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Outline for this talk

1. Author background

2. Project genesis

3. Researching the milestones
4. Writing Tech and Production

5. Questions & Answers
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Instrumentation Research
Weizmann Institute of Science

Summer 1986



Science writer, entrepreneur & academic "

1987 — SB, Massachusetts Institute of Technology
1988 — MS, Columbia University School of Journalism
1988-2002 — Freelance writer, computer consultant, entrepreneur

2005 — PhD Massachusetts Institute of Technology

2007-2014 — Naval Postgraduate School

2015-2016 — NIST NIST

United States™

2017- — US Census Bureau Censys
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June 2, 2016 — Email from Matt Wagner, Fresh Books

Want to write a book? ¢

.‘ k-

From: Matt Wagnher matt@fresh-books.com
Subject: Book for Sterling
Date: June 2, 2016 at 3:54 PM
To: simsong@acm.org
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Hi Simson,

| hope you’re well. | thought of you when | received this query from Sterling, an imprint owned by B&N. I've been doing a few
reference and education titles with this editor and it looks like she wants to do something about milestones in computer science. Now,
| can get more info if this sounds of interest but in the past she has seemed to be pretty open to what someone might bring to the
table.

The likely advance for this is tops, but since it would be with Sterling you’re pretty much guaranteed to be stocked at B&N,
which is no sure thing these days. Let me know if you feel like doing a book :-) They have generally more trade-like (longer)
schedules, so I'd guess it’s a project that could be done over 9-12 months -

Begin forwarded message:

By the way, do any of the authors you work with have experience or interest in a book the recounts milestones in the history of
computer science? Preferably someone with a pretty good platform or standing in the computer science community? (I'm open to
the author-coauthor arrangement as well.)



The Sterling “Milestones” Series
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Georges Lemaitre (1594-1966). Edwin Hubble (18591953
Fred Hovle (19152001
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Copyrighted Material
Avogadro’s Gas Law

Amedeo Avogadro (1776-1856)

\vogadro’s Law, named after [talian physicist Amedeo Avogadro who proposed it in 1511,
states that equal volumes of gases at the same temperature and pressure contain the same
number of molecules, regardless of the molecular makeup of the gas. The law assumes
that the gas particles are acting in an “ideal” manner, which is a valid assumption for most
gases at pressures at or below a few atmospheres, near room temperature

A variant of the law, also attributed to Avogadro, states that the volume ot a gas
is directly proportional to the number of molecules of the gas. This is represented
by the tormula V = a@ x N, where a is a constant, V' is the volume of the gas, and N

is the number of gas molecules. Other contemporary scientists believed that such a

proportionality should be true, but Avogadro’s Law went further than competing theories

because Avogadro essentially defined a molecule as the smallest characteristic particle
of a substance —a particle that could be composed of several atoms. For example, he
proposed that a water molecule consisted of two hydrogen atoms and one oxygen atom.

Avogadro’s number, 6.0221367 x 10°%, is the number of atoms found in one mole
of an element. Today we define Avogadro’s number as the number of carbon-12 atoms
in 12 grams of unbound carbon-12. A mole is the amount of an element that contains
precisely the same number of grams as the value of the atomic weight of the substance.
For example, nickel has an atomic weight of 55,6934, so there are 58,6934 grams in a
mole of nickel

Because atoms and molecules are so small, the magnitude of Avogadro’s number is
diffiicult to visualize. If an alien were to descend from the sky to deposit an Avogadro's
number of unpopped popcom kernels on the Earth, the alien could cover the United

States of America with the kemels to a depth of over nine miles

SEE ALSO Charles” Gas Law (17571, Atomie Theory (1505), Kinelie Theoey (15859,

Place 24 numbered golden balls (numbered | through 24) in a bowl. If you randomly drew them out one
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Timeline

2016
June 2 — Initial emaill
June - Aug — Publisher wants proposal with 50 milestones, 5 fully written, and co-author
Aug — term-sheet and contract. Delivery date: November 2017
Aug—March — Contract negotiations
2017
March — New co-author

April 12 — New contract, same delivery dates (November 2017)

14



Co-author Rachel Grunspan

(Approved Bio)

Rachel H. Grunspan has worn many hats
In her almost 20 years at the CIA including
cyber-threat analyst, game and simulation
designer, and a leader in the world of
digital innovation. She is a member of the
Senior Intelligence Service and a winner of
the 2007 Director of National Intelligence
Galileo Award. Rachel received a BA In
Politics from Brandeis University and a
Master of Science in Information Systems
from the London School of Economics and

Political Science.



Delivery Dates as of April 12,2017

Complete table of Contents May 30, 2017
20% of Manuscript July 15, 2017
60% of the manuscript September 14, 2017

Complete work November 13, 2017

16



Researching the Milestones




Where does one start?
How do you seperate a personal hlstory from the hlstory of a dicpline?
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Step 1: Build an initial list of milestones

Step 1 — Brian storming TURING

Step 2 — Other lists AWARD
ACM Turing Award Winners (50th celebration was 2016) T —
Wizards and their Wonders: Portraits in Computing oF COMBUTING'S GREATEST ACHIEVEMENTS

Christopher Morgan & Louis Fabian Bachrach

https://en.wikipedia.org/wiki/List of pioneers in computer science

IEEE Computing History timeline s
https://ieeecs-media.computer.org/assets/pdf/timeline.pdf Thelr Louss Geme
httos://history.computer.org/pubs/timeline.pdf

Wonders

Computer History Museum timeline
https.//www.computerhistory.org/timeline/ oaaite

Computing

Centre for Computing History timeline
http://www.computinghistory.org.uk/cgi/computing-timeline.pl

MIT Laboratory for Computing Science Timeline (LCS 35 book)

19


https://en.wikipedia.org/wiki/List_of_pioneers_in_computer_science
https://ieeecs-media.computer.org/assets/pdf/timeline.pdf
https://history.computer.org/pubs/timeline.pdf
https://www.computerhistory.org/timeline/
http://www.computinghistory.org.uk/cgi/computing-timeline.pl

250 Milestones by November 15

Milestones on contract signing: 350

Milestones added during
research:

Milestones removed =150

20



Diversity Goals and Regrets

We tried to balance: Revised: Notability
Women “Firsts.”
Continents Cultural significance beyond computing.
Countries
Fields
Cultural
Original inclusion metric Regrets:
stuff that | knew about. Africa, South America, China

This didn’t work out so well.

Critical question: balancing diversity and historical authenticity

21



Expanded Inclusion Criteria:

We wanted milestones that told a story/y ¢ 1.

Led to the creating of thinking machines

Show the step-by-step progression from early devices for manipulating information
to the pervasive society of machines and people that surrounds us today.

Document the results of the integration of computers into societys.

Important “firsts,” from which other milestones cascaded or from which important
developments derive.

Resonate with the general public so strongly that they influenced behavior or
thinking. (e.g. HAL 9000)

On the critical path of current capabillities, belifs, or application of computers and
associated technologies (e.g. invention of the integrated circuit)

Likely to be building block for future milestones (e.g. DNA for strage)

Milestones yet to occur

22



How does one characterize the range of computer science?

The traditional approach is by discpline‘" :

o ATLITICIG! INntelliger
Architecture Robotics Book
Artificial Intelligence Semiconductors Business
Cryptography
Business and Industry Software Culture
Entertainment
Cryptography Storage T
Culture, Entertainment and Games Theory Gaming
Hardware
Hardware industry
: Information
Information We _used these | B irvortion
Microcomputers categorles for dSSUring Micras
Physics coverage _and diversity, Networking
but we did not reveal Physics
Quantum Computing them to the reader Popular Culture

Quantum Computing
Robotics
SemiconductorsS




Instead, we used the history of comﬁuting to tell the history technology.

Computing has been with us since the dawn of civilization

(Yuval Noah Harari makes this same point in Sapiens.)

Developments in computing are intimately connected to developments in
science and technology

Each development in computing sets the stage for the next development

24



We see computing developments as fitting into Six specific eras.

Human Computers Predict
Halley’s Comet

Edmond Halley (1656-1742), Alexis-Claude Clairaut (1713-1765),
Joseph Jérome Lalande (1732-1807), Nicole-Reine Lepaute (1723-1788)

The discovery of Kepler's laws of planetary motion and Isaac Newton's more general
laws of motion and gravity encouraged scientists to seck elegant mathematical models
to describe the world around them. Edmond Halley, the editor of Newton's Principia
(1687), used Newton's calculus and laws to show that a comet seen in the night sky in
1531 and 1682 must be the same object. Halley's work depended on the fact that the
comet’s orbit was influenced not just by the sun, but also by the other planets in the

solar system — especially Jupiter and Saturn. But Halley could not come up with an

- exact set of equations to describe the comet's trajectory.

u m a n O m p u a I O n Alexis-Claude Clairaut was a French mathematician who devised a clever solution
to the problem. But it wasn't mathematically elegant: instead of solving the problem
symbolically, his method solved the problem numerically—that is, with a series of
arithmetic calculations. He worked with two friends, Joseph Jérdome Lalande and
Nicole-Reine Lepaute, during the summer of 1758, and the three systematically plotted
the course of the comet, calculating the wanderer’s return to within 31 days.

This approach of using numerical calculations to solve hard science problems
quickly caught on. In 1759, Lalande and Lepaute were hired by the French Académie
des Sciences to contribute computations to the Connaissance des Temps, the official
French almanac; five years later, the English government hired six human computers
to create its own almanac. These printed tables charted the anticipated positions of
the stars and planets and were the basis of celestial navigation, allowing the European
powers to build out their colonies.

In 1791, Gaspard Clair Frangois Marie Riche de Prony (1755-1839) embarked
on the largest human computation project to that date: to create a 19-volume set of
trigonometric and logarithmic tables for the French government. The project took six

years and required 96 human computers.

SEE ALSO First Recorded Use of the Word Computer (1613)

The course of Halley's Comet across the mght sky from April through May of 1910.

9781454926214 _Inm_016-156.In3d 34 THAOIE 1221PM 9781454926214 _In_016-156.Indd 35 THAOIE 1221PM
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We see computing developments as fitting'into six specific eras.

\

Thomas Arithmometer

Gottfried Wilhelm Leibniz (1646-1716),
Charles Xavier Thomas de Colmar (1785-1870)

German philesopher and mathematician Gottfried Leibniz became interested in
mechanical caleulation after seeing a pedometer while visiting Pans in 1672, He
invented a new type of gear that could advance a 10-digit dial exactly 0 to 9 places,
depending on the position of a lever, and used it in a machine with multiple dials and
levers called the stepped reckoner. Designed to perform multiplication with repeated
additions and division by repeated subtractions, the reckoner was hard to use because it
n didn’t automatically pcrt‘()rm carry operations; that is, adding 1 to 999 did not produce
H r r l r r l t t 1,000 in a single operation. Worse, the machine had a design flaw—a bug—that
u a n O p u a I O n prevented it from working properly. Leibniz built only two of them.

More than 135 years later, Charles Xavier Thomas de Colmar left his position as
inspector of supply for the French army and started an insurance company. Frustrated
by the need to perform manual arithmetic, Thomas designed a machine to help with

[ ] [ math. Thomas's arithmometer used Leibniz's mechanism, now called a Leibniz wheel,
M e c h a n I c a I C a I c u I at I o n S but combined it with other gears, cogs, and sliding levers to create a machine that could
reliably add and subtract numbers up to three digits, and multiply and divide as well.
Thomas patented the machine, but his business partners at the insurance firm were not
interested in conunrrci.llizin(; it
Twenty years later, Thomas once again tumed his attention to the arithmometer. He

demonstrated a version at the 1844 French national exhibition and entered competitions

again in 1849 and 1851. By 1851, he had simplified the machine's operation and extended

its capabilities, giving it six sliders for setting numbers and 10 dials for display results.
Aided by three decades” advance in manufacturing technology, Thomas was able to
mass-produce his device. By the time of his death, his company had sold more than
a thousand of the machines—the first practical caleulator that could be used in an
office setting—and Thomas was recognized for his genius in creating it. The size
of the arithmometer was approximately 7 inches (18 centimeters) wide by 6 inches

(15 centimeters) tall.

