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20 years of Fall of the Berlin Wall (Leipzig, Berlin)

We are the people!
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Different research interests & Agenda

Epigram: Lots of texts produce much more text mining data which 
can easily be accessed by a powerful Visual Analytics component.



  Marco Büchler & Annette Geßner & Thomas Eckart 5

Graph
- Formal: Graph G=(V,E) V=collection of vertices, E=collection of 

edges
- Simple: pairwise relations between objects from a certain collection

Several examples of a graph:

What is a graph?

Textual reuse graph:
V: collection of text 
passages
E: collection of found 
reuses between V

Social Network graph:
V: collection of persons
E: collection of 
relations between 
persons in V

Co-occurrence graph:
V: collection of words
E: collection of found and 
statistically significant 
relations between V

http://corpora.informatik.uni-leipzig.de/cgi-bin/en/wort_www?site=10&Wort_id=47330&Wort=square&stpw=0&verweise=7
http://corpora.informatik.uni-leipzig.de/cgi-bin/en/wort_www?site=10&Wort_id=49291&Wort=feet&stpw=0&verweise=7
http://corpora.informatik.uni-leipzig.de/cgi-bin/en/wort_www?site=10&Wort_id=583425&Wort=leased&stpw=0&verweise=7
http://corpora.informatik.uni-leipzig.de/cgi-bin/en/wort_www?site=10&Wort_id=769667&Wort=represented&stpw=0&verweise=7
http://corpora.informatik.uni-leipzig.de/cgi-bin/en/wort_www?site=10&Wort_id=66357&Wort=station&stpw=0&verweise=7
http://corpora.informatik.uni-leipzig.de/cgi-bin/en/wort_www?site=10&Wort_id=212531&Wort=launch&stpw=0&verweise=7
http://corpora.informatik.uni-leipzig.de/cgi-bin/en/wort_www?site=10&Wort_id=310051&Wort=shuttle&stpw=0&verweise=7
http://corpora.informatik.uni-leipzig.de/cgi-bin/en/wort_www?site=10&Wort_id=366867&Wort=Space&stpw=0&verweise=7
http://corpora.informatik.uni-leipzig.de/cgi-bin/en/wort_www?site=10&Wort_id=543675&Wort=astronauts&stpw=0&verweise=7
http://corpora.informatik.uni-leipzig.de/cgi-bin/en/wort_www?site=10&Wort_id=664621&Wort=NASA&stpw=0&verweise=7
http://corpora.informatik.uni-leipzig.de/cgi-bin/en/wort_www?site=10&Wort_id=1003291&Wort=manned&stpw=0&verweise=7
http://corpora.informatik.uni-leipzig.de/cgi-bin/en/wort_www?site=10&Wort_id=1814668&Wort=Challenger&stpw=0&verweise=7
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Complexity of algorithms I

 Naive method: comparing every sentence with all other sentences
 TLG: 5,500,000*5,500,000 = 3.025e13 comparisons
 Assumption: It can be compared 1000 sentences/sec.
 This process would run about 3.025e10 seconds or more than 959 

years.

 Even if we would compare only sentences with all significant phrases we 
would need about one year.

 That's why:
 Usage of divide & conquer strategies
 Intelligent pre-clustering of data
 Using occurrences of Plato, work titles or roles of Plato's works
 Using significant terms of Plato's work
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Complexity of algorithms II

1 V = segment_corpus(C) with v1, v2, ..., vn V∈ , ∪vi=C and  vi≠vj

2 for each vi V∈
3 Fi=train_features(vi);
4 for each vi V∈
5 for each fk F∈ i

6 ei=(vi,vj) E=∈ select all vj containing feature fk

7 for each ei E∈
8 si=scoring(ei=(vi,vj) E; F∈ i; Fj);
9 if(si<threshold){E=E\{ei}}

Graph
- Formal: Graph G=(V,E) V=collection of vertices, E=collection of 
  edges
- Simple: pairwise relations between objects from a certain collection
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Literal citations: 
Algorithm

αἱ δ' ἐν ταῖς γυναιξὶν αὖ μῆτραί τε καὶ ὑστέραι λεγόμεναι διὰ τὰ αὐτὰ 
ταῦτα ζῷον ἐπιθυμητικὸν ...

