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in Archaeological Datasets using LOD

Abstract
The Linked Data Cloud is full of controlled resources, which quality is in fact
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difficult to handle. Firstly, each resource collection, e.g. a thesaurus, is cook-
ing its own soup related to its research context. Secondly, conceptualisation of
Linked Open Data (LOD) assumes standardised data, but in reality, either ge-
neric concepts or real instances exist. Thirdly, archaeological items are usually
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related to generic instances in the LOD cloud, based on their object oriented
nature. Describing these relations by modelling archaeological assumptions
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causes ambiguities which have to be tamed in order to guarantee data quality
which can be reused. In this paper we will demonstrate this in three examples
from the databases of the Romisch-Germanisches Zentralmuseum Mainz and
are proposing ways to solve the handling of ambiguities with a software frame-
work called Academic Meta Tool (AMT).
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Introduction

Archaeological research implicitly deals with doubts
and ambiguities in data modelling, aiming to over-
come them. Creating reproducible and comprehen-
sible data for the purpose of re-use, whilst also guar-
anteeing data quality in archaeological data, involves
disclosing any doubts and ambiguities. This could be
done in any data modelling strategy, e.g. relational or
graph based modelling as Linked Open Data (LOD)
defined by Berners-Lee (2006).

The Romisch Germanisches Zentralmuseum in
Mainz (RGZM) is increasingly engaged with the
topic of LOD and aims to provide transparent data
to achieve interoperability. In order to achieve this,
the RGZM is setting up a ‘central metadata index’ for
aligning its various specialised distributed databas-
es. In this context, it is trying to control the doubts
and ambiguities and model them semantically. Data
and implicit knowledge from these databases will be
modelled as LOD.

A considerable amount of archaeological objects

are bearing figural representations (e.g. humans,
animals, plants). In the case of identifying these
iconographical items, ambiguities may appear. These
ambiguities are often combined with doubts. With
regards to ‘doubts) and trying to model them, we
have to consider that two different types of doubts
exist: ‘uncertainty’ and ‘vagueness’ (Unold et al
2017).

Moreover, in archaeological research deploying
LOD, normally authoritative repositories and con-
trolled vocabularies are used, suggesting that we cre-
ate a fixed ‘undoubted anchor’ in the LOD Cloud in
order to enable the usage of this resource as a central
node. Each resource collection is biased to its own
research context, e.g. the Getty Art and Architecture
Thesaurus (Getty AAT) (J. Paul Getty Trust 2017) or
the Heritage Data (2013) vocabularies like the ‘FISH
Archaeological Sciences Thesaurus’ (FISH 2018a).
Because the LOD Cloud is full of isolated resource
collections which are build according to research
community specific criteria, the LOD anchoring
runs rapidly out of control.
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Archaeological items are usually related to ge-
neric instances in the LOD Cloud based on their ob-
ject oriented nature. These relations are described
by modelled archaeological assumptions, regular-
ly causing ambiguities which have to be tamed to
guarantee data quality and ensure the data can be
reused.

In this paper we propose a solution for taming
the doubts and ambiguities in LOD using a software
framework called Academic Meta Tool (AMT) by
Thiery and Unold (2018a). We continue the more
theoretical work already done (Tolle and Wigg-Wolf
2015; Bruhn et al. 2015) by providing a low-thresh-
old generic web-based software tool, which enables
researchers to define their own research specific on-
tology, describing vague relations in graphs. On top
of this, AMT is able to do reasoning according user
defined ontology rules.

After a general introduction to the handling of
modelling doubts in the Digital Humanities (DH),
LOD, and graphs (cf. section 2), the theoretical con-
cepts of uncertainty and vagueness in graphs are pre-
sented (cf. section 3). This is followed by some use
cases for doubtful statements in relational database
management systems (RDBMS) and LOD (cf. sec-
tion 4). The actual software tool AMT involved is
being discussed (cf. section 5) and some examples of
its usage in the context of databases at the RGZM are
demonstrated (cf. section 6).

