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The use of digital technologies to stody archdeciore and landscens s bezun 0 Fepresent an nnova-
tive aspect of 1he fessarch when it saned o allow she dynamic associstian (s input aned outpt| of
imazes and alpbasuneric data: the differsnt combination of fhis Information thraugh infaresces md
mignrithms and the consequent generation of new dain has freed digltistion from a gty mstrumental
role making (v & new mechodalogical sppeoch in itsslf,

As 3 manter of fact, recersly architecbural research hias besun o take an interest (s the aroblem *“from
within®, werking pot only on the applisation of consputer wals but, mens consciousy. oo their configi-
ration. The work carried our by the Sapienaa ressstch provp & aimed ot devaloping onilogiss asd
imferential madels specifically dedicated to the rprosenation of historical buildings and s devated o
ikre implementation: of & natcanal GI5 platform for the hisoricol centres, the Risk Map of the Balisn
Ministry of Cubiural Heritoge and Activitdes s Tousism:

This kind of work invalves o series of methodolagical iseass specially orisnted to the definition of
the rale of tie Batany af architecture [a fiselt and s e for the conservetion praject. Thwess argumenis
are developed within this essay, mainly fecused on: type and quality of infarmation derbeing by the new
proeedures; inberpretative components 1t fuel the new research methods: costbemsf | ratio i tie use of
‘ailimes” and ‘digital’ spprosches; Cubare prospects of the twi ifferest {rraditionad and Gpial) inves
Tiganive sirategies. Mareover, boih of the Gelds of digital ressarch develnped by the grop (reiolopy and
Risk Mnp} are bece sunumarized,
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1. PROBLEMS AND OPPORTUNITIES REGARDING
THE USE OF DIGITAL TOOLS FOR RESTORATION
IN ARCHITECTURE (D.F.)

The use of digital technologies to study architecture and land iz not per se an inno-
vative aspect of research. 1If we consider the most widespread applications in the field
of image processme, such use instead appears 1o be the latest modification of tools
and codes to represent the world, following on from methods that have been replaced
over time, from cave drawings to computer-aided design. Rather, it is the dynamic
association (3= nput and outputh of images and alphanumenc data, the different
cornbimation of this information through inferences and algonthms, and the conse-
quent generation of new data — appropriately peo-referenced or explained by aipha-
numeric or graphic methods — thet frees digitisation from a strictly instrumsental role
in order 1o make it 8 new methodological approach in itself,

In the architectural field, atention to the expressive potential of the image has lotg
prevailed over interest in accessory information, which canmot be visualised except
by means of graphic and symbolic summaries, whils the predominantly applicative
nafure of many experiments has implicithy faciliteted delegation to other scientific
fields when it comes to questions rajsed by the use of quantitative and statistical
methods (o select, collect and manage such information.

These methods, which have traditionally been adopted for hard sciences and for
many statistical evaluations involving medical, economis, social and anthropologiceal
research, have also been tested for some tme in the lngustc, archasological and
historical fields, albeit in a prolonged dialectic that contrasts the quanditative and
qualitative aspects of the research'. The issues of heuristics, data archiving and
extraction, analysis and presentation of the results of studies that form part of the
so-called digital humanities have also been discussed i architectural, urban and
territorial contexts, in particular related to history?, restoration and urban planning,
mitielly foousing on the analvsis and processing of images and texts. While the study
of the representation of the existent has naturally been accompanied by a parallel path
imvolving the creation of desipn images, the defmition of a specific domain dedicated
to the description of buildings and their strecturml and decorative components, with
dictionaries and thesauruses’, has radically renewed a process of identification com-
municated, especially since the Renaissance, through trestises and manuals,

The avaitability of tools for graphic and alphasimeric representation such as the
Geopraphic Information Svstem {GIS) and Building Information Modelling (BIM)
and their application in spatially defined contexts {spatizl humanities) have subse-

! Adamo—Grrepuny 20040;

* Lebo—Charlpavaka 2014, 4,

" Amoerg the (i proposals we remamiher the TAL Project {TAL— Tresanrer drife Draivéezalich, which was
promoied by the Comnitd Hemational d Thistine de I'art (1983 Teday (ke At & Archibeosore Thesmmes, by
the Getty Fesearch [nstitete, &5 one of the most advanced sysiems; it & evailable nn web at <hitps S,
geity. edwresearchtools’y peabularies mart {Aocessed 29 December 2019].
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duenily prompted architectural historians and restorers to reflect on the use of these
systems, starting from the results of their application on pre-existing buildings’ tis-
sues and fabrics”, helping to develop analyvsis in relation to *networks® and intercon-
nected spaces?,

More recently, architectural research hes begun to take an interest in the problem
“from within', working not only on the application of computer tools but, more con-
scinusly, on their configuration®. An attempt has therefore been made to improve the
fAexihility and interoperability of digital svstems through the study of ontologies and
inferential models designed to represent historical buildings. At the same time, con-
trol of data processing methods through the use of specially developed algorithres
has heen progressively refined end new attention has been paid 1o the question of
“filing" the assct or rather translating reality into a discretised language expressed by
werms that ere univocally recognisable, hierarchised and related to ench other through
established rules. The definition of the form has thus evolved from & very traditional
protection tool fnto one of the comerssones around which potential processing of data
catered into the digital system is organised.

The work carried out by this research group falls within the latter category: on the
ome hand, it is aimed at developing ontologics and inferential models specifically
dedicated to the representation of historical buildings and, on the other hand, i iz
devoted to the implementation of a national GIS platform, the Risk Map of the Italian
Ministry of Cultural Heritage and Activities and Tourism”.

Before summarising centain aspects of the work underiaken. selected on the basis
of their relevance to historical and architactural research, it is necessary to clarify frg
premises, contend and objectives by considering the comparison between innovative
methodglogecal contributions and “traditional’ research strategies. The following ar-
eas hive been taken into particular consideration: fhe ability to agquire information
with the new provedures that is comparable, in ferms of type and quality, with that
derived from traditional systems; the interpretative components that fuel the new
research methods; the cost/benefit ratio in the use of ‘analogue’ and *digital’ ap-
proaches; the fitture prospects of the two investigative stratemies.

With réference to the type and quelity of the collected information, it should be
noted that the new formal structures pat in place for digitisation essentially derive

* e for instance Tambinrino 2014 end especiatly Smbel 2004, A chort semhesls of e main celered banss
5 alsa affered by Marmaor 216,

" In Dinecher et al, 15 we con find g overview of i reseirch peajects developed in the |infed St
ordered in o catcpurios: ‘lext analyais’, ‘spatiad annlvsis”, ‘network analysis’ and “imape analyes’, with some
olgeryainns about thedr wse:

* Thi apprcech masks the passape frem ehe Infomsion tenhnology ‘e the hisary omnd contenation of
archieeeiure o the informarion fechoology 'with® boths discinlines, recovering the suggestim | Calenioma
Cortesi 2HM, maimhy relaed (o (e hammmistic sclenees. The use of he praposition “with' undisrlines the pas-
sage from a sanply prpmmle enitede o this kind of wik io o real imendssciplinary qppmeach,

* This woek bas been pubiished in differe casme, among which we.reder to Ackerno of al. 2017; Figrank-
Acinrso 201T; Figrini-Aciereo 2019, Florani 2009 It has allowed the implamentation o thie lalim Ris Map
@ the histosacal centnes: =www.carindelriaehio Benicul sl o { Aecessed 20 Desember 2019)
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from the “empirical bases of research™ from these, they deduce how o pose and
analyse problems, the semantic and logical erganisation of reasoning and the mfer-
ential strategies that ave scientifically appropriste to offer answers o the issues ad-
dressed. In other words, the construction of the digital system dev®lops “a soet of
hermeneutics of arpumentation in which the primary difficulty is to make the unspo-
ken explicit and to restace the implicit of assumptions and cognitive ellipses™. In this
sense, ontologies, algorithms and filing methods feed on the relationship mechanisms
represented by traditional logics, even though their nature canses a substantial trans-
formation of the fortns and content of the research.

Mew key issues concern, among other things, the ovnership of the sources that
can be used as data, o problem that historians in particular have investigated in depth,
There is an opposition between those who only wished to consider reliable “digital®
sources to be faithful reproductions of ancient documents, which can be infinitely
investigated in all their sspects with the exception of smictly material content
{*saurce-oriented’), and supporters of the intrinsic validity of the data extracted from
the same docurnent and represented through appropriate formalisations {*model-ori-
ented”). The question also arises in architecture, where the staus of the document is
shared both by written texts and by buildings' structural and material evidence. In the
latier case, the reproduced digital sowrce suitable for the *source-oriented” choice
shewuld be a perfect three-dimensional rendering obtuined from a laser scanner survey
completed by detailsd photornups {even if this reproduction is significantly more
cotnplex: than that of & simple text docurnent, it should generzlly provide a laborious
reproduction of the building including all intemal spaces and would only be allowed
if these spaces are fully accessible). Fven so, however, the three-dimensional mod-
el simply reproduces the outer shell of the stucture, which can only be used for
studies of a geometric, figurative and perhaps typelogical namre, but is certainly
insufficient for adequate knowledge of the structure, We can therefore: affirm that,
especially for historical architecture, the option of source-oriented computer research
comes at a great cost in terms of simplification, working on models that dematerial-
ise and approximate the existent beyond what is aceeptable for 3 deep understanding,
of it!,

The use of model-oriented digital technologies, through the definition of specific
formalisations, requires, on the other hand, decoding of historieal architecture threvgh

" Borille U584, 57, quoted in Faneerd 2005, 170,

# The distizction of digital methodilsgies i ‘cource oriznted” or ‘mode] orienfzd” 15 in Thaller 1989, See
ales the ghgervations e Yitali 7009, with an elictve synthesis of the folloming debata.

