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What 1s text alignment?

w1

w2

Text alignment is the comparison of two or more parallel texts
It tries to define correspondences/similarities and divergences/variants
One of the most important tasks in Natural Language Processing: it can be

performed automatically through algorithmic and dynamic programming
methods

]
was observing birds in the this morning, it observed birds for two hours |:|




Intra-Language alignment: alignment of
texts in the same language

A gner A Home ® Instructions & Bibliography & Contact e 3and Judah begat Perez and Zerah of Tamar; and Perez begat Hezron; and Hezron begat Ram

* 3 And Judas begat Phares and Zara of Thamar; and Phares begat Esrom; and Esrom begat Arar
Alignment options: [:[ T EHETER T Ignore Diacritics

* 1 The book of the generation of Jesus Christ, the son of David, the son of Abraham.
* 1 The book of the generation of Jesus Christ, the son of David, the son of Abraham.

3 land Judah begat Perez and Zerah of Tamar ; and Perez begat Hezron ; and Hezron begat Ram

3 |And Judas begat Phares and Zara of Thamar ; and Phares begat Esrom ; and

1 The book of the generation of Jesus Christ , the son of David , the son of Abraham .

1 The book of the generation of Jesus Christ , the son of David , the son of Abraham .

Length: €3) | Aligned-complete €3)|
1 _The book of the generation of Jesus Christ the son of David the son of Abraham .
The longest common substring

4 and Ram begat Amminadab; and Amminadab begat Nahshon; and Nahshon begat Salmon;
¢ 2 Abraham begat Isaac; and Isaac begat Jacob; and Jacob begat Judah and his brethren; 4 And Aram begat Aminadab; and Aminadab begat Naasson; and Naasson begat Salmon;
* 2 Abraham begat Isaac; and Isaac begat Jacob; and Jacob begat Judas and his brethren;

2 Abraham begat Isaac ; and Isaac begat Jacob ; and Jacob begat Judah and his brethren ;

begat Salmon ;
I 5 g begat Salmon ;
2 Abraham begat Isaac ; and Isaac begat Jacob ; and Jacob begat Judas and -

The longest common substring

2 Abraham begat Isaac ; and Isaac begat Jacob ; and Jacob begat

2 Abraham begat Isaac ; and Isaac begat Jacob ; and Jacob begat




Cross-language alignment: alignment of
texts 1in different languages

Cross-language
alignment is
difficult to perform
automatically

It still needs
training data from
manual alignment
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Show interlinear text

Ho Saki , pass around and offer the bowl of love
for God ### For the burden of love for God at first
on the day of covenant appeared easy , but now
difficulties have occurred . *** By reason of the
perfume hope of the musk - pod , that , at the end
of night the breeze displayeth from that knotted fore -
lock , ### From the twist of its musky dark

fragrant curl , what blood of grief befell the hearts of
the lovers of God *** With wine becolour the
prayer - mat if the Pir of the magians the perfect
murshid bid thee ### For of the way and usage of
the stages to God not without knowledge is the holy
traveller the perfect murshid *** In the stage this world
of the true Beloved mine what ease and pleasure
when momently , ### The loud bell of the call of
death giveth voice , saying Bind ye up the chattels of
existence *** The dark night of the world and the
fear of the wave of grief and the whirlpool so fearful
the time of death ### The light - burdened ones of
the shore ancestors who have passed the flood of death
how know they our state *** By following my own
fancy in hastening to union with God me only to ill
fame all my work brought ### Secret , how remaineth

A Persian poem manually aligned with an English translation, from the project Open
Persian (http://www.dh.uni-leipzig.de/wo/open-philology-project/open-persian/)



http://www.dh.uni-leipzig.de/wo/open-philology-project/open-persian/

...S0, there 1s also manual alignment

The Perseids Project
and Alpheios Texts
provide tools for
manual alignment of
texts in different
languages
(http://www.perseids.

org/,
http://alpheios.net/)
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Show interlinear text

But when they were now come to the ford of the
fair - flowing river , even eddying Xanthus that
immortal Zeus begat , there Achilles cleft them asunder
and the one part he drave to the plain toward the
city , even where the Achaeans were fleeing in rout
the day before , what time glorious Hector was
raging—thitherward poured forth some in rout and Hera
spread before them a thick mist to hinder them ; but
the half of them were pent into the deep - flowing
river with its silver eddies . Therein they flung
themselves with a great din , and the sheer - falling
streams resounded , and the banks round about rang
loudly ; and with noise of shouting swam they this
way and that whirled about in the eddies And as
when beneath the onrush of fire locusts take wing to
flee unto a river , and the unwearied fire burneth them
with its sudden oncoming , and they shrink down into
the water ; even so before Achilles was the sounding
stream of deep - eddying Xanthus filled confusedly with
chariots and with men . But the Zeus - begotten left
there his spear upon the bank , leaning against the
tamarisk bushes , and himself leapt in like a god with

