed for this purpose.
Short descriptions are given of 20 languages. In addition, a
comprehensive bibliography provides over 250 references to
more
than 100 languages for distributed programming.

1342170/7
1342170 AD-Al196 931/0/XAB
Parallel Programming Paradigms (Doctoral thesis)

Nelson, P. A.

Washington Univ., Seattle. Dept. of Computer Science.

Corp. Source Codes: 005042231; 395224

Report No.: TR-87-07-02

Jul 87  142p

Languages: English Document Type: Thesis

Journal Announcement: GRAI8823

Sponsored in part by Grant NSF-DCR84-16878.

NTIS Prices: PC AO07/MF AO1l

Country of Publication: United States

Contract No.: N0O0014-86-K-0264; N00014-85-K-0328

Paradigms for the development of sequential
algorithms, such as divide-and-conquer and the greedy
method, are well known. Paradigms for the development of
parallel algorithms, especially algorithms for non-shared
memory MIMD machines, are not well known. These paradigms
are important, not only as tools for the development of new
algorithms, but also because algorithms wusing the same
paradigm often have common properties that can be
exploited by operations such as contraction. This
dissertation identifies four primary paradigms used by
non-shared memory MIMD algorithms. They are
compute-aggregate-broadcast, divide-and-conquer, pipelining,
and reduction. Compute-aggregate-broadcast is used, for




example, in numerical approximation algorithms 1like
the conjugate gradient iterations. Three variations of the
compute-aggregate-broadcast paradigm are studied.

Divide-and-conquer 1is shown to be applicable to parallel
algorithms. The relationship between divide-and-conquer
algorithms and the n-cube is studied. Systolic
techniques are known to be broadly applicable for the
development of MIMD algorithms. Systolic algorithms are shown
to be members of the more general pipelining paradigm.
Finally, the reduction paradigm is briefly studied. The
contraction problem, the problem arising when an algorithm
requires more processors than are available on the
execution machine, 1is studied. Special attention is given to
common solutions to the contraction problem in each paradigm.
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This document gives a succinct description of the
facilities available with the Poker Parallel Programming
Environment. The emphasis is on what is available rather
than how to achieve particular results. Although the
sections are self-contained, so that they may be referred to
independently, there are a few things you should know: 1)
Poker uses interactive graphics. The graphics are described
in Section 2; the interaction is described in Section 3; 2)
The usual programming language notion of a 'source program'
as a monolithic piece of symbolic text has been replaced
in Poker by a database. The way to create, view, and change
the database is described in Section 4; 3) Object programs
(the 'compiled database') are executed or emulated by Poker
and snapshots of the execution can be continuocusly
displayed; 4) Poker supports a variety of CHiP
architectures; the current one can be displayed or changed
using the CHiP Parameters facility; Section 7; 5) The back
page of this document gives a summary of the commands; and 6)
Other versions of Poker exists; consult Appendix B for your
particular system. (kr)
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This bibliography contains citations concerning the network
architecture DECNET provided by the Digital Equipment
Corporation. Topics include hardware and software for
implementing communications between different computer
operating systems. DECNET's ability to create resource
sharing, communications networks, and distributed computing
is examined by employing specialized protocol 1layers which
serve the functions of network control, data access control,
interprogram communications, and automatic error detection
and retransmission. Applications for medical information
systems, chemical laboratories, electronic mail systems,
and industrial process control are presented. (This updated
bibliography contains 126 citations, 40 of which are new
entries to the previous edition.)
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The guide describes the GRAMPS real-time multiprocessor
operating system from an applications viewpoint. It presents
the information needed to use GRAMPS in implementing
distributed processing applications. Additional information
needed by an administrator to set up and maintain a specific
application appears in the Administrator's Guide.
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Within ESPRIT, Europe's $3 billion Information
Technology research program, projects are developing next
generation parallel computers. Each project 1is undertaken
by a consortium of companies and universities. One such
consortium (SPAN) is investigating the integration of
numeric and symbolic processing involving research at the
applications, language, and architecture 1levels. The core
of the SPAN project consists of a Kernel System which
connects languages and applications to a range of parallel
computer architectures. The Kernel System comprises a
Target Machine Language and its <corresponding Virtual
Machine. The paper describes the design of the SPAN Target
Machine Language and its Virtual Machine. The Target Machine
Language 1is a procedural programming language providing
explicit constructs to facilitate parallel execution of
programs and primitive n-ary 1list operations to support
array and list-processing in a uniform way.
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The Fiber Distributed Data Interface (FDDI) is an emerging
ANSI and ISO standard for a 100 megabit per second
fiber optic token ring. The performance of the FDDI media
access control protocol 1is analyzed using a simulation
developed at NASA Ames. Both analyses using standard measures
of performance (including average delay for asynchronous
traffic, channel utilization, and transmission queue length)
and analyses of characteristics of ring behavior which can
be attributed to constraints imposed by the
timed token protocol on token holding time (including
bounded token rotation time, support for synchronous
traffic, and fairness of channel access for nodes transmitting




