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Qohelet: A Digital Scholarly Edition Fasing Sam
or Encoding
Kennicott's

The parser is part of a PhD project devoted to the  Sollation
preparation of a digital scholarly edition of the biblical book Bible
of Qohelet

Goals of the edition R

P 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/

Qohelet: A Digital Scholarly Edition

Goals of the parser

P The parser is designed to encode the readings of
Qohelet contained in medieval mss and printed editions
as collated by Kennicott

P The encoding is used for quantitative analysis

P To identify stemmatic relationships
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Qohelet: A Digital Scholarly Edition

Goals of the parser

P The parser is designed to encode the readings of
Qohelet contained in medieval mss and printed editions
as collated by Kennicott

P The encoding is used for quantitative analysis

P To identify stemmatic relationships

e
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The book of Qohelet

The book of Qohelet or Ecclesiastes is one of the books of
the Hebrew Bible (v-111 a.e.v.)

Sources

1. Direct sources: witnesses in Hebrew

» Qumran scrolls (II-l a.e.v.)
» Hebrew medieval manuscripts and printed editions

2. Indirect sources: ancient translations (Versions):

2.1 Primary translations (Hebrew source):
» Greek (Septuaginta, I-ll e.v.)
» Syriac (Peshitta, Il e.v.)
» Latin (Vulgata, Commentarius, IV e.v.)
» Aramaic (Targumim, VIl 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 ek ol

for Encoding

Our access to medieval documentation is still mainly Kennicott's
1
mediated by the works of B. Kennicott and G. B. De Rossi ofth;.;ebrew
1ble
vVETUS " "VETERIS “TESTAMENTI .
TESTAMENTUM EX IMMENSA

MsS. EDITORUMQ. CODICUM CONGERIE ‘HAUSTAE
ET AD SAMAR. TEXTUM, AD VETUSTISS. VERSIONES, /" *
AD’ ACCURATIORES SACRAE CRITICAE FONTES AC LE r&/ s

HEBRAICU M; Kennicott's work

G UM
FXAMINATAE

L.
VARIIS LEC{TIONIBUS.

. OPERA Jc’STUDID "
JOHANNIS BERN. DE-ROSSI S. T. D. -

EDIDIT ET/IN R PARMENSI ACAD. LING. OR. PROFESS.

BENJAMINUS KENNIGOTT, ST.P

£DIS CHRISTI CANONICUS,

VOLUMEN II¥
ISAIAS, JEREMIAS , EZECHIEL, xil PROPHETAE, MINORES,
CANTICUM, RUTH, THRENI, ECCLESIASTES, ESTHER.

TOMUS SECUNDUS D

fides de Hlebracis voluminitus

ET BIBLIOTHECARIUS RADCLIVIANUS,

oxowug
@ PARMAE
EX REGIO TYPOGRAPHEO
w2 clo. Ioce pxxxvl

Kennicott, 1778 De Rossi, 1788



Medieval tradition: the XVIII c. collations ek ol

for Encoding
Kennicott's
Collation
of the Hebrew
Bible

P Kennicott and De Rossi gathered thousands of variants
from more than 1500 witnesses of the Hebrew Bible
» Kennicott: femicertanerk
- 2 volumes, ca. 1800 pages
- 600 witnesses
- 1.500.000 pieces of textual information (Barthélemy)
P The collations contain important text-critical and
linguistic information about the history of the biblical
text and Hebrew language in the Middle Ages
P No extensive collations have been planned since then

P They are available only in a digitized format (.pdf)



Qohelet according to

LIBER ECC

C AP

t D Tn T 12 nbmp Y39
15217 Y31 ©Y9an an nYap Aok ©9an Yan
fwwn nan Yoy Yoy 93 IRy e e
mn oy DYWY pwm 82 hn
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O N9D ure oM o e oobn oY
+n3Yh v on Dy 2abn b ops
8 yawn &Y 1219 e Hov &b oYy a9
9w M1 yowo fiv &hon 8N MY 1y
5 PRY WY RN Mee D e B
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9B TN R oY T Ed MR et

s es Nom

VarRtz

1. F9Tp #137 lit. majorib. 4,109. ™37 vox major, et or-
nataj 136, 130 — 1O Majors 1,2, 3, 14, 31,57, 67, 82,89, 93,
99, 100, 110, 119, 128, 130, 141, 144, 231, 237, 239, 270, 289,
PbTp — DN 121, MM 57,100,260 forte 141, Embe
107, 109, 152 — fup. raf. 139 — E92113 Am™ 76.

