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Preface ——

A great many books and articles have been written in recent years on
open systems, but most of these concentrate on the communications
issues, and often tend to leave the impression that once the communica-
tions problems are solved, the world of open systems will have arrived.
This is by no means the case. One of the aims of this book is to correct
that impression by describing the ways in which all aspects of the
computing environment, in both hardware and software, can promote or
impede the realization of the open systems ideal. It is argued, for
example, that while new hardware and software are essential to the
development of open systems, the new environments must also be able to
accommodate the hardward and software, particularly the latter, we use
today. This book presents rather more comprehensively than usual the
technology of open systems, and attempts to predict the development of
that technology in a historical context in which technical, economic, and
political problems are intertwined.

JACOB SLONIM
ABRAHAM SCHONBACH
MICHAEL A. BAUER
LACHLAN J. MACRAE
KEITH A. THOMAS
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—— Chapter 1 ———

Introduction

1.1 DISTRIBUTED SYSTEMS AND OPEN SYSTEMS

In the early 1970s, all but the largest organizations depended on central-
ized computer centers, through which information flowed in carefully
controlled batches, or to which some users were connected with interac-
tive access to very limited processing functions. Networks of computers
had begun to appear in some large organizations, but, with the exception
of experimental projects such as ARPANET, they reflected the estab-
lished practices of compartmentalization, hierarchical control, and batch
processing. In the mid-1980s, the smallest organizational components—
even individuals—can afford interactive computing resources dedicated
to their own needs. As well, the operation of most organizations has
become more event-driven and dependent on immediate communication
and access to information: less oriented to batch processing and more to
interactive. This applies both within and between organizations. Decen-
tralized processing has emerged as both affordable and necessary.

Even with this explosion of cheap computing resources, and the
changing pattern of organizational behavior, the MIS manager or the
systems designer has not escaped the necessity of providing coherent,
secure, and reliable systems that serve the needs of the whole organiza-
tion, not just its individual parts. Activities must be coordinated accord-
ing to organization-wide rules, and information must be collected, col-
lated, and channeled to appropriate operating units without continual
human intervention. In short, information systems that exhibit both the
stability of the centralized approach and the flexibility of the decentral-
ized approach must be constructed out of a mosaic of virtually indepen-
dent processing systems. Two related concepts are involved in a solution
to this problem: open systems and distributed systems.

In the broadest context, not restricted to computer systems, an open
system is characterized by flows of matter, energy, or information into and
out of the system across its natural boundaries. In the context of computer
systems, open systems are those characterized by similar flows of data
across boundaries between autonomous systems. This entails not only
mechanisms to facilitate the flow of data, but also a positive intent on the part
of the system’s administrators to encourage this sort of traffic.

1



2 BUILDING AN OPEN SYSTEM

The term open system has been most widely applied to computer systems
in connection with the International Standards Organization’s Reference
Model for Open System Interconnection (ISO/OSI), an internationally
accepted template for computer communications standards. An open system
in the context of ISO/OSI entails the sharing of control among the members
of a system, and direct interaction among such members.

It is possible to create a data-flow between systems via off-line bulk
media such as magnetic tape, but control of such transfers is divided into
two clearly separated domains: first one system produces a data batch
according to its own schedule, then another system processes that batch
according to its own schedule. This mode of interaction might at first
seem to constitute an open system. Lacking here, however, are the
shared control and direct interaction required in transfer by means of
two-way continuous channels.

Therefore, in this context, ‘‘open system’’ will refer to a computer
system organized and operated in such a way that it can be easily
connected to other independently organized and operated computer
systems through telecommunication links in order to exchange data on an
as-needed basis.

An important aspect of open systems is that specific policies must be
instituted and the deliberate actions must be taken in order to enable
interconnection and interchange. This cannot happen without the active
and positive intervention of a system’s administrators. While one can
imagine a time when data exchange and intersystem transactions might be
almost automatic, perhaps using symbolic directory and translation
services embedded in the telecommunications network itself, such capa-
bilities cannot be realized in the present or foreseeable state of the art.
Therefore, the implementation of even the simplest degree of open system
requires intense cooperation on the part of the administrators of the
systems involved.

It should be obvious that the necessary flexibility, especially to cope
with growth and technological change, requires that the interfaces be-
tween systems be well-defined and widely available, that is, adhere to
standards. To a large extent the practicability of open systems is tied to
the existence of industry-wide national and international standards;
therefore, this book will concentrate heavily on applicable existing and
evolving standards.

Another important aspect of open systems is that their components are
treated as equals, in what ISO calls peer-to-peer relationships. There are
no master-slave relationships, no hierarchy or central control, though
there may be distinguished processors within a network that provide
unique services. This condition has implications for the way in which
coordinated activities can be implemented in open systems.



