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Qohelet: A Digital Scholarly Edition
The parser is part of a PhD project devoted to the
preparation of a digital scholarly edition of the biblical book
of Qohelet
Goals of the edition

▶ Collatio: digitalization of readings
▶ Constitutio textus: critical text (eclectic edition)
▶ Encoding according to the Text Encoding Initiative

https://tei-c.org/

https://tei-c.org/
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Qohelet: A Digital Scholarly Edition

Goals of the parser
▶ The parser is designed to encode the readings of

Qohelet contained in medieval mss and printed editions
as collated by Kennicott

▶ The encoding is used for quantitative analysis
▶ To identify stemmatic relationships

http://cophilab.ilc.cnr.it/ http://www.ilc.cnr.it/

http://cophilab.ilc.cnr.it/
http://www.ilc.cnr.it/


A Rule-Based
Parsing System

for Encoding
Kennicott’s
Collation

of the Hebrew
Bible

Introduction
Qohelet
Kennicott’s work

Digitalization
Optical character
recognition
The Context-free Grammar
The Visitor
TEI encoding

Stemmatic analysis

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Qohelet: A Digital Scholarly Edition

Goals of the parser
▶ The parser is designed to encode the readings of

Qohelet contained in medieval mss and printed editions
as collated by Kennicott

▶ The encoding is used for quantitative analysis
▶ To identify stemmatic relationships

http://cophilab.ilc.cnr.it/ http://www.ilc.cnr.it/

http://cophilab.ilc.cnr.it/
http://www.ilc.cnr.it/
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The book of Qohelet
The book of Qohelet or Ecclesiastes is one of the books of
the Hebrew Bible (v-iii a.e.v.)
Sources

1. Direct sources: witnesses in Hebrew
▶ Qumran scrolls (II-I a.e.v.)
▶ Hebrew medieval manuscripts and printed editions

2. Indirect sources: ancient translations (Versions):
2.1 Primary translations (Hebrew source):

▶ Greek (Septuaginta, I-II e.v.)
▶ Syriac (Peshitta, II e.v.)
▶ Latin (Vulgata, Commentarius, IV e.v.)
▶ Aramaic (Targumim, VII e.v.)

2.2 Secondary translations (Greek source):
▶ Ethiopic (IV e.v.)
▶ Armenian (V e.v.)
▶ Syro-hexapla (VII e.v.)
▶ ...
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Medieval tradition: the XVIII c. collations
Our access to medieval documentation is still mainly
mediated by the works of B. Kennicott and G. B. De Rossi

Kennicott, 1778 De Rossi, 1788
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Medieval tradition: the XVIII c. collations

▶ Kennicott and De Rossi gathered thousands of variants
from more than 1500 witnesses of the Hebrew Bible

▶ Kennicott:
- 2 volumes, ca. 1800 pages
- 600 witnesses
- 1.500.000 pieces of textual information (Barthélemy)

▶ The collations contain important text-critical and
linguistic information about the history of the biblical
text and Hebrew language in the Middle Ages

▶ No extensive collations have been planned since then
▶ They are available only in a digitized format (.pdf)
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Qohelet according to Kennicott

Reference text: edition of Ev. van der Hooght (1710)
Critical apparatus: 350 witnesses and ca. 2600 variants
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Qohelet according to Kennicott

▶ Reference text: edition of Ev. van der Hooght (1710)
Critical apparatus: 350 witnesses and ca. 2600 variants
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Qohelet according to Kennicott

▶ Reference text: edition of Ev. van der Hooght (1710)
▶ Critical apparatus: 350 witnesses and ca. 2600 variants
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Digitalizing Kennicott’s collation

Digitalization can provide useful information for:
▶ Textual history and philology

- Computing genealogical relationships (stemmatology)
[Hempel, Goshen-Gottstein, Gese, Sacchi, Borbone]

- Studying the phenomenology of the copying process
(scribal habits, genesis of common copying errors...)

▶ Codicology and paleography
- Classifying mss according to ethno-geographic criteria

(Ashkenazic/Sephardic/Italian mss...)
[Penkower 1988, 2002]

▶ Linguistics
- usus scribendi (scriptio plena/defectiva, orthography...)

