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A. Beta ma Ǖ ủft: Manuscripts of Ethiopia and Eritrea 



Ethio-SPaRe manuscripts, images, institutions Full integration in BM 

Encyclopaedia Aethiopica 
 

Authority files, persons, places, 
taxonomy 

IHA - Islam in the Horn of Africa manuscripts, repositories, literary 
works 

Full integration in BM of all contents 

DASI - Database of Ancient 
Southarabian Inscriptions 

inscriptions metadata replication 

EMIP - Ethiopic Manuscript Imaging 
Project  

manuscripts, scrolls, images Metadata and images replication 

EMML - Ethiopian Manuscript 
Microfilm Library and Gunda Gunde 
Manuscripts collection 

manuscripts metadata BM reuses metadata and links to 
images 

EMA - Ethiopic Manuscript Archives manuscripts, authority files, schema 
for diplomatic annotations 

Full workflow and data integration in 
BM 

Individual collaboration by Jacopo 
Gnisci 

schema, guidelines and data encoding 
of Art Historical elements 

Individual collaboration by Eliana Dal 
Sasso 

schema, guidelines and data encoding 
for Binding Descriptions 

Collaborations and metadata interoperation with other projects 





Main metadata 

other views 

items related  
by keyword 

this work in  
other  
manuscripts  
(with word  
count and title) 

external  
annotations 
pointing here 

Main relations  
to other items 

Attestations 



Multiple editions 

other  
versions 

click on word  
to open search  
in dictionary 

critical apparatus 



contents  
and  
physical  
description  
for each  
unit 

direct link  
to each 
text, placement, 
clickable text 

all codicological data 
including visualization 
of collation with VisColl 

ŎƻƴǘƛƴǳŜǎΧ 

(you have seen this and the 
following slide on Monday) 





graph view taken directly from TEI 

All dates 
available in 
the record 

explicitly stated relations 



B. Beta ma Ǖ ủft and La Syntaxe du Codex 



XML 
XQuery 
Graphs 
RDF 
SPARQL 
AHEAD!! 



ǐEncode that something happened rather than 

something can be observed 

ǐThis part is later than this other part 

ǐThe quire was added inside this quire later 

ǐThis part of manuscript comes from another manuscript 

ǐThis manuscripts is made of several pieces of other 

manuscripts 

ǐetc. 

 

 

Starting needs 

άƳŜǘǘǊŜ Ŝƴ ǊŜƭŀǘƛƻƴ ŎŜǎ ŞƭŞƳŜƴǘǎ ǇƻǳǊ ŎƻƳǇǊŜƴŘǊŜ ŎƻƳƳŜƴǘ ƭŜ ŎƻŘŜȄ Ψtient 
ŜƴǎŜƳōƭŜΩ Ŝǘ ǎŜ ƳƻŘƛŦƛŜ ŀǾŜŎ ƭŜ ǘŜƳǇǎέ  
(Andrist, Canart, and Maniaci 2013, 9) 



1. decide on the workflow 

2. translate La Syntaxe to a formal ontology 

3. produce annotations from manuscript descriptions in 

TEI using the entities and relations in the ontology 

4. visualise the annotations as suggested in La 

Syntaxe 

5. Examples TEI to Visualization and back again 

Steps 



Principles 

ωThe technology should support  
ωspeed 
ωlaziness 
ωcollaboration  
ωcomplexity 
ωI do not know 
ωdata not available 
ωI do not want to say 
ωƳŀȅōŜΧ 

ωThe data models and standard used should support diversified input over time (i.e. quite 
often and as a default incomplete data, sometimes even erroneous) 
ωThe logic and scripts should make as little assumptions as possible at each stage and if they 

do make assumptions those should be stupid enough not to generate clever mistakes 
ωNeeds to be reusable, based on widely used and supported standards and using 

technologies which are as software independent as possible.  
ωPublishing and using Linked Open Data means we can do thing with other data which we do 

not yet know. And they can do with our data things we do not yet know. We are making 
connections we do not even know about. 



STEP 1 = List discontinuities (observation) 

- Add to a flat list 

- Draw a table where converging discontinuities 

(discontinuités convergentes) can become visible 

 

STEP 2 = Enrich the table (further research) 

      with chronological and geographical information in order to 

verify the relevance of the discontinuities and consequently 

recognize production units and circulation units (see below).  

      Make an hypothesis. 

