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LOGIC AND COMPUTING: A HISTORICAL BACKGROUND

1. INTRODUCTION

Computer science refers to a complex set of scientific disciplines that
are concerned with the formal study of tools, methods and processes for
the representation of information and its elaboration. As in other technical-
scientific disciplines, a set of concepts, principles, and logical-mathematical
properties constitutes the theoretical foundation of computer science, which
is grounded on the development of formal models of computation to design
new IT tools and applications. Theoretical computer science has accompa-
nied the dissemination of computer systems in the various areas of human
activity by creating the conceptual and cultural aspects on which to promote
technological innovation.

The theoretical apparatus of computer science often concerns topics that
have been studied even before the advent of electronic calculators (AUSIELLO
2007; Per il centenario di Alan Turing 2014). This phenomenon also charac-
terizes the history of Humanities Computing in general, and Archaeological
Computing in particular, where the link between logic and computing ma-
terializes in the debate on the definition of formal models and of a formal
language, which is the kind of language machines understand (see, in par-
ticular, ORLANDI 1992, 1997). Therefore, the aim of this paper is to briefly
illustrate the earliest theoretical contributions to the pioneering application
of computers to archaeological research and the resulting effects.

As we will show, the logic-computing binomial is crucial in archaeolo-
gy, where computing mainly appeared as an ancillary technique of applied
mathematics until the 1960s, when a crossdisciplinary approach emerged
and the interrelationship between culture and technologies was central in the
construction of the new discipline.

2. THE BIBLIOGRAPHY OF ARCHAEOLOGICAL COMPUTING: A CULTURAL BRIDGE
BETWEEN THE PAST AND THE FUTURE

A recent research work, carried out as part of the international project
on The History of Archaeological Computing, jointly promoted by the Italian
National Research Council and the Accademia Nazionale dei Lincei (http://
archaeologicalcomputing.lincei.it/), allowed us to publish online the database
of the Bibliography of Archaeological Computing (Fig. 1). The database was
regularly implemented during the first ten years of publication of the inter-
national scholarly Journal «Archeologia e Calcolatori» (1990-1999), and
covers a period ranging from 1989 to 2000. The dataset was revised and
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Fig. 1 — The homepage of the Virtual Museum of Archaeological Computing (VMAC): the Biblio-
graphy of Archaeological Computing is listed among the Highlights.

made available online in the Virtual Museum of Archaeological Computing
(Moscati, OrRLANDI 2019), featuring more than 2,700 titles.

Data structuring and updating led us to re-appreciate the analysis of
the results, which were published for the first time in the 10" issue of the
Journal (Moscatt 1999), by linking the period under investigation with the
achievements of the previous decades and the challenges of the years to come.
A first quantitative discussion of the results achieved was presented in the 30™
anniversary issue of the Journal «Archeologia e Calcolatori» (CARAVALE 2019),
and a more in-depth study is in preparation (CARAVALE, MOSCATI in press).

The first part of this paper, therefore, focuses on the earliest accounts and
classification of computer applications in the Humanities that span from theo-
retical debates to methodological reflections. In the early 1960s, boundaries be-
tween the many disciplines belonging to the Social Sciences and Humanities were
still blurred in their relationship with new technologies: that is why literature,
linguistics, psychology, history, anthropology, archaeology, all made progress to-
gether towards the new solutions offered by the application of computer science.

As a consequence, the few pioneering works in archaeology were listed
in the first volumes of the Computer Literature Bibliography, published by the
National Bureau of Standards of the United States Department of Commerce
(YOUDEN 1965, for the years 1946-1963; YOUDEN 1968, for the years 1964-
1967). In addition, important theoretical and methodological contributions
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FOLLOWING IN THE FOOTSTEPS OF ).-C. GARDIN AND R. GINOUVES
by Virginie Fromageot-Laniepce

In the second half of the 20th century, some French pioneering scholars explored new ways to formalize the information
contained in archaeoclogical publications and to change publishing practices. q

