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Abstract. The paper considers some Medieval sources aboagim@d or

actually studied automata, to make a contributmnhe reconstruction of the
cultural landscape of a period that, from the tedbgical point of view, is

commonly regarded as less interesting than othtesdll be shown that the idea
of an automatic device or system, capable of peiiftg not necessarily simple
tasks, of measuring its own state and of takingoadbased on it, was well
established in the Medieval mind, even though sonest connected with
magic.
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1 Introduction

The Greek adjectivavtopatoc, coming from the adjectivesotoc (self) andporog
(having in mind, acting), was at first used to refe any event, that happened
spontaneously, without external intervention; laitisr use was extended to those
mechanical devices, which perform, after a userfsuf, a finite number of default
actions, typically, but not necessarily in a pelgogequence. Such automata were,
during the Hellenism, also equipped with mechanifmnontrolling their state and
were so capable of taking action in dependencderstate itself (a first and essential
mechanism for feedback). The purpose they werd fari| was essentially playful:
they were made to arouse the spectators’ wonfebu@) and therefore their
admiration not only for the engineer’s skills, talso for the monarch, who had
sponsored his designs and works. Often, these rd@signanaged to surprise their
audience through the implementation of devicesvatgd by an input that doesn't
appear to involve the produced effect: the typieghmple is the mechanism that
opens the doors of a temple after the lighting aftaal brazier. We rarely find
examples of devices which also can have a praatisal(such as a purifying water
dispenser, or a pump to extinguish fires).

The most important source for this study are thekadoy Hero of Alexandria {1
century AD):Ilvevpatiky (Pneumatics) anévtopotonomrtiky (Automata building);
these works came to us almost complete and thaysleinderstand much of ancient



engineering applied to automata. This fortunataliien demonstrates that such
works passed from Alexandria into the Romans’ hatdsst, then to the Byzantines
and Arabs; during the Dark and Middle Ages theyensiad, understood, and copied,
so that today, dispersed in many European libravieshave respectively more than
100 copies in Greek language, and 13 translatedLiatin [1]. Another well-known
author of a treatise abo#neumaticsis also Philo of Byzantium [2-3]: his work,
though less widespread than Hero's, was, howewsd rand studied during the
Middle Ages and today we have 15 manuscripts ofnLizadnslations, mostly entitled
De spiritualibus ingeniigAbout devices dealing with fluids).

2  The *Thauma Connection”: from Alexandria to Baghdad,
and Byzantium

When these works came into the hands of ArabicBymhntine scholars, they were
not only subject to a thorough theoretical study they also brought to the actual
implementation of devices. While in the Byzantimapé&e no translation of these
texts was required, in thé"@entury, Qusta ibn Luga, author of many transtesiof
scientific works from Greek into Arabic, providedabic scholars with a version of
Hero’sMechanics

The social structure of the Byzantine and the Arabinpires was fundamentally
identical to the Alexandrian one: the king (empeoorcaliph) was the undisputed
arbiter of cultural life; for his impressive palacevonderful automata were
constructed for the double purpose of amusing ihg &nd his court, and of arousing
the admiration of the audience, mainly ambassaafdicreign peoples.

2.1  Arabic World

In the Arabic world, the most famous scholars iis field were the brothers Banu
Musa, who lived in the®century in Baghdad, and al-Jazari, who flourishetiveen
the 12" and 1% centuries [4-5]. Their works titles are all conteetwith the idea of
surprising the audience, and their actual achiemtsneere exactly in that direction,
although by different paths: they tried to reproglgcenes of wildlife (birds singing
on a tree), or men and women performing some &ti@g., an orchestra of
musicians playing a song on a boat floating in al pd the royal garden; a drink-
serving waitress). Some of these automata had heveepractical purpose, such as a
medical equipment, like the device for measurirggdmount of blood drawn with the
phlebotomy, or liturgical objects, such as a peked@mped basin for ritual ablutions.

2.2  Byzantine Empire

At the magnificent court of Byzantium, the natuhalir of Hellenistic tradition, but
also of the splendour of the Eastern world, autamadg¢vices seem to have been
exclusively used in the imperial Great Palace hm Magnaura. Interestingly, in this



case, the sources are not technical and no naraecbitect or engineer, that made
automata in Byzantium, was handed down.