 

STEP 3 = Go back to the Manuscript  

      check theoretical results and hypothesis with archeological 

analysis 

1. Workflow - La Syntaxe du Codex 
Data from observation can 
be encoded in TEI and used 
to produce the table 

Data can be encoded in TEI  
and used to enrich the table 

OR Data in TEI can be transformed 
to RDF to produce the table from 
that format 

The hypothesis on the 
identifications of UniProd and 
UniCirc and their relations are 
much better represented by a 
graph, as in the book, so RDF.   

To be able to iterate the process 
in one workflow I need to encode 
in TEI the relations 



Enter observations  
and hypothesis in TEI 

Convert it all to RDF produce visualisations 

STEP 1 : the cataloguer encodes in TEI both description and hypotheses 

STEP 2 : the cataloguer checks visualizations (table, graphs) 

STEP 3 : verifying, good if there 
             are images linked in the  

table 

These are produced from the RDF! 

ωone could produce the same RDF and make 
the same visualisations using data from a db 
and not TEI 
ωthe RDF can be reused for many other 

applications 

1. Workflow - La Syntaxe du Codex 



ǐdeclare a class for each Unit type and transformation 

ǐdeclare relations between them 

ǐalready all done in the book! 

2. La Syntaxe du Codex as Ontology in OWL 



ǐthere are elements which could be taken one to one to describe a 

Unit: <layoutNote> = UniMep or <handNote> = UniMain 

ǐUniMat might already be different, as the material of a part is 

usually indicated inside <support> which is nested in the 

<physDesc>, so could have a different scope 

ǐUniProd and UniCirc can be assigned looking at the TEI 

programmatically only in very few cases, e.g. the ms being 

described is always a UniCirc. 

ǐmapping element name to Unit is impossible, as e.g. we use 

<item> both to list additions (UniCont), quires (UniCah) and 

foliation (UniMarq) 

ǐtransformation and their types are nowhere to be encoded 

3. Using TEI to encode structural analysis 



3. Using TEI to encode structural analysis - <locus> 

<collation> 
    <list> 
       <item xml:id="q1"> 
           <dim unit="leaf">8</dim> 
           <locus from="1r" to="8v"/> 

3, stub after 6 
6, stub after 3 

       </item> 
       <item xml:id="q2"> 
           <dim unit="leaf">10</dim> 
           <locus from="11r" to="20v"/> 
       </item> 
      Χ 
    </list> 
</collation> 

It is essential to be able to produce 
any tabulation as in the book that 
there are indications of placement in 
the manuscript 

<locus/> is used in BM also to express 
the exact folia and the lines, as well 
as the corresponding facsimile. 

<locus target="#28v #33r #49r #50v #55v 

#82r #82v #83r #83v #84v #85r"/> 

<locus from="31" facs=ñf62"/> 



To be able to assign URIs dynamically and build a graph, the IDs in the TEI file need to be stable and semantically 

recognisable. 

 

 

3. TEI to RDF - xml:id structure 



For example in .Ŝǘŀ ƳŀὄņἤịŦǘ encoding of Vatican City, Biblioteca Apostolica Vaticana, Aeth. 1 and the 
Gospel of Luke (CAe 2713) 
ωThe Gospel of Luke as an abstract and organized intellectual product (ǆǳǾǊŜ) is the entity 

http://betamasaheft.eu/LIT2713Luke  
ωThe Biblioteca Apostolica Vaticana Ethiopic Manuscript 1 is a manuscript, the entity       

http://betamasaheft.eu/BAVet1 
ωThe Gospel of Luke in the above manuscript is the entity                                                

http://betamasaheft.eu/BAVet1/msitem/ms_i1.4.2 
ωThe Calendaric note on folio 219r is the entity                                                                  

http://betamasaheft.eu/BAVet1/addition/a3 
ωAdditionally, each of these is assigned to a class (and it can be added to as many as one wishes) 
ωhttp://betamasaheft.eu/LIT2713Luke is an instance in the class                                      

http://lawd.info/ontology/ConceptualWork   
ωhttp://betamasaheft.eu/BAVet1 is an instance in the class                                             

http://lawd.info/ontology/AssembledWork  
ωhttp://betamasaheft.eu/BAVet1/msitem/ms_i1.4.2 is an instance in the class                

http://betamasaheft.eu/msitem and might be an instance in the class UniCont 
ωhttp://betamasaheft.eu/BAVet1/addition/a3 is an instance in the class                          

http://betamasaheft.eu/addition and might be an instance in the class UniCont 
 

3. TEI to RDF - URIs 

http://betamasaheft.eu/LIT2713Luke
http://betamasaheft.eu/BAVet1
http://betamasaheft.eu/BAVet1
http://betamasaheft.eu/BAVet1/msitem/ms_i1.4.2
http://betamasaheft.eu/BAVet1/msitem/ms_i1.4.2
http://betamasaheft.eu/LIT2713Luke
http://lawd.info/ontology/ConceptualWork
http://betamasaheft.eu/BAVet1
http://lawd.info/ontology/AssembledWork
http://betamasaheft.eu/BAVet1/msitem/ms_i1.4.2
http://betamasaheft.eu/msitem
http://betamasaheft.eu/BAVet1/addition/a3
http://betamasaheft.eu/addition