[Cohen 1986]
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Digitalizing Kennicott’s collation

In order to permit the computer to extract information from
the critical apparatus, data need to be not only machine
readable, but also fully machine actionable

Machine readability is achievied through OCR technology
(digitization)

Machine actionability is ensured by textual encoding through
markup languages (XML)
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Towards an automated encoding

▶ Manually encoding critical apparatus is expensive,
time-consuming and error-prone

▶ It is possible to encode automatically through Natural
Language Processing (NLP) tools

▶ There are two main approaches:
1. Rule-based systems:

▶ Rules for describing the language are defined by the
user

▶ Robust, but the language needs to be as structured as
possible

▶ Relatively simple
2. Machine learning systems:

▶ Rules for describing the language are derived from the
data (machine learning algorithms)

▶ More efficient for non- or semi-structured languages
▶ Complex
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The language of Kennicott’s apparatus

▶ Well structured
▶ Textual phenomena are expressed in a non-redundant

and unambigous way by means of:

1. Conventional vocabulary: set of finite symbols
(numbers, strings, abbreviations)

2. Rigorous syntax: the position of apparatus components
conveys information about their function
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Parsing the critical apparatus
An example from Qoh. 1:1

1. בירושלם מלך דוד בן קהלת דברי
Words of Qohelet, son of David king in Jerusalem

Kennicott’s apparatus

1. קהלת דברי lit. majorib. 4, 109.
קהלת — קהוית 121.
דויד 57, 100, 260 ; forte 141.
בירושלים 107, 109, 152 — sup. ras. 139 — בירושלים יהודה 76.
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Apparatus components

1. בירושלם מלך דוד בן קהלת דברי

1. קהלת דברי lit. majorib. 4, 109.
קהלת — קהוית 121.
דויד 57, 100, 260 ; forte 141.
בירושלים 107, 109, 152 — sup. ras. 139 — בירושלים יהודה 76.

variation place (number of chapter and verse)
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Apparatus components

1. בירושלם מלך דוד בן קהלת דברי

1. קהלת דברי lit. majorib. 4, 109.
קהלת — קהוית 121.
דויד 57, 100, 260 ; forte 141.
בירושלים 107, 109, 152 — sup. ras. 139 — בירושלים יהודה 76.

variation place (number of chapter and verse)
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Apparatus components

1. בירושלם מלך דוד בן קהלת דברי

1. קהלת דברי lit. majorib. 4, 109.
קהלת — קהוית 121.
דויד 57, 100, 260 ; forte 141.
בירושלים 107, 109, 152 — sup. ras. 139 — בירושלים יהודה 76.

readings
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Apparatus components

1. בירושלם מלך דוד בן קהלת דברי

1. קהלת דברי lit. majorib. 4, 109.
קהלת — קהוית 121.
דויד 57, 100, 260 ; forte 141.
בירושלים 107, 109, 152 — sup. ras. 139 — בירושלים יהודה 76.

witnesses sigla
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Apparatus components

1. בירושלם מלך דוד בן קהלת דברי

1. קהלת דברי lit. majorib. 4, 109.
קהלת — קהוית 121.
דויד 57, 100, 260 ; forte 141.
בירושלים 107, 109, 152 — sup. ras. 139 — בירושלים יהודה 76.

variant description (primo, nunc, forte etc.)
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Apparatus components

1. בירושלם מלך דוד בן קהלת דברי

1. קהלת דברי lit. majorib. 4 , 109 .
קהלת — 121קהוית .
דויד 57 , 100 , 260 ; forte 141 .
בירושלים 107 , 109 , 152 — sup. ras. 139 — בירושלים 76יהודה .

separators
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Apparatus components

1. בירושלם מלך דוד בן קהלת דברי

1. קהלת דברי lit. majorib. 4 , 109 .

קהלת — 121קהוית .
דויד 57 , 100 , 260 ; forte 141 .
בירושלים 107 , 109 , 152 — sup. ras. 139 — בירושלים 76יהודה .

lemma (reading from the reference text)
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Apparatus components

1. בירושלם מלך דוד בן קהלת דברי

1. קהלת דברי lit. majorib. 4 , 109 .

