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Berkeley, Boole, and Shannon

1926 Edmund Berkeley enters Harvard, math major

1927 Berkeley attends a lecture on symbolic logic by George
D. Birkhoff (of Ergodic Theorem fame (1930)) at Harvard,
who recommends The Laws of Thought by George Boole

1930 BA in Mathematics and Logic. Gives a graduation talk
on “Modern methods of thinking,” a merging of mathematics
and logic into Boolean algebra

Romantic ideas of being a pure mathematician, but takes
a job as a clerk in the actuarial department of Mutual Life
Insurance Company in New York City.
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1932 Claude Shannon enters the University of Michigan,
takes a course that introduces him to the work of George
Boole. Graduates in 1936 with bachelor’s degrees in EE
and math.

1934 Berkeley moves to Prudential Insurance. Learns of
IBM punch card machines used for statistical processing.
Personal research on implementing Boolean algebra for
insurance applications, e.g., verifying contract clauses.

Visits Soviet Union on honeymoon,
Lives in Knickerbocker Village in Manhattan

1936—1937 Shannon graduate studies at MIT. Works on
Vannevar Bush’s Differential Analyzer, sees potential
applications of Boolean algebra to simplification and design
of relay and switching circuits for telephone call routing
applications and for implementing Boolean equations.
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MS thesis: “A Symbolic Analysis of Relay and Switching
Circuits (1937),” published in Transactions of the American
Institute of Electrical Engineers (1938)

1937–1938 Edmund C. Berkeley, “Boolean Algebra (The
Technique for Manipulating AND, OR, NOT, and Conditions)
and Applications to Insurance,” The Record of the American
Institute of Actuaries Evaluating risk, rules for writing policies

1939 Complex Number Calculator based on relays completed
by George Stibitz at Bell Telephone Laboratory. Stibitz knew
of Shannon’s work, but did not use it.
Berkeley visits Bell

1940 Berkeley introduced to Claude Shannon by letter by
Alonzo Church, begins correspondence with Shannon
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1941 Shannon joins Bell Labs

Berkeley continues correspondence with Shannon and
visits Bell Labs, learns of Shannon’s 1938 paper and the
relationship between Boolean algebra and switching circuits

Notes parallels of Complex Number Calculator with
tabulating/punch card machines at Prudential

Berkeley decides to popularize Shannon’s paper and
potential applications of symbolic logic to computing,
especially for insurance applications
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Berkeley invites Shannon and Stiblitz to visit Prudential and
discuss whether Bell Labs’ electric relay computers could be
applied to the “calculation of insurance company tables and
individual policy calculations”

1942 Berkeley joins U.S. Naval Reserve

1944 Berkeley assigned as Naval Liaison at Harvard
Computation Laboratory
Helps run Mark I relay computer (Automatic Sequence-
Controlled Calculator), designed by Harold Aiken, built by
IBM
Helps design Mark II

Berkeley “realized that these mechanical brains would have
no difficulty with any symbolism, and could do not only
numerical operations but also logical ones to the fullest
extent necessary”
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1946 Berkeley leaves active military duty, returns to Prudential,
continues research on applications of symbolic logic. Active
in promoting open research and sharing in computing
machinery community.

1947 Berkeley designs and builds
Simon computer for
for home or office use

Berkeley co-founds ACM for computing professionals
Oh, for heaven’s sake, not another association.

— John von Neuman
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1948 Leaves Prudential to form his own company, E.C.
Berkeley and Associates (later renamed Berkeley Enterprises):
“symbolic logic, computers, robots, mathematics operations
research, language”

FBI opens file on Berkeley, reports he had been interested
in communism in 1930, had the Soviet Union in 1934,
associated with communist sympathizers at Knickerbocker,
associated with communist front organizations

1949 “The relations of symbolic logic and large-scale
calculating machines,” paper presented at ACM meeting

Symbolic logic can help implement iterative algorithms

Giant Brains or Machines that Think published with goal
of explaining modern computing and its implications to a
general audience.
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1950 “The relations between symbolic logic and large-scale
calculating machines” published in Science

“As a result of work by Claude Shannon, Boolean
algebra has proved to be useful in designing and
checking electrical circuits using relays or electronic
tubes. This application of symbolic logic is important in
the design and construction of automatic computers.”

1950-1972 Founds and publishes Computers and Automation,
first computer magazine

1954 Berkeley begins discussions with Shannon regarding
consulting for an educational mechanical/electric computer
kit for Berkeley Enterprises
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1955 Begins selling Geniac = “Genius almost-automatic
computer” suggests: genius + ENIAC

Goal: teach computers, logic, and sound reasoning to boys
10—14 and older students

Sold through 1960, afterwards sold by Oliver Garfield.
Berkeley’s Geniac evolved into Brainiac in 1958

Berkeley receives a memorandum from the Navy regarding
“Alleged activities, associations or attributes of security
significance” and a request that he respond to 5 pages of
questions and that he resign from the Naval reserve. Caught
in the McCarthy era. Guilt by association, forced to resign
from the Navy in 1956 following secret Navy Security Board
hearings (HUAC hearings were public).
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1956 Berkeley becomes active in SANE and other peace
organizations

Life Magazine article on Berkeley & Geniac in March

Geniac ad in September Scientific American

I got a Geniac for my 13th birthday (born on Samhain in
1943)

Marty Hellman (2016 Turing Award laureate with Whit Diffie)
was given one about a year earlier at age 10

Kit came with masonite wheels, bolts, wires, flashlight
bulbs, and documentation, including a manual of 33
projects (more than 10 designed with Shannon)

Also came with a copy of Shannon’s 1938 paper!

