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FAIR Data Principles (Findable, Accessible,
Interoperable, Reusable)

acquisition

Linked Open Data
(unigue identifier, norm data, RDF, SPARQL,
controlled vocabularies)

Semantic Web, Knowledge Graph

Seals connected people, things and places.

Their use created a dense network of
personal/corporate identities and liabllities.

The challenge of multimodality!

|1cm|



|1cm|

acquisition

Collaborative work
Interdisciplinary team
no final product

IT-Gruppe Geisteswissenschaften
NFDIl4culture

AK Digitale Kunstgeschichte



Tel Shimron (Middle Bronze Age 1)

Tablet in envelope (Ur Ill) Envelope from IS¢ali and sealed tablet from Ur (Old Babylonian), sealing (Ur-Ill)



557 12952k 55;8 89432

353, BM 132531 (1959.k.11, 2)

554,

A god in & fiounced robe, vith his hair in a figh-tail, with hands clasped,
feces the god with extended srm who wears a flounced robe; the ¥xing with a mace
feces the suppliant goddess before whom are & hedgehog sbove & gont vhich sits
up on its heunches mnd looks back over its shoulder towards the left,

x-d(’-'rm-um oo dumum,
duam 'ir—dsu.en son of Warad-Sin,

ir dn;-eri”-gal servant of Nergsal.

Line 1 : the first sign has been obscured by & human head cut over it
{proportionately larger than the other hemds ca the seal}; the second sign
au?, is inseribed in reverse; the third sign mu i3 cut over an erasure end

has been recut as o fly.
Haematite; chipped., 2.5 x 1.2 cm.
Miss M.R.?. Ready Beguest,

B %713 (25.5.3, R.169)

The god vith extended srm, wesaring s flounced robe, faces a robed god(?) with
one hand raised, with & star between them; a deity in & flounced robe, with
hsnds clesped, faces a god in a flounced robe., There is a line border round
the bottom of the seal.

Haemstite; chipped. 1.8 x 0.7 em.

Rich Collection. Collon 1986, 197

Cullimore, no. 130.

Disparity of knowledge

Greengus 1979, pl. XIX no. 35

Stiehler-Alegria Delgado 1996, Nr. 175




ACAWAI-CS Corpus

DigANES 2017-2018

5.400 seals (physical/virtual)
2.200 sealed artefacts
14.000 picture elements

since 11/2020

+ 1.000 seals

+ 800 sealed artefacts

+ 8.000 picture elements
+ 1.200 inscriptions
(legends/captions)

until 10/2023
c. 25.000 seals

Informatik

Angewandte
informatik

Archédo-
informatik

Digital
Humanities

Computer- Digitale
linguistik Kunstgeschichte

Digital
History

Literary
Computing

Graphik: P. Sahle, DARIAH-DE Working Papers Nr. 1. Gottingen: GOEDOC 2013

—

catalogues (Blocher
1992; al-Gailani Werr
1986, Stein 1993,
Colbow 2002, 1995,
Herbordt 1992, Flgert

)

museum collections
(VAM Berlin, BM)

online projects
(Diyala Archaeological
database; Ur online...)

ACAWAI-CS



Data Ontology

(based on CIDOC-CRM)
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Data Ontology
(based on CIDOC-CRM)
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photo /drawing of modern
/-ancient seal impression

ACAWAL
Controlled
Vocabulary

Visual annotation

Object

detection
(hasty.al)

transliteration of seal

catalogue data / object

inscription or seal : 4
¢ and findspot information

impression caption

TEXT ARTEFACT

ATF building

structured data entry

bibliography

history of research

ACAWAIL
Controlled
Vocabulary

typology

Oracc
Glossaries

ACAWAL tag-set

Named
entity
extraction

Textual annotation

json csv
getty Art &
ACAWAL Person norm data
periodQ
SKOS-Vocabulary [ [ Ayrroiecre {GND, VIAF) SQL-Database geoNames [  POCC CIDOC-CRM
R3saurus - gy
neod) Database

ACAWAI-CS
Workflow

csv, xml, json, RDF

Linked Open Data

Similarity Analysis

Quantitative
Analysis

(Social)
Network Analysis

Mapping

(iconographic,
stylistic, structural)

{temporal)




Data Management: Relational database model (mySQL)

SOL (Structured Query Language)

free open-source programming language

standard database language that is used to create,
maintain and retrieve relational databases
integrates with many database management
systems

relational database model:

10

data is structured in interrelated tables (columns and
rows)

data is adressed by unique identifiers

tables are related to each other: one-to-one, one-to-
many, many-to-many (1:1, 1:n, n:1; n:m)
data-import & export

