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Computational Analysis on Text Re-use of Shenoute and
Besa

So Miyagawa & Dr. Marco Büchler

Georg-August-Universität Göttingen

August 27, 2016
GCDH
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Introduction

Preprocessing1
OCR
Converter
Virtual Manuscript Room

Preprocessing2
Natural Language Processing

Texts of Shenoute and Besa

Processing
Text Reuse Detection by Tracer

What I found
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Text reuse example

Shenoute Canon 6, Codex MONB.XF, p. 1

ⲡ-
DEF.SG.M-

ⲉⲧ-
REL-

ϩⲙⲟⲟⲥ
sit

ϩⲓ-
on

ⲡⲉϥ-
POSS.SG.M:3SG.M-

ⲑⲣⲟⲛⲟⲥ
throne.M

ⲓ︦ⲥ︦
Jesus

ⲡ-
DEF.SG.M-

ϣⲏⲣⲉ
son.M

ⲙ̄-
ATTR-

ⲡ-
DEF.SG.M-

ⲛⲟⲩⲧⲉ
god.SG.M

ⲡ-
DEF.SG.M-

ⲉⲧ-
REL-

ⲕⲣⲓⲛⲉ
judge

ⲛ̄-
ADVZ-

ⲧ-
DEF.SG.F-

ⲇⲓⲕⲁⲓⲟⲥⲩⲛⲏ
justice.F

“He who sits upon his throne, Jesus, the Son of God, he who judges justly”.
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The source

Psalm 9:4b

ⲁ-
PST-

ⲕ-
2SG.M-

ϩⲙⲟⲟⲥ
sit

ϩⲓ-
on-

ⲡⲉⲕ-
POSS.SG.M:2SG.M-

ⲑⲣⲟⲛⲟⲥ
throne.M

ⲡ-
DEF.SG.M-

ⲉⲧ-
REL-

ⲕⲣⲓⲛⲉ
judge

ⲛ̄-
ADVZ-

ⲧ-
DEF.SG.F-

ⲇⲓⲕⲁⲓⲟⲥⲩⲛⲏ
justice.F

“You sat upon your throne, you who judge justly”.
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Reuse styles
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Tracer

• Text Reuse Detection Software made by
Marco Büchler and his eTrap team (incl. Greta
Franzini, Emily Franzini, Maria Moritz and
students).

• It can manage with Big Data.
• Much faster than human readers/researchers.
• Successful results in English, German, Latin,

Greek, Arabic and Pali.
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Text reuses detected by Tracer
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Current approach: TRACER
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Goal

• Text reuse detection in Shenoute and Besa is not complete.
Especially, in Shenoute.

• But the text corpus is huge.
• Tracer has successful results in other languages. And it detects text

reuses far more quickly than human readers/researchers.

Why not using this Tracer technology on Shenoute and Besa??
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Project on the Coptological side
SFB 1136 “Bildung und Religion”

• “Bildung und Religion in Kulturen des Mittelmeerraums und seiner
Umwelt von der Antike bis zum Mittelalter und zum Klassischen
Islam”

Teilprojekt B05: Koptologie

• “Schriftauslegung und Bildungstraditionen im koptischsprachigen
ägyptischen Christentum der Spätantike: Schenute, Kanon 6”

Team member of the Coptology side

• Prof. Dr. Heike Behlmer
• So Miyagawa, M.A.
• Julien Delhez, M.A. M.A.
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SFB 1136

Coptic
SCRIPTORIUM

eTRAP

CoptOT
& NTVMR

CMCL

KELLIA

Partner projects of
KELLIA

• DDGLC
• Thesaurus

Linguae
Aegyptiae
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http://www.cmcl.it/

http://www.cmcl.it/
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http://copticscriptorium.org/

http://copticscriptorium.org/
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http://coptot.manuscriptroom.com/

http://coptot.manuscriptroom.com/
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http://ntvmr.uni-muenster.de/

http://ntvmr.uni-muenster.de/
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homepage is under construction by me
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http://research.uni-leipzig.de/ddglc/

http://research.uni-leipzig.de/ddglc/
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http://aaew.bbaw.de/

http://aaew.bbaw.de/
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SFB 1136

Coptic
SCRIPTORIUM

eTRAP

CoptOT

CMCL

KELLIA

Partner Projects of
KELLIA

• DDGLC
• Thesaurus

Linguae
Aegyptiae

• Ancient Lives
• and so on...
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workflow