Homer, lliad XXI, aligned with the English translation by A.T. Murray


http://www.perseids.org/
http://www.perseids.org/
http://alpheios.net/
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Pairwise alignment: alignment of two texts

We distinguish on the
number of text because
it determines
differences in the use of
the alignment algorithm

T Vi
i emi

Two versions of Emily Dickinson’s Faith is a fine invention, aligned using
the Versioning Machine (http://v-machine.org/samples/faith.html)



http://v-machine.org/samples/faith.html

Multiple alignment: alignment of multiple
texts (1.e. more than two)

The number of -
m u I t i p I e te Xt S i S Version h72: H 72, fascicle version of poem. Version a660: A 660, verse embedded in letter to X Version h201: H 201, fascicle version of poem.

1 "Faith" is a fine invention "Faith" is a fine invention 1 Faith is a fine invention

1
2 For Gentlemen who see ! 2 When Gentlemen can see - 2 For Gentlemen who see -
3

virtually unlimited: in Ft === el oo R e F ===l
an ideal world, you

| .
't 't 't Version p1891: Published as poem XXX in the second % Version 11894: Letter to Samuel Bowles publishedin % Version cp32: Published as poem LVI in Martha X

2 For gentlemen who see ; 2 For gentlemen who see , 2 For gentlemen who see ;

4 In an Emergency ! 4 In an Emergency . 4 In an Emergency !

3 But microscopes are prudent 3 But microscopes are prudent 3 But microscopes are prudent

(but you should be
careful and avoid =

“alignment
monsters”)

Six versions of the same poem by Emily Dickinson



elta Aapaotng 6 Kitieug 1@ mielota ék @V ‘Ekatalou petaypagag miepimiouv Eypadey.
eita AapaoTng 6 Siyetetc ta nielota ¢k TV ‘Ekatalou petaypapag nepiniouv Eypapev:
elta Aapaotng 6 Kntieug té melota ek T@v ‘Ekatalou petaypdpag niepimiouy Eypapey:
eita dapdoTng 6 KNTIeUg TA MAeloTa £k TV ekatalov petaypdyac, nepinmiouy Bypapev:

efta Aapdotng 6 Kitedg td mAeiota ék TV ‘Ekaraiou petaypdpag  mepimiouvv Eypagev .

FOUF teXtS elta Aapdotng © Ziyelelg td mAeiota TQv 'Ekaraiov petaypdpag  mepimAouv Eypapev -
aligned with
iAligner

elta Aapdotng © Knruielg td mAelota thv ‘Ekaraiou petaypdpag mepimlouvv Eypapev -

elta Sapdotng 6 KnTieUg TA TAEloTa €k TAV Eékatalou  petaypdyag , mepimiouv Eypayev

£€fic Anuokpitog kai Eldogog kai dAAol Tiveg yig meptddoug Kal mepimAoug Empayuareloavto.

£€Mc Anpokpirog Kal E80€og kai Aol TIvEG yiG mepté8oug Kal TepimAoug Empaypareoavto.

€€ Anuokpitog kal Eld0§og kal Aot Tiveg yig meptdédoug kal mepimioug Empaypateloavto.

€€ 8ApOKpITOG Kal el608og Kal GAAoL TIVES Y TIEPLOBOUG Kal repirAoug enpayuareloavto.
£€fic Anuokpitog kai EU60fog kai &Aool Twiveg yAg mepidSoug kai TmepiMAoug Empaypateloavio .
€€AC Anuokpitog kal EU6ofog kal GA\ol Tivégq yAg mepidSoug kal TepMAoug &mpaypateloavTo .
e€fic Anuokpitoc kai El6ofoc kai GAol Tiveg yAc mepidoug kai Tmepimloug Empayuateloavio .

€€ Ofuokpitog kal €Udofog kal GMol TivEG VAG mepiddoug kai mepimloug émpayuateloavto .




Alignment can be
visualized in
different ways



As a table
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| dog.

| brown fox jumps over the | lazy | dog. |

+——t—————t—————_———tt——_——————— et

| A | The | quick | brown fox jumps over the | -

| B | The | -

Alignment Table

The black

w1




As a graph

Alignment graph using CollateX
(http://collatex.net/)

fox jumped over the

fox jumped over the
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http://collatex.net/
http://www.traviz.vizcovery.org/

As matching segments in aligned sentences

Alignment of three
sample texts on
CATView

(http://catview.uzi.uni-h
alle.de/overview.html)

Demo (r) Imprint Disclaimer

T T T T
10 20 25

In egestas lacus vitae enim hendrerit
scelerisque.

Ut id vulputate odio, vel tempor erat. Sed sed
ornare justo.

Pellentesque habitant morbi tristique
senectus et netus et malesuada fames ac
turpis egestas.

