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German cabinet-maker David Roentgen’s eighteenth-century automaton of Marie Antoinette plays a table-top zither.

The automaton chronicles

Our responses to robots echo down the millennia, say Stephen Cave and Kanta Dihal.

he French philosopher René Descartes
Twas reputedly fond of automata: they

inspired his view that living things
were biological machines that function like
clockwork. Less known is a strange story
that began to circulate after the philosopher’s
death in 1650. This centred on Descartes’s
daughter Francine, who died of scarlet fever
at the age of five.

According to the tale, a distraught
Descartes had a clockwork Francine made: a
walking, talking simulacrum. When Queen
Christina invited the philosopher to Sweden
in 1649, he sailed with the automaton con-
cealed in a casket. Suspicious sailors forced

the trunk open; when the mechanical child
sat up to greet them, the horrified crew
threw it overboard.

The story is probably apocryphal. But it
sums up the hopes and fears that have been
associated with human-like machines for
nearly three millennia. Those who build
such devices do so in the hope that they will
overcome natural limits — in Descartes’s
case, death itself. But this very unnatural-
ness terrifies and repulses others. In our era
of advanced robotics and artificial intelli-
gence (AI), those polarized responses per-
sist, with pundits and the public applauding
or warning against each advance. Digging
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into the deep history of intelligent machines,
both real and imagined, we see how these
attitudes evolved: from fantasies of trusty
mechanical helpers to fears that runaway
advances in technology might lead to crea-
tures that supersede humanity itself.
Arguably the oldest known story of some-
thing approximating AI can be found in the
eighth-century-sc Iliad, Homer’s epic poem
of the Trojan War. In it, Hephaestus, disa-
bled god of metalworking, creates golden
handmaidens to help him in his forge: “In
them is understanding in their hearts, and
in them speech and strength, and they know
cunning handiwork” Hephaestus was »

26 JULY 2018 | VOL 559 | NATURE | 473



I!:lmmil BOOKS & ARTS

> also supposedly responsible for the first
‘killer robot’, Talos. A mechanical bronze
colossus featuring in the third-century-Bc
epic Argonautica, it patrolled the shores of
Crete, lobbing boulders at invaders.

These fictions were grounded in reality:
ancient Greek technologists were astonish-
ingly skilled in mechanics and metalwork.
In her forthcoming book Gods and Robots,
classicist Adrienne Mayor describes bronze
automata that featured at the Olympic
Games two centuries before the Argonautica
— aleaping dolphin and eagle in apparent
flight. In his first-century-Ap treatise On
Automaton-Making, the mathematician-
engineer Hero of Alexandria describes a
fully automated puppet theatre that, through
a combination of displaced grain, axles,
levers, pulleys and wheels, could enact an
entire tragedy.

These classical stories reveal how, then
as now, humanoid machines were mostly
conceived as representing straightforward
hopes — the ideal servant who always
obeys, the perfect soldier who never tires.
But as the influence of Greece declined
over the first centuries AD, the West
entered a millennium in which the skills of
automaton-making were lost, along with
the aspirations associated with them. As
historian E. R. Truitt describes in Medieval
Robots (2015), it was the Byzantine Empire
and Arab world that preserved the mechani-
cal arts over those centuries. Around AD
850, for instance, the Banu Musa brothers
in what is now Iraq published the Book of
Ingenious Devices, which featured automata
such as a water-powered organ. Thus, in the
West, the ‘otherness” of mechanical simu-
lacra was compounded. Associated with
the exotic and the idea of an ‘infidel’ East,
automata were viewed for some time with
awe and suspicion.