Virtual
Manuscript

Room

Coptic
OCR

Unicode
Converter

ASCII texts

Manual
Inputting

Philologically
annotated

XML
Corpus

Linguistically
annotated

XML
corpus

POS tagger

Tokenizer
& Lem-
matizer

Text Reuse
Detection
by Tracer

Cohyponym
Dictionary

Synonym
Dictionary
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Introduction

Preprocessing1
OCR
Converter
Virtual Manuscript Room

Preprocessing2
Natural Language Processing

Texts of Shenoute and Besa

Processing
Text Reuse Detection by Tracer

What I found
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OCRopy

• https://github.com/tmbdev/ocropy
• Massive contribution of Kirill Bulert (Max Planck Institute for

Biophysical Chemistry & Göttingen Centre for Digital Humanities)
• Neuronal network model, artificial intelligence
• Deep learning
• Automation already developed
• Training creates models, which can be extended
• Good results, depending on ground truth and image quality

Using GCDH’s high-performance computer, ‘roedel’

https://github.com/tmbdev/ocropy
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OCRopy training
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OCRopy result photo
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Accuracy
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Preprocessing 1: OCR for handwritten texts
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Preprocessing 2: OCR for handwritten texts
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Teaching: OCR for handwritten texts
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Converter
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Virtual Manuscript Room

Created by Troy Griffitts & Ulrich Schmid
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Transcribe and annotate texts from photos

Easily annotates page/column/line numbers, decoration, size of gaps etc.
Saved in TEI XML format
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Also it has a collation tool for critical edition
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Photos

• The photos are from CMCL and Biblia Coptica.
• We arranged those photos according Stephen Emmel’s

reconstruction of Canon 6 and uploaded almost all of them to our
server.

• It was done with massive help from Dr. Diliana Atanassova.
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Introduction

Preprocessing1
OCR
Converter
Virtual Manuscript Room

Preprocessing2
Natural Language Processing

Texts of Shenoute and Besa

Processing
Text Reuse Detection by Tracer

What I found
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Coptic NLP Service

Web-Interface
Annotated SGML

Coptic NLP Service by Amir Zeldes & Caroline Schroeder
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Virtual
Manuscript

Room

Coptic
OCR

Unicode
Converter

ASCII texts

Manual
Inputting

Philologically
annotated

XML
Corpus

Linguistically
annotated

XML
corpus

POS tagger

Tokenizer
& Lem-
matizer

Text Reuse
Detection
by Tracer

Cohyponym
Dictionary

Synonym
Dictionary
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Coptic Natural Language Processing

Lemmatizer
Lemmatize words

POS-tagger

Tagging Part-of-Speech

TreeBank
Analyzing syntax and making syntactic trees depending on Universal
Dependency

Made by our project partners, Amir Zeldes and Caroline Schroeder
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ANNIS View (Cf. http://corpus-tools.org/annis/)

http://corpus-tools.org/annis/
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Introduction

Preprocessing1
OCR
Converter
Virtual Manuscript Room

Preprocessing2
Natural Language Processing

Texts of Shenoute and Besa

Processing
Text Reuse Detection by Tracer

What I found
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Texts

Main Text at the Current Stage

• Shenoute’s Canon 6
• Kuhn’s edition of Besa
• Acephalous Work A26 by Shenoute
• → next stage, other texts from White Monastery, eg. other

Shenoutean texts, Apa John etc.

Compared text

• Sahidic Bible (OT & NT)
• → next stage, Greek authors and other Coptic texts.
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Structure of Canon 6
Originally at least 5 works, most probably more (numerous extensive
lacunae)

Codices

• Written in 6 codices, MONB.XM, XF, XL, XV, YJ, YK
• ca. 325 pages, scattered in 8 institutions across the world

Incipits

• He Who Sits upon His Throne
• Remember, O Brethren
• Is It Not Written
• Then I Am Not Obliged
• People Have Not Understood
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Main topics of Canon 6

Accusations against Shenoute of excessive
force (and his defense) (He Who Sits upon His

Throne; Remember, O Brethren; Is It Not Written)

Shenoute’s illness (Remember, O Brethren;
Is It Not Written; Then I Am Not Obliged)

Affairs of the female community (He Who Sits upon His
Throne; Then I Am Not Obliged; People Have Not Understood)

Monastic rules

Behlmer (2008)
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Introduction

Preprocessing1
OCR
Converter
Virtual Manuscript Room

Preprocessing2
Natural Language Processing

Texts of Shenoute and Besa

Processing
Text Reuse Detection by Tracer

What I found
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Introduction

Preprocessing1
OCR
Converter
Virtual Manuscript Room

Preprocessing2
Natural Language Processing

Texts of Shenoute and Besa

Processing
Text Reuse Detection by Tracer

What I found
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Corpus size

ca. 500,000 words (tokens)

