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Why collate the PVL?

* Textual comparison
— Relationships among the copies
— Construction of a paradosis (alpha text)
— History of transmission beyond alpha
* Linguistic comparison
* Orthographic comparison
— Requires diplomatic transcription



Practical issues

* No funding

e Edition is under constant development

— Donald Ostrowski, with David J. Birnbaum, Francis
Butler, Inés Garcia de la Puente

— Must be able to rerun collation
— Must be fully automated



Print edition

e The Povest’ vremennykh
let: An interlinear
collation and paradosis

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

 Harvard UP, 2004
* 3vv., 2368 pp.




Interlinear collation (print)

Laur:
Irin:
Radz:
Acad.
Hypa:
Khle:

Bych:
Shakh:
Likh:

1,4:
MEPCHAA. BATPb. TOXKE | H A0 HNAHKHIA B AOANOTY
mepcuzia BaTpb JZaXe U 0 UHAUKUSA B JOJATOTY
MEPCHAA. BATPb., AOXKE H AO HIUHKHA. B AO|AFOTOY
MEPCIAA. RATPB, AOH H A0 HNAHKIA. B AOAFOTS |
MEPL|CHAA. BATPb. AOXKE H A0 HNb|AHKHIA. B AOANOTY

I'IGPCHAA. BATP'L. AAXKE H AO HNAHK‘I.A. B4 | AOAIOTOY

Ilepcuza, BaTpsb, noxe u go Nuaukusa B goaroTy,
Ilepcuza, Batpb goxe n go UHgukna Bb A'bATOTY,
Ilepcuga, Batpb, n0xe 1 g0 Nuankusa B foAroTy,
Ilepcuza, Batpb goxe n go UHguknsa Bb A'bATOTY,



Why interlinear?

* General
— Variants are presented completely, not selectively
— Ease of reading any individual copy

* |f the interlinear edition were digital
— Space, weight, cost are irrelevant
— User can select withesses

— Searching on other than plain text
* Lemma
* Morphology



How interlinear?

* |nitially
— Alignment by line (per Karskii 1926 edition)

* Used by Muller in the Handbuch and Cross in the
English translation (1930)

* Target
— Alignment by word



Digital versions

PDF of print edition
nttp://hudce7.harvard.edu/~ostrowski/pvl/

HTML edition
nttp://pvl.obdurodon.org




Print edition workflow

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

— Word-level alignment is impractical



1,4

First digital version

Lav

NepeHAA. BATPb. TOKe | H A0 HNAHKHIA B AOATOTY

Tro

NEPCHAA BATPb AAKE H AO HNAHICHA B AOATOTY

Rad

NEPCHAA. BATPb. A0KE H A0 HNAHKHA. B Aolaraoroy

Aka

HG?C'I'A,A. BAT('. AORH K A0 MNAHKTA. B AOATOTOY |

ﬂGPb|¢MAA. BATPb. AOKE H A0 HNb| AMKHIA. B AOATOTY

NEPCHAL. BATPB. AAKE H A0 HNAMKIA. BB | AoAroToy

IIEpcHAA, BaTpn, AOKE H A0 HRAHKHSI B AOATOTY,

IIEpcHAA, BaTpb AOXKE H A0 HRAHKHS BB ABATOTY,

IIEpcHAA, BaTpn, AOKE H AO HRAHKHS B AOATOTY,

IIEpcEAL, BaTph AOXE H A0 HERAHKHSI BB ABATOTY,




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?

e Exponential complexity

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

* Diplomatic transcription

— Efficient comparison algorithms require exact
string matching, which is rare in diplomatic

transcription

— Finding closest match requires a different—Iless
computationally efficient—algorithm (method)
than finding exact match



1,4

Lav
Tro
Rad
Aka

Word-aligned version

NEpCHAA.
NepeHAA
NepCHAA.
nepeiaa.
I'IGPb CHAA.
NepCHAA.
IIEpcHAA,
IIEpcHAA,
IIEpcHAA,
IIEpcHAA,

BA’I‘Pb.
BA'I‘PI)
BA'I‘Pb.
BA'I‘P'I).
BA’I‘Pb.
BA’I‘P'L
Batps,
Batpsb
BaTtps,
BaTps