O e, we s 1 consider the 3 mpresmsation not &5 & simple end rough victualiafon of o given
site, bt 33 a real phject of siudy, which could be e in substinmien of the cxsting, physical realiy. In ather
ferrest, we ahould think s wirk with ths model deriving Tram i the smme pasimany of Enowleise we could
get using the traditkmad system of direct survia, This anvey was wsed =gther for the graphic nepresenistion or
fiar the deep oderstandiing of e patre of the archilectare, & [Pusrazed i Hajndezi [958,

1, reflectian aboul 5 fasues Invodvad by o not comimalled de-materialisation of arckfeciurg i= in Frotst
24
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3 presess that “discretises” the continuum of the real using uniform descriptive codes
that can be correlated with each other, This fundamental process must be continuous-
Iv calibrated on the appropriate analytical definition seale: within this scale, the
univocal - and universally recopnisable — correspondence between the description
and the physical component deseribed must be guaranteed., as well as the effective-
ness of the relationship nules established between different components, o ensure the
effective integral representation of the whole.

The particular *cormotative’ rather than *denatative’ nature that characténises the
study of the history of architecture and, therefore, of restoration, makes the dualism
between object and interpretation more precarious, a2 i often the case in the digital
humanities, This leads to evident difficultics at an epistemological level, necessitat-
ing the support of srong references that are accepted by all, some of which can only
be expressed thanks to criteria established by specific public institutes'?, while others
are inexorably entrusted to shared interpretation as an expresgion of the calture of the
time", These conditions make organising all digital systems both transitory {due to
the need to ensure that the culwral premises that mspired them are continuously
updated, as well as constant technological mmovation) and permanent {due to the
ability to safeguard the conservation of the data collectad there). The sume problems
have been parially expressed in the historical and artistic field, sometimes even
taking architecture into account™, bat without considering its specific investigative
feanises,

Proponents of the model-oriented system place great emphasis on the novelty of
the operational scenarios enabled by digitised procedures. The comptational power
of modern computer systems makes it possible o carry oul statistical comparisons
and evaluations that were previously difficult o manage: larpeted extracton of infoc-
matioe related fo a particular type of church structure can better clarify the extent and
reason for the influence of a particular cultural model in the area, while distribution
over time of different stone materials or mortar hlends can help 10 define building
{and economic) transformations in specific contexts, These results are baged on the
prior selection of the entries necessary for the system and on the interpretative me-
thod of the person filling in the form, two fundamental siages of the knowledpe

 (ienerally, thiae ace the Instituses nvalved i g sutaloguing of the beritage; Panzer 2005,
" Mnithew Lineobn observed thet “plesical objecs resis beih the stroctored deserlptim and the sbstraction
theza methods rely upon. Comparsd 1o struchred it foe libezmizs” punemally homegmpous collsciion o haaks,

jects. Whils Bbrary data ore produced theough broad consensus sbout the facts of & book™s publication mnd
cheificstion, knowledge about Ristorical obircts tends o be adveccad through iverative and pomflicting
schodurly drpumentation — o process that & Jiffcul: (thongh fee impossibie) to model o sirucwmed dam™
(Drucker of al. 2004, 53,

¥ Johsmma Dnskeer Bois proposed o disminguish the ‘digitslised” mad the “digital” hissary of ani. The firs b
emumnerited and viszlised by the computes, the second & reconsidersd on the hasls of the new pessibilities
Elven by thz informsation systems Reflevions oo this pioposal are in Shelhert 1017,
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process which, together with the definition of the procedures with which the infor-
mation i3 commected, reveal the “acn-neutral” nature of the data's.

It is precisaly the translation of physical (concrete and tangible) reality mio a series
of ‘data” — i.z. into information that is ‘objectified” and therefore can be compuated
and compared — that constitates the critical hinge of the digitisation process™; in this
gensge, ag s often also the cese in the hard sciences, computation and critical synthe-
518 appear [0 be two sides of the same coin. Digitised systems that deal with archi-
tecture, in particular, are characterised by the stroctursl overlapping of ol lest three
levels of imterpretation: the first relates 1o their formalisation, the second to the data
input stage and the third to analysis of the results produced by inferential systems,
which in wum become *sources™',

The first and third levels above all represent hidden steps that contain many
hypostatised critical choices. We can provide some examples of this, considering
eoncrete problems and possible solutions at an operational level.

A wall discomtinuity ¢an indicate 8 construction interruption. wiich may be due to
technological choices that make the building more adaptable to possible differential
settlement, as is the case in historical Venetian buildings, or may derive from distinet
eonstruction phases. The assessment ‘in favour” or “against’ the construction solution
in terms of stroctural vulnerability could be affected by excessive simplification re-
sulting from formalisations, inferential chaing or algorithms hased on a unidirection-
al interpretative logie, which considers only the weakening effect prodaced by build-
ing discontinusty, especially in the presence of horizontal pressures. The awareness
of this risk of interpretative fallacy must invite a conscious and critical approach o
reading data, which often finds an adequate response in the interaction between his-
torical knowledee and building-atroctural considerations.

Similarhy, the rendering of the stratigraphic succession of masonry that can be
observed on a wall can be inferentially recomposed using modelling created by a
specific ontology. We know, however, that this interpretative method, developed in
the archasological field, works well when dealing with uniform two-dimensional
lavers, but may be more difficult to apply to the three-dimensional soructure of the
wall, especially when the two opposing sides of the masonry have undergone differ-
ent transformations. In this cage, we will find curselves foced with towo stratigraphies
of the same wall that do not fully comespond to each other; they may be possible to
understand through complex medelling refinement, as well as through the simple
‘amalogue’ recomposition of the data, supplemented by a deeper knowledze of the
core and the intersecting links between the walls.

The risk of a misleading reading is less insidicus when entering data into the
computerised system because it is more obvious and controllable: for example, an

= Settis 2002,

¥ &chach BT

" Ay Vieali hes cheerved “proossses of diginl elaboration duange the statwde of the sourees™. [Vitali
P B8
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1solated tower may be an independent defensive structure or the remains of a partial-
Iy destroyed fortified complex, but trained operators must be aware of the need fo
subordinate their choice of type to a sufficiently comprehensive and cofvincing
rendering of the construction phases. The choice, which is designed to extract data
that idetifies the fortified system within a defined area and time period, will in any
case be bound by the possibility, whether initially planned or not, of identifving sev-
aral types of system linked to past and contemporary configurations.

The proposed examples show how the interection of scholars with the digital sys-
tem, far from being a passive method, is constantly configured through conscious
ssseasment of the work shead,

The cost/benefit camparison of the results of investigations using traditional and
digital tools should be considered from several perspectives. As noted above, the
acquisition of an effective epistemological awarenzss may require, before studying
the specific architectural or urban object, an understanding — and‘or control — of the
architectare of the digital system used, with a clear increase in investigative work.
Indeed, this aspect embodies the paradox of a formalisation which, as stated above,
miust use an explicit rendering of implicit intellectual processes in order to be estab-
lished, bui which is vsed “in the field*, employing inferential steps, filters or algo-
rithims that are not evident and can only be properly managed with the joint contri-
Bution of an cxpert scholar in the subject and a computer scientist. Om the ather
feand, computation makes it possible, for instance, to directly overlap historical and
construction data o that relating to the structural and thermal properties of the
buildings or the area’s geologieal and seismic characteristics. This provides very
usefol information for conserving the asset which, in the traditonal management of
design and planning, are often confined to the realm of various specialist knowl-
edge. In general, the wide range of possibilities - in ferms of the number of cases
thil can be considered and type of processing - 1o make comparisons between assets
and their constituent features, as well as the ability 1o check the acouracy of the
investigative results by cross-referencing différent types of findingzs, make it PO&gi=
ble, i the lohg term, to configure & completely new set of information and shared,
synchronic and dischronic interrogation processes, the potential of which may still
be unimaginable.

It is easier to predics the indispensable activities to promate the spread and correct
application of the new investizative methods. These include the containment and
eantrol of the analytical process, which can potentially be infinitely extended — at the
risk of becoming redunidant and therefore useless —: the sharing of data representation
models, which is essentinl for the effectiveness and possibility of exchange (inferop-
erability); the ¢ommitment to systematically collect information on an asset at Jeast
every time that direct work iz carried out on it

The comparison between traditional and digital research must not, however, be
considered in terms of the dominance or redundancy of one of the two parhs. Today
it seems quite likely that the two methods are destined to coexist, meeting different
purposes and needs, A predominantly narative histeriographic path may therefore
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Temain a8 a philological and eritical activity, whose task will be to update the cultur-
al perspectives of our time and, if necessary, 1o “promote” — through appropriate
communication — buill heritage o a wider public. On the other hand, the use of
digital tools 2eems to be mainly aimed ot *applicd history’ methods, wiich are better
suited 1o restoration and conservation. The actual potential of history as ‘narrative”,
idfue 10 its predominantly analogical nature, end of the *applied” history, which must
ke maneged digitally, will largely depend, however, an the understanding of their
respective limits and on mumal acceptance, which, moteover, are also necessary
conditions o guarantee their reciprocal and effective influsnce.

