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Preface

As W. M. McKeeman pointed out, it was an accident that the digital com-
puter was organized like a desk calculator. As a result, the digital computer
of today requires a multitude of software. As software gets less reliable and
consumes more memory, it needs more time to debug, takes more system
programmers, and spends more overhead computer time. The progress of
computer utilization and applications is now greatly limited to the develop-
ment of software. Yet, the progress of software development is handicapped
by the desk-calculator-like organization. The computer community, as also
pointed out by McKeeman, could be worse off if the digital computer
were organized like a Turing machine. In this case, a lot more programmers
would have been needed. A great deal more effort would have been spent
in improving arithmetic routines, in discovering ways of tape memory
addressing and allocation, in creating more levels of programming lan-
guages, and in facing an unmanageable maze of software. Obviously, the
airplane today would not fly at sonic speeds or supersonic speeds if we
were continuously improving piston engines. Likewise, the problem of air
pollution by tens of millions of today’s automobiles could not be resolved if
we continue to build the conventional internal combustion engines. Thus,
could we expect carefully engineered, very fast, automatic desk calculators
to be very good for implementing compilers or operating systems?

A modern digital computer consists of a data structure, a control struc-
ture, and a processing structure for executing algorithms. If the computer
is going to execute programs written in a high-level programming language
such as FORTRAN or ALGOL, there is no need to have the structures for
executing programs written in an assembly-type language (i.e., a con-
ventional machine language) or to compile the high-level language pro-
gram into an assembly-type language before execution. The structures of

Xi



xii Preface

the computer might as well have been conceived and designed for directly
accepting and executing programs written in the high-level language. Such
a computer architecture is called a high-level language computer architecture.
A high-level language architecture mirrors closely the data, control, and
processing structures of the high-level programming language or languages,
and the high-level programming language is indeed the machine language.

This volume aims to fill a current need of tutorial material on high-level
language computer architecture. The first chapter presents a classification
of high-level language computer architecture according to the proximity
of the machine language and the programming language. This classification
gives four types: von Neumann architecture, syntax-oriented architecture,
indirect execution architecture, and direct execution architecture. In order
to illustrate the possible evolution of computer architecture, design con-
cepts of Japanese-language data processing systems are chosen as an ex-
ample and presented in the next chapter.

The chapter by Carlson surveys the high-level language computer archi-
tecture. That by Doran describes the syntax-oriented architecture. The
chapter by Laliotis is a tutorial on the historical SYMBOL computer system
that was developed by Fairchild Corporation and is now being evaluated
by the Iowa State University. The syMBOL system makes use of an indirect
execution architecture. The chapter by Bloom presents design concepts of
direct-execution architecture for the ALGOL 60 language. Lastly, the chapter
by Robinet describes the architecture for the processor for an APL subset.

The editor would like to acknowledge the help of Ms. Joanie Fort in
the preparation of the manuscript.
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1. INTRODUCTION

In this volume, the term “‘high-level language™ (HLL) refers to those com-
puter programming languages that not only allow the use of symbolic
operators to signify operations and of symbolic names to represent data and
data structures, but also are structured with syntax and semantics to de-
scribe the computing algorithm. Examples of such programming languages
are FORTRAN, ALGOL, and COBOL.
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1.1 What Is a HLL Computer System?

A high-level language computer system is one that can accept and execute
a high-level language program. There are many high-level language com-
puter systems today, such as those IBM, CDC, and UNIVAC computer
systems that are provided with compilers for these and other high-level
programming languages. There are others, such as the Burroughs B5700/
6700, that are claimed to be more efficient in handling some high-level
programming languages. Finally, there are research computer systems such
as the sYMBOL computer system developed by Fairchild and now being
evaluated at Iowa State University and those now being studied at the
University of Maryland.

1.2 Is the HLL Computer a General-Purpose Computer?

The general-purpose digital computer of today is a stored-program com-
puter that has an instruction set (commonly called the machine language)
and a hierarchy of storages for storing the program and the data. The in-
struction set is capable of describing algorithms for solving a problem in a
large class of application areas. It is limited by the capacity of the storage
and by the program that can be written with the instruction set. Therefore,
if storage capacity is adequate, the question to ask of general-purpose
computers is how universal is the instruction set.

High-level programming languages can be as general purpose as the con-
ventional general-purpose computer instruction set. For example, FORTRAN
has been commonly used for solving scientific problems, while coBoL has
been widely used for solving data processing problems. Another high-level
programming language, SNOBOL, has been developed for describing symbol
string manipulations, while EspoL (a dialect of ALGoL) was developed
and used to describe the operating system of the Burroughs B5500 com-
puter system. High-level programming language pL/1, which incorporates
language features of FORTRAN, ALGOL, and COBOL, has been developed for
both scientific computing and data processing and has also been used to
describe an operating system. High-level language cpL (Chu [1965, 1972])
has been used to describe the processor, control, and storage structures of
a computer. Therefore, the implementation of a high-level language as the
machine language instead of a conventional machine language could make
the HLL computer system general purpose. In other words, it is the ma-
chine language(s) that determine whether the computer system is general
purpose or not.