The emperor Constantinus VII Porphyrogenitus (938Yomposed th&«0eoig tiig
Bactkeiov tdéeme (Ceremonies at the Imperial Court), a compilatikgrk. The main
content is a detailed description of the ceremofr@® the court’s point of view; in
11,15, he relates what usually happened during c&y audience granted by the
emperor: after the ritual bowing, the postulantrdemroar coming from the lions on
either side of the throne, while birds, restingtbe trees that surrounded the throne,
began to sing harmoniously. Subsequently, the liomgerfect synchrony with the
various moments of the ceremony, departed fronr thigirting position and then
returned back to it; both lions and birds gave imgiag at the end of the ceremony
[6-7].

A very similar ritual is also described by the lmiphLiutprand of Cremona (920-
972), in hisAntapodosisa report about his stay at the court of Byzantitsnaa
ambassador of Berengarius Il (900-966), who wagretygbe accredited as king of
Italy by the emperor of the Eastern Roman Empiiatprand was formally received
by Constantinus Porphyrogenitus, in 949, and stégedome time in the city, taking
part in court ceremonies [8-9].

The presence of a tree near a king’s throne [18sdback to the Sumeric epic of
Gilgamesh; a golden plate tree and a golden vime aéso cited in Herodotus’
Histories (VII, 27), as a gift to the Persian emperor Dariysthe king of Lydia,
Pythius, grandson of the renown Croesus [11-12jgi8g birds are likely to have
been inspired by Hero’s and Phild®meumaticgrespectively, I, 4; 1, 5; 1, 16; and 61,
for instance), exactly as it had happened in theirworld, but, given such lack of
technical Byzantine sources, one could also supplusethe Byzantine engineers
were inspired by Arabic designs or models possiiglgn in Baghdad. The reference
to such a device by the Sicilian poet Ibn Hamdisp\ived during the 141 century,
could support the hypothesis of the spreading ofi swtomaton design [13].

Concerning the lions, an iconographic source fer Byzantine engineers could
have been the throne of Solomon, as describeddnBible (Kings, I, x, 18-20),
though no reference is here made to any motion.

These automata show perfectly how the intelleatessdurces of the Byzantines (in
this case, their competence in the fields of meidahengineering) could be used as
instrumentum regniand they also demonstrate the effort that wasenfendh in the
imitation of nature, and in showing the emperoa &od’s epiphany.

Automata descriptions within the Byzantine Empime a&lso present in many
literary works written in order to entertain thedance: romances, and allegorical
poems [14].

3 Dark and Middle Ages

After the great season of Hellenistic engineering during all the early medieval
centuries in the Eastern Roman Empire or in thétdeies under Arabic domination,
the sources related to automata decrease drarhaticad are limited in Europe to



secondary references, and to romances. No desigriecbnical descriptions are
available, at least until the 8entury.

3.1 Dark Ages

Anyway, secondary sources can testify the existenceechanical precision devices,
demonstrating that even in Roman-barbarian kingdtrastechnical skills required
for such objects were not completely lost.

For instance, in CassiodorusVariae, the official correspondence of the
Ostrogothic court in Ravenna, a letter (XLV, 6) selded to the philosopher Boethius
is preserved; Theodoric says that the Burgundiag kias repeatedly asked him for a
water clock and for craftsmen (probably as maimeeamen); he comments the
episode with revealing words: the reason why thegBadian king insisted so much,
is that he considers as a “miraculum” (wonder) bject that for Theodoric is instead
“cottidianum” (daily) [15].

Although we can suppose that Theodoric overempbdsiis acquaintance with
these devices, it is clear that at the beginninthef?" century in Europe there were
still craftsmen capable of building a water clock.

3.2 Middle Ages

Another important secondary source consists in ro@s [16]: whether they belong
to the Matter of Britain (King Arthur’s stories) af France (Charles the Great's
stories), or of Rome (the main character is takemfancient history, such as Julius
Caesar or Alexander the Great), references to aiwrare frequent; they are
primarily used as guardians of a strategic plac®ifeb, a bridge, a cave, or a castle)
and their makers are usually magicians, not tegumsc

The reason is easily explained: all mechanical @dee in no esteem throughout
the Middle Ages to the point that, for a culturecann technical practice was
considered morally, religiously, and socially disbcable [17]. On the contrary,
knowledge and practice of magic were reserved fselacted group of people, who
had chosen to engage in “religiously illicit putsuiillegitimate knowledge, and
trafficking with the Devil” [18]; by attributing th construction of automata to
magicians, any moral conflict was avoided.

Even the legends about the French monk Gerberurdlac (946-1003), later
Pope Sylvester Il, and the Dominican philosophdrefius Magnus (1206-1280) as
automata builders, reveal an explicit moral intebtith episodes end with the
destruction of the automaton (Albertus’ talking theeould have been broken by one
of his students, St. Thomas Aquinas), which is meee impossible to restore.

