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e Importance of historical sources for
understanding the past.

(Illustration by
pbs.org, 2008)

e Difficulty in analyzing rare writing systems.

(Illustration by
Desset et al., 2022)

e Individual efforts on a single type of sources.

T EANEGY |
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(Illustration by Google DeepMind, 2022)

Challenge

e Full analysis require a wide range of
expertise.

e Current tools based on Al do not
adapted to small and rare datasets.
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Objective

To build a gateway to digital humanities and digital philology, i.e. to
develop historical writing research by Al-driven tools for augmented

analysis and decipherment.

(Illustration by BBC 4, 2024

Goa IS The Secret History of Writing)
e Create a digital annotated corpus of rare/unknown writings.

e Develop recognition models for alphabets and scripts incl.
document layout analysis, symbol recognition, and
transcription.

e Build an interpretative framework for linguistic and historical
anaIYSiS by deCipherment. (Illustration by Transcribus, 2023

readcoop.eu)
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The Beinecke rare book and manuscript library, Yale University
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Methodology Overview

Tools

R&D of Al-based
transcription and
decipherment tools

Approach

Interdisciplinary,
collaborative effort
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From image t0 deciphered text
Update analysis fconrect erroes) l»dmelmipa
Collection & Transcribed Historical & Cleaned
metadata Tanscription ) seript linguistic analysis (plain-)text
A
; : : o)
; : Update transcription fcorrect errors) : Correct aralyses (correct evroes)
* Collection of material *  Manual transcription * Historical text collection * Linguistic analysis of
* Digitization * Transcription guide- *  language model decrypted plaintext
* Metadata generation lines generation *  Historical analysis of
* Upload to database *  Handwritten text * Plaintext identification decrypted plaintext
recognition * Cryptanalysis « Correction/translation
*  Document layout analysis * Decipherment of decrypted plaintext
*  Symbol detection
* Validation
DESCRYPT database TranscriptTool CrypTool 2
@Historians/archaeologists @Computer Vision Scientists @Computational Linguists @Cryptanalysts @Philologists

The DESCRYPT Pipeline Echoes of History: Analysis and Decipherment of Historical Writings
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Global collaboration
« with local experts and communities.

Personal contact in archives.
- Establish research networks.
Visibility and meeting platforms
« for experts and the public
Research infrastructure
« Encourage open-access digitization.

« Establish user-friendly research

infrastructure for sharing.

« Share not too early, not too late...

archeologists,
historians, linguists,
librarians,
cryptologists, ...

Conferences

Past Events

HistoCrypt 2024 - Oxford/Bletchley Park, UK
Nll}\o{rypl 2023 - Munich, Germany
HistoCrypt 2022 - Amsterdam, Netherlands
i{inocryvl 2021 - Amsterdam, u.m‘m-‘na;
Mi;ocrypl 2020 - Budapest, Hungary

HistoCrypt 2019 - Mons, Belgium

HistoCrypt 2018 - Uppsala, Sweden

HistoCrypt.org

Platform for sharing

DECODE Recol"ds A / DECODE Records
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If you are using the DECODE database in your research, please cite the papers in the footer!

Page & < 1 > » of459 Record1to 200f9,171 20 v +
ID « Current Location and Name Dates | Authors Languages Record | Status
Type
9263 London,British Library, 1575 Busshopof  Cleartext:... Cipher Decrypted
o Cotton MS CaligulaC V. f78. - Galsgo Plaintext:
BL_Cotton_MS_Caligula_C_V_078 England,
Scotland
9262 London,British Library, Add 1560 Nicholas Cleartext: Key Non-
0 MS 4136 f 180-185. = Thorkmorton Plaintext:... decrypted
BL_Add_MS_4136_180 1587 Western
manuscripts
9261 London,British Library, Add 1560 Sr.Thomas  Cleartext: Key Non-
0 MS 4136 f 179. - Smith Plaintext:... decrypted
BL_Add_MS_4136_179 1587 Western
manuscripts

In the press
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Lack of standardization

* Encoding issues: No universal transcription. No Unicode.
No standard tools.
°* Missing metadata. No annotation guidelines. No consistent

annotation.

DECODE Metadata
Current location: archive

Provenance: country, date of use,
writer/sender

Type: Key/Cipher

Content: Number of pages, Status,
Cipher type, Symbol set, Plaintext
lang(s), Cleartext lang(s)

Lack of annotated data/corpora

e Standard HTR tools fail hon-Latin scripts.

e Crowdsourcing annotation is difficult due to limited

expertise in these scripts.

(Illustration by Homburg et al. 2022)
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Current Al tools can assist in the identification,
transcription, and classification of scripts.

Challenges
* Incompatibility with existing NLP and OCR Models
* Al requires large datasets, which are not available.

* Al models lack cultural-contextual understanding.

* Tasks: inventories of signs, document layout analysis,
identification of writing direction, positional frequency
and co-occurrences of signs, grammatical patterns,

archaeological and historical contextualization.

(Illustration by DALL-E and
M.Héder)

(Transcript Tool by Szigeti & Héder)

10
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Building adaptive models with experts —) oo gx — @

R
« to annotation of alphabets, layouts, scripts, fmnge dataset e ecdiction
| a n g u a g es ; feedback to O a O Intermediate
model w > prediction
+ to overcome the challenge of sparse data by data K
. Human
gene ration; Verification

« by reinforcement, semi-supervised, continual and
few-shot learning.

