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Humanities Research Needs Search

1. Knowledge-Based Search:
Retrieving Translations

2. Information Retrieval and
Classification: Arguments

3. Interactive Machine
Learning: Evidence Detection
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How to Computationally Approach Extinct
Languages: A Case Study on Hittite

» BMBF-funded “Centre for the Digital Foundation of
Research in the Humanities, Social, and Educational

Sciences”

= Coordination: TU Darmstadt (Iryna Gurevych), partners:
Goethe-Universitat Frankfurt a.M. and Leibniz Institute
DIPF Frankfurt a.M.

» CEDIFOR intends to contribute to bridging the gap
between research in the humanities and computer
based methods, and help researchers to master the
characteristic problems in this process a@ | Federal Ministry

SPONSORED BY THE

of Education
and Research

Parts of this work are accepted to be published at the DHd conference 2017:

Daxenberger, J., Gorke, S., Siahdohoni, D., Gurevych, I., & Prechel, D. (2017). Semantische Suche in Ausgestorbenen
Sprachen: Eine Fallstudie fur das Hethitische. In Proceedings of the DHd 2017 (p. to appear).
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CEDIFOR Pilot Project: Building a Framework
for Semantic Search on Cuneiform Scripts

= Goal: Make the translations of Hittite cuneiform documents more
accessible by adding an additional layer of information

» Methods: Lexical-semantic methods based on Natural Language
Processing technology for a deeper exploration of the documents

» Cooperation with Prof. Doris Prechel and Susanne Gorke,
Altorientalische Philologie, Johannes Gutenberg-Universitat Mainz
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The Cuneiform Script

= Cuneiform Script (4 cent. BC) is documented on
clay tablets only

» Well-Documented Cuneiform Languages include
= Akkadian (Semitic)
= Sumerian (Isolated)
= Hittite (Indo-European)
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Digitizing Cuneiform Clay Tablets...

7 - [..GUlB-laza[...]

7 A vsue[..GU]B-la-za (Rasur) vs.u7 [ ... ]

8 - [..9Aadannal...]

8 A wvsuz[.."H]'Aa-da-an-navsus|...]

9 -- [nu=tta PYCKA.G]JAG gulSantan [ ... ]

9 A vsus[..PYSKA.GJAG gul-8a-an-ta-an vs.uo [ ... ]
10 - [..walh)it’[...]

10 A vsug[...wa-al-h]i*-it vsnio [ ... ]

21.10.2019 | Computer Science Department | UKP Lab - Prof. Dr. Iryna Gurevych | YOUR NAME | 6

&
=



Digitizing Cuneiform Clay Tablets...
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7 -- [..lilnks[...]

8 - [..]zuEssen]...]

9 -- [...dir] den eingeritzten [Bech]er| ... ]
10 -- [...]mit[walh]i-Getrank?[ ... ]
11 - Ich lie3 [ ... ]

12 -- [Iss Erstklassiges]

13 -- [und] stille deinen Hunger!

14 -- [Trink Erstklassiges]

15 -- [und] stille deinen Durst!

16 - [..]

17 -- [Der Bedru]kte aber| ... ]

18 ... ] komm [wieder] in Ordnung!
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Motivation: Accessing the Content of Digitized
Cuneiform Documents

» Digitalization and Accessibility are highly desirable goals
= Currently no means to automatically process the transliterations
= But we can work with the translations (which are a bit special...)

= Semantic Search

= Assume we have only a rough idea of what we want to search/find, e.g. a king,
a god or a city

» There are plenty of named entities in the document falling into these categories

* Primary requirements for the search engine

» Return both exact matches as well as results motivated by semantic
relatedness

= [ntuitive usage by non-experts
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Current Data

= QOriginal documents: Hittite and Akkadian
= about 700 documents and growing...
= approx. 400.000 translated words

= Translations in German, Italian, French, and English
= Content: rituals, myths, state treaties, prayers

= Parallel Text: Transliterations and Translations
= Mapping on the level of meaning units

= Title and introductory comments for each document
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Particularities of the Data

= Comments: in-line annotations and footnotes

» Mixed dialects/languages
= Normalized translations vs. text evidences

» Language experts/translators have diverging conventions (e.g. meaning
of special characters)