2,530 1% bis g9, E2%31 537 1°, 14, 9371 3° forte bavt 31,

3. 3T — WD 147, 90p 56, SMpw 1g, 57,118,121,
166, 693

Kennicott

LESIAST A
uTr L

NY Y DIIKY B2 DNENNY ot pe 11
HYAp AN ¢ ONRY VY DY N3 BRY e 12
b Py N eberea e Yy oo e 13
nRn Ay R 5 5y awona N e
omn 0ah o NI ¥ Y NN Do
NAn Wy wysn 53 N8 ORY D0 Yy 14
&9 myn i A ban Yan s wown s
8 N3 @ Mo Yoy &Y (om pRY Doy 16
DM ANODIM AT I IR oKy ah oy
M0 Y e Yy e m s 9 by
Apon Nyt 3% MINRY 2 DY o0 man 17
Y 80 Mo T msen mbhn nym
DY YT HOM D¥D 29 ME5M 272 D i 18
1 2m00

LECTIONES.

166, 172, 173, 176, 188, 191, 196, 211, 212, 213, 418; daf, 226;
227, 228, 231, 239, 240, 245, 252, 253, 260, 275, 384, 680, 693,
0 2%, 157 — W0 17, WD 31,93, 110, 119, 141,177, 210,
218, 248, 259, 264, 270, 277, 288 T, 300 T — 0% 151, 196,
199 — WD 145
TLOPR 1730 P T— I 236 — 1, 285, mweab,

125 — EZRD 18, 30, 57, 93,95 99, 108, 109, 152, 153,155,
172,173, 178,188, 102, 196, 213, 224, 335, 236, 240, 249, 257,
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Qohelet according to Kennicott

Kennicott's
Collation
LIBER ECCLESIASTE, of the Hebrew
Bible
CAPUT 1.

1 $ % 9 M7 2 nbp Y93 NY e DoInRY B3 ooy o pr 1t

2 930 Y30 ©han ban nhnp ok ovan Yan Abmp AN FNRY YT DY 3t BRY v 12

3 teown nnn Yoy Yoy Y33 DY P nn. b ne NN oY e Yy s nen 13 Qohelet

$ MmN DTy DYWY PN 82 N Y9 MT Dnn s R YD Yy Avoma Y ety

RN AR DPD Ly wown 8 wown
6 22D oY Lk 20 OWT L TN 1w
7 93 :rmma aw ynao Somen hn 2o

O N9D Uk oM o e ©bn DY

+n3Yh v on Dy bt b ops

0 22Y onhR I3 ¥ 1y NN Doen
nAn ey twysn %3 N8Ry $a vy 14
&9 My nwm ban Yan A wown 1s
18 N3 ¢ s Yoy &Y (om pnY Doy 16
DM ANODIM NI M N Ry b oy

Kennicott's work

8 yawn &Y 1219 e Yov &b DYr oA YD mwn ab e Yy e ma s D Yy e Come s G
9w M fyowo fiv 8hoD 8N MR Py woon oyt ab nRy @y oon man 17 The Visito
93 Y MY T My Oo) e 8N v 80 oae v mbaen mb%n nvn TEI encoding

10 NF NNY WY 0T @ ¢ eown Pnn e
9B TN R D0y 7 Rd MR et

VarRtz

1. F9Tp #137 lit. majorib. 4,109. ™37 vox major, et or-
nata; 136, 139 — non majors 1,2, 3, 14,31, 57, 67, 82,89, 03,
99, 100, 110, 119, 128, 130, 141, 144, 231, 237, 239, 270, 289,
PbTp — DN 121, MM 57,100,260 forte 141, Embe
107, 109, 152 — fup. raf. 139 — E92113 Am™ 76.

