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A review of the achievements of Fr. Busa over thes® of his 60
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hypertexts, thesystematizationof allographs, lemmatization,
homographs and typologies; tHexical system;the laws of
economy for graphemes, for semantic typology, ftetogeneity
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project ofdisciplined languagess mentioned, a response to the
linguistic challenge resulting from informationabbalization.
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1. INTRODUCTION

The aspect of the work of Fr.Busa which has ma=tnb
emphasized in the communications media is thatdethe first to
use computers in processing words and texts, notelyne
numbers. This achievement of Fr. Busa would be riealide even
if we only took into consideration the quantity adithension of
his work over six decades of labor. For exampleaha&yzed and
classified via computer some 11 million words inihaalong with
a similar quantity in twenty other languages: Alidany Arabic,
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Aramaic, Armenian, Bohemian, Catalan, Hebrew, RhnFrench,
Gaelic, Georgian, Classical Greek, Old EnglisHjdta Nabatean,
Portuguese, Russian, Spanish and German; and hkislid eight
alphabets: Arabic, Armenian, Cyrillic, Hebrew, pbktin (IPA),

Georgian, Gothic, Classical Greek and Latin. Iniigaid, he has
taken part in more than 100 international congresse four
continents, as well as having organized a congiresEibingen
(Germany) in 1960. He has founded two departments
computational linguistics, one at the Catholic Wmsity of Milan

and the other at the Pontifical Gregorian UnivgrgitRome. And,
during the last six years he has been invited byRblytechnic of
Milan to impart classes on philosophy and psychpliogrelation

to artificial intelligence and robotics.

Nevertheless, the discoveries and conquests achigweugh
so much work have not always been equally celethrdiecause
many have been performed within obscure areas ngjuiktic
research.

2. WHEN THE IDEA WAS BORN

1. The idea for automating linguistic analysis camér. Busa
during the years between 1942 to 1945, which wierest of war,
and for him, a time of preparation for teachingl@ophy at the
Pontifical Gregorian University. He is not arrogaabout his
discovery: “If the idea hasn’'t come to me at thatet it would
have occurred to somebody else soon afterw@algsality is
nothing but Providence. At most, the merit cometerafard,
because of perseverance.”
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3. RONEERINGMETHODS AND TERMINOLOGY

2. He had to create both methods and terminolobiescould
not seek them in bibliographies, nor in his reasjngince these
were entirely new ideas. Nevertheless, in the fiesaof Rome,
Milan, Munich, Paris, London and New York, he exaed several
hundred concordancesin various languages. Upon noting what
was required to produce them in Latin —and soon alsGreek
and Hebrew— he drew from them precise methods and
nomenclatures.

He allowed himself to be guided by the truth ofngs,
following the counsel of Aquinas: “studium philo$o@e non est
ad hoc quod sciatur quid homines senserint, selitejuse habeat
veritas rerum’®

4. “HYPERTEXTS" EVEN BEFORE THEWORD EXISTED

3. “Quasi ab ipsa veritate coactys from the beginning, and
before current-day terminology existdu/pertext SGML, HTML,
TEI, XML...), Fr. Busa added three hundred distiootles to each
of the eleven million words —includingt andnon— contained in
the corpus of Thomas Aquinas; these codes werededcm 130
bytes, which specified many diverse values withia tonfines of
morphology.

Now, at the end of his life, the project which hislves to set in
motion —the Bicultural Thomistic Lexicon, or LTB—illvadd to
these previously entered codes, introducing ottvenich will
define the syntax of each word.

1. In De caelg bk. 1 I. 22 n. 8. For St. Thomas, philosophyhie tational
investigation of a universal synthesis of our lyysituation.

2. Contra Gentilesbk. 1 ch. 43 n. 16, and in ten other places.
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5. “SYSTEMATIZING” FIRST THE ALLOGRAPHS THEN THE
LEMMATIZATION, THE HOMOGRAPHS AND FINALLY THE
TYPOLOGIES

4. From the very beginning, the enormous size ef fites
forced Fr. Busa tgystematize a-word that is very frequent in his
writings— three textual situations: “allographsti.e. variants in
the graphical form of a single werd , lemmatization and
typologies of discourse.

In regard to allographs, he distinguished and westk the
difference between those variants which were pugedphical, and
those which werérmal or stylistic.