In egestas lacus vitae enim hendrerit
scelerisque. Suspendisse non ornare nisi.

missing

Ut dignissim odio nulla, ac cursus diam
tempus non. Pellentesque habitant morbi
tristique senectus et netus et malesuada
fames ac turpis egestas.

In egestas lacus vitae enim hendrerit
scelerisque. Suspendisse non ornare nisi.

Ut id vulputate odio, vel tempor erat.

Ut dignissim odio nulla, ac cursus diam
tempus non. Pellentesque habitant morbi
tristique senectus et netus et malesuada
fames ac turpis egestas.



http://catview.uzi.uni-halle.de/overview.html
http://catview.uzi.uni-halle.de/overview.html
http://catview.uzi.uni-halle.de/overview.html

As a dynamic visualization

(http://www.digitalvariants.org/variants/valerio-magrelli)

GENETIC MACHINE

I TESTI Genetic Machine - Ora serrata retinae

| sei componimenti ¢ ESSERE MATITA (LQ o ic ko CI‘_-\—AA “
riposo; Il corpo é | Valerio Magrelli, Notebook VI (cm 15,5x20,5), p. 19. Text handwritten iy i 1/“’ T i W’;__

il with blue pen; "SP" added with violet felt-tip pen at the end of e g i I Mv:r,.m\“\—xn;c—ﬁ‘
apparizione nel mal paragraph, before the following poem [Fermare la realta in parole]) I]f

il 1y | ol )
accolta di poesia di K | % "l e
raccolta d d Mz ilee Aans e SN

o I._l. O
La recensione ha ril book-cover fade transcription zoom effect o Ak "?\GU M’*CXT’ """"Q/

pubblicazioni su rivi
Inoltre, Magrelli si ¢
prime in ordine dia  # . 2 L 2 q A
composito e stratific X i Essere matita & segreta ambizione.
Bruciare sulla pagina lentamente
Il materiale autogre % ¥ e nella pagina restare
’avantesto del libr¢ UA/{ Q,\M.QA:\/& £ QN in altra nuova forma suscitato.
Varea d'indagine pd 377 a \ s L | Diventare cosi da came segno, e da strumento
dopo una o due std esile ossatura del pensiero

la sua rete di vene sottili.
aggiustamento, appr
B
| motivi che hanno | A Perd questa dolce edlissi della materia
eccezionalmente col 5 non sempre & concessa. C'é
4 y chi tramonta solo col suo corpo;

LA “GENETIC A / 2 0 pi doloroso ne & allora il distacco.

All’apertura la Mach o )
Valerio Magrelli, Primi esperimenti,

manoscritto (A), op y y in "Periodo Ipotetico”, gennaio 1977, p. 89.

comparazione incro¢ 5

trascrizioni della pri

legenda in basso a d Transcription of the authograph
L "N Essere matita & [I'ultimo segreto desiderio]

Sono inoltre disponit Sl <segreta ambizione>.//

2 W Bruciare sulla pagina //
in pannelli scorreva lentamente e sulla pagina restare //



http://www.digitalvariants.org/variants/valerio-magrelli

As overlapping variants
(http://juxtacommons.org/)

Shared By: Kristin H Jensen
Description: Thomas Jefferson's rough draft of

the Declaration of Independence (from the Papers.

of...

9 Need Help? Click here

Witness List
@ Declaration - final - Project Gutenberg

“® Declaration - rough draft - Princeton

Declaration of Independence

[ Declaration - rough draft - Princeton

& Declaration of the REPrESERIEVESIOETHE UNITED STATES OF AMERICA, ilGeneral Congressassembled.
When in the course of human events it becomes necessary for 8 people to AdVaRce from that Subordination in which
6§ have hi jified, & to assume among the po\»m of the earth the gqual & inidependant station to which the
laws of nature & of nature’s god entitle them, a decent respect to the opinions of mankind requires that they should
declare the causes which impel them to the 8.

We hold these truths to l\e sacred &
derive

that all men are created equal &
i arc {ig] & liberty, & the pursuit
, deriving their just powers from the
consent of the governed; that destructive of these ends, it is the right
of the people to alter or to abolish it, & to institute new government, layin; foundation on such principles &
GfganisingiLs powers in such form, as to them shall seem most likely to effect their safety & happiness. prudence
indeed will dictate that governments long established should not be changed for light & transient causes: and
accordingly all experience hath that mankind are more disposed to suffer while evils are sufferable, than to
right themselves by abolishing the forms to which they are accustomed. but when a long trai of abuscs &
i |, & pursuing invariably the same object, evinces a design to §ubjéet them
it is their right, it is their duty, to throw off such government & to provide new guards for their
future security. SU6H has been the patient sufferance of these colonies; & such is now the necessity which constrains
them to BXURGE their former systems of government. the history of Hi§ present a history of iFemiting
injuries and mumazmm. ‘among which no one fact stands single or solitary to ¢ contradict the uniform tenor of the rest,
whmh ob)u,t the e ab hmcm of an z\b~olun |ymnm over these states. to prove this, let facts be
unsullied schood.

that to secure th

s suspended in their operation
lyfo attend to them.

juxtd

commons

Sign in to your account | Sign up for acce

Current Document

As parallel texts with variants
highlighted in the corresponding
sections (http://juxtacommons.org/)

Shared By: Kristin H Jensen
Description: Thomas Jefferson's rough draft of
the Declaration of Independence (from the Papers
o

{9 Need Help? Click here

Declaration - rough draft - Princeton
A Declaration of the Representatives of the UNITED STATES OF AMER
Congress assembled.