The extensive work carried out on ontologies for the imteroperability of informa-
tion systems that can be used for restoration and for filing and processing data con-
tined in the Italian Risk Map system dedicated to cultural heritage is described in
the following three parngraphs. These paragraphs, in summarizsing the content and
themes covered, focus in particular on the processing of historical and structural in-
formation regarding ancient buildings.

2. COMPUTER ONTOLOGIES FOR ARCHITECTURAL
CONSERVATION (M_A)

One of the major issues featuring information and communication technologies for
cultural heritage is the complex interaction between different and complementary
information, criginating from various systems often scarcely interoperable.

This condition can be effectively addressed by computer ontologies that are for-
malised concepual representation schermes, able to fully describe different cultuzal
enviranmenis and relate 1o different opecating svilems'™, This twofold ability kos
prounded. their widespread diffusion within different scientific fields and several
compuler environments, As far as their representative nature is concemed, ontologics
do not aim to constitute an objective representation of reality, but rather a tool for its
reading or critical representation; they do not coincide with conceptualisation but are
a representation of it, developed through a specific language™, Ontologies” rep-
resentation models are defined through a logical structure of knowledge, articulated
in classes, properties and rules. The first represent concepts and constitute a whole
that can encampass different enfities; properties expand the description through the
expression of relations bebween concepts. Finally, rules allow the activation of the
mferential potential of ontology, that 15, the possibility of developing reasomimg start-
ing from established o prion conditions between entities.

™ Among the wide lineratare thal deals with aninkogies, the Bgeresied mepder may find detalls In Gindber
1943, Crmarino—Ciarstza 1995 Saudsr—Benjamirs—Fenes] 1959 Dosrr 2009,

1 The interpretaiive salvee of oniokogies i3 thoroaghly deged by Fred Fossscn and Fames Markin {Fonsesa
Martin 2005
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{CPM] aims 1o represent the semiantics. of architectural conservarion and develop 4
Eomputer tood that achieves integration, mediation and exchange of information i
this fizld, facilitating the necessary dialectical relationship between pesearch and
design. After the first phase of the Atonnmous study, the research group has ad-
dressed other mature formalisations, starting from the Conceptual Reference Mol

The CPM model consists of five main domaing (Fig. 1). These are intended o
develop the representation of the wigle SomseTvation process, from the description
of the building (*artefact’ domain), to the analysis developed for i1 Enowledge l,”l'l:.!s—

Tust to provide a quick glance al the model, we give herehy a brief d:sn;ji:tjﬂn of
mne of the modelled domains, the ‘historical buildings investigation Process’, dedi-
cated to the study of the architectural work,
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The descripiion of nvestigation activity addresses two main levels: one of a de-
seriptive nature, the other ortented o the emunciation of the results achieved (Fre 21
Az far as degeription 15 concerned, 11 podnts our not oaly the definition of the activiry
its=lf bat also the resourees required 1o camy 1t ol Besources may belong to differ-
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E=1 Marw: Stratipraphic mvestigation of the 5. Saba Gratory
Class Strafigraphle Investigation Ackivity
Euhilass of Heritage dinsct vestigation Actheiry
Sinarciais of s
_Elhl-l-l:thpﬂ'tlu Liszs as input Sareey dooamerit: architectural pervey { |
; By maans of Tesk: Drawing, measuring mstruments |
By mnans of Actor: Comservatian architect
Method; Weaturing
Method: Camauring
Methor: Sraphic ragresantation
Applind to Brbelict: Ehention stroctures [walis| {
Provuidas a1 output Infermation ohiech stratgruphic analysis
i Provides infarmation for | Attribute assignment: dating
Data prepanist Developed or dote '
Camiedoutby | AdocNameaftheectar |
Motes - ' -

Figure . Example of formalisation form. The instance deseribed & the masoary seratigraphic analyss;
the formalising clnsses are in bold character

enl claxses according to their nature (*actor’, “tool’, ‘method”, ‘sample” or *external
eomceptual references’ olasves),

With regard to surveys results representation, more complex modelling was re-
quired to make it possible to account for the specificity of the investigation process
preliminary to conservation design. The mode] has considered the difference berween
results providing sformarion and resulls providing arribusions, addressing therefore
the wofald nature, both philological and hermeneutical, of the investigation process
for conservation design. The first refer to data obtaimed through analytical processes
or outlined as recognisable structure end documented as single units and are formal-
ised through the clasr “information object’™. The Tatter refers to statemnents eveniy-
ally expressed grounding on a critical elaboration, such as attributions to authors or
historical periods (“attribute assignment™) or identifications (*appellation assipn-
ment'}. Either “informaticn object” or “attribute assigmment” and *appellation assign-
ment" are clastes imported from CIDOC CRM,

As an example, we will address two different types of surveys, siratigraphic ma-
sonry investigation end bibliographical and archival research.

" Amerding oo CIROC CRM an Sreniion (hrect Is defined s <identifiable imemterial ivems, such as 5
dan sets, Images, tears £ |, that bave an objectively recognieahle sinosun and ome documented &5 single wain”

2 pgeording o CIDOC CRM on déeribede Assipnnrst 83 defimed as: *actions of makisg assertions shoot
prepurtiv al'an object or any relation berween twio Jlems or concepes™.
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Figure 4. Scheswutie dagrun shwing the stratigraphis analysis of the northem
wall of the Saint Saba Ovatory, the bullding from which the modelling wag carried ou
{the diagram was newarked by the aithor apos o deavwing by 8. Cataeslif,

The oatpu of the analysis is conceived a3 an “Infirmidion ohject”

With respect to stratigraphic analvsis modelling, bevond the structural formalisa-
tion that can be well appreciated throngh the form of Fig. 3, what is worth examining
is its twofold relation with the ‘artefact’ domiain and “life cycle 1" domain, The in-
vestigation results are either contributing to the building constroctive featares de-
geription {*artefzet” domain) or the building transformation assessment (*life cycle_17
damain), From the formalising point of view the investigation result, that is 1o say a
document that describes the identification of the different masonry types, their dis-
tribution on the elevation structures and their reciprocal position, is to be considered
an information ebject (Fig. 4). This byfarmation olject acts as an inpat for the artefact
deseription and, a1 the same time, provides infonmation for critical assessment, as for
example, data attribution, which is formalised as an aftrifute assignment™. The attri-
bution of the date acteally contributes to the hypothesis of the building constructive
phases, tackling therefore the “life cycle_ 1" domain,

As regards archival and bibliographical mvestigation, the deseription of its resalts
has required a further specification. Alongside the preliminary evaluation of the reli-
ahility of the scientific contribution, the identification of the sources and the type of
knowledze that the bibliographic contribution is able to provide, whether documen-
tary or critical; ought 10 be necessarily formalised. Moreover, whether the contribu-
tion iz referring to the architectural organism — as it is today — or o individual parts
of it, the specific relevance to the ohject will be estimated, The bibliographical re-
search is mainly related to the arrgfaer through the domain *actors’, which gathers

= Cigie anifibion is genemlly provided by the merging of data gives e the sosdy of the ‘relmlve chroso-
Togy™ {ziven by the stratizraphic analysis) ond other infoomation derived from & sampanng stivisy with siesilar
= mesanry fypes.
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the scholars who have dealt with the object fn different ways. The refationship is
expressed by the prepeeny: It is sudied by or “It is documented by™. In the first
case, reference is made o the historical-critical contribution of the publication; in the
second case, refercnce is made to specific information sources such as documents,
cpigraphs, brick manufacturing stamps and anything else thar constinmes a dating
element, published in the quoted publication. Either the scientific papers or the infor-
mation source are formalised as subclasses of the cfasr ‘information objeet’, but the
first 33 comsidered within the subclass ‘expression work™ whereas the later refers to
the subclags “information earriers'™. The definitions of thess classes and properties
make it possible to structure a model that allows a complete representation of the
state of the art: the studies carried out Tt also the hypotheses proposed by the various
interpretations, ¢learly expressing the knowledge base of the object (Fig 5 The
archival research is formalised through a similar schema. The results are necessarily
velated 12 its author, as archival documents become imfermarion carriers since they
are retrieved by scholars end referred to the architectural work (Fig &). Particularly,

* This “class’ has been formsllzed within FRBRo, e mode] sddeessed i hiblEgraphics! reconds. The
class 'Expression Werk®, 5 defieed as "the infeliecusl or artistic feplitations of “wirkd’ §n e form of iden-
tifiable ivmaterial objects, sach as tods, poems [, ] ar amy commbinalion o sach foems that have chjectively
recogndsable sractures”,

* Avconfing to CIIOC CRM. the cliss, “Infoemation camler’, & defined a5t “af] Instances of EI7 Man-
Mude Divject that are exphiciily designed to aci a3 persisiem plivsieal carriers for stanes: oe BT Intomeation
Libjiet™,
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Figwre f. Schematic representation of arclival nesearch Barmalisation

documents are referred toas ‘mformation carmer” formmaiised, as aforementioned, as
a subidass of “information object’.