TOKE
AAKE
AoKe
A0
AoKe
AAKe

AOXE

IO X X XX XX X

ar

AO2KE

AO2KE H

AOXE H

A0
A0
A0
A0
A0
A0
AO
AO
AO

AO

HUNAHKKHIA
HUNAHKHA
HNAHIKCHA.
HUNAMKTA.
HNb AHKHIA.
HNAMKTA.
HrAHKHS
HREAHKHSA

HREAHKHS

HEAHBKHS

R B B &® R

A0A I‘O’T‘Y
A0A PO’I‘Y
A0 A PO'I‘OY
A0A PO'I‘OY
A0A PO'I‘Y
AOATOTOY
AOATOTY,
ABATOTY,

AOATOTY,

ABATOTY,



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
* 40000 ™~ #11 ~ 40 ThicALb

° PABYMI}N—* ~ CBMbICABN—



Adapting CollateX

* Preprocessing
e Collation (CollateX)
* Postprocessing



Preprocessing

* Normalized “shadow” copy
e Soundex simplification
* Collate on normalization, render original



Soundex

* English-language surnames, 1918
e 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

— Consonants carry more information than vowels

* Information load may be sensitive to position

— Beginning of word carries more information than
end

— Especially true for lexical (not morphological)
searching in inflected languages



Adapting Soundex to Church Slavonic

Neutralize variant spellings of initial vowel
oSy

— W, 0,0,0=0

Case fold, neutralize consonantal variants
— Not always one-to-one, e.g., u = Wwr

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

Ch397 M Bb3Bpa|TUTb Abllepblle CBOl€e.
Ch384 M Bb3BPaATUT O bLLEePLLOY CBOIO.
Nbkm298 n Bb3BpaTUTH bpaTaHUTUL | CBOKR
Berlin M Bbz'BPaTUTM | BpaTaHuuy CBOIO.
Ch397 M B3Bp AWTP CB
Ch384 M B3BP AWTP CB
Nbkm298 mn B3Bp 6pTH CB
Berlin M B3Bp OpPTH CB



Two types of normalization

* Collation
— Find alignment points
— Coarse adjustments

— No harm in conflating, e.g., imperfect and aorist or
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 results

e Utilize forced matches
— A B C
— A D C

* Misses
— Gap in alignment (no forced match)
— Imperfect match
* dpakun ~ ppaum
— CollateX recognizes only perfect matches

* Unable to recognize closest match
 Computational complexity



3,5

3,5
Lav | rapamaT 'I‘ABP[I] ANH. cnyycﬁm.. 4>paun.
Tro | rapamaTH TARPHANH clcycﬁm c]:ymu
Rad | capmary TARPHANH cnoycﬁm H 4)PAL1H
Aka | capmaTh. TARpTANH clcoycﬁ'l'a. H 4>PA LK
Ipa | capmath. TARPHANH. oKy PHI. Pppauy.
Xle | capmath. TARPTANH. clcwj)'l'A c,bPA LM,
Byc CapBMaTH, TaBpHANH, CkydHa, DpaIrH,
Sax CapMarTH, TaBpHANH, CkydHs, DparrH,
Lix CapBMaTH, TaBpHANH, CkydHna, ®palrH,
a CapmatH, TaBprarmH, CrydHI, dpalH,




18,4

Lav
Aka
Ipa
Xle

Sax

Lix

51 Sl

>1 21 >

-+~
w
(=

430;
430;
430;

OTb
OTbH

OoT

OTH

Numbers

HCXO KeNTA
HCXOK ENHIA
MeXO™ T

HCXO2KENHA
HCXO2KENHA

HCXO2XENHA

HCXO0XKENHA

MWHCEWRA
MO HCBWRA.
MWV (EWRA

Mouchkosa
MoHuchEBA

MouckoBa

MouckoBa

0]
A0
A0
A0
AO
AO
AO

AO

ABAA.
ARAA.
ABAA.
ABAA
AaBHAA
AAaBBIAA

AaBHAA

AABBIAA



Problem areas

Gaps in alignment
No perfect match

CollateX takes leftmost match
3,5
— Orthography

. clcychMA cﬁpwcu (Tro)
. clcoycjnm 1 cﬁ‘mu,n (Rad)
— Soundex
CKO dpK
CKO  u $pL



Postprocessing

* |f there's a gap
— If the column all matches, keep it
— Else

* Find all unique Soundex values in column and following

* Move token to column with closest match
— Edit distance (Damerau-Levenshtein)
» Insertion, deletion, substitution, transposition