1t all started when, in the mid-1950s, Jean-Claude Gardin propesed the use of mechanical devices to Henrl Seyrlg, the director of
the French Institute of Archaeslogy in Beirut. At that time, Gardin was already aware of the international development of MULTIMEDIA
Information retrieval systems, and thought they were appropriate to the work of Jean Deshayes, who was preparing his
publication of 4,000 tools from the Bronze Age In the Aegean World and the Near East. Gardin designed a searchable catalogue of
finds on peek-a-boo punched cards that can be considered as the ancestor of arch Having

emerging documentary systems with new descriptive systems, he is nowadays being considered as a pioneer in archaeclogical

Fig. 2 — The interactive itinerary of the VMAC dedicated to the legacy of J.-C. Gardin and R. Gi-
nouves in the publication of archaeological results, by Virginie Fromageot-Laniepce.

to archaeological computing were published in the second half of the 1960s
and the beginning of the1970s in the Journal «Computers and the Human-
ities», established in 1966 with funding from IBM and the United States Steel
Foundation. The part concerning archaeology within the Journal’s Annual
Bibliography was edited for the first year by Dee F. Green and then by Robert
Chenbhall, the founder in 1965 of the «Newsletter of Computer Archaeology»
and one of the first of scholars to be interested in developing and promoting
computerised cataloguing systems.

During this first period of experimentation, literature surveys were
aimed not so much at producing systematic lists of applications — indeed
still sporadic — as at exploring the new field of knowledge that was emerging
thanks to the spread of computers. The objective was to recognise the fields
of application, to verify the different approaches, and to predict the future
trajectory of the discipline. Only in the late 1980s and early 1990s, they were
followed by the publication of the earliest bibliographical reviews specifically
dedicated to archaeological computing.
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3. THE PIONEERING CONTRIBUTIONS

The changing role of theoretical and applied archaeology was approached
from different interdisciplinary perspectives. Jean-Claude Gardin, George L.
Cowgill, Robert G. Chenhall (GARDIN 1965,1971; CowGILL 1967; CHENHALL
1968) were among the first scholars who systematically analysed the impact
of computers on the automatic processing of archaeological data (Figs. 2-3).

Several approaches to the subject matter soon emerged. They can be
closely related to the diverse background and research purposes of the three
scholars and, in general, to the new quantitative approach in archaeology.
Indeed, a wide range of scientific methods and instruments increasingly
became part of archaeological research: from statistical techniques to au-
tomatic data processing, from archaeometric data analysis to geophysical
prospection techniques, from information retrieval systems to data banks,
from aerial photography to remote sensing methods, etc. Archaeological
research was, therefore, provided with the possibility of building up a new

=— Virtual Museum of Archaeological Computing Home | f
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ROBERT G. CHENHALL AND HIS "MUSEUM IN THE COMPUTER AGE"

by Stephen Fox INSIGHTS

Q

Robert G. Chenhall (1923, Maurice, lowa - 2003, Albuquergue, New Mexico) started his sclentific career as a member of the
Anthropology Department at Arizona State University, specialising in the theoretical aspects of data collection and evaluation.
Hereafter, Chenhall’s researches have had an influential impact on the development of American archaeclogical computing, as a

few recent publications still recognise nowadays.

MULTIMEDIA

In 1965 he founded the «Newsletter of Computer Archaeology», as a pioneering attempt to release information on computer-
aided researches and their results. As a leading spedialist, Chenhall was engaged in exploiting the potential of the programme
sponsored by the Arkansas Archaeological Survey almed at filing information on site survey records and the associated artefacts

in & database. His article "The impact of computers on archaeological theory: An appraisal and projection”, which appeared in

Fig. 3 — The interactive itinerary of the VMAC dedicated to Robert G. Chenhall, by Stephen Fox.
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area of “objective” data and experimenting with computation, simulation,
and computer graphics techniques.