5. Concerning lemmatization, Fr. Busa was one effitst to
return to circulation the term “lemma&'This term is now included
in dictionaries as signifying that first word forim a dictionary
entry, which acts as a heading, representing theusinflected
subforms and definitions. Fr. Busa systematizedptbeedures for
lemmatization, distinguishing clearly between tivaich was only
morphological and that which was syntactic.

Morphological lemmatization, which is applied tcetkarious
forms of a word as it occurs in various contexts-the Thomistic
corpus, there are 150,000 different word forms—-erganized in a
tripartite  manner (invariable words, declinable words, and
conjugatable words), and turned out to be the rpastticable for
the computerization of texts of large size.

Syntactic lemmatization was later applied latetht® 11 million
context sentences, one by one, classifying eacd aocording to
eighty aspects of speech.

Fr.Busa has always been skeptical about automatic
lemmatization, but is not against a semi-automptcess, once
the first important part has been done by handeNbeless, he
recognizes that the first has the methodologicievaf dealing

3 The Greek wordemmaentered Latin only in the postclassical period,
and remains today embedded in terms sudhil@asima
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synchronically with the formalization of the strus present at
the surface of our expression. In fact, it is ermusly important to

him to distinguish, for example, between the twetems of

interior forces, i.e. understanding and expression.

6. The process of lemmatization forced him to imiaesdy face
the linguistic phenomenon ofiomography which was never
systematized prior to the advent of the computeteéd, we all
speak and read by phrases, which nearly alwayseptethis
homography from being noticed. Fr. Busa began tmlystit by
means of its causes, types and causality: he disedv(even
without mentioning those which occur between paftspeech, or
between words of diverse languages) that at ledSbhthe eleven
million words in the Latin texts of Aquinas turnemit to be
homographs for one reason or another. Thus, hechiadividuate
all the homographi¢orms within well defined limits, to discover
how to evaluate their probability of occurrencetlie Thomistic
corpus, how to create a repertory of all of thenmsefar as they
werepossible at least— in order later to be able to distingufsh
most important ones, leaving the rest for the Ritur fact, he
made this differentiation for 600,000 contexts. Tiexessity of
such systematization is obvious for the validity afy
computerized elaboration of texts, given that thguter can only
work on the physical form of the signifying signs.

7. The typologies of discourse were discoveredetmiimerous
in the literary genres of the sampling of works lgmed in 20
different languages: scientific abstracts, workstredater, letters,
literature, manuscript editions...

In the Index ThomisticysFr. Busa marked each term with at
least two of the following contextual codes: 1. thethor's own
discourse; 2. a literal quotation; 3. a quotagdnsensury. a brief
sample of initial wordsifcipit); 5. a reference to another text; 6. a
reference to the current text itself; 7. in a dggien; 8. its weight
in the flow of the discourse, whether central atigieeral.

8. These careful and prolonged preparations, apecesdly the
lemmatization, obtained their recompense througimiteng and
accelerating other more advanced research.
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6. THE FIRST“L EXICOLOGICAL SYSTEM” OF ANAUTHOR

The lexicological systenof the Thomistic corpus is the first
and, even today, the only existing such systenneifunderstand
such a system as the final result of analysis atet Eynthesis of a
closed linguistic universe, according to all of #ements of
morphology, syntax and lexicon. This is a new kofdinguistic
document: an integral quantitative and statistdaksification of
the main, most important and fundamental expresdements of a
linguistic system.

The 294 pages of th@reatise on Lexicologyy Fr. Busé
provides a summary of a general system and thrbsystems
(homography, typology and quantity) of the fortples of the 9
and 18' volumes of thdndex Thomisticus,which summarize in
2,470 pages the detailed data found in the 8,029af the
previous eight volume#.