— Recursive



92

Lav
Tro
Rad

b o0 0 S S S S X =

o

TO
TO
TAKO
TAKO

TO
TO

TO

TROPATH
TROPAT
TROPATb
TROPAT
TROPA"
TRO/pA"
TBOPATD
TBOPDATD

TBOPDATD

TBOPSATH

N¢
N¢
N¢
N¢

NE

9,2

MOBENbE
MOBENDE
Mbl’l‘BO\r
Mbl’l‘BO‘f
Mbl'l‘B\f

Mbl’I‘BOY

MOBENBE
MBBENHE

MOBENBE

MBITBY

COB'B

COB'B
COB'E
VI
VN

cobb,
cobb,

coBb,

CEBb,

N¢
N¢
NO
NO
N¢
NO

NE
NE

NE

NE

M‘f‘l’GN be.
MY"I’GN be¢
MY | venHe.
MO‘{"T‘GN be.
M\f TENDbE.
MR TEN ¢,
MYVENBE .
MYYENHE”.

MYYENBE”.

MYYENHE”.



In case of ties

e Thesaurus
e Most matches
* Length



Thesaurus

Collect forced inexact matches
Edit manually
Use to break ties

Close matches

— [MOAOMHLLUA — BA3AOMHULLIA
— MAMLU — B3AM
Non-matches

— PAB\/‘MI}N— ~ CBMBICABN—
— PBMN— ~ CMCA—



220,9

Lav
Rad

B3AOMHLLA
B3AM

NAA€ErMLLIA
NAAATOLLA
NAAAMOLLIA
NAAATOLLA
NAAEMOLLIA

NAAETOIIIA
NAAETOIIIA

NAAETOIIIA

NAAETOIIIA

MOAOMHLLIA

NAMLU

Thesaurus

HGPBOIG
HGPBHG
HGPBOG

e yBOG
ﬂP'I)BOG
IIEPBOE
IIbPBOE

IIEPBOE

IIBPBOE

N
NA
NA
NA
NA

NA
NA

NA

Na&

CTOMOAKA
CTOMOAKA-
CTOMOAKA"
CTOMOAKA
CTOMOAKA.
CBSTOIIOAKA,
CBSTOITBAKA,

CBSTOIIOAKA,

CBATOBAKA,

b o0 S S S S =

e

H

B3AOMHLLIA
MOAOMHLLIA
MOAOMHLLIA
BA3A0 MHLLIA
BA3A0 MHLLIA
B3AOMHIIIA
BB3AOMHIIIA

B3AOMHIIIA

BHb3AOMHIIA
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Lav
Rad
Aka
Ipa
Xle
By¢
g&X

Lix

A " S -

>

What's next: many-to-one

npovk
npovhX,
npovhX,
npovh|Xa
npovr
IIPOYHX'D
IIPOYHX'D

IIPOYHX

IIPOYHXB

ROH

40000,

40,000,
40

ThICALLD.
THAY.

TBhICAIID,

TBICSAIIb,

aY By 83 es

H

MoMAe
MoMAe
MoMAe
MoMAe
MoMAe
IIOHAE
IIOHAE

IIOHAE

TTOHAE

NA
[N
NA
NA
NA

Na
Na&

Na

NHa&

"CTOMOAKA
"CTOMOAKA.
CTOMOAKA.
CTOMOAKA.
CTOMOAKA
CBSATONOAKA,
CBSTOITBAKA,

CBSTOIIOAKA,

CBATONIBAKA,

NAPGIC’Z;
NAPGK%
NAPGKb
NAPGKT&
NAPGKb
NADEK'D
NADEK'D

NAPDEK'D

NAPEK'B



Recent developments

* CollateX has been ported from Java to Python
— Python module
— Easier to modify

— Closer integration of preprocessing and
postprocessing

— Fivefold improvement in processing time (so far)

* Decision tree architecture under development
for CollateX core

— Closer integration of postprocessing with core



