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The Innovators:
How a Group of
Hackers,
Geniuses, and
Geeks Created the
Digital Revolution
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Abacus

2400BC The first known calculator was
probably invented by the Babylonians as an aic
to simple arithmetic around this time period.
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Abacus
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This laid the foundations for positional notation
( orders of magnitude, for example, the "ones
place", "tens place”, "hundreds place") and later

computing developments.



{‘, + a“ lr Mf_ﬁ_ 14 i3 *!.J.(PQ[; T
/’ \ *ﬁ il oo o ot Lol S el

I 50'
A Developments N I\/Iathematlcs““
: bl P___ﬂ_\.
ﬂ& c. 500 BC First known use of zero by g
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A c. 300 B& Indian mathematician, scholar and =

. musicianPingalafirst described the binary | “3*
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TheAntikythera Mechanism

An analog computer,
designed to predict
astronomical
positions and
eclipses for
calendrical and
astrological
purposes, as well as
the cycles of the
Olympic Games. %




TheAntikythera Mechanism

Recovered in 1900 from a shipwreck$ /
off the Greek island oAhntikythera

Believed to have been designed ano&tl
constructed by Greek scientists
between 100 BC to 205 BC.

After the knowledge of this
technology was lost at some point in
Antiquity, technological artifacts
approaching its complexity and
workmanship did not appear again in

Europe until the development of
mechanical astronomical clocks in the
fourteenth century.

Front panel of a 2007 reproduction
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In the 1640s, Blaise Pascal, the
French mathematician and
philosopher, created a ;
mechanlcal calculator to reduce_ -
0 KS RNMJzZRISNE 2
work as a tax supervisor. It EES= el s
became the first calculator tofSSe#iZ//7z~248
be patented and sold A
commercially.




It hadspokedmetal wheels with the digits O
through 9 on their circumference. To add or
subtract numbers, the operator used a stylus to
dial a number, as if using a rotary phone, then
dialed In the next number; an armature carried
or borrowed a 1 when necessary.
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hirty years later, Gottfried Leibniz, the Germar
mathematician and philosopher, tried to
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multiply and divide.
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Leibniz ran into a problem that would be a
recurring theme of the predigital age:

Unlike Pascal, a skilled engineer who could
combine scientific theories with mechanical
genius, Leibniz had little engineering skill and
did not surround himself with those who did.
So he was unable to produce reliably working
versions of his device.

Nevertheless, his core concept, known as the
Leibniz wheel, would influence calculator design
through the time of Charles Babbage.



Jacquard Loom

Invented by Joseph Marie
Jacquard in 1801

It simplifies the process of
manufacturing textiles with
such complex patterns as
brocade, damask and
matelasse

The loom was controlled by i
"chain of cards", a number o
punched cardslaced togethe
Into a continuous seguence.




Jacquard Loom Video
https://www.youtube.com/watch?v=ité4IMoXql

James Burke, creator of Connections, talks about
how the loom was improved by Joseph Jacquard.
Jacquard was a French weaver and merchant. He
played an important role in the development of the
earliest programmable loom (the "Jacquard loom"),
which in turn played an important role in the
development of other programmable machines,
such as an early version of digital compiler used by
IBM to develop the modern day computer.



https://www.youtube.com/watch?v=itd-4lMoXgI

Automatons

Some of these "selbperating
machines" date back to
antiquity.

The Renaissance witnessed a
considerable revival of
Interest in automata.

Some of these could B¢ N
LINZ 3 NJ sivigscBRngS,
spiked wheels (music boxes),
punched discs, etc.




Charles Babbage

Charles Babbage, FRS (129
1871) was an English
polymath, mathematician,
philosopher, inventor and
mechanical engineer.

He is best remembered for
originating the concept of a
programmable computer.

Charles Babbage in 1860



Charles Babbage

Babbage wanted to construct a mechanical method for
tabulating logarithmssines cosines and tangents.