Modelling Doubts

This section gives a short overview on data modelling
in the DH using relational RDBMS, NoSQL, includ-
ing graph structures. Within archaeology, semantic
LOD modelling has gained increasingly acceptance.
But the problem of modelling doubts has not been
solved yet. A possible way to tackle this is discussed
below.

Data Modelling in the DH

Data modelling in the DH has changed considerably
throughout the last few decades. In the first phase
of web-based databases in the mid-1990s, common
rigid RDBMS in software such as Microsoft Access,
Oracle, Informix, MySQL or FoxPro were consider-
ably popular (Beagrie 1993). Some databases at the
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RGZM, funded by the European Union back in the
1990s are based on the standards of those days, which
nowadays are still accessible and remain important
research tools, e.g. NAVIS I-III (RGZM 2002; RGZM
2003). However, what was at that time considered as
an extremely innovative project is nowadays experi-
enced as a heavy burden to maintain. In the last few
years, the ‘classic SQL world’ has been enhanced by
newly developed open source RDBMS such as Post-
greSQL and more specifically, with the geometry ex-
tension PostGIS.

Large industrial software and web application
companies like Facebook and Google work now-
adays with NoSQL storage solutions. The simple
data model without the need of defining relations or
structures allows for quick and efficient data man-
agement in distributed systems (Weber 2019; Meier
and Kaufmann 2019). As a side effect, this storage
technology is increasingly applied in several (archae-
ological) DH projects, which are based on NoSQL
databases such as MongoDB or CouchDB (Lambers
2017).

Furthermore, a specific NoSQL data modelling
in graphs is also becoming popular in archaeology.
However, the hardest part is certainly the migration
from existing authoritative large data repositories to
make them available in formats that enable access
to them from various analytical packages (Graham
2014: 43). Data is stored and used in classical graph
databases like Neo4j. Also triplestores like RDF4],
Apache Jena Fuseki, Ontotext, Parliament and Virtu-
oso are now found in archaeology, such as the numis-
matic Nomisma project (Gruber 2013). Triplestores
are based on the concept of the Semantic Web (W3C
2015) and Linked Data modelled using the Resource
Description Framework (RDF) by RDF Working
Group (2014) as well as the Web Ontology Language
(OWL) by the OWL Working Group (2012) in a tri-
ple structure, following the rules of defining data ac-
cording to subject - predicate - object.

Sharing and providing interoperable data as
LOD is increasingly envisaged by archaeological
institutions. Not only the RGZM, but also large
research institutes like the Deutsches Archdolo-
gisches Institut, English Heritage and the Getty Re-
search Institute are building web resources based
on this kind of software architecture. However, it
remains to be seen how popular these techniques
will really become in archaeology or whether this
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The Linked Open Data Cloud from lod-cloud.net

Figure 1. Archaeological LOD Cloud based on the LOD Cloud from lod-cloud.net (CC BY 4.0).

remains limited to the few who can afford the nec-
essary resources. Stepping up these kinds of tech-
nologies also implies investing in considerably
more advanced human IT resources, since archae-
ologists themselves are typically not able to handle
these technologies themselves anymore. There-
fore, it is important to balance the judgement as
to whether these techniques should be applied or
not. The grapes for graph databases are, by nature,
hanging especially low in historical and archaeo-
logical branches where social relationships can be
modelled with network analysis tools (Deicke 2017;
Graham 2014). However, this also implies that
there remain large research areas where these tech-
niques do not really make sense - and generating
knowledge here can be treated with rigid classical
RDBMS methods, cf. chapter 4.1.