SEE ALSO Curta Calculator {1948)

This Thomas Anthmometer can multiply two 6.digit decimal numbers to produce a 12.digit number. It can

: )
also divide.
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e see computing developments as fitting into Six specific eras.

Baudot Code

]ean-Maurice-Emile Baudot (1845-1903), Donald Murray (1865-1945)

Early telegraph systems relied on human operators to encode and transmit the sender’s
C u message, and then to perceive, decode, and transcribe the message on paper upon
H u m a n O m u t at I O n receipt. Relying on human operators limited the maximum speed at which a message
could be sent and required operator skills that were not easily available.
Emile Baudot developed a better approach. A trained French telegraph operator,
Baudot devised a system that used a special keyboard with five keys (two for the left
. . hand and three for the right) to send each character. Thirty-one different combinations
arise from prcs.sing one or more of the five kcys togct]u-r, Baudot assigncd cach code to
M e C h a n I C a I C a I C u I at I O n S a different letter of the alphabet. To send a message, the operator would type the codes
in sequence as the machine clicked, roughly four times a second. With each click,

a rotating part that Baudot called the distributor would read the position of each key

in order and, if the key was pressed, send a corresponding pulse down the telegraph -
. . . . "
u u u wire. At the other end, a remote printer would translate the codes back into a printed R0, o0 - -
, i L @ Setanr . @
character on a prece of paper tape. o:;o SeRse L
- . . . . »
Baudot was one of the first people to combine key inventions by others into one o 9 00 o -

working system. He patented his invention in 1874, started selling devices to the French
- Telegraph Administration in 1875, and was awarded the gold medal at the Paris Exposition
a n o m p u tat I 0 n Universelle in 1878, Baudot's code was adopted as the International Telegraph Alphabet
No. 1 (ITAl), one of the original international telecommunications standards. In
recognition of his contribution, the baud, a unit of data transmission speed equal to

the number of signal changes per second, is named after him.
R I T I r h T I t In 1897, the Baudot system expanded to incorporate punched paper tape. The

e ays ) e eg a p ) e e ype keyboard was disconnected from the telegraph line and connected to a new device that
could punch holes across a strip of paper tape, with one hole corresponding to each key.
Once punched, the tape could be loaded into a reader and the message sent down the
telegraph wire faster than a human could type. In 1901, the inventor Donald Murray
developed an easier-to-use punch that was based on a typewriter keyboard. Murray also
made changes to Baudot's code; the resulting code was known as the Baudot-Murray
code (I'TA2) and remained in use for more than 50 years.

SEE ALSO ASCII (1963), Unicode (1992)

Paper tape punched with the fivedevel Baudot code. The large holes carrespond to the 5 bits of the code, whle a
rotating toothed fractor wheel fit into the small holes and used them to pull the tape through the machine

27



e see computing developments as fitting into six specific eras.

\

ENIAC

John Mauchly (1907-1980), J. Presper Eckert (1919-1995)

( : . ENIAC was the first electronic computer, which means it computed with tubes rather
H u I I I a n O I I I u t at I O n than relays. Designed by John Mauchly and J. Presper Eckert at the Moore School of
Electrical Engineering at the University of Pennsylvania, ENIAC had 17,468 vacuum

tubes, was 8 feet (2.4 meters) high by 3 feet (0.9 meters) deep by 100 feet (30.5 meters)

long, and weighed more than 30 tons.

x 2 ENIAC had an IBM punch-card reader for input and a card punch for output, but
M eC h a n I C a I ‘ a I C u I at I O n S the machine had no memory for data or programs. Instead, numbers under calculation
were kept in one of the computer’s 20 accumulators, each of which could store 10

decimal digits and perform addition or subtraction. Other hardware could perform

v )
e LU L

multiplication, division, and even square roots. ENIAC wasn’t programmed in today’s
. . . sense. Instead, a set of panels had 1,200 10-position rotary switches that would energize
different circuits in a specific sequence, causing electronic representations of numbers
E I eCt rI C C O I I I I I I u n I C at I O n to flow through different parts of the machine at predetermined times, and leading the
machine computation to take place.
. ENIAC was built to perform complex ballistics calculations for the US Army, but
d t t John von Neumann (1903-1957) at the Manhattan Project learned about ENIAC,
a n ( : O I I l p u a I O n so the machine's first official use was actually to perform computations for the
development of the hydrogen bomb.
[ronically, the men who built the hardware never considered the need for, or the
complexity of, programming the machine. They left the job of making the machine
- - actually calculate to six human computers: Frances “Betty” Snyder Holberton (1917-
E I e ct ro n I c C o m p u tat I o n 2001), Betty “Jean” Jennings Bartik (1924-2011), Kathleen McNulty Mauchly Antonelli
(1921-2006), Marlyn Wescoff Meltzer (1922-2008), Ruth Lichterman Teitelbaum
(1924-1986), and Frances Bilas Spence (1922-2012).
Those women, some of the world’s first programmers, had to devise and then
debug their own algorithms. But the women were not acknowledged in their own time.

In 2014, Kathy Kleiman produced the documentary The Computers, which finally told

the women's story.

SEE ALSO First Recorded Use of the Word Computer (1613), EDVAC First Draft Report (1945)

ENIAC, the first electronic computer, was bult to perform calculations for the US Army. Pretured operating
the machine are Carporal Irwin Goldstein, Private First Class Homer Spence, Betty Jean Jennings, and
Frances Bilas.
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e see computing developments as fitting into Six specific eras.

Semiconductor Diode

Michael Faraday (1791-1867), Karl Ferdinand Braun (1850-1918)

n
H u r r I a n C O r r I u t at I O n Semiconductors are curious devices: not quite conductors like copper, gold, or silver,
p not quite insulators like plastic or rubber. In 1833, Michael Faraday discovered that
the chemical silver sulfide became a better conductor when heated, unlike metals that
lose their conductivity under the same conditions. Separately, in 1874, Karl Ferdinand
. . Braun, a 24-year-old German physicist, discovered that a metal sulfide crystal touched
with a metal probe would conduct electricity in only one direction. This “one direction”
M e C h a n I C a I C a I C u I at I O n S characteristic is what defines diodes or rectifters, the simplest electronic components.

Braun's discovery was a curiosity until the invention of radio. The diode proved
critical in allowing radio to make the transition from wireless telegraphy to the
transmission and reception of the human voice. The diode of choice for these early radio

u ( : u . sets was frequently called a cat’s whisker diode, because it consisted of a crystal of galena,
E I eCt rI C O I I I I I I u n I C at I O n a form of lead sulfide, in contact with a spring of metal (the “whisker”). By carefully
manipulating the pressure and onientation of the metal against the crystal, an operator
. could adjust the electrical properties of the semiconductor until they were optimal
for radio reception. Powered only by the radio waves themselves, a crystal set was only
a n d C O I I l p u t at I O n strong enough to faintly produce sounds in an earphone.

Crystal radio receivers were used onboard ships and then in homes until they were
replaced by new receivers based on vacuum tubes, which could amplify the faint radio
waves so that they were strong enough to power a speaker and fill a room with speech or

. ( : u music. But tubes didn’t mark the end of the crystal radio: the devices remained popular

E I e Ct ro n I C O m u t at I O n for people who couldn’t get tubes—such as on the front lines in World War 1l —as well
as among children learning about electronics. In the 1940s, scientists at Bell Labs turned
their attention to semiconductor radios once again in an effort to perfect microwave
communications. In the process, they discovered the transistor.

= = Braun went on to make other fundamental contributions to physics and electronics.
S 0 I I d State C O m tl n In 1897, he invented the cathode-ray tube, which would become the basis of television.
p u g He shared the 1909 Nobel Prize with Guglielmo Marconi (1874-1937) “in recognition

of their contributions to the development of wireless telegraphy.”

SEE ALSO Silicon Transastor (1947

Crystal Detector, made by the Phalmore Manufactuning Company. To use this device, the operator would connect
a wire to each of the two flanges and press the metal “whisker” into the semiconductor crystal.
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e see computing developments as fitting into six specific eras.

H uman CO m p utat | on Hadoop Makes Big Data Possible

Doug Cutting (dates unavailable)

. . Parallelism is the key to computing with massive data: break a problem into many small

pieces and attack them all at the same time, each with a different computer. But until

M e C h a n I C a I C a I C u I at I O n S the early 2000s, most large-scale parallel systems were based on the scientific computing
model: t|1cy were one-of-a-kind, high-[wrfonnancc clusters built with expensive, hig]l-
reliability components. Hard to program, these systems mostly ran custom software to
solve problems such as simulating nuclear-weapon explosions.

n n u Hadoop takes a different approach. Instead of specialty hardware, Hadoop lets

E I e Ct rI C ‘ O m m u n I C at I O n corporations, schools, and even individual users build parallel processing systems from
ordinary computers. Multiple copies of the data are distnibuted across multiple hard
drives in different computers; if one drive or system fails, Hadoop replicates one of the

other copies. Instead of moving large amounts of data over a network to super-fast CPUs,

]
a I l d < : O I I I l | t at I O I I Hadoop moves a copy of the program to the data.
Hadoop got its start at the Intemet Archive, where Doug Cutting was developing

an intemnet search engine. A few years into the project, Cutting came across a pair of
academic papers from Google, one describing the distributed file system that Google
. . had created for storing data in its massive clusters, and the other describing Google's
MapReduce system for sending distributed programs to the data. Realizing that Google's
e C rO n I C O I I l p u a I O n approach was better than his, he rewrote his code to match Google's design.

In 2006, Cutting recognized that his implementation of the distribution systems
could be used for more than running a search engine, so he took 11,000 lines of code
out of his system and made them a standalone system. He named it “Hadoop” after one

- ( : . of his son's toys, a stuffed elephant.
S O | I d St at e O m u t I n Because the Hadoop code was open source, other companies and individuals could
work on it as well. And with the “big data” boom, many needed what Hadoop offered.
The code improved, and the systems” capabilities expanded. By 2015, the open source

Hadoop market was valued at $6 billion and estimated to grow to $20 billion by 2020.

SEE ALSO Connection Machine (1985), CNU Manifesto (1985),

Parallel Computing

Although the big-data program Hadoop ts typcally run on high-performance clusters, hobbyists have alvo run it
as @ hack, on tiny underpowered machines like these Cubichoards
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e see computing developments as fitting into six specific eras.

