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The Rus’ primary chronicle

PVL (Mogecmb 8pemeHHbIx em)

Historical chronicle of the East Slavs
— Russia, Ukraine, Belarus

Beginning from the creation (Hamartolos)
Historical period (since 852) arranged by year
Repeated edits and recompilations

Fixed 1116
— Incorporated into later chronicles

PVL textual tradition

o Archetype

B Northern branch

— & Laurentian (Lav, 1377) [Trinity (Tro; lost)]

— € Radziwitt (Rad, 1490s), Academy (Aka, late 15th)
y Southern branch

— Hypatian (Ipa, ca. 1425), Xlebnikov (Xle, 16th)

— [Pogodin (Pog, early 17", to supplement Xle)]
Novgorod first

— Commission (Kom), Academy (NAKk), Tolstoj (Tol)

PVL stemma

Why collate the PVL?

* Textual comparison

— Relationships among the copies

— Construction of a paradosis (alpha text)
— History of transmission beyond alpha

* Why collate diplomatic transcriptions?
— Linguistic comparison

— Orthographic comparison

— [More about diplomatic editions of manuscripts
and critical editions of texts]

Practical issues

* No funding

— Must reduce human effort
* Especially repetitive human effort

* Edition is under constant development

— Must be able to rerun collation

* Must be automated as much as possible




Print edition

¢ The Povest’ vremennykh
Iét: An interlinear
collation and paradosis

¢ Donald Ostrowski,
David J. Birnbaum,
Horace G. Lunt

e Harvard UP, 2004

* 3vv., 2368 pp.
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Interlinear collation (print)

1,4:
Laur: NEPCHAA. BATPb. TOKE | H A0 HNAHKHIA B AOATOTY
Trin: mepcuza BaTpb ZadXe I 40 MHANKHS B JOJNTOTY
Radz: NepcHAA. RATPb. AOKE H A0 HIHKHA, B AolaroToy
Acad: nepciAA_ BATP%. AZ)KH H A0 HNAHKIA. B AOATOTS |
Hypa: nepblcHAA. BATPb. AOKE H AO HNB|AHKHIA. B AOANOTY
Khle: NepCHAA. BATPB. AAKE H A0 HNAHKIA. BB | AOArOTOY

Bych: llepcuzpa, Batpb, soxe n go Unankus B fonrory,

Shakh: llepcuza, Batpe goxe n go Ungnkns Bb AbATOTY,

Likh: Ilepcuga, BaTtpb, goxe u go Uuankus B gonrory,
o : llepcuga, Batpe goxe u g0 Unaukns Bb Abarory,

Why interlinear?

* General
— Variants are presented completely, not selectively
— Ease of reading any individual copy
* Digital
— Space, weight, cost are irrelevant
— User can select witnesses

— Searching on other than plain text
* Lemma
* Morphology

How interlinear?

* Alignment by line (per Karskii 1926 edition)

— Ludolf Muller, Handbuch zur Nestorchronik (word
index 1977)

— Samuel Hazzard Cross, The Russian primary
chronicle Laurentian text (English translation,
1930)

— Performed manually for print edition
* Alignment by word
— Too expensive to perform manually

Print edition workflow

* Typeset in troff
* Focus on producing print version
* Alignment is manual

— Word-level alignment is impractical

Digital versions

* PDF of print edition
http://hudce7.harvard.edu/~ostrowski/pvl/
* HTML edition
http://pvl.obdurodon.org




First digital version

Lav | nepeuaa. BATPb. TOKE | H A0 HNAHKHIA B AOATOTY

Tro | NepeHAA BATPh ANKE H A0 HNAHKHA B AOATOTY

Rad | nepenpA. BATb. AGKE H A0 HNSHIHA. & A0|AToTOY

Aka neyc'l'M AT, AC*H K A0 MNAKKIA. B AOATOTOY |

Ipa | neph|cHAA. BATPb. AOKE H AO HNB|AMKHIA. B AATOTY

Xle TIEPCHAA. BAT('B. AAKE H A MNAHKTA. BB | AOATOTOY

By | Tepcraa, Batps, AOKE 1 A0 HRAHKES B AOATOTY

Sax | Ieperaa, Batps AOKE H A0 HEAHKHS BB ABATOTY,

Lix | Tepcraa, Barps, AOXE i A0 HRARKHS B AOATOTY,

o |IIEpcHAL, BaTpE AOXE H A0 HNAHKHS BB ABATOTY,
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First digital version