Besides the possibility of representing either surveys methodology or results, the
most interesting opporunity provided by modelling by means of ontologics is that
the resulis of the individual sarveys are connected between them and hopefully ref-
eruble to a common cofical conclusion,

The connection betwesn them s assured by the fact that every result iz referred
to the building or to a part of it; therefore, the representation of the bhualding will
encompass all the information resulting from the surveys, allowing their synoptic
evaluation, The comparison between the differsnt information and the eventual
alignment 10 2 common assessment will be made possible by ontology's inferential
ahilitv. As aforementioned, this leans upon the possibility of establishing a system
of rensoning rufes that connects starting initial conditions to specific assessments,
thereby allowing either the mference (o new knowledge, or the detection of incan-
sistencies betwesn different results, eventually oripizating from different surveys.

As a matter of facy, the research path shows the concrefe attempt to defining a
computer tool able to support activities aimed at the conservation of historical boild-
inge, while respecting the discipline and its specificities. What seems particularly
innowative is the approach to representation. which is reversing the traditional way
of digital practice, as it does not start from the modeliing of the object, but from the
knowledge necessary to model it, This attitude, methodobogically reflecting the
operational procedure of conservation, shows an approach able to resolve, et leest for
a pood part, the criticalities attributed to computer tools used until now. In the pro-
posed model, the formalisation is based on concepiual categories defined a priori by
the context of architectural criticism and conservation. In this way, the potential of
new technologies, in terms of rigour and ability to manage complex data systems, are
integrated with humanistic needs.
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3. APPLICATION OF GIS PLATFORMS
FOR CULTURAL HERITAGE IN ITALY (5.C.)

GIS plattorms, which are well-sstablished technologies in urban planning disei-
plines, have also gradually established themselves since the 19905 in the field of
restoration and conservation of cultural heritage; Geographic Information Systems
make it possible 1o associate heterogensous alphanumeric data with georefermed
maps and are therefore useful for managing documentation relating to research and
interventions on historical buildings. Applications carried owt on an arehitectural,
urban and territorial scale™ have demanstrated the potential of these tools, dug to
their ability to store and update a considerable amount of information, to examine
geo-referenced elements in order to consult the content of the database and to super-
umpose different information layers to establish relations between the various topics.
The systems applied to individeal buildmgs and urban contexts have highlighted the
opportunity to design flexible platforms that are sdapied to the specific characteris-
tics of different cases, as well as the need to standardise vocabulary and data strug-
ture in arder to extend their use and exchange information. The need to order content
according to a coherent, shared and methodologically well-founded approach is
particularly evident for the GISs that relate to vast geographical areas and different
trpes of assets, which mvolve a multitude of disciplinary and instimtional skills.

The platfiorms of the Ralian Ministry of Cultural Heritage and Activities and
Teutism, which are interoperable via the ‘Vincoli in Rete'™ website, are in this re-
spect stable and meaningful references developed by organisations within the body
responsible for protection activitics, In particular, the cultural heritage Risk Map,
designed by the Istindo Superiore per la Conservazions ¢ il Restauro (High stitute
for Conservation and Restoration), is a Territorial Information System that can be
accessed online threugh a WebGIS system and covers the entire country™ (Fig 7).
The TIS is designed to record information on cultural heritage, to assess the risk of
its loss and to guide, under normal conditions, planning of prevention measures.
During the last seismic emergency in central laly, which was declared in 2016 and
15 still omgoing. the platform has alse been used to manage the documentation accom-
panying the operations to recover and relocate the movable works removed from the
damaged buildings.

The rigk is statistically caleulated aceonding Lo the territorial danger and vulnera-
bility of the buildings. The first is velated to the probability that natural or man-made
phenomena of a certain magnitude occur in a given area, such as earthquakes, land-
slides, foods, air pollution, depopulation and tourism pressure. The indicator is
taken from thematic maps and the results of statistical and environmenzal surveys,

T Sadoadn-Mend NS Casics 2006 Bartolomuced H08: Mepri 008 Barinlomescch-Hooragnl Tz
A2,

e vincoliinsee beniculbamli e (Accessed 14/1272019),

B cww gartidelrischio benicaturaliie- (A essed 14122019, Ameng the mes: recent pubSicalioes e,
Cacnee 2015, in Englsh, and Cocece 2009, with an overview of the specific bblloprepts.
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acquired by the svstem through the websites of various badies™ (Fip. 5). Vulnerahility,
on the other hand, indicates buildings' susceptibifity 1o darmage and is therefore par-
tenlarly influenced by their siate of conservation. The comparison between the indi-
ces stutistically caleulated on the basis of MUEeros parameters, evaluated during
expeditions surveys, makes it possible to establish operational priorities and to plan
mémitoring and emergency response actions (Fig. O

Documentezione (Central atinute tor Cataloguing and Documentationy, At pres-
=nt, the TIS contains assessment forms an movahie and imimnovable goods, referring
to works of ant and monuments: those relating to historical centres, on the oher hand,
are currently being developed?.

The form layouts of the buildings. split into architectural and archacological cal-
egories, consist of a data section and 3 part gadicated to the survey of the danmage,
divided into two levels of detail (Fiz. (). The identifying and descriptive data of the
bildings ts therefore independent and ean be separated from the consarvation proh-
lems both in the compilation amd reading of the form. Moregver, the rendering of

indicated, while in archazological heritage the original function of the building, past
excavations and rewse inferventions are ontlined This information, generally de-
duced from a decumentary examination, is not related 1o the direct survey of the
buildings and does not imply any immediate telationship with the state of conseryva-
ol moreover, as already noted, in architeetural heritage, the first level vulnerbili-
by assessment form has only recently been provided with references 1o construction
techniques and materials,

The different features of buildings found in ald town ¢entres — which are often
poorly documented, charseterised ahove all by the technological components and
rarcky affected by interventions chronologically defined or traceahle 1o 4 specific
architect — suggested that the content of the most recent filing models should be
calibwated differentiy, The set of plans relating 1o historical centres returns the reading

1 Among fhewe we mninly refer o Lstivetn Superiore per la Peezione = f ricerca ambéeniale (T3PFRLA;
Seperive lestinme for the ¢ovipnmmental progecm and resirch] and dhe Istitung nazfongle i starisiics {15TAT:
Wariomal Tastingte for staiistiosy
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Figwre 1 Architectueal survey foom analysing dhe ciurch of 54 Saba in Rome
{Fhoranl 2009, 149143 the jdenfication data soe recirded in the mpper pansls,

while the defmition of venershifity is shown in the lpwer anet

of the buildings from the urban to the constmiction scale, strengthening the links
between the historical, structural and conservative aspects. In the platform the
*Historical Centre”, *Urhan-Aggregate Unit” and “Specialist and Residential Punctual
Urban-Building Unit’ forms have been computerised; those related to *Urban Spaces’,

‘Building Fronts" and *Building Units” will be added later™,

In addition o data om the seceraphical-admimistrative and land registry location,
the mors general form provides brief details of o geopraphical, geological, demo-
praplic and socio-econormic nature, I describes the urban layout through functionl
and morphological features, the rendering of the stages of the town’s expansion, the

" Finram 2{19; ¥--16E
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Figure 12, & seetlon of 2 Risk Map forms surveying the bistorical centee,
dealimg with the Bullding sysizm o8 an Urbkan Unit=Aguregate

identification of the physical and administrative divisions, the cxamination of the
links between the town and the local area, such as the natural and artificial borders,
defence gystem and routes. The plan also idemifies the architecmurzl and structural
elements that characterise the buildings —~ ie. the building rvpes, the techmological
components and the most common decorative elements ~ and finally specifies the
chronology, the sources and the retevant urban planning tools.,
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The investigation is then extended to the scale of the intermediate components of
the site, made up of building aggregates o, more rarely, isolated huildings. The read-
ing of the materials ~ cxarmined in the first instance on & planimetric basis to define
the primitive core and subsequent gxtensions, the relative chronological period and
the type of systems — is developed in elevation, since the ‘Urban-Ageresate Unit’
form proceeds from the perimeter of the blocks to the survey of the fronts, from the
dentification of the building units to the calculation of the cxternal and internal Tev-
els™, The ongoing trials in two small towns in Lazio, Cittadocale, in the province of
Rieti, and (ienazzane, in the province of Rome, have made it possible to validate the
sirscture of the data, to integrate the form entries, to expand thesauroses and 1o re-
calibrate calculation algorithms™ (Fig, 1),

In addition o the toporymic and cadastral location, the form indicates the degree,
type and period of use of the aggregate. It then defines the characieristics of the
building system, its configuration, the presence of connections with neighbouring
Uiban Units, general quantitative and dimensional data, the distribution and inci-
dence of building voids and the features of the fronts (Fig. [2). The deseription
includes a schematic diagram of the building volumes, substantisted by the jdenti-
fication of the processes of addition, recasting or replacement of individual cells and
the identification of the number of ‘levels’, intendad s portions of the fronts of cach
umit between two Hoors (Fie J30; the levels, in fact, are the reference units for
calenlating the incidences reported in the following sections and for assessing the
reliability of the information, expressed by two confidence factors based on the total
levels and levels that can be inspected or hypothesised and which feature cover-
ngEs’s,

The cniries dedicated to the construction system and to the state of conservation
show the index of transformations and changes and that of vulnerability: the first is
deduced from the mcidences of medern architectural components, correspending
iy individual building wnits, buslding elements, elevations or superstructures, re-
placements, repairs, coverings and fixtures; the second is derived from the incidene-
es of construction vulnerabilities, structural instability and degrrdation of sorfaces
uand roofs. Both values contribute to defining the risk of loss, subject not only to the
state of conservation but also to the degree of altoration of the historical building,
They are reciprocally correlated since modemn interventions can conceal degrada-
tiom and instability or stratifications, but alse generate construction weaknesses such
as vertieal justapositions, horrontal overlaps, discontinuities and building voids

* The: "Specialist and Residentinl Punctua| [rban-Building. Unit' form layoot shows the same setting and
eanstitm=s & pwplified variation of the “Uban- Agprogie Undt'. As » mance of Rt it comsiders the single
Building Urdt s & maczoscale entity.