LOD in Archaeology

In 2011, Leif Isaksen described the application of Se-
mantic Web technologies to the discipline of archae-
ology (Isaksen 2011) whilst constructing a founda-
tion for further research in the field of ancient studies,
including popular projects like ‘Pelagios Commons.
On top of this, some well-known projects (e.g. No-
misma (Gruber and Lockyear 2015), Pelagios Com-
mons (Simon et al. 2016) and PeriodO (Golden and
Shaw 2016)) were established within the last few
years, and an increasing number of researchers are
getting involved. Following from that, the scientific
LOD community is continuously growing. Research-
ers are linking datasets and resources from various
sources to create an »Archaeological LOD Cloud«
extension (cf. figure 1) as part of the ‘Giant Global
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Figure 2. Historical ‘service families’ (A), archaeological form type attributions (B) and visualisation of degrees of vague-

ness in Samian Research (C).

Graph’ (Berners-Lee 2007), or ‘LOD Cloud’ (McCrae
2018).

Modelling Doubts in Graphs

Theoretical work on uncertainty and imprecision
and their relation to knowledge bases, has been car-
ried out in the 1990s (Parsons 1996; Parsons 1998).

Following from that, Karsten Tolle and David
Wigg-Wolf discussed a proposal for semantic mod-
elling as LOD to describe uncertainties in the deter-
mination of coin representations (Tolle and Wigg-
Wolf 2015). In particular, here the W3C Uncertainty
Ontology (W3C-UN) has been used.

W3C-UN is based on the fact that a ‘sentence’ is
subject to ‘uncertainty, which has different charac-
teristics: type, nature, derivation and the mathemati-
cal model (Laskey et al. 2008).

Moreover, statements or annotations without an
exact degree of relation can be solved in the Seman-
tic Web with the ‘Open Annotation Ontology. In
this case, two web resources are linked together via
a ‘body’ and a ‘target’ attribute (Sanderson, Cicca-
rese & Young 2017). The Pelagios Commons Initia-
tive uses e.g. this ontology for linking data sets and
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resources of the gazetteer Pleiades (Muccigrosso
2018).

Efforts to enable working with the popular CI-
DOC CRM ontology (Niccolucci and Felicetti 2018)
as a graph resulted in an extension of the CIDOC
CRM enabling dealing with attributes of uncertainty
(Bruhn et al. 2015).

Modelling Doubts in Thesauri: SKOS

The Simple Knowledge Organization System (Miles
and Bechhofer 2009), short SKOS, is a formal language
for encoding keywords in thesauri, using RDF and
RDFS schema (Brickley and Guha 2014). SKOS offers
semantic relations and mapping properties to express
vague relationships between skos:Concepts. However,
this raises the problem of transitivity and the general
problem of ‘fuzzy statements’ about relations that can-
not be quantitatively measured and evaluated:

“Note that skos:related is not a transitive property.”
(Miles and Bechhofer 2009: #1.2344)

A skos:closeMatch link indicates that two con-
cepts are sufficiently similar that they can be used
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Figure 3. Historical ‘service families’ (A), archaeological form type attributions (B) and visualisation of degrees of vague-

ness in Samian Research (C).

interchangeably in some information retrieval
applications. A skos:exactMatch link indicates a
high degree of confidence that two concepts can
be used interchangeably across a wide range of
information retrieval applications.” (Miles and
Bechhofer 2009: #1.4858)

Uncertainty and Vagueness in Graphs

As demonstrated in section 2, modelling of doubts
by using graphs is a challenge in archaeology. Since
the perspective of interoperable and transparent re-
search data for the scientific research community is
so promising, it is worth the efforts. In this section,
basic concepts and ideas for treating vagueness in
graphs are introduced.

Uncertainty vs. Vagueness

There are two different types of doubts: ‘uncertainty’
and ‘vagueness. Vagueness can be seen as a state-
ment which is not clearly formulated and allows
room for individuals to draw their own conclusions.
Uncertainty, however, is applicable when the cor-

rectness of a statement is not known, but can only
be true or false.