asynchronous traffic) are included.
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The price performance benefits of network systems is well
documented. The ability to share expensive resources sold
timesharing for mainframes, department clusters of
minicomputers, and now local area networks of workstations
and servers. In the process, other fundamental system

requirements emerged. These have now been generalized
with open system requirements for hardware, software,
applications and tools. The ability to interconnect a

variety of vendor products has led to a specification of
interfaces that allow new techniques to extend existing
systems for new and exciting applications. As an example
of the message passing system, local area networks provide
a testbed for many of the issues addressed by future
concurrent architectures: synchronization, load balancing,
fault tolerance and scalability. Gold Hill has been
working with a number of vendors on distributed architectures
that range from a network of workstations to a hypercube of
microprocessors with distributed memory. Results from early
applications are promising both for performance and
scalability.
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As the hardware trends for artificial intelligence (AI)
involve more and more complexity, the process of optimizing
the computer system design for a particular problem will also
increase in complexity. Space applications of knowledge based
systems (KBS) will often require an ability to perform both
numerically intensive vector computations and real
time symbolic computations. Although parallel machines
can theoretically achieve the speeds necessary for most of
these problems, if the application itself is not highly
parallel, the machine's power cannot be utilized. A scheme
is presented which will provide the computer systems engineer
with a tool for analyzing machines with various
configurations of array, symbolic, scaler, and
multiprocessors. High speed networks and
interconnections make customized, distributed, intelligent
systems feasible for the application of AI in space. The
method presented can be used to optimize such AI system
configurations and to make comparisons between existing
computer systems. It is an open question whether or not, for
a given mission requirement, a
suitable computer system design can be constructed for any
amount of money.
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The problem addressed by this expert system concerns the
expansion of capability of a Real Time Trainer for the
Spacelab flight crew. As requirements for more models or
fidelity are placed upon the system, expansion is
necessary. The simulator can be expanded using a larger
processor or by going to a distributed system and
expand by adding additional processors. The distributed
system is preferable because it is more economical and can be
expanded in a more incremental manner. An expert system was
developed to evaluate modeling and timing capability within
a real time training simulator. The expert system is based
upon a distributed configuration. Components of the modeled
system are control tasks, network tasks, emulator tasks,
processors, displays, and a network. The distributed module
expert system (DMES) allows the configuring of processors,
tasks,




display use, keyboard use, and selection of alternate methods
to update the data buffer. Modules can be defined with
execution occurring in a specific processor on a network. The
system consists of a knowledge front end editor to
interactively generate or update the knowledge base, an
inference engine, a display module, and a recording module.
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A mobile inspection robot has been proposed for the NASA
Space Station. It will be a free flying autonomous vehicle
that will leave a berthing unit to accomplish a variety of
inspection tasks around the Space Station, and then return to
its berth to recharge, refuel, and transfer information. The
Flying Eye robot will receive voice communication to change
its attitude, move at a constant velocity, and move to a

predefined location along a self generated path. This
mobile robot <control system requires integration of
traditional command and control techniques with a

number of AI technologies. Speech recognition, natural
language understanding, task and path planning, sensory
abstraction and pattern recognition are all required for
successful implementation. The interface between the
traditional numeric control techniques and the symbolic
processing to the AI technologies must be developed, and
a distributed computing approach will be needed to meet
the real time computing requirements. To study the
integration of the elements of this project, a novel mobile
robot control architecture and simulation based on the
blackboard architecture was developed. The control system
operation and structure is discussed.
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This report describes the framework for, and a
demonstration vehicle of, a knowledge-based testbed for
integrating multiple artificial intelligence systems into
a distributed processing network for purposes for evaluation
and exploitation. TAC-1 is a version of the testbed applied
to the domain of Air Force tactical battle management. The
domain-independent framework includes a centralized control
subnet, including a message router and a common protocol
language for message passing among component systems. A
Common Database and a Common Knowledge Base are essential
components of the testbed. The Router directs data queries to
the Common Database (one of the hosted systems) and,
through the use of a Common Knowledge Base, directs service
requests to the systems which can handle them. Keywords:
Knowledge based systems, Distributed artificial
intelligence, Cooperating knowledge based systems, Knowledge
based tactical battle management. (sdw)
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The primary focus of Phase I was to prototype a development
environment, ACCESS, for A Communicating and Cooperating
Expert Systems System. More generally, this work explored the
question of what capabilities were needed in a development
environment for embedding distributed knowledge-based
systems applications on personal computer or work-station
class platforms. The stated goal of the Phase I research
and development effort was to investigate and implement a
software environment for the realization of cooperating
knowledge sources on personal computers. This system was to