He realized even complex mathematical tasks could be
broken into steps that came down to calculating "finite

differences” through simple adding and subtracting (an
offshoot of thisisknownasthe®. I 60 0 23S ).t NJ

Babbage devised a way to mechanize this process, and |
named it theBifference9 y 3 Alycould tabulate any
polynomial function and provide a digital method for
approximating the solution to differential equations.



Charles Babbage

But the project ran into two problems.

First, Babbage and his hired engineer did not
guite have the skills to get the device working.

Second, he began dreaming up something
better.



Charles Babbage

A Babbage's new idea, conceived in 1834, was a genera
purpose computer that could carry out a variety of
different operations based on programming
Instructions given to it.

A 1t could perform one task, then be made to switch and
perform another.

A It could even tell itself to switch tasksr alter its
"pattern of action," based on its own interim
calculations.

Babbage named this proposed machine thel y' | { € (
O y d AHE Sv&s one hundred years ahead of his time.




Charles Babbage

In 1836, Babbage made a leap that would represer
a milestone in the prehistory of computers:

"Suggested Jacquard's loom as a substitute
for the drums.”

Using punch cards rather than steel drums meant
that an unlimited number of instructions could be
iInput.
In addition, the sequence of tasks could be
modified , thus making it easier to deviageneral
purpose machine that was versatile and
reprogrammable



Charles Babbage

Few people, however, saw the beauty of
Babbage's proposed new machine, and the
British government had no inclination to fund it.

Babbage could generate little notice in either
the popular press or scientific journals. But he
did find one believer:

Ada Lovelace



Ada Lovelace

A Augusta Ada King, Countess of
Lovelace (181§ 1852), born
Augusta Ada Byron and now |
commonly known as Ada Lovelac|

A Lovelace was the only child of the
poet Lord Byron and his wife Anni
sabella Byron. All Byron's other

children were born out of wedlock
to other women.

A Byron separated from his wife a S s 4\° "N
month after Ada was born and Ieﬁ_Ada King, Countess of Lovelace, 1840
England forever four months later.




Lord Byron

Lord Byron, FRS (1788824) was an English poet
and a leading figure in the Romantic movement. He
IS regarded as one of the greatest British poets, a
remains widely read and influential.

He travelled widely across Europe, especially in It
where he lived for seven years.

Later, Byron joined the Greek War of Independeng
fighting the Ottoman Empire, for which Greeks oft
revere him as a national hero. He died at age 36
from a fever contracted while iMissolonghi
Greece (Ada was 8 at the time).

The most flamboyant and notorious of the major
Romantics, Byron was both celebrated and
castigated in life for his aristocratic excesses,
including huge debts, numerous love affairs with
more than one genderumoursof a scandalous
liaison with his haitister, and selimposed exile.
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A In the summer of 1816 Lord Byron settl o
at the VillaDiodatiby Lake Geneva, |
Switzerland, with physician John Williar
Polidori poet Percy Bysshe Shelley, an
Shelley's future wife Mary Godwin.

A Kept indoors by the "incessant rain”,
Byron proposed that they "each write a
ghost story". Mary Shelley produced
what would becomél! CNJ vy | Sy a
a2 RSNY t NRAIPoUd&S dza g
produced¥ ¢ Tc(afshpyré)the progenitor |
of the romantic vampire genre.



Back to Ada Lovelace

A Ada's mother remained bitter
towards Lord Byron and promoted
Ada's interest in mathematics and |
logic in an effort to prevent her from |
developing what she saw as the |
Insanity seen in her father

A Ada described her approach as
bLI2 SUAOI f aO)\S;fO
"Analyst (& Metaphysician)".

A Her mathematical talents led her to
an ongoing working relationship and
friendship with fellow British |
mathemathIan Charles Babbage1 ar \‘ King.Cor;tess ofLovI;cé-,1-840
In particular Babbage's work on the
Analytical Engine.
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In her"Notes", Ada explored four
concepts that would have historical
resonance later when the
computer was finally born.