Vagueness is a measure of the precision of a state-
ment. A vague statement only applies to a certain ex-
tent. For example, if the weather report says » Tomor-
row there will be rainfall« it could be a light drizzle,
a moderate rain, or a heavy thunderstorm. A remedy
could be, for example, the indication of the rainfall.

But a vague statement is not to be confused with
an uncertain statement. Within uncertainty, it is
completely unknown whether the statement is true
at all. For example, if a weather report says, »Tomor-
row there is a 75% chance of rain, this is an uncer-
tain statement. It indicates that in 3 out of 4 cases the
message is true, so it rains tomorrow, and in 1 out of
4 cases it is wrong, so it does not rain tomorrow. In
Dubois and Prade (2001) a more detailed clarifica-
tion of the differences between vagueness and uncer-
tainty is described.

In this paper, we only concentrate on vague state-
ments and we assume that all vague statements can
be expressed with values somewhere between 0 and
1. For example, a light rain with the value 0.25 (25%)
could be used to say »Tomorrow there will be rain-
fall«. A heavy rain with the value 1.00 (100%) could
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Figure 6. Schematic representation: Role-Chain-Axiom, green dots: concept instances, black arrows: role properties (antece-

dents), red arrow: inference (consequent).

be used to say »Tomorrow there will definitely be
rainfall«

Vagueness in Graph-Based Data

Vagueness can theoretically occur in different plac-
es in a graph, but the range of vagueness in graph
databases can be complex. The most common case
is the assignment of a weight to a vague edge. This
expresses to what degree or with what intensity the
connection between the two nodes connected by the
edge exists.

Analogously, it is also possible to provide ad-
ditional information in a graph with a vague value.
However, in this case we limit ourselves in our use
of vagueness to the edge weight. In fact, in this pa-
per, only values between 0 and 1 can be assigned
a weighting. Such edge weights can be stored rela-
tively easily in a decimal format in graph databases.
More interesting is the actual processing of the edge
weights by making rule-based conclusions, which
means creating new edges that also carry vagueness.

Processing of the Edge Weights
by Rule-based Conclusions

To process the edge weight by rule-based conclusions,
techniques commonly utilised for description logics
are used and applied to graph-based data as RDE
This has the advantage that the resulting graphs are
directly connectable to other ontologies and LOD. A
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transformation of a vague description logic, inter-
preted in propositional logic, is realised through the
use of multi-valued logic (Lukasiewicz and Straccia
2008). The disadvantage of multi-valued logic is that
within them not all rules of classical propositional
logic can apply, such as the ‘law of De Morgan’ or
the ‘double negation’. Although this disadvantage is
persistent, various multi-valued logics can be used
in combination.. This makes it possible to assign an
individual interpretation to each rule.

Use Cases: Doubtful Statements
in RDBMS and LOD

In this section, we describe ambiguous statements
about Roman objects. All examples stem from work
we did on this modelling issue during the last few
years, available in online databases.

Use Case: Modelling Doubts
in Samian Research

The Samian Research database comprises more
than 245,000 stamped vessels on Roman Terra Sig-
illata (also called Samian). In antiquity, this pottery
was highly standardised and in several cases even
conceived as ‘service families’ A ‘service family‘ can
e.g. consist of a cup, a dish and a bowl, having the
same kind of rim or footring (Polak 2000). In mod-
ern times, archaeologists define different sub types
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(cf. figure 2B). Because the potters created e.g. iden-
tical rims across different pot forms, for modern ar-
chaeologists it is easy to identify a ‘service family’
if only the rim of a pot is preserved. But with only
a rim or a footring in ones hand, the specific sub
type can frequently not be identified (cf. red lines
in figure 2A). Since archaeologists usually find bro-
ken parts of vessels (only a footring or only a rim),
it is frequently not possible to attribute a pot frag-
ment to one specific form type and usually there
remains a (limited) range of form type possibilities
(cf. red lines in figure 2B), resulting in vagueness
within the typological attribution. Thus, trying to
map pot fragments of Terra Sigillata to historical-
ly defined concepts of ‘types’ or ‘service families’
or even aligning these with typologies, frequently
ends up in modelling doubtful assumptions. Typi-
cally, identical footrings occur on rouletted dishes
of different pot form types (cf. red lines in figure
2B). The Samian online research community uses
abstract ‘OR’ strings in the RDBMS world to model
this vagueness. Such an ‘OR’ statement on its own is
not particularly meaningful, but a function within
the SQL database querying routine can provide sta-
tistical metrics and to specify the degrees of vague-
ness of the possible form type attributions involved.
A simple visualisation of the vagueness degree in
coloured bars, indicating the statistical likelihood
of the possible pot form attributions, is easily inter-
pretable for the scientific community (cf. figure 2C)
(RGZM 2018).