be Lisp based, distributed processing was to be facilitated
by message passing using TCP/IP, control was to be
accomplished by meta-level objects and a variety of features
were to be provided to aid developers in building such
systems. Underlying these goals was the assumption that the
tools needed to support such an effort, mainly Common
Lisp, Portable Common Loops and TCP/IP, were adequate to do
so. During the course of this work Symbiotics found several
short-comings in these software tools and identified a need
for higher level tools to facilitate distributed processing
development. This report documents that work and the results
of the Phase I effort.
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Research directed at developing a graph theoretical model
for describing data and control flow associated with the
execution of large grained algorithms in a special distributed
computer environment is presented. This model is identified
by the acronym ATAMM which represents Algorithms To
Architecture Mapping Model. The purpose of such a model
is to provide a basis for establishing rules for relating an
algorithm to its execution in a multiprocessor environment.
Specifications derived from the model lead directly to the
description of a data flow architecture which is a
consequence of the inherent behavior of the data and control
flow described by the model. The purpose of the ATAMM based
architecture is to provide an analytical basis for
performance evaluation. The ATAMM model and architecture
specifications are demonstrated on a prototype system for
concept validation.
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The design and debugging of parallel programs is a
difficult task due to the complex synchronization and data
scoping issues involved to aid the programmer in parallel code
development we have developed two methodologies for the
graphical display of execution of parallel codes. The
Graphical Multiprocessing Analysis Tools (GMAT) consist
of stategraph, which represents an inheritance tree of
task states, and timeliness, which represents task as
flowing sequence of events. Information about the code can be
displayed as the application runs (dynamic mode) or played
back with time under |user control (static mode). This
document discusses the design and |user interface issues
involved in developing the parallel application display GMAT
family. Also, we present an introductory user's guide for both
tools. 4 figs. (ERA citation 13:032031)
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The abstractions we have for serial programming are
powerful: concepts 1like data types, variable binding,
generalized operators, the subroutine. We do not yet have
the same sort of powerful abstractions for distributed
computation, but I ©believe that the place to look for
them is the same place that we found many of our abstractions
for serial computation--in our own minds. This research
extends a tradition of distributed theories of mind into the
implementation of a distributed problem solver. In this
problem solver a number of ideas from Minsky's Society
of Mind are implemented and are found to provide
powerful abstractions for the programming of distributed
systems. These abstractions are the cauldron, a mechanism for
instantiating reasoning contexts, the frame, a way of
modularly describing those contexts and the goal-mode,




a mechanism for bringing a particular context to bear
on a specific task. The implementation of both these
abstractions and the distributed problem solver in which
they run is described, accompanied by examples of their
application to various domains.
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A number of approaches have recently been proposed for
the parallel execution of logic programming languages, but
most of them deal with either or-parallelism or
and-parallelism but not both. This paper describes a
high-level design for efficiently supporting both
and-parallelism and or-parallelism. Our approach 1is based
on the binding arrays method for or-parallelism and the RAP
method for and-parallelism. Extensions to the binding-arrays
method are proposed in order to achieve constant access-time
to variables in the presence of and-parallelism. The
RAP (Restricted And-Parallelism) method becomes
simplified because backtracking is unnecessary in the
presence of or-parallelism. The author's approach has the
added effect of eliminating redundant computations when goals
exhibit both and-and or-parallelism. The paper first
briefly describes the basic issues in pure and-parallelism
and or-parallelism, states desirable criteria for their
implementation (with respect to variable access, task creation

and switching), and then describes the combined
and-or implementation.
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1t is currently possible to build multiprocessor
systems which will support the tightly coupled activity of
hundreds to thousands of different instruction streams, or

processes. This can be done by coupling many
monoprocessors, or a smaller number of pipelined
multiprocessors, through a high concurrency switching

network. The switching network may be couple processors to
memory modules, resulting in a shared memory multiprocessor
system, or it may couple processor/memory pairs, resulting in
a distributed memory system. The need to direct the
activity of very many processes simultaneously places
qualitatively different demands on a programming language
than the direction of a single process. In spite of the

different requirements, most languages for
multiprocessors have been simple extensions of
conventional, single stream programming languages. The