Screenshot of the HeidiSQL interface

=

table seal

seallD type collection_no
1 cylinder BM 82435

2 cylinder BM 82451

table jointBibliographySeal

publID cat_no biblID seallD
publl 220 bibl1l seall
publ2 26 bibl1l seal2
publ3 182a bibl2 seal2

table bibliography

biblID autor year
1 Blocher 1992h
2 Gailani Werr, al- 1988 1988



Data Management: Relational ¢

1 illustration

1 artefactSealed

1 _impression

8 collection

6 artisticStyle

6 archaeolPeriod

6 historicalPeriod

7 _royalPerson

/_person

7 _deity

7 _capacity

7 institution

aled

2_textArtefactSe

11

2_textimpression

4 bibliography

atabase model (mySQL)

3 _pictorialElement

5 site

1 seal

5 _country

5 region

5 subregion

5 site

2_textSeal

simplified schema of the mySQL database structure

sitelD
site_name
site_ancient
site_modern
latitude
longitude
wikidata
DAI_gazetteer
geonames
pleiades
subregionlID
regioniD
countrylD
comments




Data Management: Relational database model (mySQL)

1 artefactSealed

A000050
CDLI P365160
envelope
BM 82435
purchase 1891
Sippar (2_textual
information)

1:1

2_textArtefactSe
aled

TAO00050
legal
real estate sale
Apilsin 13

12

1:1

1 _impression

A000050.07

1:1

2_textimpression

null

1:n

1 seal

S000220
CDLI Sx
virtual cylinder seal
height: 2.50 cm
Early Old
Babylonian
(Blocher 1992)

1:1

2_textSeal

TS000220
dEN.ZU-en-n[am]
SANGA 9UTU
DUMU 9EN.ZU-i-mi-ti
IR E.BABBAR

1:n

3_pictorialElements

S I
e

Blocher 1992b (BM), 220



Data Management: Relational database model (mySQL)

%
G

)
"""2:“

4B

Blocher 1992b (BM), 220

pictEllID  identification class
pic00001158 king human
pic00001159 disc-in-crescent sign
pic00001160 Shamash deity
pic00001161 inscription inscription
pic00001162 [shtar deity

pictElID  attribute beard
pic00001158 kid UNPRESERVED
pic00001159 NULL NULL
pic00001160 saw long beard
pic00001161 NULL NULL
pic00001162 lion-mace UNPRESERVED

1 seal

difficulties:

« managing invalid, imprecise or uncertain data
e capturing interaction between the pictorial elements

1:n

3 _pictorialElements

 increasing complexity in table structure

posture
standing
NULL
stepping on
NULL

UNPRESERVED holding sth

hairstyle
UNPRESERVED
NULL

tied-up

NULL
UNPRESERVED

gesture body orientation face orientation sex

holding sth  profile right profile right male

NULL NULL NULL NULL

holding sth  profile left profile left male

NULL NULL NULL NULL

profile left UNPRESERVED UNPRESERVED

headdress garment cloth jewellery
UNPRESERVED long robe plain NULL
NULL NULL NULL NULL
horned long open skirt  striped NULL
headdress
NULL NULL NULL NULL
UNPRESERVED UNPRESERVED UNPRESERVED UNPRESERVED



@

Data Management: Graph database model (neo4j)

f"n
"

c:'.‘.zz

Easas

Blocher 1992b (BM), 220

1S PART OF"




Data Management: Graph database model (neo4))

<id>: 77509

classification: deity gender: male name: Shamash posture: stepping on
gesture: holding sth body_orientation: profile left face_orientation: profile
left beard: long beard hairstyle: tied-up headdress: horned headdress

garment: long open skirt cloth: striped

<id>: 57301
relation_property: probable identification

<id>: 77511
classification: deity gender: female name: Ishtar
gesture: holding sth body_orientation: profile left



Data Management: Graph database model (neo4))

« Dealing with uncertainties
« Capturing complex relationships
» Social Network Analysis

* Interoperability with semantic web ontologies
(CIDOC-CRM) and vocabularies (schema.org)
organized in triple-stores (RDF, wikidata) with
SPARQL as query language

Transliteration:
dEN.ZU-en-n[am]
SANGA dUTU

DUMU 9EN.ZU-i-mi-ti
IR E.BABBAR

— MENTIONS ~— » {d}al.z“

<id>: 77513 <id>: 57326
classification: person gender: male name: “EN.ZU-en- relation_property: seal owner
n[am] capacity: SANGA UTU



Annotation 1: Visual components
Object Detection with Machine Learning

e Neural Networks suppress human capabilities in Object Detection tasks
e Able to generalize from examples

Manual Auto
Tagging Tagging
Few » Still requires after enough
hundred manual seals were
seals validation tagged

17




Annotation 1: Visual components
Challenges of cylinder seal dataset

e Preservation condition

e Style differences

cross: 25%

Ccross: 6%

cross: 97%

18



Annotation 1: Visual components. Object detection with £ 9IEEL




Annotation 1: Visual components. Class attributes with = STEE




Annotation 1: Visual components

Limitations

Different region (Tell Leilan, Syria) Not explainable, requires review

Not a “ball-staff”!

