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muta cantare, insensata vivere, immobilia moveri
CassiodorusVariae,l, 45, 10
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1 Introduction

People (and scholarbpve beerfascinatedby automata sincéntiquity: automata have often been
related to the idea of creation, suggesting that man could build another being, though artificial, by
means of his competence and knowledge, forcing or imitating natural laws.

Human interest about automata however seems not ¢toristant along the centuriese witness
an increasan the number ofstudies and quotationsmainly in periods in whichbig and rapid
technological development is iaction, while in technological stagnation periodsferences
inevitablydecrease.

This study covers thpart oftheautomata historyhat rangesrbm the Antiquity to the Renaissance
due tothe strong interdegndence of design and content, recurdngng the considered centuries,
asit will be more widely discussead 1.2.3

1.1 Literature Review

A mainquestion mustirstly be facedrelatedto the word used to refés automata

The etymology of the term passes through the Latitoraatus, transliteration ohé Greek
adjecUhsBU&d, c odeiemipatieadjectivelt U éself) andthe verbal adjective
¢ U d(havingin mind, acting)1. It was at first used to refer to any eventhuman behaviouhat
was spontaneouswvithout external interventionpnly later, during the Hellenisnits use was
extended to those mechanical devices, which p
actions, typically, but not necessarily in a periodic sequence.

It follows that inclassicaliterature we find the wosdautomatus U U fj ¢ U(&hd dirived) used in
contexts where no automata are involyga@mer,llias, 11 408; Hesiod Works and Days102105;
AristophanesAcharnians976, PetroniusSatyricon L and CXL), and,on the other side, we have
descriptions of automata, where the term is not prgstnner,llias, XVIll 468-473;Odyssg, VI
91-94;, any instance in Phil® s o rnd dPheumatics Gellius, Attic Nights, X 12, 910;
PalaephatygOn Incredible Talgs5). Only in few casesve havea description wher@an automaton
is referredto asautomatug U U fj ¢ U(§liehdas Homellias, V 749752 XVIII 372-377: Herand s
Automat; Sextus EmpiricuQutlines of Pyrrhonismh115).

During theMiddle Ages and inthe earlyRenaissangehe word isfully discardedwhenevemwhat
we callan automaton is described, it is referted¢onsideringatherits look andbehaviour: so we
havesinging birds, movingor drinking (anthropomorphic or theriomorphistatue, opening dogs;
andmany more or the skills of his builder, so we hairggenium engens, ingegni Only after the
16"centuryt r ans | at i o Ausoman fthe tardretum®is use and #ppears intalian,
French, and otherernaculas (automat), too.

1.1.1 Monographic Studies

The first written referencesto such objectsin Greek literaturearein Homer 6 s, andP| at o
Ar i s tworkd, whéreautomataare not alwaysssociateavith human figuresbutcanconsist in
automatedievices orsystems, such daspods or plectraln the last decadesnaient Greek works

'Due to the meanmi n(gefaf. madmeatnenens hithuanianmintag, the adjective is strictly
connected with thought and will, more than with action, intended here as an effect of thought and/or will.
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have beerstudiedby some scholargl-11], in order toh i g h limpgrtarit ref@rences to specific
autonomous systems and mechanisms of very advanced technology, such as automata and artificial
intelligence, as ell as to almost modern methods of design and produstasstated inthe

volume abstradtl2] about science and technology in Homeric epitese studies represemnte of

the most effective attempts to break the deadlock o&lisenceof technia@l literatureat Ho mer 0 ¢
times (7" century BC) by means ofthe study ofliterary sources convenientlysupported by
technical analysis and historicakidence.Such a interdisciplinary approachthough between

written and figurative sources was also used by Amedick [13], leading to interesting results.
DOArri g®W50si sttulle ed Archytasd dove [14-I5ptnyingdon e n g
demonstrate thahe Greek philosopherould havea suitable knovddgeto build such a device
Berryman[16] has recently studied most of these literary referers@ging the possibility that

they represent the true mechanical automata

Ancient writers mention talking statues, especialgting back tahe Egyptian world: apart from
traditional collections of references to these ancient sourd#g], studes of this acoustic
phenomenoihave recentlybeen madéy Pettorino[18-21].

In Alexandria, during thePtolemaickingdom @0530 BCO), and shortly after, wevitnessthe
greatest progress of such researches in a scientific and technological perspective: CBibios (
centuryBC), Philan (3 centuryBC), and Hera (1% centuryAD) wrote significantreatises, which
would pave the wayoth to the persistenad such engineering knowledge in Byzantium, &mthe
spreadof mechanical studies in the Arabic warlbhe first written studies about this pericand
worksdate back to th@6" century when,within thethe courts of Ferrara and Urbino, a remarkable
work of editing and translation of Hemés treatisesboth in Latin andn vernacular, waperformed

in 1501 edition of Giorgio Vallad s e nc y c | abput sciences wanclukled at chap XV a
long excerpt from a Latin translation &neumaticg22-23]; Federico Commandino edited the
Latin text of thePneumaticsin 1575 [24]; Giovan Battista Aleotti edited and translated the
Pneumaticsinto vernacular in 158925-26], and Bernardino Baldi edited théutomatain
vernaculaf27]; two years later, thBneumaticsvas edited in vernacular by Alessandro Giagi
well [28]. These translationsill be studied in chapte?.5.2.3 As evidenced by some contemporary
essaysthe common goal oRenaissancecholars was tonake this text available tthemselves
[29], or totheir contemporarief30-37] both interested in mechanidsom the theoretical point of
view andresponsibldor the construction of automatic devicathe courts of Italiatords (nainly

in Ferrara, UrbinoMantua,Florence Milan) during religious or civil festivals[38-41], orin their
country villas like Prablino nearFlorence or Tivoli near Romg42]. In order b haveaccurate
critical edition andhistoricalanalysis of ancient worksy Heron and Philorwe must wait until the
end of thel7" century when thdirst Greek edition was made in Frang]; later, in the1d"
centuryProu wrote an essay abodtitomataby Heron[44], andrespectively Schmid45-46] and
Carra de Vaux47] censedhe manuscriptiousedn European libaries.Schmidtmadethe critical
edition of the Geek texs by Heron,havinga large number of manuscripts, aamtiedan appendix
containing a transcrifmn of a Latin translation oPneumaticdy Philon He also identified two
families of manuscripts corresponding to two versions of the work: the secenalsa result of a
later revision is therefore referred tasa Pseuddderon. From thissecond versigncomes one of
the most important Latin translations, timGiovanni FrancescBurana® s v edatisg from the
15" century. Carra de Vaux wasoweverstruggling with the much more complex tradition of

6



Philon, characterized by the alosce of a&completeGreekmanuscripandby the presence dfeveral
Arabic and Latin versions, so he proceeded to make a double critical editiGne@kand Arabic)
and conparel the resulting text with the Latin transcription of Schmipart from some isolated
studiesin the middle of the 20 century[48-49], shce theSeventieswe have seera renewed
interest in the topic of ancient Greek technolfg-76], culminating with the worky Russo[77],
entirely dedicatedto the Alexandrian age, wittMichelié ghilosophicalresearch[78], and with
Ca mb i astudie8 sabout machines and autompt8-82]. A special quotationpertains to
Lucent i 83]pdatingbacktcelB62:it probably represents the ortlystorical andhematical
study alout automata made by a novelistorder to study the evolution from the classical to the
romantic automaton idedhe articlealso contains a chrestomathy (i.e. an anthology) of some
literary passages in which automata appear.

During the Romanperiod we apparentlyitnessa total absence afterestin the automata theme

nearly no scblars or engineerseem to be interested building or at leasin describingthese

devices except for some references in Vitruvswirk [84-86]. It is hard to say whether it depends

on an actual lack of interest on the triviality of the subjectdue tothe presence of automata in

daily life and made pasble by highly developed skills of mechanjcas the Antikythera
mechanism suggesi®7-88]; as a matter of factve have soméate referenceso the persistence of
automatausein publicceremonieg | i ke Caesar 6 s RamareHistolyll, 148,ene App
private banquetgPetronius,Satyricon LX), and inreligious ritualsrelated to oracle@Macrobius,
Saturnalia onviviag, |, 23 ,14) We are likely in front of a problem very similar to thgeold
guestionof the Greekorigin of the novelmarked bya deep difference between ancient and modern
cultural categorie[89-94]: it is possible that we are trying to apply a modern category to a variety

of different classicakategories.Similarities betweenancientdescriptionsand the contemporary

idea of automatoare evident and undeniableut even due to the inconsistarde ofa preciséerm

to define themwe should try to distinguish among various kinds of devisesdalone/integrated,;
big/small; describd/designed; and so ortpat arevery different under many respedfer instance,

aim, arrangement, material, energy sourgejno s t evident example is H
used his designs and machirtesshow evidenceof physical laws, bymeans of rachanics; he
probably never thought dhe devices described in tR@eumaticsas automatd: he finarr at i v
of the deviceis usually meanto impressthe audience(other engineersor, more probably,
studenty in order to attract their curiositgnd to prompt them to understand hibv device works
Thestudy of the continuity between Greece amirBin technological studieis another interesting
issueemerged fronhistoricalliterature[95-101, 85, 102119].

In the Early Middle Agesin Western literaturetechnical descriptiandisappear andive wayto

narratons of autobiographical or historical episodes in which there is a mechameaation

device howevemainlydesigned o t he measur e me n tVarada ntdi nkeg i (n@Ga sd:
Annales Regni Francoruym or a musical instrument, typicallynaorgan (Annales Regni
Francorum), as shown if120-122]. In Byzantium, natural heir of Greek mechanical tradition, we
canot find any r dréagsesdavated to tatomatm eéhougla some iateresting
devicest a t hr one of ,franstancgane describectiipidtories af the emperors, set

in the Imperial Palacehe Magnaurgalsostudied byseveral scholarfl23-131]. Theseworkswere
composed byhe emperors themselv@Sonstantie Porphyrogenitus by their historiansGeorgius



Monachus Symeon Magister or the secalled Theophanes Continualysor by foreign
ambassadoréike Liutprandus of Cremonar Arabic voyager§l32-134].

In the same centuries) the Arabic world, from Baghdad to ahndalus,mechanical culturand
practiceunderwentan extaordinary developmentuepartly to the translatiors of Greek treatises
Ari stPhille®@rs§ s aandpartlite a selfiinterest for the construction of such devices,
for the amddrwithtpddcical fpurpose. Manuscripd f Banu 80a&86§),a0bad  (
J a z aIl364296, 4nd of aMu r a dl1" @emtury works arehousedn European and Middie
Eastern libraries, as witnesdasth of the extraordinary level of development of these studies

of theinterest in theirontents Banu Mu-$ adar iawaehamvéverkreught to public
attentionand publishednly in the 1970sby Hill (1922 1994, a British engineer and historian of
science and technologwho not only edited thenanuscripg with the help of anothehistorian,al-
Hassan but rebuilt in severaloccasionsthe rich landscape of Arab medieval engineeringnd
technology, also iits relationships with the Ancient and Medieval Europg&sshnicalcultureand
tradition [135-146]. Losanowas involvedas wellin the history of automata, starting right frah
Jazard sreatise he analyzd in particular thevork genesis and the relationship with theous
tradition[147-148], extendingover timethe subject considered from Arabic automata taytreeral
history of autonata[149-150]. In Lebanon and imMurkey, new editions ofB a n u  Mreatiseb s
have been carried ousince thel980s[151-152] Cigolad s st udi es about Arabi
both on historical environment and on drawings and representlib8455]. Studies hout at
Mur adi 60s beganunsthe rl98@dill, was sorry for its poor state of preservatidi5e,
141], regretting thatit would neverbe read, butrecently technological progress hawade it
possible,thanks to the group Leonardo3 atwda team of philologists at the University of Milan
(Jolanda Guardi, Alba Fedeljocine Benchinp[157], thoughseveralless completestudies were
alreadyin progressmainly in Spain[158-168]. In recent timeshe aboe mentionedapproach
consisting in the use of literary souscéhas been extended even to Arabic literaflié®]. Also
desering of mentionare severalstudies carried out bgomescholars[170-177] with the aim of
writing a nonEurccentric history ofMedieval technology and of givingmore emphasis and
attentionto the Aralm-Islamic mechanical cultureMany recent works on the subject are available
at websits like http://www.historysciencetechnology.com or www.muslimheritage.comwhose
ambitiousc | ai Ini $ sovier 1000 years of missing histor

Probably fascinated kihe stories of travelelia the Easternlandsr by Cr u fla8d®}f s 6 t
Medieval poets andwriters (Benoitde Sainte MaureThomas of Britain Alexandre de Bernay
Wolfram von Eschenbackand many moie living at the French, German, and English courts,
included in their romancemany automataywhose design and implementatiorene however
attributed not to scientists orengineers, buto magicians or necromanceiSomephilological and
historical studies have leth the last centuryo the census ando theanalysisof these quattions
[180-194], and the Medieval landscape of telaships between science and magic has been
consideredby Federici Vescovini[195]. As somewell-known legendsrecouni even Gerbert
do Aur i |-10G8) latérp@pk Bylvester Il, and the philosopher Albertus Magnus (1193/1206
1280 would havebuilt talking human shapealutomad, probably with the help adorcery though

no positive historical evidenaxists asrespectivelyshown among others yaGrandeuy Flusche

and Oldoni [196-198]. In the same years, however, the intergsthydraulic questiongand
conseguently for Phi | onwas sigaificantly Hewingjust in a weligiodss )
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environment:Benedictine, and later Cistercian, monasteries, where the monks needed to build
efficient pipe systems, in order to improve fields irrigatiovere probably the main way of
technological diffusion in medieval EurofE99-204]. Due to their need for technical knowledge,
they searched for ancient sources on the subject and kaghnng and copyind.atin treatises
taken from Arabic t Pnaumaticsdqwthose nite waulid bePomeDe o n 6 s
spiritualibus/spiritalibugsubtilibus/specialibusingeniis De inani et vacuo;De conductibus
aquarum wrongly attributed to Aristot)e[205-206]. During the 1¥' and 13' centuries, a feverish
activity of translations of Greegcientific works, preserved only in Arabic version, began both in
Spain and in Southern Nwoan Italy as studied mainly by Haskin07-212]. We have no
incontrovertiblenews aboutranslations dealingvith our subjectso we cameitherexcludethat
thesetranslations rhaybepartial) wereactually made?, nor assert that the mechanical knowledge
transmissionwas strictlyoral and only occurred in theorkshops There really was &uropean
tradition in the field of mechani¢gsas shown by Long214], though it wasnot evidenced by
technical writings, but, for instancep y t r aacceunts The \work of the French architect
Guillaume Bouchert the Court of the Khanlsaveremaired almost completely unknowrif he

h a d beén quotedby the FlemishFranciscarmissionary and exploratilliam of Rubruckin his
report to King Louis IX [tinerarium fratris Willielmi de Rubruquis de ordine fratrum Minorum,
Galli, Anno gratia 1253 ad partes Orientajestudied by OlschR15]andbyB a | t r [21@Jani t i s
thefield of gothicart history.Suchskills in mechanics would justify thexistenceof the secalled

i me r v e(aulorhatalpfdthe garden ofhe castle oHesdin,in Artois, Northern Frane, [217-
219], and of auniqueLatin manuscript of mechanics, written for the king of Dennjag9], though

not dealing with automataVillard de Honnecoutgca. 12001250) sketchbookof drawings
(Bibliotheque Nationale de France, MBr. 19093)is another example of how the design of
technical objects had developidthe 13" century on several occasions, scholars have examined
this auttord s vironr akmechanicahrtistic,and histortal point of view[221-225]. Many general
studieshave also beecarried oraboutmedieval technologyone of the most important scholans

the fieldwas Lynn T. White jr. (19071987), anAmerican historian who, since thel1940s has
focused his interest on topjcguch adMedievaltechnoloy and inventivenessie consideredchem
crucial both for the devedbpmentof Westerntechnologicakupremacy and forthe importance they
hadtogether with Christianity, ithe making ofmodernexploitingattitude towards the environment
[226-234].

However,it is only in the15" century that new sources are added tolabeMedieval wealth of
knowledge mechanicsvas alreadyapplied to entertainment, as withnessed by the work of Giovanni
Fontang235], wherealsoreference to Arabic sources armade The Council of Ferrar&lorence
(14381449, the fall of Constantinople in the hands of the Turks in 1458 the subsequent flight
of manyGreek scholars to the Webtd to a copiouiow of manuscripts of ancient Greek woiks
Europearlibraries, and to a revival of studies in many fields, mechanics incl@ieel of the most
fascinatingfigures in such a landscapas indicatedamong othersby Keller [236], is definitely
Cardinal Bessarionwhose collection of Greek manuscripigs given tothe Serenissimand
becamehefirst germof the Biblioteca Marcianaf Venice anong thenstandsGr. 516, the oldest
known Greek manuscripto f H e Pneumatissand Automata copied in Greece ithe 13
centuryby the scribe Andreas Telountdem Natplion [46]. This manuscript was probably the

2As Hillassume$213]t hat fAver si oJazri anchworksby ithér Islaniic eagineeray e x i st . 0
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sourceof the Latin and vernacular translationsde at the end of Técentury andintroduced
above.Bessarion wanteth his entourageéhe GermarscientistJohannes Miullefrom Konigsberg
(14341474) better known as Regiwontanus, whotoobk art t o Bessariamhos t
later retired in Nurnbergvith the intention to publish critical editions of ancient texts he
passionatelgopied from Bessaridns ma n walsostudieg by $1alpangottf237], or during his
travels in Eastern Europé is not probably a coincidence that some later sources (like Pierre de la
Ramée or Johann Wilhelm Baigrreferto him as automata build¢238-239]. The relationships
betweenthe new stream ofancientsourcescoming from Byzantiumand the beginning of the
Renaissance have been deaminsideredy Setton[240-241], and for minor aspects by Field and
Wright [242]; De Gandtand Derenziniconsidered the influence of theseudeAristotelian
Mechanicsupon mechanicslevebpment [243-244]. Many studies have been carried on various
aspecs of the Renaissanc&artonand Benoit[245-246] investigatedparticularly the connection

with medieval sciencesEamon [247] studied the dependence of Renaissance science and
technology on magjcCanestriniand Ceccarellinvestigatehe machines theme in the "1 5entury

[37, 248] Longd gesearchinterestin this subjectconsisted in the social contextualization of
technology [249-251], while Parlato [252], Aracil [253], and Marr [254-255] focused
straightforwardlyon automataluring theRenassanceFagiolo studied256] the automata presence

in Mannerist artGalluzzi[257-258, 34, 259concentrate®n the Renaissance engineas Gille

had already done some decades bef86]: Leonardoamong othersg a Vi worksihaesalso
beenrelatedwith thesources pretending he was an automata builyeseveral scholaf261-271].

At the end of thel6" century, after the massiveabove mentionedvave of Latinand vernacular
transldaions works about automatahowing a new mindsetand a different awarenesd the
sulject, gradually appeafsee2.5.8.4. Due to the global effect on knowledgeavailability and
disseminatiof272-273], implied bythe introduction ofmovable typeprinting, andto a profound
change of mentalitymechanicss no longer condeed as a way taleceivenatural lawsandturns
into a truly scientific discipline automatain particular finally lose their supernatural or magic
traits [274], mostly becoming collectibles tde preserved by gentlemenin a Wunderkammer
(cabinet of curiositiesand shown to friend®75-277], or working like an amusement park.

Western historiography of Chiese ancient and Medievalautomatics deservesa separate
considerationit consists almossolely in the monumentadnd well documented Needhénsvork

[278], dating back to the middle of tHE©60s however being a general surveit briefly touches
the subject,and merely referto some sourcesAs far aswe know at tis time, no systematic
comparative studies between Eastand Westrn automatis have beemmade apart from avery

general on§279].