3. TEI to RDF - <relation> 

<relation  
ŀŎǘƛǾŜҐάƘǘǘǇΥκκōŜǘŀƳŀǎŀƘŜŦǘΦŜǳκ.!±ŎŜǊǳƭƭƛотІǇмέ  
ƴŀƳŜҐάƘǘǘǇΥκκƘǘǘǇΥκκ{ȅƴǘƘŀȄΦŘǳΦ/ƻŘŜȄκƻƴǘƻƭƻƎȅІŎƻƴǎǘƛǘǳǘŜ¦ƴƛǘέ  
ǇŀǎǎƛǾŜҐάƘǘǘǇΥκκōŜǘŀƳŀǎŀƘŜŦǘΦŜǳκ.!±ŎŜǊǳƭƭƛотκ¦ƴƛtǊƻŘκ¦ƴƛtǊƻŘмέκҔ 

<relation  
active="BAVcerulli37#p1"  
name="SdC:constituteUnit"  
passive="BAVcerulli37#UniProd1"/> 

http://betamasaheft.eu/BAVcerulli37#
p1 

http://betamasaheft.eu/BAVcerulli37/Un
iProd/UniProd1 



4. Visualizing the RDF  

Some of the informations are extracted 
from the TEI encoding, some others need 
to be stated in relation elements. 

the visualization is part of the workflow and needs to: 
ωdynamically update as more content is added 
ωbe available also when some data is lacking 



4. Visualizing the RDF - Table of non concomitant discontinuities 

ωthere are no bars like in 
/Mat1, Mat1/ because the 
exact column and line can 
be indicated 
ωQuires are treated the 

same way as other units. 
Actually only 10% of the 
descriptions in BM have a 
collation 
ωno display yet for guards 

and binding data 
ωsometimes the grouping 

of the rows goes wrong 



4. Visualizing the RDF - Enriched Table 

click the Enrich button and some data is picked up from the TEI and sticked into the table 



4. Visualizing the RDF- Transformation models 

Node 

Edge 

there is a property 
which connects 
UniCirc and UniProd 
Classes as Domain 
and Range 



<listRelation> 

         <relation  

active="BDLaethe8#p3"  

name="SdC:constituteUnit"  

passive="BDLaethe8#UniCirc1"/> 

         <relation  

active="BDLaethe8#p3"  

name="SdC:undergoesTransformation"  

passive="BDLaethe8#tr1"/> 

         <relation  

active="BDLaethe8#p1"  

name="SdC:undergoesTransformation"  

passive="BDLaethe8#tr1"/> 

         <relation  

active="BDLaethe8#p2"  

name="SdC:undergoesTransformation"  

passive="BDLaethe8#tr1"/> 

         <relation  

active="BDLaethe8#tr1"  

name="SdC:hasTransformationModel"  

passive="SdC:A1"/> 

         <relation  

active="BDLaethe8#tr1"  

name="SdC:produces"  

passive="BDLaethe8#UniCirc2"/> 

         <relation  

active="BDLaethe8#UniCirc2"  

name="skos:exactMatch"  

passive="BDLaethe8"/>  

      </listRelation> 

none of the three <msPart> has an internal date and the dating is in general uncertain, 

but we know that <msPart> 1 and 2 were added later to the manuscript. 