extensions are often implemented by way of subroutine calls
and have little impact on the basic structure of the
language. This paper attempts to examine the underlying
conceptual structure of parallel languages for large scale
multiprocessors on the basis of an existing language for
shared memory multiprocessors, known as the FORCE, and to
extend the concepts in this language to distributed memory
systems.
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The FORCE is a parallel programming language and methodology
based on the shared memory multiprocessor model of
computation. It is an extension to Fortran which allows a user
to write a parallel program that is independent of the
number of processes executing it and in which the
management of processes is suppressed. Multiple
instruction streams are managed as a group by operations
that synchronize them and allocate work. The system is
implemented on several machines as a macro preprocessor which
expands FORCE programs into Fortran code for the host system.
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Many tasks in office oriented environments engage
several experts and office workers. The increasing |use
of workstation based tools for such tasks calls for simpler
and more appropriate ways to specify program distribution
and user communication. The authors propose a facility to
specify such task sharing. The main point in the
approach 1is the localization term, which is an extension
to a Prolog-like language. This allows us to describe a
multi-user application as one unified program instead of as
a set of distributed single-user programs.
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This paper describes a technique for retargetting
Poker, the first complete parallel programming environment,
to new parallel architectures. The specifics are
illustrated by describing the retarget of Poker to
CalTech's Cosmic Cube. Poker requires only three features
from the target architecture: MIMD operation, message passing
inter-process communication, and a sequential language
(e.g. C) for the processor elements. In return Poker gives
the new architecture a complete parallel programming
environment which will compile Poker parallel
programs without modification, into efficient object code for
the new architecture.
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The report concerns optimal database allocation and
optimal location of processors in the distributed
processing networks used for sales and product distribution
management systems. The problems are formulated, and a
mathematical methodology for solving these problems is
presented. To minimize the system expense, the
methodology 1is used to analyze the hardware cost of the
distributed processors, the cost of the magnetic disk drive
for database storage, the cost of communications over
a packet switching network, and the cost of leased lines.
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Layered systems, operating systems, and distributed
computer systems are defined. The differences between
parallel and distributed processing are identified. Existing
distributed operating systems. are 1listed. Distributed
operating system design issues are summarized.
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This bibliography contains citations concerning
architecture and development of computer networks for
data communication systems. Data network design, operation,
performance analysis, reliability, security, maintenance and
evolution are discussed. Techniques of packet switched and
distributed data communication networks are presented.
Applications of data communication technology are included.
(This updated bibliography contains 345 citations, 22 of which
are new entries to the previous edition.)
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The Graphics and Video Laboratory of the Department of
Computer Science has a growing need for easy to |use
programming tools in support of distributed processing
applications. The most pressing need is for software on three
UNIX-based workstations connected via Ethernet. The
remote interprocess communication tools that UNIX provides
for using Ethernet are effective but complicated to 1learn.
This requires researchers to spends
much of their time becoming proficient with them instead of
concentrating on the distributed application at hand. This
work presents the design and implementation of several
programming tools that allow programmers to establish and
experiment with distributed programs in the graphics
laboratory environment. The tools allow a higher level of
abstraction for remote interprocess communications and
establish a straightforward method for implementing
distributed programs. Additionally, they support code
reuseability with software templates and are modularized
to be both understandable and changeable. Recommendations are
made for future research and management efforts that have been
highlighted by these new tools.
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A method is developed for distributing the
computation of graphics primitives on a parallel
processing network. Off-the-shelf transputer boards are used
to perform the graphics transformations and scan-conversion
tasks that would normally be assigned to a single transputer
based display processor. Each node in the network performs
a single graphics primitive
computation. Frequently requested tasks can be duplicated on

several nodes. The results indicate that the current
distribution of commands on the graphics network shows a
performance degradation when compared to the graphics

display board alone. A change to more computation per node
for every communication (perform more complex tasks on each
node) may cause the desired increase in throughput.

? t 1314371/7:t 1314308/7;t 1312882/7;t 1312569/7:t
1306589/7:;t 1306285/7:;t 1302419/7

1314371/7
1314371 N88-17312/5/XAB

Systeme de Programmation Parallele Occam/Ada
(Occam/Ada Parallel Programming System) (Doctoral thesis)

Nekkache, M. .

Institut National des Sciences Appliquees de Lyon,
Villeurbanne (France).
Lab. d'Informatique Appliquee.

Corp. Source Codes: 067950006; II354902

Sponsor: National Aeronautics and Space Administration,
Washington, DC.

Report No.: ISAL-IDI1-87-11; ETN-88-91630

1987 133p

Languages: French Document Type: Thesis

Journal Announcement: GRAIB812; STAR2609

In French; English Summary.