1.1.2 General Studies

General studies include both research on the history and evolution of automata from ancient times
to the moment in which the study has been carriedanddiachronicinquirieson a paticular kind
of automabn, oron aprecisetheme, or about automata but under a specific point of view.
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Probably themost famousand completestudy about automataistory has been carried on by the
Swissscholar Alfred Chapui$18631942) who, alone or ircollaboration with other§, has been
studying the subject angpdatinghis results for 30 years, since the 1a820s[281-285]. Though
his works mainly focus orclocks or jewelry with automata, hes the first to perform a
reconstruction bautomatahistory, retrieving information anagtonographicdocumentsthat will
then belargelyreusedoy almost all those who willlisseminaten this issugtoo often without any
sourcereferenceBeing the study of human movement reproducti@chanism his main center of
attention in his reconstructionhe startsfrom jointed statuettesof Egyptian Middle Kingdonf,
probably the oldest artifagnitating somearm®movementshe briefly revievs the literary sources

of the miracles performed byovingor talking statueandby masks(by quoting Loukianoff[286]
referring to itemJE 66143 in Antiquity (chap. 1) then hemmediatelyfocuses on the Hellenistic,
Arabic, Renaissancéchap. Il)instanceswhile describingater production Chapuis abandons the
chronological approach, and organizes his analysis based upon automata hgtesvimr. Even

t hough Ch éuioniissoalyfoc @ smallrparfocused orthe considered subjeatie must
remark thatfor at least 30 yearg has been the only diachronical study on automata from a
technological point of vienwspreading in Europ€hapuis, in higssaydedicated to @omata in the
works of imagination[282], passes quickly through all trearly references (already present, for
example,in [287]) andpays more attention ta9"-century literaturean epoctcertainlyfeaturing
great vivacity around the themsef automataand artificial life.Since the end of th£950s, wehave
howeverwitnes®d an increasen publicationsabout the subject, evidenced the appearance of
papers, books, and encyclopedia entf@83-293, 149, 294, 79, 29898]. In addition tothis
literature production focused on automata history,alge see a new interegt the more general
themes connectedith technology historyor philosophy) such as engineering or machine history
[299-300, 140, 30803, 249, 304, 25@51, 305, 16, 214, 30811] ®, nowadayshe sibject of a
series of volumes published by Springer and edited by Ceccarelli and Pdhistisry of
Mechanism and Machine Scienck addition, the Society for the Histoo§ Technology(SHOT),
concerred both with the history of technological devices and processes, and with technology in
history, has beermpublishng an outstanding journal on the top{@echnology and Cultujesince
1958.

The spread of science fiction novéind later movie§ dating back to thend of the 18 century
arose ariosity about automataistory and the need fdhe popularization of suclktontents as
evidenced irf312-325], and in the hundreds of websites on the Inteideé to thebroad varietyof
audiencepossibly lacking in historical and/or mechanical knowledge] almost certainlybored

3 Like the French watchmaker and collector Alfred Gélis, or the Sidssond Drozprofessor at Ecole de méchanique

in Neuchéatel, as well as a collaboration with the Swiss (and later French) architect Le Corbusier about clockworks
results from his corresponden@30].

* Housed at Metropolitan Museum in New York: some wooden examples, dating back18™@ynasties (28-18"

certury BC), coming from Memphis region, are now visible on museum website (www.metmuseum.org).

® As it is evident even from chapters tittell. De quelques drloges monumentales a automates. V. Horloges
dd&pmr t ement anci ennes etutomptéesV.d essutomhdies dans lgsendutes richexYlv lees
horloges en bois et les pendules de fantaidlie. Tableaux mécanique¥/Ill. Les jouets mécanique$X. Montres et
tabatiéres a automates. Lesoiseaux chantantX J. animaux mécanique®evins. Magiciens. Escamoteurs, extll.

Musique automatique. Automates musiciet/. Androides écrivains etlessinateurs. XV. Automates marchants,
parlants XVI. Automates de fantaisiXVII. Vitrines animéesXVIIl. Mécanique truquée (Théatres. Psetaidomates.
Demiautomates)X | X. Des RAulomatismeet de | 6

® perhaps thisvas encouraged also by tlemg wave of the French Annales school, whits carriedat theheart of
historic intereseventhe material culturéhistoire totalg.
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by detailed descriptionsf mechanisms or by accurate historical reconstructimnsuchworks
authorspaid more attention t@udienceamusementbr to the need for amew readers with
unexpectednterpretationsthan tofactsand sourcegxactnessso that sometimesarratedevents

are confusedalteredor referredto obscurely Usuallythese writers refer onlgp the most common
sources, without adding any originebrtent, apartsometimesfrom drawings, representing the
imagined appearancef automata.Some of thesepapers, though by different authors, living
different countriesand writing in differentlangua@s, are quite identicah content a possible
explanationfor the oldest workgan bethe very difficult access to sourceand the nosscientific
needs of their audiencevhich madesuch plagiarisnpermissible accordingto them An example

can be found ithe tradition abouancientoracles, which werebelieved to be linked to automatm
episodes quotedn P a u s aDescr@pson(9.39.1011) dating back to the" century AQ quoted

by the contemporariyla x i mu s  @ikserfatioms(XI¥,sl); it is later cited InCl1 avi er 6s b
written in 1818[326] and quotedy Salverte in 1829327], whose work issummarizedn 1830 in

an English journal328], and largely taken inraarticle [314] in the late1920s without any
reference The most interegtig issue of such reconstruction is that Clavier added the following

personal inference to the descriptiontbé descent to the oracle through a narrow holefi i | es
vrai sembl able que ° | 6ai de de quel queslem®c an
genoux Yy ®toient entr®s; autrement | e corps n

e dit Pausani as, pui s g u’eWhatéookedllkalysto @lavierfisi ci | e
attributeddirectlyto Pausaniam thesubsequet references

If we examinegeneral studiesh order to identify auth@daims a variety of approaches appears:
automata like other subjectshave often been studiet validate an a u t h ghifogoghicalor
historical thesis emphasizing (and sometimes overemphasizirgy) on the contrary,
underestimatingone or some featureSome scholarsighlighted thecontinuity of automata and
robots, considered their likely heirs, by neglecting the relevance of differ82%830, 297, 331
332, 325] engineering historians, on the contrary, are sometimes primarily interested innggrifyi
whether the studied descriptions can or cannot be actually implemeageddlessof historical
issues[267, 333, 269, 157]an opposite approach is followed by scholars with a humanistic
background, whaprivilege literary and, generally speaking, written sourcegjlewting design
principl es ostrictoesensanpthel eesearcharsmarfthe idea of creatiorin a way
implicit in any automa, focusing obviously on anthropomorphic or zoomorpbnies,imitating

life & or, at least, some behawsasf living beings[334-337]; i n D everlc Taeatisee abdut
man(Tr ai t ® d, d649, boweven aeomataare usedepistemologicallyas ametaphor to
describethe physiology of humarand animalbody °, and in Passions of the SoPassions de

"ftlis likely that, by means osomemecharsms this holecould suddenlybecome largenvhen the knees had entered,
otherwise the body would not have befrawnas quick as Pausanias says, andhibest difficult part [of the body] had
not passed yet. o
8Sometime cal |l ed fimac hiomiiacra,ilifdinmdcadani cal o,
«Je suppose esuastrelchose Guoer smisie on nachine de terre que Dieu forme tout exprés pour la
rendre la plus semblable a nous qu'il est pos§ibéen sorte qu'elle imite toutewlles de nos fonctions qui peuvent
étre imaginées procéder de la matiére, et ne dépendre que de la disposition des organes. Nous voyons des horloges, de
fontaines artificielles, des moulins et autres semblables machines qui, n'étant faites que grandes he laissent pas
d'avoir la force de se mouvoir d'ellesnémese pl usi eur s diAng qus ess pduaez avons dafsé | .
les grottes et les fontaines qui sont aux jardins de nos rois, que la seule force dont I'eau se meut en astamtee s
est suffisante pour y mouvoir diverses machines, et méme pour les y faire jouer de quelques instruments, ou prononcer
guelques paroles, selon la diverse disposition des tuyaux qui la conduisent.
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| 6 ©1649) the philosopher equates the two possible s{@esking/not working)of machines to

mend Galive/dead) stats[338-339]'°. Thematicresearchebave beencarried outby Battisti [340-

343], who studied automatas artistic objecis or, to use his own words
(moving statieg.

A final observation must be ma@boutthe difficulties of finding andrerifying sourcesinternet
penetration and the presence of large onlinarchives (www.archive.org
http://www.perseus.tufts.edu WWWw.jstor.com http://archimedes.mpiwderlin.mpg.de
www.edit16.it just to quote the most used ohaepositories and data basdsave undoubtedly
allowed to proceed with more precision and spiaeh beforeby immediately and/or repeatedly
checkng remote sources and texts of past centueeenexisting in a few spewiens and by
crossing references

From the brief overview of general studies abdbe, need for multidisciplinary skills, or for the
establishment of a research team skilled on many fields, is clear for those who are approaching
these studiesunfortunaely the history of echnologyis often considered aa minor discipline and
investigation isconfined by scholarsout of their leading researds or teaching activity and
thereforecarried outsolo. This necessarily leado a fragmented and discontinudesndof studies

1.2 Research QuestiorDefinition

Over the past few decades, many projects have been carried out in oeden tairtuallybuild
(according to given requirements),rebuildor torestorefi h i s t automata@y John Gaughan,
an American manufacturer of equipment for magicjamBose works are visible on Youtube by
Leonardo3 group269, 344] by Mark Roshein{265]; by Istituto e Museo di Storia della Scienza,
now Museo Galileo, in Florenge

Such devices rise fascinating questions about the purpose of those garécahstructions: is it a

pure and sterile antiquarian interest or a sincere desire to learn from them something otherwise
hopelessly Il ost? And what i's the |l egitimate
implementationn the meanwhileas $iown in 1.1, a large number of studies has been made, in
order tocollect references and texdbout automata, dating backdifferent periods.

fil suppose that the body is nothing but a statua prachineof earth,that Godhas purposelymadeas similaras

possible to u$...] so she utterall of our functions that can be imagined to prociech the matter, and depend only on

the orgars disposition We sedhatclocks, artificial fountains, mills and other similar machines which are made only by

men, do not fail to have the strength to mewevenin differentways [...]. As you may have seen in the caves and
springs that are the gardens of our kings, that the fonce that moves the water leaving its souiisesufficient to

move various machines, and evenntake themplay someinstruments, or pronounce a few words, by varying the
arrangementoftheeadi ng pipes. 0

WATXI:«[ éluglons que | eewvantdifféSreedid amtham c emon que fditiunemmortire mme
ou autr e a-adre augamachire qu sesmeut de soémeg l orsqudel l e est mont ®e
principe corporel des mouvements pour lesquels elle est instéuée,tout ce qui est requis pour son action, et la

m° me montre ou autre machine, |l orsqudelle est rompue e
ALet us [ é] conceive that the body of a | icvarangotmean di |
automaton (that is any kind of machine that moves of itself) wound up, having in itself the corporeal principle of those
motions for which it was instituted, with all things requisite for its action, and the same watch or other engiitéswhen
broken and the principle of its motion ceases to act. o
M http://www.youtube.com/watch?v=ZQCt6rglRdlt is interesting to remark the presence of an archer and of a
peacock, among other automatHis works has also been presented on the New York Times (online edition)
http://www.nytimes.com/2008/05/18/fashion/18magic.html?_r=1&ref=design
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Such a dichotomyn the state of art of studies thus emphasizes the need foteadisciplinary
approachthat integrates the results achieved in the two research fields, in order to restore unity to
the studies, without compromisimgther the historicabr the technoloigal aspects.

A first step in this directiomad already been made 1970 whenOtto Mayr, a German engineer,
studied the origins of feedback control in a work, now become a classical [2868y his
investigation paved the way to a new method of studying the history of science as history of ideas.
Such an interdisciplinary approach has been recentlyfetidby other studiegredominantly, but

not onlycarried ouby Greek scholaras shown above

The milestone in this approachdirectly related to computer scieneas however the work of
Donald E. Knuth(1938), who, shortlyafterMayr 6 s bo ok, extended his
science, in order to analyze algorithms in ancient and Medieval s¢84&dsHis attention focused

on the Babylonians and-Ehwarizmi, in whose artifacts and works he found the first instances of
the mainsubject of his studies in computer sciencggrethough in a different context.

Based on these considerations, it seemed interesting to delve tetbrenlogicaltopic, such as
automata, which has proven over titeebe structurally interdisciplinaryinvolving from time to
time technical drawing, i, religion, stage desigmythology, philosophy,mechanical engineering,
clockwork, magic,computer science, litetate; furthermoremost peopleconsider itas a precursor
of robotics; the huge number of sources and referermaae it necessary tohoose a limited
historical rangeasshownin 1.2.3

1.2.1 What is an Automaton?

As already discussed h1.1, not only the concept hasbeemisedal s o
inconsistentlysince Antiquity and,in some periods, likehe Middle Ages, it is evercompletely
missing even though most (probably all) modern readeyuld identify such devices as automata

This inconsistencys even more evident if oneoks fora definitionsuitable to include all or most
of the historical automatdJnfortunately, wehave to cope with the absenceaainiform definition
suitable tobe appled to suchdifferent historical and literarysources, in order to identify single
machina or device as automataas Mayr[346] could dowith feedback control, by using the
definition given in 1951 by the Ameran Institute of Electrical Engineers.is therefore necessary
to identify the descriptive traits most commonly attributed to autonaaid,to eventually update
them,when necessary, during thestorical reconstruction.

Someof thesedefinitions taken fromcontemporarycommon otr thematicdictionaries,are the
following:

Dictionary Definition
Any thing or being regarded as having the power of spontaneous motion
action.

V(\/legbls:;()er A self-moving machine, or one which has its mofpaver within itself;-
applied chiefly to machines which appear to imitate spontaneously the
motions of living beings, such as men, birds, etc.

Feldhaus Eine selbstbewegliche Figur.

(1914) (A selfmoving figure)
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Dictionnaire de

Machine qui a en soi les ressorts de son mouvement.

(Machine which has in itself the resources for his movement.)

Imitation dun corps animé renfermant un mécanisme qui le met en
mouvement.

|GAcademie o - : : : . :
. (Imitation of a living body including a mechanism tkats it in motion.)
francaise L . : A
(1992) M,ecam.sn']e, m,achlne automatique capaldxécuter un programme
déterminé dpérations.
(Mechanism, automatic machine capable of executing a given sequence of
operations.)
Collins a mechanical device operating under its own mdo@ver
(2003)
Longman a machine, especially one in the shape of a human, that moves without g
(2003) controlling it
Wordnet 3.0 a m_echanisr_n Fhat can move automa_tically |
device consisting of a piece of machinery; has moving parts that peytone
20032008 .
function
Diccionario Aparato provisto de un mecanismo interior que le permite ciertos movimi
Manual de la (Device provided with an internal mechanism that allows certain movements)
~ | Maquina electronica fabricada paealizar automaticamente movimientos \
Lengua Espafiola . . :
VoX. acciones propios de un ser animado.
(2007 (electron-ic machi.ne manufactured to automatically perform movements and act
of an animate being)
Cambridge A machine which operates on its own without the need foranurontrol
(2008)
Diccionario Maquina que imita la figura y los movimientos de un ser animado.
Enciclopédica | (Machine that mimics the shape and movements of an animate being.)
Vox 1
(2009)
Machine qui, par le moyen dkspositifs mécaniques, pneumatiques,
hydrauliques, électriques ou électroniques, est capéidted imitant ceux
des corps animés.
Larousse (Machine which, by mechanical, pneumatic, hydraulic, electrical or electronic m
Online is capable of mimicking acts like tbe of animated bodies)

(accessed 2010

Machine et mécanisme automatiques, utilisés par exemple pour la peintt
le soudage dan&idustrie automobile.

(Machine and automatic mechanism, used for example for painting and welding
automotive industry)

Macchina che riproduce i movimenti (e in genere anédspetto esterno) déllomo

Treccani S
Online edeg!l anlmall.' '
Machine that mimics the movements (and usually the outer appearance) of ma
(s.d.) animals
VLiistets?2 Mise 5, fn O ddzg fif ldstinelg jH dylsdetg ,dzdAsJG LS
(Witej d3tsgor ff tsdzdzgw & Nglzj @POMhpodw ddzd 6§ jtOyd
(2007) LOHOdzdzts?2 oSGt OARZBRES 2 .

A device carrying out, independently, without direct human intervention
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some agdbns or transactions in accordance with a predetesdnprogram.
. . any of various mechanical objects that are relativelyg@fating after they
Britannica ) .
have been set in motion
Oxford a moving mechanical device made in imitation of a human being
(2010) a machine which performs functions according faredetermined set of
coded instructions

By a simple count of the occurrence of the most significant terms, wordsfitileehin® ,
i me c hani mechadismaakedargéinumericalprecedence ovehe othershighlighting the
fact that the mostoticeable trait of these devices is their mechanical naltewed by the ides
of Amotgemer ian difia pre rt appeamasda;less important trait

Most oftheother terms occur only onc@dicating that tesearethe mostvariableterms,or at least
perceived asot essentiain definitions. In Fig. 1, agraph summarizing the aboyés presentedfor
occurrences equal to or greater than 3

25

v

machine

20

N v
operating ’
motion
10

imitation )
bein :
g autor‘nancp0 er human .

own

Fig. 1: Terms occurrence in automaton definitions(valuesO ) 3

Another study of definitions can be performed lgroupingterms incategoriesemerging froma
thematic analysis, as it is usually donsatial sciencesesearchebased upon content analy$is

The featureso f fi a u t conoeptiapperndnore various as shown irFig. 2: they aremainly
associated withthe ideas offimechanismd ndafiselfd, thoughrelationships between sonwther
categories can be found. For instancemplementaryc at egor i es l i ke

Nngen

2Such analysis can be defined as a fiway of di scernin
meaningf ul p a [B47fe Thereby tlenore suitablmappraach seems to be the Qualitative Content analysis:

within such approach fAmeaningfulness is determined

by

can be analyzed and synthesized from multiple angles depending grariicular research or evaluation questions
bei ng a {3d7] €ontent ahalysis has been defined as a systematic, replicable technique for analymiseteixt c

by categories based on explicit rules of codj848-350]. A broader definition by Holstj351] defines it & any

technique for making inferences by objectively and systematically identifying speaf char act eri sti cs
According to Stemlef352], it can be a useful technique for discovering and describing the focus of individual, group,

institutional, or social attention.
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shape

imitation

power - ) movement

control mechanism

self generic action

Fig. 2. Emerging categories in automaton definitions

As we can see, is amultifacetedconcept not necessarilyattributable toa single objecbehavior
and activity, but more often to a systemith respect to both components of the mechan@mdto
apossiblemultiplicity of interactingautomata present tether in the sameontext

To better represent sucdomplexity we havechoserto refer toautomata at flautomagé d sy st e ms
in the title of thiswork.

1.2.2 Automata Features andNeed for Classification

Strictly connected with theeedfor concept definitionclassificationcan bean interesting means to
understanchow scholars have been referringaotomataalong time Unfortunatey, taxonomies
were generally not possibfer many reasons: firstly, becausaturesattributed to objestcalled
automataare not the same in all periodben, becausscholas 6 p o i n ta® nobd dnifonmi e w
based ondifferent skills, knowkedge and investigative purposes; finally, becaile scholad
interest has often focused more on external description technical issuespn specific

implementatios or on individualdesignes thanon automata inthemselves

One of the rare essay @xonomy has been made Bygliara[67], who, whilestudyinganimated
and seFmovingancientstaties,identifies 4 categories

1. perfectcopies of livingsdescriptions of art objects emphasizegk#s of the artistwho can
make them loolsorealistig thatanyonecan think theyhavetheir ownsouk (e.g.Myrond s
cow cyclein Anthologia PalatinalX, 713742 and 79%98);

2. statues abled lose immobilityimagesto which sources attribute potential and unexpected
behavias, produced by inexplicable magior by a miracle(e.g. Galateia and Pygmalion
Plutarch,Camillus VI, and Coriolanus XXXVIll :aJuno6és statue woul d
Camillus at the presence of many people, while in the second episode, a statue of Fortuna
would have spoken to the Roman women as)well

3. simulacraartfully speaking statuesthat charlatas, initiates, priestsand magi@ns make
move or speakhrough devices able to produce the desired tempeffagt ina spellbound
and naive audiencge.g. Diodorus 1V, 51: Medea would have build a statoé Artemis,
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filled with all sorts of magic potiongvhich would have been ablé grotecting the town of
lolco).