2,530 1% bis g9, E2%31 537 1°, 14, 9371 3° forte bavt 31,

3. EITO — W 147, DY 6. Smpw 1g, 57,118,121,
166, 693.

DY NYT HDM O¥I 29 A2 27200 i 18
1 2Wo0

LECTIONES.

166, 172, 173, 176, 188, 191, 196, 211, 212, 213, 418; daf, 226;
227, 228, 231, 239, 240, 245, 252, 253, 260, 275, 384, 680, 693,
0 2%, 157 — W0 17, WD 31,93, 110, 119, 141,177, 210,
218, 248, 259, 264, 270, 277, 288 T, 300 T — 0% 151, 196,
199 — WD 145
TLOPR 1730 P T— I 236 — 1, 285, mweab,

125 — EZRD 18, 30, 57, 93,95 99, 108, 109, 152, 153,155,
172,173, 178,188, 102, 196, 213, 224, 335, 236, 240, 249, 257,

P Reference text: edition of Ev. van der Hooght (1710)




Qohelet according to

LIBER ECC

C AP

$ % 9 M7 2 nbp Y93

15311 Y31 ©9an han nYap Aok o9an Yan
$ wbwn nnn Yoy Yoy Y31 oIy e b
mn oy DYWL pwm &2 hn
RN AR DPD Ly wown 8 wown
6 22D oY Lk 20 OWT L TN 1w
7 93 :rmma aw ynao Somen hn 2o

O N9D Uk oM o e ©bn DY

+n3Yh v on Dy bt b ops
8 yawn &Y 1219 e Yov &b oY oA 9
9w B yowo fiv &hon 8N MY 1y

5 PRY MW RN Mee D e B0
10 Nt AN TORW DT @0 G wDwn Pnn e
9B TN R D0y 7 Rd MR et

e Nm

VARt ZE

1. FTp #137 lit. majorib. 4,109. ™37 vox major, et or-
nata; 136, 139 — o major; 1,7, 3, 14,31, 57, 67, 82, 89, 93,
99, 100, 110, 119, 128, 130, 141, 144, 231, 237, 239, 270, 289,
Pbmp — NN 121, T 57,100,260 forte 141, Embw
107, 109, 152 — fup. raf. 139 — E921 13 Am™ 76.

2,530 1° bis g9, E2%31 537 1°, 14. 9371 3° forte bavt 31,

3. B3O — W 147, DY 6. Smpw 1g, 57,118,121,
166, 693.

Kennicott

LESIAST A
uTr L

NY e DoInRY B3 ooy o pr 1t
HYp N ¢ ONRY VY DY N3 BRY e 12
b ne nnn ¢ eberea e Yy oo e 13
nRn ey R 5 Sy awona N enT
0 22Y onhR I3 ¥ 1y NN Doen
nAn ey twysn %3 N8Ry $a vy 14
&9 My nwm ban Yan A wown 1s
18 N3 ¢ s Yoy &Y (om pnY Doy 16
DM ANODIM NI M N Ry b oy
=0 b ey Yy e mows 9 Yy
won Nyt 3% MINRY 2 YT o0 man 17
MY R0 oA T maen mbhn nyn
DY AYT HOM D¥D 27 MEOM 212 D i 18
1 200

LECTIONES.