\

Human Computation Compatec Js Wodld
_ _ Chess Champion
Mechanical Calculations

Ever since Alan Turing wrote the first computer chess program in 1950, computer

scientists (and the general public) had viewed proficiency at chess as a litmus test for
u u u machines’ intelligence. Machines, the thinking went, would be truly intelligent if they
E I e Ct rI C ‘ O m m u n I C at I O n could beat a human at chess. When that happened, the challenge then subtly changed:
would computers ever be able to beat every human at chess, even a grand master?
That happened nearly 50 years later in 1996, when IBM's Deep Blue computer
( : u beat world chess champion Garry Kasparov.
a n d O I I l u t at I O n Kasparov and Deep Blue played two matches—the first took place in February 1996
in Philadelphia. Kasparov lost two games to Deep Blue but still won the match. The
rematch occurred a year later in May 1997, when Kasparov lost to Deep Blue with a
final score of 3.5 to 2.5 (one game was a draw). In an unusual twist, Deep Blue made an
. - unexpected play during game two of the second match, rattling Kasparov and throwing
E I t ‘ rT] t t him off his strategy. Kasparov did not know what to make of the move and considered it
e C rO n I C O p u a I O n a sign of superior intelligence. While counterintuitive, Kasparov's interpretation of Deep
Blue's capabilities highlights the power and weakness of relying on human intuition
when playing games of skill.
In fact, Deep Blue's advantage was brute force, pure and simple. Deep Blue was
. . really a massively parallel program coded in C, running on a UNIX cluster, and capable
O I tat e O I I I p u t I n g of computing 200 million possible board positions each second. Deep Blue's “evaluative
function,” which decided which board positions were better, was based on assessing four
human-programmed variables: material, the value of each piece; pasition, the number
of squares that buffer a player’s picce from attack; king safety, a number that represents
] how safe the king is, given his location on the board and the position of the other pieces;
P a ra I I e I ‘ O m u t I n and tempo, the success of a player advancing his or her position over time. Given these
factors and the relatively constrained size of the board, chess became a “quantifiable”
equation for Deep Blue. As such, the computer can win by simply secking the best

board positions —something it can do faster, and better, than any human.

SEE ALSO Computer Beats Master at Co (2016)

| | | |
I t I I c I a n te I e n c e Viewers watch world chess champron Garry Kasparoy on a television monitor af the start of the sixth and final
match agamst IBM's Deep Blue computer in New York
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Each of these areas covers different milestones

The “Mechanical Turk”

Wolfgang von Kempelen (1734-1804)

After seeing an illusionist perform at Austria’s Schénbrunn Palace in 1770, Hungarian
inventor Wolfgang von Kempelen told the Empress Maria Theresa of Austria that he
could create s(nnc(him; even better. The cmpress gave Kcmpclcn six months to top the
illusionist's act.

I'he Industrial Revolution was well underway in 1770, and it was in this
environment that Kcmpc]cn created an elaborate hoax that alleged to be a “thinking”
machine. With expertise in hydraulics, physics, and mechanics, Kempelen returned
to the court with an automaton that he claimed could best human chess masters and
complete a complex puzzle called the Knights Tour.

Kempelen's “Mechanical Turk,” as it came to be known, was a life-size model of a
man'’s upper half. Dressed in Ottoman robes with a turban and black beard, a smoking
pipe in its left hand, the Turk sat at a cabinet with three doors and a chesshoard on
top. The doors opened to show an intricate set of gears and levers designed to give the
audience the illusion of an advanced contraption worthy of the owner's claims. What
remained hidden was a sliding seat behind the gears that enabled a small human chess
l]lAl'\'L'\' to move Jﬂllul(l as KC[I]I)CIC]\ ,\h()\VL‘(] S"\Pif.l()\]‘) SPL‘LL“UI’,\ lh(’ (J])I“Cr,\ "\\i(l(’,
and then to manipulate the contraption once the game began.

I'he Turk beat almost everyone it played against, including Benjamin Franklin, who
was the US ambassador to France at the time. It also beat the novelist Edgar Allan Poe,
as well as Napoléon Bonaparte, whose strategy to beat the Turk was to make a series of
deliberately illegal moves. The Turk replaced Napoléon's piece after the first two moves,
and then, after the third, swept its arm across the chessboard, knocking over all of the
pieces and ending the game. Napoléon reportedly was amused.

Real or not, the Turk started new dialogue among those who had never considered
the potential of mechanized intelligence. Among those was Charles Babbage, whom

the Turk beat twice, and who, despite correctly concluding the device was a hoax, drew

inspiration from the experience and went on to build the difference engine, the first

mechanical computer. The Turk was destroyed in a fire in Philadelphia on July 5, 1854

ALSO The Difference En,

1822), Edgar Allan Poe’s *T sold-Bug” (1843), Computer Is World

ical Turk.” To conceal

Rossum’s Universal Robots

Karel Capek (1890-1938)

The word robot was coined in 1920 by the Czech dramatist Karel Capek in his science-
fiction hit, R. U. R. (Rossum's Univ

Czech word robota (“forced labor”); the word is now widely used for mechanized beings

sal Robots). He coined the word based on the

in most ].m;;lms;cs In the pl,l}', the fictional Rossum corporation has (lc\'cl()pud d\t»lpA
biological humanoid machines called robots and has been shipping them all over the
world from its secretive island-based factory. While some nations initially use the robots
as soldiers, eventually the world more or less accepts the robots and puts them to work.
R. U. R included many literary tropes that would become commonplace in
future robot literature: an underground organization that secks to liberate the robots;

intelligent robots that are assembled from parts, with short lifespans, no pain, and no
nable ethics. Expensive at first, R. U R's

)00 down to $

emotions; and a likable scientist with ques

rom around $1

robots drop in price from $10,000 to $150
in tu(].l}"h money. In ( llpc]i's world, war is a memory, human birthrates are down,

and the future seems both predictable and pleasurable. The play’s first act is largely

devoted to telling the story of these fantastical creations and posing a philosophical
question: if humans need not work, then what purpose do they serve after all?

And then the robots decide to kill every last human on the planet.

Although largely forgotten now, R. U. R. was well received and popular. The play
was produced in Prague, London, New York, Chicago, and Los Angeles. When Isaac
Asimov pcnnul his Three Laws of Robotics, he did so Llr:;cl_\ to prevent the future that
( :.I]K‘l\ had envisioned .\l!]mui;h ( :apck got the tL-chn(ll(u;_\' wmns;—hc envisioned
{llat '()b”t,\ \'.'Ulll(] I)(‘ I)i()l()[;i(.ll, not I).I\L‘(] on [llL‘(h.lnlS"l\ Jn(] L(”llpl“»“l()" —]Ii\
compelling vision of a world in which humanity is simultancously helped, transformed,
and eventually smothered by its mechanical creations still haunts us to this day.

SEE ALSO Metr

Boston Dynamics Founded (1992

Ais (1927), Isaac Asimov's Three Laws of Robotics {1942), Star Trek Premicres (1966

re, 1936-1939.

)

HAL 9000 Computer

Stanley Kubrick (1928-1999), Arthur C. Clarke (1917-2008),
Douglas Rain (b. 1928)

The HAL 9000 (Heuristically programmed ALgorithmic computer) is a self-aware,

artificially intelligent computer that controls the Discovery spacecraft in the movie 2001: A

Space Odyssey. HAL accompanies a six-member human erew on an interplanetary mission
to Jupiter, four of whom are in suspended animation during the movie and never wake up.

In the movie, astronauts David Bowman and Frank Poole discuss the idea of
shuhin;; HAL off when he appears to make a mistake. “No 9000 computer has ever
made a mistake or distorted information. We are, by all practical definition of the words,
foolproof and incapable of error,” HAL had previously stated in a television interview.
So if HAL was making mistakes, the astronauts surmised, then the machine was no
longer reliable and had to be shut off.

Of course, as a sentient, wlf-prcscnuu; btin(; pmi;r.umlwd to continue the mission
if the crew becomes inc;ip:uil.m-(], HAL decides that it is the humans who are in error,
and decides therefore to kill them.

Visually, HAL is represented in the movie as a red television camera. HAL's skills
include human-like reasoning and conversation, artificial vision, facial rec ognition,
emotional interpretation, opinions on highly subjective topics including art appreciation,
and \nldcxxmn(]nu; of human interactions. Later, the SUIVIVINE crew learns that HAL
can lip-read

Directed by Stanley Kubrick and written by science-fiction author Arthur C. Clarke,
with technical support by Al pioneer Marvin Minsky, many film critics consider 2001: A
Space Odyssey to be among the best movies ever made. The movie broke new cinematic
;:rolm(l with its cultim_:«cd;;c spc(i:ll effects and the .lu!htnli(it_\' of its space cxplomhon

narrative. HAL “was the first computer to become a famous personality and become

part of public mythology,” said Clarke in a 1992 interview with the Chicago Tribune.
The movie provoked questions about where technology was heading and the potential

consequences of developing an artificial entity that could surpass human intelligence.

SEE ALSO Rassum's Universal Robots (1920), Star Trek Premieres (1966

A movie still from 2001: A Space Odysse wing HAL 9000 depicted as a red television cam
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Artificial General Intelligence (AGI)

The definition and metric that determines whether computers have achieved human
intelligence is controversial among the Al community. Gone is the reliance on the
Turing test—programs can pass the test today, and they are clearly not intelligent.

SU h()\\' canwe dL'tL'T"linL' ‘]l(‘ prCSL'nCL‘ (lf true ink‘llii;cll(‘t? S()H]C measure ll Jl;:”nst

the Jbillt_\ to prrf(mn u)mp]tx intellectual tasks, such as c.nr_vins; out surgery or wrtir

a bcsl-&c]]in[; novel. These tasks require an cxtmnr(]irur}' command of natural ]:lni;uu(;c

and, in some cases, manual dexterity. But none of these tasks require that computers be

sentient or have sapience —the capacity to experience wisdom. Put another way, would
human intelligence be met only if a computer could perform a task such as carrying out
a L‘()n\t‘hali()]l \\'lt]l a (]lﬁh’Jll[;}l' ”)(]i\'i(lll.]] .”l(l C(nll”l\l“l(alilu; \'f'-l“l“h, L']llpa(h}'. .l“ll
loving behavior—and then in turn receive feedback from the individual that stimulates
those feelings within the computer as well? Is it necessary to experience emotions, rather
than simulate the experience of emotions? There is no correct answer to this, nor is there
a fixed definition of what constitutes “intelligence.”

I'he year chosen for this entry is based upon broad consensus among experts that,
h) 2050, many u)mplux human tasks that do not require cognition and selfawareness
in the traditional biochemical sense will have been achieved by Al Artificial general
in!cllxs;cntc (AGI) comes next. AGI is the term often ascribed to the state in which

computers can reason and solve problems like humans do, adapting and reflecting upon

decisions and potential decisions in navigating the world—kind of like how humans
rely on common sense and intuition. “Narrow AL” or “weak Al” which we have today, is
understood as computers meeting or exceeding human performance in speed, scale,
and optimization in specific tasks, such as high-volume investing, traffic coordination,

dia

Znosing disease, and p].l_\ms: chess, but without the cognition and emotional m!c”i;;rncu

I'he year 2050 is based upon the expected realization of certain advances in hardware
and software capacity necessary to perform computationally intense tasks as the measure of
AGI. Limitations in progress thus far are also a result of limited knowledge about how the
human brain functions, where thought comes from, and the role that the physical body

and chemical feedback loops play in the output of what the human brain can do.

SEE ALSO The "Mechanical Turk™ (1770), The Turing Test (1951)
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Binary Arithmetic

Gottfried Wilhelm Leibniz (1646-1716)

All information inside a computer is rtprcscnlc(l as a series ()ﬂ)in.ﬂy (li(;ils—'ﬁ]s and Is—
better known as bits. To represent larger numbers—or characters—requires combining
nmltiplc bin:ir) dix;ils l(n;clhcr into l)iu:n) numbers, also called binary words.

We write decimal numbers with the least significant digit on the right-hand side;
each successive digit to the left represents 10 times as much as the previous digit, so the

number 123 can be explained as:

123=1x100+2XxX10+3 x 1

Which is also equal to:
123=1x 102+ 2 x 10" + 3 x 10°

Binary numbers work the same way, except that the multiplier is 2, rather than 10.