4. seltmoving statuegexplicitly called fiautomp): simulacra aredesigned and builas self
moving, fitted with hidden mechanisms thafter a humaninput, allow a movement of at
least some partsf it, or the emissionof sound by meansof techniques based upon
scientific laws The term fiautoma is then referred both to anthropomorphicand to
zoamorphc figures, and, finallyto systens (such as fountains, clocks, hydraulic equipment,
theaters), within whiclthebuilderhad puta mechars m faatamati® motion.

Pugliaraalso states that in the first three types of statues the illusion of movement prevails, while
the last type is the only one in which the movem#rdugh possibly partiais real. The author also

drawst he di fference thteet weenf iasei mabhedé pEpogEe s ) ,
mimetic perfectiorc el ebr ati ng bhadépndafmpoivego ( Gthedb,ui Wiler & «
aim is to show his exetsrdgor di nary technical sk

In sane casesautomata are studied as part of a broader context, as the histeghoblogy, in
which they are placed, for instancdyy Bedini [298] as thefirst step of the development of
mechanismsble to mimic actual,enhancegdor dreamedchumanskills; Belardi [307] studies the
term etymology inconnection with the concept of machine in ancient Gredtatre [345]
emphasizes the importance of feedback, peilfogrthe same (or higherjunction asthe senses in
humansjn orderto discriminate between mechanization and automation

Rather than idetifying somearbitrary criteria for automaa classification we have preferred to
point outsomedimensiongeferableto automata descriptions

1 Built/imaginedautomata along thisdimensionare located the variodgnds of automta,
depending on whether they were actually implemented (or at least completely designed, and
thus implementable) or onlfyigured outby the imagination of a writer or a podéh. some
rare case, it will be evident that both features are referable to theaséoneaton.

i Static/moving automataerhaps the oldest sorting, made by Heron himself in the prologue
of his Automata Though movement is always present, the author distinguishes moving
automata, that is sethoving statuegposedon a movingstructure, fronstatic automata, for
instancea kind of miniature theatewherescenes take automatically plateit only parts
of the scenéi.e., ships men, dolphinsaremoving

1 Usefuluselessautomata this is undoubtedly dimensionfar from themindsetof thosewho
described odesignedautomata duringhe consideregeriod;some scholarf353-355, 140,

97, 356357] emphasizeduch feature, mainly while comparing Greek or Western automata
with the Arabic onesAs a matter of fact, we must remark thegtfirst sight most of ancient
automata actuallyd o thhave practical use foreverydaylife. In addition, he massive
presence of the theme of wonderd ¢JU and the substantial lack of infoation on the
actual implementation of automaley Heron andby other technicianshave often led to
think that they may not beonsidered usefuhot evenby their designersin spite of what
Heron writes in hi?neumatics™. We shouldhoweverpay attention not only to tHéeral

** Pneumatics |. Proemium 450 G soit G g ¢ ~ gketm U 4 diU 0 UU&dg do Wsliszti Us s &Uars
t0 UsUUéi¥ige  otlzdsoolmalyssdd e Ullbes23UooUs & Ubrdllley etlaUd
U6 g,lst ettfid) o sUh ¢ Ul e o 1istkal 3 @As a matter of fact, by means of the mixture of air,
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meaning of the word (& Ubut also to the u t hte ainsas statedby Tybjerg[76] for
Heron the Greek authohas probably undersized his interest in the practical usefutriess
his works,in the belef that hisresearch wouldappearof lower quality, becausef the
ancient culturepreference forabstract studiesAnotherinterestingremarkcan be added
pertaining the pseudcAristotle 6 Broblemata mechanicaalso known asMechanics a
content technically connected with automatahe treatisé® dirst sentenceis precisely
AOUges OUUIBs 2 oU0WUos3 G gelbrifigeasn 3 @0s Ul gz, G0W)
GOo30,U03 00Uk sltlad §geylc 3 d-8e j e o™ @ we can se¢he
author immediately emphasizes the function given to wondmth as a preliminary
motivation indispensableto any researchand as an attitude that mustattend to the
investigationwork itself *° [79]. As Ferrari [55, 58] hasvery well stated however, the
Pneumaticpaved a new way mechanicsas a matter of facgpecificdevices not related
to everyday usewere madebothfor principle validationpurposesand to provoke wonder;
andthen, we might add, taking into account pitg/siciansto-be, that isthe mainrecipiens
of works about pneumatics, tcstimulatethe desire to understandnd possibly imitate)
devicesoperation.In any cas€édemonstration issues, or stimulation to leaghi usefulness
candt be excluded.

1 Things/Beingsit appearghat, over the centuriepoets,writers, designers, and engineers
described and/or designed and implemergeen for different purposes

o manmade artifacts that is things like tripods, orvessely that spontaneously
performthe function they were built fokvithout any human interventioin some
casesfteraninitial input;

0 representations of living beingglénts,animals or humans) capable of performing at
least one othe actions theyo in the environmentg(g.,to rustle,to sing,to care for
the offspringto shoot an arrowmo talk).

1 Simulacra/AutomataDe Solla Pricg358] definesa u t o mareahangss dasigned by
ingenious artificers to simulate the natural univeérse ama#les a distinctiorbetween
fisimulacra (simulaing device3 and flautomata stricto sensu (selfmoving devices),
correspondingdo thetwo traits of automatayoth useful to illustratéhe gradualness of the
study ofliving beingsin mechanical termgy constantly adding more complex features.

1 Seriousnessin: in presenting the two main fields of activity (mathematics and mechanics)
of Archimedes, PlutarctMarcellus 14,3-emphasi zes their/ Owmaspol
seriousfunny subjec}, pointing out that the genius of Syracuse hhdog reluctantlybuilt
machines only at the invitation of the local tyr&fieron I, as proven by the total lack of
writings on the subjedB859, 80]

1 Duty/entertainmentSherwood184], while introducing his works about Medieval automata
in literary sources,divides automatainto fimachines assuing] human shape and

fire, water and earth and combining three or four principles, varied arrangements can be made; they both provide the
most necessary needsafr life and showanastonishing wonder o
1 A Surce of wonderare both phenomena that occur naturaliyhose cause is unknowmnd on the contrary,
phenomenahat happen thanks toterventionand ski Il Il s of man, for his own adva
“sychaviewoiwvonder i s pr e sTheaetetufl6s dy and imthePworks by Aristotle KletaphysicsA
2, 982 b;Rhetori¢ 11, 1371 a 3b 9; Poetics1448 b 4, 419); in particularin the passagfom the Rhetorig Aristotle
says that wonder is inherantthedesire to learnand both are source of pleasugguallydelightful, as the philosopher
says is imitation, sinceby matching mode&nd result of imitationye feel pleasureand learn something.
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perfornfing] certain specified duties; such as, defending the entrance to a castle, guarding a
bridge or a treasuée a nthers, finathe likeness of birds or beagtghich] are intended
merely forentertainmerntt

1 Input visibility/invisibility: the purpose of the automata builders is generally to hide the
device operation to spectatoss, wheneverthe event which serves as inputisible, it is
camouflaged or placed in a context that preventSence fromimmediatelyinferring the
relationship ofpost hoc ergo propter hdeetween causes(g.,fire ignition) and effect (door
opening) which would negate the element of surprise

These dimensions allow us &pproachn a less superficial wathe automagd systems studied in
this work, highlighting common and uncommon features

1.2.3 Historical Period Definition

As stated by Randell about the origins of computer programming, a subject related with automata,
AOne of the di ff ihistorical origirss ofafkub is t® degidesvherego begine
[360], since this involves the identification of an event or a figure considered crucial fibvethe

we could add that, in our casejs muchharcer to decide where tend, given the impossibility to

cover the whole subject history until nowadays.

If for the beginningt is relatively easy talecide tostart with he oldest sourcesis most of the
historians have already doriejs much more difficult tddentify a monent thatcould represera
real break in the history of automatand generally speaking, in disciplines connected with our
subject We have chosen to end withe Renaissance for sever@asons,both intrinsic and
extrinsic toautomata theme

Firstly, the Renaissance is a historicalnd culturalmoment in which a new attitud®wards
automataappears: theupernaturaélementin some waynativein their design and implementation
sinceAntiquity, becomes less and less importamd italmost'® vanistes, replaced by science and
technology.This is due to a renewed interest in kmowledgeof the ancients, aimed atdeeper
and correctinderstanding, naitits adaptation to Christiatyi, as ithadhappened during the Middle
Ages The Renaissandatroducesthe beginning othe passage fronsupernaturato technological
wonder which will be completed with the baroquethen some deviceswill become even the
subject ofpoems beginning from Italy, with the poet @ian Battista Marino (15694625, or his
follower Ciro di Pers (1599663).

Secondly, after the Renaissandesignergfocus will permanently move from th##imensionthat

we previously defined aamulacra/automatdhat is from external appearantethe application of
mechanical principeto theimitationo f | i vi ng b e(i nges 6D g@shoyasri tod, 08y yi d
or Vaucansonds duck).

Theconnotation of thevord mechanicshanges profoundiyassociatethy the Greeks with the idea

of deception ¢f natual laws), and during the Middle Ages often connected witmat always
orthodoxesoteric knowledgeat becomes (at least partly) fré®m such negative nuances. The so

16 Statues thatre told to weep or bleedbject ofgreatpopular venerationuring the Baroque mainly in ltaly and i
Spain, were never referred to as automata, though the term was at that moment commonly used and their behavior
essentially similar.
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called estorers of mathematics (as Mauroji€@mmandino, Tartaglia, for example) often insist on
the nobility of mechanics, due both to its mathematical foundaéind tothe distinction between
scientific knowledge of the principlegtypical of scientists and work based exclusively upon
experiencewithoutany theory comprehensiooharacteristic otraftsmen [361].

In this period, themost powerful kingschurchmenand lords in European countriedorel to be
surrounded bynirabilia, which werekept inthe so-called Wunderkammeand becamesometimes
the first part of large collections [277]. the predilection forthe uncommonnfor aesthetic
appreciationand for wonder, combines with the need waderstanchatural phenomenéahalfway
between art and science

Finally, after the introduction anthe spread of printing with movable type, the dissemination of
classical texts andf their interpretations or comments be® much easier amgbssiblyquicker
than beforetharks, in particular to thetranslations into the vernaculanguage$362].

In Ch a p avansptoposto il Atomatad ans | es o0 e u v (284, reféning tovthepiyn at 1
of three stageby the French philapher Auguste€Comie (17981857) the authorstatesthat they
arepresenteven in the history of autonatas from the early automata until Renaissance, aleey
witnessing events of mystery and wondater, during the 18century, theyare a useful toolor

scholars to try to recreate lif@machinisme utilitairg); thenfrom the time wherdesignerscould

rely on the use of electricityautomata were also equipped with devigeorder to make them
perceive, and toncrea® their resemblance to humans,ab least with some daheir facultiesIt was

not a crucial point in our decisiomlthoughthe chronological coincidence seems striking we
could see, by considering a wider range of so

1.2.4 Method

In order to study automata froAntiquity to the Renaissance, not as a phenomenon historically
done and finalized, but as a prdtistory of robotics,it is manifestthat, whilethe analysis of
specific implementations coukhowdesigner8expertise strictly connected with their mechanical
skills and knowledgeit would not sufficiently highlightdesignfeatures in a more abstraavay
(what we now callthe firationak Y in addition, the study of literaryor, better, non technical,
sources that are totd§ lacking in technical details,would merely contribute to create an
atmosphere of past timeand wouldrepresenpnly a catalogue of curiositieBor this reason, we
decided to focus more on describihgsign principleshan on specific implementatios

1.2.4.1 Milestones

Donald Knuthwasprobablycoping withanalogousssuesin 1972,when he decided to approach for

the firsttime algorithmsin Babylonian tablet$345] and to consider them @asremote momenaf
computer sciencevolution sincehe writessi One of the ways to help
respectale is to show that it is deeply rooted in history, not just a dha@t phenomenon.
Therefore it is natural to turn to the earliest surviving documents which deal with computation, and
to study how peopl e appr oa c hspedificimplemestatidng (sucht n e
as cuneiform notation, sexagesimal number systemot essentiaily his eyesTo adapt hisdea

to our context, itisenoughtoepl ace fAcomput at i shoréen the térrh frofr o b o
4000 to2700years ago
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As outlined by De Solla Price[363] in the 196G, the interconnection between laranch of
philosophical thought (thenechanistic philosopflyand the making of automateas been often
discussedby analyzingthe history of technology (since Egyptidimes, he stateshoweverthat
ficontrary to the popular beli that science proceeds from the simple to the complex, it seems as if
mechanistic philosophyor mechanicism, to use the appropriate term coined by Dijksterhulisd

to mechanism rather than the other veagund We suggest that some strong innatgeutoward
mechanistic explanation led to the making of automata, and that from automata has evolved much
of our technology, particularly the part embracing fine mechanism and scientific instrumentation.
When the old interpretation has been thus reverbedistory of automata assumes an importance
even gr eat epavingthaway tb anfinterdisciplinary research about the subgeliso
admitssourcegraditionallydiscardedn the study of automata.

1.2.4.2 RecentStudies

In more recent timegn the history of computer science fiel®andell,in his reconstruction o&
Aparti al c therongm® df avmputer pregrammifige0], has followed exactly the same

path inthe study ofworks bymenlike Babbagewho in a strictly chronologicaensecannotbe
considereda computerprogrammer thoughB a b b aeffet lsave undoubtedly been connected

wi t h the s amemeans foruspecifyirgia sequenteof @oices, among a set of possible
machine actions, inugh a way that the machine could carry out the sequence completely
automaticallp Randell was not so interested in compiling an exhaustive chronological catalogue of
distinguished scholars amaorks: heratherwantedtoin pr ovi de at | e at®ns ofs o me
the nature anthe extent of the intellectual and technical achievements that were involved in a few
sel ect ed d dating bagkyimtaenpeggetl cylinder caieectlyto Heron of Alexandria.

In the last few yearsmainly concerning Greelncient technology7-8], we have witnesseda
substantial renovation of the studies: the work of Homer is thoroughly analyzed as a historical
sourcefrom a technologal point of view even facingpractical issueselated to automatauch as
energy supphand automatic controthe importance of itk new approach is twofold: first, litena
contentsare no longercomplementary and ancillgriput they becometrue historical sourcg; and
secontly, suchliterary soures are subjected to a more compdealysis which takes into account

not only the feasibility (not alwaysrovablg, but the overallandscap®f technological knowledge

of theconsideredges.

1.2.5 Facing CrossHistorical, and Interdisciplinary Comparison Issues

As we have already pointed out, a careful search for any sources is fundamental, in order to
reconstruct both the technical knowledged possibly the social perceived presence of automata.

Providing a historical reconstructioms wide and accurate as possible can certainly help to
understandinks of similarity and causamongcharacters and eventhoughfar in time and space.
However, especially as regards the prehistoric and medieval periods, sources oftervenypear
different inimportance andradiion, and byscaraty. They also are not uniform, because of their
inherent variety, and therefore difficitt compare in several respects.

7 A Dutch historian of science (189065), who studied both Ancient and Renaissance figures of scientists.
22



This need to ensure asuchuniformity and consistencgspossiblein sourcedata gatheringwith

the aim ofsubsequent comparisoasd analysissuggestetb uniformly organizeinformation about
automatan a datebase, whera large amout of data(text, source referencémages, biographical
information about the author, historical dataout he device for example) related teachinstance
could be storedData base entriesave been designed to contairhese reachable'®, both the
original author name antkxtsin the language of the culture in whitttey appearedandin English
translation, for reasons @fccessibility Wherezer no English version was availabjet has been
speciallymade In the following pages, the text of the source is given whenever its length makes it
reasonable (< 10 lines), unless it can foend in the databaseat the following address
(http://www.cyberprof.it/automata/)To witness the research in the contents of the database,
(possibly multiple)tags refering to the most commosulthemes Walking statue, birdopening
door, and so ohhave leenadded to any single entriEmerging classes have been linkecvery
single entry only at the end of the collection.

A second data base has been designed and implemented in order to collect data about manuscript
containing Greek texts of ancient erggns, and their Arabic and Latin translatiofise creation of

a database was necessasince it was essentidb keep track of data not only on individual
manuscripts, but also, whekaown on owners translatorsand copyistsWe decided testore data

in the same information structur@s one of the most famous online datalzasé scientific
manuscriptswww.jordanus.orgOur data base was gradually populated thanks to critical editions

by Schmidt, whosadlistinction between older and newegcensioo f Her o m@susedvasrak s
classificationstandardalso for Latin translationsandby De Solla Pricelibraries catalogueson-

and offline manuscriptslata basespecific essaygnd direct examination of manuscrips it will

bewidely shown in2.5.2

1.2.6 Representing behaviorand design principles animation vs.UML

Since, as we have repeatedly stated, the focus of our attention is not semamécificautomata
implementation, but rathen ther design andehavior, the probleraf afaithful representation as
uniform as possible arisesa different approach, baseoh a standard, (natural) language
independent representation of automata behasfauld be used.

The first solutionconsideredwas to represent thelesign and behavigorinciples of individual
automatahrough animationit could grant:

1 (natural) languag independetse, thus immediateomprehensibility
1 acompletebehaviomrepresentation

i atractiveness

9 abstractionof implementation

On the other sidean animation:

T candét full y e xpodsiblyneedsadmie cadgtient ai | s, and
1 is not alwaysculturallyindependent

18f the autho 6 s n a umknown,arstead of leavingldrk author namdield, that would be common to many
entries even not related to each other, we preferred t
followed by the century.
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1 is based on a picture, which is strongly subjective, mainliftéoary sources
1 candt f designpyinciplédso w
1 is still astandaloneinstancethat camotbegeneralized

Based on theseemarks we considered nme fitting (for our purposé to modelautormata behaviar
with UML diagrans (http://www.uml.ord). The diagramthat can betterrepresent the temporal
sequence of actions an(@ossible)interaction amongactors and any automatedsystem is the
sequencaliagram which shows how and in what order processes watk each anotheln case
of very complex behavior, it will be useful to representsysemwith an activity diagramtoo.

While the historical reconstruction made it possible to place the gagotomata in the moments
when they were invented or implemented, the classification has allowed the identification of the
recurrence in different epochs also of automata with similar characteristics and behaviors.

But we thought it might be interesting avolutionary analysis of the automaton idéa,the
framework of memeticsas a matter of fact, bysing themostsignificant featureg¢appearance and
behavior) thathave already emergea kind of DNA of the automaton ideaould be drawn
characterized ¥ the presence or by thebsence of specific trait3his analysis is presented in
chapterd.
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2 Automated Systens from the Antiquity to the Renaissance

Beforecopingwith historical problems, it is useful to spend some words about an apparently minor
guestion,setby Rossiand otherd74] in recentyears.Canthe aim of an automata ktory be the

study of the origins of roboticd® their work, he abovescholas remarkthat differencesbetween
automata and robotgre so definite '°, that automata history canonly be a tribute to
Afscienti gtcg/adn gimeeaer sof t he past centuries foc
authorsmoreoverc oncl ude t hat Afaut omata are interesti
knowledge and of human ability to invent new thinigsnay be excessive to thinkahin some of

these machines science and technology joined art and poetry; while admitting the excess, we
embrace the thougt.

Even though wéargelyagree with Rossi ancblleagueswe have toremarkthat, from our point of
view, focused on desigand ideas,ratherthan to actual implementatisnthe above mentioned
differences appeaspertaining to objecta/hich could beset at theextremes of a continuuror, at
least, & two distant moments in thehistorical evolution of the same idea, charactexiiz by
tremendouslylissimilar technology levels.