* Pro
— Automated conversion from troff
— Control over display
* Fonts
 Toggle individual witnesses on and off

— Potential for annotation (lemma, morphology)
* Con
— No support for word-level comparison

Why is collation difficult?

* Exponential complexity

— Worst case: compare every word in every witness to
every word in every other witness

— Complicated by repetitions and transpositions

* Diplomatic transcription
— Efficient comparison algorithms require exact string
matching, which is rare in diplomatic transcription
— Finding closest match requires a completely different
(more computationally expensive) method than
finding exact match

Word-aligned version

1,4

Lav | nepeupa BATh.  TOKe Mo A0 HHAHKHIA 3 AOATOTY
Tro | nepnpa BATPb  ANKE M A0 HNAHKHMA E AoAroTy
Rad | neppa BATPb.  AdKe M A0 MnMiHA 3 Aolaroroy
Aka ﬂe’)t'l'AA. BAT{B. Ad*n H A0 HNAMKIA B AATOTOY
Ipa | nepulenan BATPh.  AOKE  H A0 HNB/AMKMR. B AOATOTY
Xle TEpeHAA. BAT(B. AdKe H A0 HNAMKIA. (33 AOATOTOY
By& | Tepeaa, Batps, AOXKE H Ao Hupmkms B AOATOTY,
Sax | IMepcuaa Batpn AOXKE H Ao  Huamkms BB ABATOTY,
Lix IIEpcHAS, Batps, AOXE H A0 HupBKES B AOATOTY,

a IIEpcEAG, BaTps AOXE H A0 HEAHKHI BB  ABATOTY,

A more challenging passage

9,2

Lav | n mo TROPATH MOBGNBbE  COB'E A NE  MyYeNbe.
Tro | n T TROPATE MOBENbe A He  Mywenbe
Rad | v Tako  TROATH  He  MBITBOY G Ho MY |venme.
Aka | M TAKO TBOATE  Ne  MBITBOY @B NO  MoyveNbe.
Ipa | n TBOPAT Ne  MbITRY BB A NE My veNbe.
Xle H TRO yA" Ne MBITROY  ceBB NO MAveNTe,
Byé | m o0 TBOPSTH MOBENBE  COBb, a wm MYVERBE”
Sax H TO TBODSTH MBBENHE  COBb, a HE MYVENHE”,
Lix |5 10 TBODSTE MOBERBE  COBB, 4 HE  MyVERBE”

a H TBOPSATH HNE MBITBY CEBb, HE MYYENHE”.

CollateX

* http://collatex.net/
* Interedition (Huygens Institute, the Hague)
¢ Advantage
— Use someone else’s collation algorithm and
implementation
¢ Limitation
— Requires exact string matching
* Cannot find closest match
— Cannot find logical matches that are not string matches
* Digits vs words: 40000 ~ i ~ 40 ThicALb
* Synonymy: ABYMbH- ~ CBMBICABH-




Recent CollateX developments

Ported to Python (module)
New collation algorithm

— Non-progressive

— Suffix arrays and LCP arrays
— Not subject to order effects
Remaining limitations

— Exact string matching

— Repetition

— Transposition
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Wordflow (summary)

* Input is custom XML
* Convert to TEI, tokenize, add <w> tags
* Convert to JSON

* Preprocess: Enrich JSON with bespoke
normalization

* Collate with CollateX, which creates variant graph

* Postprocess: Adjust rank in variant graph
* Generate JSON output

* Convert to custom XML

* Convert to HTML tables for rendering

assorta

Variant graph (excerpt)

Workflow (beginning)