Abbots’ Works

• Canon 6
• Kuhn’s Besa
• Acephalous Work A26

Bible Texts

• Sahidic Bible (OT & NT)
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Corpus size

texts tokens
Canon6 48,394
Besa 61,397
Sahidic Bible 421,344
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Corpus

Voyant Tools (http://voyant-tools.org/)

http://voyant-tools.org/
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Starting TRACER

Start the tool with the command:

java -Xmx600m
-Dde.gcdh.medusa.config.ClassConfig=conf/tracer_config.xml

-jar tracer.jar

Explanation:

• -Xmx600m (up to 600 MB memory);
• -Dfile.encoding sets the encoding of your input file (optionally);
• -Dde.gcdh.medusa.config.ClassConfig (configuration file).
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Foundations for preprocessing: Zipfian Law
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Implications of the Zipfian Law

• Approx. 50% of all words occur only once
• Approx. 16% of all words occur only twice
• Approx. 8% of all words occur three times
• ...
• Approx. 90% of all words in a corpus occur 10 times or less

s(f) =
1

f ∗ (f + 1)
sn(f) =

n∑
f=1

1

f ∗ (f + 1)

• The top 300 – 700 most frequent words cover already about 50%
of all tokens (depending language)
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TRAViz by Stefan Jänicke

• x-axis = Shenoute XF
• y-axis = Besa
• left and bottom = the start of

the texts
• right and top = the end of the

texts
• circle = similar texts
• green = more probable text

reuse candidate
• yellow= less probable text reuse

candidate
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TRAViz by Stefan Jänicke
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TRAViz by Stefan Jänicke
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Results 1

Ver. 3 (coarse)
Text 1 (tokens) Text 2 (tokens) Text Reuse Candidates
Sahidic Bible Besa 13,835
Sahidic Bible MONB.XM 3,452
Sahidic Bible MONB.XV 673
Sahidic Bible MONB.XF 4,289
Sahidic Bible A26 2,050

Ver. 6 (fine)
Text 1 (tokens) Text 2 (tokens) Text Reuse Candidates
Sahidic Bible Besa 2,032
Sahidic Bible MONB.XM 158
Sahidic Bible MONB.XV 33
Sahidic Bible MONB.XF 180
Sahidic Bible A26 16
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Results 2

Ver. 3 (coarse)
Text 1 (tokens) Text 2 (tokens) Text Reuse Candidates
Besa MONB.XM 627
Besa MONB.XV 133
Besa MONB.XF 598
Besa A26 114

Ver. 6 (fine)
Text 1 (tokens) Text 2 (tokens) Text Reuse Candidates
Besa MONB.XM 120
Besa MONB.XV 25
Besa MONB.XF 137
Besa A26 29
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Results 3

Ver. 3 (coarse)
Text 1 (tokens) Text 2 (tokens) Text Reuse Candidates
MONB.XM MONB.XV 133
MONB.XM MONB.XF 705
MONB.XM A26 79

Ver. 6 (fine)
Text 1 (tokens) Text 2 (tokens) Text Reuse Candidates
MONB.XM MONB.XV 13
MONB.XM MONB.XF 218
MONB.XM A26 3
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Results 4

Ver. 3 (coarse)
Text 1 (tokens) Text 2 (tokens) Text Reuse Candidates
MONB.XV MONB.XF 97
MONB.XV A26 14

Ver. 6 (fine)
Text 1 (tokens) Text 2 (tokens) Text Reuse Candidates
MONB.XV MONB.XF 14
MONB.XV A26 0
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Results 5

Ver. 3 (coarse)
Text 1 (tokens) Text 2 (tokens) Text Reuse Candidates
MONB.XF A26 63

Ver. 6 (fine)
Text 1 (tokens) Text 2 (tokens) Text Reuse Candidates
MONB.XF A26 0
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Parallel text is easily found
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That is this part continuing further

Emmel, Stephen. 2004. Shenoute’s Literary Corpus. Vol. 2. Peeters. p.
783.
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Parallel text

Emmel, Stephen. 2004. Shenoute’s Literary Corpus. Vol. 2. Peeters. p.
784.
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Parallel text

Emmel, Stephen. 2004. Shenoute’s Literary Corpus. Vol. 2. Peeters. p.
785.