1. Step: Iterative training of possible n-grams candidates (Training)
αἱ δ' 
αἱ δ' ἐν 
αἱ δ' ἐν ταῖς 
αἱ δ' ἐν ταῖς γυναιξὶν 
...

2. Removing all n-grams having a smaller frequency of 2 and having   
                         less  than 5 words (Selection)

3. Removing prefixes and suffixes
4. Creating inverted list for the above detected n-grams (Mapping 

                        n-gram to sentence)
5. Collect all sentences having same n-grams (Citation candidates)
6. Compute similarity by word overlap (Dice)
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Literal citations: portal I
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Literal citations: portal II
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Literal citations: portal III
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Literal citations: Visualisation I

αἱ δ' ἐν ταῖς γυναιξὶν αὖ μῆτραί τε καὶ ὑστέραι λεγόμεναι διὰ τὰ αὐτὰ ταῦτα ζῷον 
ἐπιθυμητικὸν ἐνὸν τῆς παιδοποιίας ὅταν ἄκαρπον παρὰ τὴν ὥραν χρόνον πολὺν γίγνηται 
χαλεπῶς ἀγανακτοῦν ϕέρει καὶ πλανώμενον πάντῃ κατὰ τὸ σῶμα τὰς τοῦ πνεύματος 
διεξόδους ἀποϕράττον ἀναπνεῖν οὐκ ἐῶν εἰς ἀπορίας τὰς ἐσχάτας ἐμβάλλει καὶ νόσους 
παντοδαπὰς ἄλλας παρέχει μέχριπερ ἂν ἑκατέρων ἡ ἐπιθυμία καὶ ὁ ἔρως συναγαγόντες οἷον 
ἀπὸ δένδρων καρπὸν καταδρέψαντες ὡς εἰς ἄρουραν τὴν μήτραν ἀόρατα ὑπὸ σμικρότητος 
καὶ ἀδιάπλαστα ζῷα κατασπείραντες καὶ πάλιν διακρίναντες μεγάλα ἐντὸς ἐκθρέψωνται καὶ 
μετὰ τοῦτο εἰς ϕῶς ἀγαγόντες ζῴων ἀποτελέσωσι γένεσιν 

αἱ δ' ἐν ταῖς γυναιξὶν αὖ μῆτραί τε καὶ ὑστέραι λεγόμεναι διὰ τὰ αὐτὰ ταῦτα ζῷον 
ἐπιθυμητικὸν ἐνὸν τῆς παιδοποιίας ὅταν ἄκαρπον περὶ τὴν ὥραν χρόνον πολὺν γίγνηται 
χαλεπῶς ἀγανακτοῦν ϕέρει καὶ πλανώμενον πάντῃ κατὰ τὸ σῶμα τὰς τοῦ πνεύματος 
διεξόδους ἀποϕράττον ἀναπνεῖν οὐκ ἐῶν εἰς ἀπορίας τὰς ἐσχάτας ἐμβάλλει καὶ νόσους 
παντοδαπὰς ἄλλας παρέχει μέχριπερ ἂν ἑκατέρων ἡ ἐπιθυμία καὶ ὁ ἔρως ξυναγαγόντες οἷον 
ἀπὸ δένδρων καρπὸν καταδρέψαντες ὡς εἰς ἄρουραν τὴν μήτραν ἀόρατα ὑπὸ σμικρότητος 
καὶ ἀδιάπλαστα ζῷα κατασπείραντες καὶ πάλιν διακρίναντες μεγάλα ἐντὸς ἐκθρέψωνται καὶ 
μετὰ τοῦτο εἰς ϕῶς ἀγαγόντες ζῴων ἀποτελέσωσι γένεσιν 

