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The Römisch-Germanisches Zentralmuseum Mainz (RGZM) 
hosts already since the mid-1990s… 

…several online available 
databases containing hundred 
thousands of data records, with 
content from many different 
archaeological disciplines. 
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These databases where constructed in interdisciplinary 
transnational projects and include a lot of… 

…“hidden archaeological 
assumptions” 
in their relational 
data models. 
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Especially short cutted relative chronological information and 
its dependencies are not modelled using transparent methods. 
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The aim of our project is to make these hidden assumptions in 
archaeology visible… 

…and provide them as Linked 
Open Data to establish 
reproducible research as a 
fundament for Open Science. 
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In particular, the Samian Research database at the RGZM offers 
nearly 250'000 identified potter stamps from Europe, … 

… which are traditionally dated in a short cutted way. 

http://www.rgzm.de/samian 
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In Roman archaeology this is usually expressed by establishing 
"absolute dates" in well known “from-to” tables, … 

… whereas in reality, the situation is much more diffuse. 

http://www.rgzm.de/samian 
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Datings are mainly derived from Limes parts. But the only 
absolute dated Limes part is Hadrian‘s Wall (122+ AD)… 

Phil Champion / Hadrian's wall at Cuddy's Crags and Housesteads Crags CC BY-SA 2.0 
https://commons.wikimedia.org/wiki/File:Hadrian%27s_wall_at_Cuddy%27s_Crags_and_Housesteads_Crags_-_geograph.org.uk_-_404992.jpg 

… which is good for 
dating the Samian found 
at Hadrian‘s Wall … 

http://www.rgzm.de/samian (Distribution of Cinnamus ii on Hadrian‘s Wall) 
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The german Alb Limes, Neckar Limes, Elisabethenstraße and 
Wetterau Limes do not have absolute dates.  

However, due to the 
progressing occupation, 
Limes phases have a 
relative chronology. 
 
How to date these Limes 
phases? 

Kuhnen 1992, 79, Taf. 1 

Elisabethenstraße 
ca. 74 AD ? 

Alb Limes 
ca. 110 AD ? Neckar Limes 

ca. 115 AD ? 

Wetterau Limes 
ca. 110 AD ? 



Taming Time – EAA 2018 – Universitat de Barcelona – Session 723– 06th September 2018 10 

Who is right? There are diverging average Coin dating curves 
and Samian dating curves of german Limes parts. 

Coins Curve 
Wetterau- and  
Main Limes 

Samian Curves 
Wetterau- and 

Main Limes 

based on http://rgzm.de/samian 
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To achieve a chronology in Samian dating we use the horseshoe 
paradigma in Correspondence Analysis (CA). 

late early 

based on Madsen 1988, 25, Fig. 11. 
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The easy accessible web based Correspondence Analyses at the 
RGZM ADP research tool only needs a CSV input file. 

LimesPotters.csv used in http://rgzm.de/adp 
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The amount of time-overlap between the Limes parts can be 
defined by the number of potters they have in common. 

http://rgzm.de/adp 
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late early 

Elisabethenstrasse 

Wetterau Limes 

Alb Limes 
Hadrian‘s Wall 

potters 

A deeper look into the relative chronological relationships of the 
Limes fortresses: the more to the right, the later. 

limes parts 

http://rgzm.de/adp 

Neckar Limes 
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… some Limes parts have fixed datings.  
 
 
 
… some Limes parts are floating between other fixed parts. 
 
 
 

Calculating / dating Limes intervals using a Correspondence 
Analysis causes challenges, which have to be solved… 

based on https://github.com/RGZM/alligator 
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After resolving them, time intervals with fixed “virtual fuzzy” 
datings are used to establish a relative chronology. 

based on https://github.com/RGZM/alligator 
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Modelling a relative chronology can be based on Allen’s interval 
algebra to apply temporal reasoning… 

… e.g. in the Academic Meta Tool 
(AMT) to create Linked Open Data 
for reproducible and transparent 
research. 

based on Freksa (1992), Figure 3 
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An example for Role-Chain-Axioms within AMT representing 
Allen’s interval algebra and its conclusions. 

based on Freksa (1992), Figure 6 based on http://academic-meta-tool.xyz/ontology, amt:RoleChainAxiom 
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Time intervals with fixed “virtual fuzzy” datings are used to 
establish a relative chronology. 
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The degree of connection must be selected carefully, because of 
different reasoning results and conclusions. 