So the number one hundred and twenty three would be written:
0N =1 X284 1 X 224 I X284 I x 284 0x 22 I x 284l x 20

Although forms of binary number systems can be traced back to ancient China,
Egypt, and India, it was German mathematician Gottfried Wilhelm Leibniz who
worked out the rules for l)m;lrj.' addition, subtraction, multipllc;lhml, and division and
then published them in his essay, “Explication de l'arithmétique binaire, qui se sert des
seuls caractéres 0 & 1; avec des remarques sur son utilité, et sur ce qu'elle donne le sens des
anciennes figuers chinoises de Fohy” (“Explanation of binary arithmetic, which uses only
characters 0 & 1; with remarks about its utilny and the meaning it gives to the ancient
Chinese figures of Fuxi”).

One of the advantages of binary arithmetic, he wrote, is that there is no need to
memorize mu]!ipliczitiun tables or to pctf(mu trial mulhp]ic.ni()ns to compute divisions:
all one needs to do is apply a small set of straightforward rules.

All modern computers use binary notation and perform arithmetic using the same

laws that Leibniz first devised.

SEE ALSO Floating-Peant Numbers (1914), Binary-Coded Decimal (1944), The But (1948)

sottfried Wilhelm Leibniz’s essay “Explanats inary Anthmetic,” published in the Mémaires

de I'Académie Royale des Sciences in 1703, shows the rules for adding, subtracting, multiplying, and dividing

binary numbers

[

Optical Telegraph

Claude Chappe (1763-1805)

People had used signal fires, torches, and smoke signals since ancient times to send
messages rapidly over long distances. The ancient Athenians used flashes of sunlight from
their shields to send messages from ship to shore. The Romans coded flags to send messages
over a distance —a practice that the British Navy also employed as carly as the 14th century.

In 1790, an out-of-work French engineer named Claude Chappe started a project
with his brothers to develop a practical system for sending messages quickly over the
French countryside. The idea was to set up a series of towers constructed on hills, with
each tower in view of the next. Each tower would be equipped with a device that had big,
movable arms and a telescope, so that the position of the arms could be determined and
then relayed to the next tower. An operator in the first tower would move the arms into
different positions, each position six;n.l]in[; a letter, and the operator in the second tower
would write it down —essentially sending letters over distance (tele-graph) with light. A
second telescope would allow for messages to be conveyed in the opposite direction.

After successfully sending a message nearly 9 miles (14 kilometers) on March 2,
1791, Claude and his younger brothers, Pierre Frangois (1765-1834), René (1769-
1854), and Abraham (1773-1849), moved to Paris to continue the experiments and
drum up support from the new government. Their older brother, Ignace Chappe
(1760-1829), was a member of the rcvnlulimmr) l.CL;lS].Ih\'C .-\ssunblj.‘_ which pmh.xl)ly
llclpcd somewhat. Soon the brothers were authorized by the :\\scmbl) to construct three
stations as a test. That test went well, and in 1793 the Assembly decided to replace its
system of couriers with optical telegraph lines. Claude Chappe was appointed licutenant
of engineering for the construction of a telegraph line between Paris and Lille, under
the control of the Ministry of War

The first practical demonstration of the telegraph came on August 30, 1794, when
the Assembly learned that its army in Condé-sur-I'Escaut had been victorious. That
message was transmitted in about half an hour. In the following years, telegraph lines
were built across France, connecting all of the major cities. At its height, the system
had 534 stations covering more than 3,000 miles (5,000 kilometers). Not surprisingly,

Napoléon Bonaparte made heavy use of the technology during his conquest of Europe.

SEE ALSO Fax Machine Patented {1843)

An arfist’s impression of Claude Chappe, demonstrating his aeral telegraph semaphore system, from the Paris
newspaper Le Petit Journal, 1901
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First Electromagnetic
Spam Message

William l‘kltllcr;;ill Cooke and Charles Wheatstone's elec tromagnetic tclcx;mph took
England by storm shortly after commercial service began in 1837, By 1868, there were
more than 10,000 miles of telegraph wire in the United Kingdom supporting 1,300
telegraph stations; four years later, there were 5,179 stations, serviced by more than
87,000 miles of wire.

With a capability to reach large numbers of people quickly and easily, the world's
first unsolicited, electrically enabled advertisement was sent in London late in the
evening of May 29, 1864, according to historian Matthew Sweet. The message was from
Messts. Gabriel, a group of unregistered dentists, who sold a variety of false teeth, gums,
toothpaste, and tooth powder.

The message, sent to current and former members of Parliament, read as follows:

Messrs. Gabriel, dentists, Harley-street, Cavendish-square. Until October Messrs.

Gabriel's professional attendance at 27, Harley-street, will be 10 till 5

In 1864 there were no telegraphs in private residences; the message appeared on
the swinging needles of the Cooke-Wheatstone electromagnetic telegraph, where it
was transcribed by operators, carried by a boy sent from the London District Telegraph
Company, and placed into the hand of a member of Parliament.

That M.P. wrote about his annoyance in a letter to the editor of the local paper:
“I have never had any dealings with Messrs. Gabriel, and beg to know by what right
do they disrupt me by a telegram which is simply the medium of advertisement?

A word from you would, | feel sure, put a stop to this intolerable nuisance.”

But it wasn't shame that put a halt to spam sent by telegram: it was the cost.
Advertising by telegraph just wasn't cost effective, due to the high price of sending
the messages. That price plummeted with the birth of email, which was used to send

a bulk, unsolicited advertisement for the first time in 1978,

SEE ALSO First Internet Spam Message (1978

On May 29, 1864, Messrs. Ca.

ecarliest kny

ered dentists, sent members of the Britisk Parliament the

) ? !
wn unsolicited electronic message. One recipient complained to the newspaper.

Fax Machine Patented

Alexander Bain (1811187

), Giovanni Caselli (1815-1891)

Before the telephone, before radio, there was the fax machine. It wasn't the fax machine
of the 19905 —the machine that transmitted information over ()r(]in:ny ph(mc lines—but
rather a machine comprising of a pair of synchronized pendulums connected to each
other over distance by an electrified wire

Alexander Bain was a Scottish clockmaker with an interest in both electricity and
invention. In 1843, he built an “electric printing telegraph” that used a pair of precisely
timed pr.'n(lu]um.s, one cnnﬁgulcd to function like a scanner, the other to function as a
remote printer. A message scanned by the first pendulum would print out at the second.

I'he scanning pendulum had an arm that moved back and forth across a metal
plate holding raised metal printers type. After each swing, the plate advanced in the
pcqxn(hcu];lr direction. Thus, the arm scanned a putl\ of pum"c] horizontal lines
across the type. When a small contact on the arm swept over part of a letter, a circuit
would be completed and an electric current would flow down the wire to the remote
system, where the synchronized pendulum was scanning horizontal lines over a picce
of chemically treated paper. When electricity flowed, the paper under the second
pendulum would change color.

Although Bain's system worked, he ended up in disputes with both Charles
Wheatstone (1802-1875) and Samuel Morse (1791-1872). Bain died in poverty in 1877.

Italian inventor Giovanni Caselli improved on Bain's basic idea with a more compact

device called a pantelegraph, which transmitted a message written with insulating ink on
a metal plate over a set of wires. Commercial operation of the pantelegraph began in 1865
between Paris and Lyon, mostly to verify signatures on banking instructions.

The discovery that the element selenium was also a photoconductor meant that
its electrical resistance changed with light, making it possible to send photographic
images. This was put to use in 1907 with a “wanted” poster that was sent from Paris to
London help catch a jewel thief. Soon newspapers were routinely printing photos that
had been sent by wire. In 1920, the Bartlane cable picture transmission system routinely
sent digitized newspaper photographs from London to New York, taking three hours to

transmit each photograph.

SEE ALSO First Digital Image (1957)

Alexander Bain's “electric printing telegraph™ paved the way for later fax machines, such as this 1960 machine

by Alexander Muirhead.
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T0 THE EDITOR OF THE TIMES,

—_——————

Bir,—On my sarrival home late yestenlay evening a *“tele-
graw,” by “London District Telegrapl,” addressed in full
to me, was pubinto my baods, It wasas follows 3=

¥ Mossra, Gabriel, dontists, 27, Harlev-strect, Cavendishe
square. Until Ootober Mcssra. Gabriol's professional ate
tendance at 27, Harley-street, will bo 10 till 5.”

I havo never had any dealings with Messrs, Gabriel, and
begto ask by what right do they disturb me by & tolegram
which is ovidently simply the roedium of advertiseroent ? A
word from you would, I fecl sure, put o stop to this in.
tolerable nuisance, Ienclose tho raun, and am,

Your faathiful servaot,

Upper Grosvenor-street, May 30.




Organized funding by governments launched the information revolution.

Optical Telegraph

Claude Chappe (1763-1805)

People had used signal fires, torches, and smoke signals since ancient times to send
messages rapidly over long distances. The ancient Athenians used flashes of sunlight from
their shields to send messages from ship to shore. The Romans coded flags to send messages
over a distance —a practice that the British Navy also employed as carly as the 14th century.

In 1790, an out-of-work French engineer named Claude Chappe started a project
with his brothers to develop a practical system for sending messages quickly over the
French u)untt}sulc. The idea was to set up a senes of towers constructed on hills, with
each tower in view of the next. Fach tower would be cqlnppcd with a device that had big,
movable arms and a lclc.scupc, so that the position of the arms could be determined and
then rc].l)cd to the next tower. An operator in the first tower would move the arms into
different positions, each position signaling a letter, and the operator in the second tower
would write it (luwu—c.\.\cnli.llly .scndim; letters over distance ![e'!c-gruphl with lighl. A
second lcluscopc would allow for messages to be u)n\'c'\'ul in the opposite direction.

After successfully sending a message nearly 9 miles (14 kilometers) on March 2,
1791, Claude and his younger brothers, Pierre Frangois (1765-1834), René (1769-
1854), and Abraham (1773-1849), moved to Paris to continue the experiments and
drum up support from the new government. Their older brother, Ignace Chappe
(1760-1829), was a member of the revolutionary Legislative Assembly, which probably
helped somewhat. Soon the brothers were authorized by the Assembly to construct three
stations as a test. That test went well, and in 1793 the Assembly decided to replace its
system of couriers with optical telegraph lines. Claude Chappe was appointed licutenant
of engineering for the construction of a telegraph line between Paris and Lille, under
the control of the Ministry of War.

The first practical demonstration of the telegraph came on August 30, 1794, when
the Assembly learned that its army in Condé-sur-I'Escaut had been victorious. That
message was transmitted in about half an hour. In the following years, telegraph lines
were built across France, connecting all of the major cities. At its height, the system
had 534 stations covering more than 3,000 miles (5,000 kilometers). Not surprisingly,

Napoléon Bonaparte made heavy use of the technology during his conquest of Europe.

SEE ALSO Fax Machine Patented {1843)

of Claude Chappe, demonstrati

An artist’s imprression his aerial telegraph semaphore system,

newspaper Le Petit |

ournal, 1901

Thomas Arithmometer

Gottfried Wilhelm Leibniz (1646-1716),
Charles Xavier Thomas de Colmar {1785-1870)

German philosopher and mathematician Gottfried Leibniz became interested in
mechanical caleulation after seeing a pedometer while visiting Paris in 1672. He
invented a new type of gear that could advance a 10-digit dial exactly 0 to 9 places,
depending on the position of a lever, and used it in a machine with multiple dials and
levers called the stepped reckoner. Designed to perform multiplication with repeated
additions and division by rcpc;ltc(l subtractions, the reckoner was hard to use because it
didn’t automatically perform carry operations; that is, adding 1 to 999 did not produce
1,000 in a single operation. Worse, the machine had a design flaw—a bug—that
prc\'cntcd it from W()rkuu; pmpcr]_\: Leibniz built only two of them.