When in the course of human events it becomes necessary for a people to advance from that

subordination in which they have FITSRFTITTIT, & to assume among the powers of the carth

the equal & independant station to which the laws of nature & of nature’s god enile them, a
ent respect to the opinions of mankind requir ould declare the cau

impel them to the change.

‘We hold these truths to be sacred & undeniable; that all men are created equal & independant,
that from that equal creation they derive rights inherent & inalienable, among which are the
preservation of life, & liberty, & the pursuit of happiness; that to secure these ends, governments
are instituted among men, deriving their just powers from the consent of the governed; that
whenever any form of government shall become destructive of these ends, it is the right of the
people to alter or to abolish it, & to institute new government, laying it’s foundation on such
principles & organising it’s powers in such form, as to them shal likely to effect their
safety & happiness. prudence indeed will dictate that governments long established should not be
changed for light & transient causes: and accordingly all experience hath shewn that mankind are
more disposed to suffer while evils are sufferable, than to right themselves by abolishing the
forms to which they are accustomed. but when a long train of abuses & usurpations, begun at a
distinguished period, & pursuing invariably the same object, evinces a design to subject them to
arbitrary power it is their right, it is their duty, to throw off such government & to provide new
guards for their future security. such has been the patient sufferance of these colonies

now the necessity which constrains them to expunge their former systems of government. the
history of his present majesty, is a history of unremitting injuries and usurpations, among which
no one fact stands single or solitary to contradict the uniform tenor of the rest, all of which have
in direct object the establishment of an absolute tyranny over these states. to prove this, let facts
be submitted to a candid world, for the truth of which we pledge a faith yet unsullied by
falsehood.

B 0] o conam

Declaration of Independence

juxte

commons

Sign in to your account | Sign up for account

( Declaration - final - Project Gutenberg

The unanimous Declaration of the thirteen united States of America

When in the Course of human events, it becomes necessaty for one people to dissolve the
political bands which have TSI i AT to assume, among the Powers of the

rth, the §epAFEtE A equal station to which the Laws of Nature B of Nature's God enfitle
them, a decent respect to the opinions of mankind requires that they should declare the caus
which impel them to the separation.

‘We hold these truths to be self-evident, that all men are created equal, that they are endowed by
their Creator with certain unalienable Rights, that among these are Life, Liberty, and the pursuit
nments are instituted among Men, deriving their
just powers from the consent of the governed, That whenever any Form of Government becomes
destructive of these ends, it is the Right of the People to alter or to abolish it, and to institute new
Government, laying its foundation on such principles and organizing its powers in such form, as

accordingly all hath shown, that mankind are more disposed to suffer \whllc evils are
sufferable, than to right themselves by abolishing the forms to which they are accustomed. But
when a long train of abuses and usurpations, pursuing invariably the same Object evinces a
design to reduce them under absolute Despotism, it is their right, it i their duty, to throw off such
Government, and to provide new Guards for their future Such has been the patient
sufferance of these Colonies; and such is now the necessity which constrains them to alter their
former Systems of Government. The history of the present King of Great Britain is a history of
repeated injuries and usurpations, all having in direct object the establishment of an absolute
Tyranny over these States. To prove this, let Facts be submitted to a candid world.

He has refused his Assent to Laws, the most wholesome and necessary for the public good.

Current Document [



http://juxtacommons.org/
http://juxtacommons.org/

Why do we align
texts?



7 Total Versions w Bibliographic panel

Version h72: H 72, fascicle version of poem. X Version a660: A 660, verse embedded in letter to X Version h201: H 201, fascicle version of poem. X

"Faith" is a fine invention 1 Faith is a fine invention
‘When Gentlemen can see - 2 For Gentlemen who see -

3 But Microscopes are prudent
4 In an Emergency !

"Faith" is a fine invention
For Gentlemen who see !
But Microscopes are prudent 3 But Microscopes are prudent
In an Emergency .

1
2
3
4

To highlight
correspondences
in different
versions of a text

In an Emergency !

(http://v-machine.org/samples/faith.html)



http://v-machine.org/samples/faith.html

To highlight
divergences
across various
versions of the

same text

Shared By: Kristin H Jensen
Description: Thomas Jefferson's rough draft of the
Declaration of Independence (from the Papers of...