¢ Input: Custom XML line blocks
* Convert to TEl with word (<w>) tags
— Tokenizing mixed content
* word1 wo<lb/>rd2 word3
o <w>wordl</w>
<w>wo<lb/>rd2</w>
<w>word3</w>
— Not all whitespace represents token break
* word1 <|b/> word2
* <w>word <lb/></w>
<w>word2</w>

¢ Convert to JSON, enrich with normalizations

Normalization

* Create a normalized “shadow” copy

* Normalization based on Soundex, adapted for
early Cyrillic writing

* Collate on normalization, return original

Soundex

* English-language surnames, 1918
* Algorithm (simplified)

— Retain first letter

— Delete other vowels; degeminate

— Conflate other letters according to phonetic similarity

(e.g.,t/d=3; m/n=5)
— Truncate or zero-pad to four characters
* Examples

— Birnbaum B-651 (also v/ Barenboim; also X Brumble)




Soundex assumptions

Character differences are not all equivalent
with respect to information load

Information load may be sensitive to position
Beginning of word carries more information
than end

— Especially inflected languages

Consonants carry more information than
vowels

— Except in short words
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Adapting Soundex to Church Slavonic

* Neutralize variant spellings of initial vowel
B R
- W, 0,0,0=0
* Case fold, neutralize consonantal variants
— Not always one-to-one, e.g., i = WwT
* Degeminate, delete other vowels, delete diacritics

— Keep two letters of two-letter words
* Higher information load

* Other conflations?

— Knowledge based vs machine learning
Expand abbreviations?

— Bra, BT, Ba = Bora (Br)

* Truncate or zero-pad (to what length?)

Soundex sample (Bdinski sbornik)

Ch397 M RB3RPA|THTH  AbLjiepbLLe CROICE.
Ch384 7} Bbsapz\wﬁ AbljepLuioy CBOH.
Nbkm298 Bb3BPATHTH SPATANMTuX | cROKR
Berlin 7} Bbg‘xpmm‘n | SPM‘ANMLLX CROH.
Ch397 W B3Bp AT B
Ch384 W B3RP ATy B
Nbkm298 n r3gp BpTH B
Berlin W B3Bp BpTH R

Two types of normalization

* Collation
— Find alignment points
— Coarse adjustments
— No harm in conflating grammatical forms
« Imperfect and aorist; infinitive and supine
* Evaluation
— Alignment points are already known
— Finer comparisons
— Many need to distinguish on the basis of small details

Collation after Soundex

Greatly improved actual matches

Forced matches

- A B C

— A DC

Misses

— Gap in alignment (no forced match)

— Imperfect match
* dparn ~ dpaum (dpk ~ dpu)

— CollateX recognizes only perfect matches
* Unable to recognize closest match

3,5

3,5

Lav | ragsuati Tagp[i] |anm. cupyr)bb.n\. 4>|7AL|M.
Tro PA?WA’T‘I’I 'T‘AEPI’IANM CKY‘¢MA ¢PAKH
Rad | cymatn TABPHANH ckoy4>m " 4>|>Au,m
Aka | capmath. TABpIANH CKWA. " 4>!7A um
Ipa | capuarh. TABPHANH. ckycﬁuh\. Lﬁ)Aum.
Xle | capuath. TABpIANH. :nv:}u'l'zx 4)[» UM,
By¢ | Capsmars, TaBpHasH, Cxydua, Dpam,
Sax | Capmars, TaBDHANH, Dpa,
Lix | Capomars, TaBpHasH, 3 Dpam,

a CapmatH, TaBpHamH, CrydHST, ®panH,




Numbers
184
Lav
Aka | §X. a HeXo|KenTa MWHCEWRA
Ipa | §X. ® HCKOXKENHIEA Mo|HCBWEA.
Xle | §X A ® Hexo™Nia MWVGEWERA
By¢ | 430 a4  OTB HCXOXENHA Mosnchosa
Sax | 430 4  OTB  HCXOXENHL Monchesa
Lix | 430; & or HCXOKENHA Morchosa

a 430; & oTp HCXOXENHS MoHchoBa

ol
A0
Ao
Ao
A0

A0

AO

ABAA
ABAA.
ABAA
ABAA
AssAa
Aassiaa
AaBHAG

AaBBIAG
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Problem areas

Gaps in alignment
No perfect match

CollateX follows graph rank (leftmost match)