3.2.1 The Great Sorcerer Gerbert d'Aurillac?

In Gerbert’s biography by William of Malmesbury @@1095-1143), an interesting
event is reported [19-20]. During his stay in Rorttes future pope had decided (by



sheer greed) to rescue Octavian’s treasure, buaiethrding to a legend, in a cave
beneath the Roman Forum; the cave entrance wasatediby a statue. Many others
had unsuccessfully tried to find the entrance, dpégss artful than him: he marked the
place, where the shadow of a statue’s finger felhaon-day; at night he made the
earth open by means of his magical arts and, atebg a servant with a lantern, he
entered a beautiful golden palace, where they faundurt of golden automata. The
light source was a small carbuncle of the firstliggastanding on a base. At the
opposite corner of the room, stood a young archeiding a bow and an arrow.

Gerbert and his servant soon noticed that, if thiesd to take anything, all these
automata appeared to rush forward to attack thenG&bert guessed what would be
the consequences of such an attempt, and decidgigegaip, but his servant, unable
to resist, decided to steal a superb knife. Imntelliathe automata cried loudly and
began moving, and the archer shot the carbuncle kg arrow, so that all was in

darkness; Gerbert ordered his servant to drop tiife,kotherwise their lives would

have been in danger. He obeyed, and they leftalaee, though without any treasure.

The story is very interesting from several poiritgiew.

First of all, the palace designer had planned jls¢es in order to kill any thieves
or at least to give them a moral lesson, not torégsp them with the automata’s
capabilities. We have the description of an acuiatributed system made up of
automata: they are all running the same task (8tegntruders, if they are stealing
something). The actions performed by the automaanat periodical: they begin and
end depending on values measured by “sensors”.iigptis said about how the
system reverts to its initial state after the deparof the intruders.

Then, in Hero’sPneumatics(l, 41), an automaton composed by two figures,
entitled Hercules and the Snakés described: when a user lifts an apple (placed
between the statue of the archer Hercules andréleethhe snake is wrapped around)
Hercules shoots with an arrow the snake, whicthnrheanwhile begins to hiss. Its
operation is relatively simple: the base of theugrés divided horizontally into two
parts (the top compartment is full of water), casted by a drain hole, where a cork
is set. By raising the apple, a double synchromdfest is produced:

1. a chain, connected to the apple, pulls the corinftbe hole, causing the

gurgling through the various ducts that is simitaa snake hiss;

2. a second chain, also connected to the apple, actheofigure of Hercules,

making him stretch and release the string of hig.bo

In addition, in a French romance, whose first writversion dates to the middle of
the 12" century, entittedLe pélerinage de CharlemagnéCharles the Great's
Pilgrimage), the setting of the emperor's main adwee is the vaulted and circular
palace of Hugon, emperor of Constantinople, wheharlés and his 12 peers are
housed as guests in a beautiful bed-chamber, fidtecious decorations and refined
objects. The light source is a carbuncle, set pitlar [21]. The front of the palace is
decorated with the statues of two smiling young nieding ivory horns. Whenever
a wind comes up, these images blow their horngjymiag a loud clear sound, and
immediately the palace begins rotating. A carbureld a moving room appear also
in the 14-century allegorical poem titledtoppositvn (Temperance) by Theodore
Meliteniotes [22]. Here we also find an abridgedsi@n of a lapidary, a book where



stones are put in relation with moral qualitiese tbarbuncle is a symbol for
temperance, a cardinal virtue, related to selffwint

Last, but not least, remark: Gerbert is told toehdesigned and built a water organ,
during his stay in Reims; his treatise on the sttifjas been recently studied [23].

Even taking into consideration that this is a letgey episode, one cannot but be
struck by the strong similarity between this systamd the Heronian automaton,
which may have been the remote source of the stoough it was considered neither
in the Arabic written tradition nor in the Byzargiimplementations.

It is therefore reasonable to make two assumptimoismutually exclusive:

1. this knowledge was transmitted within the workshbgshe masters to their
apprentices from the Antiquity to the Middle Agegthaor without Arabic
contribution; it is unfortunately very hard to peoguch an assumption, due
to the lack of sources.

2. a Latin cultured tradition, mostly separated frdra Arabic one, existed, and
flourished, probably in the monasteries; this sdcassumption could be
easier to prove, by means of a census of Latin s@ipis on the subject.