(reprinted by Berkeley Enterprises)
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26. MACHINE T0 PLAY NIM

Problem. There are several ways of playing the game of
Nim. 0ne way is to set up four piles of matches, with the
number of matches in each pile 4, 3, 2 and 1. The two players
take turns. Each player must during his turn take one or more
matches from any one pile (and may take the whole pile) . The
player taking the last match wins the game.

Here is a sample game:

(1) the player going first takes 2 out of the first
pile, leaving 2, 3, 2, 1;

(2) the second player now takes 2 out of the second
pile, leaving 2, 1, 2, 1;

(3) the first player now takes 1 from the last pile,
leaving 2, 1, 2, 0;

(4) the second player now takes 2 from the first
pile, leaving 0, 1, 2, 0;

(5) the first player now takes 1 from the third pile,
leaving 0, 1, 1, 0;

(6) it is now clear that the second player loses,
for whichever match he takes, the first player
takes the other one and wins.

The problem is to set up this variation of the game of
Nim in a machine. The machine is to signal what move it makes
in response to any position left by the human player. The four
piles of matches are represented by four switches. Their pos
itions correspond to the number of matches left in the pile at
any time. Switch A has positions 0 and 1; Switch B has posi
tions 0, 1, 2; Switch C has positions 0, 1, 2, 3; and Switch
D has positions 0, 1, 2, 3, 4. There is also a fifth switch,
E, which has two positions, M, for Machine's Turn to Play, and
P for Player's Turn to Play.

The machine is to accept any move by the human player,
and is to be able to signal unmistakably its own move.

The machine is to play either first or second. If the
machine plays first, it should always win; if the mach in e
plays second, it should win if the player makes- any mistakes.
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Martin Gardner “Concerning the game of Nim and its
mathematical analysis,” Scientific American (1958)

Last
Year
at
Marienbad
(1962)
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1958 Application: HO Model Train Layout, switches controlled
either manually from board or automatically using simple
Boolean algebra + relays
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Soon after Berkeley’s Brainiac appears, another Brainiac
appears in DC Comics. Berkeley eventually sues for
copyright infringement. DC changes story and promotes kit.
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Berkeley works with ACM to establish a Committee on Social
Responsibilities of Computer Scientists. Berkeley accused
of communist sympathies.
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1959 I audited a class at San Diego State College taught
by my brother A.H. (Steen) Gray Jr, who had worked on
SRI/GE/BoA computer ERMA as an MIT 6A Co-op student in
1956 or 57. First banking computer, lots of Boolean algebra.

Text:

Boole/Shannon & Edmund Berkeley 27



ARITHMETIC OPERATIONS
IN DIGITAL COMPUTERS

R. K. RICHARDS, PH.D.
Development Engineer

International Business Machines Corporation

D. VAN NOSTRAND COMPANY, INC.

TORONTO NEW YORK LONDON



CONTENTS

CHAPTER PAGE

PREFACE iii
1 SYMBOLIC REPRESENTATION OF QUANTITIES 1

2 BOOLEAN ALGEBRA APPLIED TO COMPUTER COMPONENTS 26

3 SWITCHING NETWORKS 51

4 BINARY ADDITION AND SUBTRACTION 81

5 BINARY MULTIPLICATION AND DIVISION 136

6 DECIMAL CODES 177

7 COUNTING, BINARY AND DECIMAL 193

8 DECIMAL ADDITION AND SUBTRACTION 209

9 DECIMAL MULTIPLICATION AND DIVISION 247

10 IMlSCELLANEOUS OPERATIONS 286

11 COMPUTER ORGANIZATION AND CONTROL 314

12 PROGRAMMING 354

BIBLIOGRAPHY 385

INDEX 395



1960 April: San Diego Science Fair Project. Poster showed
Boolean algebra and logic circuits with logic gates (diodes,
transistors) and outputs (light bulbs).

September:
MIT

Freshman
Elective

Discovered I had learned only binary Boolean algebra
({T, F} or {0, 1}). More generally: any set with 2 binary
operations and 1 unary operation : (∧,∨,¬) or (and, or, not)
or (·,+,∼) or (∩,∪,c) satisfying Boolean laws/postulates

set algebra setup for elementary probability theory!!
and hence also (Shannon) information theory. . .
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Epilog

1960 Senator Thomas Dodd (D Connecticut) denounces
SANE leadership (which includes Berkeley) as being
inflitrated by communists and demands that SANE expel all
sympathizers.

1972 Berkeley invited to speak at 25th anniversary of founding
of ACM, Denounces those in computing who worked on
killing devices during Vietnamese War. Many walked out.

Boole/Shannon & Edmund Berkeley 31



1973 ISIT in Ashkelon, first Shannon Lecture
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2000 October: Claude Shannon statue unveiling by Bettty
Shannon in Gaylord MI, his home town, with Betty Shannon
I gave a five minute version of this talk
When I mentioned Berkeley’s name, Betty grinned and
laughed. Afterwards she talked of him as an amusing pest
who regularly nagged Claude Shannon for help.

Boole/Shannon & Edmund Berkeley 33



1988 Berkeley dies of cancer. He was remembered as striving

. . . to educate his readers so that they could do as
he did: think clearly about important matters, reach
wise conclusions, and act bravely in support of their
principles. He inspired to be, and was accepted by many
as, the conscience of the computer industry because of
his devotion to the idea that computers should work for
the good of and not the destruction of mankind. He was
a teacher. Eric A. Weiss
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