21



Manual Review- Class “ball-staff’
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Output

23

A Y (4B
Shamash

rank:

headdress:

holding sth
role:
patron
posture:
stepping on

body
orientation:

profile left

face
orientation:

profile left

e

“image_id":

"width":

"image_name': "Blocher 1992b,220. jpc

"labels": [

'id": "19b788f5-" b-434e-a706-b4d237426510",

name': “Shamash"

"cloth": "“striped",

“"rank": yin",

"stepping on",
[

"holding sth"

] '

s S
‘headdress”:

horned hea
“"body orientation":

"face orientation":

Coordinates
indicate spatial
relations
between picture
elements




Annotation 2. Textual components

£
fact
.

$atf: u
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] DUG
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= ATF

Names

« MHET 271, 054

Orace Search: [ AEM G - =~ 5.5
e e — 6 Texts [6 matches | [EEERd ® only

$lem: war ey
itr piacion labeled projecs
#(l - 4) Abuwagar, son TEb-11i5u, merchant, servant

Numbers

o CDLIP481311
« BM 017050

o MHET 2'1, 054
View

» Catalogue entry
o Print text

Details

ACAV/AL

- [MHET 2/1, 054 |Litigation|

al-bu-wa-gar

: BOMUT DD /- /1[4
o

Abuwagar. son of Tab-ilisu,
merchant, servant of X

: The Annotated Corpus of Ancient West Asian Imagery: Cylinder Seals

| tamkdru PERCHANT] (N)

11 instances

DAM.GAR.
tamkiiru (DAM.GAR),

Written forms:

Normalized forms:

1. merchant (11x/100%)

oTlis
Celestial Names
Divine Names
Ethnic Names
Month Names
Object Names
People

Places

Temples
Watercourses
Sumerian

Summaries
Summaries
Summaries
Summaries
Summaries
Summaries
Summaries
Summaries
Summaries
Summaries
Sumimaries
Summaries

Letter by Letter
Letter by Letter
Letter by Letter
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Letter by Letter

One Big File
One Big File
One Big File
One Big File
One Big File
One Big File
One Big File
One Big File
One Big File
One Big File
One Big File
One Big File




Additional tags for
Social Network Analysis?

PATRONYM
. PROFESSION

Oracc-Tags -
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Additional tags for
Social Network Analysis?
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PN

CN

DN

EN

MN
ON
GN/EN
GN

TN
WN

Glossaries

Akkadian
Proper Nouns
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Automated ways for recognition and extraction of named entities

Automatisches Speichern (@ ) )~ Ot~
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&P365160 =JA000050

#project: acaw
#atf: use unicode
#atf: lang akk
#atf: use math
#atf: use legacy
@tablet

@seal 1
#TA000050.01

1. KISIB a-hu-3i-na

(Blocher 1992b,219-220)

@seal 2

S (uninscribed seal; caption)
#TA000050.02

1. KISIB {d}UTU-na-sir

@seal 7
#15000220

1. {d}EN.ZU-en-n[am]
2. SANGA {d}UTU
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&P365160 =[A000050|Blocher 1992b,219-220)

H#project: acawal

#atf: use unicode

#atf: lang akk
#atf: use math

#atf: use legacy

@tablet
@seal 1
#TA000050.01

1. KISIB a-hu-gi-na
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S (uninscribed seal; caption)
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&P365160 =[A000050|Blocher 1992b,219-220)

. ! & : o, BT »; ::";'..m.;’;::ﬂ“mﬁ” Tog B
H#project: acawal /2///, N 51' 5‘?""2'““': i&ﬁwm
. & “‘
#atf: use unicode 18 & T GTECM AL KT S0
#atf: lang akk 214 s :
#atf: use math /1 % :
atf: use legacy ——— X ¥ e okt A a0 e
@tablet 216 %"; * ¥t R o KA
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&P365160 =[A000050|Blocher 1992b,219-220)

H#project: acawal

#atf: use unicode

#atf: lang akk
#atf: use math
#atf: use legacy
@tablet
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&P365160 =JA009050

(Blocher 1992b,219-220)