The thirteenth century saw a resurgence
of Western interest. Automata began appear-
ing at courts as showpieces designed to wow
visitors. The Count of Artois at the chateau
of Hesdin in what is now northern France
commissioned a cluster of mechanized
beasts and androids that interacted with
guests, scolding them and or even soak-
ing them with water. At the same time,
hints of darker themes began to emerge. A
number of great medieval scholars, such as
Roger Bacon and Albertus Magnus, were
each rumoured to have created a bronze
head that could answer any question — a
proto-Siri. These stories end badly, with the
oracle’s destruction, sometimes by people
who mistrust it. In such cautionary tales,
the creation of Al is an act of Promethean
hubris, semi-divine power no mortal should
possess — presaging the story of Descartes’s
daughter and Mary Shelley’s Frankenstein
(see R. Holmes Nature 535, 490-492; 2016).

The march of mechanical humanoids
nevertheless persisted into the great cultural

474 | NATURE | VOL 559 | 26 JULY 2018

Below: A nineteenth-century
engraving of an ancient Greek
puppet theatre.
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A 1630 woodcut depicts the story of scholar Roger Bacon’s talking bronze head.

and technological flowering of the Renais-
sance. Evoking widespread wonder, hydrau-
lic, spring-powered and clockwork automata
proliferated in Europe, from mechanized
angels in churches to Neptune automata in
grottoes. Their mystical connotations began
to give way to reflections of cutting-edge
scientific developments: Leonardo da Vini,
for instance, drew up plans for a robotic
knight operated internally by weights and
pulleys.

Over subsequent centuries, Descartes’s
view of living things as complex machines
inspired new heights in manufacture,
and Europe reached peak automaton in
the seventeenth to early nineteenth cen-
turies. Master artisans built marvels of
art-imitating-life, such as Jacques de
Vaucanson’s 1739 Digesting Duck. Sporting
more than 400 moving parts in each wing
and internal rubber tubing, it appeared to
eat, drink and defecate.
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But the duck had no ‘digestive’ mecha-
nism: its ‘droppings’ were actually pre-
fabricated pellets ejected from a hidden
compartment. A few decades later in
1770, inventor Wolfgang von Kempelen’s
infamous chess-playing Mechanical Turk
debuted. Although many suspected it was a
hoax, nobody could quite work out how they
were fooled until a revelatory article in 1857
announced that it was operated by a person
hidden inside. Awe over the transgressive
nature of such mechanisms began to mingle
with fears of deception, as reflected in the
fiction of the time. In Prussian Romantic
author E. T. A. Hoffmann’s 1816 short story
“The Sandman, for example, the protagonist
Nathanael is bewitched by the beauty of a
woman called Olimpia. The discovery that
she is an automaton drives him to suicide.

The imaginative resonance of intelligent
machines began to reach its fullest in the
twentieth century, when industrialization
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replaced the rhythms of nature with those
of the production line. It was also a time of
revolution and mechanized warfare. Against
that backdrop, the word ‘robot’ was born in
Czech writer Karel Capek’s 1920 play R.U.R.
(Rossum’s Universal Robots). In the very work
coining the term, the robots rebel against
and destroy their creators. And that narra-
tive of rebellion has proved to be the most
potent of all our Al fears, retold repeatedly
as technology evolves.

During the cold war space race, the film
2001: A Space Odyssey (1968) gave us HAL
9000, the murderous spaceship supercom-
puter. With the rise of the Internet, we got
Skynet — a defence network that becomes
self-aware in the Terminator films (start-
ing in 1984) — and The Matrix (1999),
featuring intelligent machines that farm

humans whose

“The tension minds unknow-
liesin our ingly inh?bit a vir-
conflicted desire  tu2l reality. Now,
tocreatebeings ~ With Al dominat-
superhumanin ing headlines, we
capacity, but have soph1§t1cated
subhum ‘;n in rob0t§ again over-
status.” throwing their wet-

ware masters, from
Ava in the 2015
film Ex Machina to the android amusement-
park hosts in the Westworld television series.

The persistent trope of robot revolts
reveals the paradox at the heart of our rela-
tionship with intelligent machines. We want
to create clever tools that can do everything
we can do, and more. They will be the per-
fect oracles, servants, soldiers, even lovers.
To fulfil our hopes, they must have attributes
such as intellect and agency — minds of their
own, superior to ours. But, paradoxically,
that is also why we fear HAL and Skynet.
The tension lies in our conflicted desire to
create beings superhuman in capacity, but
subhuman in status.