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Introduction Preprocessing1 Preprocessing2 Texts of Shenoute and Besa Processing What I found References

Coincidence
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hidden quotation without quotation markers

Amos 6:12
“But you have turned justice into poison and the fruit of righteousness
into wormwood” (ESV)
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One of many unknown text reuses

There are many text reuses between Shenoute and the Bible Amélineau
did not find like this example.

MONB.XF p.1

ⲟⲩⲱϣ
break

ⲙ-
ACC-

ⲡⲉ-
DEF.SG.M-

ϭⲃⲟⲓ
arm.M

ⲙ-
GEN-

ⲡ-
DEF.SG.M-

ⲣⲉϥ-ⲣ-ⲛⲟⲃⲉ
person.PCNS-do.PCNS-sin

ⲙⲛ-
with-

ⲡ-
DEF.SG.M-

ⲡⲟⲛⲏⲣⲟⲥ
evil

ⲛ-
ATTR-

ⲇⲁⲓⲙⲟⲛⲓⲟⲛ
daimonion

“Break the arm of the sinner and the demonic evil man”
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The source

Psalms 9:36 (crosswire.org number)

ⲟⲩⲱϣ
break

-ϥ
-3SG.M

ⲙ-
ACC-

ⲡⲉ-
DEF.SG.M-

ϭⲃⲟⲓ
arm.M

ⲙ-
GEN-

ⲡ-
DEF.SG.M-

ⲣⲉϥ-ⲣ-ⲛⲟⲃⲉ
person.PCNS-do.PCNS-sin

ⲙⲛ-
with-

ⲡ-
DEF.SG.M-

ⲡⲟⲛⲏⲣⲟⲥ
evil

ⲥⲉ-
PRS:3PL-

ⲛⲁ-
FUT-

ϣⲓⲛⲉ
seek

ⲛⲥⲁ-
after-

ⲡⲉϥ-
POSS.SG.M:3SG.M-

ⲛⲟⲃⲉ
sin

[...]
[...]

“Crush the arm of the sinner and evildoer; his sin shall be sought out”
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One of many unknown text reuses

ⲙⲡⲣϫⲟⲟⲥ ϩⲛⲧⲉⲓⲉⲡⲓⲥⲧⲟⲗⲏ ϫⲉϣⲓⲛⲉ ⲛⲥⲁϯⲣⲏⲛⲏ ⲛⲅⲡⲱⲧ ⲛⲥⲱⲥ ``Do not say in
this letter, `seek for peace and pursue it [...]' '' (MONB.XF p.184)
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Interesting case

Shenoute XF p.264

ⲡ-
DEF.SG.M-

ⲛⲟⲩⲧⲉ
god.SG.M

ϯ-
give.SCNS-

ϩⲧⲏ-
heart.SPRO-

-ⲕ
-2SG.M

ⲉ-
DIR-

ⲧⲁ-
POSS.SG.F:1SG-

ⲯⲩⲭⲏ
soul.SG.F

ⲛ-
CONJ-

-ⲅ-
-2SG.M-

ⲥⲟⲧ-
redeem.SPRO-

-ⲥ
-3SG.SG.F

ⲉ-ⲃⲟⲗ
DIR-outside

ϩⲙ-
LOC-

ⲡ-
DEF.SG.M-

ⲥⲁϩⲟⲩ
curse.SG.M

ⲙ-
GEN-

ⲡⲓ-
DEM.DIST.SG.M-

ⲁⲛⲁϣ
oath.M

“God, pay attention to my soul and redeem it from the curse of the oath”
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Gnostic-monastic relationship?

I also played with Gnostic texts.

Pistis Sophia, Book 1, p. 54, l. 11-12

ϯ-
give.SCNS-

ϩⲧⲏ-
heart.SPRO-

-ⲕ
-2SG.M

ⲉ-
DIR-

ⲧⲁ-
POSS.SG.F:1SG-

ⲯⲩⲭⲏ
soul.SG.F

ⲛ-
CONJ-

-ⲅ-
-2SG.M-

ⲥⲟⲧ-
redeem.SPRO-

-ⲥ
-3SG.F

ⲛⲁϩⲙⲉ-
save.SPRO-

-ⲧ
1SG

ⲉⲧⲃⲉ-
about-

ⲛⲁ-
POSS.PL:1SG-

ϫⲁϫⲉ
enemy

“Pay attention to my soul and redeem it and save me for the sake of my
enemies”
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No, they are just a biblical text reuse.