Use Case: Modelling Doubts
in the NAVIS Ship Databases

The NAVIS ship databases I, IT and III are comprised
of thousands of images that show Roman ancient

;_-.-_

=5

Figure 5. Schematic
representation: Inverse-
Axiom, green dots:
concept instances, black
arrows: role properties
(antecedent / inverse)

shipwrecks, ship depictions on ancient monuments
and coins to be described using SKOS.

Use Case: is it Nero?

A Roman coin with the head of Nero within the NA-
VIS III database can be described by using a LOD
resource (e.g. Nomisma.org (2017)). The question
»Is it Nero?« can easily be answered by using skos:ex-
actMatch =100% Nero (cf. figure 3A).

Use Case: Sailed or Rowed?

Another example from NAVIS III can be used for de-
scribing the propulsion of a ship on a coin. In this ship
depiction (cf. figure 3B), there is vagueness involved.
It is not clear whether this kind of ship was sailed or
rowed, since there are also fresco depictions where
this ship type is displayed in a sailing mode. Therefore,
we could describe the situation by using skos:related-
Match >50% sailed 250% rowed (cf. figure 3B-C).

Use Case: Lateen Sail or Foresail?

A more difficult example (cf. figure 3D) from the
NAVIS II database deals with the ‘sailing gear’ on
a relief. The triangular sail in front of the scene can
be described as a triangular lateen sail being used
as a ‘foresail, a very unlikely scenario. Hence the
idea that it could actually be a squared foresail that
is being hoisted, this being the more likely scenar-
io because of the adjacent person. It is important
to distinguish between the sail types, because there
are completely different functions attached to them.
From the contextual evidence, this can be solved as
follows: skos:relatedMatch >1% ‘lateen sail’ >99%’
fore sail’
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Figure 6. Schematic representation: NAVIS ontology connections.

Use Case: Transport Vessel or Military Vessel?

A further example from NAVIS II (cf. figure 3E)
describes the ship function on the so called ‘Neu-
magen relief’ This is an example of vagueness: the
ship could have been either used for warfare (the
ship type is known on coin depictions with military
contexts only) or trade (looking at the loaded wine
barrels). Therefore, the available options are: trans-
port vessel or military vessel, in which case we use
skos:relatedMatch >40% ‘transport vessel >60%
‘military vessel’

Use Case: Linking a Triangular Lateen Sail
to the LOD Cloud

When trying to link a triangular ‘Tlateen sail’ from
the NAVIS II database (cf. figure 3F) into the LOD
Cloud, it is revealing that each external repository
has completely different ‘hidden assumptions’ in its
hierarchies that are related to its specific scientific
domain. The internal organisation of the Getty AAT
thesaurus or the FISH Maritime Craft Types Thesau-
rus resources, follow entirely different principles and
a correct entry level may be missing. SKOS based
relations cannot solve this challenge to model the
degree of doubt involved. In such cases, a different
approach is required to cope with the hierarchical
‘hidden assumptions’ implied in these thesauri. As a
generic rule, in such cases we can only link a ‘lateen
sail’ to Getty AAT or FISH Maritime Craft Types
Thesaurus by skos:relatedMatch >p% sails (equip-
ment) >q% ‘CORVETTE SAIL
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Academic Meta Tool