166, 172, 173, 176, 188, 191, 196, 211, 213, 213, 418; d24, 226;
227, 228, 231, 239, 240, 245, 252, 253, 260, 275, 384, 680, 693,
a0 2%, 157 — W1 17. D 31,93, 110, 119, 141,177, 210,
218, 248, 259, 264, 270, 277, 288 T, 300T — 0% 151, 196,
199 — 1D 145
1L 173 O 1T 236 — 1, 285, moeNab,

25 — E2RD 18, 30, 57, 93, 95 99, 108, 109, 152, 153,155,
172,173,178, 188, 192, 196, 213, 224, 235, 236, 240, 249, 2524

P Reference text: edition of Ev. van der Hooght (1710)
P Critical apparatus: 350 witnesses and ca. 2600 variants
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A Rule-Based

Digitalizing Kennicott’s collation Parsing System
Kol

Collation
of the Hebrew

Digitalization can provide useful information for: Bible

» Textual history and philology
- Computing genealogical relationships (stemmatology)
[Hempel, Goshen-Gottstein, Gese, Sacchi, Borbone]

Digitalization

- 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]

P Linguistics
- usus scribendi (scriptio plena/defectiva, orthography...)
[Cohen 1986]



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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A Rule-Based

Towards an automated encoding s Sy

for Encoding
Kennicott's
Collation
of the Hebrew

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

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

P 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

Digitalization



The language of Kennicott’s apparatus

» Well structured

P 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. @5 75 M7 12 N5R 3T
Words of Qohelet, son of David king in Jerusalem

Kennicott's apparatus

1. NP 737 lit. majorib. 4, 109.

nbip — Mnp 121

™" 57, 100, 260 ; forte 141.

2°5w1°2 107, 109, 152 — sup. ras. 139 — QO3 T 76.
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Apparatus components

1. o5 751 M 12 N5R 3T

1. 0%7p 137 lit. majorib. 4, 100.

NP — PR 121,

=™ 57, 100, 260 ; forte 141.

2512 107, 109, 152 — sup. ras. 139 — QO T 76.
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A Rule-Based

Appal’atus Components PfarsiEg S);jsltem
Fentniits
Collation
of the Hebrew
Bible

1. o5 751 M 12 N5R 3T

Digitalization

1. N57p 337 lit. majorib. 4, 109.

NP — PR 121,

=™ 57, 100, 260 ; forte 141.

2512 107, 109, 152 — sup. ras. 139 — QO T 76.

variation place (number of chapter and verse)



Apparatus components

1. o5 751 M 12 N5R 3T

1. n57p 27 lit. majorib. 4, 109.

nop — PR 121

™7 57, 100, 260 ; forte 141.

25173 107, 109, 152 — sup. ras. 139 — QWOWIN3 7T 76.

readings
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Apparatus components

1. o5 751 M 12 N5R 3T

1. n57p 37 lit. majorib. 4, 109.

NP — Mnp 121

™7 57, 100, 260 ; forte 141.

2513 107, 109, 152 — sup. ras. 139 — QWOWINI 7T 76.

witnesses sigla
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Apparatus components

1. 05w 751 T 12 N5R 3T

1. n57p 27 lit. majorib. 4, 109.

NP — PR 121,

™7 57, 100, 260 ; forte 141.

251" 107, 109, 152 — sup. ras. 139 — QDL 7T 76.

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

1. 05w 751 T 12 N5R 3T

1. N57p 727 lit. majorib. 4100

noPEEINTTIRL21

M7 574,100,260 ; forte 141

D5 10751095 152==1 sup. ras. 139==10"5L1"3 11176,

separators
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Apparatus components

1. O%w1a 7on M7 13 NYp 3T

1. NP 337 lit. majorib. 4109

nop [E=MTP121
=™ 57,100,260 ; forte 141
D52 107551095 1525==1 sup. ras. 139=10"L1"2 T 76,

lemma (reading from the reference text)
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Apparatus components

1. o5 751 M 12 N5R 3T

1. |n5mp 37

lit. majorib. 4-,-109 |~

nomp [ =mmpiel

™7 572100260 ; | forte 141 |

D512 1075109+ 152/==" | sup. ras. 139/==

oI TG |

variant readings diverging from the lemma
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Apparatus components