» Damaged and thus fragmentary text (to the extent of illegibleness of
entire documents)
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Indexing: Technologies

= DKPro Core/UIMA as convenient NLP processing framework

= Reader recognizes document structure and parallel translation/transliterations

(e.g. footnotes)
= Tokenizer. OpenNLP and Language Tool
= Fixing token boundaries due to fragmentary text
= POS-tagging: OpenNLP
= Lemmatizing: MateTool, LanguageTool
» Word Sense Disambiguation: DKPro WSD/Lesk
= Semantic Preprocessing: Uby
= Writer: MySQL writer (12 tables)

https://dkpro.github.io/
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Indexing: Semantic Preprocessing

» Uby (combines sense information from WordNet, FrameNet, VerbNet,
Wiktionary, Wikipedia and others)

= Semantic Labels
= Semantic Field (e.g. person)
= Category (e.qg. fruit)
= Domain (e.g. sports)

= Synonyms

» Custom Dictionaries (extensible)
= Alternative Spellings
» e.g. Hattusa, Hattusa, Hattuscha, Haftusas, Hattusha, Hatusha, ...
= Hypernyms
= e.g. Herrscher, Grol3kdnig, Konig : Pithana, Anitta, Labarna, Hattusili, ...

https://dkpro.github.io/dkpro-uby/
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Query Interface

Home UKP Lab Altorientalische Philologie Mainz Hethitologie Portal CEDIFOR Browse Documents ~

All Documents | How to search TECHNISCHE
UNIVERSITAT
unterwelt DARMSTADT

Search results (129 hits in 16 documents)

CTH51.1 Vertrag Suppiluliumas L. von Hatti mit Sattiwazza von Mittani
§16'| 224 die Gétter der Unterwelt, Nara, Namsara, Minki, Amukki, Tubusi, Ammizadu, Alalu, Anu, Antu, Enlil, Ninlil, Belat-ekalli,
§17'|230 Berge und Fliisse, Gétter des Himmels, Gétter der Unterwelt

CTH52.1 Der Eid Sattiwazzas und der Leute von Hurri gegeniiber Suppiluliuma I.
§11|190 Berge, Fliisse und Quellen, Gétter des Himmels und der Unterwelt!
§8|152 Ereskigal, die .‘.’..[E*..'.TE.'.!. Gotter, Narra, Nam3ara, Minki, Ammukki, Tuhusi, Ammizzadu, Alalu, Anu, Antu, Enlil, Ninlil, Bélet-
ekalli,

CTH434.1 Ein Flussritual mit einem Mythologem iiber die Erschaffung der Menschen
§2'|11 die unterirdischen Gétter aber nahmen sich die Erde und die Unterwelt

CTH105 Vertrag Tuthaliyas IV mit SauSgamuwa von Amurru
§21""|170 A.A, ALLATUM, Telipinu von Turmitta, Telipinu von Tawinija, Telipinu von Hanhana, BU.NE.NE, Askasepa

CTH123 Vertrag mit einem unbekannten Herrscher
§38"|290 Und dir hat die Gottheit Allatum die Seele folgendermaBen:
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Computationally Approaching Extinct
Languages: Lessons Learned

» Typical issues when computationally approaching extinct languages:
= Small data (not just small training data)
» Non-standard vocabulary (translations)
» Fragmentary text

= Some solutions
» Implement language-independent, broad approaches
= any available meta-information (commentaries, footnotes, etc.) should be used

= Use NLP machinery off-the-shelf a far as possible, add custom solutions
where required
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Humanities Research Needs Search

1. Knowledge-Based Search:
Retrieving Translations

2. Information Retrieval and
Classification: Arguments

3. Interactive Machine
Learning: Evidence Detection
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Argument Retrieval and Classification

PRO: The use of such technology will reduce
fatal truck and bus accidents by 20 per cent,

. resulting in 800 less deaths on European roads.
To pIC http://www.theautochannel.com

Autonomous trucks CON: These components are still expensive
today; for example, the 600-rpm spinning light-
imaging radar system that crowns most current
autonomous vehicles costs upward of $70,000.