περὶ δὲ τῆς μήτρας ὅτι τε ζῷόν ἐστι καὶ αὕτη καὶ τὰ ἀπὸ τοῦ πατρὸς ἐξερχόμενα μόρια 
ταῦτα πάλιν λέγει Πλάτων αἱ δ' ἐν ταῖς γυναιξὶν αὖ μῆτραί τε καὶ ὑστέραι λεγόμεναι διὰ τὰ 
αὐτὰ ταῦτα ζῷον ἐπιθυμητικὸν ἐνὸν τῆς παιδοποιίας ὅταν ἄκαρπον παρὰ τὴν ὥραν χρόνον 
πολὺν γίνηται  χαλεπῶς ἀγανακτοῦν ϕέρει καὶ πλανώμενον πάντῃ κατὰ τὸ σῶμα τὰς τοῦ 
πνεύματος διεξόδους ἀποϕράττον καὶ ἀναπνεῖν οὐκ ἐῶν εἰς ἀπορίας τὰς ἐσχάτας ἐμβάλλει 
καὶ νόσους παντοδαπὰς ἄλλας παρέχει μέχριπερ ἂν ἑκατέρων ἡ ἐπιθυμία καὶ ὁ ἔρως 
ξυναγαγόντες οἷον ἀπὸ δένδρων καρπὸν καταδρέψαντες ὡς εἰς ἄρουραν τὴν μήτραν ἀόρατα 
ὑπὸ σμικρότητος καὶ ἀδιάπλαστα ζῷα κατασπείραντες καὶ πάλιν διακρίναντες μεγάλα ἐντὸς 
ἐκθρέψωνται καὶ μετὰ τοῦτο εἰς ϕῶς ἀγαγόντες ζῴων ἀποτελέσωσι γένεσιν

Plato: Timaeus 91b7 ff.
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Literal citations: 
Visualisation I

Plato: Timaeus 91b7 ff.
αἱ δ' ἐν ταῖς γυναιξὶν αὖ μῆτραί τε καὶ ὑστέραι λεγόμεναι διὰ τὰ αὐτὰ ταῦτα ζῷον 
ἐπιθυμητικὸν ἐνὸν τῆς παιδοποιίας ὅταν ἄκαρπον παρὰ τὴν ὥραν χρόνον πολὺν γίγνηται 
χαλεπῶς ἀγανακτοῦν ϕέρει καὶ πλανώμενον πάντῃ κατὰ τὸ σῶμα τὰς τοῦ πνεύματος 
διεξόδους ἀποϕράττον ἀναπνεῖν οὐκ ἐῶν εἰς ἀπορίας τὰς ἐσχάτας ἐμβάλλει καὶ νόσους 
παντοδαπὰς ἄλλας παρέχει μέχριπερ ἂν ἑκατέρων ἡ ἐπιθυμία καὶ ὁ ἔρως συναγαγόντες οἷον 
ἀπὸ δένδρων καρπὸν καταδρέψαντες ὡς εἰς ἄρουραν τὴν μήτραν ἀόρατα ὑπὸ σμικρότητος 
καὶ ἀδιάπλαστα ζῷα κατασπείραντες καὶ πάλιν διακρίναντες μεγάλα ἐντὸς ἐκθρέψωνται καὶ 
μετὰ τοῦτο εἰς ϕῶς ἀγαγόντες ζῴων ἀποτελέσωσι γένεσιν 