INTRODUCTION 3

The open system supports decentralized processing and provides the
flexibility to adapt to change, but what supplies the stability for overall
control and coordination? There is, at least in a broad sense, a need to
take a tightly coupled, centralized information system and ‘‘divide it up’’
over a number of processing sites in such a way that activities can be
coordinated and global rules applied, but at the same time that each site
be allowed as much local autonomy as possible. This is the concept of a
distributed system.

Distributed systems rely on the sharing of control and the interactive
exchange of information in order to effect overall coordination, much like
the communications capabilities required by open systems. In fact, any
implementation of a communication protocol that includes the exchange
of control or state information as well as data is a distributed system, if
only with respect to communications processing. It is possible to con-
ceive distributed systems that are not open systems: systems that are not
organized for easy interconnection and data exchange beyond their
immediate partners, that utilize non-standard communication techniques,
or that are centrally or hierarchically controlled. Such distributed systems
support decentralized processing only in a limited way, lacking flexibility
and local autonomy. While complete local autonomy-—absolute equality
among peer systems—is not possible in distributed systems, it can be
approached through algorithms built on cooperation and dynamically shared
control, exactly as the interfaces within an open system are defined.

The concepts of an open system and a distributed system are separate
but strongly related. They are both important in implementing decentral-
ized processing in a contemporary organization. There are three principal
problem areas in which both open system and distributed system features
are useful:

1. Data sharing or exchange among separate processing centers.
Open system features such as application protocols are required;
however, where parts of the same organization are involved, dis-
tributed system features may also be required to enforce stronger
rules for coordinating transactions.

2. Decentralizing from a centralized processing center. One of the
classic reasons for decentralization is to reduce contention, re-
sponse time, and system overhead costs associated with an over-
loaded central facility, and to reduce system communication costs,
by providing separate processing facilities located closer to their
users. Distributed system features are clearly required, but open
system features are desirable for growth and flexibility.

3. Coordinating the activities of separate processing centers. Where it
is necessary to bring some coherence to independent processing
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centers (e.g., linking individual workstations into an organization-
wide network), open system features are required to effect the flow
of data, and distributed system features are required to coordinate
activities.

Open systems in support of distributed systems, and distributed sys-
tems in the context of open systems, constitute the framework in which
practical problems must be approached. Therefore, this book will focus
on both and on the relationship between them. Since at present open
system features are defined mainly with respect to communication
interfaces, the chapters dealing with communication and network serv-
ices will concentrate on open system issues, whereas the chapters on
overall design, OS, and database will concentrate on distributed system
issues. Throughout, discussions concerning the trade-offs between local
autonomy and overall coordination will examine the interplay between
the two concepts.

1.2 THE BOOK: PURPOSE AND STRUCTURE

The past few years have produced a number of books on distributed
information systems, devoted for the most part to communications issues
and to distributed databases. Such an approach is quite reasonable, since
both these areas are critical to the understanding of distributed systems.
However, the result of this bias is that many other issues which are of
importance to practitioners have been addressed only superficially. We
know of no work which provides a ‘‘holistic’’ view of distributed systems,
still less of open systems. Indeed, there has as yet been little detailed
discussion of the notion of an open system and its implications. Nor has
there been much direct analysis of the real problems encountered in
developing distributed systems in the context of existing systems hard-
ware and software.

What is required, in the authors’ opinion, is a global perspective of
distributed systems and open systems, encompassing relevant aspects of
languages, operating systems, communications, and other tools. The
present work hopes to supply such a view.

The argument of the book centers on two key issues:

1. The concept of an open system, and
2. The fact that any practical approach to distributed systems must be
built upon and from existing systems.

If there is a single principal theme, it is that practical distributed systems,
and thus practical open systems, must be developed in an evolutionary
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manner from current systems rather than in a revolutionary way: that is
to say, we cannot simply discard existing systems.

After this brief introduction we proceed to an overview of those
technological advances and trends which form the basis of open systems,
present and future. Chapter 2 reviews trends in a number of areas which
have a direct impact on the design and development of open systems,
offering brief introductions to many topics which are later treated in
detail. There are sections on Hardware, Software, Communications, and
Artificial Intelligence.

Hardware. After a general discussion of computer architectures, the
section proceeds to specific techniques and devices which are influencing
current developments in distributed systems. Among these are the
automated layout of integrated circuits, reduced-instruction-set architec-
tures, and microcoding. Apart from the RISC machine, two new types of
computer are given special attention: the ‘‘multicomputer’’ and the 32-bit
MiCroprocessor.

Software. After a discussion of the general conditions of software in an
open, distributed environment, the section focuses on three critical areas.
First, distributed database management systems—the heart of any dis-
tributed information system. The next topic is Ada, the high-level
programming language which is rapidly assuming the status of a de facto
standard under the sponsorship of the U.S. Department of Defence. The
third issue is the operating system: What qualities are required of an
operating system in a distributed environment? The emphasis is on
UNIX, which is of course also becoming a de facto industry standard:
How adaptable is UNIX to the open environment, and what changes must
be made? The section concludes with a survey of commercial and
experimental distributed database management systems.