קהלת — 121קהוית .

דויד 57 , 100 , 260 ; forte 141 .

בירושלים 107 , 109 , 152 — sup. ras. 139 — בירושלים 76יהודה .

variant readings diverging from the lemma
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Apparatus components

1. בירושלם מלך דוד בן קהלת דברי

1. קהלת דברי lit. majorib. 4 , 109 .

קהלת — 121קהוית .

דויד 57 , 100 , 260 ; forte 141 .

בירושלים 107 , 109 , 152 — sup. ras. 139 — בירושלים 76יהודה .

reading groups
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Apparatus components

1. בירושלם מלך דוד בן קהלת דברי

1. קהלת דברי lit. majorib. 4 , 109 .

קהלת — 121קהוית .

דויד 57 , 100 , 260 ; forte 141 .

בירושלים 107 , 109 , 152 — sup. ras. 139 — בירושלים 76יהודה .

apparatus entries
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A rule-based parsing system

▶ It is possible to exploit the nature of structured
language characterizing Kennicott’s apparatus in order
to perform an automated encoding

▶ The machine is instructed on how to recognize the
apparatus components through a parser

▶ A parser is a software that analyses sequences of strings
(parsing) according to given rules (rule-based)
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A rule-based parsing system: pipeline

1. The apparatus is processed through OCR technology to
make it machine readable

2. A context-free grammar (CFG) is built to describe the
language of the apparatus

3. A Visitor is implemented to produce XML code
4. XSL-T stylesheets convert XML to TEI

ANTLR 4 (ANother Tool for Language Recognition)

https://www.antlr.org/

https://www.antlr.org/
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1. Optical character recognition

▶ Data are converted to machine readable format (.txt)
through Tesseract
(https://github.com/tesseract-ocr/tesseract)

▶ The output is corrected by hand

https://github.com/tesseract-ocr/tesseract
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2. The Context-free grammar

▶ The Context-free grammar (CFG) is a formal grammar
consisting of a set of top-down, rewriting rules

▶ The rules of a CFG describe a formal language
▶ A lexer and a parser are implemented in ANTLR4 on

the base of the CFG
▶ The lexer tokenizes the formal language (tokenization

rules)
▶ The parser checks its syntax (parser rules) creating an

Abstract Syntactic Tree (AST)
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2. The Context-free grammar
The readings

קהלת דברי lit. majorib. 4, 109.
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2. The Context-free grammar
The reading groups

בירושלים 107, 109, 152 — sup. ras. 139 — בירושלים יהודה 76.
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The reading groups
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2. The Context-free grammar
The apparatus entry
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3. The Visitor

▶ The Visitor is a tree-walking mechanism
▶ In this implementation, the Visitor traverses the tree

and slavishly translates the CFG rules into XML nodes
▶ It is a general-purpose exporter: once implemented, it

can be applied to every CFG without further
customization

https://cophilab.ilc.cnr.it/parseForge/
(Courtesy of F. Boschetti)

https://cophilab.ilc.cnr.it/parseForge/
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▶ The Visitor is a tree-walking mechanism
▶ In this implementation, the Visitor traverses the tree

and slavishly translates the CFG rules into XML nodes
▶ It is a general-purpose exporter: once implemented, it

can be applied to every CFG without further
customization

https://cophilab.ilc.cnr.it/parseForge/
(Courtesy of F. Boschetti)
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3. The Visitor: from the AST to XML
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4. XSL-T: from XML to TEI
Location referenced method
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A rule-based parser

Results
1. 100% of accuracy for Qohelet

2. 2617 variants correctly parsed and encoded
3. Rut (1025 variants) and Song of Songs (1238): few

syntactic errors (99% accuracy)
4. The CFG is extended in order to include unseen textual

phenomena (100% accuracy)
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A rule-based parser

Results
1. 100% of accuracy for Qohelet
2. 2617 variants correctly parsed and encoded

3. Rut (1025 variants) and Song of Songs (1238): few
syntactic errors (99% accuracy)

4. The CFG is extended in order to include unseen textual
phenomena (100% accuracy)
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A rule-based parser