More than 135 years later, Charles Xavier Thomas de Colmar left his position as
inspector of supply for the French army and started an insurance company. Frustrated
by the need to perform manual arithmetic, Thomas designed a machine to help with
math. Thomas's arithmometer used Leibniz's mechanism, now called a Leibniz wheel,
but combined it with other gears, cogs, and sliding levers to create a machine that could
w]i:ib]) add and subtract numbers up to three dix;it.s, and multiply and divide as well.
Thomas putcntcd the machine, but his business partners at the insurance firm were not
interested in commercializing it.

“Twenty years later, Thomas once again turned his attention to the arithmometer. He
demonstrated a version at the 1844 French national exhibition and entered competitions
again in 1849 and 1851. By 1851, he had simplified the machine’s operation and extended
its capabilities, giving it six sliders for setting numbers and 10 dials for display results
Aided by three decades’ advance in manufacturing technology, Thomas was able to
mass-produce his device. By the time of his death, his company had sold more than
a thousand of the machines—the first practical calculator that could be used in an
office setting—and Thomas was recognized for his genius in creating it. The size
of the arithmometer was approximately 7 inches (18 centimeters) wide by 6 inches
(15 centimeters) tall

SEE ALSO Curta Calculator {1948)

ras Anthmometer can multiply two 6.digit decimal numbers to produce a 12.digit number. It can
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The Difference Engine

Johann Helfrich von Miiller (1746-1830), Charles Babbage (1791-1871)

A difference engine is a machine for tabulating and calculating polynomial functions.
It was created to automatically calculate accurate nautical and astronomical tables,
because those made by human computers contained too many errors.

The concept originated with Johann Helfrich von Miiller in 1786, but it
was Charles Babbage, the British mathematician and inventor, who devised an
extraordinarily detailed plan of how a functioning engine would work and created
\\'()rkmx; prototypes at a scale that had not pw\'iousl) been conceived. It is pcrh.lp.s the
most intricate blucpriuk of a machine ever conceived on paper that could function.

Babbage's original difference engine was the first automatic calculator, meaning
that it was able to use the results from one caleulation as an input to the next. He
designed it with 16 decimal digits of accuracy and a printer; it could also produce
plates for printing. It was to print not just nautical tables but also tables of logarithms,
trigonometric functions, and even :mi“cry tables (the task for which ENIAC, the
Electronic Numerical Integrator and Computer, would later be constructed).

With funding from the British government, Babbage hired a machinist to build
the engine. But it was never fully realized, and the project shut down in 1842, While
uumuﬁlchmng limitations were a factor in failure, lore has it that a financial (lixpulc with
the tool maker was the final, insurmountable obstacle. Babbage did manage to make a
small, partial prototype of his second difference engine in 1832, The drawings for the
second engine were used to build a fully functional machine that was completed in
London in 2002. That machine has 8,000 parts, is 11 feet in length, and weighs 5 tons.

While work on the difference engine was halted, Babbage designed (but never
built) the analytical engine, which was to be programmed with punch cards and had a
separate “store” where numbers would be kept and a “mill” where the math would be

calculated, a design that would be implemented in electronics nearly a century later.

SEE ALSO Antikythera Mechanism {c. 150 see), Ada Lovelace Writes a Computer Program (1843),
Iabulating the US Census (1890), ENIAC (1943)

Tabulating the US Census

Herman Hollerith (1860-1929)

When the US Constitution was ratified, it mandated that the government conduct an
“actual enumeration” of every free person in the union every 10 years. As the number of
people in the nation grew, the enumeration took longer and longer to complete. The 1880
Census counted 50,189,209 people. It took 31,382 people to perform the count and eight
years to tabulate the results, producing 21,458 pages of published reports. So, in 1888, the
Census Bureau held a competition to find a better way to process and tabulate the data.

American inventor Herman Hollerith had worked briefly at the Census Bureau
prior to the 1880 census and in 1882 joined the faculty of MIT, where he taught
mechanical engineering and experimented with mechanical tabulation systems. His
carly systems used long rolls of paper tape with data represented as punched holes
Then, on a railroad trip to the American West, Hollerith saw how conductors made
holes on paper tickets corresponding to a person's hair color, eye color, and so on, so
that tickets couldn’t be reused by other passengers. Hollerith immediately switched his
systems to use paper cards.

Hollerith entered the 1888 competition and won, his system being dramatically
faster than those of the two other entrants. On ];m\mry 8, 1889, he was awarded a US
patent on “method, system and apparatus for compiling statistics,” originally filed
September 23, 1884,

Hollerith's system consisted of a slightly curved card measuring 3.25 by 7.375 inches
(83 millimeters by 187 millimeters). A human operator punched holes in the card with
a device called a Pantographic Card Punch, with holes in specific locations to signify a
person’s gender, marital status, race, ownership and indebtedness of farms and homes,
and other information. For tabulation, the cards were passed through a reader with micro
switches to detect the presence of holes and electromechanical circuits to pcr{unn the

actual tabulation.

SEE ALSO The Jacquard Loom (1801), ENIAC (1943)
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Modern computing was created by World War Il and its aftermath

1941 — Z3 Computer

1943 — ENIAC

1943 — Colossus

1944 — Delay Line Memory

1944 — Binary-Coded Decimal
1945 — EDVAC First Draft Report
1946 — Trackball

1946 — Williams Tube

1949 — Whirlwind

1950 — Error-Correcting Codes
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esearch results are unpredictable

Whirlwind;:

Created to be a flight simulator

nnovations:

First interactive personal computer.
First video game

Light pen

Long-life tubes

Core memory

Never produced a flight simulator

Whirlwind

Jay Forrester (1918-2016), Robert R. Everett {(b. 1921)

In 1944, the US Navy asked the MIT Servomechanisms Laboratory to create a flight
simulator to train Navy pilots. MIT tried building an analog computer, but it was soon clear
that only a digital machine could possibly offer the speed, flexibility, and programmability
required to create a realistic simulation. So, in 1945, the Office of Naval Research
contracted MIT to create what would be the world'’s first interactive, real-time computer.

Called Whirlwind, the machine was a massive undertaking: the project involved
175 people with a budget of $1 million a year. The machine used 3,300 vacuum tubes
and occupied 3,300 square feet in MIT Building N42, a 25,000-square-foot, two-story
building that MIT bought specifically for the project.

Whirlwind had the first computer graphices display, a pair of 5-inch video screens
on which the computer could draw airspace maps. It also had the first graphical input
device, a “light pen” (invented by associate director Robert R. Everett), for selecting
points on the screen. When Whirlwind was partially operational in 1949, MIT professor
Charles Adams and programmer John Gilmore Jr. used its graphics capabilities to create
one of the first video games: a line with a hole, and a ball that made a thunk sound every
time it bounced. The goal was to move a hole so that the ball would fall in.

Soon, however, it was clear that the electronics technology of the day needed
improving. Whirlwind's vacuum tubes kept burning out. The lab performed an in-depth
analysis and determined that trace amounts of silicon in the tube cathodes were at fault.
The lab had the contaminant removed, and the lifetime of the tubes was extended by
a factor of a thousand. When it became clear that the computer would need memory
that was larger and more reliable than storage tubes, Forrester invented magnetic core
memory, which would become the primary storage system of computers for the next
two decades. Later, when it became evident that Whirlwind needed code that would
permanently reside in the computer, load other programs, and provide basic functions,
the project drove the invention of the first operating system.

Whirlwind was fully operational in 1951, Although it was never actually used as a
flight simulator, its graphic display showed that computers could present maps and track

objects, demonstrating the feasibility of using computers for air defense.

SEE ALSO Core Memory (1951)

Created to run a flight somulator for the US Navy, Whirlwind was the world's first interactive computer
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Research results are really unpredictable

1927 First LED

Perfected by Vladimirovich Losev to use
photoelectric effect for practical applications.

Losev invented radio receiver, solid state
amplifier, and other devices. Died of starvation

uring the Siege of L

eningrad in 1942.

Rediscovered in 1962 by four different groups of
Americans

First LED

Oleg Vladimirovich Losev (1903-1942)

Although the electroluminescent property of some crystals was discovered in England

in 1907, it took more than a decade of work by the selftaught Russian scientist Oleg
Vladimirovich Losev to develop a theory (based on Einstein's photoelectric theory) of how
the effect worked, and to produce devices that could be used in practical applications. In
total, Losev published 16 academic papers that appeared in Russian, British, and German
scientific journals between 1924 and 1930, comprehensively describing the devices in the
process. He went on to come up with novel applications for light-emitting diodes (LEDs

and other semiconductors, including a “light relay device,” a radio receiver, and a solid-

state amplifier, before dying of starvation during the Siege of Leningrad in 1942,

LEDs were rediscovered in 1962 by four different groups of American researchers.
This time the technology would not be lost. Compared with incandescent, fluorescent,
and nixie tubes of the day, LEDs consumed far less power and produced practically
no heat. They had just three disadvantages: they could make only red light, they were
not very bright, and they were fantastically expensive —more than $200 each at the
beginning.

By 1968, improvements in production let companies push the price of LEDs down
to five cents each. At that price, LEDs started showing up in calculators, wristwatches,
laboratory equipment, and, of course, computers. Indeed, LEDs arranged as individual
lights and seven-segment numeric displays were one of the primary outputs for the
first generation of microcomputers in the mid-1970s. Even the early LEDs could be
switched on and off millions of times a second, resulting in their use in fiber-optic
communications. In 1980, infrared LEDs started showing up in television remotes.

Although blue and ultraviolet LEDs were invented in the 1970s, a number of
breakthroughs were required to make them bright enough for practical use. Today
those challenges have been overcome. Indeed, the bright-white LED house lights that
have largely replaced both incandescent and fluorescent light bulbs are based on an

ultraviolet LED that stimulates a white phosphor.

SEE ALSO First Liqusd-Crystal Display (1965)

ay invented in 1927 ting diodes were finally bright enough and cheap enough

light bulbs an a mass

1965 First Liquid Crystal

Developed by RCA to replace tubes in color TV
Sold in 1976 to Timex for digital watches

nventor George Heilmeier left RCA for White
House, then DARPA

First Liquid-Crystal Display
George Heilmeier (1936-2014)

The liquid-crystal state of matter was discovered at the Karl-Ferdinands-Universitit in
Prague in 1888 by Friedrich Reinitzer and further investigated in the 1900s and 1930s.
But otherwise, the curious ability of some liquids to have crystalline properties—
specifically the ability to change the polarization of light—remained a chemical
curiosity, and not the subject of practical exploration or exploitation.

Then, in the carly 1960s, engineers at RCA's David Samoff Laboratories in
Princeton, New Jersey, were looking for a new kind of display that could replace
the vacuum tubes used in color TVs. RCA™ physical chemist Richard Williams
turned his attention to liquid crystals and discovered that certain chemicals, heated to
243° Fahrenheit (117° Celsius), would change their appearance from transparent to
opaque when placed in a high-voltage electric field.

Williams soon gave up on the idea of using these crystals for a display, but a young
engineer at the company named George Heilmeier saw their promise. Over the following
years, Heilmeier and his newly formed research group discovered materials that exhibited
the liquid-crystal effect at room temperature and when exposed to very small electric fields.

Heilmeier's group built the first liquid-crystal display in 1965, using a bit of liquid
crystal sandwiched between a polarizer and a reflective surface, separately controlling
the seven segments of a single-digit display; next, the group created an LCD that
displayed a tiny TV test pattern.