Need Help? Click here

Declaration of Independence

NN

. beta

juxta

commons

Sign in to your account | Sign up for account

Declaration of Independence has 2 versions

4

VM New Version =« Bibliographic Info

Bibliographic Information

Witness| 1: wit-47 7]

Witness  2: wit-46 B

Declaration of Independence
Witness List

« Witness wit-47: Declaration - final - Project Gutenberg
« Witness wit-46: Declaration - rough draft - Princeton

IN CONGRESS, July 4, 1776

The unanimous Declaration of the thirteen UNITED STATES
OF AMERICA, .

When in the course of human events it becomes necessary
for one people to dissolve the political bands which have
connected them with another, and , & to assume among
the powers of the earth the separate and equal & station to
which the laws of nature and & of nature’s god entitle them, a
decent respect to the opinions of mankind requires that they
should declare the causes which impel them to the
separation .

We hold these truths to be self-evident ; that all men are
created equal & , that they are endowed by their Creator with
certain unalienable rights that , among these are life, & liberty
and & the pursuit of happiness; that to secure these rights ,
governments are instituted among men, deriving their just
powers from the consent of the governed; that whenever any
form of government becomes destructive of these ends, it is
the right of the people to alter or to abolish it and & to
institute new government, laying its foundation on such

A Declaration of the Representatives of the UNITED STATES
OF AMERICA, in General Congress assembled .

When in the course of human events it becomes necessary
for a people to advance from that subordination in which
they have hitherto remained , & to assume among the
powers of the earth the equal & independant station to which
the laws of nature & of nature’s god entitle them, a decent
respect to the opinions of mankind requires that they should
declare the causes which impel them to the change .

We hold these truths to be sacred & undeniable ; that all men
are created equal & independant , that from that equal
creation they derive rights inherent & inalienable , among
which are the preservation of life, & liberty , & the pursuit of
happiness; that to secure these ends , governments are
instituted among men, deriving their just powers from the
consent of the governed; that whenever any form of
government shall become destructive of these ends, it is the
right of the people to alter or to abolish it , & to institute new
government, laying it's foundation on such principles &
organising it's powers in such form, as to them shall seem
most likely to effect their safety & happiness. prudence

R ¢ ] o comva

Search: Current Document a &J lJ
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brown fox jumps over the
brown fox jumps over the

fox jumped over the w

To establish relations between witnesses of a text and see where they
overlap and diverge



Comparing texts as philological practice

Collatio -

LT

- Detection and transcription of
variants in witnesses

- Itis made by close reading each
witness and comparing the texts
with each other

- Evaluation of the variants and of
the witnesses bearing them

...and yes, it is usually done manually.



Recensio
STEMMA

CORRECTIONS: EITHER FROM Q!
(perareneesttetreatsatae et eessana e na e e baesasananantns OR FROM ANOTHER MANUSCRIPT

- To establish relationships
between witnesses and
which ones bear the “best

text”
- To establish an organic
scheme the transmission of ‘M:":réch:m’ e
a text, often represented as P St / \ e
a genealogical tree of At n o aas A Bodegjfe anc; e ;
witnesses (stemma) C=BN.la. 3609 O

E = Besangon 594 "M . ? Lupus

F = Bodl. Lib. Laud lat. 118 N.E. France AMaSt G
G = Brussels 9565-9566

M = B.N. lat. 8671

Q = Vatican, Reg. lat. 1535

R = Karlsruhe, Aug. Ixxiii

T = Trier, Priest. 100

V = Leyden, Voss. lat. F. 48
X = Vatican, Reg. lat. 1987

Example of a stemma. Stemma for De nuptiis Philologiae et Mercurii by Martianus
Capella proposed by Danuta Shanzer (1986, p. 62-81).



Critical editions

Usually display textual variants
in the form of apparatus
criticus

The apparatus is a choice in
itself: it does not collect all the
variants found through
collation, but only those that
the editor had judged
significant for the
reconstruction of the text

The apparatus can be very
complex to understand in large
textual traditions

Critical text

Critical

Omnis homines, qui sese student praestare ceteris
animalibus, summa ope niti decet, ne vitam silentio
transeant veluti pecora, quae natura prona atque ventri
oboedientia finxit. sed nostra omnis vis in animo et
corpore sita est: animi imperio, corporis servitio ma-
gis utimur; alterum nobis cum dis, alterum cum be-
lnis commune est. quo mihi rectius videtur ingeni
quam virium opibus gloriam quaerere, et quoniam vita
ipsa qua fruimur brevis est, memoriam nostri quam
maxume longam efficere. nam divitiarum et formae
gloria fluxa atque [ragilis est, virtus clara aeternaque
habetur.