http://www.strateqy-business.com
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http://www.theautochannel.com/news/2014/07/06/112544-daimler-trucks-presents-world-premiere-prototype-self-driving-truck.htm
http://www.strategy-business.com/article/00176?pg=2
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Search Engine: Retrieval and Classification

' ArgumenText EN v animal testing L}

PRO/CON LIST WEIGHTS DOCUMENTS Filter

Found 493 arguments (188 pro; 305 con) in 20 documents (classified 912 sentences in 7.06 s)

CON

s use animal test

f potentially new o it causes pain and suf ital animals,

sale for people

of testing product tox

CON

This means

th

at humans

continue to 'l

eing done on animals include acute toxicity test that will

C pain to animals determine immediate effects of chemical ex

CON

So, anim

esearch is not just for human benefit, but also it has helped and t have been found safe

1iimals have caused

d many animals from disease
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Challenges in the Web Scenario

Heterogeneity Scalability

Multiple text types Small training Specific domains
resources

Different languages Various applications
Expert annotations
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Training Data Generation

Data ‘e
= Heterogeneous text types

= Collected from web searches
= 100+ topics

Task

= Given a (controversial) topic
= Label text as pro or con argument

Crowdsourcing
= Amazon Mechanical Turk
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Results (BERT): Stance + Argument Detection
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85%
80%
75%

o 70% 75,48%
5 65% 63,25%
B 60%
L 55%
50%
cross-topic (trained cross-topic (trained Human
on 8 topics) on ~40 topics) Performance

» 3-class problem: pro, con, non-argument
= Approx. 5pp improvement over BILSTM

Reimers, N., Schiller, B., Beck, T.,
Daxenberger, J., et al. (2019)
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split0/large/cluster167 splitO/Iarge/cluster63 split0/large/cluster9l
deteétled ASSS'OzeleateSCIentlflcallyk “Ba bl e fotrmedl es s . Sl.ze:_g:-’luality equal
,,,,,, brain Wee : coRme : Ve -
beconesENse feeling rofioy " o edefbelgysGOd~ w: & _-abortion
fetug cu; known end -(%_ AbOI’t On U; g%restrlctlon ?eClSlon
procedure ) Qj : recognlzed1 o o o A htSu ruesrﬁleceCou”r"t
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Miceiza 50 gl ldevelo ed fagsy joomendmens N £ o= -State r s
U= = M -1 I, six. P 'u-"knewthe uman S g i constltutgo(gyl [}Eoifci??”

Topic: Abor'uon

= clusterl67: Fetuses are incapable of feeling pain when most abortions are

performed.

= cluster63: Abortion is the killing of a human being, which defies the word of

God.

= cluster91: Allowing abortion conflicts with the unalienable right to life
recognized by the Founding Fathers of the United States.
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Humanities Research Needs Search

1. Knowledge-Based Search:
Retrieving Translations

2. Information Retrieval and
Classification: Arguments

3. Interactive Machine
Learning: Evidence Detection
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Interactive Evidence Detection
for Historical Research

» Historians spend a vast amount of time reading
to find the piece of evidence they can use to (in)validate a hypothesis

= Our goal: given a research hypothesis, automatically detect and link
evidence
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IR and Classification as a Viable Solution?

Go to Archive and  [EYslITTI
Find Documents Retrieval

Read Documents
*Evidence

and Find Relevant ST
Passages

Formulate
Hypotheses and
Link Passages as

Evidence

*Evidence Linking

Reason about « Claim
Hypotheses Validation
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IR and Classification as a Viable Solution? O UNIVERSITAT

Train &
Evaluate

Publish
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How do researchers in the humanities and
social sciences actually work?