5. Example 1- Oxford, Bodleian Library, Bodleian Aeth. e. 

8 

<rdf:Description rdf:about="http://betamasaheft.eu/BDLaethe8/mspart/p3"> 

      <SdC:constituteUnit rdf:resource="http://betamasaheft.eu/BDLaethe8/UniCirc/UniCirc1"/> 

   </rdf:Description> 

   <rdf:Description rdf:about="http://betamasaheft.eu/BDLaethe8/UniCirc/UniCirc1"> 

      <rdf:type rdf:resource="http://Syntaxe.du.Codex/ontology#UniCirc"/> 

      <SdC:undergoesTransformation 

rdf:resource="http://betamasaheft.eu/BDLaethe8/transformation/tr1"/> 

   </rdf:Description> 

   <rdf:Description rdf:about="http://betamasaheft.eu/BDLaethe8/mspart/p1"> 

      <SdC:undergoesTransformation 

rdf:resource="http://betamasaheft.eu/BDLaethe8/transformation/tr1"/> 

   </rdf:Description> 

   <rdf:Description rdf:about="http://betamasaheft.eu/BDLaethe8/mspart/p2"> 

      <SdC:undergoesTransformation 

rdf:resource="http://betamasaheft.eu/BDLaethe8/transformation/tr1"/> 

   </rdf:Description> 

   <rdf:Description rdf:about="http://betamasaheft.eu/BDLaethe8/transformation/tr1"> 

      <rdf:type rdf:resource="http://Syntaxe.du.Codex/ontology#Transformation"/> 

      <SdC:hasTransformationModel rdf:resource="http://Syntaxe.du.Codex/ontology#A1"/> 

   </rdf:Description> 

   <rdf:Description rdf:about="http://betamasaheft.eu/BDLaethe8/transformation/tr1"> 

      <rdf:type rdf:resource="http://Syntaxe.du.Codex/ontology#Transformation"/> 

      <SdC:produces rdf:resource="http://betamasaheft.eu/BDLaethe8/UniCirc/UniCirc2"/> 

   </rdf:Description> 

   <rdf:Description rdf:about="http://betamasaheft.eu/BDLaethe8/UniCirc/UniCirc2"> 

      <rdf:type rdf:resource="http://Syntaxe.du.Codex/ontology#UniCirc"/> 

      <skos:exactMatch rdf:resource="http://betamasaheft.eu/BDLaethe8"/> 

   </rdf:Description> 



5. Example 2 - Vatican City, Biblioteca Apostolica Vaticana, Cerulli 37 

a manuscript part has probably been added to the manuscript 



5. Example 3 - - Oxford, Bodleian Library, Bodleian Aeth. f. 11 (R) and Oxford, Bodleian 

Library, Bodleian Aeth. f. 12 (R) 

both are scrolls containing magic prayers which belonged to the same owner and writes at the end of his description of 

Oxford, Bodleian Library, Bodleian Aeth. f. 11, "Continuation in no. 91" where n.91 is Oxford, Bodleian Library, Bodleian 

Aeth. f. 12. The research team has discussed this and convened that the two scrolls where once one. 



5. Example 4  - Paris, Bibliothèque nationale de France, BnF Éthiopien 45 and Paris, 

Bibliothèque nationale de France, BnF Éthiopien 165 

Paris, Bibliothèque nationale de France, BnF Éthiopien 45 (BNFet165) contains leaves 

detached from Paris, Bibliothèque nationale de France, BnF Éthiopien 45 (BNFet45) 



C. Additional benefits and further  
potential of Linked Open Data 



Further potential of the RDF data - Query data about a UniCirc 

SELECT DISTINCT * 
WHERE  
{bm:BAVcerulli37/UniCirc/UniCirc1 a SdC:UniCirc ;   
dcterms:hasPart ?msPart . 
?msPart a SdC:UniProd .} 

SELECT DISTINCT * 
WHERE  
{bm:BAVcerulli37 a SdC:UniCirc ; 
 dcterms:hasPart ?msPart . 
?msPart a SdC:UniProd .} 

SELECT DISTINCT * 
WHERE  
{bm:BAVcerulli37/UniCirc/UniCirc2 a SdC:UniCirc ;  
dcterms:hasPart ?msPart . 
?msPart a SdC:UniProd .} 

I can ask about any UniCirc using the same query, no subordinate entities 



Further potential of the RDF data - Query data about a UniCirc 

SELECT DISTINCT * 
WHERE  
{?AnyUniCirc a SdC:UniCirc ; 
 dcterms:hasPart ?AnyUniProd . 
?AnyUniProd a SdC:UniProd ; 
SdC:constituteUnit ?UniProdID . 
?UniProdID SdC:undergoesTransformation ?AnyTransformation . 
?AnyTransformation SdC:hasTransformationModel ?model 
} LIMIT 25 

I can ask about all UniCirc then filter by, e.g. date, or material, etc. 
because BAVcerulli37, is actually the same as BAVcerulli37/UniCirc/UniCirc2,  
we could filter out those which have a skos:exactMatch relation 

which manuscripts  
have parts  
which have  
undergone some  
change? 