The adoption of mathematical and statistical methods gained particular
success in the United States, thanks to the methodological foundations laid
out by scholars such as Albert C. Spaulding (SPAULDING 1953) and the exten-
sion of the New Archaeology cultural movement (BINFORD 1965; BINFORD,
BINFORD 1968). This movement rapidly spread out in Europe, giving birth
to the so-called British New Archaeology that pushed the discipline further
towards the new frontiers of computing archaeology.

The distinction between the automatic processing of scientific infor-
mation and the application of mathematical and statistical techniques was
evident. This basic distinction — that Jean-Claude Gardin masterfully defined
as analyse documentaire and calcul, respectively — allows us today to provide
a comprehensive overview of the achievements made in those days (DjIN-
DJIAN, MoscaTt1 2016).

4. THE CLASSIFICATION OF ARCHAEOLOGICAL COMPUTING APPLICATIONS:
FROM THE 1970s To THE 1980s

In a short time, computer applications to archaeology were classified into
four main macro-areas: statistical applications, automatic classification, docu-
mentary systems and databases, simulation techniques. 1975 marked another
important step in archaeological computing, as James E. Doran and Frank
R. Hodson published the first handbook on Mathematics and Computers in
Archaeology (DoraN, HoDsoN 1975) (Fig. 4). The volume was divided into
three parts: 1) Basic archaeological and mathematical tools; 2) Data analysis;
3) Beyond data analysis. Problems and prospects.

The book achieved an enthusiastic response, confirming the existence of
a new autonomous field of studies, and it helps us today to retrace the main
theoretical lessons of the first few decades after the birth of archaeological
computing. In addition, the solid scientific background of the two authors,
who were not keen on the dogmatic approach promoted by the New Ar-
chaeologists — as noticed by Jean-Claude GARDIN (1977) — marked also the
separation between New Archaeology and Archaeological Computing. In
the meantime, database applications were developing. They appeared in the
1970s and exploded in the 1980s (CHENHALL 1971; BorRILLO, GARDIN 1974;
GINOUVES, GUIMIER-SORBETS 1978; GAINES 1981; GUIMIER-SORBETS 1990).
In Europe, databases were the keystone for the opening of computer science
to classical archaeology and art history and to the introduction of informa-
tion systems in the inventory and management of cultural heritage (Fig. 5).

The rigid constraints of numeric data analysis were successively super-
seded by the creation of a new framework in which to manage archaeological
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QUANTIFYING ARCHAEOLOGY: AN INTERVIEW WITH FRANK ROY HODSON

by Paola Moscati

As a part of the scientific activities promoted within the Virtual Museum of Archaeological Computing, in 2013 two of the leading
pr ists of computer icati in British ar were interviewed: James E. Doran and F. Roy Hodson. Thanks to this Q

unique opportunity, it was possible to outling the early development of archaaclogical trends towards the systematic use of

computer methods. Both Doran and Hodson offered a personal account of the research process that led to the publication in 1975 MULTIMEDIA
of «Mathematics and Computers in Archaeology», the first handbook for “quantitative archaeclogists™ and a milestone for the

discipline

They highlighted the importance of this innovative approach as a part of a wider international trend towards quantification that

Fig. 4 — The interactive itinerary of the VMAC dedicated to FR. Hodson’s interview held in 2013,
by Paola Moscati.

data, in order to ensure a progressive convergence between logic and com-
puting. Logic and databases are inextricably intertwined, as logic provides
a set of tools able to formalise data structuring/description procedures and
to study data management tasks. In addition, the history of the relational
data model — introduced in 1970 and diffused in archaeology only ten
years later — is that of a scientific and technological revolution, in which the
mathematical concept of relation represents the formalism for describing
and representing data.