We would like to add some words abaricient automata and thdireal or supposgdack of
utility, sincemany scholars insistn such an issue sindntiquity [80]; in addition to what we
remarked inl.2.2 we will see thathisis not a constarfor all automatar periods, and thancient
treatise, which are full offiuselesé devices designswere meant as an introduction to more serious
subjects, such as ballistics or pamicetics, and were therefore far from being useless.

2.1 The Myth of Ancient Egyptian Automata

Chapuis[284] and De Solla Pric¢363] quotethe most ancient instances of devices that can be
considered aproto-automatathey arethe woodenEgyptianarticulatedstatuettesdating back to

the 12"-13" dynasty(20"-18" century BG now housed ahe Metropolitan Museum in New York
Their mainfeature isthe fact that their arms can perform some movesyairhilar to the human
ones: such movements however are not automated, but need saoemve the arm, fixed to the
body by means of a pivot.

Another essayo imitatea human behaviofand ths time withoutevident externaparticipatior)

had been made byuilding statues abléo emit a(musica) sound.Probably the bestknown
example located in Egypt, even though in the Roman peraovd the colossal statiseof massive

stone of PharaoAmenhotep llI(though later referred tasMemnon?®) near Thebes, quoted kye
GreekStrabo(65 BC- 25 AD) in his Geography(XVII, 1, 46) in the £' century BC according to

the hearsayafter an earthquake in 27 B@e only one statue that was stilltiee could producea
musicaltone as soon a#t was struck by the rays of the rising suprobablydue to increasing
temperature and humidittrabo refers he haxttuallyheard the sound, batso thathe absolutely

could not identify thesource?’. Some years later, Pausanias visited the country and reported that the

19 As the authors explicitly point out, such differences involve fundamental features, sugiragraenmability, almost

absent in automata; the muttegree of freedom, heavily limited in automata; the need for utility, very rare in automata.

% The son oEos, the goddess of dawmMennu, however, is the Egyptian wdat the funerary templef the pharaon.

2L it is believed, that once a day a noise as of a slight blow issues from the part of the statue which remains in the seat
and on its base. When | wasthose places with Alius Gallus, and numerous friends and soldiers about him, | heard a
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tune could still be hearff. Greek andRomanvisitors used to inscribe a sentence or their own
names on the statue lelg$4-366];, such graffit datefrom 65to 196 AD[367]; soonafter that time
the statugafter a restoratiosponsoredy the emperor Septimius Severigl5211) would cease

to give forth musical soundsand,therefore its fame vanishedbu its namewill be usedlater to
refer toan automadn, the memnoniumthatproducs music using solar enerd¢$68].

Pettorino[18-21] makes four assumptions about the origin of the phenomenon:

1. Temperature rang@atural event)

2. Presence of cavities (natusalen)

3. Contrivance present in a specipartof the statue (artificiabvent mirror activating levers
that pressed a keybord)

4. Stories or collective illusion

He immediatelyrejectsthe first twohypothesis: such a phenomenon would have happened also
elsewhere;but we haveno news aboutnother similar occurrencelhe fourthone has been
discarded by historiansince such an agreement among witneséeso different agesappears
impossible The third hypothesis, that ofreddendevice is the one Pettorinconsiders most likely
since the timewhen most witnesses livés the same as Heronsa: suitabletechnology was
availablesince two centurie¥.

Such an assumptiowould also explain, accding to the author, why afteéseptimiusSe ver us 6
restorationsourd would have ceased, since, as we are referred by the histdtiars Spartianus,

the emperor personally visited this plaeand it was likely in such occasion they trick was
madeto disappearWe are obviously still in the field of hypothesesnceno evidence has been
found at the moment.

The subsequentevel of complexity is alsopresentin ancient Egypt: talking statudsr, better,
giving out sounds that could be interpreted as words uttered by a divine worgeXd by means of

a trumpethidden in hollows leading down from the moutlin the 1930s the Egyptologist
Loukianoff [286] studieda statue housed at the Egyptian Muséni@airo Catalogue 86143), the
bust of ReHarm&his of Lower Egypt such artifactvasa large white limestone busft the god,
andshows an orifice where the priesstould speak in order to amplify and alter thersds of their
voi ces, si mul at i n gFrankiueer[369| sagssthatheostateavas €arved aihec e .
Roman periodinferring such datdrom the armor styleandsuggestsonsideing it as a chapter of
the universalhistory of religious hoax370]. Charles Boreuxwho was curator at Louvre Museum,
in 1929 studied371] a panted woodemaskof the jackal god of theehd(Anubis) preserved in
thesame museurthis very small item (17.8 x 11 cm) was alleged to be a divinatory mask, used in
order to deceive an audience, siitsdower jaw is movabld_ater studies on this object (N 4096 is
its catalogue number at the Musée du Louvthat put it correctly in relationship with other

noise at the first hour (of the day), but whether proceeding from the base or from the colossus, or produced on purpose
by some of those standing around the bas@nhat confidently asserfor, from the uncertainty of the cause, | am
disposed to believe anything rather than that stones disposed m#hatn er coul d send forth sc
Hamilton and Falconef,9031906

227 Hery day at the sungst sends fortha soundhat can be compared tharp oralyrewi t h a broken st ri
% geeinfra 2.3.2.1 where a similar device alleged to Ctesibius is quoted.

2 [Elius SpartianusSeptimius Severus, Historia Augudt& ,  4fuisse] Sévierus ipse postea semper ostematit et

Memphim et Memnam et piramides et labyrinthum, diligenter inspesiihce then he always showed to be severe, as
hevisited both Memphis, and Memnon, and the pyramids and the labyrinth.
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contemporary findslating back to the end of thé& tillennium BG led to exclude that it codlbe

usedfor such a purpose, due to the presence of holes on the edge and on the ears of the mask. They
were probably used to fasten it to a pseadoope (an imitation of a vase containing the entrails of

the dead)if so, the represented god wouldeuamoutef, a protecting sprit&72].

Even though in ancient Egyptian inscriptions, in literature or in archeoloyice, we have no
actual evidence of automata in Egyptian culture, we should face the fascinatitgproue
animated or living statues, thatstatues where the soul of the fmtidesss thought to beesident
[373-376]. At theend of the 18 century[373], another Egyptologistasperowhile admittingto
havingno extantinstancesbelieves thathesestatues wereertainlyfitted with devices that alloed

the movementso thatthe faithful were certaito have received a response from the god depicted

the statue He also gives a careful description of theselarger extant statues, adding legends
referred to renown places and kings, that would confirm his conjectures: for instanteyould
result in an unknown inscriptiomueenHatshepsutvould have sent a naval expedition on the
incense rout¢hroughthe Red $a, due to a message from ArriRa, heard in the Karnak temple.
Even if we admitthe existence of thiaritten source, howeveit, would bean official text, intended

to justify, in the eyes otthe subjects an uncertain ad costly initiative, promotedso much the
worse by a woman. It seems enoughestablishthat the content is not conclusivdaspero adds
eventhat arms and head were openly moved by prieststhafaithful werefully aware of their

role as intermediailes While such statues have absolutely nothing to do with automata, studies
about this topic have probably suggested to some superficial readers the idea that, in Egyptian
tombs, temples, and pyramids, actual autanwgere commonly used. If we also consiBer Solla
Priced s r e manmismis ab thd very root of animatiof800], we can explain why for such a
long time people hea continued to believe in Egyptian automata; moreover such legends have
gradually become so likely that in some worksholars give also a picture of such automata, that
would be described in necessarily unquoted hieroglyphical inscrig286%

As an explicit connection between Egyptian and Gredtur®y we have a Greepapyr® on a
certain PHotas,a prieg at the sanctuary of Apollinopoli®ow Edfu) who clainedto be able to
restore fertility tothe Thebaid, ravaged by drouglthis was clearly some kind of hydraulic
knowledg€100].

2.2 The Greek World

Whenwe aretalking aboutancientGreece, it is essential toghlight the geographical discrepancy
which exists between the current ahd ancientoncept.The Greek worldn fact, though with ups
and downsalongthe centuriesincluded in addition tavhat wecurrenty call GreecetheBlack Sea
andthe Turkish coastglonia), the Libyan coastsa large parof Southern Italy (Magna Graecja)
the Mediterraneancoasts of Francand Spain and, after the Macedonian expansioaf the A
century BC even Egyptand the Middle East.Such awide geographical extension has never
corresponded tgolitical unity, at least until the Alexandnaage. Greek politicavas mainly
characterized bthe secalled particularism: the individual cities were separate administrative units
almost always at war with each othétonethelessfrom the civilizing point of view, ancient

% |t is housed at the library of Warsaw university (P. MN 140153) and it datesabatle late § century BC
(http://papyri.info/ddbdp/sb;6;9302/image visible ahttp://www.papyrology.uw.edu.pl/papyri/pmn140153.h#out
hydraulics in Ancient Egypt, see aligY7].
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Greeks felt part of a larger communitthat included all Greekitizens The most significant
evidence of this spirit were the Rbellenic games(Olympic, Pythian, Nemeamand Isthmian
games$, during which the ciesentered int@rmistice

From the cultural point of view, the Greek world was substantially uratediproducel a corpusof
works in the fields ofiterature,art, philosoply, matrematics, and sciencevhich is stilllargely at
the basis of Western culture.

2.2.1 The Golden Age ThemeU Ue U U@gedd b

As we already said ir.1, whenthe wordU Ue U Ufasf appears inthe Greek languageits
meanings far from the reference to a mechanical deviceather alludes to any event that happens
spontaneously without externalagency such aseither a human being whaloes something
unsolicited or an unanimated object that begins moyiog performing some actionby itself
These two mairmeaningsare attestedboth in Greekand later, in Latin literature even though
sometimes the idea igteredwithoutexplicituseo f t h e Usavld U/ @ufotdatug378-380]:

1 Referred to mebehavior

o Homer inlliad (Il, 408: UUfhe UUg dtodiy 3fBeUd 7z U3 ymd e d
unbidden came to him the good Menelaus, at thecnar

o Aristophanes inWealth (11891190): ¢U G Poy v GGdisd, /
UUf ¢ WE & gZeus the saver is coming there spontanedusly

o0 Plato in Theaetetus(180c): Theodorus describes to Socrathe spontaneous
succession of philosophical schotis

0 Petronius inSatyricon(L): Plausum post hoautomatum familia dediAt this the
slaves burst into spontaneous applause

1 Referred taconcrete or abstraobjects:

o Homer inlliad (XVII, 372379; 468473 Hep hae st us Gripod ando mat
bellows(see2.2.2.9;

o Hesiod inWorks and Daygll. 102-105): diseases spread like a ghost all over the
world ?";

o Herodotus irHistories(VIII, 37, 2): seltmoving weapon&®;

o Thucydides inHistory of the Peloponnesian WgvI, 91, 7):ed U7 et § U
aUUUGa Ui Ulelblbeyd ¢ W3 oadidyaWhe BBUS
(Whatever property there is in the country will most of it become yauttser by
capture or surrender)

0 Aristophanes in

®0eoeillyitiyg) e g ebBddhedditéi 63 s Uleddd Udg"sWlaglioYlddd, oU
*UUy e 80 eigs 11l U ai y 8 Rupils of one another, but they grow up of themselves, each one getting his
inspiration from any chance source, and each thinks the other knows ndttainglation by H.N. Fowler (1921)
galicosdy L  Gioflpp W 3ga/UUpheUUcd o Badsilss Gy eg,dUEI¥/3 (oo
“20aa00c6 & d UbWdilue”a @b d pafpdmy UGfthéhsselves diseases come upon men continually
by day and by night, bringing mischief to mortals silently; for wise Zeus took away speech franitia@slation by
Hugh G. EvelyAwWhite (1914)
BdegUszep dBle oMyUliUe§ esUhOUUE Udrs ~ § 6 o Ua ¢ B\atelldiis indeed it
is, that weapons of war should of their own motion appear lying outside in front of the Jwengation by A.D.
Godley (1920)
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A Acharnians(l. 976y UUR e UGrBa00dU t yo U 6} a gAll Gabd
things flow towards him unsought
A The Assemblywomélh 730-745): the character speaksfternishings®;
A The Wasp¢ll. 936-:939): the character calls a plate, and more kitchen tools as
witnesses®.
A Wealth(l. 476Y Ui ¢ = Usdli (oxs B¢}, e 36O cudgel and
r ope @ n dtyouwoma td my help?
o Cratesin
A Beasts(fr. 16 and17): the two fragmentsespectively refer tditchen tools
andto courses, able to work and cook by themselted)athroom objects
(water, basin, spongsandalsworking by themselve¥. In the first one, we
also havewo dialogues: the first isbetweencharacter A and B; the second,
betweencharacter Aand a fish whichs notyet cooked on both sideso it
candét putplatet sel f i n the
o Plautus inThe Forgery(l, ii, 54-63). a” U} U a & & g gasaklqusithyro)) a topos
or lyrical poetry wherethe lover wants to enter the @slroom, but the door is
closed, so hés forced toremain outside, speaking about his feelingsPlautu®
comic version, theharacter begs ttaoor boltsto open and to let him in.

364 d¢ 'ﬁli’lwgsﬂg; Olsfe 3/  vp3 000y SRU-RGK
/lgst dWoaly MG} GJL!IGJ 3 9 3o padly o bga ir s U
g VBQdhRMIMBY Uea § d,qeee e . llyyq) ddUi Uds
P9 dﬂlgj"a 9, " 98 aaz‘?sngug’Uemng’ﬁa‘?‘a ad ilzcrlpss g asU
uoUs ydysgsé 3Us (o ¥Yledb ~ )} 6 TWard ) /ml) e aJasgfthag@Uda aadd e U
U) a 3eyis lolWB aeoagdedlg Uy Rdi a88 6 ae @ a UCbbhe hither, my beautiful sieve, | have
nothing more precious than you, come, all clotted withfliner of which | have poured so many sacks through you;
you shall act the part of Canephorus in the procession of my chattels. Where is the sunshade carrier? Anpbhis stew
shall take his placeGreat gods, how black it is! It could not be more so i§ityates had boiled the drugs in it with
which he dyes his hair. Hither, my beautiful mirror. And you, my tripod, bear this urn for me; you shall be the water
bearer; and yow,ock, whose morning sorias so often roused me in the middle of the nightrid see hurrying to the
Assembly, you shall be my flugirl. Scaphephorus, do you take the large basin, place in it the honeycombs and twine
the olivebranches over them, bring the tripaaied the phial of perfumegs for the humble crowd of little potswiill
just leave them behind.
®00d o U(AU@(B eY) Ugpedagvybaglrg Ug JOusdlisy i b blisesmtilhge;Uh o §@ ¢ Yy W3
i UydldaaU0a 00 dy 6 u a U a Oa it ypwrsHlf. | go to call the witnesses; these are a plate, la, @est
cheese knife, a brazier, a stpat and other halburnt utensils.
SlFr 16:( 1°y Us Udle dite 8 o Ue Uk &i 8 U ofgdma dld L'lTJuL']zs; oy} ¥3 UgddemedUs
douee'aslyld; o0 3 oo - ese/u(nr)UuUUUGLﬂJU@ oy ¢d3 " ) hulfl]edUekJuUtha;
GdaUg U;UcUkaeUs«g’U; U Uy dve” gl U; UﬁJeLUUg (tevsUdligle: U o° om;aJIdUd'Uscu &
oi obowes 8Ll UgUesyYh Uowelils c U) B3z 3030 UalcdbYdDowad Uy 6y
dYyBUURgs/@ocgdUUG UG Ghsidd Y 0:Lbelda & ¢ A )And sé no one will own a slave neither
male nor female, and each one willservt o hi msel f, e v &athing & all, bedaukse Il m&kéall ( B) :
objects audt mat ed .Wh a(t A)axdviant age wAllfurnishingsewill cd nek,e ?iof (BoGoeeline c a
table, set by yourself. Knead, little sack. Pour, jug. Where is the cup? Go and wash yourself. Rise, cake. Thd pot shoul
serve t he b edutkam ndiyetsdoked on thenaherésiiié/NVhat are you waiting for? Turn and sprinkle
yourself with salt and oibo
Fr.1722&3 Ualddf oy U Uy 0O ¥y s/UldethpasG g U;;Uee:a}xU@"s al/” a9 F],s w3 Lfl;el'jm
HUsa'g/z’ Ug’dUa»YUEUﬂeg”Y‘u 00 i U’lﬂ)g’)lés ’ Ua»s;s i divgesyeUldeayYbUdUsd
Udy dxflte c/g0Uh e Ulid o) oba g0 G ¥ 3 u. 8 &tlo do a comparison; in fact, at the opposite, | first
will bring the hot watehomeby an aqueductike those crossing the paionion so that from the sea hot water will flow
for anyone in the tub; and the water will séstop. And then just a vase of alabaster filled with perfume will arrive by
itself, and sponge and s alandlgsis sfthépadsage, §8&l]. compl et e phil ol o
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o Propertius irElegiae(l, 16): another U} U s & @ g @ ®se mairbharacter ighe
door, which regrets the past, whgmassionedovers were begging to enterwhile
now onlydrunk people sit down near the door itself

We mustobservethe massive presence pliaywrightsin our list it suggests that the theme was
used in comedies mainly becausevéll fits with the upsidedown reality typicaof this genre. As
shownby Fraenkl [382], due to the general naivety of the audience, such wit (inverting social
structures, that is, in our case, describing automatic working of everyday objects) was certainly
successful immusinghe spectators.

It is howevernoteworthythat ®meotherpassages, aken from t he same aut
linked with therecurreat theme of theJ Ue U U esdd? i the Golden Age[382]. As a matter of

fact, suchidea of automated behavior included however also naturié:was nice to thinkto
everydaytools working spontaneouslyit would be equallyor evenmore pleasant to imagin&

get food and everything that would be useful for liigithout being foced into hardvorks The

natural forces often mysterious to Greek manould be very wellrepresented as having an
autonomous ability to medtumanmaterial needs, with or without gatisitervention or, on the
contrary, tohinder his life Poets imaging that, in adistant past, nature spontaneousilypplied
everything men needeant wished:the myth of the golden age is thus deeply linked toidea of
UUsUOUBHe first instances of such happy state
Hesiod s .