_ 5 Y ool - ::";&'z‘v’?mtﬂm P
Hproject: acaw /2/1/8/’ ':2 ;’_ E*::Pn;t::: ’::"‘;“J;’qﬁm
. &t it
#atf: use unicode o Lo T - Bl
. 5 R
#atf: lang akk 214 214 : E ma A b .
#atf: use math 215! PR
215 > R 03 - Y T e
#atf: use legacy Salhad | T Bt o
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[+75000220 | Virtual Seal
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&P365160 = A000050 (Blocher
1992b,219-220)

#project: acawai

#atf: use unicode

#atf: lang akk

#atf: use math

#atf: use legacy

@tablet

@seal 1

#TA000050.01

1. KISIB a-hu-3i-na

#lem: kunukku[seal]N; Ahusina[]PN

@seal 2

#TA000050.02

1. KISIB {d}UTU-na-sir

#lem: kunukku[seal]N; +Samas-
nasir[]PNS

@seal 7

#T7S000220

1. {d}EN.ZU-en-n[am]
2. SANGA {dJUTU

3.DUMU {d}EN.ZU-i-mi-ti
4.1R E.BABBAR

Set of rules
ARAD/GEME
Script
NODE NAME: “Daughter”
LINE #: ANY
KEY WORDS: [DUMUM,
"DUMU.MI2", “DUMUML," ...]
NEXT NODE: “Parent”
Gender: “Female”
NODE NAME: “Son" NODE NAME: “Parent" | NODE NAME: *Profession” |
LINE # ANY o| LINE #: ANY | LINE #: ANY !
KEY WORDS: ['DUMU", "A", ..] KEY WORDS: | ~ = ™1 KEY WORDS: .. !
NEXT NODE: ‘Parent’ uexruoos.mmprofessm :uexruous. :

l

:

Gender; “Male"

Parent: “{d}EN.ZU-i-mi-ti"




&P365160 = A000050 (Blocher
1992b,219-220)

#project: acawai

#atf: use unicode

#atf: lang akk

#atf: use math

#atf: use legacy

@tablet

@seal 1

#TA000050.01

1. KISIB a-hu-3i-na

#lem: kunukku[seal]N; Ahusina[]PN

@seal 2

#TA000050.02

1. KISIB {d}UTU-na-sir

#lem: kunukku[seal]N; +Samas-
nasir[]PNS

Seal owner’s patronymic/gender

@seal 7
#T1S000220

1. {d}EN.ZU-en-n[am]

@seal 7

#T7S000220

1. {d}EN.ZU-en-n[am]
2. SANGA {dJUTU

3.DUMU {d}EN.ZU-i-mi-ti
4.1R E.BABBAR

GEME

Set of rules

2|SANGA {d1uTU|

I
3.DUMU

{d}EN.ZU-i-mi-ti

4.m E.BABBAR

text-id

TS000219 {d}EN.ZU-en-nam Male

gender parent

{d}EN.ZU-i-mi-ti

-

SANGA {d}UTU

E.BABBAR




@seal 7
#TS000220

[L MENZUQthm]]

@sense PN 1
@end entry

2/sANGA {djuTu)
3/pumu] | {djEN.2U--mi-t
afir)

+@entry Sin-bel-ili [1] PN

@form {d}EN.ZU-be-el-i;-1i, %akk $Sin-bel-ili
@sense PN 1

@end entry

@entry Sin-ennam [1] PN

@form {d}EN.ZU-en-nam %akk $Sin-ennam
@sense PN 1

@end entry

@entry Sin-eribam [1] PN
@form {d}EN.ZU-e-ri-ba-am %akk $Sin-eribam
@sense PN 1

@end entry
text-id gender parent !

@entry Sin-eris [1] PN

15000219 {d}EN.ZU-en-nam Male {d}EN.ZU-i-mi-ti SANGA {dJUTU E.BABBAR @form {d}EN.ZU-URU %akk $Sin-eris
@form {d}EN.ZU.URU, %akk $Sin-eris
@sense PN 1

@end entry

Mentry Sin-gamil 11 PN
@form {d}EN.ZU-ga-mil %akk $Sin-gamil

Ebabbar

text-id __gender barent sOP_POS

TS000219 Sin-ennam PN Male Sin-imitti

Sang( (priest)




Overview & Connections

Counting divine names in seal inscriptions

B Named deities [l Theophoric elements in names B Named deites [l Theophoric elements in names
40 80
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(total: 223)

Blocher, Felix 1992. Siegelabrollungen auf friihaltbabylonischen Collon, Dominique 1986. Isin-Larsa and Old Babylonian Periods.
Tontafeln in der Yale Babylonian Collection. Miinchener Catalogue of the Western Asiatic seals in the British Museum.
Vorderasiatische Studien 9. Miinchen and Wien. Cylinder Seals 3. London.