* Flosnond ¢t al, 2009

* The confidkence Factors, expressing the sccessibifity azd the visibiling of e foms of the npgrEpahE, A
defined by the relationship mmong the supposed 2nd vt levels aind by the refatinaship anong detecsble levels
iad levels coversd by plaster or chaudilirg.
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Fignres 14-1%, Modzm ransformations in the hissarical tildings of Geneana [Fons)

Ui the ome hand, the: replacement of coverings, hindering the direct survey of dhe fabrics,
rather slers the pereeption of the mste of consecration, reaking it fnlsely oo, Om the ofhier kard,
the addition of halconies, revealing horzontal evetlapping ansang different alding srstems,
worsens the indsx af vilnershility

(Figs. [4-15). The results provided by applications to concrete cases will soom make
it possible to analvtically assess the dual influence of modern transformations on the
state of conservation,

The intrinsic rigidity of the form lavouts offen involves a representation that is
abstract or insufficiently edapied to the cemplexity of the existent; in the Risk Mep
models relating to historical centres, an attempl has been made 1o preserve the degree
of Hexibility required by the unique nature of sach case throwgh the insertion of open
ficlds, which make it possible to implement the thesaurus entries and to add further
specifications 1o each section. The methodology followed in the drafiing of the forms
15 in line with traditional investigative methods, since the investigation encompasses
the morphological description of the building, the macroscopic identification of his-
torical constroction elements and recent wansfonnations, and the definition of the
state of conservation. The distinetion between historical and modern components of
transformation provides a congise reading of the building stratifications, which ap-
pedrs to be consistent with the expedient criteria of the survey, but can nonetheless
be interpreted in different ways. In fact, it is Hnked fiot so much to chronological
eriteria but to evaluations of a historical and structural nature. refating to the materi-
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al and figurative compatibility of the building elements. Data fine-tuning 18 assigned
ta the forms designed for the building seale, following an interscalar approach that
mvolves successive degrees of analysis.

4. OBSERVATIONS REGARDING CERTAIN ALGORTTHMS
FOR MANAGING CULTURAL HERITAGE (A.D.)

The word algorithm refiers to any scheme or sysiematic process of caleulation; in the
field of computing, in particular, it refers to a finite sequence of elementary operd-
Hons that can @agily be performed by a computer which, from one set of mput data,
produces another set of output data that meets preassigned requirements. This defi-
nition surns up the fundamentz! properties of an algorithm: “effectiveness”, namely
the ability of the user 1o recognise and therefore carry oul the instructions that con-
gtitute the algorithmic formula; “Gniteness of expression”, i.e. organisation accord-
ing 1o & possibly long, but nevertheless finite sequence of operations; “finiteness of
caleulation™, which refers to the development of a procedurs within a predefined
domain: “determinism”, which sstablishes a single operation o be performed at ench
step of the caleulation sequence™.

The epplication of an algorithm, moreover, requires the field in which il operates
to be 8z homopeneous as possible, i.e. made up of components that are comperable
to each other. In this sense, the use of algorithms in the management of cultural her-
itage, piven its heterogeneity, presenis obvious complexities, in particular regarding
the definition of 2 unit of measurement that makes it possible to unequivocally quan-
tify the heritage as a whaole.

In & general risk snalysis, for example, each element is assigned a value, which
appears o be defined in economic terms or as 3 unit related to cach of the risk ele-
ments {e.2. number of people, buildings, exposed areas), a condition which cannot
atways he adopted when working in the field of cultural heritage, since &t favours the
quantitative aspect. It is therefore more appropriate to characterise cach asset through
the evaluation of a series of parameters that can be instead refated o artistic. con-
atrietion and material aspects, state of conservation, ete., which, by their very nature.
are difficult to quantify.

From this perspective, the cultural hetitage risk models are expressed “through a
scheme (which can be logically and mathematically formalised) that connects "Risk’
and *Rizk Facters' [...] based on a statistical approach™®,

The management of cultural heritage has long involved the use of computer 5ys-
tems and therefore of algorithmic formulas capable of processing data - opperiunely

37 Gea ftem akporithn® in <kipewsesreccanl s enciclopedin@lzorimmos {Accesed 1M12200%) I 1
glear that whils the first propicty iz bispersable, the other “cin be mede less convineing ar totally standescd,
prisducing concepts more genesl this that of slgeriehm. Most of all, sencuncing the coaditioa *determinien’
guides 1o e conespt of it deterministic algocithe™

B Cogni 19497, 535, The inverted coanmiss e by the author,
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collected in bank systems that can be consulted and updated over time - relating 1o
all myonumental heritage, to the physical-chemical and social phenomena that influ-
ence the assets’ degradation process, as well 25 to information on their state of con-
servation’.

The cultural heritage Risk Map system, for example, sims to determine, throush
8 slatistical analysis model, situations of actual risk associnted with each asset, ap-
propriately ctoss-re ings data on territorial danger with data on the villnerability
of cultural assets, which in tum is extracted from specially drafied farm layouts.

The statistical approach is therefore involved in the assessment of vulnerability,
Le. in correlating the different information recorded for each asse through ‘simple’
{e.g. arithmetic avernges) or more “complex” {weighted everages) algorithms. Thanks
to the contribution of statistics, it is possible 1o establish corrclations between the
variopus thematic information, leading to the identification of the relationships be-
twean culiural heritage, state of conservation and factors at the origin of the deterio-
rafiod, miking it possible to define classifications relating to the risk of losing the
goods®,

In order to satisfy the requirement of an expeditious survey and alse the already
mentioned properties relevant 1o a correct algorithmic formulation, the descriptive
data of the analysed asscts have been carefully examined in the form lavouts of the
Risk Map, selecting those able to identify the main charscteristics and significant
factors that express the state of conservation. Accordingly, the vulnerability and
dangerousness indicators are divided into three ‘dorains’ (“Struciural-Siatic™
“Environment-Air"; “Anthropic™), which correspond to different form levouts from
which the basic variables for calculating valnerability indexes can be derived. For
the first two domains, for example, vulnerability (referred to as ‘classic’) is calculat-
¢d through a linear combination of variahles that express the state of conservation of
the different architectural components inte which a given building unit is divided.
Each variable that effectively corresponds to a judgement on the state of conserva-
tina, a3 well as being properly quantified through the assignment of a score, is also
rltiplied by & “weight’, which makes it possible, on the one hand, to make different
information comparable and, on the other hand, to establish Tepresentative relation-
ships of real conditions through weighting®!,

Therefore, with respect 1o the complexities discussed at the start, in order to try to
deal with the heterogeneous features that characterise the field of cultural heritape,
the methoadology developed by the Risk Map involves separate filing for archaealog-
ical goods, architectural goods, containers of goods, movable goods and historical

™ Bartoboeruees BO0E; Bartoloenuesf J0M8; Diglla Tare 2k 4 Wepri 200

* Bee for instance, in Ferrani-Uncace 700, ihe descripiion of the #valeatios model of mrchaeolcgical wul-
merzhilicy,