In the Odysseyseveral passagaiudeto such imaginary existence:

VIl 113-132 while presentingAlcinous 6 p a | a calescribbes heer  kwondegfal s
orchard where trees are always covered with frthiks to two springs, granting water all
all year round

1 1X109-114theCycl ops6 faith is so strong that th
godsd help, according to Ulyssesd account

¥Literally fAautomated | if eo,Statesmarfseeinfraimthevchapter) refering to lifes e d b
at the Chonoage when merreceived spontaneously from nature everythlng they needed
%9 Ue 0 dilbed Ue ypdgdmags dgy Y¥aT UjijBUmEraogefs Uy ¥sddiBlyis/iy 00
eUoaj UlGi aUGS Uq:)aGL"BdL'hswsamut d a/xoleelf o Uy - sbU /o aligybay | UQa dhvaUe
Ovys xxUU ¢ héoglils adda Us N dcyl;ldﬁ’zgl@UeT@’a&;ng\U/ ¢OGgyad ~3U0a
083 Gdalbel %GO UV=s3dhceaddy YU abBs,” de o U;UGUUG@@»UGgaGes “u
Vi 3dU t BaUaxq;g’osxugﬂtbe;em ldsUsa»f] Um@ta;/@ju,gw‘\]ﬂ@(?ﬁé]y;l]g’
ugl]Ull’JJ 2 f eﬁlgU;U yTe’g;ueaszdUuUszg’/ssdetg’suL,UeUU;uUQG’U;aY/seguss

3dW s | 9UJ43UOU,U6<43U3UU53UU+Uu@uuuwshflu3w9u+a;3upsy3
U 3 9’ 373 Us/i® a i 3']LﬂUUUy3; deag’G U3 du/s jdihe oy oshdUaiy Ui 6 8@@d/s
g6 Je3 o093 hadsU:adf& W ; U Butwithout the courtyard, hard by the door, is a great orchard of four
acres, and a hedge runs about it on either side. Therein igresy tall and luxurianpears and pomegranates and apple
trees with their bright fruit, and sweet figs, and luxuriant aglivef these the fruit perishes not nor fails in winter or in
summer, but lasts throughout the year; and ever does the west wind, as it blows, quicken to fifeitsoraed ripen
others;pear upon pear waxes ripe, apple upon apple, cluster upon chralefig upon fig. There, too, is his fruitful
vineyard planted, one part of which, a warm spot on level ground, is being dried in the sun, whilgapégmen are
gatheringand others, too, they are treading; but in front are unripe grapes thatddagttee blossom, and others that
are turning purple. There again, by the last row of the vines, grow trim garden beds of every sort, blooming the year
through, and therein are two springs, one of which sends its vimterghout all the gardenyhile the other, over
against it, flows beneath the threshold of the court toward the high house; from this the townsfolk drew their water.
Such were the glorious gifts of the gods in the palace of Alciaduanslation by A.T. Murray (1919)
“Tgoeal s O Uy (o-Ween 1 8he Udd) dibe * U’ =adsldfvisgellile 3G g/UUd 6 g G ¢
cUpl GimgUs; hvdosaalW & Ujellilz ey ¢ &8 Wile 3 U Uy sUa ) o gule ~ U,adebU
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1 XV 403-414 men neverexperiencgamineor sicknessn the mythic land ofSyrig where
wheat and \ne are alwayst hand®. Such a condition becomes however less desirable, if
we pay attention to the way populati@geingis controlled: Apollo and Artemis slay
systematicallythe most agettibes.

Hesiod dNorks and Dayss a didactic poem in hexametensritten around @0 BC, which
discusseshenecessity of workgivesusefuladvice on gricultureandpr esent s a f ar me
herewe alsafind quotations osuchimaginary life:

f LI.117-118 the earth spontaneously offers its fruits to rifen

1 LI 166-173 heroediving at the ends athe earthon thelslands of the Bleswereoffered by
Zeusa complete harveshree times a yedf;

1 LI 232233 a typical topos is probably used for the first time; oaks produce honey and
acorns®.

Even in ancient comediegie come across the description of hyperbolic situations, in which men
appeauntroubled by strife oneed

1 Pherecrates in
o Persiars (fr. 137, 3) imaginesa fantasticland, where rivers of black soup, full of
various delicacies, florom sources®;
0 Miners(fr. 113, ): describes in full detat banquet wherastefulcoursesenter by
themselves the moutif the dinersand,when finished, reappear in double quantity

Gy) e Bm3 st UY(lgaess,d cobljas ¢t Uemdave fipme to the land of the Cyclopes, an overweening

and lawless folk, who, trusting in the immortal gods, plant nothing with their hands nor plough; but all these things

spring up for them withat sowing or ploughingyheat, and barley, and vines, wiibear the rich clusters of wine, and

the raln of Zeus gives them incredsEranslation by A.T. Murray (1919)

¥ 0 hJHEg | @gls oe uUa Uegt) @ i , U 93dU g ochcp’g Ugédae jubo o 850y 5 dodds3

Uf] 00829 Ud y,80b ¢ fdec d sexfe ~ o d dBeed . bgUsaied” 6 G c™dl y ) 6,6 0 Wa & o/q

sele’d U g 2" Uy o (i Wisieebay eﬂJsﬁBzaanlq; YUofyapasli® 3 dy « ,/™@alsz24 0gy hUssad
hooydlyssilied0Uge Uay Uliédoache UBJy g’Uu33dL{13+ ¥ A amtmgﬁlgﬂ Getws UU

Uy U UUOWDaB2¢ (e Uyd U e ge bUG g/ UG Ve i 0 88d 6 Usdifo, sddbasfUs slioasa. AThe

isle called Syria, if haply thou hast heard thereof, above Ortygia, where are the-platieg of the sun. It is not so

very thickly settled, but it is a good land, rich in herds, rich in flol$of wine, abounding in wheat. Famine never

comes into the land, nor does any hateful sickness besides fall on wretched mortals; but when the tribes of men grow

old throughout the city, Apollo, of the silver bow, comes with Artemis, and assails thtarhisvgentle shafts, and slays

them. In that isle are two cities, and all the land is divided between them, and over both ruled as king my father, Ctesius,

son of Or menus, a man | i ke to the immortals. o Transl at

¥reé] UG s UmiipgoeUfiie/c ¥ @@ &Pl (i d ¢ 3fabs the fruitful earth unforced bare them

fruit abundantly and without stiitTranslation by Hugh G. Evelywhite (1914)

3 d8eod U dUs Y Useyili Woyvoesgdy Uli a @ djgt ~ ¥3 bald O & G @@gm esaldd

) UUy 3@ g Oa ;oU.thlLdeUes 33 Ua ezgaLQaJ@ng GG 3 UkJsg’Ua Ypedaale Uls

bUdguloabdpasUdyosadlce Uasduyddlddd dyYeaass Ul éygyHisto thelbthérsr ; 6 d

fathe Zeus the son of Cronos gave a living and an abode apart from men, and made ¢fiesth tthe ends of earth.

And they live untouched by sorrow in the islands of the blessed along the shore-sfaildiag Ocean, happy heroes

for whomthe graingiving eath bears honegweet fruit flourishing thrice a yearTranslation by HG. EvelynWhite

(1914)

BUdo (ys Wbl e oabapbldiedicd  gy@Uy 1bllbe Y seeygidi ¢ U o a.dith&ehrth bears

them victual in plenty, and on the mountathe oak bears acorns upon the top and bees in thednidsE.r ans | at i o1

H.G. EvelynWhite (1914)

¥0U0h e Lbu(ueBU3 Uy shiexBUas Gy @ Uflicleeey o Usd doaatliabledgc gilld

“omb  Us g od) Werei Wagida Us0G6 UVUGJdUs. Of their own accor

road (though half choked up with spicea k es) of rich bl ack soup which rolls

barleycake, and streams of sauce which flow straight down from#®latu o wn s pri ngs.

d
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1 Metagens, in his Thouriopersians(fr. 6), imagines that the river Cias drags huge &rley
cakes mixed by themselveshile the river Sibaris brings fish stew prepared by itdeilt
flies in the mouth or at the feet sfichlucky diners™.

§ Cratinwisin Plouti (fr. 172)imaginesthata deity gives a spontaneous supply of gddds

1 Telecidesin The Amphictyon@r. 1) longs for the mythical past in which everything people
needed, was spontanedds

In the secalled dassical period (MV century BC)and n Latin literaturewe find moreinstances:

1 Aeschylus in Prometheus Unboundhe fantastic region inhabited Ilye Gabii, where the
fiself-sowrp landsgave plenty of food thumans;
1 Herodousin Histories
o (Il, 14, 2 describesheNile6 maturalcycleof flooding*®
o (Il, 94, 1)mentionsaplantthatgrows wildin Greeceand iscultivated in Egypt*
o (lll, 18) refersthat according to an Ethiopian legerttle earthwould spontaneously
produce meat for th€ableof the Sun*°

“ e3 cUPeT;doge3a U0UGY FEYo aQ Uy yelbegUo &/ yw@0dy afdb e @ 030
aloy 8/ Gd30B UUqUevgsh ¢ lﬁl:U(B]:&I/lel e99(jUg & ®3a6s UUg/dWEUg d a WdibsU
(o) elgUpedg UUgibBal e U Uy oo fh/dld Wailei U,a)li @10 GUo d 4 @lleedgps ¥ d Us
UUhe OWU qo/aflye&g’ﬁJUQQU('JaJ ’ U,UU U hilde gocaUepimws s oi. Ghe river
Crathis bears down unto us huge baidakes, setkneaded and selfaked. The other river, called the Sybaris, rolls on
large waves of meat and sausages, and boiled rays all wriggling the same way. thedealesser streamlets flow
along with roasted cuttlefish, and crabs, and lobsters; and, on the other side, with rigbubidickys and forcetheat
stuffings; on the other side are herbs and lettuces, and fried bits of pastry. Above, fish cut imdlsmitbailed rush

to the mouth; some fall before one's feet, and dainty ckesges swim around us everywhere.

‘”j Uhe OW® difala £osU d8pontaneously god gave them all goods.

sya3y Ucsd3egxd Bocdss,dils cBpsYsdbBe Uss s¥yas ad Oy s06YHJ
o UdU) dgcdi,3ahelicgddhe bUdly e Usldo - U g UsupﬂpU ;lﬁ@aacg’e30@
I’ Op(g’ Uf]slUlszassd;l a*UsUUiaUUUabLBLUaeseaJng’aUgeUd]t@’s 0G +euagbfg3UUg’
36 3W00gdUUeds3 Uy ysUE@E O y/QZUng’ﬂc");;UQJ;Ug’aaasélngJa:;ydUD
agaaditiwsll] oecedldesi Ug’begaesyld;mlqmaﬁludekJa@dULBe;sueesdJa
oUUU . daUe &3 a tidalolieeBWR Wiglhe UIEBFUUTUB ac el d Ua g U3
u;gﬁ?jﬁu yUsBde  oUosci Illez 6 € Wil sdesszaladle Uy UigUe e od

63Uge BUdlicledhitl U) o c/maidls d) v wazilWfh 8%k v &P B 93U  will tell you now

the life which | have prepared for men. First of all the lovely Peace everywhere was always by, Like spring water which

is poured over the hands of feasted guests. The earth produced no calese, foo pains and no diseases. And

everything a man could want came forth unasked for to him. The streams all ran with rosy wine, arthkeseld

fight With wheaten loaves which first could reach a hungry man's open month. And each entreaeate¢a,iEmen

loved dainty whiteness. Fish too came straight unto men's doors, and fried themselves all ready, Dished themselves up,

and stood before the guests upon the tables. A stream of soup did flow along in front of all the couches, Rolling down

lumps of smoking meat; and rivulets of white sauce Brought to all such as chose to eat the sweetestirbads.

So that there was no lack, but all did eat whatever they wanted. Dishes there were of boiled meat too, and sausages

likewise and pasties; Angbasted thrushes and rissoles flew down men's throats spontaneously. Then there were sounds

of cheesecakes too crushed in men's hungry jaws: While the boys played with dainty bits of trlpe and paunch and liver.

B8 g UglsUUh € U“U@J@sdi; GUd2)6i JsPdlUd>" Baa " alr, U f 000 atU altfor g ¢

s} 6 g jlUmBY &g OB d The river rises of itself, waters the fields, and then smks back.againslation by AD.

Godley (1920)

“r90aid UGU;ey Ws Bgs Ug ’X’@}U Ut ye 20Ul Go9ae90 g U)adwsdUdeEb 3¢

J o " Usaes Gmadid),, Ud4bod)U00 36dlle asec3yvs {5 &ag aidiigsslil UU

YaodudheldddUs U (ThelEGybtians who live around the marshes use adrain from the castebverry,

which they call kiki. They sow this plant, which grows wild in Hellas, on the banks of the rivers and lakes. Translation

by A.D. Godley (1920)

451u Uy vy Unadlg Usoseld UBg gsAéi’ml'S‘eB:zUﬂmUoDﬂﬁ(thdJe d 3su;dU “¥3b@ys U
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o (Ill, 100) refers that Indians eatgiven variety of wheat that grows spontaneoffsly

f Platoin Statesmauii271e272b)coinsthetermU Ue U Ubssdio indicate thertlessnesand
genuinenessf themenwho lived underCronugreign*”;

1 Lucretius inDe rerum naturaV, 7721457:the authodoes not believen a mythical golden
age when man lived happilo, hedevotes hundreds ekrsesto dispelsuchmyth on the
basis ofrationalisticEpicurean philosophy.

1 Virgilius in his Eglogae IV: The poet celebrates the inmant return of the reign of Saturn
(Chrono3 , f ol l owi ng t he ,Wwhowaduld pubah end tafragicepaocime ¢ h
marked by civil was, to starta new golden age.

1 Ovid in Metamorphosefl, 89-90): Aurea prima sata est aetas, quae vindice ndlggonte
sua, sine lege fidem rectumque colelfihe golden age flourished firdtiyalty and honesty
were spontaneously honoredithoutexecutionerandwithout laws,)

The theme ot Ue U Ubssgevenin the form ofthe GoldenAgetheme passedhrough Greek and
Latin literature and survived, often identified witha life away from civilization, in close contact
with naturein the major European literaturestil at least tha 8" century

It shows how for centuries the idea of automatism vigibly present in the collective imagination
we arehoweverdealing rather tharwith arigorously designe@utomatic mechanismvith a kind

o f bladk b, whoseoutputswere observed and expectedn the contrary, physical principles
(easily attributable tthe helpful force of naturer to god$ and working featureaereignored We
canmodelthe onlyautomata irCr a t €16 @nd17, where at least a control is implieahd some
sequences of actions are descrifseFig. 3 andFig. 4).
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Fig. 3: UML Diagramof Cr at e$06 fr . 1

Now theTable of the Sun is said to be something of this kind: there is a meadow outside the city, filled with the boiled
flesh of all fourfooted things; here during the night the men of authority among the townsmen are careful to set out the
meat, and all day oever wishes comes and feasts on it. These meats, say the people of the country, are ever produced
by the earth of itselfTranslation by AD. Godley (1920)
o WUEsI Uiies oy xopoddc Yodhe JOBE ¢ o 5 3 fndidins]eage a grain growing
naturally from the earth in its hu3kanslation by AD. Godley (1920)
YOutes dkady L vz @WBedFUsg ~ y( Yc ofpp iU Bisdthe reason for the story of the
spontaneous life of mankind is as follows. TranslakigH.N. Fowler (1921)
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2.2.2 Automata in Greek Mythology and Literature

Greek mythology consists of a large collectiortaldéscomposedo explain the origin of the world
by telling the life and adventures of a large numbedeities demigods (heroes), monsters and
other creatures.lt represents therefore a first essty understand world phenomena atwl
investigae their causes, though in a poetical widythology became essentiatl Greekliterature,
represenng an inexhaustible swce of plotsand character®r epics, lyric poetry and also for the
tragedy Later, Romanswould simply adopt the @&ekpantheon andnatchmanyGreek godswith
ltalic deities

Literature can therefore be considered emportant historical source abouttamata lliad and
Odyssey for instanceshowan already complete and matumetion of automaton: they are material
entities capable gferformingcertain movements in various waygth specific functioms [78]. Not

all automata quoted in Greek literary texts are however due to agoetimes a man is so skillful
to be comparable with deities.

2.2.2.1 Daedalus

Descendant of théthenianroyal line of CecropsDaedalusin GreekopU a i Uleasliggrally
meansfi a r t*% wakamythical skilled craftsman and artisathe origin of his legengrobably
dates back to thé"century BC[383-384].

Pliny the Eldemttributed® to him carpentry and itprincipaltools, like the saw, the axe, thgumb
line, the augertheglue and the isinglas#®\ccording to Ovid Qvid, Metamorphoses/Ill 152-763)

“8 pausaniadDescription of GreegdX, 3,2: Us ~ ¥ o Unh s F o6 g 3 -UeUvoaiieUiemsiis a U " ) H U0} 6 3
“UspUatUedgdUs Yap s gllmd s, UelG iz cBs uUstlvewaslss obkyalidUs
"o Wz BUls 3@ cBacause the men of old time gave the name of daedala to wooden,imagee view is

that this name was given to wooden images before Daedalus, the son of Palamaon, was born at Athens, and that he did
not receive this name at birtbut that it was a surname afterwards given him from the daéfalaslation byw.H.S.

Jones, H.A. Ormero(l918).
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he would haveformerly caused the death of Talos, son of his sister Pefdjout of resentmentby
throwing him from the Athenian citadel, bthenawould havechangedhe boyinto the partridge
(in Latin, perdiX: this professionaénvy was provoked by the brilliamtvention madeby Talos
who, usinga fishboneas modelwould havebuilt the first saw™.

Daedalusvould havealsobeen he first who carved statues of the g@@ls their beautywas such as
to induce those who had sedrem to believe thastatuescould not only move, but also sew
speak.

The mythical sculptois mentionedasone ofSo c r a t e ssih Plat®d &wehypghronmes? where
Socrates refers this works as to moving statueBven Aristotle refers that people believe that
Daedal us 0 [setaldetaneve, mBaliticsg1.1253b Many other sources repeat thatythe
showed suclanextraordinaryfeature[385-386, 384]

A more detailed descriptiombout these statués given byPlato in Meno>% statues would run
awayi f t hey we;amsuéhalegkna s lamerpthindobthin Scholia toMeno®™, by

YV, 1 %aBricain énpteriariam Daedalus et in ea serram, asciam, perpendiculum, terebram, glutinum,
ichthyocollam[ é ] . D a e d adl carpentfy iand Mneparticular, saw, axe, plumb line, auger, gluésiagthss

*0 According to other versions of the myth (HyginEspulae 2 7 4) , Perdix would have beet
L[ ¢é hatalibus actis / bis puerum senis, animi ad praecepiacis; / ille etiam medio spinas in pisce notates / traxit

in exemplum ferroque incidit acuto / perpetuos dentes et serrae repperit usum; / primus et ex uno duo ferrea bracchia
nodo / vinxit, ut aequali spatio distantibus illis / altera pars staret, patsra duceret orbem. / Daedalus invidit
sacraque ex arce Minervae / praecipitem misit, lapsum mentitus; at illum, / quae favet ingeniis, excepit Pallas avemque

/ reddidit et medio velavit in aere pennis, / sed vigor ingenii quondam velocis in alag/gadas abiit; nomen, quod

et ante, remansit / non tamen haec alte volucris sua corpora tollit, / nec facit in ramis altoque cacumine nidos: / propter
humum volitat ponitque in saepibus ova / antiquique memor metuit sublimia Gadedve years old, his imd ready

for knowledge. Indeed, the child, studying the spine of a fish, took it as a model, and cut continuous teeth out of sharp
metal, inventing the use of the saw. He was also the first to pivot two iron arms on a pin, so that, with the arms at a set
distance, one part could be fixed, and the other sweep out a circle. Daedalus was jealous, and hurled the boy headlong

from Minervads sacred citadel, claiming that he had f
caught him, and turneldim into the partridge, masking him with feathers in+aid His inborn energy was transferred
to swift wings and feet|, and he kept his motherdéds nam

ground, and does not make its nest on brasar on high points, but flies low on whirring wings over the soil, and lays
its eggs in a sheltered plage.

52 Sophroniscus Socr atesos f dtlhier] aapgdeeilu a o $eclusl LpUJ aoaruuu 2 ‘aUo a3
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“deec gz 3slWled, JUW 06 s .Jlda dle Ike works of my ancestor Daedalus, and if | were the one who
made or advanced them, you might laugh at me and say that on account of my relationship to him my works in words
run away and won'tay where they are put. But nemell, the statements are youss; some other jest is demanded; for
they stay fixed, as you yourself see.