Sed diu magnum inter mortalis certamen fuit, vine 15
corporis an virtute animi res militaris magis proce-
deret. nam et prius quam incipias consulto et ubi

i a k' e 8 d g

2 De fitulo vide Ag 155 sqq. 3 omnis homines *Char
9, 17 Diom. gramm. I 305,29 omnis...student Prisc.

omnis . . . praestare Non. p. 371,11 omnis
Char. gramm. I 140,1 Engraph. Ter. Eun. 23:
omneis Char. omnes Eugraph. qui ... animalibus Arus.
gramm. VII 508, 4 praestare ceteris animalibus Diom. gramm. [
813, 11 5 pecora ... finxit Arus. gramm. VIl quae
... finxit Non. p. .11 Victorin. rhet. p. Prise.
J i), 4 oboe-
georg. 1, 198
utimur Hier.
. 5,16 p. 410 Ep! - & i commune
est* Hier. adv, fovin. 2, 19 Aug.civ. 9,9 ani . adp. fovin.
8 utimur] vivere Hier. ad Gial. alterum nobis...commune est

Serp. Aen. 5,81 9 videtur] videtur XNMTm

BKHDFIsn 10 el... efficere Viclorin. rhet. p. 160,
... opus est Don. Ter. Andr. 334 Prize. gramm. Il 226 3 288 |1

Sallust’s Catiline in Axel Ahlberg’s 1919 Editio Major.




Now we can do some of
these things automatically



1Aligner

http://i-alignment.com/
https://github.com/OpenGreekAndLatin/ILA python

dh iAligner  #wm

The tool performs automatic syntax-based intra-language alignment. It performs automatic alignment of different versions of a text. Its concept is based on a modified version of the
Needleman-Wunsch algorithm (for more information, see the Bibliography).
The tool allows automatic alignment between parallel texts in the same language. Its purpose is to display various degrees of textual variants based on syntactic alignment.

Upload your file & Enter Your Text 6
Select File

Scegli file Nessun file selezionato
Supported formats: txt and csv

Ignore Nonalphabetical Ignore Diacritics Case sensitive
Levenshtein Distance

Ignore Nonalphabetical Ignore Diacritics Case sensitive
Levenshtein Distance

©) View on Github (Python) ) View on Github (Php)

y Tariq Yousef


http://i-alignment.com/
http://i-alignment.com/
https://github.com/OpenGreekAndLatin/ILA_python
https://github.com/OpenGreekAndLatin/ILA_python

A tool for automatic syntax-based
intra-language alignment

e Automatic: it is performed with algorithmic methods to reduce human
intervention in the mechanical process of comparison.

e Syntax-based: in programming language, defines the order of the
characters and the order of the words in a sentence.

e Intra-language: works with texts in the same language.

e Pairwise or multiple: works with two texts or with an unlimited number of
multiple texts.



Algorithmic methods to produce alignment

The Needleman-Wunsch algorithm

used in bioinformatics to align protein or nucleotide sequences.

it uses Dynamic Programming to find the optimal alignment.

divides a large problem into a series of smaller problems and uses the solutions to
the smaller problems to reconstruct a solution to the larger problem.

uses a score function and similarity matrix to represent all possible combinations
of tokens and their resulting score.



The Needleman-Wunsch algorithm

- Aligning Bible Text John 1:1

NLT: In the beginning the Word already existed.

. . . MIO0][j] = j x indel where je [0,n],
KJB: In the beginning was the Word MIGI[0] = i % indel where i e [0.m]

Mli—-1]j - 11+ m Matching

LT — M[i—11[j = 11+ mis \, Mismatching
[V = maxy 4t 217 + indel | Gap in S1
M{i — 1][j] + indel — Gap in 52
Where O<Liw=m, D<ji<s=mn

The used score function ( Matching = 5, Mismatching = -5, In/Del = -2 )



beginning the Word already | existed
-8— -10— -12— -14— -16—
In
the
beginning
was
the -10]
Word -12]

14|

The used score function ( Matching = 5, Mismatching




beginning

already

existed

-6—

-12—

-14—

1 -

5

7 —

the

beginning

The used score function

( Matching =

Sy

Mismatching

— —5,




beginning

already

existed

-12—

-14—

5 —

7

9 >

7 —

beginning

was

the

Word

The used score function

( Matching =

Sy

Mismatching

— —5,




already | existed

-12— -14—

-5 — B

9 — 7T —

9 — 7 —

score function ( Matching = 5,
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The Needleman-Wunsch algorithm

John 1:1




The modification to the algorithm

EENENENNENENN N
ENNENEEEEEENEn
¥

HENENE NN
: nIII EEINNE
ENEENEEENEEEENNn
ENEENNEEEENEEIn
ENNENEENEEEENn.
ENNENEENEEEENn.
ENEENENNEEEEEI.
ENNENENEEEEEEI.