In 1971, RCA sold its computing division to Sperry Rand, taking a $490 million
write-off. Doubtful that liquid-crystal displays would ever make money, RCA sold that
technology in 1976 to Timex™ for its digital watches. Today, LCD sereens are used for
desktop computers, portable phones, televisions, projectors, and more.

Heilmeier left RCA fora fc]l()\\xllip at the White House, and in 1975 he became
director of the Defense Advanced Research Projects Agency (DARPA), where he

continued to oversee the development of technology on behalf of the US government.

SEE ALSO First LED (1927), E Ink (1997)

Today, iquid-crystal displays (L.CDs) are commonly used in television screens
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ALOHANET got on the Internet because of a chance visit to DARPA.

W L%

First Wireless Network

Norman Abramson (b. 1932), Robert Metcalfe (b. 1946)

By 1968 it was clear that the voice telephone network would not be adequate to serve the
emerging requirements of networked computing. ALOHA was designed to explore the
possibility of using wireless communications as a potentially superior alternative to wired.

A team of researchers at the University of Hawaii (UH), led by Norman Abramson,
set out with the goal of linking computers on the main campus in Manoa Valley (near
Honolulu) with terminals at a college in Hilo, Hawaii—and five community colleges
on the islands of Oahu, Kauai, Maui, and Hawaii. If successful, the project would allow
students at the schools to use the computers without having to travel to Hilo.

At the time, point-to-point microwave channels were well understood —and expensive.
Such channels were also wasteful, because the nature of terminal communication was
such that it was sporadic and frequently idle and could tolerate only small delays. Soon
the group hit on the idea of sharing a single high-speed wireless channel between all
the senders: if a sender didn't get an acknowledgement, it would retransmit its packet
until it did.

The first packet was transmitted in June 1971 from a terminal attached by an R§232
interface to a new device called a terminal control unit (TCU). With the TCU, the
terminal could be used anywhere within 100 miles of the UH campus. Soon the group
built more TCUs, networking the islands together with ALOHANET, the world's first
wireless computer network.

The ALOHANET system was interconnected to the ARPANET on December 17,
1972, over a single 56-kilobits-per-second satellite communications channel.

Electrical engineer Robert Metcalfe realized that the same broadcast architecture

could be run over a picce of coaxial cable. He improved the basic protocol by having

the radios listen for trathe before sending their packet, an approach called carrier sense
multiple access (CSMA), and the Ethernet was bom.

Versions of the ALOHANE'T protocol made their way into many other wireless
networks, including early cellular systems. But the lasting contribution of the project

was the impact on Ethernet protocols and, eventually, today'’s Wi-Fi standards.

SEE ALSO [Pv# Flag Day (1983)

. . . ? ’ : ' 1"
The campus at the Unversity of Hawaiz, Manoa, where computers were linked with terminals af other colleges
, .

throughout Hawan
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Key lessons

The computer is devouring the world.
The industry relies on openness and standardization.
There Is a heavy economic and innovation penalty for secrecy.

Invention and innovation are incredibly different.
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We had much fun researching for 356-wqrd articles!
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BY THE COMPTROLLER GENERAL
Report To The Chairman RELEASED
Committee On Government Operations

i WarGa
House Of Representatives mes
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WarGames was the movie that transformed the computer nerd into a hero. A blockbuster

starring Matthew Broderick and Ally Sheedy, the movie follows high school hacking
’ - -l w . s t . whiz David Lightman, who almost starts World War III between the United States and
N ORAD s M ISS' e a rn In g ys e m . the Soviet Union when he breaks into a military supercomputer and challenges it to a
7 game of Global Thermonuclear War.
What we nt wro n g s During an online troll for free video games, David unwittingly breaks into a North

American Air Defense (NORAD) system that controls the entire US nuclear arsenal
(using a back door left by the original programmer, of course). Believing he has found
a way to sneak through the back door of a toy company’s network, he challenges the

computer to play a game that can be “won” only by not playing at all. Only after
The importance and criticality of the North

American Air Defense Command’s (NORAD's)

targeting Las Vegas and Seattle with Soviet missiles does David realize the game is

real and the computer he is playing against has taken matters into its own hands as it

computer system have recently been empha- oo o
sized when false missile warning messages escalates the crisis in an attempt to “win the game.
were generated and the Nation’s nuclear retal- The movie left such an impression on President Ronald Reagan that he asked the
iatory forces alerted. g chairman of the Joint Chiefs of Staff, General John W. Vessey Jr., if it really was possible

) ' rade pro to break into sensitive US government computers. After investigating the plausibility
Tg%Aéngﬁg;%egazoanfg‘Eg; ?r: U1[)9968 wlF\)ich 115265 of such a scenario, the general came back with his answer: “Mr. President, the
igsr expected to reach initial operational capa- problem is much worse than you think.” Not long after that, US lawmakers published
bility in November 1981. Due to poor manage- ’ the Computers at Risk report, which established the beginning of the US defensive
ment causing program delays and t}')heNag%T\pI; computer security program.
to a(.japt inadequate computers to the '8 Written by Lawrence Lasker and Walter Parkes, and directed by John Badham,
mission, the system falls short of meeting the yLay | J
requirerlnents of the growing missile warning WarGames left an impact on generations of future coders, many of whom went on to
mission. work in Silicon Valley—where, in 2008, Google held a 25th-anniversary screening. The

movie’s legacy has lived on with computer hackers as well —for example, the name of
NO BlggOWItl)l re.?lace dthte S%gonl:‘\ op:zg;ec;slr‘spy}r;r\;g the famous Las Vegas hackers’ convention DEFCON is an homage to the film.
late s, but it needs to

management and Waming Capabi “ty SEE ALSO SAGE Computer Operational (1958)

Poster from the movie WarGames, written by Lawrence Lasker and Walter Parkes, and directed by John Badham.
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Writing Tech and Production




First approach: custom application written in Drupal

Second approach: Google Sheet

Lesson: Demonstrates the power of end-user programmability
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- Amam m A —— —— ~ e - N mman |
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Milestones ©
E File Edit View Insert Format Data Tools Add-ons Help All changes saved offline
~ ™ 100% v $§ % .0 .00 123v Arial ~v 10 - B IS A o H =~ 1 |»~ 9 A
Real time stats:
B C D - F G H | J
18 48 46 1.04 January 9, 2018
19 59 63 0.87 February 25, 2018
20 65 71 0.92 February 12, 2018 /)
21 73 79 0.92 February 9, 2018
2 86 89 0.97 January 28, 2018 Progress to date
23 95 96 0.99 January 22, 2018 250 S
24 120 110 1.09 December 30, 2017
25 124 118 1.05 January 7, 2018 200 4
26 128 126 1.02 January 16, 2018 150
27 150 146 1.03 January 13, 2018 150 * 3
28 158 160 0.99 January 23, 2018
29 169 167 1.01 January 17, 2018 100 - 2
30 183 174 1.05 January 7, 2018 50
31 195 182 1.07 January 3, 2018 50 | ~ 1
32 202 186 1.09 December 31, 2017 0
33 229 201 1.14 December 20, 2017 0 0
AT T T Y T T T AT A AT AT ATAATA
35 242 208 1.16 December 15, 2017 A N PR ORCAIN A R VAR S AN AR N NN AN R NN,
’ SEE @ OFFINIINRN @B LRFS P AL RN DS TS SRR L LS e
36 250 212 1.18 December 13, 2017 ShEER RERERR R
37 B Count == Cumulative Total so far == Due
38
+ = milestones ~ Whoops ~ Tracking ~ Simson TTD ~ Rachel TTD ~ TOC For Pu ) ?
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A B C D E F G
| SLG Total: 137
Year Sterling Code Description Date Completed Year Description
1613 6 Term Computer Coined (human computation) 2017-12-13 1950 Error Correcting Codes Q
1621 7 Slide rule invented 2017-12-12 1982 First UNIX Workstation
1703 8 Binary Arithmetic 2017-12-11 1985 AFIS Stops A Serial Killer
1758 9 Halley's Comet Predicted by Human Computers 2017-12-10 1948 Manchester Small-Scale Experimental Machine (SSEM) ("
2017-12-10 2004 RFID - EPC Standard Ratified
2017-12-08 1955 First Mathematical Theorem Proven by Computer
2017-12-07 1953 First Transistorized Computer (University of Manchester Pr
2017-12-07 1992 First photorealistic compression algorithm — JPEG file forn
2017-12-06 1874 Semiconductor diode discovered by Ferdinand Braun in Ge
2017-12-06 1891 Strowger Step-by-Step Switch
2017-12-04 9999 The Limits of Computation
2017-12-03 1792 Claude Chappe invents the optical telegraph in france
2017-12-02 1851 Arithmometer
2017-12-02 1948 Curta mechanical calculator
2017-12-02 1951 Microprogramming
+ = milestones ~ Whoops ~ Tracking ~ Simson TTD ~ Rachel TTD ~ TOC For Pu 4 ad Explore ?
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- File Edit View Insert Format Data Tools Help
~ ~ |, P 100% v § % .0 .00 123v  Arial v 10
=query(DB, "Select L, A, J, K where (B != 'X') order by L ",1)
A B C
T Sterling Code | Year Description
2 1 -2500 Sumerian abacus
3 2 -700 Scytale
3 -1580 Antikythera mechanism
4
. 4 850 On Deciphering Cryptographic Messages
6 5 1470 Leon Battista Alberti develops the cipher disk
6 1613 Term Computer Coined (human computation)
7
8 7 1621 Slide rule invented
8 1703 Binary Arithmetic
9
i 9 1758 Halley’s Comet Predicted by Human Computers
11 11 1770 Mechanical Turk — Chess playing robot (fraud)
12 12 1792 Claude Chappe invents the optical telegraph in france
. 13 1801 Punchcard controlled weaving — Jacquard loom first
demonstrated
14 14 1822 Charles Babbage Invents the Difference Engine
+ = Whoops ~ Tracking ~ Simson TTD ~

All changes saved in Drive

v

Rachel TTD ~

B 7 S

A éo E vTvlplv V'/v eoe A

Art Suggestion
Photo of a sumerian abacus
Photo of a scytale or a reproduction

Split photo of the original and one of the reconstructions. See
https://www.bibliotecapleyades.net/ciencia/esp _ciencia_antikythera02.htm and
https://www.youtube.com/watch?v=IT0gXa1ZrnA. One reconstruction is physical, the other v

Photo of the book? Syria put out a stamp with Al-Kindi on it, which can be seen at
http://www.muslimheritage.com/article/al-kindi-cryptography-code-breaking-and-ciphers

There are many beautiful cipher disks, many from the civil war

The book "when computers were human" has many photos of women in rooms doing calcule
also
https://publicdomainreview.org/2016/11/10/let-us-calculate-leibniz-llull-and-computational-ime

Historic photo of slide rule

Diagram of the iChing with their binary equivallents;P. 85, showing Leibnitz’s table, from Des
(the second page of Leibnitz’s article), available at
https://hal.archives-ouvertes.fr/ads-00104781/document; See also:
https://publicdomainreview.org/2016/11/10/let-us-calculate-leibniz-llull-and-computational-ime

Painting of Haley with comet in background, if it exists. If not, perhaps one of these.
https://www.pinterest.com/pin/493707177878991473/

Classic drawing of the Turk. There are many
The wikipedia page has several historic works. https://en.wikipedia.org/wiki/Claude _Chappe
Photo of a Jacquard loom, showing the punch cards

Photo of the engine, or one of the modern reconstructions

TOC For Publisher ~ Comp ¢4 )

Explore
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File Edit View Insert Format