3.2.2 Looking for Pneumatics’ Medieval Latin Tradition

Despite the wide diffusion of Arabic culture andheology, that had accompanied
the territorial expansion of thé"715" centuries, at the time neither the Latin versions
of Arabic engineers’ masterpieces, nor informafionhis regard are available, since
the lists of the translations carried out in Eurdjp@’t include these works. We may
assume that the oldest (so far as it is known atnttoment) Latin translation of
Philo’s Pneumatics(Cambridge, Pembroke College, 169) has been maxe &n
Arabic translation: its incipit “In nomine Dei piiet> misericordis...” is common to
other Latin translations of Arabic scientific worfesg., Robert of Chester’s version of
al-Khwarizmi’s al-jabr w'al-muqabalah or lohannes HispalensisDe scientia
astrolabii) [24-25].

It is equally unlikely that Byzantine technical Werexisted, since in European
libraries no Greek manuscripts are housed datirigréehe 18 century. Even the
oldest copy of Hero’®neumatic{Venezia, Biblioteca Marciana, gr. 516) dates back
to the 18 century, but it was brought to Italy from Byzamtitby Cardinal Bessarion
during the 15 century.

Another part of Europe where an intense activityrafislation took place, was the
Norman Sicily [26]: Greek, and Arabic works werartslated into Latin [27]. One of
the most renowned translators in thé"iZntury was the archdeacon of Catania,
Henricus Aristippus, whose origins and life ardl &irgely unknown. He translated
from Greek into Latin Diogenes Laertius’ works, IBtoy’s Almagest Plato’sMeno
and Phaedg Aristotle’s Meteorologica In his preface to the translation of the
Phaedo he addresses to an Englishman who was to retume Hrom Sicily, using
the following words: “ [...] Habes Heroni philosopHiechanica pre manibus, qui tam
subtiliter de inani disputat [...] ” (you have in yohands theMechanicsby Hero,
who so subtly deals with the void). These wordsRede and Birkenmajer [28-29] to
believe that it was th®neumatics since in theMechanicsHero doesn't speak of



void; Haskins [30-32] refused such an inferenceabse the content dechanicss
known only from Arabic translations, possibly inqolete; moreover, Haskins
rejected the subsequent inference by the aboveionent scholars as a risky
assumption: according to them, Henricus was refgrtd his own Latin translation,
since other translations of his are quoted in t&spge.

Birkenmajer [33] goes further than Rose, statirgf the had found evidence of a
copy of this translation in th&iblionomia (the library catalogue of the French
philosopher and poet Richard de Fournival, livingthe 13' century), where the
Pneumaticsvould be referred to d@xcerpta de libro Heronis de specialibus ingeniis
(excerpts from Hero’s book about special devictsg)ecialibus” is probably a wrong
transcription of “spiritualibus” (concerning withoid), due to the fact that the
shortening of the two words is identical. Unforttetg, though the library is now part
of the Bibliotheque Nationale de France, no evident the manuscript is now
available, and even the assumptions that it cowddPhilo’s instead of Hero's
Pneumaticsor a Latin translation of an Arabic compilatiolornt Banu Musa’s work,
can be neither validated nor rejected [34].

Birkenmajer also argues that, in thé"I&ntury, the Flemish Dominican William
of Moerbecke would have translated, among manyrotfeeks, Hero’'sPneumatics
into Latin; his proof is based on the presence dfeatise entitledde aquarum
conductibus et ingeniis erigendis a list of works, owned by St.Thomas, actually
translated by the Flemish scholar [29]. Althougle ttvidence is not completely
convincing, it is remarkable that the Aquinas, athg present in the legend about
Albertus Magnus’ automaton as a minor charactéurms as a possible reader of a
Hero’s text.

Another work, entitlede inani et vacugAbout void), is both quoted without any
reference to the author by the™dentury philosopher Marsilius of Inghen in his
Quaestiones super VIII physicorum libr¢Questions on the Eight Books of the
Physics; 1V, 13), and copied in 1466 in a manuscriidrakow, Biblioteka
Jagiellonska, MS 568, ff. 207-211), where it isribtited to Hero. The Polish
manuscript has two interesting issues:

* in the colophon the scribe’s name of the antigrégmentioned quem
inscripsit Landfridu}, such a name (in the German version Lantfrid) is
present also in the colophon of a Carolingian marpis (Mlnchen,
Bayerische Staatsbibliothek, Cim. 14461, f.150)adiigious content, copied
in the 820s in Freising, and housed in St.Emmeraablsey library, near
Regensburg, at least since 1347. If the scribe dvbal the same, we would
have an evidence of the connection between a Primsntgadition in Latin
language and a Benedictine monastery, a place auit@anced from the
technological point of view during the Middle Ages;

e the handwriting is very similar to Regiomontanuiie famous German
astronomer and mathematician; in addition, we rsagtthat the manuscript
was bound in Germany, and the author of the lettelsded in the last part
of the manuscript was a friend of Regiomontanugist@nus Roder de
Hamburgo. Regiomontanus is said by the French hismdterre de la
Ramée to have built an eagle, and a fly, that cdiyldaway and back.