Understood in this way, thiexicological systemthanks to the
computer, has initiated a new discipline, if notname, therde
facto Indeed, a lexicology understood in this way would
correspond to aomputational linguisticsconsidered in the full
sense of its final objective, i. e. to provide gra, classified and

4. R. BUSA, Il libro dei metodi, t.6: Trattato di LessicologiacAEL,
Gallarate, 2001, 264 pp.

5. R. BUSA, Index Thomisticus. Sancti Thomae Aquinatis operamiom
indices et concordantiae, vol. 1: Sectio prima.ited, t. 9: Systemata lexici,
I: Systema lexicologicum: Tabula 1: Systema lemmaiiebula 2: Systema
formarum A-O(Frommann-Holzboog, Stuttgart, 1980) XVI, 1257 ;dbidem,
t. 10: Systemata lexici, I: Systema lexicologiclimbulae 2 (finis)-5. II: Systema
homographiae: Tabulae 6-12. lll: Systema typologic@Tabulae 13-
26. IV: Systema quantitatum: Tabulae 27-88rommann-Holzboog, Stuttgart,
1980) XIlI, 1210 pp.

6. Ibidem vol. 2: Sectio secunda. Concordantiae operum tharoist
rum. Concordantia altera, t.1-8 (Frommann-Holzboog, Stuttgart, 1979)
XVI1+1286, 1282, 1286, 1293, 1287, 1300, 1270, 23%. In fact, he had
already calculated the total number and percentafgtbe categories of 11 million
words, first on 150,000 word forms and later on0R0, synthetic lemmas (each
one corresponding, on average, to four in Latitialaries of usage).
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statistical linguistic syntheses obtained from arereyrowing
number of texts —that is, from closed linguistiaugnses— as a
documentary base. It is evident that such a leagolwould
contribute greatly to a healthy methodology foestfic research,
including for thehuman sciencef linguistics.

7. THE DISCOVERY OFFOURLAWS (OR ALMOST)

10. On the basis of this lexicological system, awith
thousands of man-hours of teamwork, Fr. Busa wées tabwork
out on his owh four discoveriesin the etymological sense of the
term: something knowable which only now has beeugint into
the light, an invention in the sense of an encauassage from
that which was implicit but hidden to that which éxplicitly
known.

11. The first discovery was a type of law of ecogoim the
relation between the number of words and that ef thrious
chains of characters that comprise them. Spedifichk divided
each word —that is, each lemma, after separatinffoin its
declension morphemes— dividing that which was aotsinto a
maximum of three segments (not morphemes!): inibahtral and
final. He applied the nanm&ring to each of the equal sequences of
strings which were found in different words, condairwith other
strings and ignoring their meanings.

It turned out that 1,500 chains of characters (Whiere later
able to be reduced) between 1 and 12 letters, cmdbiogether,
were able to produce all the 11 million words (sdwe 4,000,
which were identified) of the entire Latin corpubat was
analyzed. This is the documented fact, althouglant be supposed
that it would be valid also for other languagedeast of analogous

7. During his long life, Fr. Busa has noted howgcsithe beginning of time,
that which isnew spreads slowly, due to the frictions and albstaset up by
established knowledge.
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type. We do not know whether this pattern has lested for and
proved to exist in other languages. In any casewaduld be
interesting for the compression and electronic sm@ission of
texts.

12. Fr. Busa distinguished the registry of the iogfeneity of
the words from the registry of thesemantic typeunderstanding
the latter as a relation between sign and knowle@ggifier-
signified within a bidirectional operative arc, from knode to
expression and vice versa.

13. The following is a schematic summary of thesmamntic
types, omitting the decimal codes:

1% are explicit deictic words (distinct from those
which are always implicit in the declensions of fifie
and 2° person singular and plural of Latin terms)
which are a part of the personal pronouns and ef th
demonstrative pronouns and adverbs. They do not
express mental images, but ratkepwledgeabout a
presence (whatever it might be).

2% are proper names. These are word-labels which
signify a one singular individual at a time, altigbuat
times also can signify collectives.

6% are common nouns, which denominate specific
types ofobjectsor things For example, plant, horse,
car, sandwich...

46% are those adjectives and verbs which speody th
aspectsof the things or objects: activity, passivity,
quality, dimensions, figures, smells, flavors...

35% are particles, prepositions, conjunctions.ictvh
signify direction, relation, correlation...

8% arevicarious words which point to other words,
concepts or things. They are pronouns or pronominal
(in Latin there are no articles).

1% are words which signify persons or intelligences
beyond the physicalvhich we can caihvisible
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14. Many will remember the analogies or correspands
between this categorization and those of the supreategories of
reality from Aristotle and Kant.