Data Tools Add-ons

100% « S % .0 .09 123~ Arial

-

Completed Milestones

Help  All changes saved in Drive

B I & A <

A B
Completed Milestones

Year Description
-2500 Sumerian abacus
-700 Scytale
-150 Antikythera mechanism

60 Programmable Robot
850 On Deciphering Cryptographic Messages
1470 Leon Battista Alberti develops the cipher disk
1613 Term Computer Coined (human computation)
1621 Slide rule invented
1703 Binary Arithmetic
1758 Halley’s Comet Predicted by Human Computers
1770 Mechanical Turk — Chess playing robot (fraud)
1792 Claude Chappe invents the optical telegraph in france
1801 Punchcard controlled weaving — Jacquard loom first demonstrated
1822 Charles Babbage Invents the Difference Engine
1836 Samuel F. B. Morse develops the telegraph and the initial version of the morse code
1840 Ada Lovelace writes First Computer Program
1843 Fax Machine Patented
1843 Edgar Allan Poe publishes The Gold-Bug a story that features cryptography
1851 Arithmometer
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Milestones

B8 File Edit View Insert Format Data Tools Add-ons Help Saving...
~ ~ @ P 100% v $ % .0 .00 123v  Arial - 10 + B I % A Q.
Dropped Milestones from original list (some duplicates)
A B C D
1 Dropped Milestones from original list (some duplicates)
> Sterling
Year Code  Description Year
3 1760 10 Bayesian Inference 60
g 1842 268 Mechanical Calculator (Pascal) 1842
5 1872 270 Sir William Thomson's Tide-predicting machine 1851
6 1949 44 Integrated Circuit (Siemens AG) 1872
7 1953 50 Vector Graphics 1891
8 1953 51 IBM Commercial Electronic Computers — IBM 701 & 702 (Scientific 1946
9 1963 74 Support Vector Machines — Machine learning algorithm invented 1947
10 1964 79 PDP-8 — First widely successful minicomputer 1948
11 1964 81 APL Computing Language 1948
12 1965 84 Fast Fourier Transform 1949
13 1968 97 Symbolic Mathematics 1951
14 1968 100 First English text-to-speech system (developed in Japan!) 1953
15 1970 109 First Commercially Available DRAM Integrated Circuit — Intel 1103 1959
16 1972 76 First Supercomputer — CDC 6600 1961
17 1981 148 First Portable Computer — Osborne 1 1969
18 1981 151 MS-DOS 1970
19 1982 159 Blind Digital Signature 1972
20 1983 168 Compaq Portable 1976
21 1987 190 International Standard for Cell Phones (GSM) Adonted 1984
+ = Rachel TTD ~ TOC For Publisher ~ Completed ~ In Progress ~

(|
mm
1
Ltd
4

Sterling Code
267
268
269
270
260
271
259
272
273
264
274
276
275
277
263
261
262

251
265

Dropped ~

Replaced By

Description

Programmable Robot
Mechanical Calculator (Pascal)
Arithmometer

Sir William Thomson's Tide-predicting machine

Strowger Step-by-Step Switch
Williams tube
First Silicon Transistor

Manchester Small-Scale Experimental Machine (SSEM

Curta mechanical calculator
Whirlwind | computer
Microprogramming

First Transistorized Computer (University of Manchestel

IBM 1401

ANITA calculator

Perceptrons Published (Papert & Minsky)
Fair Credit Reporting Act

Seymour Cray starts Cray Research

Public Key Cryptography (Diffie-Helman)
DECTalk

Explore
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Copyright issues...
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[AU: I’m wary of exactly reproducingithe three laws from Asimoyv’s text,

which is not:PD. Can you instead summarize/paraphrase the three laws?]

1. We believe it would be a mistake not to print.
2. We performed the 4-part copyright test for “fair use.”

3. We contacted the copyright owner and got a quote.
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A 4

® (< ] permissions.penguinrandomhouse.com/my_requests.php? & O Iﬁ m]

I/-\I

Censusv NPR GMUv VAv appsv $v newsv docv refv Gmail Shopv Facebook TTDwv Jobswv Statsv Learnv AWSwv CNN Overview - S...ocumentation -+
Penguin o
Random | Permissions Hello, Simson | Sign Out
House

New request My requests Frequently asked questions Contact us

My requests

¢
>

REQUEST PROJECT TYPE PROJECT TITLE STATUS MATERIALS REQUESTED DATE USER REF
0000033116 Print/digital/audio The Computer Book Completed |, Robot Feb 05 2018
Previous d, Next

A Please note that requests previously submitted through the Penguin Portal have been received in our systems but will not display in this
dashboard. All requests submitted through this website will display here.

Penguin Penguin Random House Permissions http://www.penguinrandomhouse.com/

Random : :
HE)USC A Penguin Random House Service http://global.penguinrandomhouse.com/

Our Imprints  Privacy Policy Terms of Use
Copyright © 2016 Penguin Random House LLC. All Rights Reserved
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February 12, 2018

From: Dercole, Alicia adercole @penguinrandomhouse.com @
Subject: Permissions request ID 33116 |, ROBOT by Asimov
Date: February 12, 2018 at 9:33 PM
To: simsong@acm.org

Hi Simson

Thanks for submitting this request online. Can you please send me a copy of the material you would
like to use as you plan to use it?

Thanks!

i

Alicia M. Dercole

Senior Associate, Permissions

Penguin Random House

1745 Broadway, 15th Floor

New York, NY 10019

P: 212-940-7681, F: 212-572-6066 E: adercole@penguinrandomhouse.com

Please visit our website to submit a permissions request.
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February 12, 2018

From:
Subject:
Date:
To:

Cc:

Simson Garfinkel simsong@acm.org - N
Re: Permissions request ID 33116 |, ROBOT by Asimov (b
February 12, 2018 at 10:09 PM
Dercole, Alicia adercole @penguinrandomhouse.com
rachel _and_simson@nitroba.com

Hi Alicia,

Thank you so much for your email!

The amount that we wish to use is precisely the three laws, nothing more, nothing less. That is, we wish permission to reprint this 60
word excerpt:

1. Arobot may not injure a human being or, through inaction, allow a human being to come to harm.

2. Arobot must obey the orders given it by human beings except where such orders would conflict with the First Law.
3. Arobot must protect its own existence as long as such protection does not conflict with the First or Second Laws.
We also wish to reprint the “zeroth” law:

0. A robot may not harm humanity, or, by inaction, allow humanity to come to harm.

We wish to reprint the three laws on a page of our book that celebrates Asimov’s contribution to computing. Here is the proposed
page:



March 11, 2018

From: Simson Garfinkel simsong@acm.org
Subject: Re: Permissions request ID 33116 |, ROBOT by Asimov
Date: March 11, 2018 at 8:16 PM
To: Dercole, Alicia adercole @penguinrandomhouse.com
Cc: rachel_and_simson@nitroba.com

<

Hi Alicia,

| am asking you again about the status of request ID 33116. We are going into the layout phase of production and need to know if
Penguin Randomhouse will be able to give us permission to reprint Issac Asimov’s Laws of Robotics, which appears below:

1. Arobot may not injure a human being or, through inaction, allow a human being to come to harm.
2. Arobot must obey the orders given it by human beings except where such orders would conflict with the First Law.
3. Arobot must protect its own existence as long as such protection does not conflict with the First or Second Laws.

Thank you very much! | look forward to hearing from you.

Simson Garfinkel
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March 19, 2018

From: adercole@penguinrandomhouse.com &
Subject: Request ID: 33116 / Contract ID: 21859
Date: March 19, 2018 at 9:53 AM
To: simsong@acm.org

YOUR PROJECT: The Computer Book

Dear Requester,

A Permission contract for your above-referenced request is attached. Please print

two copies and return one counter-signed copy and payment according to the terms
of the contract, keeping one copy for your files.

If you have any questions regarding this contract, please contact the sender of this
email and be sure to reference the Request ID and/or Contract ID.

If any requested selections or rights are not covered by the attached contract and

are not addressed above, you can expect to receive additional correspondence
from our department soon.

Thank you.

Sincerely,

Penguin Random House LLC Permissions Department 58



Non-refundable fee due within 45 days.

Territory Granted: World

Credit Line: “Three Laws of Robotics" from |, ROBOT by Isaac Asimov, copyright
© 1950 and renewed 1977 by Isaac Asimov. Used by permission of Bantam
Books, an imprint of Random House, a division of Penguin Random House LLC.
All rights reserved.” (40 words)

Three laws: 61 words
Total quality for all formats/editions not to exceed: 30,000 copies

Term of License: 5 years from Publication date
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Isaac Asimov’s Three
[.aws of Robotics

Isaac Asimov (1920-1992)

Science-fiction author Isaac Asimov introduced the Three Laws of Robotics in his 1942
story “Runaround” as a set of guiding principles to govern the behavior of robots and
their future development. First, a robot may not cause harm to a human, either by the
robot’s action or inaction. Second, the robots must follow human commands, unless
they would violate the first law. The third law states that robots must look to their own
survival, provided that doing so does not interfere with their obligations under the first
and second laws.

Asimov added a fourth law, known as the “zeroth” law, in 1985. It ranks higher than
the first three and affords similar protections to all of humanity.

Asimov originally attributes the laws to the Handbook of Robotics, 56th Edition,
2058 A.D. The laws are a fail-safe feature used to inform robot behavior as robots
interact with humans and choose courses of action that involve morality, ethics, and
thoughttul decision making. They are used throughout the Robot series and other
narratives linked to it. For example, Dr. Susan Calvin, a robopsychologist, is a recurring
fictional character in Asimov’s robot stories. Calvin is employed by 21st-century robot
manufacturer US Robots and Mechanical Men, Inc., where she solves problems caused
by robots” interaction with humans. These problems are often associated with a term in
Asimov’s stories called the “Frankenstein Complex,” understood as human fear of self-
aware, autonomous machines.

Asimov recognized in his writing that anxiety about intelligent robots would be a

significant challenge to overcome in order for robots to be accepted by human society.

His laws tapped into a subject that has moved from fiction to public policy as society
confronts the commercialization of machines (such as autonomous vehicles) whose

function is directly associated with human life.

SEE ALSO Rossum’s Universal Robots (1920)

Cover of Signet’s 1956 edition of 1, Robot by Isaac Asimov.
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What they didn’t tell us about the art

Wikipedia Is the most desirable
IStockPhoto is second best
Shutter Stock is pretty good

Getty Photos and Alamay are the least desirable
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Pixar

Ed Catmull (b. 1945), Alvy Ray Smith (b. 1943), Steve Jobs (1955-2011)

Pixar may be best known for creating movies such as Toy Story, Cars, and Inside Out,
among others, but it is also famous for the pioneering computer animation techniques
and technologies it designed to bring its creative visions to life.

Now a subsidiary of the Walt Disney Company®, Pixar originated at the New York
Institute of Technology’s Computer Graphics Lab, where George Lucas found and hired
away E.d Catmull and Alvy Ray Smith to run the computer division at Lucasfilm. Lucas
sold the computer division to Steve Jobs in 1986, and it became an independent company
called Pixar. Disney purchased Pixar on January 25, 2006, at a valuation of $7.4 billion.

Pixar’s proprietary animation rendering technology —RenderMan® —is an industry
standard that has received both scientific and technical awards for advances in realistic
visual effects, including lighting, shading, and shadowing. The program also embodies
techniques for processing the large amounts of 3-D data required for an animated movie.
RenderMan’s first trip to the red carpet was in 1989, when Pixar’s short film Tin Toy
became the first computer-animated film to receive an Oscar® when it was named
Best Short Film (Animated). Since then, RenderMan has been used in numerous
Academy Award®—winning films and was acknowledged with its own Oscar in 2001,
when Ed Catmull, along with his colleagues Robert L. Cook and Loren Carpenter at
Pixar, received an Academy Award of Merit “for significant advancements to the field
of motion picture rendering as exemplified in Pixar’s RenderMan.”