1. 05w 751 M 12 N5 3T

L. PSP 37| | lit. majorib. 452109

norp || P2l | e

’-m-r 575511001:2600] | forte 141

D"?Wﬁ‘:l 107791095152 — sup. ras. 139 —

’ oWt T

reading groups
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Apparatus components

1. o5 751 T 13 N5 3T

1. ||n%1p 27| | it majorib. 455109

nbrp || P2l | e

’1*11 57p311001:2601] | forte 141

OWIN"D 10715:10971527== sup. ras. 139/=—

’ oowa TITT6 \ ‘ :

apparatus entries
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A rule-based parsing system

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

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

P 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
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https://www.antlr.org/

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)

ANTLR
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)
P The output is corrected by hand

1. 9P 7 lit. majorib. 4,109, ™37 vox major, et or-
natas 136, 139 — non major; 1,2, 3, 14, 31,57, 67, 82, 89, 93,
99, 100, 110, 119, 128, 130, 144, 231, 237, 239, 270, 289,
romp — AP 121, TIT 57,100,260 forte 141, Ebena
107, 109, 152 — fup. raf. 139 — E3%wr3 A 76,

2,530 1% bis 9g. %31 937 1°, 14, 537 3° forte bav7 31,

3. SN0 — NP 147, 9DV 56, Swyw 1g, 57,118,121,
166, 693.

477 213 T 3, 14, 17,18, 19, 30, 31, §6, 57, 77, 82,
89, 93,95, 99 109, 110, 117, 118, 125,129, 152, 153,155, 158,
164, 166, 167,170, 172,173, 175,176, 177, 187,188, 196, 211,
212, 213, 218, 224, 227, 235, 237 239, 244, 249, 252, 253, 259,
270, 384, 674, 680,693 ; primo 171 ; forte 94,128. DY
§7. DO 1,2, 45 14, 30, 50, 57, 67,77, 83, 93, 95, 99 109,
110, 117, 118, 125, 128, 129,136, 139, 144, 152, 153,164, 166,
172, 173, 175, 181, 187, 196, 211, 212, 213, 214, 224, 226, 227,
228, 236, 237, 244, 245, 252, 253, 270, 680, 693.

1. mopar Lit. majorib. 4, 109. n37 vox major, et ornata ; 136, 133 — non major

141, 144, 231, 237, 239, 270, 289. nomp — mp 121. T 57, 100, 260 ; forte
2. 53 1% bi 9 1° - 1. 5 3° forte 5 31.

3. omo - wws 147 ooy 56. oww 19, 57, 118, 121, 166, 693

a a3, 14, 17, 18, 19, 30, 31, 56, 57, 77, 82, 89, 93, 95, 99,

172, 173, 175, 176, 177, 187, 188, 196, 211, 212, 213, 218, 224, 227, 235, 237,
forte 94, 128. w5 57. mmw 1, 2, 4, 14, 30, 50, 57, 67, 77, 83, 93, 95, 99, 1
172, 173, 175, 181, 187, 196, 211, 212, 213, 214, 224, 226, 227, 228, 236, 237,
5. uownwa . 170, 178. w1 - 18, 151, 152, 198, 201, 218, 224. oo 2,
223, 231, 384. 9w 2, 3, 17, 77, 89, 111, 118, 121, 151, 152, 155, 157, 158, 1
111, 121, 129, 158, 172, 187, 213, 218, 223, 224, 236, 237, 239, 244 — M 240.
6. 192 1° —1 18, 77, 167, 108, 151, 155, 176. o 15, 30, 1el, 107, 117, 141,
117, 141, 166, 187, 212, 213, 223, 231, 239, 240, 244, 248, 253, 260. 2o 1,

166, 167, 172, 196, 211, 218, 224, 235, 237, 252 i 22
fnn 14, 167. 9w - primo o 107 — 1 . 152, 198.1 57, 93, 108,
693 ; primo 128. 20~ 0w 2 5 primo 50 ; videtur 136. a5 - 170.