« to learn from the expert input by a few corrections
through Human-in-the-loop AI UX research, active robu_st .t00| ecosyst_em ref
! transcription and decipherment

learning and iterative refinement

11
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Transcription

e Recognition Models for Clustering
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Aims: User effort:

® Discover the alphabet « Choice of settings for binarization,
line and character segmentation,

label propagation, output generation
» Cleaning the clusters

® Find ciphers with the same cipher alphabet
® Transcribe ciphers with various alphabets

e® C(lustering

A
Awgd 8 Adéa—c/r_j, Sod’:z:.bgﬁ B Q;S)/é”o/cl 7l
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Symbol Segmentation
Input (Deep learning technique
from Gregory Axler and

| inr Wnlf's nanar)

A KD bR Y. AT HRE. ‘I'—'*

BN [
PR REMHAE BRI
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i

Al

Clustering Analize
(Hierarchical K-means)

Chen, j., Souibgui, M.A., Fornés, A., and Megyesi, B. 2021. Unsupervised Alphabet Matching in Historical Encrypted
Manuscript Images. In Proceedings of the 4th International Conference on Historical Cryptology. HistoCrypt 2021.


https://ecp.ep.liu.se/index.php/histocrypt/article/view/154

HTR: Supervised few-shot .=—.
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Aims:

« Provide transcription for ciphers with
various symbol sets

« High recall and precision

 Few-shot model architecture

User effort:

» Preprocessing: Line segmentation

» Create supporting alphabet - 10
examples for each symbol type

» Output validation and correction

Awgd Fo’ﬂ?\o%&f?, S‘od;mgﬁ == ew/cl 7

wgd a’/‘al}&é’, SosZemgr=fo o SBoA

N Seecdd muwdd /" Pl ot PP % z
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Support
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Az Sogedd cmshw;ﬂo/z'ng» & o R rud Query

@d\;rz/.q “““““““““““

7"\233 Foﬂ%/é'a'/g, S\oo/n’-:vgﬂ = e%/;‘ 7 L,

M Sogedd cm&?\x/g‘»&wgw a'/oe‘ﬂﬁ:’, red VGG16
s R

red Feature extraction

Query feature map
Support feature map
Similarity feature map

RO pooling simi Ial/d:ﬁeren( = Hi

4 L—"Element -wise —-@
Attention| > P _..comblnanon '
-

g, > Re ressnon-—~
¥ 9
— I ROTpoaling

FC Layers Coordmatesﬁ

Features Classification
combination

QA QA3 SRS OREAT

Attention RPN

Souibgui, M. A. (2020) and Fornés, A and Kessentini, Y and Tudor, C. "(2020)
A Few-shot Learning Approach for Historical Ciphered Manuscript Recognition"

25th International Conference on Pattern Recognition ***Best Student Paper Award***
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Model Borg (I-D) Copiale (I-D) Ramanacoil (O-D)
Precision Recall Precision Recall Precision Recall

Clustering 57.63% 74% 89.61% 73% 93.71% 33%

Few-Shot 96.6% 85% 96.62% 79% 59.47% 93%

« Supervised few-shot wins for in-domain data
« Clustering is preferred for symbol recognition in out-domain data

 Few shot is better in coverage, can be improved by given examples of all (less frequent)
symbols

€ Thanks to Giacomo Magnifico! (2021)
Lost in Transcription: Evaluating Clustering and Few-Shot learningfor transcription of historical ciphers, Master’s thesis in language

technology, Uppsala University




Decipherment

e Assumptions: Languages, Dating, Code
structure, Space, nullities, cancellation

e Encoding types: simple substitution,
homophonic substitution, codebooks

e Language models: Character- and
word-based n-grams for languages and
time periods

e Attacks: One or several documents:

frequencies, clustering, hill climbing, ...
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[ : * Hill climbing
‘ | ' — Start with empty or random
‘ I | plugboard
‘ — Test various plugboard connections / 4
‘ . « If score improves, keep change 8 sf""
| Iy

* Otherwise discard change
— Restart process if stuck

>Reer | 3 |AvEmomr rERT SR '
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e Tools: Scalable Al-driven framework for historical
text analysis with minimal corrective inputs from Declphering Vatican Ciphers
from the 16, 17*, and 18
experts and an interactive platform to serve experts Centuries
e Resources: a digital corpus of historical writings in George L Bela Megvs & Mt Kopa
a standardized format and a historical corpus [(ycxmroo |
e de-crypt.org, https://github.com/decrypt-project/
e Publications: ca 100 scientific papers Sy
. George Lasry, Satoshi Tomokiyo, Norbert Biermann
e Conference: histocrypt.org
e Outreach: university courses, exhibitions,

tutorial

museums, the press, YouTube, MysteryTwister,



https://github.com/decrypt-project/
http://histocrypt.org/
https://mysterytwister.org/
https://www.kopaldev.de/

Future

Progress depends on:

« collaboration across disciplines to bridge
the gap between technology and
humanities,

 open, annotated and standardized data
across scripts and languages, and

« hybrid approaches and adaptive AI models

that require minimal data input by experts.
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Thank you!

Questions?

(Illustration by https://artificialpaintings.com/:
How to Use Al to Explore Historical Data, 2024)
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