In 2015, the traveling exhibit The Science Behind Pixar opened as a collaboration
between Pixar and the Boston Museum of Science. The exhibit showcased the science,
technology, engineering, art, and mathematics (STEAM) that Pixar uses to create its
films. The exhibit is organized around Pixar’s production pipeline and includes content
on modeling, rigging, surfaces, sets and cameras, animation, simulation, lighting, and
rendering. Related is Pixar’s partnership with the NSF on a research project to help
educate people about computational thinking. Leveraging six exhibit experiences from
The Science Behind Pixar, the aim is to help students learn how to break down a challenge
into pieces that can be understood and carried out by a computer.

SEE ALSO Sketchpad (1963)

A collection of popular films from Pixar Animation Studios.

386
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Telebit T3000 (Wikipedia)
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Telebit Modems Break 9600 bps

The TrailBlazer modem, from the US-based company Telebit, was a computer-networking
breakthrough. In 1984, at a time when most dial-up computer users were just beginning

to make the transition from modems that could send 1200 bits per second (bps) to those
that could send 2400 bps, Telebit introduced a modem that could transfer data over an
ordinary phone line at speeds between 14,400 and 19,200 bits per second.

The secret to the TrailBlazer’s speed was its proprietary channel-measuring
protocol. At the time, phone calls traveled over many analog wires to reach from one
end to another, creating something communications engineers called a channel, and
every channel was slightly different. Telebit’s Packetized Ensemble Protocol (PEP)
divided that channel into 512 different analog slots. When one TrailBlazer sensed it
was communicating with another, the two modems would measure the channel and
determine which of those slots could be used for high-speed data transfer. In any given
instance, the modems would allot the majority of slots to the modem transferring the
most data. The TrailBlazer also had direct support for the UNIX-to-UNIX-Copy protocol
(UUCP), making it a hit with Usenet sites.

In 1985, each TrailBlazer cost $2,395. The modems frequently paid for themselves
in the first year, however, through savings on long-distance charges.

The TrailBlazer triegered what came to be known as the “modem wars.” They
gg )

started when Telebit’s primary competitor, US Robotics Corporation®, introduced

its own 9600 bits per second modem for $995 in 1986. The two modems were not
compatible. Telebit responded by slashing the price of the TrailBlazer to $1,345 in 1987.
The industry knew the path to riches would come only from a larger, multivendor
market—and that required standardization. The first high-speed standard was the
V.32 9600 bits per second in 1987; prices for external models dropped to $400. A
succession of faster and lower-priced models followed until, finally, the International
Telecommunication Union (I'TU) released the draft V.90 standard in February 1998,
which supported 56-kilobit-per-second download speeds to consumers from specially
equipped internet service providers (ISPs). This was as fast as was theoretically possible

over an analog phone line without the use of compression.

SEE ALSO The Bell 101 Modem (1958), Usenet (1980), PalmPilot (1997)

This spectrograph shows the tones made by a pair of modems during the first 22 seconds of a particular high-
speed connection.
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HALLEKEY’S COMET.

Rises over Koko Head every morning at 4 o’clock adding to
the magnificent scenery of the OCEAN VIEW DISTRICT. A
grand sight may now be seen from the beautiful District where
the atmosphere is purest, and the ocean breeze the coolest.
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GO OUT AND TAKE A LOOK.
The opportunity of your life fo see Halley’s Comet and buy
OCEAN VIEW Property at reasonable prices. When the Comet
leaves, it will be absent for seventy-five years and when
Honolulu becomes a great American city, you will never again
be able to buy OCEAN VIEW Property at the low prices and
reasonable ‘erms that we offering today. All those who have
brought and are interested in buying property will be given a
free automobile ride in time to see the Comet through the ob-
servatory. We have automobile leaving the Hotel Street en-
trance of the Young Hotel every morning at 3:30. Call at our
office or ring up Telephone. 659 and make an appointment.
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Halley’s Comet May
Snuff QOut Life on
the Earth

Herkeley, Cal,, Feb, 911 the asx
fropomers are right in thelr estima.
tlons of the amount of cyanogen Kas in
the tall of Halley’s comet, and if tha!
body's vapors do envelop the earth,
we may have a chance o feel the sen.
watlons of the bugs and Insects which
are killed by the use of this deadly
Fus 0y oAan exterminator.”

expect to go out with it."

"I came in with Halley's Comet in 1835.
It is coming again-next year,and I

—

; i
Uernri /w?u,;y_,

Mark Twain passed
_ away onApril 21, 1910,
one day after Halley's return
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Human Computers Predict
Halley’s Comet

Edmond Halley (1656-1742), Alexis-Claude Clairaut (1713-1765),
Joseph Jérome Lalande (1732-1807), Nicole-Reine Lepaute (1723-1788)

The discovery of Kepler’s laws of planetary motion and Isaac Newton’s more general
laws of motion and gravity encouraged scientists to seek elegant mathematical models
to describe the world around them. Edmond Halley, the editor of Newton’s Principia
(1687), used Newton’s calculus and laws to show that a comet seen in the night sky in
1531 and 1682 must be the same object. Halley’s work depended on the fact that the
comet’s orbit was influenced not just by the sun, but also by the other planets in the
solar system — especially Jupiter and Saturn. But Halley could not come up with an
exact set of equations to describe the comet’s trajectory.

Alexis-Claude Clairaut was a French mathematician who devised a clever solution
to the problem. But it wasn’t mathematically elegant: instead of solving the problem
symbolically, his method solved the problem numerically—that is, with a series of
arithmetic calculations. He worked with two friends, Joseph Jérome Lalande and
Nicole-Reine Lepaute, during the summer of 1758, and the three systematically plotted
the course of the comet, calculating the wanderer’s return to within 31 days.

This approach of using numerical calculations to solve hard science problems
quickly caught on. In 1759, Lalande and Lepaute were hired by the French Académie
des Sciences to contribute computations to the Connaissance des Temps, the ofhicial
French almanac; five years later, the Fnglish government hired six human computers
to create its own almanac. These printed tables charted the anticipated positions of
the stars and planets and were the basis of celestial navigation, allowing the Furopean
powers to build out their colonies.

In 1791, Gaspard Clair Francois Marie Riche de Prony (1755-1839) embarked
on the largest human computation project to that date: to create a 19-volume set of
trigonometric and logarithmic tables for the French government. The project took six

years and required 96 human computers.

SEE ALSO First Recorded Use of the Word Computer (1613)

The course of Halley’s Comet across the night sky from April through May of 1910.
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Unimate:

First Mass-Produced Robot

George Devol (1912-2011), Joseph F. Engelberger (1925-2015)

After seeing a picture of assembly-line workers in a technical journal, American inventor
George Devol wondered if there could be a tool to replace the repetitive, mind-numbing

tasks people had to perform. This question led him to design something akin to a

mechanical arm, which he patented in 1961, called the Programmed Article Transfer device.

Devol had a fortuitous introduction to engineer and businessman Joseph
Fngelberger at a cocktail party in 1956. Engelberger, fascinated by Isaac Asimov’s
robot stories, immediately recognized the business potential of Devol’s “robot” device.
As business partners, they had to perfect the device and convince others to buy it.
Fngelberger’s sales strategy was to identify jobs that Unimate (the name suggested by
Devol’s wife, Evelyn) could do that were dangerous or difficult for humans to perform.
General Motors® (GM) was the first to buy into the idea, and in 1959 the Unimate
#001 prototype was installed in an assembly line in Trenton, New Jersey. Unimate’s job
was to pick up hot door handles that had just been made from molten steel and drop
them into cooling liquid before they were sent down the line for human workers to
finish polishing. The Unimate would go on to spawn new industries and revolutionize
production and manufacturing plants around the world.

The Unimate weighed 4,000 pounds (1,814 kilograms) and was controlled by a
series of hydraulics. Memory was stored on a magnetic drum, and pressure sensors
inside the arm enabled it to adjust the strength of its grip as needed. Unimate “learned”
a job by first having a person manually move its parts in the sequence of steps desired
to complete the task. The movements were recorded by its computer and then simply
repeated over again.

In 1966, Unimate was featured on The Tonight Show Starring Johnny Carson,
where it demonstrated how it could knock a golf ball into a hole, pour a can of beer,
and conduct the Tonight Show orchestra. An early model of this robot can be found at
the Smithsonian’s National Museum of American History; in 2003, the Unimate was
inducted into the Carnegie Mellon Robot Hall of Fame.

SEE ALSO Isaac Asimov’s Three Laws of Robotics (1942)

This 52-inch (1.3-meter) -thick, oil-filled glass window protects a nuclear engineer from radiation while he
operates a robotic arm at NASA’s Plum Brook Station in Sandusky, Ohio, 1961.
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Google Releases TensorFlow

Makoto Koike (dates unavailable)

Cucumbers are a big culinary deal in Japan. The amount of work that goes into growing
them can be repetitive and laborious, such as the task of hand-sorting them for quality
based on size, shape, color, and prickles. An embedded-systems designer who happens to be
the son of a cucumber farmer (and future inheritor of the cucumber farm) had the novel
idea of automating his mother’s nine-category sorting process with a sorting robot (that he
designed) and some fancy machine learning (ML) algorithms. With Google’s release of its
open source machine learning library, TensorFlow®, Makoto Koike was able to do just that.

TensorFlow, a deep learning neural network, evolved from Google’s DistBelief, a
proprietary machine learning system that the company used for a variety of its applications.
(Machine learning allows computers to find relationships and perform classifications
without being explicitly programmed regarding the details.) While TensorFlow was not
the first open source library for machine learning, its release was important for a few
reasons. First, the code was easier to read and implement than most of the other platforms
out there. Second, it used Python, an easy-to-use computer language widely taught in
schools, yet powerful enough for many scientific computing and machine learning tasks.
TensorFlow also had great support, documentation, and a dynamic visualization tool,
and it was as practical to use for research as it was for production. It ran on a variety of
hardware, from high-powered supercomputers to mobile phones. And it certainly didn’t
hurt that it was a product of one of the world’s behemoth tech companies whose most
valuable asset is the gasoline that fuels ML and Al—data.

These factors helped to drive TensorFlow’s popularity. The greater the number of
people using it, the faster it improved, and the more areas in which it was applied. This
was a good thing for the entire Al industry. Allowing code to be open source and sharing
knowledge and data from disparate domains and industries is what the field needed
(and still needs) to move forward. TensorFlow’s reach and usability helped democratize
experimentation and deployment of Al and ML applications. Rather than being exclusive
to companies and research institutions, Al and ML capabilities were now in reach of

individual consumers—such as cucumber farmers.

SEE ALSO GNU Manifesto (1985), Computer Beats Master at Go (2016), Artificial General Intelligence
(AGI) (~2050)

TensorFlow’s hallucinogenic images show the kinds of mathematical structures that neural networks construct in
order to recognize and classify images.
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Closing thoughts on photos

Some photos chosen for one
milestone were used for another.

Many photos have insufficient
metadata.

Publicity photos can be surprisingly
good.

Many stock photos have similar feel
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Never end a presentation with a slide that says “Questions.”

. 'J \.

Time spent negotiating is time lost to writing

June 2, 2016 — Initial email; November 2017 deliverable.
April 12, 2017 — Signed contract, new-co-author, same delivery date

November 2017 — Deliverable met

Budgets are real but they matter in unexpected ways

It’s hard to write a (good) 350-word essay about a historic topic.

Credibility is easily damaged if you get something wrong that other people know.

Deep research is fun, but it doesn’t get the project to done.
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