Since there is no tool available to our needs in order
to model vagueness and ambiguity in combination
with reasoning using LOD techniques, we imple-
mented it ourselves. AMT provides web based func-
tions for modelling doubts as LOD including rea-
soning. It is developed by Martin Unold and Florian
Thiery from the Mainz Center for Digitality in the
Humanities and Cultural Studies (mainzed), the In-
stitute for Spatial Information and Surveying Tech-
nology (i3mainz) and the RGZM (Thiery and Unold
2018a).

AMT Meta Ontology

When using AMT, it is necessary to develop an on-
tology (Thiery and Unold 2018b; Thiery and Unold
2018c). This ontology describes the schema and axi-
oms for a particular application scenario. In the on-
tology four types of statements are available.

For demonstrating the individual types of state-
ments we are using an example ontology to model
locations that face each other in different directions.
To compare the AMT ontology with OWL, we align
it with corresponding expressions in the Web Ontol-
ogy Language (Hitzler et al. 2012).

First of all, it is possible to specify categories for
nodes. We also call such categories ‘Concepts. This
corresponds to the predicate owl:Class. Each concept
can be assigned a name and a short description. For
example, the concept of a ‘Place’ as a point or an area
on Earth’s surface can be assigned to a place instance
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Figure 7. Schematic representation: NAVIS ontology concepts and roles.

‘Budapest’ in its location at 120 AD, which has a dif-
ferent location compared to the medieval or modern
‘Budapest.

Analogously, categories for edges can also be
specified. We call these Roles. This corresponds to
the predicate owl:ObjectProperty. Each role can be
assigned a name and a concept for source nodes
(=rdfs:domain) and destination nodes (=rdfs:range).
Example: the roles ‘northOf’, ‘eastOf’, ‘southOf” and
‘westOf” which have a ‘Place’ as a source and a desti-
nation node.

In addition, two types of axioms can be formu-
lated. One type is the role-chain-rule (cf. figure 4).
It roughly corresponds to owl:ObjectPropertyChain.
However, in addition to specify the roles in the chain,
AMT must directly declare the resulting role. More-
over, it must also be determined according to which
multivalued logic (e.g. Goedel) the reasoning should
take place.

The other type of axiom is the inverse (cf. figure
5). It corresponds to owl:inverseOf. Here you have to
specify the role and its inverse. Example: ‘northOf” is
the inverse of ‘southOf".

AMT JavaScript Library

For web implementation of use cases, a JavaScript li-
brary can be used (Unold and Thiery 2018). The amt.
js library provides data management functionality,
communication with a database server (here: RDF4]
triplestore) and a reasoning program. However, each
example ontology requires the implementation of an
individual web viewer to display and edit the data.

AMT Example of the NAVIS Ship
Databases

The aim of this paper is to demonstrate a proposal
related to defining keywords for subject indexing de-
pictions of several items within the NAVIS ship da-
tabases in the central-index of the RGZM, aligning
them to authoritative thesauri to obtain additional
information like the hierarchical information (cf. fig-
ure 6).

One attempt to find a solution for semantic mod-
elling of uncertainty using Linked Data was done
by Tolle and Wigg-Wolf (2015) when dealing with
ancient coinage: On a Roman coin, a portrait of a
person is shown. Important for further usage is the
clear identification of the person. In a survey of ex-
perts a 100% certainty could not be ensured: »I am
80% sure that the portrayed person is Titus, or the
likelihood is 60% Titus and 40% Nero« (Tolle and
Wigg-Wolf 2015: 173). This result was achieved by
letting the scholars identify the person according
to their own standards without permitting them to
indicate likelihood. Only in the post processing the
statistical distribution of the identifications was used
to indicate the likelihood of the identification.

