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Preface

The purpose of this book is to define, describe, and illustrate the foundations
and current trends in microprogramming. Because the emergence of user micro-
programmable computers is responsible for significant activity in this field, the
book covers this topic extensively. The level of presentation highlights the archi-
tectural, software, and applications aspects of microprogramming without be-
coming mired in intricate details. Descriptions of current developments are in-
tended to provide examples, illustrate capabilities, and show alternatives with
the expectation that they will provoke thought, provide insight, and indicate
directions for new developments.

Microprogramming is receiving new interest with the development of fast
writable memories for microprogram residence, and the subsequent marketing of
several user microprogrammable computers. Whereas previous developments of
read—only memories provided manufacturers with the capability to micropro-
gram machine language instruction sets, recent developments have facilitated new
techniques, implementations, and applications for users.

The book is intended for a wide audience and can be used in a variety of ways.
Chapter 1 introduces microprogramming concepts. This chapter presents back-
ground material, develops a general definition of microprogramming and its
characteristics, provides an easy to understand example, and compares micropro-
gramming with programming and microprocessors. An elementary understanding
of machine languages and computers is helpful in reading the chapter. In describ-
ing the fundamental concepts of microprogramming, Chapter 1 presents micro-
programming from a slightly different but more general viewpoint than the
classical approach. The sections on programming, microprogrammability, and
microprocessors should provide some new insights as all these subjects are
seldom considered in microprogramming presentations.

Microprogramming has borrowed heavily from the areas of computer architec-
ture and software, and should be regarded as another level in a system hierarchy.
There is little underlying theory to microprogramming but there are basic con-

Xiii



PREFACE

cepts; these concepts are described in Chapter 2 on architectural characteristics
and in Chapter 3 on microprogramming languages and support software. For
those new in the field these chapters define the characteristics that will be
illustrated by the developments described in Chapters 4-7. Although the prin-
ciples discussed in Chapters 2 and 3 should be well known to those familiar with
microprogramming, they are often confused in the literature. Thus Chapters 2
and 3 separate and clarify the issues involved in microprogramming architecture
and software. The student and practitioner should be well aware of the distinc-
tion and interrelationships among these concepts.

Chapters 4-7 present contemporary developments of user microprogrammable
computer systems and microprogramming languages. The computers are pri-
marily commercially available systems, and many are fairly inexpensive. The
computers are described through the characteristics discussed in earlier chapters
using the terminology developed in those chapters. The architecture diagrams
have generally been drawn in the same format; common components have been
placed in the same relative locations for each machine. These diagrams show the
logical structure of the computers; we are not overly concerned with the engi-
neering aspects of these designs. An attempt has been made to avoid a favored
treatment of any machine. Our biases are reserved for the last chapter of the
book.

In reading the machine descriptions, an interesting exercise is to determine the
characteristics that a machine demonstrates well, or the degree to which various
characteristics are in evidence. Example microprograms have been included for
most of the computers and have been explained carefully in an effort to il-
lustrate current microprogramming characteristics. Whereas the manufacturers of
most of the computers discussed agree with our descriptions, the descriptions are
not to be construed as operating specifications nor as commitments to specifica-
tions. Although software developments have been largely experimental, the same
comments apply.

A number of applications of microprogramming are described in Chapter 8,
which surveys practical applications that are in wide use and also applications
investigated primarily as research projects but which may come into common
use in the future. Chapters 4-8 present a significant accumulation of information
on the current state of microprogramming, and should serve as a handy reference
to computer professionals. ‘

The annotated bibliography at the end of each chapter should be helpful in
further exploring the ideas presented in the book.

In Chapter 9 we try to provide a perspective on microprogramming systems by
summarizing past, present, and future trends.

We believe the book is well suited for a short seminar on microprogramming or
as an introduction to microprogramming in a course on computer architecture.
This book could also serve as a primary text for a graduate course on micropro-
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gramming. In that case the bibliographies serve as a guide to topics to be studied
in more detail.

This book evolved from work begun early in 1973. An early short report
which summarized some parts of this work was published in the IEEE Transac-
tions on Computers in August 1974.* This book, which incorporates many new
developments, is a significantly expanded and updated report on this work.

*A.K. Agrawala and T.G. Rauscher, Microprogramming: perspective and status, IEEE Trans,
on Comp., Vol. C-23, No. 8, Aug. 1974, pp. 817-837.
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CHAPTER 1
INTRODUCTION TO MICROPROGRAMMING CONCEPTS

1.1 Basic Computer Organization
A digital computer is functionally organized into the four

basic sections shown in Figure 1.1-1. The input/output (I/O)
section maintains communication between the computer and its
environment. It accepts information from devices (card readers,

teletypes, tape drives, etc.) and converts it to a form

Storage

CONTROL

Input |[Output [~= === —— ] ALU

Figure 1.1-1. Functional organization of a digital computer;

solid line,data; dashed line,control information.