(1 97d] U4 e300 BU e 3 ex: Uadidlieyywilo Us," 9@ uuy b 'O@ D8 5odrdies:
That if they (i.e. Deadalus statues) are notefastl up they play truant and run away; but, if fastened, they stay where
they are.
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2 U o @ 3thUlsyDaedalus, become an extraordinary sculptor, first opened theirseytist it seemethat theycould
see and split tha feet, so that theyseemed to walk. And so théwad to betiedup, sot hat t harynawag,ul dn 01
becase they were animated
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Zenobius (2 centuryAD), in Proverbialll, 7 *°, andby Philostratughe Elder(3 centuryAD) in
Imagines, 16 °°, wheremoreover theyare believed to seer to speak

Sincewe areobviously not dealing with automatf 6], some remarls may bemade in order to
explain the origin of this descriptiofihe first point concerns the news of the separation of the legs:
it surely refers to a precise moment in the history of Greek sculpture, the archaic phase, in which the
figures were represead standing withtheirlegsnear one another, in total immobility; sudieratic
attitude was also reinforced by the almost total absenaryoform of glancewhich would explain

why in two textsappearsthe reference to the opening of the eyes. Daedalauld therefore
represent the personification of an importaansitionmoment in ancient Greek sculptusghen
statues legs began to be separated, and eyesiwielly carved’, as the Greek writer Palaephatus

%8 in the 4™ centuryBC already tried to®lain in his On Incredible Tale§385]. Secondly,the
reference to the alleged ability to speak is probably derived through the centuries from
contamination with stories related to sacred statuainally, the idea that they werged upis
probably hyperbolicborn from thehigh degree ofealian shown bythese statuesso similar to
humans that they would like to movihis does noéxclude however, that some sculpsdqehether

or not Daedalus) attempted to simulate some form of sudu®rement, which would require
binding the statuguntil the momentit should haveo move Such a supposition is suggested by a
passagdy Aristotle referedto the technique by which the movement would be gteesawooden

statue of Daedalus, the Aphrtalr®: according tathe playwrightPhilippus,he wouldhavesimply
coveredit with quicksilver.The passage iquotedby Aristotle,in ordertogui p on Democ
atomistic theoryAlthough, of coursea comedy is not an incontrovertible souarelthis technique
cannot produce a statue capableciualmovemen{16], we must remember that the cksdver

will be used both by Hero(2.3.2.3, andby Arakic engineerq2.4.3, in order to showat leasta
sudden movemenilhe latterremark preventsus from consideing the quotationtout courtas a

hoax

*® oliUes el GvUaedd Ug3 UUUG Ugw Ui h 3dBU Ui 6@ Ue y g”ai UsUs s 3dl8b
Ge0063llmesUs st Us i Ussagla tiddivU& e 6§ de = @ Ula Paedalus had even

opened their eyes, sbat it seemeds ifthey were alive, and moved and spogieople saidhat some of the statues of
Daedalus had one tied foais to prevent their escape.

¥ 1 o0U00G jBee30@ 6 UdeplUail, &y s GWda@l eos@BU3xey U Ug 0

Uo6) ~aU aIBMWBB\YeehlI E ~ Uo ol Ul . FHissdssthe workshop of Daedalus and about it are
statues, some with forms blocked out, others in a quite complete state in thatthbrgaay stepping forward and give

promise of walking about.

> It must pointed out that Greek statues were also painted, in order to increase their realism and, in the case of the eyes,
to give expression to their glance.
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alodss 3@ 3233000 Daedal us, people say, has built st
statues in human form walk alone, seems to me impossible. The truth is the following: the sculptors of ancient statues of
humansand gods made them with feet parallel and hands along their sides. On the contrary, he for the first time carved
them in the act of moving a foot. So people say, AfDaed
Afipeopl e sdywhthatt hmén hfor ses run and a ship is in the n
moving statues.

Pidd) 30 pUalUsac s 3 omeglsgatpendldsd]'og) 63 [Philipils, she comic

poet,] tells that Daedalus endodethe wooden Aphrodite with motion, simply by pouritltem in quicksilver

Translation by R.D.Hicks, 1907
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In spite of their identical name (Talof)aedalué n e p htkeewrazangiaht, who, according to a
legend, patrofid three times a dathe shoresof Crete, preventingpreignersfrom enteringare not
the same characterhe latter had beerbuilt by the god Hephaestus and consiste@ kind of
automaton, which could throlarge stonesiurledby the force of arms againte enemies ofikg
Minos. It would havebeenbeaten by Medea by means of magis referred byApollonius of
Rhodes(3 century BC)in his Argonautica(lV, 16381693, who, however, presents him as a
demigodi o f t he r athegiaotias Hitindis wealospot and fell heavily to the ground
without being able to raisbut covering the island with his blood@he possible interpretation of the
myth refers to a volcano, which would menace the islandprevent foreigners from landing on
the shorered blood would be erupted lav@.t her wi s e, It could be a
technique of castinghat consists irgradually replacingwith molten metalthe mold waxas it
melts;wax then flows through orifices.

2.2.2.2 Automata in the lliad

Hephaestus (Vulcan, for the Romamss a Greek gqdon of Zeus and Hera. He was the god of
technology that isblacksmithing, andmetallurgy,and in addition ofire and volcanoesso he was
worshigoed in the manufacturing centers of Gregmedominantlyin Athens According to myths,

his appearance was ugly, as they imaginedihitis workshopworking hardall alone, or, at best,
assisted by the Cycloph the Greek world, the blacksmith god plays a fundamentalbaie in
forging special objects fahe gods (lightning for Zeus, bow and arrows for Eros, and many more)
and inequipping heroes of thewwonderfularmors (Achillesand Aeneas), and building artificial
items as told inthelliad and Odyssey

The first instance of automaton referred Hephaestus irthe lliad (XVIII, 372-379) are the
automatic tripodsThetis caones to the forge of Hephaestudeterminedo aska new armor and a
shield for her son Achilleshough she knows of his terrible fatéomer presents the gdeverishly
working on twenty golden tripods for theanquebf the godsand givesa brief description of their
operation®: they havegoldenwheels that allow them to automatica{ly U fj ¢ Ydhiersand exit
the banquet halat his wish(seeFig. 5), and to their completion only a decorativelementis
missing:elaborately forgeekarsto be fixed with rivetsHomer describeghe tripodsas a wonder
( d 4JUth behold but restricts theunningexplanationin only twolines so thatwe can think that
the poetavoided a too detailed description to give greater verisimilitudéisopassageasfor a
god, asHephaestuss, building such objectss not only possible, but also ea3his impression is
confirmed by thenext automaton thatlso appears in the episode of Thetis and Hephaettes
goldenmaiders (XVIII, 417-425)%%, who come immediately to sertiee god They are real robst

OUs W Gyt eBWahe Udie & ng’Ul.jH R&3 000 ild o e UDYg £0UYe OBPs
Uee3h G UUE yerg“?‘;/GGs;ei uu,Wu oio2lvriUgdegalad ()8 UUhe UDE 3
UgldUeBUWWUUsdd gl 3UccWligtdUa.las/s sUhal6es Hybblg, iy /
GUstivYalUOU | cyiNygpl)s Usbhl H)Em ghe found sweating with toil && moved to and fro about his
bellows in eager haste; for he was fashioning tripods, twenty in all, to stand around tbehigalellbuilded hall,and
golden wheels had he set beneath the base of each that of themselves they might enter theofalieegods at his
wish and again return to his house, a wonder to befidlds much were they fully wrought, that not yet were the
cunningly fashioned ears set thereon; these was he making ready, and was forging the rivets. Translation by A.T.
Murray (1921), as the following ones from lliad.
U egla eoeesssdBalo Us [/ disi Leube&zsebﬁ@xsg“éu ¥ sHdgUG, OGdasaU
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‘3 dWy Usllfj” d) AaeelUUgK s U (Geac Ud e dii Wl & Af ¢ lbatthere moved swiftly to
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being equipped withwhat we would now callartificial intelligence with a natural language
processing systemwith a voice synthesizer, amdth servomechanisms to act, even using strength.
Again, Homer spendgery few words (just over one line) to describe the autombétravior.

sd Homer: Tripod
$ cautomatons 1..*
oy Hephaestus' Tripod
User [Hephaestus) :Tool
I

T
! Gol) o |

=

i *[CurrentPosition <> Gods' Banquet Hall:movesTo(Gods" Bangquet Helly

i *[CumentPosition <2 Hephaestus® home]:movesTo{Hephaestus' home)

Fig.5:UML Di agram oflripplephaest uso

ComeBack()

) 4

Maidens are not the onlgutomatedpresencan Hephaestud s w o yak behasgn automated
plant which allows him to focus only on tmeost challengingart of thework (desigr), and not to
worry about the frequency dfis twenty bellows operation self-regulating in relation to the work
demandgXVIIl, 468473 °2.

sd Homer: Bellow
3:3 agutomatons 1..* O
FaY Bellow :Tool
Blacksmith {Hephaestus) Forge
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T
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1 Activates(Kind OfWork) 1

StartWorking (Kind OflVork)
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Desctivates() -
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Fig.6: UML Di agram ofBellbismphaestus?®o

As we can seesomecharacteristiccommonlyattributed toancientautomata are present: they are
masterpieces of craftsmansitfpr merelyaesthetic reasona little resistant metakuch as golds
even used)andthereforea source ofvonder Theautomateof Hephaestuare however, certainly

support their lord handmaidens wrought of gold in the semblance of living maids. In them is understanding in their
hearts, and ithem speech and strength, and they know cunning handiwork by gift of the immortal gods. These busily
moved to support their lord, and he, limping nigh to where Thetis was, sat him down upon a shining chair
2 g B 30z a2alU@s I Gi U U 1°0) Oy U o §loddydigd dillles.s l/c ci¥3 6 9l 9 ¢
“Uaeecl@éi Gvs [/  (s|isbdisss Wstels o o el ~ Ui U dly e ,s da didllo U
"y di Us 0 Uthyge aJs oast® e 9Ibwaying he left her there ament unto his bellows, and he turned these
toward the fire and bade them work. [470] And the bellows, twenty in all, blew upon the awetimgending forth a
ready blast of every force, now to further him as he laboured hard, and again in whatsgeidephaestumight wish
and his work go on.
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useful [7], and perfectly reliable We are probablyas it has beesaid,iat t he summit
Greeksd t®Bchnophiliao

Another automated systetwhose authorship is however indirectly attrgaitby Homer to
Hephaestusis quoted inthe lliad: the gates ofhe Olympus(V, 749-752) °® when Herareturns
back from Troy to Olympusin her chariot, the dootsthat are controlled by the Hourspen
spontaneouslyTherole of the Hbursappears amdicaive: it seems to imply soméme-dependent
control(seeFig. 7).

sd Homer: Olympus Door
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Fig. 7. UML Diagram of Olympus Doors

2.2.2.3 Automata in Odyssey:Watch Dogs,Ships and a Trap

Someautomatathough fewer in number, are also present irotherHomeric poem, the Odyssey.
While Odysseus enters the palace of Alcinous, he notss,the golden door of the palace, the
watchdogs: they were built bthe skillful Hgphaestusn gold and silver, immortal and ageless
order to protect(VIN1O4) % Ohe padage as ysaalis vepyadnaise andit
also presents some ambiguity: Homer says, in effect, only that dogasirénmetal. For this
reasonfaraonebased upon philological and literagmarkg1], thinks that Alcinou$dogs cannot
be regardedsautomata, buas wonderful statuemadeby a god;accepting this interpretatioit,
becomesdoweverpuzzlinghow they could somehow do the juteywerebuilt for by Hephaestys
being moreoverwithout any apotropaic function, characteristic of horrible and disgusting figures
In addition, we must citéhe golden (or bronze) watchdog built Hephaestutor Rhea, to protect
Zeus®, and later reusedin Oxyrhynchus papyrus contam fragment(LIll, 3711) abouta lion
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e yod)dUdB age UHge 323 Usdlo '3g marii'é @ & UAnd Hera swiftly touched thednses with

the lash, and sellidden groaned upon their hinges the gates of heaven which the Kad in their keepingo whom

are entrusted great heaven and Olympus, whether to throwtlmg#hick cloud or shut it to.

6y i 0 Ueerd U o)jUo ie)BU aNdd8dd /G Ue CUBdaGans | U adillifigea Wi diye Us

eloUse bmpadeadda Y Uslhlid-o 2 Y edd UU ON eithieUside of the door there stood gold and

silver dogs, which Hephaestus had fashioned with cunning skjliaod the palace of grehearted Alcinous; immortal

were they and ageless all their days. Translation by A.T. Murray (184 #e following from Odyssey.

% Quoted by later written sources, it is connected with the figure of Tantalus, who would hare (stomade

Pandaraeus steal) #ulius Pollux a grammarian of the"2century AD, in hisOnomastikorV | 39, sfeghks of
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made by Hephaestwes well wheret he god wo ulj d Ué &rmngka dugd % doit

could be argued théte dogsof Alcinoushadunspecifieddefensivecapabilities, possiblghemical

The second automatosf the Odyssey’ are the ships of thePhaeatans capable, according to
Homer,to sail the seas without a pilatr steeringoars,since tley would have been able to follow
smoothlythe knowncourse, andto prevent the effects of bad weathemssing the sea, and hidden

in the fog V11l 555-563) 8. This is the second representation of a form of artificial intelligémce
Homeric poemsthe ships should be equipped with what today we would call automaticvtiio

radar and sonar to detect obstacles, and perhapsaétfea satellite viewfor weather conditions.

The detail that perhags 0 e sffeét imodern readsris the fact thaP h a e a shipssailedacros

the seajt should be noted thahe conventonal navigation of the ancientsjostly along the coast
(cabotagg wasvery time consumingso a ship that could go across the sea, would have been very
efficient.

The last devicén the Odysseys a trap prepared by Hephaestus to catch Aphrodite aesl iArthe

act of adultery binding them to the bed; in spité the vagueness of Homérs wor d about
working, one caneasilyimagine that the weight dhe bodies on the beattivatesthe lacesand
inextricablybindsthe two lovergVIIl 272-284) ©°.

Greek mythology depictslephaestusisnot new to such traps, sinbe hadalso built a chair with
fetters that is quoted by Pausanids20.3)as acorrectivegift, sent by the god to Hera, guilty of
having thrown him down from Olympu&

that Hephaestus had forged with the bronze from Dermonesos, after having infused the life, he had given to Zeus and
this lastto Europe, and she to Minos and Minos to Procris, and Procris to Ce(‘phaius iUs i ®e g Uaoa
pdeessdlacg cUesaGglvuge dagUsg8ed) Ad,Ud0 GUs Iﬂzaass ¥ydojdgilis oaU
Yy oy ad . Wi éontemporaryAntoninus Liberdis, in his z 0UUeg ey G G UY3 (CoE’egtanofx oe
Transformationk refers to the mother of Zeus and to tha goat that would have nursed lim:oUJ UUd b6 g o
ar¥3 & alde UU BYaden dog watched the goat by will of Rhea.

 The Greek word has double meaning: poison/medicine.

7 This automaton authorship is not referred to Hephaestus.
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thy city, that our ships may convey thee thither, discerning the course by their wits. For the Phaeacians have no pilots,
nor steeringpars such as other ships have, but their ships of themselves understand the thdugimsgsad men,and

they know the cities and rich fields of all peoples, and most swiftly do they cross over the gulf of the sea, hidden in mist
and cloud, nor ever have they fear of harm or ruin.
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sesdholaeUsze3 /YdasBaYdaies#sd Gs Uk 3And when Hephaestus heard the grievous

tale, he went his way to his smithy, pondering evil in the deep of his heart, and set on the anvil bloek tre/iyjiend

forged bondswvhich might not be broken or loosdtiat the lovers might bide fast where they wéwet when he had
fashioned the snare in his wrath agaidgts he went to his chamber where lay his bed, and everywhere round about
the bedposts he spread the bonds, and many too were hung from aboveh&onotbeams, [280fine as spiders'

webs, so that no one even of the blessed gods could see them, so exceeding craftily were they fashioned. But when he
had spread all his snare about the couch, he made as though he woulcemmag that weltbuilt citadel, which is in

his eyes far the dearest of all lands.
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of the Greek legends is that Hephaestus, when he was born, was thrown down by Hera. In revenge he sent as a gift a
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Fig. 8: UML Diagram of Phaecian Ships
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Fig. 9: UML Diagram of He p h a eAsldlterys Toap

golden cha with invisible fetters. When Hera sat down she was held fast, and Hephaestus refused to listen to any other
of the gods save Dionysdisn him he reposed the fullest trésand after making him drunk Dionysus brought him to
heavenTranslation byw.H.S. Jmes, Litt.D., and H.A. Ormerod 918)
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Kalligeropoulos andVasileiadou[7], as well as presenting Homeric automiataletail raisedtwo

major questionsaboutenergy sourceandoperationcontrol. If the firstproblem’* pertains more to

the specificautomatamplementatiorthanto design logicthe second onmsteadcomesfully into

our question The two scholarsremarkt h ahte coiittol processsia contradictory process. The
simple, straight logic that goes from the cause to the result does not suffice. In the control process
the desired resukt output- determines the causenput, which results in this outpotThen they

briefly reviewsomeaspects ofthe philosophyof Heraclitus Socratesand Platowho would have

helped to create theotiors of contradiction and contral We believe that, even if it ia very
evocative and potentially fruitful combination of ideas, a thorough study ofaailable
(philosophical and possibly technical) sourcesis mandatory before maing well-substantiated
hypothesisAs a matter of fact we should al so r eme
controversial, so it is very difficult to determine wherdavhy references to automata appeared in
both poems.

2.2.3 Philosophy and Automata

In the 8" and 4" centuries BOwe witnessa gradual emergence of the approach rationahe
analysis of reality: two very different philosophical systems are concéistdy Plato andhen
by Aristotle in order to provida uniform interpretation of the worldnd ofman.

Even theautomatacome in view of these authors. Aristotle, in particular, is believed to be the
author of a treatise on mechanics, whichNiddle Ages would become theonly basis of
knowledge on the subject.

™ The proposed solution is based on analysis of the work oSgceatic philosophers, especiallije so-called
physiologists, who sought the origin of all things in an element
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2.2.3.1 Archytas of Tarentum (4™ century BC)

Archytas of Tarentum was a Greek mathematician,agrtdlosopher] i vi ng duri ng Pl &
[387]. He was the last outstanding figurethe early Pythagoreathool’? anda leadirg political

man in his countryBiographical information about him are scant and often contradjgist to

give an idea, we quote ti®t anf or d Encycl opedia of Philosoph
andwork depends heavily on authors who wrote in the second half @ftentury, in the fifty
years after Auve intiuge ansndour digoaytas le could have contributed to the
advances of optics and to thethematical foundations for teeience of mechanics.

He was extremely populaamong the Romar’d and just the work of a Roman, tAgic Nightsby

Aulus Gellius(125180), is theprincipal sourceaboutan automaton(X, 12, 910) " that Archytas

would have built The passage refers to a quotatiwom the work of the Greeldcademic
philosopherFavorinus of Arelate(now Arles), who flourished in the second half of thecentury

AD. The automaton working description is extremely concise: Favorinus simply saythehat
fwooden flying dove| €,]Jwhen rested, did not rise anymore Ge | It ihwag dodedvdisbyi
Archytas from wood with rational mechanics studies has risen in flight, of course suspended to
cablesand drivenby o mpr essed ai r rdunllydadembelieve that Gadlios.haslotly i s
paraphrased the words of his sousiace he haprobably added hisr other®commentsjn order

to make the story lesmprobable.This has been for centuri¢ise fate ofArchytadove, whichhas
systematially beenthe protagonist of attempts to rebuitd working and to explain hovguch a

little volume of compressed air could make Ibivel fly.

One of the most i n {388 thesphilologgr whoseditS8sonteohP dt B e n 6 8 e a
Her onods wor ks, tried t o us e ardhseme Athaindieectd r i ar
archeologicakvidence(seeinfra notes76, and77), in order toformulate a hypothesisle assumes

that the dove of Archytas was resstanealone devicebut part of a systeita tree, for instangeor

abasi), as the birds in Hweouldhavdbsen™. or Phil onds aut

Through a hiddenube compressed awould haveenteredinto the hollow dove, and then thair
flux would have beemterruptedby acontrolvalve. The dove suspended (by meansatord and

“Based upon Platods and Ci ceArchitas andDetoraters.l$l 84s 139),raedsupoa c t i v e
most later sourcegristotle refers to himsto an independent philosopta8g7].

3 Mainly Roman authors of the firsentury BC (Propertiuklegies IV 1 b.77; Varro in B8; CicerdDe re publica,|

38.59, | 10.16De finibus bonorum et malorumy/ 29.87; Tusculanae disputationeb/ 36.78, V 23.64;De amicitia,

XXI11 88; De senectuteXll 39-41).