7. 0% 1° — 0%t 2, 4, 17, 56, 77, 95, 99, 111, 121, 125, 129, 150, 152, 155,

wn-oon L 157, w2 - 167 > ~on'2, 17, 56, 77, 95, 99, 111, 119
151,

8.5 1° - ¥ 201, 674. ¢ — forte B 178, wi. 19, 129 —© . 259. %> 2° —
| ©147. w152, 680 — - 384.  wown . 76 — wows 2, 17, 57, 150, 158, 164, 172,

9. wnw 121 18, 30, 82, 93, 95, 117, 118, 125, 129, 147, 151, 152, 158,

A Rule-Based
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https://github.com/tesseract-ocr/tesseract

2. The Context-free grammar

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

P The rules of a CFG describe a formal language

P A lexer and a parser are implemented in ANTLR4 on
the base of the CFG

P The lexer tokenizes the formal language (tokenization
rules)

P The parser checks its syntax (parser rules) creating an
Abstract Syntactic Tree (AST)
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2. The Context-free
The readings

grammar

n%mp 127 lit. majorib. 4, 109,

grammar ken tTCFG;

(w+)2? (term)? wits rdgSep?;
HEBW;

COMMA | SEMICOLON;
NUMERGSIGN
0+ 2

\pp: NEWLINE:
seApp: END TAB | END NEWLINE :
: END;

MAN DESC: 'forte' | 'sup. ras.' |
*lit. majorib.® :
ALPHA SEQ : [a-zA-Z]+:

NUM : [0-S1+('.'[0-81+)2:
HESW : [\u0590-\u05£f*]+;
NEWLINE: ('\n'):
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2. The Context-free grammar
The readings

n%mp 127 lit. majorib. 4, 109,

o
8

AN

rdgGrp closeApp

/F’H

: VAR_SEP ; .
comms T —_—) W w term wits

COMMA | SEMICOLON; | |

NUMERCSIGN . . . . .
mt ; maT nay lit.-majorib. wit wit

pp: NEWLINE:

END TAE | END NEWLINE ; sigl com sigl
MAN DESC: 'forte' | 'sup. ras.' |
'1it. majorib.' : 4 ! 108
ALPHA SEQ : [a-zA-Z]+:
NOUM : [0-S]+('.'[0-3]+)2;
HEBW : [\u0590-\u0SLLf*]+:

NEWLINE: ('\
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Bible

25173 107, 109, 152 — sup. ras. 139 — QWY 7T 76.
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A Rule-Based
2. The Context-free grammar Paing Sysam
or Encoding
The reading groups Kgnlr;i ott's
ollation
of the Hebrew
Bible

25173 107, 109, 152 — sup. ras. 139 — QWY 7T 76.

Qohelet

Kennicott's wol

rdgGrp rdgGrp rdg‘Grp cln7<pp The Visito

rdg rdgGrpSep rdg rdgGrpSep  rdg \n
— | N
é vlv wits  — tei'm wilts = vi/ vi/ wilts
— U
ofwna wit wit wit sup.-ras. wit ATt pfwna wit

NN . ,
slrl ncim sllgl cclm sllg\ slrl slrl

107 , 109 , 152 139 76

END TAB | END NEWLINE ;
END;

31 MAN_DESC: ‘forte' | 'sup. ras.' |

33|  ALPHA SEQ : [a-zR-Z]+:

34| NMM @ [0-81+('.'[0-%3]+)%:
35 HEBW : [\u0590-\ub5£f+]+;
36| NEWLINE: ('\n'}:




2. The Context-free grammar

The apparatus entry

1. noapnat lit. majorib. 4, 109. noap — nunp 121. ™7 57,

100, 260
ras. 139

; forte 141. oown 187, 189, 152 — sup.