Our hopes continually threaten to
collapse into such fears, but we hope nev-
ertheless. Every robot rebel has its benevo-
lent counterpart, such as C-3PO in the Star
Wars franchise or the android child David
in Steven Spielberg’s 2001 film A.I Artificial
Intelligence. Both kinds of stories, the hope-
ful and the fearful, reveal to us our complex
emotional responses to Al. Understand-
ing these and their deep history is crucial
to making the most of life with intelligent
machines. m
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Books in brief

The Immeasurable World

William Atkins FABER & FABER (2018)

An “axis where the absolute coexists with the infinite”: so

William Atkins sees the quintessence of deserts. He searched for it
on seven journeys, from the Arabian Peninsula’s ‘Empty Quarter’ to
China’s Gobi Desert, recollecting his arid odyssey in this beautifully
observed memoir-cum-natural-history. With him, we tread the grit
of old atomic test sites in Australia’s Nullarbor Plain; meet fatalistic
migrants at Arizona’s Mexican border; and contemplate the bleak
ecodisaster of Central Asia’s disappearing Aral Sea. “The world has
been done,” Atkins declares. But he sees it with new eyes.

Ticker: The Quest to Create an Artificial Heart

Mimi Swartz CROWN (2018)

In this pacy, blow-by-blow account of the search for a viable artificial
heart, Texas Monthly executive editor Mimi Swartz offers a vivid gallery
of the medical pioneers who have jostled for the prize. Here are heart
surgeon O. H. ‘Bud’ Frazier; inventors Robert Jarvik, Billy Cohn and
Daniel Timms; and cardiac specialists Michael DeBakey and Denton
Cooley, whose duel over implanting the first crude devices sparked
the crusade. Decades later, that quest remains urgent: more than

25 million US citizens have heart disease, yet only a few thousand
hearts are available for transplant in any given year.

Dreamers, Visionaries, and Revolutionaries in the Life Sciences
Oren Harman and Michael R. Dietrich (eds) UNIV. CHICAGO PRESS (2018)
They may infuriate even as they inspire; destabilize, as well as advance.
The visionaries of biology, note science historians Oren Harman and
Michael Dietrich, are masters of “dramatically bold, even fantastic”
thinking about big problems. This compelling edited volume explores
the work of 19 innovators, including Iranian-American cancer
researcher Mina Bissell, who studies tumour microenvironments;
Canadian John Todd, who engineered solar aquatic sewage treatment;
and Peter Kropotkin, the Russian biologist who championed
mutualism in nature during the Darwinian revolution.

Dreameg

Visionarie,
Revo, J

Utionarjeg

One of Ten Billion Earths

Karel Schrijver OXFORD UNIV. PRESS (2018)

Like distant mirrors, exoplanets reveal much about Earth and its
habitability even as they relay explosive new insights into planetary
formation and extraterrestrial life. Astrophysicist Karel Schrijver’s
lucid, fact-packed primer ranges over everything from the Goldilocks
zone and stellar nurseries to disrupted exosystems and the vagaries
of “living on a pale blue dot”. And more: if you ever wanted to
understand nomad planets or catch a glimpse of a volcanic eruption
on Jupiter's moon lo (observed by the New Horizons spacecraft on
its way to Pluto), this book delivers the goods.

The Omega Principle

Paul Greenberg PENGUIN (2018)

The cacophony of claims about the impact of omega-3 fatty acids
on health is drowning out concerns over the associated industry,
argues Paul Greenberg in this sobering investigation. He followed
the omega-3 trail around the world and into history to reveal the
price of a century of industrial reduction — the boiling down of a
gargantuan tonnage of marine organisms for products from animal
feed to oils for supplements. Notably, the mass harvesting of krill
and forage fish such as menhaden looks increasingly unsustainable
as overfishing and oceanic warming take their toll. Barhara Kiser
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