El

HBEREREEEREEHINNE

The goal is to optimize the algorithm
k<n/2

by reducing the search space
in S1 with a range of tokens [i-k, i+k]

in s2 with length of 2k+1.
reduced from (n * m) to ([2k +1]* m),

compares a token w at the position i
where

The resulting search space is



The modification to the algorithm

k=14 n=157 m= 134

Search space = m*n = 21038

after modification

(2k+1)*m = 3886

1In the beginning God created the heavens
and the earth. 2The earth was formless and
empty, and darkness covered the deep waters.
And the Spirit of God was hovering over the
surface of the waters. 2 Then God said, “Let there
be light,” and there was light. 4And God saw that
the light was good. Then he separated the light
from the darkness. 5God called the light “day™
and the darkness “night.” And evening passed
and morning came, marking the first day.

6 Then God said, “Let there be a space

between the waters, to separate the waters of the

heavens from the waters of the earth.” 7And that
is what happened. God made this space to
separate the waters of the earth from the waters
of the heavens. 8God called the space “‘sky.”

1In the beginning God created the heavens
and the earth. 2The earth was without form, and
void; and darkness was on the face of the deep.
And the Spirit of God was hovering over the face
of the waters. 3 Then God said, “Let there be
light™; and there was light. 4And God saw the
light, that it was good; and God divided the light
from the darkness. 5 God called the light Day,
and the darkness He called Night. So the evening
and the morning were the first day.

6 Then God said, “Let there be a firmament in
the midst of the waters, and let it divide the
waters from the waters.” 7 Thus God made the
firmament, and divided the waters which were
under the firmament from the waters which were
above the firmament; and it was so. 8And God
called the firmament Heaven. So the evening and
the morning were the second day.




Multiple Sequence Alignment ( In progress)

e Progressive alignment

builds up a final MSA by combining pairwise alignments beginning with the
most similar pair and progressing to the most distantly related, it requires two
stages:

- creating the guide tree (clustering)
- adding the sequences sequentially to the
growing MSA according to the guide tree




Multiple Sequence Alignment ( In progress)

e |terative alignment

The aim is to reduce the problem of a multiple alignment to an iteration of
pairwise alignments.




How to align your texts with 1Aligner: copy

your text on the editor

The book of the generation of Jesus Christ, the son of Davi
The book of the generation of Jesus Christ, the son of Davi

Abraham begat Isaac; and Isaac begat Jacob; and Jacob begat Enter Your Text 0

Abraham begat Isaac; and Isaac begat Jacob; and Jacob begat

[

NN

- . . fal
3 and Judah begat Perez and Zerah of Tamar; and Perez begat H 1 The book of the generation of Jesus Christ, the son of David, the son of Abraham.
3 And Judas begat Phares and Zara of Thamar; and Phares begat . ! )
1 The book of the generation of Jesus Christ, the son of David, the son of Abraham.
4 and Ram begat Amminadab; and Amminadab begat Nahshon; and N
4 And Aram begat Aminadab; and Aminadab begat Naasson; and Na )
2 Abraham begat Isaac; and Isaac begat Jacob; and Jacob begat Judah and his brethren;
5 and Salmon begat Boaz of Rahab; and Boaz begat Obed of Ruth .
£ And Salmee hegat Boos ot Rachab and Boos bigat obedl of Rit 2 Abraham begat Isaac; and Isaac begat Jacob; and Jacob begat Judas and his brethren;
6 and Jesse begat David the king. And David begat Solomon of
6 And Jesse begat David the king; and David the king begat So 3 and Judah begat Perez and Zerah of Tamar; and Perez begat Hezron; and Hezron begat Ram;
7 and Solomon begat Rehoboam; and Rehoboam begat Abijah; and 3 And Judas begat Phares and Zara of Thamar; and Phares begat Esrom; and Esrom begat Aram;
7 And Solomon begat Roboam; and Roboam begat Abia; and Abia b
L
8 and Asa begat Jehoshaphat; and Jehoshaphat begat Joram; and 4 and Ram begat Ammin adgh ﬁ”ﬂ a“]m ”ﬁ”ah “ﬁ“a Nﬁ“ﬁlm” and Mahshon begat Salmon;
8 And Asa begat Josaphat; and Josaphat begat Joram; and Joram i 4

& [ Ignore Nonalphabetical lgnore Diacritics (1 Case sensitive [ Levenshtein Distance >

Uzziah begat Jotham; and Jotham begat Ahaz; and Ahaz be
Ozias begat Joatham; and Joatham begat Achaz; and Achaz

Align
The text has to be parsed in sentences first @




..0r upload it

Currently supports .txt and .csv files

Upload your file ©

Select File
Scegli file bible test.txt

Supported formats: txt and csv

Ignore Nonalphabetical ' | Ignore Diacritics [ | Case sensitive
| Levenshtein Distance




Refinement criteria

Enter Your Text @

and Isaac ), and Ja begat Judah and his brethren
nd Isaa and Ja at Judas and h rethren;

3 and Judah begat Perez and Zerah of Tamar; and P begat Hezron; and Hezron begat Ram
3 And Judas t Phares and Zara of Thamar; and Phar gat Esrom; and Esrom t

Upload your file @

Select File
Scegli file | bible test.txt

Supported formats: txt and csv

Ignore Nonalphabetical ' | Ignore Diacritics ' | Case sensitive
Levenshtein Distance



Ignore non-alphabetical: ignores symbols, such as
punctuation and numbers, anything that is not an alphabetical
character

Case sensitive: if activated, detects variation across words
according to the case

Ignore diacritics: ignores any type of diacritical character
(including punctuation marks)

Levenshtein distance: applies a revised version of the
Levenshtein algorithm and increases the tolerance threshold
on the alignment of similar words.