A similar problem arises in the NAVIS ship da-
tabases of the RGZM. In NAVIS II, depictions of
ships on mosaics, monuments, etc. are made avail-
able on the Web (RGZM 2002); in NAVIS III, ship
representations on coins are made available to the
scientific community (RGZM 2003). In both data-
bases, analogous to the case of Tolle and Wigg-Wolf,
the representations are assigned to an attribute, e.g.
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Figure 8. Schematic representation: NAVIS ontology axioms.

Titus and Nero, but also trade and war or paddled
and rowed. So far, these links are modelled 1:1 with
a 100% possible security in the data model. In order
to give objectivity to this very subjective perception,
a vague connection that exists only to a certain de-
gree would be transparent and comprehensible. In
addition, keywords of object representations are
aligned to LOD thesauri concepts. In these thesauri,
however, there are again dependencies to a certain
degree, which cannot be mapped exactly by means of
the used SKOS ontology. However, this is necessary
for the content development. Using AMT is a way to
semantically model the process from looking at the
object for keyword tagging to linking to a thesaurus
concept.

AMT NAVIS Ontology

For this use case, a small AMT NAVIS ontology must
be implemented. It consists of three concepts, six
roles and 18 axioms (Thiery and Mees 2018b).

The NAVIS ontology contains the concepts Ob-
ject (O), Keyword (K) and Concept (C). The roles
(O)-[hasDepiction]->(K) and (K)-[isDepiction-
Of]->(0O) are used to link the object to the keyword.
For the connection between keyword and thesaurus
concept there are the roles (K)-[matchesWith]->(C)
and (C)-[matchedBy]->(K), as well as for the hierar-
chical order in the thesaurus the roles (C)-[broader-
Than->(C) and (C)-[narrowerThan]->(C). Here we
assume that the degree of linkage increases the fur-
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ther it goes in the direction of the top-level concept,
the degree of the other links must be determined by
the scientist himself. Figure 7 shows the concepts
and roles.

Three role-chain-rules (including the respective
inverse) with suitable logics are introduced (see fig-
ure 8): These are:

* AxiomOl: (A)-[hasDepiction]->(B)-[matches-
With]->(C) => (A)-[matchesWith;ProductLog-
ic]->(C)

* Axiom02: (A)-[matchesWith]->(B)-[broad-
erThan]->(C) => (A)-[broaderThan ;ProductLog-
ic]->(C)

*  AxiomO03: (A)-[broaderThan]->(B)-[broader-
Than]->(C) => (A)-[broaderThan ;ProductLog-
ic]->(C)

In addition, six inverse axioms and six disjoint
axioms are added.

The role-chain-rules in the NAVIS ontology
lead to the following conclusions: If an object is
tagged with a keyword and linked to a conceptin a
thesaurus, there is also a certain degree of connec-
tion between the object and the thesaurus concept,
cf. AxiomO1. If this thesaurus concept is a broad-
er concept in the thesaurus, the keyword is also
linked to it with a certain degree, cf. Axiom02. In
addition, all hierarchically organized keywords in
the thesauri have relationships to some degree, cf.
Axiom03.
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Figure 9. NAVIS ontology reasoning example in the web viewer.
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We can demonstrate this in two examples from tist can decide for >50% sailing ship or >50% rowing
the NAVIS II ship databases: a depiction shows a  ship. Another illustration shows a relief. The ship de-
ship: Is it a rudder or a sailing ship? Here the scien- picted on it could represent a transport or a military
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ship, since both wine barrels and soldiers can be seen.
Again, the scientist can now decide, probably >40%
transport ship or 260% military vessel, cf. figure 3,
image B and D.