= Thig metkad, farned *Aonabvsls i main companents of ardial varinhle’, & kgedied through the fechnigoes
‘FRINCALS” (Coppi 1997, 351
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centres™, Moreover, for the seistmic risk assessment of listed buildings, the form
layouts provided for in the Risk Map is differentiatad into three architectural and
constructon fypolowies that take into account the prevalence of ceftam structural
behaviours i seismic areas: the *villas-apariment builldings-houses” typology covers
buildings that are wsually organised by levels and presumably manifest a oeneral
behavioor; the "towers-bell towers” typology covers buildings whose seismic behawv-
iour mainly depends on the slimness factor; the “churches-theatres-complex building
systems' typology concerns all strociares that are mainly charactesized by large halls
without horizontal partitions and geperally featured by local behaviour wrder earth=
quake, namely behaviour that can be associated with ‘macroelements®™®, The algo-
rithm used to assess vulnerabality and seismic risk seeks o determme ranges of se-
verity (high, medium or low), with the aim of identifying baildings that have a nsk
that requires priority attention (high risk), those whose sxamination can be left to o
tater time (low risk) and those that require further investigation (medium risky*. In
line with thiz approach, and once the relationship of risk with dangerousness, vulner-
ability and exposure are known, three dangeronsness bands are defined, in kKeeping
with the values proposed by the standasds for Italian matiomal seismic zones®, togeth=
er with three exposure bands, based oo crowding and the presence of observed val-
uable elements. The three volnerability ranges are determined, 1o this case, with an
algorithmic sequence structured to identify damage situations (such as those doe to
everturned walls, oot of plumb, perpendicular detachments from the wall surface and
shear mechanisms, combined compressive and bending stre=z an the wall plane) and
certain structural deficiencies in the event of an earthquake {such as the lack of con-
nections, the presence of projecting arches and vanlis or the absence of earth-
quake-proct structures), the existence of which, even in a single section of the
barildmg under investigation, tesulis in significant local wulnesabilities™, Tnlike,
theretore, the formulas adopded for “clssic” vulnerability (assessed as a lingar com-
bination of variakles, cach expressing a state of conservetion) for sesmic vuklnerakil-
ity, the presence of an observed or foresceable damage situation is sufficient to make
the building fragile in relation to & telluric event

Andthet Italian experience that involved the use of a statistical model as a tool to
expeditiously determine the seismic vulnerability of churches was conducted imme-
diately after the 1997 earthguake in Umbria and Marche (26 September) by the

< Cacace 2006, Specifically, the wee of the Risk Mg for the bistoelcal senmes was receni’y experimented:
sez Fiorani 2019,

T Anpeleiti ot al. 3009 2.

= Dipnmesili 2004,

U Vahiga of danpensemecs are esehlished considesing Heerange of “ppa’, pik proumnd Scoelaration, namady
the mrsiprnm seceberation al e soil prodocsd by the sarthqueioe md reconded by the sooelerometers, High
dargerinsisss Gomspenids 1o valugs of pea=0.35g or 0.23g pEa~0.12g and high amplification in high &=-
quenscicss ow dangsoisasss B related o valoes of peesdl15e [Angeleit et el 2009, 3]

* Desgription of Gamags and cond(thoon that mny influsnee dee senachieal bebavioer of buibdings in sei=mic
zanes is oroacied using *levels” for palsee, “3ictors” for lowerg and “paots" for churches. The aim 2 the iden-
tfication of the candition of leca vulnérabifity
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Gruppo Nazionale per 12 Difesa dai Terremoti (Mational Earthquake Defence Group)
nnd the Servizio Bismico Nazionale (National Seismic Service), The methodology,
mmplemented in emergency post-seismic conditions, aims to quickly detect vulnera-
bility and damage fndexes, correlating a number of *indicators® that represent weak-
nesses and instability observed in religious buildings affecied by the eanhguake”,
In this tase, the algomthm used consists of a weighted average of the sum of the
damape mechanisme activated or that can be activated among the 28 possible damage
tirechanizms in the event of an earthguake® {each of which is assigned an importance
factor) from which the relevant controls considered effective are subtracted*®.

Both for ‘classic’ and seismic vulnerability, the algorithmic formulas are inde-
pendently based on historical and structucal kaowledge of the building in order to
allow &n expeditions screening in the area. All the form layouts, however, include a
field for collecting, in the torm of aftached files, the chronalogy of the building under
Investigation, the relative bibliographic, archival and cartographic documentation,
and historical photos, In particular, the seismic assessment form requires a record of
the sequence of sarthquakes that in the course of history have affected the town
where the building is located, as well as of the history of the boilding in relation 1o
significant seisrmic events that have affected it. The progressive archiving of this data
altows those who 6l in the forms 1o better discem both the state of conservation
af historical surfaces and materials and certain conditions of strucural instabiliny
(observed or foreseeable), Por example, the compilation of a seismic report for a
multi-storey building, characterised by a stroctured plan with no vistble surfaces,
becomes simpler and more reliable if documents attesting 1o certain transformations
have been archived in the platform, which makes it casier to distinguish the pre-
existing paris from the added parts and to assess the effectivencss of the mumal
connections in the event of an earthquake. The historical and structural analysis that
cin be developed over time and that is properly stored in the platform therefore
makes it possible, on the one hand, to refine the choice of certain indicators (perfect-
g the result of the algorithm) and, on the other hand, to draw up an updated form
based on the new knowledge acquired. The historical and structural datas, in this case,
1& therefore not processed i the system but is offered to the technician as material to
be critically associated in an *analogue” way to the other information provided by the
platform.

In order to evaluate the modern ransformations and fragility of the Urban Units
that populate the historical centres, alwiys within the framework of the Risk Map,

i Bee Lapnmaorsing—Podestd 1999 This form lmvoot has besn impiementad after the smihiuakos of Blalise
In 2000 (U -] emme-Podssaz H05. D6<119)L

* These machamizms, schematised in on abaous, derive fiom the post seissric observations anvased ofier the
finfnerted Garthquais in the Halian territory, since that in Fricdi o 1974, (Doglion: Monetsi-Peirind 190460

* This methodology hes been adopeed ty ohe Ciaide Linvs o e Svmiaanion and mdusrion ' of selowie wist
o the. calmml Feritege (Lines Gulda 2014 for the evalation al the temitorial scale of the valnerabibity of
the chorches (Evalostion lewvel 1, “LV1") [Linge Geods 2000, 7587 See olso Lagomarsing e al, 3004
D iz Criber-Brand Hil b,
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an attempt has been made to guarantee & more structured interaction between this
different information, infroducing algorithimic formulas that can capture, in a timely
manney, modern changes in finishes and construction components, material and con-
atmaction defects, stroctural mstability and degradation of surfaces and roofs, The
Joint evaliation of two overall indexes, one of which exprasses modem transforma-
tions and changes and the other vulnerability, makes it possible, in this case, w
quantitatively illustrate, together with the observed defects and fragilities, the degres
of knowledge acquired with respect to the construction history of the ageregate, both
in the case of an expeditious survey and in the presence of in-depth historical snaly-
siz. These two indexes are obfained by means of weighted averages among six
thematic  sub-indexes (respectively Chanses and Modifications of Finishes:
Comstraction  Transformations: and  Modifications; Construction  Vulmerabilities;
Structural Instability and Changes; Surface Degradation; Roof Degradation), which
in turn are maimly calculated with arithmetic averages. The variables that contribute
to the cabculation of the sub-indexes come from dedicated form layouts, in which
they arc expressed in the form of ranges of incidences that indicate the observed
percentage of their presence; each of these ranpes is then assigned a score. The
“weighting” of the sub-indexes for the calculation of the two overall indicators hag
been sef taking e aceount the level of incidence: the thematic sub-index which,
starting from the compilation of the form, has the greatest impact is the one thas has
the highest weizht and the others, subsequently, contribute in a decreasing way pro-
portional to their respective relevance.

The first applications of the “Urban Units” form in the historical centres in Laxio,
Cittaducale (Rieti] and Genazzang (Rome) bave also suggested the infroduction of
o confidence factors into the slgesithmic formulas: *Confidence/inspectionability
factor® and “Confidence/visibility factor®, which, calibruted on the percentage of
frontal planes that are actually inspectable andfor visible, will be multiplied by the
thematic sub-indexes that relats to the different sections of the form, reshaping the
final ranking of global ransformation and valnerability indexes in view of the acces-
sibility of information™.

With regard to this expedient, which makes it concretely possible to take into
account the level of reliability of the data collected, the historical knowladge of the
urban aggrepate investigated plays a significant role. The acquisition, for example,
froem historical documentation (maps, photographs, surveys) of fronts that were not
accessible af the time of a specific filing survey at least makes it possible to comect-
Iv record the presence of levels imd a relative count of those hypothesised. With
updated photos andfor surveys, which allow the measurement of the indicators me-
quired by the form, it 15 also possible o calculate the levels among those that arc
*certain’, making the values of the global transformation and vulnecability indeaxes
more realistic.