NTIS Prices: PC A07/MF A0l

Country of Publication: France

A programming tool to specify and develop real time
applications in Ada language is presented. The Occam
system was chosen as a basis and translated into Ada




language. Programming is regarded as a scheduling activity
rather than a sequencing one. The problems involved
included splitting systems in smaller parallel systems,
synchronizing of the components, and mutual exclusion

of shared variables. Application experience indicates
that Occam may be considered a language for
specification and development in Ada.
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A conceptual framework 1is examined for task allocation
in distributed systems. Application and computing system
parameters critical to task allocation decision processes are
discussed. Task allocation techniques are addressed which
focus on achieving a balance in the load distribution among
the system's processors. Equalization of computing
load among the processing elements is the goal.
Examples of system performance are presented for specific
applications. Both static and dynamic allocation of tasks
are considered and system performance is evaluated using
different task allocation methodologies.
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Parallel computation 1is an area 1in which software
technology lags considerably behind hardware technology. The
need for parallel computing in a number of applications




(e.q., scientific computing, machine vision, artificial
intelligence) 1is unquestioned, and computers with hundreds
of processors are now readily available (for instance, the
Butterfly or the

many derivatives of the Cosmic Cube). However, these
machines are programmed in essentially the same way as
existing sequential machines. The best available parallel
programming languages are variants of standard sequential
languages, with extensions to let the programmer
explicitly divide a program into tasks and pass
information between those tasks. Although designers of these
languages claim that they are no harder to use

than conventional sequential ones, programmers still face

the problem of figuring out how to partition their
application into tasks in addition to the usual problem
of translating it into a program. An appealing
alternative is to leave partitioning of programs to
compilers. By hiding partitioning problems from
programmers, this approach should make

multi-processor computers easier to program than
they are now. Unfortunately efforts to develop

parallelizing compilers have so far been rather unsuccessful.
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The Chrysalis operating system for the Butterfly
Parallel Processor presents an object-oriented programming
environment based on shared memory. However, because of
Chrysalis's low level orientation and its use of
type-unsafe features of the C programming language,
programs using the environment are difficult to program and
highly error-prone. Using C as the primary programming
language for the Butterfly does not fully realize the
benefit of Chrysalis's object orientation. An
object-oriented programming language is natural candidate for
improving the Chrysalis environment. The C ++ programming
language provides a number of advantages in developing such

an interface. This paper reports the successes and
problems encountered in the development of Chrysalis ++,
a C ++ interface to Chrysalis ++ uncovered many strengths and
weakness in C ++. Some apply to C




++ in general, others apply only to its adaptation
to a parallel programming environment. It is important to
note that C++ is a sequential language; it is wuse in a
parallel programming environment is therefore outside the
bounds of its design.
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There 1is an increasing need for high-performance AI
machines. What is unusual about AI is that its programs
are typically dynamic in the way their execution unfolds and
in the data structures they use. AI therefore needs machines
that are late-binding. Multiprocessors are often held out as
the answer to AlI's computing requirements. However, most
success with
multiprocessing has come from exploiting numerical
computations' basic data structure-the static array (as in
FORTRAN). A static array's structure does not change, so
its elements (and the processing on them) may be readily
distributed. In AI, the ability to change and manipulate the
structure of data is paramount; hence, the pre-eminence of the
LISP 1list. Unfortunately, the traditional pointer-based
list has serious drawbacks for distributed processing. The
dynamic array is a data structure that allows random access
to its elements (like static arrays) yet whose
structure-size and dimensions-can be easily changed, i.e.,
bound and re-bound at run-time. It combines the flexibility
that AI requires with the potential for high performance
through parallel operation. A machine's implementation
of
dynamic arrays gives a good insight into its potential
usefulness for AI applications. Therefore, the authors
outline the implementation of dynamic arrays on a machine that
we are developing.

1306289/7
1306289 AD-A187 824/8/XAB

Performance Measurements of Distributed Simulation
Strategies

(Technical rept.)

Fujimoto, R. M.

Utah Univ., Salt Lake City. Dept. of Computer Science.

Corp. Source Codes: 016669107; 404949




Report No.: UUCS-87-026
1987 29p
Languages: English
Journal Announcement: GRAI8810
NTIS Prices: PC AO03/MF A0l
Country of Publication: United States
Contract No.: N00014-87-K-0184; NSF-DCR85-04826
Although many distributed simulation strategies have been
developed, to data, 1little empirical data is available to
evaluate their performance. A multiprocessor-based,
distributed simulation testbed is described that was designed
to facilitate controlled experimentation with
distributed simulation algorithms. Using this testbed, the
performance of simulation strategies using deadlock
avoidance and deadlock detection and recovery techniques was
examined under various synthetic workloads. The distributed
simulators were compared with a uniprocessor-based
event list implementation. Results of a series of
experiments are reported that demonstrate that message
population and the degree to which processes can
look ahead in simulated time play critical roles in the
performance of distributed simulators using these algorithms.
An avalanche phenomenon was observed in the deadlock
detection and recovery simulators as message population was
increased, and was found to be a necessary condition for
achieving good performance. It is demonstrated that
these distributed
simulation algorithms can provide significant speedups
over sequential event list implementations for some workloads,
even in the presence of only a moderate amount of
parallelism and many feedback loops. However, a moderate
to high degree of parallelism was not sufficient to guarantee
good performance for all workloads that were tested.
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The impact of real time 1local area networks (LAN)
on launchers is discussed. Communication needs of a
launch vehicle that call for distributed processing
techniques are reviewed. The design drivers of the system are