Communications. Rather than attempt a survey of communications
tools (for that see Chapter 6), this section concentrates on that single
development which holds the greatest promise for the future, the inte-
grated services digital network (ISDN). The ISDN is discussed at greater
length later in the book; the overview here is intended to introduce the
reader to the basic issues: what it is, what it has to offer, its drawbacks,
and its likely course of evolution.

Artificial Intelligence. Since this final section deals with a topic with
which many readers are only marginally familiar, the aim is to define the
field in general terms, to describe the more important component disci-
plines of Al, and to show how these disciplines may influence the
development of open systems. The section, and the chapter, concludes
with a summary of the more important Al research projects.

Chapter 3, on the architecture of open systems, moves from the general
to the particular, to the specific techniques whereby distributed and open
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systems are implemented. The first section discusses the logical architec-
ture, the various ways in which it is convenient to view the structure of an
open system. The discussion then concentrates on one of the layers of
that structure, the operating system: specifically its role in communica-
tions, file management, naming, and database support. The problems of
heterogeneous operating systems in a distributed system occupy the next
section, together with various prospective solutions: limited-set, porta-
ble, and virtual operating systems. The chapter concludes with a more
general account of the impact of technological advances on open system
architectures: the effect of specific types of new device, and above all the
need to devise architectures which can accommodate technological
change.

Chapter 4, on directories and dictionaries, is an account of the basic
means of locating and identifying all the various elements of an open
information system. While such tools are important in any kind of
information system, in a distributed system they are crucial, and must be
very powerful indeed. To avoid ambiguities, the chapter begins with a set
of definitions. The second section describes data dictionaries: their uses
and benefits, and the techniques by which they are implemented. Naming
techniques as they pertain to data dictionaries are the subject of 4.3,
which concludes with descriptions of the naming facilities associated with
a number of distributed systems.

Then there is a description of the Universal Directory System devel-
oped at Stanford, presented in some detail because it embodies a great
number of features desirable in open system directories. Naming systems
as they are used in open system directories are discussed in section 4.5,
and the following two sections deal with two specific types, machine-
oriented and human-oriented naming. Section 4.8 is a brief treatment of
the problems of network directories, and 4.10 deals with the management
of catalogues in distributed databases. The concluding sections concern
the conventions for naming and addressing used in the context of the ISO
Reference Model for Open Systems Interconnection (ISO/OSI), and
certain implementation issues.

Chapter 5, on the design and implementation of open systems, is
essentially a discussion of the principles of software engineering in
relation to distributed and open systems. It therefore contains accounts in
this special context of each of the phases (beyond requirements) of the
software life-cycle: specification, design, implementation, integration and
testing, and maintenance. The chapter centers on its most extensive
section, which first enumerates what is required of a high-level language
in a distributed environment, and then describes and evaluates a number
of languages (e.g., Ada, Modula II, Concurrent *‘C”’) in the light of those
requirements.
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Chapter 6 is a survey of the communications tools which are or soon
will be available for use in distributed and open systems. The framework
of this survey is the ISO/OSI Reference Model. The chapter treats four
main subject areas. The first of these is the notion of open systems in
communications. An explanation of the open systems concept is followed
by a discussion of the ways standards emerge, and then by a description
of the ISO/OSI standards themselves.

The second subject is the current state of the art in communications
technology. Rather than describing the entire field, we highlight the more
significant developments and trends in local area networking, long-haul
communications, and network interconnection. The third subject area
contains some important practical aspects of communications, including
security, performance, and network management. The chapter concludes
with an extensive treatment of the integrated services digital network: its
benefits, costs, and problems, and what it will offer in both the shorter and
longer terms.

Chapter 7, on distributed databases, resembles Chapter 4 in that it
redefines terms and techniques well understood in relation to centralized
databases for use in distributed systems. A set of precise definitions,
presented at the outset, allows quick movement to a discussion of issues
pertaining to the DBMS architecture, data models, and conceptual
design, all in a distributed environment. Two issues which are of
particular importance in a distributed database system, query processing
and transaction processing, are given special treatment. Other problems
(physical design, administration, definition and description, and commu-
nications) are examined in a more cursory manner—most of these are
issues which have been treated in other chapters, seen from a DBMS
point-of-view. The chapter concludes with a discussion of suitable
applications for distributed DBMSs, and a listing of commercial distrib-
uted database systems.

Our final chapter, *‘Future Developments’ is concerned not so much
with the technology of open system as with the way in which open
systems will be used in the near future to support various cooperative
activities. Our first example is MCC (Microelectronics and Computer
Technology Corporation), which is a consortium formed by a number of
major American manufacturers of computing equipment. The aim of
MCC is to conduct basic research on behalf of all these companies: all will
contribute to the input of ideas, and all will share in the output. To
support the very ambitious projects of MCC a powerful, distributed, and
above all open information system is required—it must link and render
into a single system all the disparate facilities of the member companies.

The same is true of our second set of examples, national and inter-
national research and development projects such as the French ‘‘National