<57 TECHNISCHE
, UNIVERSITAT
'f - DARMSTADT

= Conducted a user study in a student seminar on the topic of
Environmental catastrophes in the second half of the 20" century

» 24 students participating

» Students were asked to Compare the political discourse after the
Chernobyl and Fukushima catastrophes

» To formulate hypotheses and (in)validate them with evidence found in the
provided text

= Text sources were 9 speeches from the German parliament
= 4 from 1986
= 3 them 2011

» We logged and analysed their behaviour
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EDoHa: Evidence Detection
fOr Hypothesis vAlidation
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" EDoHa

Fukushima

Speaker: BullingSchroter
Political Party: LINKE ~ Session id: 17103

Fukushima

Speaker: Bllow

Political Party: SPD Session id: 17103

@

Fukushima

Speaker: Détt
Political Party: CDUCSU Session id: 17103
@

Fukushima

Speaker: Kauch

Political Party: FDP Session id: 17103

@

Clear Selection

Document

Hypotheses/Evidence

Hypotheses

© Die Gefahr der Revidierbarkeit wird nach
katastrophen wahrscheinlicher nicht
beriicksichtigt, wenn andere faktoren in
den Vordergrund treten

Die GRUNEN haben auf ihrem
Bundesparteitag beschlossen: Alle deutschen
Kernkraftwerke ...

Wir wollen, dass der Atomausstieg nicht
revidierbar ist

Wir miissen den Atomausstieg unumkehrbar
machen

Evidence

Der Atomausstieg muss schnell erfolgen

Wir miissen den Atomausstieg unumkehrbar machen

Add

© bei zu langem Warten, wird kein
Atomausstieg erfolgen

o

Wir wollen einen schnelleren Ausstieg aus der o

Kernenergie

Die GRUNEN haben auf ihrem
Bundesparteitag beschlossen: Alle deutschen
Kernkraftwerke ...

Die Sowjetunion hat erklart, daB sie weitere
Kernkraftwerke bauen werde

Wir wollen die Nutzung der Kernenergie
moglichst schnell beenden

Sie wollen schneller raus aus der Kernkraft.

o

o

o

o

1t (autor

@ ldngere Laufzeiten sind eine ()

geldeinnahmequelle flir den Staat

Ein abgeschriebenes AKW, das einen Tag
linger l3uft, bringt einen Profit in Héhe von 1

Durch die vereinbarten Restlaufzeiten werden
die Atomkraftwerke zu einer Art Gelddruck ...

Die Sowjetunion hat erkldrt, daR sie weitere
Kernkraftwerke bauen werde

Meine Damen und Herren, die Katastrophe
von Tschernobyl gibt uns eine Ahnung von
denw...

\atically in 12 mi

Ein abgeschriebenes AKW, das einen Tag langer l4uft, bringt einen Profit in Héhe von 1 Million Euro
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Findings

= No uniform approach to evidence detection and linking

= Some users work in different phases of evidence detection
and hypothesis validation, other do not

» Some users validated multiple hypotheses at the same time,
while others validated only one hypothesis at a time.

= No agreement on evidence for similar hypotheses
= Hypotheses with similar evidence show no similarity

» -> Solution: Interactively trained machine learning models
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Macro values across both classes Evidence only
Fl1 Precision Recall F1 Precision Recall
ED-ACL-2014

bilstmgireqr  0.509 (0.033)  0.514 (0.028) 0.526 (0.039) 0.117 (0.058) 0.091 (0.055) 0.183 (0.053)
bilstmg,e  0.481 (0.043) 0.518 (0.018)  0.553 (0.047) 0.139 (0.064) 0.088 (0.045) 0.373 (0.118)
BERT 0.540 (0.052)  0.590 (0.055) 0.538 (0.048) 0.118 (0.098)  0.238 (0.105)  0.094 (0.096)

ED-EMNLP-2015

bilstmgyeee  0.572 (0.062) 0.566 (0.050) 0.613 (0.075) 0.225(0.133) 0.176 (0.114)  0.340 (0.160)
bilstmgpe 0.544 (0.063) 0.553(0.046) 0.631 (0.089) 0.212 (0.132) 0.145(0.101)  0.453 (0.212)
BERT 0.550 (0.060)  0.596 (0.084) 0.558 (0.081) 0.143 (0.118)  0.251 (0.169) 0.143(0.171)

Especially when computational resources are scarce, it is better to use small
amounts of in-domain data to train a model.
BERT requires a GPU <-> A bilstm can be trained on a laptop
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Humanities Research Needs Search

1. Knowledge-Based Search:
Retrieving Translations

2. Information Retrieval and
Classification: Arguments

3. Interactive Machine
Learning: Evidence Detection
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