αἱ δ' ἐν ταῖς γυναιξὶν αὖ μῆτραί τε καὶ ὑστέραι λεγόμεναι διὰ τὰ αὐτὰ ταῦτα ζῷον 
ἐπιθυμητικὸν ἐνὸν τῆς παιδοποιίας ὅταν ἄκαρπον περὶ τὴν ὥραν χρόνον πολὺν γίγνηται 
χαλεπῶς ἀγανακτοῦν ϕέρει καὶ πλανώμενον πάντῃ κατὰ τὸ σῶμα τὰς τοῦ πνεύματος 
διεξόδους ἀποϕράττον ἀναπνεῖν οὐκ ἐῶν εἰς ἀπορίας τὰς ἐσχάτας ἐμβάλλει καὶ νόσους 
παντοδαπὰς ἄλλας παρέχει μέχριπερ ἂν ἑκατέρων ἡ ἐπιθυμία καὶ ὁ ἔρως ξυναγαγόντες οἷον 
ἀπὸ δένδρων καρπὸν καταδρέψαντες ὡς εἰς ἄρουραν τὴν μήτραν ἀόρατα ὑπὸ σμικρότητος 
καὶ ἀδιάπλαστα ζῷα κατασπείραντες καὶ πάλιν διακρίναντες μεγάλα ἐντὸς ἐκθρέψωνται καὶ 
μετὰ τοῦτο εἰς ϕῶς ἀγαγόντες ζῴων ἀποτελέσωσι γένεσιν 

περὶ δὲ τῆς μήτρας ὅτι τε ζῷόν ἐστι καὶ αὕτη καὶ τὰ ἀπὸ τοῦ πατρὸς ἐξερχόμενα μόρια 
ταῦτα πάλιν λέγει Πλάτων αἱ δ' ἐν ταῖς γυναιξὶν αὖ μῆτραί τε καὶ ὑστέραι λεγόμεναι διὰ τὰ 
αὐτὰ ταῦτα ζῷον ἐπιθυμητικὸν ἐνὸν τῆς παιδοποιίας ὅταν ἄκαρπον παρὰ τὴν ὥραν χρόνον 
πολὺν γίνηται  χαλεπῶς ἀγανακτοῦν ϕέρει καὶ πλανώμενον πάντῃ κατὰ τὸ σῶμα τὰς τοῦ 
πνεύματος διεξόδους ἀποϕράττον καὶ ἀναπνεῖν οὐκ ἐῶν εἰς ἀπορίας τὰς ἐσχάτας ἐμβάλλει 
καὶ νόσους παντοδαπὰς ἄλλας παρέχει μέχριπερ ἂν ἑκατέρων ἡ ἐπιθυμία καὶ ὁ ἔρως 
ξυναγαγόντες οἷον ἀπὸ δένδρων καρπὸν καταδρέψαντες ὡς εἰς ἄρουραν τὴν μήτραν ἀόρατα 
ὑπὸ σμικρότητος καὶ ἀδιάπλαστα ζῷα κατασπείραντες καὶ πάλιν διακρίναντες μεγάλα ἐντὸς 
ἐκθρέψωνται καὶ μετὰ τοῦτο εἰς ϕῶς ἀγαγόντες ζῴων ἀποτελέσωσι γένεσιν
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Literal citations: Visualisation

Live demonstration
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Similarity thresholds for some authors
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Similarity distribution of textual references separated by authors

PLATO (4. BC)
PLUTARCHUS (2. AD)
GALENUS (2. AD)
PORPHYRIUS (3. AD)
CYRILLUS (5. AD)
EUSEBIUS (4. AD)
THEODORETUS (5. AD)
STOBAEUS (5. AD)
PROCLUS (5. AD)
JOANNES PHILOPONUS (6. AD)
SIMPLICIUS (6. AD)

Similarity of textual references
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First result: As time passes, text reuse by later authors becomes much less literal.
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Motivation I (stable graph)

Time slice x Time slice x+1Time slice x

• Graph is built based on co-occurrence analysis.
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Motivation II (unstable graph)

Time slice xTime slice x
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Motivation III – Graph Similarity
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Toy sample corpus
1. Copy from one, it is plagiarism; copy from two, it is research. 
2. Plagiarism is not the same as copyright infringement. 
3. Plagiarism is to to copy from one but to copy from two is research. 
4. The concept of copyright originates with the Statute of Anne (1710) in Great 
    Britain. 
5. In a legal context, an infringement Frers to the violation of a law or a right. 

