
Preface

We describe significant research and development in the design of computers, conducted
almost all at IBM. This book includes methods for design, analysis, diagnosis, and auto-
matic repair. It is intended for an individual reader as well as a class. One of its features is
the inclusion of exercises, some simple, some of Ph.D. dissertation level. Mathematics
here is an activity, not merely a subject. Each chapter contains summaries of other rele-
vant sources. Many figures illustrate the text. The contents are as follows:

CHAPTER 1: CUBICAL COMPLEXES, TWO-LEVEL LOGIC

This chapter describes and solves significant minimization problems. It describes algo-
rithms, used by the National Aeronautics and Space Agency in the Mars space vehicle.
The algorithms were used extensively within IBM, effecting appreciable savings. Here,
extensive improvements are made to methods for two-level minimization. MIN370, an
excellent program of the minimization algorithms in PL/I written by Leroy Junker, was
executed many times. Space and time no longer seem a problem for designs, say less than
16 inputs and 32 outputs. It is a Theorem, exercise, that these algorithms are correct. On
very large problems we found it expedient to run each output separately and then combine
these solutions (Marvin Perlman, J. Sanborn). This method does not in general get a mini-
mum but an approximate solution, in much less time.

This material is preceded by a critique of high-level hardware design. We discuss
three methods of generating logic from a high level, producing various kinds of
optimization from high-level specifications. One method was developed and used by
Stan Pitkowski in the design of System/360 Model 65. Another system was developed
by John Darringer and William Jenner, having use within IBM. A third was PL/R, Chap-
ters 2, 4.
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Fuzzy Logic (Zadeh) is discussed in an appendix. It has had impressive practical
applications. It is here given a faithful interpretation in terms of cubical logic. An appen-
dix is attached to include an improved version of the Sharp algorithm, due to Leroy
Junker, for handling differences of cubical complexes, a basic operation in minimization
procedures.

One appendix contains the article, "Space Applications of A Minimization Algo-
rithm," in which the work of M. Perlman on the application of minimization programs to
the NASA Mars flight is described.

CHAPTER 2: LOGIC ON MANY LEVELS

This chapter is concerned with how to go from one layer of logic to another, in particular,
from many levels to two and vice versa. The P* algorithm was used in this regard in the
Endicott Bank Program and in Winchester (Hursley), England, to minimize logic, on the
models 40 and 30, K. A. Duke, and elsewhere. The Factorization algorithm was formu-
lated for multiple outputs, with A. L. Frisiani, University of Genoa, Italy.

CHAPTER 3: REGULAR DESIGN

This chapter defines a method of hardware design which guarantees that the Logic De-
signs are determinate, not probabilistic. It also guarantees that these designs have correct
timing and be testable. These properties seem essential for a correctly operating computer.
This design method has been used in IBM hardware, in particular in the form of SCAN.
We assume regular design throughout.

CHAPTER 4: IBM/3081 VERIFICATION

This chapter describes a method of verification of hardware used in particular, in the 3081
super computer. The method applies to logic large and small. When applied to the 3081,
years of total development were saved. Many errors were diagnosed and corrected, (cf.
the Motorola Pentium chip). Designs are correct in this system if they are proven equiva-
lent to another standard design, thus a relative correctness, the only effective criterion for
complex systems. Here, two distinct detailed designs were compared, one high-level, one
low-level, were verified against each other. A compiler RTRAN transformed the high-
level into the low. Then VERIFY compared the two. A corps of designers studied the
printouts from VERIFY and corrected the discovered errors. The revised designs were
then verified, iterating correction with verification, until agreement was reached. A verifi-
cation system seems essential for reliable future computers.

An appendix describes a System for Computer Design by Harry Halliwell and the
author, from an IBM Technical Disclosure Bulletin. It includes the D algorithm, Chapter
5, and a proposal for a microprogram compiler.