Ada Lovelace One

A The first was the principle ofgeneral purpose
machine one that could perform not only a preset task
but instead could be programmed andpeogrammed
to do a limitless and changeable array of tasks.

A This emphasized the distinction between Babbage's
originalDifference Enginend his proposed new
Analytical Engine

"The Analytical Engine weavesgebraicalpatterns just
as the Jacquard loom weaves flowers and leaves."



Ada Lovelace Two

A The all purpose machine did not need to be limited to
math and numbers. She noted that a machine such as
the Analytical Engine could store, manipulate, process,
and act upon anything that could be expressed In
symbols: words and logic and music and anything else
we might use symbols to convey.

A A computer operation, she noted, could alter the
relationship not just between numbers but between
any symbols that were logically related.

This makes the conceptual leap from machines that
were mere calculators to ones that we now call
computers.



Ada Lovelace Three

A She figured out in stepy-step detail the
workings of what we now call a computer
program or algorithm.

A She helped to devise the concepts of:

I Subroutines(a sequence of instructions that performs
a specific task, such as computing a cosine or
calculating compound interest, and can be dropped
Into larger programs as needed)

I Recursive Loop& sequence of instructions that
repeats itself), and

I Conditional Branchin@gchanging to a different path of
Instructions if certain conditions are met).



Ada Lovelace Three 02 ¥ Q (

A She created a table and diagram showing exactly
how the algorithm would be fed into the
I(:omputer, step by step, including two recursive
00ps.

A 1t was a numbered list of coding instructions that
Included destination registers, operations, and
commentary- something that would be familiar
to any C + + coder today.

It was mainly on the basis of this diagram that Ada
has been accorded by her fans the accolade of
"the world's first computer programmer."



Ada Lovelace Four

A There was one other significant concept that she
iIntroduced In her "Notes," which harked back to
the Frankenstein story produced by Mary Shelley
FFOGSNI GKFO 6SSUSYR 6Ad

A It raised what is still the most fascinating
metaphysical topic involving computers, that of
artificial intelligence:

Can machines think?



Ada Lovelace Four O2 ¥ Q (i

Can machines think?

A Ada believed not. A machine such as Babbage's could
perform operations as instructed, she asserted, but it could
not come up with ideas or intentions of its own.

"The Analytical Engine has no pretensions whatever to
originate anything. It can do whatever we know how to
order it to perform. It can follow analysis; but it has no
power of anticipating any analytical relations or truths."

A A century later this assertion would be dubb#ddy
Lovelace's Objectionby computer pioneer Alan Turing.



Ada Lovelace

Ada Lovelace also developed a vision on the
capabillity of computers to go beyond mere
calculating or numbecrunching, while others,
including Babbage himself, focused only on those
capabillities.

Her mindset of"poetical scienceled her to ask
guestions about the Analytical Engine examining
how Individuals and society relate to technology as

a collaborative tool.



Ada Lovelace

A In the 1840s, Ada flirted with scandals includingoursof
affairs and her love of gambling. The gambling led to her
attempt in 1851 to create a mathematical model for
successful large bets. This went disastrously wrong, leavin
her thousands of pounds in debt.

A Ada Lovelace died at the age of-36e same age that her
father had died at from uterine cancer. She was buried, at
her request, next to her father.

A In 1979 the ADA Programming language was introduced by
Jeanlchbiahand team at Honeywell for the US Department
of Defense.



Charles Babbage

Charles Babbage published his pape!
about a sophisticated computer In
1837, but it took a hundred years to
achieve the scores of technological
advances needed to actually build one
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members of Parliament!], Pray, Mr. Babbage, if
you put into the machine wrong figures, will
the right answers come out?' | am not able
rightly to apprehend the kind of confusion of
ARSI a UKIFIUG O2dzx R LINE
Charles Babbage,



The Science Museum's Difference Engine No. 2, built from
Babbage's design