Example Reasoning in the Web Viewer

AMT reasoning can be visualised on the web (Thi-
ery, Mees & Unold 2018). The visualisation is based
on the existing vis.js framework (visjs 2019). This
package allows for web based, low-threshold usabil-
ity. The reasoning implementation is available in a
specific amt.js library (cf. section 5.2).

Figure 9 illustrates an example of the question
»Is it a military vessel or not?«. On the left, the input
graph is visualized. In our example the ‘Neumagen
Monument 1’ Object is connected with a degree
of 60% to the ‘military vessel’ keyword. This key-
word matches with 80% to the ‘SLOOP OF WAR
item (eh_tmc:100457) in the ‘FISH Maritime Craft
Types Thesaurus, short eh_tmc (English Heritage
2013). In this thesaurus a hierarchical structure is
modelled (FISH 2018b): the thesaurus concept of
‘sloop of war’ has a broader concept “WARSHIP’ (eh_
tmc:100490) and this concept is attached to the top
level item ‘MARITIME CRAFT’ (eh_tmc:100394).
As described in chapter 6.1 the degree of linkage
increases in the direction of the top-level concept.
So here we modelled (eh_tmc:100457) -[90%]->
(eh_tmc:100490) -[100%]-> (eh_tmc:100394). After
AMT reasoning, new conclusions can be drawn, cf.
figure 9, right side (red numbers): The monument
is connected with a degree of 48% to ‘SLOOP OF
WAR, 43% to “WARSHIP’ and 43% to ‘maritime
craft. Our keyword ‘military vessel’ is connect-
ed with a degree of 72% to “WASHIP’ and 72% to
‘MARITIME CRAFT".

The resulting knowledge graphs can be down-
loaded in different formats (e.g. RDE JSON, CSV or
cypher) for further usage, cf. figure 10.

Outlook

In the last sections we demonstrated that modelling
doubts in archaeological research by using an on-
tology from AMT can help to tame the ambiguities

1. Rules in AMT are currently limited, cf.
chapter 5. There are ideas of the AMT devel-
opers to add more rules in newer versions of
AMT. However, AMT rules cannot be extend-
ed to the expressive power of OWL because of
limitations in the handling of contradictions.

2. The role-chain-rule, even without con-
sidering the vagueness, is supported by only
a few reasoners, e.g. Straccia (2015), Bobil-
lo and Straccia (2008), Bobillo and Straccia
(2011), Tsatsou et al. (2014) but not yet for
LOD purposes.

3. Using web standards such as RDF and
OWL makes it easy to connect the AMT rea-
soned data directly to other LOD. Thus, in-
formation created with AMT can be linked to
other resources and contribute to the enrich-
ment of the Giant Global Graph. Unfortunate-
ly, the modelling of vagueness in the Seman-
tic Web is not yet standardized by the World
Wide Web Consortium (W3C). Therefore, for
the moment there is no way around using an
in-house development such as AMT to model
vagueness in LOD.

4. As discussed in chapter 3, the AMT on-
tology only supports vagueness and not un-
certainty. The software is therefore suitable
for modelling humanities research questions,
in which a lot of knowledge is considered as
secured, but not all. A classical modelling
(without vagueness) fails because of decent
categorisation, examples discussed in chapter
6. By using AMT, data modelling is not based
on binary decisions (yes or no), but based on
decisions that are only valid to a certain de-
gree.

5. The current JavaScript library will be
enhanced by a full server based Java library
using Apache Jena which will be made freely
available to the scientific community.

NAVIS database Update

in LOD. However, there still remain challenges and ~ After finishing the manuscript, the NAVIS I-III data-

work that will have to be done in the future:
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bases have been updated and merged into one uni-
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fied platform using a single CIDOC CRM based data
model, called NAVIS (LEIZA 2023: Thiery and Mees
2023a). The thesauri, which were dispersed between
NAVIS I, IT and III, have been unified and are now
available as SKOS based resources ‘Maritime The-
saurus’ (Thiery and Mees 2023b; Thiery and Mees
2023c).
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