15. Basing himself on this classification, Fr. Bl extracted
two consequences: first, that in any lexicon therdso are
heterogeneous. And this is true to the point tlettiributes the
meager results of the statistics concerning woedjuencies in
natural texts to the fact that words are normatlyrded as if they
were homogeneous, like numbers within the sameuledion. For
each of the seven groups noted above, one shoufdripea
separate calculation of statistics, and only I§bém the distinct
results into a superior statistical result.

16. The second consequence, discovery or redisgowvas that
in every lexicon there can be found two hemispheéde®, which
expresses the internal logic of the discourse, istnof few,
normally brief words, which are repeated frequerdiyd are
equally present in all types of discourse. Somedirtigese are
called grammatical terms or function wordsThe second
hemisphere, which specifies the message to be cainatad,
consists of many diverse words, frequently long,icWwhvary
according to the content of the discourse (alsdedatontent
wordg, and whose frequencies are always inferior t@¢haf the
first hemisphere.

In the case of St. Thomas, the deictic words, ioelat words
and vicarious words add up to 44% of the total verfProper
names, aspect terms and invisible objects makehepemaining
56%. In addition, various adjectives and univergaibs of high
frequency should be attributed to the first hemésphin fact,
ordering the 150,000 distinct word forms in thdex Thomisticus
by their frequency, we discover that the 80 mosgdient words
make up 41% of the corpus, and the 800 most frequake up
68%.

17. Fr. Busa believes that substantial progreg&s li® hoped for
in the domain of computational linguistics througk employment
of all the information mentioned up to now.
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8. THE LINGUISTIC CHALLENGE OF AUTOMATIC TRANSLATION

18. Between the years from 1950 to 1965, Fr. Buaged an
active role in the effort to develop technologies Butomatic
translation, research which was sustained by fimgnérom the
Pentagon. This economic support stopped suddenlyl965,
because the linguistic sciences were not provigirgise data for
a computer program that would translate texts totlaar
language. Forty years later, substantially the sahadlenge has
arisen, with other names and other motivating factdue to the
globalization of communication networks.

9. THE PERSPECTIVE OF'DISCIPLINE LANGUAGES": A PROPOSAL
TO THE EUROPEANUNION

19. During an official linguistic congress of theurBpean
Union held in Strasbourg in 2002, Fr. Busa formeda& strategic
proposal, which he callediscipline languagesthis concept was
the fruit of his prior research in the profundities Latin
expression, and of all that which he saw and lidedng sixty
years working in computational linguistics.

20. Several decades ago, Fr.Busa had emphasized
fragmentary nature of the work he had performedseigeral vivid
expressions —in the style of heroically audaciownmands
during a battle— concerning his focus on literagyts, three of
which are included here:

» “A mile of algorithms built on top of an inch téxt,”
* “Only the second floor, without the first,”

* “Ten people building the first mile of a highwakrough the
same forest and in the same direction, without adylbuilding
the second, third or fourth mile, etc.”
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21. In Strasbourg, Fr. Busa wondered to himselfi iaguired
of the other attendees, whether the following wdddaudacity or
utopian thinking (schematically summarized here):

A community initiative, globalized and synchrogiz in
three phases:

First phase:
» That, in every principal language,

* based on university textbooks in each of the qgipl
academic disciplines, transcribed in electronioai,

» thelexicological systenwould be extracted —in the sense
described by Fr. Busa— for each of the selecteddeanix
disciplines,

» in order to combine them later into a single egsfor each
language which would specify and quantify the coggaces and
divergences in lexicon, morphology, and syntax.

Second stage:

* At the same time, the systems for each individaaguage
would be merged into a singiaterlingual lexicological system
which would contain, in computer format, the gepdpia map of
the correlations of convergence and divergences Wauld be a
detailed repository of “discipline-specific langesg with
percentages and links between the correspondemcebeiween
the divergences in the lexicon, morphology and ayrif each
language with regard to the others.

Finally,

* In each language, a manual of the disciplineuagg would
be defined and published, with lexicon, morpholagyg syntax, in
order for it to be employed as timput for network messages.

* At the output end, the message recipient wouldilble to
request from the central server, a translationteoget language.
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Each one of these three stages would produce obsear
documents and synthesizing conclusions based onualac
publishable and useful data for linguistic resegmatposes.
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