* Fiorsen €1 al, 2019
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Finzlly, a propesal is currently being stmdied w0 introduce ofher weight systems
wio the struchure of the algorithms (developed in a way that thev can alwayvs be
modified, without altering the caloulation software) capable of grasping — in a differ-
entinted manner — the levels of modem transformations and vulnerability according
%o the purpase of the filing of historical centres. If, for example, the filing evaluation
of *Urhan Units' 15 required fo assess vulnerability in anticipation of seismic events

o landslides, it would make sense to prioritise indicators that affect the struetural
Behaviour of aggregates, such as “Construction Transformations and Changpes’,
“Construction Vilnerabilities' and *Structural Instability and Modifications®, IF the
Plirpose of filing is mstead to consider the state of conservation of the finishes, it
mizkes more sense to refer o a weight svsiem in which the ‘Changes and Modifications
of Finishes' and 'Degradation of Surfaces’ sub-indexes have & areater bearing than
all the others™,

BIBLIOGRAPHY

Agieme ednl, 2007 Marta Aclem) - Stefano Cursi — Domatedln Fiomni - Davide
Simeons: Architectural Heritage Knowledpe Modalling: an
Onzalopy-Besed Framework for Cinservation Process. S af
Culturl Meritage (20]7) 340, 124133,

Adame—Gregory 200 Giovannd Adsmo — Tullks Cregorv: Informatics Umenistica, 1i:

i Exiclopedia Hialigna, V1 Appendics, 2000, Available at <hipis
wwwlireceant [ enclclepedinnformatici-umaristica | Encics
lopedia-ltzlinna)= { Aceussad 17 Decenber 2019),

Angeletti o1 ald, 2009 Paola Angeletti — Alessancro Bieochi — Carlo Cacace — Adilgiss
Domatelli - Qngac Ceistlling ~ Bnrica Rasimellic Un metode spedi-
tivee di valutazione dells vulnerabilith & del rischi slembon di heni
culturali, Caso di studio; Sicilia o Calsbria. In A def YT comvep-
s ANIDIE (Bologna, 28 @upne — 2 Juglio}, 2009, sessione 4.1,
pubhlkzarione cdrom

Bnrokomaucci 2004 Carla Bartolomucei: Moovi metodi per [n documentassane, Tn: G,
Corbonara (ed): Tratiita of rorrmars arehioRanion, Grrandt temi o
remmaure. Secondd agmioraomento, wil, X, UTET Scienzs
Tecniche, Milone 2006 105-140.

Bartalemesel M9 Carla Bartolomucei: Documentazioss informatica. In; 13, Fiorni
(ed): Besiawre & feonnlagie e aveliteifira. Carocel, Roms 2009,
B 104,

Barindomicci-Bonzegni-Trizso 2012 Carda Bartolomsasd — Daniele Bomzagni ~ Ilaria Trizio: Restoura
e valorizzeione dei centri stoskel dopo § sisma ded W00 SIS
30 per (I progetio di reimeprazione dalle louoe uiane, In: M
Lonfererma Nazivmale ASITA, At (Fiern i Vicensa, 6-8 novem-
bre 20020, 5.1, s, 2002, 158- 166,

Bearillo 1984 Mirio Barifloe fafewarigee pour lop sofemees e Dhamns,
Limites de In_formalivation dw reisonmmen. Pierre Mardses
Editewr, Anzvelies 1984,

* Droaamlli M11% Fiormi eal 20085,



138

Cacace DG

Cacpoe M5

Cacacs 2019

Cebmmtane—Comtesi 2004

Cllani-Lemme—Podesth 2005

Capgi 1997

Crafis e al 2000

Déefle Torre 2014

e Mattsiz-Cribar—Hranda 2016

Digerr 2008

[hnglivai-tioretti-Fetrini. 1954
Depanzili 20040

Doezalll 2015

Drucker et al. 2015

12 Flowani — M dedersg - 5 Dutarall — A, Domsealh

Carlo Cacace: GES: une siramento per |3 rappreseniazions organ-
izrata delle infarmagioni S0 proceis & redlaEme § CONSEAETANS,
Botlertino HOR ms. 13 (T00E) 19-26.

Carlo Coeeces Risk Map of Cultural Herimge. Tn: W Berdocchi —
[ Ficeanl — A, Grifletto — 5, Kolikav - 0. Pyatkima -~ T
'l.l':lratdmim{cdg]: Newalo g Rerfmon, Herdage Consarvation i
Fraly ywed Bz, Marding, Firenzs 2005, 287206,

Carln Ceeace: La Carta ded Rischio per [ patrimon]o calunsle, Tn:
Fiteans 2014%. 65=74

Augusto Calentang — Agosting Conesi — Paobo Mastandnea:
Infarmatica Unanistica: uredimciplma o confine, Aoale Dégitals 4
[dicembre 2004) d4-55. Avuilable at =heips:iwebarchiveom
web 20060506 15302 Vhap: fwww.mondodipitale. net RivisianQs_
nuzneny_uro'Uelerdenn. defip £4.55 pdf> {Accessed | ] Diecembir
i)

Citandommenico Cifand = Afberin Lemme = Stefang Podestd {eds):
Hatl sporamenrall o toveerode, Dallasergenes ally Recstrusi
o D, Roanaa 20015,

Bemaie Coppic Metodidopsa per b costrusione di nsodulil di
rimchin del patrirnosie colbtarale. In: @, Castalli (ed): Le Carta ol
Elrefio dol Porimorio Calftawrsde. ICR -~ Bonifica, Komma 1997
33-3T.

Mick Crofts = Martin Doerr - Tomy Gill — Stephen Sted -
fdattbew SHEE Definition of the CIDOC Conceprual Reference
hdodel, ICOMCIDOE. Documentation: Sndards Group - el
DOeC CRM Special Intersst Groap, 2010, Asailable ac <hepe!
wurwcidoc-crmoorgites'ds Bl flea CIDOCHIICRM v6.2.7_
Definition_esIFpdits (Accessed 9 January 20240

Stefunie Della Tores (edl AT por i migliosmeeie dal prnesss
conrervative, proseedings of the Intematiossl Conferencs,
Preverdtive. and Plameed Comservtion (Mooen, Masieva, 5-9
maggio 2014, Yol ¥ Mardiod, Milane 2004,

Ciianfrance De Masieis = Emanuelz Criber — Givseppe Brandio:
Digmage Probokilicy Mairices for Three-Move Maosonry Churches
in Abruzzi sfier the 200% 1'Aguils Eanthquake, Mterscioal
Sorpal af Arekiecrral Hertiage 10 (20160 23, [20-145,
wdartin [l:q]':i}ml-pi]ﬁ for cuhumal herfinge. In: S2=ffen Staab ¥
Rodi Smedes (ede ) Heowd-Bosk on Onfolepies. Springsr. Berfin
HlaideTberg 2000 463484,

Frapcesco Dogliond — Afbenn Morenl - Vincensn Petrini (=ds);
Lz ahiere & il torromon, Ling, Trinse 15494,

Adabgisa Danabelli: Tormma ¢ architefirag srorioa - prewibe
{emergenza. Qangemi, Ranss 2000, 193-214,

Adaigiza Donatelli: Addends: tonsideraziond per la definizlons
degli abzorirmi per e schade i Unitd Uithima, In: Fhoraml 2015
L35-138.

Tohannn Drocker - Anme Helmmich - Matibew Lincoln -
Francesca Ross: Digital Art Mistory: the Americon Sdted
Parspective, Aerralied ew Hivtodre se Uder (2005) 2, Available =
<hittpa:fournals openedition, rog/pers pectivi/ B2 1 [(Accedued 28
Duasmber 21015}




Srmsfrmarog of foad aed comersantes of ardintechine 129

Feronl-—Cacace 2004

Feorani 20714

Erorani 015

Florani-Aciermns 2017

Fioran-Aciena 2019

Frarzmi gl 2004

Fonseca-artin 2005

FRER 1590

Linther 1053

Guarinn-(larcia 1995

Hajndcad 1956
Lepomarsina-Podest] [990

Angeln Femoni — Carlo Cocace; Cants del Rischio: Tn vilnersbiiiz
archenlopica. Tn: Apparan Musiei Antichi nelldeva el Mo
teeraner, Al del convesno mbemazicnale di studi (Pl
Armering, $-13 aprile 2003, Qhadersi &i Palazzo Mansstbe n, 4,
Dhirio Flaccovin, Palermi 2004, 466472,

Beazsella Fiorani: Materlaleimmoteriabe: fronticre del restmro,
Meteriall @ Steuttur. Problemi di comservazions ns 3 (2004)
5, 023,

Donatcdl Flogans: I fvwre der comr sfories. Dipitafimimns e
Krategld civisdrentneg. Conann, Raoma 20149,

Danntefla Fiomni — Marts Aciemp: Conservation Process Model
fepml; A Twofold Scientific Ressarch Seope in the Dnformatian
Modelling for Culturl  Hesitage, [n: CEOMATIOR &
RESTORATION — Conzervation af Cultwral Herfepe In the
Diigitad Eve (Florewes, fealy, 23-24 Mgy 2007, “1SPRS. The
Enternational Archives of the Phatopramsneiry, Remate Sensing
and Spatial Informacon Sciences™, Vol XEILSMAWE (2007 283-
260

Bonatedla Frarani - Marta Acizmo: Innovative Tools for Managing
Historical Buildings: the Use of Geagraphic Informaiion System
and Ontologies for Histarical Centers. In: “ISPRS. Infernational
Amchives of the Photogremmeiry, Remote Seruing and Sparinl
Indormation Sciences®, XLIE 2019 21=27.