The connection degree depends on the 
percentages of potters the Limes Parts 
have in common. 
range: [0;1] directed! 

The connection degree depends on the 
Pearson correlation coefficient. 
range: [0;1] undirected! 
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AMT enables creating a relative time ontology, calculating and 
visualising inferred reasoning results in a web app. 

created by 
mainzed, i3mainz and RGZM  

 
with ideas from 

Martin Unold M.Sc. & Florian Thiery M.Sc. 

http://academic-meta-tool.xyz  
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The Academic Meta Tool is defined in a Web Ontology Language 
Ontology (OWL) and available on the World Wide Web. 

http://academic-meta-tool.xyz/vocab/ 
http://academic-meta-tool.xyz/amt.rdf  

http://www.visualdataweb.de/webvowl/#iri=http://academic-meta-tool.xyz/amt.rdf  
https://doi.org/10.5281/zenodo.1342530 

http://www.visualdataweb.de/webvowl/
#iri=http://academic-meta-
tool.xyz/amt.rdf 
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This can be formulated as a RDF specific ontology, based on the 
‘Academic Meta Tool Ontology’. 

http://academic-meta-tool.xyz/ontology/ 
http://academic-meta-tool.xyz/ontology/ontologyviewer.htm 

https://doi.org/10.5281/zenodo.1342536 

http://academic-meta-tool.xyz/ontology/ontologyviewer.htm 
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We use Concepts and Roles for creating a relative time ontology 
using Allen’s interval algebra rules. 
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While using Role-Chain-Axioms to calculate the inferred results, 
reasoning is applied and visualised in a web viewer. 



Taming Time – EAA 2018 – Universitat de Barcelona – Session 723– 06th September 2018 26 

For demonstrating purposes, we use relative time reasoning 
based on some Limes parts: Set p% carefully! 
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Example 1: Hadrian‘s Wall weighted relations with other Limes 
parts and the inferred reasoning results using AMT. 

result of 
AMT reasoning 

http://academic-meta-tool.xyz/eaa2018/ 
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Example 1-1: Elisabethenstraße weighted relations with other 
Limes parts and the inferred reasoning results using AMT. 

result of 
AMT reasoning 

http://academic-meta-tool.xyz/eaa2018/ 
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Example 2: Neckarlimes weighted relations with other Limes 
parts and the inferred reasoning results using AMT. 

result of 
AMT reasoning 

http://academic-meta-tool.xyz/eaa2018/ 
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Example 2-1: Alblimes weighted relations with other Limes parts 
and the inferred reasoning results using AMT. 

result of 
AMT reasoning 

http://academic-meta-tool.xyz/eaa2018/ 
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Example 3: Hadrian‘s Wall and Pearson coefficient with other 
Limes parts and the inferred reasoning results using AMT. 

result of 
AMT reasoning 

http://academic-meta-tool.xyz/eaa2018/ 
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Example 3: Neckarlimes and Pearson coefficient with other 
Limes parts and the inferred reasoning results using AMT. 

result of 
AMT reasoning 

http://academic-meta-tool.xyz/eaa2018/ 
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Note: It is extremely important to use the „right“ direction and the 
„correct“ degree of connection! 

Example: 
Hadrian's Wall->Wetteraulimes->Elisabethenstraße 
 

Question: 
p for Hadrian's Wall-[after]->Elisabethenstraße 
p for Elisabethenstraße-[before]->Hadrian's Wall 
 

Results: 
• weighted:   HW->ES=>0.52 [0;1] 

• weighted-1:   ES->HW=>0.03 [0;1] 

• PearsonNormalized:  HW->ES=>0.59 [0;1] 

• PearsonNormalized-1:  ES->HW=>0.59 [0;1] 
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The data and reasoning results can be exported as reproducible 
Linked Open Data in so called ‘quadruples’. 
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The data and reasoning results can be exported as reproducible 
Linked Open Data in so called ‘quadruples’. 

http://academic-meta-tool.xyz/eaa2018/ 
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