The spread of data management information systems contributed to the
distinction of two main archaeological research streams: i) the application
of mathematical and statistical techniques — mainly in prehistoric studies —
as a powerful interpretative tool for artefacts classification and the study
of spatial distribution patterns; ii) the use of databases and information
systems for inventory and cataloguing purposes, often with the specific aim
of establishing a computer platform on which to record, query and retrieve
information coming from archaeological corpora. In addition, a third sector
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LE CENTRE TAAC ET L'INFORMATIQUE EN L'ARCHEOLOGIE CLASSIQUE

par Anne-Marie Guimier-Sorbets INSIGHTS

En 1969, dans le cadre du Centre de Recherche en archéologie classique de I'Université de Paris X-Nanterre, René Ginouves créa
un groupe de travail pour répondre aux questions posées par I'= explosion documentaire =, Le succks de linitiative, qui Q
envisagealt la mise en place de systémes d'automatisation de Finformation, fut attesté par la création, au sein 'Université de
Paris-Nanterre, du Centre TAAC (Centre de recherche sur les Traitements Automatisés en Archédologie Classique), sous la direction

MULTIMEDIA

de René Ginouves.

Le démarche de recherche se focalisa tout de suite sur les probl 4 la fols et pra de la construction de

systémes descriptifs, & partir du constat que la description archéologique en langage naturel n'avait pas la régularité nécessaire [N )
pour un traitement automatisé, mais que des langages documentaires trop artificiels ne seraient pas adoptés par les

Fig. 5 — The interactive itinerary of the VMAC dedicated to computer science and classical
archaeology, by Anne-Marie Guimier-Sorbets.

of applications gradually opened up to the use of databases, focusing on the
management of excavation data (Fig. 6).

Two exemplary books seal these three decades of theoretical specula-
tion, offering a reconstruction of this long historical path enriched by an
extensive bibliographical apparatus: Gardin’s book Le calcul et la raison.
Essais sur la formalisation du discours savant et Djindjian’s book Méthodes
pour l'archéologie, both published in Paris in 1991 (GARDIN 1991; DjIN-
DJIAN 1991). The first one highlights the importance of the formalisation
and symbolic representation of knowledge in the explanation of complex
historical phenomena and the affirmation of the logico-semantic approach
of “logicist” analysis as opposed to the hypothetico-deductive approach of
quantitative archaeology (GENET 1992). The second one emphasises the
importance of a new interdisciplinary and global approach to archaeolog-
ical research, by pivoting around acquisition, treatment and data analysis
methods.
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MATHEMATIQUES ET INFORMATIQUE APPLIQUEES A L'ARCHEOLOGIE

by Paola Moscati

Between June and July of 1983, Frangois Diindjian and Henri Ducasse jointly coordinated the first European postgraduate course

on Data Processing and Applied to A , sponsored by the Council of Europe and various French institutions Q
{CNRS, the Ministries of Industry and of Culture, and several Universities). The course took place in the beautiful setting of
Southern France, in Valbonne Sophia-Antipolis and Montpellier. More specifically, Sophia-Antipolis was chosen being the MULTIMEDIA
headquarters of the Centre de Recherches Archéologigues (CRA), which was established In the early 1970s under the initiative of
the French CNRS and the leading guidance of lean-Claude Gardin

In 1983, when the course was promoted, CRA had already demonstrated a keen interest in technologies applied to archaeslogy,
resulting in specialised publications such as the newsletter Archéalogues et Ordinateurs or the series Panorama des applications

Fig. 6 — The interactive itinerary of the VMAC dedicated to the first European postgraduate course
on Data Processing and Mathematics Applied to Archaeology (Valbonne-Montpellier 1983), by
Paola Moscati.

5. THE REPOSITORY OF « ARCHEOLOGIA E CALCOLATORI»

Since 1990, the articles published in the Journal «Archeologia e
Calcolatori» have been classified on the basis of two distinct categories:
Computer typology, to describe the methods of data analysis and process-
ing, and Subject field, to describe the main areas of archaeological research
involved in the computer revolution. This double classification system
was designed to play a preparatory role in the investigation of the subject
matter, providing a synthesis framework of the research sectors directly
involved in the use of computer tools and, at the same time, of the most
common applications.

The classification was subdivided into the following groups: Archae-
ometry; Classification of archaeological finds; Cultural Resource Manage-
ment; Data dissemination and education; Documentation, conservation
and restoration; Epigraphy and numismatics; Excavations, topography
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and urban planning; Geoarchaeology; Theoretical and methodological
problems. This list covers the most prominent areas of archaeological
research: from field investigations to the analysis and interpretation of
archaeological records and the management, safeguarding and promotion
of archaeological heritage.