" 1X. Sed id, quod Archytam Pythagoricum commentum esse atque fecisse traditur, neque minus admirabile neque
tamen vanum aeque videri debet. Nam et plerique nobilium Graecorum et Favorinus philosophus, memoriarum veterum
exsequentissimus, affirmatissime scripsgrsimulacrum columbae e ligno ab Archyta ratione quadam disciplinaque
mechanica factum volasse; ita erat scilicet libramentis suspensum et aura spiritus inclusa atque occulta concitum. X.
Libet hercle super re tam abhorrenti a fide IpSIUS Favorlnl vepbaere ponere }6i UUd 3 Lgﬂp gald oU
edeUg 35 aadidUs 3 Usgpadislds ~HUe coylbddogiiiba O & D Ue .; zUrecig (Baitgo

what the Pythagorean Archytas is said to have commented and done, is no less worthy of admiratiost not seem

trivial. Indeed the most noble Greeks and the philosopher Favorinus, respectful of the ancient memories, wrote with
absolute assurance that the image of a dove built by Archytas from wood with rational mechanics studies has risen in
flight, of course suspended to cables and drivecoypressed air hidden insidavould like to refer the very words of
Favorinus on a subject so far from credible: AArchyt a
wooden flying dove,that when rested, did not rise anymore. For wit
5 In Alexandrian automat887], thanks to air forced through a pig#rds mainly sing Heron,Pneumatics! 14-15),

drink (Heron,Pneumaticsl 28-30), or rotate (HerorRneumdics, | 15); only one design represent a bird, whose wings

raise, when a predator approaches to his nest (PRilymatics40, 42). Counterweights are also commonly used, in

order to reproduce a sudden movement.
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a pulley to ahidden counterweightvould thenhave beemlaced on a lovbranch of the treer on
the edgeof the basin.At the valve opemg, the airwould have madée dové wingsflap and lift
the dove off théoranchupwards by the counterweighithe dove would have perched an upper
branch (or a perch on the wall), once the counterweightfdlbeh to the ground this last detail
would explain why Favorinus remarked that the ddienot riseanymore most likely the whole
apparatusieededo be reset

Schmidtadmit that, acepting such a reconstructione should also admihat Archytas would
have anticipated at lealsy a century the works of the Alexandrian engineers, or, at least, some of
their solutions.This is not in itself impossible, but certainly difficult to provherefore the
historian searched some primary or secondary souraaslén to prove his assumptidde quotes,

for instance,

1 the eagle by Cleotas, quoted by Pausarmascription of Greeges.20.13, used to indicate
the start for horse races Olympic game&®;

1 a passage by Plinthe Elder(Natural History XXXIV, 75), wherethe Roman historian
refersto abrazenstatue of Apollo, carveih the 8" century BCby the sculptor Canachus
Sicyon for the temple oMiletus ””. The statue would have hadlits right handa stag,that
by means of a rope could seem to walk, better, to move legs.

Both these exampleare looselyconnected with the dove, and they are therefore not conclusive
proof of the ability of the philosopher of Tarentum.addition if we compare this hypothetical
reconstructiorto the other objectwvhos design isttributed to Archytas (theo-called clapper, a
kind of rattl® [80] "8, we are forced to admit a formidable technical disparity between the two.

If exemples quoted by Schmidt are not conclusive, they are at least not the onlicmoeding to
Polybius (200118), the oratorDemetrius of Phaleruni350-280 BC) had beercritisized by his
Athenian political opponerdemochare$355-275), for his entrance intthe theatrdollowed bya
mechanical slobbering sndprobably a kind of carnival floatduring the Grat Dionysiaheldin

v “bretiUadge BlUs ) vy seaszuauwasaasﬁJeLDUoerBseq;GYu;qgU
O0UUoeysw)dh:éd 3 Ubdea Usd U e3v £ U3 casfUU0s; WUdbge g o - U s
sUsyGdUs, (Oitidedlddiie d Argla bréhieseagle stands on the altar with his wings stretched out to
the fullest extent. The man appointed to start the racing sets in motion the mechanism in the altar, and then the eagle has
been made to jump upwards, so as to becdgsible to the spectators, while the dolphin falls to the ground. Translation
by W.H.S. Jones, and M.A.Ormerod (1918
" canachus Apollinem nudum, qui Philesius cognominatur, in Didymaeo Aeginetica aeris temperatura, cervumque una
ita vestigiis suspendit,tdinum subter pedes trahatur alterno morsu calce digitisque retinentibus solum, ita vertebrato
dente utrisque in partibus, ut a repulsu per vices resiltanachus executed a nudpollo, which is known as the
fiPhilesiam: it is at Didymi, and is compodeof bronze that was fused at Agina. He also made a stag with it, so nicely
poised on its hoofs, as to admit of a thréaihg passed beneath. One féwets, too, and the alternate hifabt are so
made as firmly to grip the base, the socket being satedeon either side, as to admit of the figure being thrown at
pleasure upon alternate feet. Translation by J.Bostok (1855)
' n  Gr e e k philobdists @nd historians have long debated the nature of this object, whose sole purpose is
howeverto produe a sound to entertain childr¢d87]. It is quoted by Aristotle irPolitics 8,7 € U u Bd d a0
" Us 7eiilleds  Uo 3,00l U39 bess) j cldlblys ~oellblglind ties dadiay’ 9U9Lﬂetrg’9 d
)L elive & edid 3 s U0a0b 3i Gelimd al pqﬂles UUUs . U seysess™ Gdfisg c(ras (
3d aeed = Jse hUlRigaints U Us i UgU ¢ Ua @ B @ 3AntieBame time also boys must have
some occupatign and one must tahgoad invedtione hich peaplé give toachiltrénen order that
while occupied with this they may not break any of the furniture; for young things cannot keep still. Whereas then a
rattle is a suitable occupation forfamt children, education serves as a rattle for young people when older. Translation
by H.Rackham (1944).
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308 ’°. Even if we assume that Demochares wpsakingallegorically, the use of the mechanical
Acont r iwhiechrdooeeds,n 6t a p p e aeitheracs Polgbius na dod Demaocharess
interesting Rehm, however389] tried toreconstructhe snail operation by assuminghat it was
large enough to contaisomemen who moved in a wheel (similar to the one currently used as a
pastinme for hamsters), pushing the whole device.

sd Demetrius Phalereus' Snail /
gﬁ wautomstons 1
FAY Demetrius Phalkereus's
Usar Snail :Animal
| T
: 1
1
1 Activates() - 1
|
|
: “crawls()
|
|
: *amits{slime)
|

Fig. 11 Demetrius Phalereusd Snail

Another interpretatiojrather fanciful has been g [14khbasedon BndtAer lrating o
source;the writer Marcus Terentius Varrgl16-27 BC) in his work about agricultureRerum
rusticarum libri 111) quotesto his wife Fundania list of Greeks authors who had written in some

way aboutplant cultivation among them, even Archytasreferred(l, 1, 8).D6 Ar r i go assum
Archytas might have been inspired by the fruits of some plants (plantain, dandelion, salsify,
lettuce) whose shapallows them to remain suspended in the air for some #®eie can see, this
assumption is unprovable.

2.2.3.2 Plato, and Aristotle

Though we have ndirect efeenceto automatd n P | a ts,Biumbawgli380k and later De

Solla Price[363]r e mar k t hat fABy the time of Plpahagms it
even with simple animation, simulating the geometricallpy d er st ood cos mo s. [ é]
imagery seems to derive from models that were more than mental figments. Certamdytimetof

Eudoxos (ca. 370 BGwe find a geometrical model ofgmetary motion having every appearance of
relation to an actual mechanism of bronze riags.

" Histories XII, 13, 1011. [1 D™ ~ o' gaald oUJd &aéalaBU U 3 "BlapadalU 310!
baecas "% pEPo3Uci Ussd Gdi: OfaUallighfdo UolleceotrUrxd Wddglde rvs
"eged U G@Uas3 2B U Ui agUcis@m® Us U dyleyUdsslyd st ai 3 Ud¥ »Brdicyg
aUa 7 U0 dagUPuealbewysd ~ esals FUGGY3U) Ui Ucgde OO

U @i 300.d\odahe tels &wtasher st ory o He wasnoteasharmed 0 ,have & mocession in the
theatre led by an artificial snail, worked by som&rnal contrivance, and emitting slime as it crawled, and behind it a
string of asses; meaning by this to indicate the slowness and stupidity of the Athenians, who had yielded to others the
honour of defending Greece, and wiamely submissive to Cassal e [r € J¢anslation by E.S. Shuckburgh (1899)

8 Quotation is fromDe SollaPec6 s paper .
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As a matter ofdct, the philosopher, ibaws(1, 644 d-e) 8%, while discussing about the relationship
between man and gods, describes the formerddka Uliter al | y fAwonder o, but
meaning referred to a toy, source of wonder for children because of its unpredictable behavior. The
toy Plato alludeso, is probably a puppet, since he adds that gods msfite mysterious purposes

(it could be eithefor their own pleasure, or for some serious reason), andvedive in the world,
affected bycontradictoryfeelings, in a body made of antagonist sinews, or cords. Their working can
lead usto opposite actionghat is to good, or to eviSome scholaralso suggest that thlegory

of the Caveas wel| taken fromRepublic(VIl, 514a5209, could be connected with a puppet show

[79].

A secondary sourc€Athenaeus,Deipnosophiste, IV, 174 b) interpreted byDiels [299] and
Schmidt[391], refers to anightly clock ®, Platowould have builtbecause of his repugnance to
sleep

In the usual absence of direct sources, we can only remember that the basis of Platonic philosophy
is the dualism between the world of ideas, perfect, motionless and unchanging, and the world of
things, misleading subject to motion and time. Thdeia of Plato as an inventor seems poorly
compatiblewith this view.

Aristotle can be considerasbthe first philosopher to haveeenseduced by the idea of automation
to the point offiguring out some possible manufacturing or, at least useful applicatons, as
evidenced inPolitics I, 1253b%. The passage is quoted by almost all those who have studied

B 0p Uci Ww3lssgaUx ilUs k3o UG G370 d Gt elWsdsUr ad @ 300U0Ug” Uaossas
"o Ua 83Eda e gliples Uia:dmihid Uelfp B o031 VR E Uise VOO W W ~ ¥ dae 3
63 J (iewey disdalali Ub 0 alle go Gaoorvebldy oo mdgiedda Us "3 Us UgW¥rgUs d
8 U Uosv) odyelyidsW U oanllihUlet ussupposeahateachof usliving creaturess aningeniouspuppetof the
gods whethercontrivedby way of a toy of theirsor for someseriouspurposefor asto thatwe know nothing but this
we do know, thattheseinward affectionsof ours like sinewsor cords dragusalongand beingopposedo eachother,
pull oneagainsthe otherto oppositeactions andhereinlies the dividing line betweergoodnessandbadness
LayodibbyUzao ol cdesstlctUUgi e UGg@U)3s s®Us B a9 aisdU
i) Ulgmws stalyi j0bablaU3t0 U Uy Bigsu J oUadidBtalyi UgWs UBE 34U
tUdU3s614336¢aodidUs Ugilite8 0 v ddlis U“e " &1ds0 } o U3’ B®a U UUbuttis said,
that Plato showed a sort of notion of the inven{ making a nightly clock like the hydraulic organ; being very like an
enormous houglass. And, indeed, the hydraulic orgdmesseem to be a kind of hogftass. It cannot, therefore, be
considered a stringed instrument, and one to be played by touching. But perhaps it may be called a wind instrument,
because the organ is inflated by the wafeanslaion by C.D.Yonge (1854).
#0e370 iad ¢ ¢ yoeadiigls Uno Ud Goya edd ootz ¢ s gy #is Uo o HimixsUUe 3 ) @0
63 aL°lJ93, g U; UG j stieysUsqgs Udpds Ugly Y, GUEBalUJU; oU3Usya~la$U9
2’ eUUaUudebeelsiJu‘edautiaGsessaU g ovs3 xssseyUgGLU ‘gdygc s (aegbu; seU
e3 Weygeed  J) Weygeeamy: d) yedop Ysa UngUUUy‘G‘JSULdJa;gx BB & U

joU3eg sweUas ‘]a&ﬂ)eg’dego'?‘swlso, lsdde d e e ygeaeall By Uszaess |
;o‘?‘sxg%’c{;yqu‘] 3 008G Ues) d0vysyvys aWalgUdidiUs gdeadils
‘yoe3,> &5U) plls U YaesQ(ch’UuUquouUeg Ug a Gigaesdsad Udle ¢ Y Ussgesd d U
Ui UCkdOy Lmrg’alﬁuacatyUJ@sl:JBmUUUan;eUde;wgaU:xa“uUssJUeg’ueGszaUe°93

"dy BUBO gUei UG RUUsd Ui a¥3. Since therefore property
property a part of household management\fithout the necessaries even life, as well as the good life, is impossible),
and since, just as for the particular arts it would be necessary for the proper tools to be forthcoming if their werk is to b
accomplished, so also the manager of a househodd Inave his tools, and of tools some are lifeless and others living
(for example, for a helmsman the rudder is a lifeless tool and theolatolnan a live toefor an assistant in the arts
belongs to the class of tools), so also an article of propeayasl for the purpose of life, and property generally is a
collection of tools, and a slave is a live article of property. And every assistant is as it were a tool that servealfor seve
tools; for if every tool could perform its own work when orderedyyoseeing what to do in advance, like the statues of
Daedal us in the story, or the tr i pnoodvse doft hHe pchoafithsat nuys dw h
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mechanicsn the ancient world, who have often questioned the causes of the scaxtijgctof

this kind either in sources or in findsThe text shows, according to somghat, just in the 4"
century, the use ahachinesvas considered, at least in theoag, an alternative to humavork:

such a remarkvould require to seek the causes df lck outside thefield of technology €.g,
abundancerad low cost of slave aristocratic attitudes towards manual work, considered unworthy
of a free man, that would lead to a conscious rejection of the meshasifocused byAymard
[392]; philosophical culture devoted more tdiies than to machines and to technol¢§§0], as
also shown by Seneckpistulae morales ad Luciliun®0, 2526); accordingto others, however,
Aristotle would bein the tradition of mytrof U Ue U U seddthdse passageould be a paradox,
just like incomedies studied above.2.1), written in order to demonstrate the necessity of slavery.

Cambiamo [79) bel i eves t hat Aristotl eds focaseseanehatc e i -
Ari st ot | e whenyslered,or by seeird) avhafito do in advance whi ch goes a
of the problem of a protdl. The automaton is a thoexactly as slaves are, but to be actually
similar to a slave, the automaton must be able to reproduce at least a minimal appearance of
intelligence, consisting in the understanding of a comnffamtcording to Cambiano, if we accept

Ari st ot | p dostheMechahicsautoimata were the acme of technical objetbist, hiding

their mechanicahature, wereexplicitly intended to appear differefrom themselves; they would

be a class of objectpossessasg in itself its motion principle, andhe highest productof a
technquethat would best imitataatureby trying to leave no visible trace of itself in the objects of

his production.

On otheroccasios, in On the Movement of Animals 7), and inOn theGenerationof Animals
(2,1), Aristotle usesautomataas an analogy.to describeespectivelythe features of selhotion and
of reproductionin animals[79, 78, 16]%; these texthiave beerused to proveor to disprove the
mechanistic inclination of Aristotelian zoolo§393-394, 16] Both passagesevertheless represent
significantevidencefor us, since any interpretation you want to give the tewts automad have
been chosen tgive explanatiorof the functioning of living beingsThis shows that thautomata

shuttles wove and quills played harps of themselves, astsmen would haveonneed of assistants and masters no

need of slaves. Translation by H. Rackham (3944

It is worth mentioning that, if we exclude the possibility that Aristotle is referring to some form of automation actually
existing in his time, we must recogniehim an important insight in identifying the relevant prodaatfield (textiles)

in which the mechanization of workould start 2000 years after his wordbsle probablynoticedthat movements of
weavers (and of musicians) are essentially periodidaich wouldhave been easier teproduct

8 This is also made evident in our UMhodels by the use of entities like sensors or monitors, or by behaviors, like
access to a data base.

% AThe movements of animals may be compared with those of automatic puppets, netieh going on the occasion

of a tiny movement; the levers are released, and strike the twisted strings against one another; or with the toy wagon.
For the child mounts on it and moves it straight forward, and then again it is moved in a circle otéwgiels being

of unequal diameter (the smaller acts like a centre on the same principle as the cylinders).

filt is possible, then, that A should move B, and B move C; that, in fact, the case should be the same as with the
automatic machines shown asiosities. For the parts of such machinehile at resthave a sort of potentiality of

motion in them, andwhen any external force puts the first of them in motion, immediately the next is moved in
actuality. As, then, in these automatic machines thereal force moves the parts in a certain sense (nhot by touching
any part at the moment, but by having touched one previously), in like manner also that from which the semen comes,
or in other words that which made the semen, sets up the movement inbitye emd makes the parts of it by having

first touched something though not continuing to touch it. In a way it is the innate motion that does this, as the act of
building builds the house. Plainly, then, while there is something which makes the padsgethinot exist as a definite
object, nor does it exist in the semen at the first as
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operation was known to a reasonable level of detail at leastragpn t he r eci ps ent s
works.

2.2.4 Oracles

As we haveseen in Greek Archaic and Classicalture the correctness of the statement of De
SollaPricenl t seems t hat reekcuttuneghe precgss of naturalgexaggerati@ in
mythology and legend had produced at least the concept of simulacra able to do more than merely
tal k and mo kasbeénlveriiieB63h r ms . 0

However this should not imply that autormaatere missing from the liturgy, especiatlye oracular
one.We are informed byhe Greeksatiricalwriter Lucianof Samosat&120-190), in hisThe Syrian
Goddesg36-37), that Greek oracles were siitl activity duringthe 2 century AD®. Although,
given the satical nature of the text, we caat rely on the details dhe description, just for the
same reason, wikave tothink that the consultation of oraclesaswstill common at the time, or
making them the subject of satire would nodve madesense The grammaan and philosopher
Macrobius,in the 8" century AD,i.e. long after the beginning dhe Christian era, also refers to
processionswith selfmoving or talking statuesin Antium and Heliopolis in his Saturnalia
(Saturnalia Convivid, 23, 14 ¥'.

23 The nAThauma ComAlegandria tothedRomah Empire

Oneof the most challenging questioaboutthis historical perioghertains tdost technology given
the perishable nature of the materials with which it imggdemented

In addition, due t@ sort of contempt for thebjects of daily usethdr descriptions in literature are
extremdy rare, almost entirely absent referring to our toficv e n t h ge Uv(meclthanics)
implies both adenotative an@n ethial meaning[69, 395} though it literally refers ta branch of

% First | will speak of the oracle. There are many oracles among the Greeks, and many, too, among the Egyptians, and
again in Libya and in Asia thereeamany too. But these speak not, save by the mouth of priests and prophets: this one
is moved by its own impulse, and carries out the divining process to the very end. The manner of his divination is the
following: When he is desirous of uttering an oradle first stirs in his seat, and the priests straightway raise him up.
Should they fail to raise him up, he sweats, and moves more violently than ever. Should they fail to raise him up, he
sweats, and moves more violently than ever. When they approachnkirbear him up, he drives them round in a

circle, and leaps on one after another. At last the high priest confronts him, and questions him on every subject. The
god, if he disapproves of any action proposed, retreats into the background; if, howehagpémes to approve it, he

drives his bearers forward as if they were horses. It is thus that they gather the oracles, and they undertake nothing
public or private without this preliminary. This god, too, speaks about the symbol, and points out whaa dus t

season for the expedition of which | spoke in connection therewith. | will speak of another wonder, too, which he
performed in my presence. The priests were raising him aloft, but he left them on the ground, and was born aloft
himself alone.