Results
1. 100% of accuracy for Qohelet
2. 2617 variants correctly parsed and encoded
3. Rut (1025 variants) and Song of Songs (1238): few

syntactic errors (99% accuracy)

4. The CFG is extended in order to include unseen textual
phenomena (100% accuracy)
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A rule-based parser

Results
1. 100% of accuracy for Qohelet
2. 2617 variants correctly parsed and encoded
3. Rut (1025 variants) and Song of Songs (1238): few

syntactic errors (99% accuracy)
4. The CFG is extended in order to include unseen textual

phenomena (100% accuracy)
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A rule-based parser

Evaluation
▶ The system is robust
▶ Other biblical books of Kennicott’s collection can be

encoded

▶ A parser approach is faster than manual encoding
▶ It is possible to export data in different formats (XML,

HTML, relational databases, LATEXetc.)
▶ It is less error prone: the CFG provides a spell-checking

system, useful for detecting
1. errors generated after OCR (transcriptional errors)
2. inconsistencies in the printed source

▶ Tighter control on semantic errors when exporting to
XML-TEI
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A rule-based parser

Evaluation
▶ The system is robust
▶ Other biblical books of Kennicott’s collection can be

encoded
▶ A parser approach is faster than manual encoding
▶ It is possible to export data in different formats (XML,

HTML, relational databases, LATEXetc.)
▶ It is less error prone: the CFG provides a spell-checking

system, useful for detecting
1. errors generated after OCR (transcriptional errors)
2. inconsistencies in the printed source

▶ Tighter control on semantic errors when exporting to
XML-TEI
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Treatment of residuals

▶ Kennicott’s apparatus minimizes natural language
▶ Encoding by means of concise and standard annotations

▶ Exceptions (residuals):
- 7:29 “Incipit cap. 8 a voce ,חכמת medio commatis...”
- 11:9 יביאך“ — post hanc vocem sequitur Psal. 102...”

Residuals are treated as unprocessed/unstructured data:
▶ Correctly identified (no syntactic errors)

▶ Stored in note-like XML elements
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Stemmatic analysis

▶ Encoding can be used for quantitative analysis (e. g.
computer-assisted stemmatology)

▶ Few attempts to study the medieval tradition of the
Hebrew Bible according to (neo-)Lachmannian criteria

▶ Mss are treated singularly, not as groups or families
▶ A stemmatic classification of medieval mss is still

missing
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▶ Few attempts to study the medieval tradition of the
Hebrew Bible according to (neo-)Lachmannian criteria
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▶ A stemmatic classification of medieval mss is still

missing
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From XML-TEI to data matrix
In order to permit the computer to compute genealogical
relationships, it is necessary to transform philological data
into a numerical format (data matrix)
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From XML-TEI to data matrix
In order to permit the computer to compute genealogical
relationships, it is necessary to transform philological data
into a numerical format (data matrix)



A Rule-Based
Parsing System

for Encoding
Kennicott’s
Collation

of the Hebrew
Bible

Introduction
Qohelet
Kennicott’s work

Digitalization
Optical character
recognition
The Context-free Grammar
The Visitor
TEI encoding

Stemmatic analysis

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Data matrix: regularization

Elimination of
▶ Partially collated witnesses
▶ Accidentals (e. g. orthographic variants)
▶ Marginalia, dubious and second hand variants

Total: 119 witnesses and 371 variants
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Phylogenetic analysis

▶ The data matrix is analysed by phylogenetic algorithms,
which produce tree-like graphs (phylograms)
representing paths of textual evolution

▶ Many phylogenetic algorithms: Maximum Parsimony
▶ Implemented in PAUP software

Parsimony Analysis Using PAUP

http://paup.phylosolutions.com/

http://paup.phylosolutions.com/
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Strict consensus tree
Consensus of more than 25.000 equally parsimonious trees
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Phylogenetic methods and biblical mss
▶ Groups are identified according to ancestral variants
▶ Some groups have characteristic variants
▶ Corroborated by external criteria

Limits
▶ Important mss are missing
▶ Variants concern consonantal text only
▶ Most are polygenetic
▶ Contamination

Future works
▶ More data:

▶ more mss
▶ punctuation, Massora, para-textual variants

▶ Variants can be weighted and ordered
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