— oYwnaaTn 76.

listApp
loc agp a

verlss r\nslean rdg‘Grp c\ns/e\Agp lem  rdgGp  clossApp rdgGrp

m.im /MK\( T \em‘Sep rdg it it

Twoow term wis mmp — woowis w wits

M1 e litmajorb. wit  wit

sigh com sigl

4, 109

g wit T owit Wit owit

|
’g\
260

s\lg\ sllgl com sigl com s

100

3y

closeApp rdgGrp rdgGrp
gt /m,\mevrsﬁp KrdgGrpSep ot
rdgSep ter{}ﬁs w wits — term  wis —
fote wit ofwna wit wit  wt sup.ras wlu
141 107 ! 1‘09 I 152 139
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3. The Visitor

P The Visitor is a tree-walking mechanism

P In this implementation, the Visitor traverses the tree
and slavishly translates the CFG rules into XML nodes

P It is a general-purpose exporter: once implemented, it

can be applied to every CFG without further
customization
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https://cophilab.ilc.cnr.it/parseForge/

3. The Visitor

P The Visitor is a tree-walking mechanism

P In this implementation, the Visitor traverses the tree
and slavishly translates the CFG rules into XML nodes

P 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 Parsng Syesem

for Encoding

Kennicott's
1 <listapp> of tc:e”?-;tleobr:ew
2 <loc> Bible
3 <verse>
4 <num>1</num>
5 </verse>
6 <closeLoc>.</closeLoc> Qohelet
7 </loc> Kennicott's wor
app 8 <app>
9 <rdgGrp>
rdgGrp closeApp 10 <rdg>
rd v 1 <w>*13T</w> he Vit o
12 <w>TIp</w> —
woow term wits — 13 <term>lit. majorib.</term>
| | ) | ] /\ 14 <wit>
maT nvap  lit.-majorib. wit wit 15 <sigl>i</sigl>
sigl com sigl 16 <com>,</com>
|g | |g 17 <fuit>
4, 109 18 <wit>
19 <sigl>109</sigl>
20 </wit>
21 </rdg>
22 </rdgGrp>
23 </app>

24 </listapp>



4. XSL-T: from XML to TEI

Location referenced method

W00 N1 O e W

R R R R e e el i =
I B I =]

<listapp>
<loc>
<verse>
<num> | </num>
</verse>
<closeloc>.</closeloc>
</loc>
<app>
<rdgGrp>
<rdg>
<w>"27</w>
<w>NIP</w>

<term>lit. majorib.</term> é

<wit>
<sigl>4</sigl>
<com>,</com>

</wit>

<wit>
<s1gl>109</s1gl>

</wit>

</rdg>
</rdgGrp>
</app>
</listapp>

RIS I L S I

11
12
13
14
15
16
17
18
19
20
21
22
23

<listapp>
<app loc="1 1">

<lem>
<w>12T< />
<w>T9Tp</u>

</lem>

<rdgGrp>
<rdg wit="#K4 #K109">
<term>lit. majorib.</term>
</rdg>
</rdgGrp>
</app>
<app loc="1 1">
<lem>
<w>TITp</u>
</lem>
<rdgGrp>
<rdg wit="#K121">
<w>TMP</w>
</rdg>
</rdgGrp>
</app>
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A rule-based parser

Results

1. 100% of accuracy for Qohelet

2. 2617 variants correctly parsed and encoded
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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

P The system is robust

p Other biblical books of Kennicott's collection can be
encoded
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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, ATEXetc.)

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
Treatment Of reSlduaIS Parsing System
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P Kennicott's apparatus minimizes natural language Bible

» Encoding by means of concise and standard annotations
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Treatment of residuals

P Kennicott's apparatus minimizes natural language

» Encoding by means of concise and standard annotations
P Exceptions (residuals):

- 7:29 “Incipit cap. 8 a voce D2, medio commatis...”
- 11:9 "AR¥"2* — post hanc vocem sequitur Psal. 102.."
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- A Rule-Based
Treatment Of I’eSIduaIS Parsing System
for Encoding
Kennicott's

Collation
. y e of the Hebrew

P Kennicott's apparatus minimizes natural language Bible

» Encoding by means of concise and standard annotations
P Exceptions (residuals):

- 7:29 “Incipit cap. 8 a voce D2, medio commatis...”
- 11:9 "AR¥"2* — post hanc vocem sequitur Psal. 102.."