Graph based approach

1. Step:
Co-occurrence 
analysis

(copy,from)

(copy,one)

(copy,it's)

(copy,plagiarism)

(copy,research)

...

(plagiarism,from)

(plagiarism,one)

(plagiarism,it's)

(plagiarism,copy)

(plagiarism,research)

...

(plagiarism,copyright)

(plagiarism,infringement)

2. Step:
Graph based 
similarity

(copy,from, 1.0)

(copy,one, 1.0)

(copy,it's, 1.0)

(copy,plagiarism, 0.8)

(copy,research, 1.0)

...

(plagiarism,from, 0.8)

(plagiarism,one, 0.8)

(plagiarism,it's, 0.8)

(plagiarism,copy, 0.8)

(plagiarism,research, 0.8) 

...

(copy,copyright, 0.1) 

(copyright, infringement 
0.1) 

3. Step: 
Intersection

(copy,from, 1.0)

(copy,one, 1.0)

(copy,it's, 1.0)

(copy,plagiarism, 0.8)

(copy,research, 1.0)

...

(plagiarism,from, 0.8)

(plagiarism,one, 0.8)

(plagiarism,it's, 0.8)

(plagiarism,copy, 0.8)

(plagiarism,research), 
0.8 

...

4. Step:
Selection 

Selection
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Visualisations for Historians

Live demonstration

Middle Platonism

Neoplatonism
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Literal citations: Similarity thresholds
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Some results – problem focused

•What is a good similarity threshold (literal citations)?
– Dissimilarity vs. Fragment
– Plato: Low threshold provides good results as well
– Atthidographers: Poor quality – precision less than 20% --> Rethinking

•Multi word expressions like King Alexander the Great (literal citations)

•Phrases
– „τοῦ Κυρίου ἡμῶν Ἰησοῦ Χριστοῦ“ (Engl.: Our Lord Jesus Christ)
– Again: „We are the people!“

• Editorial references to publications

• Works in different editions

We are the people!
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Start and end of a reuse

αἱ                                        μῆτραί τε καὶ ὑστέραι λεγόμεναι  ...
αἱ δὲ ἐν ταῖς γυναιξὶν     μῆτραί τε καὶ ὑστέραι λεγόμεναι  ...
αἱ δ'  ἐν ταῖς γυναιξὶν αὖ μῆτραί τε καὶ ὑστέραι λεγόμεναι ...
αἱ δ'  ἐν ταῖς γυναιξὶ        μῆτραί τε καὶ ὑστέραι λεγόμεναι ...
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Scope to Shannon's Coding Theorems

Textual reuse graph
- Formal: Graph G=(V,E) V=collection of vertices, E=collection of edges
- Simple: pairwise relations between objects from a certain collection

Given: Multiple „Receiver“ in terms of texts in different editions

Modelling a noisy channel to ...
- ... identify the systematic influence of editors
- ... Computer Scientists: formalise noise (what is can be systematically 

observed)
- ... Classicists: to improve understanding of variants and transmissions 

of texts to ...

... e. g. extract fragmentary authors (presentation of Monica Berti)
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From a bird's eye view

Reuse ratio = Number of inter corpus reuse/Number of intra corpus reuse
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Summary I
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Summary II

Epigram: 
Lots of texts produce much more text mining data which can easily 

be accessed by a powerful Visual Analytics component.
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Marco Büchler, Thomas Eckart
Natural Language Processing Group
Department of Computer Science
University of Leipzig
mbuechler@eaqua.net

Questions?

Annette Geßner
Ancient Greek

Institute of Classical Philology and 
Comparative Studies
University of Leipzig

agessner@eaqua.net

http://www.eaqua.net
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