3,5
— Orthography
oy $pacu (Tro)
. ckoycﬁmxu <j>PALu4(Rad)
— Soundex
* ckd  OpK

* kb M pu,

Postprocessing

Gap without perfect match on either side
— Gap may span multiple columns

Orthography
- ﬂcyz})m\ LMAKM (Tro)
— ccoppua u - dpaum (Rad)
Soundex
L) bpK

- kb wm dpy
If there’s a match, keep it
Else

— Find unique Soundex values in column and following

— Move token to column with closest match
« Damerau-Levenshtein edit distance
— Insertion, deletion, substitution, transposition

9,2

In case of ties

* Thesaurus

Most matches
Length of match

Use to break ties

Close matches

— MOAOMHLLA ~ BB3AOMHLLIA
— MAMLL ~ B3AM
Non-matches

- PABYMBN- ~ ¢BMbICABN-
- PSMN- ~ CMCA-

9,2
Lav |u To TEOPATH MOBENBE  COBE N MyTeNbe.
Tro | v T TROPATE MORENbE N MyveNbe
Rad | n  mako  TBYATH Ne  MbITBY BB Ho MY venne.
Aka | n Ak TBOPATE  Ne  MbITBOY B NO MOyYeNbe.
Ipa | n TEOPAT Ne  MBITBY BT N My|venbe.
Xle | n TBO, PAT Ne MBITROY eSS NO MAveNTe,
Byé | u 1o TBODATH MOBERBE  COBb, HE  MyvERGE”
Sax | m 10 TBODATE MBBENHE  COBb, NE  MyYERHE”.
Lix | ® 10 TBODATE MOBENEE  COBb, NE  MyVERBE”
a H TBOPATH HNE MBEITBY CEBS, HE MYVENHE”.
Thesaurus
Collect forced inexact matches
- A B C
- A DC
Edit manually
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B3AOMHLLA
B3AM

Thesaurus

NAAEria HEPBOK Na cTonoAKA H
e
NAAATOLLIA I'IGPEI‘IG Na CTOMOAKA" H
HNAAAMOLLIA I'IGPEG@ NA CTOMOAKA" H
NAAAMOLLIA ne FBOG NA CTOMOAKA" H
NAAEroLIA FI?’LEM Na CTOMOAKA. H
HAAErOma HEDBOE Ha  CBATONOAKS, "
HAAETOmA IEDBOE ma  CBATOmsAKS, "
HAAETOm HEDBOE ma  CoaTomOAKS, "
HAAEroOma OBPBOE Ha CBﬂTOH’bAKA, H

NIOAOMHLLIA
NAMLL

B3AOMHLLIA
TMOAOMHLLIA
TIOAOMHLLIA
BB3A0 MHLLIA
BB3A0 MHLLIA
B3AOMHIIA
BB3AOMHIIA
B3AOMHIIA

BBH3AOMHIIA

141,11

Lay
Rad
Aka
Ipa
Xle
By&
Sax
Lix

a

R T I Y

What'’s next: many-to-one

ok
nport.
npov.
1o B
ok
posxs
mpovaxT
TpovEx

TPOYHXB

B M moMae WA CTOMOAKA
£ u o onomae  [wa]  Tromoaka.
(. M MoHAE NA  cFonoaka.
B L ThICALb. W nonae HA  cToMoAKA.
B Thealt, Moupe  mA  cTonoaka
ok 40000, u  moms:  ma  CBETONOAKS,
Box 40 ThICSI, H oA ma  CasmomsAxa
oK 40,000, H TOHAE  ma  CBSTOMOAKS,
BoE 40 THCSE, H TOHAE Ha CBSTONBAKA,

NAPEK'E.
NA/peK'B.
Napeks
NAPEICE.
Naeich
NADEKD
HapEKH
HADEKE

HAPEK'S
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