Donztella Floranl — Silvia Cuoturelll - Adaldsa Domatelli -
Anmaritn Martello: Volsembilith dei eenin sbarici. Validazions
dellascheds Unitd Lirbana del sigema Carin del Rischin trasnine
s opplicazions su due cemitrd larinli. Mwesall ¢ prature.
Frohlemi o e s, X (2000 1S, 715,

Fred Fomseck — James Martin: Tooard an Altemagive Matson of
Information Systems Omologies: Information Englmeering 2 5
Hemnensubic Enterprise. Jowewal af the dnrerican Society v
drfirmatian Seivhee and Techmoloey 56 (205) 46-57.
Fueetional Requiremsnis for Bikliegraphic Recards Final Report
f IFLA Stsdy Grewp ca the Fusclional Reguirements for
Biblicgraghic Records. — Muschen: K., Saur, 1998, (LIRCIM
Fubdications, Mew Series v 1%} Availabie at <Ep: s ifla, ong
VIS 5 frbe e or <Ptppliacaawaibe org VTV |3 Trbe b
Tf= (Actesend 2% December 2015)

Thomag Gruber: A Translatkon Approech s Parable Omiclogy
Spocifications. Kiewledpe drquirition 5 (1993} 2, 199-120,
Nieota Guaring - Pierdanisls Glarerta: Ontologies and Enowledge
Rases: Towards a Terminobogicd Clarification, In: Michalas Mars
(o) Towards Fey Larpe Kinovwiedpe Buves: Knewledye Brilding
amit Kmowledpe Sharing. BOS Press, Amaierdam 1995, 7512,
Hagniczi Gyuls: Milomiékfelménds. Budapest 1956.

Sergio Logotnasizo — Sefano Podesth: Metodalogie per 1"snalisi
di vainerabilith delle chiess = T £ Figegneria Sieier i S,
atti del % Congressa Mazionake AMIDNS (Toring, 20423 settembes
| 941, pubhblicagicns odram




130

Lagomarsinn et al. 2

Lefo—Chodijorska 2014

Linee Ciusda 20

hammnor 206
Magel 2008

Fanzeri 2005

Salonin-Megri 2003

Schelbert 2017

Schich 2005

Betrls 20402

Simecae—{ursi—Acierns 2019

Sizhel 2014

Sruder— Benjnmins-Fensel 1958

Tamberrine 2014

Thaller 1539

WitaLi 200%

£ Fioranr - M Actermo = 5 Cusamelll <A Donarelli

Sergio Lagnmarsing = Stefano Podestd — Cikandomenico Cifanl -
Alberta Lemme: The 31" Ocober 2002 Barnthequake (5 Modlse
{alyy A Mew Matholobopy for the Dansgs and Seismie
Valmerabaliny Survey of Chonches. [n: {3t World Conference on
Eurdfrqumbe - Engineering, conferencs procesdings [ Yancouver,
Caeads, 16 agesin 2004), pubblicazions odram
Eeti Lelo — Eva Chodéjovski (eds): Digital Methods foc Urkan
Hisstory, ©Citd ¢ Frarks 902004) 1 3-8,
Lin=e Guida per la szhuiazione & ricduzione del dschio sismico del
pairimonio culbmale (Cireelars n. 26 del 2 dicembeg 2010),
Cinngemi, Toma 2010,
Ibax Miasmor: A History and the Dezitad Humansties, Zeitschrilt
T Bieargerchiche 79 (2016) 2. 155-158.
Antonells Megri: Tecnologie informstichs per la conoscensn 2 ka
vane. In: 4. Carbomare (ed): Fraftaro & mesioune arefse
rettomion. Ciranal temi 2 restewn. Secomdn apgiermamen, val.
X, UTET Eciemme Teonichs, Milano 2008, 63105,
Maties Panzers: L informntica ﬁtmﬂmturinpn’hﬂ;-urin del res-
taure; sirement ¢ metedi™: Ine Chima Piva — [aria Sparbozaa
(=ds), B covpo delie sy, De Leca, Roma 2005, 169157,
Fanle Salonis — Antoeslla Megrl: Arkleee un webh-GES per
di eomzervazions acgheriio, Aebealopfo ¢ calcolaor
{2005) 16, 16717,
Geang Schielbert: Arl History in the Word of Digital Hunmnities:
Aspects of a Dalficull Relatioaship. Kunsfexiede 4 (2007) 1.
Availahle af <hitps:UVedoc. ho-berlin.defbitstrsamhandla/ 18452/
154048 S chelben a2 0- Y2 06nal pdf- [ Accessed I8 December 2009
Chrisiof. Schoch; Big? Sman? Clan? Messy? [ in the
Humanities. foprns! of Dipita Sommaniles 2 (013% Avnilshle at
=htip:ournalafdigisalbumanities. org 2-2'hig-smar-clenn-
sy -dan-in-the-hamanities (Accesped 2F Decomlber 2015}
Salvatore Settls: L' illuslons dei bend digimdl, Solfenias JO8 n.s
2002) 5 1T,
[ravide Simecms — Stefane Cursi — Marda A cieomo: BIM Semantic-
Eorichmemi for Buili Hesitye Represeniabion. Axiomarion i
Camsfrachion 97 (2009) 122-137.
Peter Stabel: Opeming a Pandora’s Box? An Essiy abewt the
Pitfadls af Diigital Hissory and Digital Heritnge: In: Tarshorriog
2014, 25-3E.
Rudi Studer = Richard Benjamins — Dieter Pensel; Enowledge
Engineering: Frinciplss and Methods, Dafa & Knswicdpe
Enpincering 25 (199) 161-198,
Rooss Tembarrine (ed): Dzl Unban Higtorg. Universiii di Roain
1 - CROMA, Roma 2014,
Manfred Thaller: The Mesd of & Theory of Historical Coampaning,
I Peder Denley — Stephan Fogebvil — Chardey Harvey {ads),
Hiziory awd Lomputing I Maschester Universty Pross,
Mlancheskar—Tew York 19E% 2-11.
Stefana Vilali: Dl documents sila risorsa: qualche riflesshone
metodologiea wille Tl ecishe nell'era digiabe. In: Moo
Parzen — Angela Farmuggia (edst Fomt, metafomd ¢ giv por -
dagive detfle oirafans sorico ded ferriforin. Celiz, Tocnoe 2009,
13-14.




Tramgririarion of fot's and cowserrmilan af archimerama 131

AZ EPITESZET MEGORZESENTK ES ESZKOZEINEK
ATALAKULASA

_ DIGITALIS RENDSZEREK HASZNALATA TORTENETI
EPUILETEKEN VEGZETT MUEMLEKI BEAVATKOZ ASOK ESETEN

Clyszefpalald

A Kuatiishan azoen jelent meg innovativ szempantiént a digitdlis techneddghik hasznilals a épiseet
= kifmyperete tonulmdnyosdsiban, amida o képek & alfanumerikus adaok dinamikos tirsitin (beme-
neti és kimeneti foomihan) eficeadbitn: av informaciok kivetkertetésed de algoritmusak rivén lstrajitt
koHinbiel kambindckija, valaming a2 i sdatok exsichdd kiwetherd penorilisa mepsmbodiotin o Ggits-
Iemildst szigonban fabamentilis smerepdtd] és Bnanaggiban Of neddszertard megkdeelitéss hopott |éie,

A kizelmidibeli dpiseeti kulatizok tulnidonkdppen obelildl™ mutafak érdeklddést a probléna
Irint, memaak 4 szdmilogépes esckizok alkafmazdsdval, hanem még tudsasabban o bonfipurickival js
faglatkntak. A Sapienea egyetemi lasticsoport muskijinik oifja kifejeeten rrndne dpdletek bemu-

tatieir cnlpibd eotodigiik s kinetkeztetds] modellek kifejlesmésére ininyul azzal 2 azindikkal, hogy
megvalizulpon o tréneti kizpontokra vonstkowd olase nemzeti téinformeatikal péacform. & alase
Kulturdlis Qeokép &5 Turfomnus Minismériuma kockizati wrkepe,
Ez n fajin kutsthmurin mbdszerani probldmik sorozaidt foglalja magibe, amebvek kifejesstten oz
- Enitdsrenivdnes saerepdnek meghatiromisicn, valaming belyreallitisi projekeekben wirénd felhnsmili-
sara iinyulnak. Ervelnket ¢ tanulmanyban fejtjak ki, elsboorban @ kivethesdkee Ssspantasitve; a2 i)
lfirisokbdl szbrmard informacit tpuea ds mindedpe; a2 i kutardsl midepersket follobbants drtabmesi
wheneks a kil g-bagzan aniny nx,enalfg™ &5 o, digitilis™ megkbizelitis alkalmaziss speténg a kilfole
(Bgyomanyes & digiedlis) vizsgilsti srmiégla jovabeli kilitimi, Frcken nilmenden dssecioplalism
Berl 4 kutaidcsoport fla] kifejlesmen digiealiz kutatis mingkst teriler: {ontolégla & kockiran wé
éEp) s

Rulessznvale digitilis human vadesdnyok, épitdsreti konrervilis, dpiitseedrignet médszeriana,
ehirténeti wircakizpant
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Folydirataink megujult fommaban a wanacakjiournals, com honlapon écherdk e,
Eliliz=ttink méinden nyomiatott cikikhez slektmnikus formaban s hozzalématnok,
azalibbi szolgiltatdsokkal kiegészites;

8 glifizetds, meqrendelss |

= ingyenes probahoezafings valamenny folydisathoz | 1

m egyedi ckkek viiadlasa, amikor csak az Ont dedeldd pulilikicidért fizat

B lovabbfejlesstott kerasés lehetdsdg armelymek segitségével az absoirakior, %
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elméleti és alkalmazott mechanika, épitészettirténet, miemlékvidelam,
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