Residuals are treated as unprocessed/unstructured data:
TEI encoding

» Correctly identified (no syntactic errors)

=

rdgGrp rdgGrp closeApp
rdg rdgGrpSep noteApp ot
w term wits — post hanc vocem sequitur Psal . 102 , 11 — 22 in 200

R, wit

p Stored in note-like XML elements
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Stemmatic analysis

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

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

P Mss are treated singularly, not as groups or families

P A stemmatic classification of medieval mss is still
missing
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A Rule-Based

From XML_TEI tO data matrix Parsing System

for Encoding

In order to permit the computer to compute genealogical Kennicott's
ollation

relationships, it is necessary to transform philological data ofth;.;ebrew
1ble

into a numerical format (data matrix)

1 <listapp>
2 <app loc="t 1">

3 <lem>

4 <2< w>

5 <w>NIP</u>

6 </lem>

7 <rdgGrp>

8 <rdg wit="#K4 #K109">
9 <term>lit. majorib.</term> Stemmatic analysis
10 </rdg>

1 </rdgGrp>

12 </app>

13 <app loc="1 1">

14 <lem>

15 <w>NIP</u>

16 </1lem>

17 <rdgGrp>

18 <rdg "#K121">

19 <>TTIP</w>

20 </rdg>

21 </rdgGrp>

2 </app>



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)

1
2
3
4
5
6
7
8
9

<listapp>
<app ">
<lem>
<> T</w>
<w>NIP</u>
</lem>
<rdglrp>
<rdg "#K4 #K109">
<term>lit. majorib.</term>
</rdg>
</rdgCrp>
</app>
<app LERETEN
<lem>
<w>NIIp</u>
</lem>
<rdglrp>
<rdg "#K121">
<w>TTP</w>
</rdg>
</rdgCrp>
</app>

—_

35K100

1 2 3 4 5
12345678901234567890123456789012345678901234567890

10001 1 1000
0000100000010000001
1

00000101 1 1
001 1 1
000001000001 1001 101
01000010000100001001101 10101000001

1 1

000000100010000001000010000000000000000000000E0010
1

00001

10000001 1101

1 10011
00000100010100000010011110000010001100001010000000

0000001 1001 1
1
0000001 1001 1
0000011 101 101001
1001
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- - - A Rule-Based
Data matrix: regularization s S
for Encoding
Kennicott's
Collation
of the Hebrew
Bible

Elimination of
P Partially collated witnesses
» Accidentals (e. g. orthographic variants)

» Marginalia, dubious and second hand variants

Stemmatic analysis

Total: 119 witnesses and 371 variants



- - A Rule-Based

PhyIOgenetIC anaIySIS PfarsiEg S);jsltem
or Encoding
Kennicott's

of the Hebrew
P The data matrix is analysed by phylogenetic algorithms, o
which produce tree-like graphs (phylograms)
representing paths of textual evolution
P Many phylogenetic algorithms: Maximum Parsimony
» Implemented in PAUP software
Parsimony Analysis Using PAUP Stemmatic analysis

il ]/
e

http://paup.phylosolutions.com/


http://paup.phylosolutions.com/

Strict consensus tree
Consensus of more than 25.000 equally parsimonious trees
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Strict consensus tree
Consensus of more than 25.000 equally parsimonious trees
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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

P Groups are identified according to ancestral variants
P Some groups have characteristic variants
P Corroborated by external criteria

Limits
P Important mss are missing
P Variants concern consonantal text only

P Most are polygenetic

p Contamination
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Phylogenetic methods and biblical mss

P Groups are identified according to ancestral variants
P Some groups have characteristic variants
P Corroborated by external criteria

Limits
P Important mss are missing
P Variants concern consonantal text only

P Most are polygenetic

p Contamination

Future works
» More data:

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

P Variants can be weighted and ordered
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