identified. A method to ensure the fulfillment of design
goals, i.e., to benefit from the potentials of real time LAN
is outlined.
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Perhaps the most critical problem in distributed
simulation is that of mapping: without an effective mapping
of workload to processors the speedup potential of parallel
processing cannot be realized. Mapping a simulation onto a
message-passing architecture is especially difficult when
the computational workload dynamically changes as a function
of time and space; this 1is exactly the situation faced by
battlefield simulations. This paper studies an approach
where the simulated battlefield domain is first
partitioned into many regions. of equal size; typically
there are more regions than processors. The regions are
then assigned to processors; a processor 1is responsible for
performing all simulation activity associated with the
regions. The assignment algorithm is quite simple and attempts
to balance 1load by exploiting locality of workload intensity.
The performance
of this technique is studied on a simple battlefield
simulation implemented on the Flex/32 multiprocessor.
Measurements show that the proposed method achieves
reasonable processor efficiencies. Furthermore, the method
shows promise for use in dynamic remapping of the simulation.
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NASA's Office of Space Science and Applications (0SSA)
gave a select group of scientists the opportunity to
test and implement their computational algorithms on the
Massively Parallel Processor (MPP) located at Goddard Space
Flight Center, beginning in late 1985. One year later, the
Working Group presented its report, which addressed
the following: algorithms, programming languages,
architecture, programming environments, the way theory
relates, and performance measured. The findings point to a
number of demonstrated computational techniques for
which the MPP architecture 1is ideally suited. For example,
besides executing much faster on the MPP than on conventional
computers, systolic VLSI simulation (where distances are
short), lattice simulation, neural network simulation, and
image problems were found to be easier to program on the MPP's
architecture than on a CYBER 205 or even a VAX. The
report also makes technical recommendations covering all
aspects of MPP use, and recommendations concerning the

future of the MPP and machines based on similar
architectures, expansion of the Working Group, and study
of the role of future parallel processors for space

station, EOS, and the Great Observatories era.
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The problem of recovering from processor failures in
shared memory multiprocessor systems is examined. A
cache-based checkpointing scheme is developed utilizing a
checkpointing algorithm which guarantees that a consistent
global state is always maintained. Processes can recover



from errors due to a faulty processor by restarting from
the consistent saved computation state. There are no
difficulties with checkpoint propagation in that when a
process p takes a checkpoint, no other process is forced to
join p in the checkpoint. The recovery algorithm
allows only those processes encountering errors to
perform rollback recovery while other unaffected processes
on fault free processors continue normal execution.

The checkpointing recovery schemes are shown to be easily
integrated into standard bus-based cache coherence
protocols. An analytical model is used to estimate the
checkpointing frequency and the performance degradation
incurred by the checkpointing scheme during normal execution.
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The purpose of this thesis is to start the evaluation of
the Transputer, a 32 bit microprocessor on a chip, to verify
its potentials and limitations for real time applications,
in distributed systems. The evaluation concentrates on
the four physical communication links, and its advertised
capability to operate in parallel with the main processor
(CPU), each one
of them at rate of 10 mbit/sec in each direction. It also
presents to the reader an introduction to the machine
itself, to the Occam Programming Language, a description of
the environment at the Naval Postgraduate School (NPS), and
suggests to the novice a learning sequence. The evaluation
programs and other example programs presented in this
thesis were implemented using the Occam Programming
Language (Proto-Occam) in either
the Occam Programming System (OPS) or the Transputer
Development System (TDS), both resident on the VAX 11/780
computer under the VMS Operating System (VAX/VMS).
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This bibliography contains citations concerning the network

architecture DECNET provided by the Digital Equipment
Corporation. Topics include hardware and software for
implementing communications between different computer
operating systems. DECNET's ability to create resource
sharing, communications networks, and distributed computing
is examined by employing specialized protocol 1layers which
serve the functions of network control, data access control,
interprogram communications, and automatic error detection
and retransmission. Applications for medical information
systems, chemical 1laboratories, electronic mail systems,
and industrial process control are presented. (This updated
bibliography contains 86 citations, 28 of which are new
entries to the previous edition.)
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Contents: The performance of LAN protocols; Open systems
interconnection communication architecture; Realization
of open systems; Electronic messaging; Another 1look at