Psalm 68:19 (crosswire.org number)

ϯ-
give.SCNS-

ϩⲧⲏ-
heart.SPRO-

-ⲕ
-2SG.M

ⲉ-
DIR-

ⲧⲁ-
POSS.SG.F:1SG-

ⲯⲩⲭⲏ
soul.SG.F

ⲛ-
CONJ-

-ⲅ-
-2SG.M-

ⲥⲟⲧ-
redeem.SPRO-

-ⲥ
-3SG.F

ⲛⲁϩⲙⲉ-
save.SPRO-

-ⲧ
-1SG

ⲉⲧⲃⲉ-
about-

ⲛⲁ-
POSS.PL:1SG-

ϫⲁϫⲉ
enemy

“Pay attention to my soul and redeem it and save me for the sake of my
enemies”
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Spelling difference
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Variants

Besa Fragment 6 On Strife in the Community, MONB.BA

ⲛ-
in-

ⲑⲉ
DEF.SG.F:way.F

ⲉⲛⲧ-
REL-

ⲁ-
PST-

-ⲩ-
-3PL-

ϫⲟⲟ-
say.SPRO-

-ⲥ
-3SG.F

ϫⲉ-
COMP-

ϩⲛ-
LOC-

ⲛⲁⲓ
DEM.PL.SABS

ⲧⲏⲣ-
entire-

-ⲟⲩ
-3PL

ⲙⲡ-
PST:NEG-

-ⲥ-
-3SG.F-

ⲕⲟⲧ-
build.SPRO-

-ⲥ
-3SG.F

ⲉⲣⲟ-
DIR.SPRO-

-ⲓ
-1SG

ϩⲙ-
LOC-

ⲡⲉⲥ-
POSS.SG.F:3SG.F-

ϩⲏⲧ
heart

ⲧⲏⲣ-
entire-

-ϥ
-3SG.M

ⲛϭⲓ-
NOM-

ⲧ-
DEF.SG.F-

ⲁⲑⲏⲧ
not_having:mind

ⲛⲧⲉ-
GEN-

ⲓⲟⲩⲇⲁ
Judah

“as it is said, ‘in all these, the foolish Judah did not return to me with her
whole heart’ ” (from Jer 3:10)
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Different spelling by Shenoute

Shenoutean Canon6 MONB.XM p.469

ⲡ-
DEF.SG.M-

ϣⲁϫⲉ
saying.M

ⲙ-
GEN-

ⲡⲉ-
DEF.SG.M-

ⲡⲣⲟⲫⲏⲧⲏⲥ
prophet.M

ϫⲉ-
COMP-

ϩⲛ-
LOC-

ⲛⲁⲓ
DEM.PL.SABS

ⲧⲏⲣ-
entire-

-ⲟⲩ
-3PL

ⲙⲡ-
PST:NEG-

-ⲥ-
-3SG.F-

ⲕⲧⲟ-
turn.SPRO-

-ⲥ
-3SG.F

ⲉⲣⲟ-
DIR.SPRO-

-ⲓ
-1SG

ϩⲙ-
LOC-

ⲡⲉⲥ-
POSS.SG.M:3SG.F-

ϩⲏⲧ
heart.M

ⲧⲏⲣ-
entire-

-ϥ
-3SG.M

ⲛϭⲓ-
NOM-

ⲧ-
DEF.SG.F-

ⲁⲑⲏⲧ
not_having:mind

ⲛⲧⲉ-
GEN-Judah

ⲓⲟⲩⲇⲁ

“the saying of the prophet, ’in all these, the foolish Judah did not return to
me with her whole heart’ ” (from Jer 3:10)
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In the future

cohyponym list & synonym list

→ enables to detect semantic text reuse such as allusion and paraphrase

More texts
Big data from White Monastery Library.

correct tokenization or improve tokenizer

now roughly 90% is accurate
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Tokenization is a key

has spaces before copulas and enclitics?

yes

spaces after prenominal prepositions except for ⲛ̄ & ⲉ?

yes

spaces after prenominal verbs?

yes

TYPE 1

no

TYPE 2

no

TYPE 3

no

TYPE 4
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Typology of spacing

TYPE 1 Quecke (1984) etc.
TYPE 2 Lambdin (1983) etc.
TYPE 3 Layton (2011), Coptic SCRIPTORIUM, Young (1993),

Amélineau etc.
TYPE 4 Wilmet (1957, 1958, 1959), Kuhn etc.

Walter Till’s transcription is a kind of hybrid.
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Thank you!
ϣⲉⲡϩ̀ⲙⲟⲧ!
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