87Vehiur enim simulachrum dei Heliopolitani ferculo, uti vehuntur in pompa ludorum Circensium deorum simulachra:

et subeunt plerumqgue provinciae proceres, raso capite, longi temporis castimonia puri, ferunturque divino spiritu, non
suo arbitrio sed quo deus mellit vehentes: ut videmus apud Antium promoveri simulachra Fortunarum ad danda
responsa For the statue of the god of Heliopolis is borne in a litter, as the images of the gods are carried in the
procession at the Circensian games, and the bearersrarlfiethe leading men of the province. These men, with

their hair shaved, and purified by a long period of abstinence, go as the spirit of god moves them and carry the statue
not of their own but whithersoever the god directs them, just as at Antiuneevthe images of the two goddess of
Fortune move forward to give their oracles.
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physics, it stillalludes to a tricky attitud®. Nonetheless, as De Solla Pr[860] clearly statesfithe
technology was there, and it has just not survived like the great maildengs, statuary, and the
constantly recopied literary works of highu | t [@7] e O .

Though we deal with two differemdanguages andultures (the Alexandrian and Romane), we
mustcall attention tahe substantiahlexandrianRoman technoldgal continuity, due to historical
reasons: the Egyptian reign simply passed in the Roman hands, becoming part of theDsrapife.
the most interestg sources about automata in this period ranging from theeBtury BC and the
2" CE are out of doubtthe Deipnosophist{Banquet of the learngcy the Greek grammarian
Athenaeus of Naucrati8't century CH, featured by Egyptian origin, Greek culture and language,
Roman eraThey are still portragd as a courtly pastime[396], used during the same public
ceremonies as the ones described by Theocritus irSmecusars, where two women from
Syracuseseein Alexandriaa show for the geen

2.3.1 Antikythera

One ofthe very few objects that testifithe level of technology of the ancienteggk world is
undoubtedly the one fourty chancenear the island ofntikytherain Greeceat the beginning of

the 20" century.Nearly 50 years after its discovery, De Solla Price began a systematic study of this
find [87], followed, during the century by other teams of schola@3-399, 88] Although the
reconstructions differ in many significant details, they all agree on the nature of the object: it is a
device to calculate the positions of the planetsargifact of precisionmectanics which canwell
demonstrate the level of technology attained inlfheentury BC

The Antikythera mechanism gobablythe best preserved artifathat can be usefully quoted for
our aim butit is not the only onewhile Taubdescribes some astrolaljd80], King [401] quotes

1 apocket Roman sundiagraduated with an hourly scakgth the latitudes of 30 provinces of
the Empirein order to calculate the time depending orevehyou arghoused in Oxford;
1 a5™ century geadsundial(housedn London) with a mechanisno indicate thaveelday.

We thereforeevenwithout numerous archaeological findsin sedhat the mechanics had finally
reachedand maintaineda good leveland there were the skills to realize complex objects like
automaa.

2.3.2 The school of Alexandria

At the end of the "8 century BC,as traditionally allegedpharaonPtolemy | Soter(the Savioy
underbok in Alexandriathe construction of the Library and theusdeum (literally, shrine of the
Muses, daughters of Zeus and patsoof arts and sciencigswherescientistscould studyin full

freedom sponsored by the kindpr the prestige ofthecouthei r st udi es di dnoét
immediate applicabilit to practical purposess demonstrated by the composition of the research
team: 30 grammarians / philologists, 25 doctors, 17 philosophers, 11 historians / biographers, 11
astronomers, 15 mathematicianghysicists fnechanicy and2 geographergl02].

8 As a matter of factpne of the first mentions dhe root ofthis word is found in Homeb s w ceferkirgy to the
character of Odysses” @ ssgJesa 8 d, pol ymechanos, meaning a man who <can
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Both the Byzantinechronicler Georgus Syncellus(9™ century), andthe poetJohannes Tzetzes
(call101180 refer that the Greek statesmaemetrius of Ralerumwould have been responsible
for the collection ofbooks from all over the world in Alexandrithanks to theaoyal funds, and
would haveplaced them in two libraries. The king would however have been Ptolemy Il
Philadelphus(brothersisterloving) [403]. Sources are very latena@ therefore potentially not
reliable, and itvould certainlyhavebeen anrrelevantdetail, if only Demetrius had ndieenquoted
asthe protagonist of another episode on autor(sdesupra2.2.3.].

2.3.2.1 Ctesibius

He lived in Alexandria aroun@70 BC, as an epigram hije poetHedylos® quotes his singing
cornamusanade for a statue of Arsinoe, sister and wife of Ptolemy Il Philadelgio4d. Other
sources that would fix his |ifeds date one <ce
(controversiabs wel) of a second Ctesibi|j405].

The Roman architect Vitruviu8@-15 BC) is our main source about hifft he would have got a

book by Ctesibiusabout his inventions, containing some news about his thie; Alexandrian
scholarwould have beerthe son of a barberand i n his fatheroés shop
adjustable mirrorcontrolled by a counterweighproducinga loud noisg while operating By
observing its operatiorGtesibiuswould have begun studies about pneumaticén collaboration

with the Peripatat philosopheiStratoof Lampsacu$335-c. 269 [406] .

He invented:

1 Anair-powered catapult

f  An ar pump with valves, connected to a keyboard and rows of pipes (water rgan)

T A force pump for watet’

T A water clock®: a clepsydra with constant flow; he made up his work in gold to avoid
rust or verdigris or in precious stone to guard against wear; the water flowed into a
cylindrical container and lifted a float, which carried a pointer to mark the hours; thanks to
a ra& turning a toothed wheel he made the clock work waherga like whistling birds
moving puppetsandringing bells

Unfortunately, nothing of his written or invented works still survives.

* Referred by Athenaeus ieipnosophist, 497 ¢, o6 ds ‘oz UdoUdal]UU o :Ulg I § o
IUQLBagb tideUscgblea dec 3 Uuﬂsur; g ', o UDW@O seUm,lseagUld /0 gBlUdd

u Wbt By o algy } GQSICUQL:B] 27 U:a)g’assx)NGe/:u Us’ L#aq egs;q:f usea)exeg "8 &6
G 3 dd&JL‘bG; wlgli 20 ¥3 B8 uy®ed cugz dUs UdUGbg’/’PLBG g’aaaass U8~uUUuaag’63
U; Uogr/:Ug; @ aecg’bls U) ssdiUrd2087UdEabe 60) UeU0UWUE/ 0 WU ,s 93 3d
Ou0 Wtag . but H eEgigrdmg snentioning thé rhyum made by Ctesibius the engineer or
machinist, speaks thqume hitherall ye drinkers of sheer wineCome, and within this shrine behold this rhytus,
The cup of fair Arsinoe Zephyritis, The true Egyptian Besa, which pours forth Shrill sounds, what time its stream is
open'd wide,No sound of war; but from its golden moutlgives a signal for delight and feasting, Such as the Nile, the
king of flowing rivers, Pours as its melody from its holy shrines, Dear to the priests of sacred mysteries. But honour this
i nvention of Ctesibius, Andanslationly@€udt Yosge (1858) f ai r Ar si noe
% De architecturaX, vii, 5; sednfra footnote107
L De achitectural, i, 7: item qui Ctesibii aut Archimedis et ceterorum gitisdem generis praecepta conscripserunt
leget, sentire non poterit nisi his rebus a philosophis erit institutus
92 De architecturaX ,viii ;
% De architecturaVll, Introduction 14
% De architecturaX,viii,4 -7

50



2.3.2.2 Philon of Byzantium

Very little is known about his lif@nd works apart from some minor news [408]. We however
have extant fragments of a work about mechanics, whence it is possible to find some clues

1 HereferstdcCtesibiu® cat apult as t @ossblywas a emeamporamgfv e nt i
his;

1 He studied the catapults, brsavelling betweemlexandria and Rhodes: h@obablywas
wealthy or had a wealthy patropassibly the Ariston, whose name is the receiver of the
treatis€g/409])

It is possible, according to Drachmad®8], to reconstruct the contents of his main work about
Mechanics

1. Introduction

2. Ontheleve(z 6 G @)9 8

3. On the building of seaporfs s ¢ U3 6)" 8 99 o

4. OncatapultscU & ¢ * )sitsswnavedcomplete and contains referenceatapults, possible

hintofal | eged Phil onds travels.

On pneumaticgd 3 U g ¢ Witlardved complete

On automatic theates Us ¢ UUB "~ 99 o

7. On the building of fortresseg® U U G o U Y i sutlieed complete, and it onsidered
asoriginally composinghook 5 together with the following

8. Onbesieging and defending towft$ 8 & 9 @ } )acbhntpkete

9. On stratagems

o o

2.3.2.2.1 Phi | Pnautatics

Its preliminarychaptersncludea number of experiments almost certainly taken f@esibius the

rest of the book consists 6pneumatictoyd, as Dr a capparatus for psrryragich

Phil onds devices, that would be i mB1{46,68cahd dur i
59, referringto Carra de Vauxprogressivenumeration47]. The other ones, as we will see also in
Her onds wo bakic devicesand ard distilbbuted in theeatiseaccording to a criterion of
increasing complexity, though mostly using the same pringipled the same basic structuvée
preferred to focus ohl e r 0 n 6 s, whke identicadaed we modeled theras we have the @ek
description,as near as possibte the original. A special mention deserves however other devices
#10-29, concerninf wonder ful vesselso, also present in

As we will see for Heron devicesoften need to be activateoly someone (therefore called
Activator, in our diagrams) who is not the final recipient, and possibly acts seoadttp show any
hints about workingrinciples

The first device here consider@d3l) serves automatically guests with water and pumicees{a
surrogate of soap) for washing hanttswill be usedalso by alJazarj though with some major
differences (semfra Fig. 100).

% Vitruvius includes him in the list of ancieimventors (VII, intro, 14); Heron mentions an automated theater by him
(Automata XX, 1,3); Eutocius cites his work on the duplication of the ddbé&], pg. 60
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sd Philon: 31 .~

E O «8utomatons «automatons
FAY Lavabo Door Small Hand
Guest Hand Wash :Door :Dispansar
: Control : :
| . I
| Activates) | : :
Activates() - | 1
il 1
I
opens() 1
I
I
I
Activates() o !
|
Door=open
Offers{Pumice Stone)
[l
T T
| Takes(Pumice Stone) o !
I H Ll
|
! |
1 | In{
I H [
- BalTaken()
el T
|
Desctivates() - :
closas()
| LetCut(Water)
|
|
|
|
|
- — l an
|

@

p

a
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

[HeldWeight=0]-0ut{)
L ;

¥

*[PouredQuantity<Threshold]:pours(}

Fig.12 UML

Di agram of

Fig. 13: Philon& Device #31 by Carra de Vaux

Desi
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The seconddevicehere considered (#40gpresents a vessel, where a scene is played by a bird,
defending hishicks in thenestfrom asuddersnaké s a’f. t a c k

=d Philon: 40 7
2 @ O «8Utomatons 1 «8utomatons 1
Iy Genenc Snake (Generic Bird :Bird
Activator Vessal Liquid Level ‘Snaks
: ! Monitor T T
1 1 1
1 | ! I 1
1 | : I 1
| PoursiLiquid) | i ' i
- 1
o LiquidInVessel>0) _ | i i
| Lani
: Move(SnskeNest BirdNest) : i
i i
1 1
i *[Cu: rrentF':J;itli::n <> Bird Mest]:crawls{Snake Mest, BirdNest)
! Aler) L _!
1 ' L
: : flapsWings()
i LiquidinVesseli=0) :
i Move(BirdMNest, SnakaMNast) : :
-l 1
1 = 1
: \-igl‘—_l *[CumrentPosition <> SnakeNest]:crawls(BirdNest, SnakeNest)
! 1
1 1
1 - - '
Fig. 14: UML Diagram of P h i | [Derign#40
=4
= 5
/' N i AC} b ;:
v 11.\.\
i -
%;)
‘ '
§
;3 X
5 N\
Fig. 15 Phi | on 6 sdarBieg\basedaiporAyaB8Sofia MS.
96
Seesupranote75.
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The third one (#58)represents singingirds on the lip of a brazieilhe effect is got thanks to a
hidden cause: steam produced from heating water inside the vessel.

sd Philon: 58

E O «automatons1..*
A Generic Bird :Bird

Activator Veszzal Brazier
I

: Pours{water) |

|
]
: Lightsfwaad)
|
|
|
1

TemperatureRaisas)

¥

il
-

[Preszure == Threshold]:Pressurelncreases()
L

[Pressure > Threshold]:LetSteamOut()

“[Pressure » Threshaold]:sings

Fig. 16: UML Diagram of P h i | Dewno@ #58

R
Q.

———
== ==
P | (Em— = —
-— == -
— A—— - —
— =
—_— —_— . —- o
g — p—
-
- gow S
= —— ==
— ——— —r—
— — ——— | —
—
—
—_— - ry L
b -~ - -

Fig. 17: Philon& Device #58y Carra de Vaux

54



Thefourth one (#59) is the most complex, and involves the presence of mythic charastersid
be placed in a temple, neamning water from a cave or a steep rige Philon recommends
order to have an unlimited quantity ofadable running waterThe builder should also provide a
system to drairsurplusof water.lIt is therare case ofa user(or we could say a visible activator)
who contributes to the operation of the device only after it is already wodadglters the system
state, preventing the water to escape through the pipes hidden in the diagerthehuman
automaton works mainly as a cowhile the theriomorphic one apipe.

sd Philon: 58 7
«gutomatons 1 g sautomaton= 1
Dragon :Snake A Paniscos
WaterSourca FPool Tank Acthvator Mythological Figure
| 1 T
| 1 I
: *Pours(Water) : :

*[PouradWater > PoolThreshold]: LetCut(Sumplus)

e !
jine

|
|
|
[ I
L 1 |
|
|
|
|

“[WaterFlow »0]:hisses()
|
|

*Pours(Water) |
|-
Ji=

*[PouredWater > éls;inThresh::-ld]:LetGut[BurpIu =]
|
1 Tums()

[
| L
|
|
|

F i

Removes{Cork)
|
I |
“Drains(Water) |

|
] s

*[Poured\Water > BasinThreshold]:LetOut(Surplus)

Fig.18 UML Di agram of #%hil onés Device

L

Fig. 19: Philon& Device #59 by Carra de Vaux
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2.3.2.3 Heron of Alexandria

Apart from the names of his w@tOk Mechamcssurvivedn 6t K
only in Arabic and th@®pticsonly in Latin. The first source that mentions him is Pap (330 AD),

who quotes from his mechanics; he quotes Archimedes (212 BC) so we have the terminus ante
guem and the post quenihe range has been shortened by Neugel{daéf, who showed that

Heron could have referred to a real eclipse of the nidhe problem of determining the distance
between Rome and Alexandria in Bioptra, ch. 35. This would have happened in 62 #D.

His works, according to what is known at the moment, pertain to two main fields:

1. Mathematics
a. Definitiones
b. Geometrica
i. Metrica
ii. Stereometrica
2. Mechanics
a. Automata
b. Baroulkosor the lifter of weights.tlis the name given by Pappusan extract from
Dioptra 37 andMechanicd, 1
c. Belopoiikg aboutthrow weapons
d. Catoptricg only in Latin version; how to arrange mirrors fitwsions
e. Cheirobalistrg fragment of a dictionary about catapults
f. Dioptra, that contains a description of instruments for surveyors;
g. Mechanicspreserved only in Arabic versipit is deeply different fronPneumatics
ordered consisting of a@ntroduction, a theoretical part and a practical part
h. De mensuris
i. Pneumatics

23231 Herondés Aut o mRneumaticsSy st ems

H e r oMPnéusnaticsis the oldestwork, conserved in original Greek manuscripts, describing
amazingapplications of pneumatic and hydrauliotol principles operating and moving without
human involvementThe nost famous is theolipile, a turbine in which an escapingieamjet
makesa ballfixed on a pivot revolve.

The Pneumatis is of interest in the history of scientific theory no less than in the history of
technology in the introduction, Heron even discusses abeaduum that, for him has the
characteristic of discontinuity nature, thougla continuous vacuum can bdificially obtainedin
different uncomplicated waysleron statesthata discontinuous vacuum sepasithe particles of

all matter. For instance, according to Heromjr consis$ of microscopicparticles divided by
vacuum t hat 6s \wdmpresed| andcanexpard dne contracf413, 362]

7 Another indirect evidence (as far as we know, at the moment, never considered) that allowsléordaten 6 s | i f e t
1st century AD asckigincanbe found i PneuenaticA,evheveda pentadrachm (a five drachms

coin) is quoted. This small coin was last produced during the reign of Merd®e upon the coins of Cleopatra \dhd,

like them, itwas marked witlanE (that is 5) A specima is catalogued as RPC 52B12].
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The workincludes the description o& set ofsome 70devices, ordered biycreasingdifficulty of
implementation®®, moved by water, air, or steam pressuiey can emit sounds, adorn public
spaces, surprise the audience, or supply the needs of the users.

Due to the big number of devices, and also to the relative redundanayqsthemshow minimal
variations with each other in their apparent behavior), we decided to single out the most interesting
ones and to focus on their modelir@ur selectionof Her onds aut omated sys
the two books oPneumaticql 12, 15, 16, 17, 21,2 30, 31, 3234,37, 38 41, 11, 3, 4, 10), and

the Automata(moving/ staticdevice3. Sc hmi dt 6 s numer ation is here

Selection criteria have bedéme following

1 Exclude basidevices (like vesselshhat are also part of mocemplex ones
0 Book I:#1-11;13;1819; 22-27; 35.
0 Book II: #1-2; 6-9; 11-14;16-20; 22-29; 33-35.
1 Exclude relatively redundant instances:
0 Book I: # 14 (Y 15); 20 (Y 21); 28 (Y 29); 33 (Y 21); 36 (Y 37), 39(Y 38);
40 40)Y
0 BookI:#5( Y®] YO;15( Y2a) (Y 3031(1YR1}7); 32 (Y |, 15);
36,37 I, 29.
1 Exclude musical instrumest
0 Book I: # 4243
1 Include device with anthropeorphic, or zoomorphic figures:
0 Book I:# 12;15;21;2931,; 37, 41
o Book II: #4; 10.
1 Include devices whose behavior is simikar other (possibly not Heronian) automata

behavior
0o Bookl:#1617;32;34;38;41.
o Book ll: #3.

As already shown for Philon, device$ten need to be activatdsy someongtherefore called
Activator, in our diagramsyho is not the final recipient, and possibly acts secraityto show any
hints about working priciples.

We donot have any eswerdatalymplenmeatéd, as leasthongeithey i c e
Alexandrian times

He r o iddevicéshows a scene that could be usual in front of a terpteworshippersare

intent on asacrifice, and, when it is done, they pour water on the altaxtitoguishthe fire. The

two figures are completely static: it appears that at a certain moment water flows from their cups.
The device is interesting not due to(dgiite simpleworking, but because it shows how muere

Heron tookin suggesting to his readerdiat an application in a dramatiand therefore wonderful)
contextcould be Another remarkable issue of this device stands in its agrncauld either imagine

that the spectators are aware of the caffeet relationship, though ignoring the exact device

®Drachmann st aRneumatcsihiast aHetreoxntdé sf or st udent s, and Hero de
know, just as a modern physics textbook expl ai[4@ t he |
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wor king, or they arenot ; in any case, byHer on
maximizing the distance between the input and the possible range of its outputs (see also I, 38).

sd Heron's Pneumatics: 1-12 /

E |O Q Q «gutomatons 1.
A Worshipper

Activator Altar AirTank WaterTank Waorshipper
I

LightsFira()

Temperaturalp(}
=

|
|
|
|
|
|
|
|
|
|
|
|
P
|
|
L

AirPressureUp()
L i
Airlnvades)
-
Supplies(WVater)
=
- pours(\Water)
™ -
|

T

Temperature Down() :

|
AirPressureDown()

1

AirLeaves() :

4.1::‘

T T 1
1

R o, GUPR

Fig.200. UML Di agram of Peviceokh20s Pneumat i C ¢

Figura2l: Her on 0-42 bp$chmidt e |
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