computer communication protocols; Computerized commerce; High
layer protocol standardization for distributed processing; IBM
logical unit type 6.2--An overview; Verifying a protocol

algebraically
using CCS; Communication architectures for distributed
systems; The state of the art in testing protocol

implementations; Notes on automated protocol analysis;
Standardization for open systems; On protocol engineering.
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The Fiber Distributed Data Interface (FDDI) and the SAE
AE-9B High Speed Ring Bus (HSRB) are emerging standards
for high-performance token ring local area networks.
FDDI was designed to be a general-purpose
high-performance network. HSRB was designed specifically
for military real-time applications. A workshop was
conducted at NASA Ames Research Center in January, 1987
to compare and contrast these protocols with respect to
their ability to support real-time applications. This report
summarizes workshop presentations and includes an independent
comparison of the two protocols. A conclusion reached at
the workshop was that current protocols for the upper
layers of the Open Systems Interconnection (OSI)
network model are inadequate for real-time applications.
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This is the final report for the second contract phase for
development of the CRONUS Project. CRONUS is the name given
to the distributed operating system (DOS) and system
architecture for distributed application development
environment being designed and implemented by BBN Laboratories
for the Air Force Rome Air Development Center (RADC). The
project was begun in 1981. The CRONUS distributed
operating system is intended to promote resources which are
shared. Its major purpose is to provide a coherent and
integrated system based on clusters of interconnected
heterogeneous computers to support the development and use
of distributed applications. Distributed applications range
from simple programs that merely require



convenient reference to remote data, to collections of
complex subsystems tailored to take advantage of a
distributed architecture. One of the main contributions of
CRONUS is a unifying architecture and model for developing
these distributed applications; as well as support for
a number of

system-provided functions which are common to many
applications.
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An interpretation of avionics architecture is provided
with respect to system components, organization, and
design factors. 1Initially, general avionics architecture
characteristics are addressed followed by discussions on
emerging technologies and their impact on advanced systems.
Information handling requirements are projected for
future tactical aircraft. In addition, advanced avionics
architecture design consideration and technical issues are
addressed relative to achieving improved performance,
reliability, survivability, flexibility, and low life cycle
cost.
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Contract No.: AC03-76SF00098

This report identifies a need to increase wide area
network capacity by as much as three orders of magnitude
over the next ten years. These increases are necessary to
support new distributed computing products. Such products
increase productivity, but are currently available only on
local area networks. There is no technical reason for
limiting these products to tightly constrained geographical
areas, however. They can operate perfectly well over any
terrestrial distance provided sufficient bandwidth is
available. Such bandwidth is available today with fiber
optics. To quantify capacity requirements, network traffic
generated by this newer technology is compared with
traditional traffic in a local network environment. An
extrapclation to wide area networks is made. Speculation
about the 1long term future of distributed computing
technology and its effect on network capacity requirements
is offered. It is argued that an increase of network capacity
by one order of magnitude is sufficient to accommodate
new distributed computing technology on existing wide area
networks. Two orders of magnitude are needed to
accommodate a fully integrated distributed system such as
interactive graphics. Three orders of magnitude are needed to
accommodate increases in hardware speed anticipated in the
next five to ten years. Availability of highly
integrated, nationwide distributed computing service would
significantly increase the competitive edge of the United
States in science and computing. (ERA citation 12:028235)
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We describe numerical computations on the Connection
Machine, a.massively parallel hypercube architecture with
65,536 single-bit processors and 32 Mbytes of memory. A
parallel extension of COMMON LISP, provides access to the
processors and network. The rich software environment
is further enhanced by a powerful virtual processor
capability, which extends the degree of fine-grained
parallelism beyond 1,000,000. We briefly describe the
hardware and indicate the principal features of the




parallel programming environment. We then present
implementations of SOR, multigrid and pre-conditioned
conjugate gradient algorithms for solving partial
differential equations on the Connection Machine.