Overview & Connections

Superiors named in the inscriptions Divine figures depicted

150

10

100

50

Adad Ishtar Lama Shamash God Goddess

(total: 223)

Blocher, Felix 1992. Siegelabrollungen auf friihaltbabylonischen
Tontafeln in der Yale Babylonian Collection. Munchener
Vorderasiatische Studien 9. Minchen and Wien.



Quantitative analysis

Interspersed visual elements in Old Babylonian seals
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Overview & Connections

VISUELLE EXPLORATION
ZWEIER MUSEALER SAMMLUNGEN

Basierend auf Daten der Staatichen Musesn s Beelin
reigt die Visusisierung ber 5000 susgewdhite
Dbjekte aus dem Sestand der Alten Nationalgalerie
und deen Misseum Europdischer Kulturen. Die

In der Waolke werden die Otyelte nach Bidichalten und
T L gr h ange 0 dass
#rhiche Otjekte nahe bewinander und unterschisdiiche
waiter ausainander liegen. 2ur Orientiersng sind die
Geupparungsn mit Stich 1 vrsanen, & hindisch
hinzugefingt wurden

Totmen Sie mit dem Touchpad oder Scrclliad in de
Wolke furein oder Micken Sle auf ein Stichwort oder
Bid, um naher an do Ctjekts haranzukommen. Kicken
und sehen Sie den Hintevgnand, um den Sichth eeeich 2y
versciiebens Kicken Sie auf ain Otyekt, um dessen Trel
o besonders ahnicthe Otyekts durch

agersipt 2 bekommen, Micken Sie auf den Titel des
Obgelts, um i die Pfadansicht zu gelangen.

1

==

In der Pladanscit werden sne Otjeide in einer Liste

wuzetgt, die einem ausgowahiten Objokt abnelin cder
wnar Suchanfrage entspeechen. Do Ausschiige des
Fadens 2wisthen den Otyekten segen die abnedynende
Abnlichiait 2 je groior dar Autschiag, desto waiter
wetfennit e st undbrsiches st das niactnte ekt
2urm oben ausgedhiiton Okyest

https://visualisierung.smb.museum/
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Overview & Connections https://vikusviewer.fh-potsdam.de/fw4/vis/

VERGANGENE VISIONEN AUS DER
FEDER VON FRIEDRICH WILHELM
A"A

Die Visualisierung zeigt den Bestand historischer
Zeichnungen von Friedrich Wilhelm V. entlang einer
thematischen und zeitlichen Einordnung.

AN

Die Stichworter stellen die haufigsten Themen in
den Zeichnungen Friedrich Wilhelms IV dar. Klicken
Sie auf die Stichworter, um die Auswah| der
Zeichnungen thematisch einzugrenzen.

ll’.‘_!,&‘_:‘. ! il ‘I:

Die Zeichnungen sind entlang einer Zeitleiste
entsprechend ihrer Entstehungsjahre positioniert.
Unter den Jahreszahlen befinden sich weitere
historische und biographische Informationen.

EHTEM

DI i - R S




https://uclab.fh-potsdam.de/coins/

ORDER BY Y period x B




scofpion

Network analysis with Gephi

Combat scenes

bow-legged man

al-Gailani Werr 1988, XXIV; 1 (167)

lion-derr
disc-i scent

dman

iX-cu hero

bu an
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Mappings

ARMEP
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? About

https://www.armep.gwi.uni-muenchen.de/#map
D. & T. Englmeier, J. Novonty, K. Radner (Oracc, MOCCI)
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https://www.armep.gwi.uni-muenchen.de/#map
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LMU

LUDWIG-
MAXIMILIANS-
UNIVERSITAT
MONCHEN

https://www.acawai-cs.gwi.uni-muenchen.de/

LMU e Institut fur Vorderasiatische Archaologie ¢ Elisa RoRRberger

T Xt . - o L ,% - -
g~ 3 Y LS ‘V“ . e " -

Ay . - >

Annotated Corpus of Ancient West Asian Imagery: Cylinder Seals (ACAWAI-CS)

A fantastic world of micro-pics — cut into stone, rolled onto clay, ready for Digital Humanities!

2 - _ > ™ -
- g Bl i & , g

GEFORDERT VOM

Bundesministerium
fir Bildung
und Forschung

KickOff Workshop MBF eHeritage, 21.06.2021
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https://www.acawai-cs.gwi.uni-muenchen.de/