From a technical point of view, nine categories were identified that take
into account the achievements and application challenges faced by archae-
ological computing in the 1990s, which was significantly marked by the
advent of Geographical Information Systems, for extensive research purpos-
es linked to the multi-layer and multi-scale georefenced data management,
and by the Internet, for communication strategies and the implementation
of and access to multimedia resources: Computer graphics, IP, CAD; Data
encoding and metadata; Database; GIS and cartography; Multimedia and
web tools; Remote Sensing; Simulation and Artificial Intelligence; Statistics;
Virtual Reality and 3D modelling. Finally, a tenth category was added to
cover the History of applications and research projects.

Over the years, we have repeatedly tested the appropriateness of our
classification against the evolution of digital archaeology and ICT tools
and it has become an essential part of the description model of the textual
resources in our digital repository, when the Journal joined in 2005 the
Open Archives Initiative, implementing the OAI-PMH protocol (MoscaTi
2018). This choice to contribute to the open access movement has allowed
us to cooperate with initiatives aimed at the aggregation of cultural and
scientific digital contents, such as Culturaltalia and Europeana, the Euro-
pean digital cultural library.

Today, data integration, the development of advanced ICT tools, and
the deployment of international e-infrastructures allow archaeologists to
process and investigate disparate data sources, addressing simultaneously
all the issues raised by archaeological research. «Archeologia e Calcolatori»,
ready as ever to the new challenges arising from the computer analysis of
archaeological data, is now planning new strategies to enrich and refine
the classification and sharing of its textual resources. Web mapping strat-
egies, according to the guidelines of open source international standards,
and Social Network Analysis (SNA) techniques are being tested to explore
and highlight the relationships between archaeological research areas and
digital technologies (CANTONE, CARAVALE 2019).

6. FUTURE PERSPECTIVES

The old debate on the relationship between logic and computing, as
well as between theory and applications, is now a distant memory. The
shift from the epistemological approach of archaeological computing to
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the instrumental approach of digital archaeology, together with the main
concerns of Digital Heritage, have introduced methodological changes and
new research objectives (MoscaTr 2019b). Digital archaeologists have to
embrace many disciplines, experiment with merged methodologies, and
make use of many tools, as strategies of conservation, preservation, pre-
vention, and dissemination interpenetrate the acquisition, documentation,
and interpretation processes. In addition, archaeology plays a key role
in laboratories and digital infrastructures aimed at developing heritage
science resources.

Among the most important challenges for the future of digital ar-
chaeology, we can quote the reconstruction and visualisation of the past in
3D, the promotion of public involvement, the wider adoption of the Open
Science paradigm, the access to and the rapid dissemination of scientific
results through e-infrastructures. Therefore, a new classification of the tex-
tual resources of «Archeologia e Calcolatori» should be planned in the near
future as a unique opportunity to prioritise the automatic extraction of new
topics and model the domain of computer applications in archaeology thanks
to semantic technologies and ontology-based knowledge representation.

PaorLa MoscATI

Istituto di Scienze del Patrimonio Culturale - CNR
paola.moscati@cnr.it
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P. Moscati

ABSTRACT

The history of archaeological computing has long been characterised by the distinction
between the application of mathematical and statistical techniques, as part of the so-called
movement of quantitative archaeology, and the use of databases and information systems for
descriptive and documentary purposes. The intensity of the debate on the relationship be-
tween logic and computing, as well as between theory and applications, began to wave in the
1990s. Over time, data integration and new ICT tools have allowed archaeologists to address
simultaneously all the issues raised by the archaeological research. This paper focuses on the
evolution of methods and techniques in this specific research area, thanks to the analysis of
literary sources, the Bibliography of Archaeological Computing, accessible via the Virtual
Museum of Archaeological Computing website, and the scientific articles published in the
open access international journal «Archeologia e Calcolatori».
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