Despite the lack of floating point hardware, computation
rates above 100 megaflops have been achieved in PDE solution.
Virtual processors prove to be a real advantage,

easing the effort of software development while
improving system performance significantly. The software
development effort is also facilitated by the fact that
hypercube communications prove to be fast and essentially
independent of distance. 29 refs., 4 figs.
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This bibliography contains citations concerning
architecture and development of computer networks for
data communication systems. Data network design, operation,
performance analysis, reliability, security, maintenance and
evolution are discussed. Techniques of packet switched and
distributed data communication networks are presented.
Applications of data communication technology are included.
(This updated bibliography contains 323 citations, 37 of which
are new entries to the previous edition.)
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Durra is a language designed to support the development of
large-grained parallel programming applications. This document
is a preliminary reference manual for the syntax and
semantics of the language. We are using the term description
language rather than programming language to emphasize that
a task-level application description is not translated into
object code of some kind of executable machine language.
Rather, it is to be understood as a description of the
structure and behavior of a logical machine, that will Dbe

synthesized into resource allocation and scheduling
directives. These directives are to be interpreted by a
combination of software, firmware, and hardware in a

heterogeneous machine. Although our ultimate goal is to
design and implement a task-level description language that
can be used for different machines and for varying
applications, our first pass 1is influenced by both a
specific architecture and by a specific application, the
Autonomous Land Vehicle (ALV), and more specifically, the
perception components of the ALV. We assume there is a
cross-bar switch, intelligent buffers on the switch
sockets, and a scheduler that can communicate with all
processors, buffers, and I/0 devices.
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A rule-based expert system for configuring Local Area
Networks (LAN) and for designing distributed database
applications over them is described. The system includes a
general-purpose inference machine for solving synthesis
problems, based on two separed modules: the Tree Traversal and
the Matcher. The former performs a recursive descent on a
tree-structured solution space
and generates a description of requirements that the final
solution should posses; the latter matches these
requirements to existing commercial products. The inference
machine and its concrete application to the design and
configuration of LAN information systems are described.
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A new method of automatic generation of concurrent
programs which constructs arrays defined by sets of
recursive equations is described. It is assumed that the
time of computation of an array element is a 1linear
combination of its indices, and integer programming is
used to seek a succession of hyperplanes along which
array elements can be computed
concurrently. The method can be used to schedule
equations involving variable length dependency vectors and
mutually recursive arrays. Portions of the work reported here
have been implemented in the PS automatic program generation
system.
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The optimal partitioning of random distributed programs is
discussed. It is concluded that the optimal partitioning of
a homogeneous random program over a homogeneous distributed
system either assigns all modules to a single processor,
or distributes the modules as evenly as possible among all
processors. The analysis rests heavily on the
approximation which equates the expected maximum of a set of
independent random variables with the set's maximum
expectation. The results are strengthened by providing an
approximation-free proof of this result for two processors
under general conditions on the module execution time
distribution. It is also shown that use of this approximation



causes two of the previous central results to be
false.
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A large class of computational problems is
characterized by frequent synchronization, and computational
requirements which change as a function of time. When such
a problem must be solved on a message passing

multiprocessor machine, the combination of these
characteristics lead to system performance which decreases
in time. Performance can be improved with periodic

redistribution of computational load; however, redistribution
can exact a sometimes large delay cost. We study the issue of
deciding when to invoke a global load remapping mechanism.
Such a decision policy must effectively weigh the costs of
remapping against the performance benefits. We treat this
problem by constructing two analytic models which exhibit
stochastically decreasing performance. One model is quite
tractable; we are able to describe the optimal remapping
algorithm, and the optimal decision policy governing when
to invoke that algorithm. However, computational complexity
prohibits the use of the optimal remapping decision policy.
We

then study the performance of a general remapping policy on
both analytic models. This policy attempts to minimize a
statistic W(n) which measures the system degradation
(including the cost of remapping) per computation step over
a period of n steps. We show that as a function of time,
the expected value of W(n) has at most one minimum, and that
when this minimum exists it defines the optimal fixed-interval
remapping policy. Our decision policy appeals to this result
by remapping when it estimates that W(n) is minimized. Our
performance data suggests that this policy effectively finds
the natural frequency of remapping. We also use the
analytic models to express the relationship between
performance and remapping cost, number of processors, and the
computation's stochastic activity. :
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The problem of optimally assigning the modules of a
parallel/pipelined program over the processors of a
multiple computer system under certain restrictions on the
interconnection structure of the program as well as the
multiple computer system was considered. For a variety of
such programs it is possible to find 1linear time if a
partition of the program exists in which the 1load on any
processor is within a certain bound. This method, when
combined with a binary search over a finite range,
provides an approximate solution to the partitioning
problem. The specific problems considered were: a chain
structured parallel program over a chain-like computer
system, multiple chain-like programs over a host-satellite
systemn,
and a tree structured parallel program over a host-satellite
system. For a problem with m modules and n processors, the
complexity of the algorithm is no worse than O(mnlog(W sub
T/epsilon)), where W sub T is the cost of assigning all
modules to one processor, and epsilon the desired accuracy.
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This bibliography contains citations concerning
architecture and development of computer networks for
data communication systems. Data network design, operation,
performance analysis, reliability, security, maintenance, and
evolution are discussed. Techniques of packet switched and
distributed data communication networks are presented.



Applications of data communication technology are included.
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