Despite the fact that the story told by Pierreegainly exaggerated, the fact
that Regiomontanus may have dealt with an abridgesion ofPneumatics
makes it less improbable.

Though there is no definitive proof of direct knedfie ofPneumaticduring the
Middle Ages, we, however, have 28 copies of Latanslations from Philo’s or
Hero's treatises made in the"45" century. Based on a comparison of the incipits,
they can be grouped into at very least 3 families:

¢ Quum/Cum apud antiquo$2 manuscripts.
e Quoniam tuumwhere the incipit mentioned abovin (nomine Dei...) is
often, but not always, placed before: 15 manusgript
e Cum spirituale negociuni manuscript.
A deep comparative study of all these manuscripits progress.

3.2.3 A Useful Mechanical Automaton called Maurizio

Concerning craft tradition, we can remark that mordess in the same years one of
the oldest mechanical automata appeared in Italrvieto. In 1347 the Opera del
Duomo (Committee on the cathedral works) chargedctbckmaker Francesco with
building a clock mechanism, which required 285 misunf iron, three blacksmiths,
and eight craftsmen. The following year a bronzmaton was added to the clock
as a striking system; it represents a “dottierejaed overseer, who was in charge of
verifying compliance with working hours, and of iading workers to waste time.
This is one of the rarest, and oldest, instancemutdmata (before the Renaissance),
due inter alia to a virtually unknown clockmaker.dddition, this is clearly a device
which was rather designed for practical purposes o impress an audience: the
automaton had become so familiar to the citizen®mfeto, and to the yard workers,
that it was even given a name: Maurizio (distortimnthe word “muricgio”, that
indicates the yard).

4 Conclusions

As it is clear from the above, the Medieval langecas fragmented and often
uncertain, and it must be frequently reconstruatpdn secondary sources, such as
literary texts, or hearsay. All sources and creferences need to be verified by
means of careful philological and/or historical kor

In addition, such a thorougbollection of sources would be useful only for
documentary purposes, and would make it impossibfelly understand similarities
and differences in implementation among automatigded in different ages. To
solve this problem and not to reduce their worka toere display of erudition, some
scholars [16, 18, 35-37] have already attempted¢hssification of automata, based
upon different features: their being connected witlsical devices, rather than stand-
alone; their being human figures rather than objemt animals; the role they play in
the story, as guardians, or entertainers; the §me$ their movements.



These classifications, though useful, cannot, hewefully capture the variety of
behavior of automata in the same class, or anylasitiés in behavior among
automata belonging to different classes. Consetyénimay be useful to introduce a
different approach, based on a standard, languatgpendent representation of the
automata’s behavior.

To this purpose, at an advanced stage of soucodiection, it would be useful to
make a modeling of the automata’s behavior with Utidgrams; we believe that the
diagram that can better represent the temporaleseguof actions and interaction
between user and any automaton or system of autodhe sequence diagram. An
example of this representation is given below, éation to the above narrated
episode of Gerbert d’Aurillac.

E @ O ‘Automaton xAutomatons O
FAY :Archer

User PreciousCbject Palace Carbuncle
! I I T T I
I I I I I I
! I I I I I
! Takes() | | I I |
1 — | | | |

1 | | 1
| |
WeightDecrease() | | | !
- | | |
| | |
| | |
Activates() 1 1 |
| |
| |
! ! I
Activates() | |
T |
| |
| § |
| Hits{} |
|
|
TumLightOff() |
[J:I ! |_|_

Attack])

Drops()

Weightlncrease()

Deactivates()
StopAttacking ()
=it T T

Fig. 1: UML sequence diagram of the episode of Gerbeftudllac and Octavian’s palace
from William of Malmesbury’s biography.

The next research step will therefore be to implema database in which
diagrams, similar to the above, will be added totgtions from the corresponding
passages of literary and/or technical works, ireotd allow abstraction and analysis
of persistent archetypal elements, such as idehg@signs.
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