The Levenshtein distance

The Levenshtein distance between two words is the minimum number of
single-character edits (i.e. insertions, deletions or substitutions) required to
change one word into the other. e.g

lev (Hellanikos, Hellanicus) = 2

Mathematically, the Levenshtein distance between two strings { a,b} (of length
|al and |b| respectively) is given by leva,s( |a|, |b] )

max (%, j) ifmin(i, j) = 0,
levep(i—1,7) +1

levay(%,7) = Lin levas (i, j — 1) + 1 otherwise.
levap(i — 1,5 — 1) + L(g2b))




Modified Levenshtein Distance

Levenshtein distance is not very helpful in our case, because it is binary and
there is no tolerance with errors produced by OCR or Transcription.

the distance between letters is not binary, but it is on scale. The cost of insertion
or deletion depends on:

Group elements Distance within group elements

- Letter position Ee E& Li Y.y 0.15
0.6 0.0 Uu Yy 0.15

- Letter type (vowel or consonant)
Cc Kk Q9 0.15

lev (Hellanikos, Hellanicus) = 0.3 §¢ Cé

M, m N,n




A Greek text with no refinement criteria

Tig & dolag and kavwBou Ewg Tavawbos notapol petd 1@V KGAMWY 6 Napdnioug, oTadiuv pupadwy & kai plar
Tfg &2 dolag. and kavwPou. Ewg Tavaibog notapol’ peTd TV KGANMWY O Mapanioug oTtdadia A pa

ST En ERE e

2] rotatoned €
The longest common substring

peTd TOV KOATILWV O
HETA TOV KOATIWV ©

The same text with additional refinement criteria applied

g &' dolag and kavwBou Ewg Tavaibog notapod PeTd TOV KOAMwY O napdmhous, oradiwv pupldduwy & kal pua
Tfig 62 aolag. and kavwBou. Ewg Tavalibog notapol: peTd TOV KOAMWY & Napdrhous” ordadia A plar

Tic 6& doioc P dnd  waws B Ewc TawaiSoc motapol M peTd TV KOMTWv O napanm)q n

prsr— w11 [

The longest common substring

pHeTd TOV KOATWV O Bylelelelidlelia
peTd TOV KOATMWV O Baleleletitlelile




Alignment output: a table-graph

1Aligner displays all the nuances of variants according to a color-key:

- Completely aligned tokens (deep green)

- Tokens aligned by excluding case sensitivity or punctuation detection (light green)
- Gaps (yellow)

- Divergences (red)

- Tokens aligned by applying Levenshtein distance (blue-green)

Tiig &° doiac and kavwBou Ewg Tavawbod notaycd PeTd TAV KEAMWY o napdmhouc, otadiwv pupiabuy & kal pla
Tiig 6& dolac. amd kavuwBou. Ewg Tavaibog motayel- HETA TOV KOATWY & aparthouc” otddia A plar

and  kawdfou Ewe  towabog motapol perd TV KOMTwv O EEGLGEIGTS :'_'- i
dndmwﬁpou&ncmmmmumtﬁvmmmb

; JIER—

The longest commeon substring

raptroons
HETA TOV kKOAmuv O REullelebirtelils




What can you do
with 1Aligner?
Some case studies



Manuscript

Manuscript Alignment

Plato's Crito

Clark: A digital encoding of Ms Clark 39, 20v-26r, Oxford, University Bodleian Library
Paris1808: A digital encoding of Ms Grec 1808, 17r-21v, Paris, Bibliotheque Nationale
Tuebingen: A digital encoding of Ms Gr Mb 14, 21-38, Tlbingen, Universitét, Bibliothek

43~

CLARK

46C
Paris1808

45~ 46~ 47~ 48~ 49~ 50~ 51~ 52+~

53~ 54 ~

Tuebingen

#Zwkparng Kal TiP®, olomep Kal
nPGTEPOV: MV €AV pn BeATiw Exwpev Aéyel
£v T@L apdvTl, €0 {08l &t ou uA oot
ouyxwprow: oUs’ Av MAeiw T@V vV
MapdVTWy, 1 TV MOAAGV SVvauLg, MoTep
natdag Huag poppoAlTINTAl SE0p0UG: Kal
Bavdroug £mméunovoa: Kal Xpnudatwy
adaipéoelg’ @G olv Av PeTpiiTaTa
okoroipeda auTd; el p@Tov pev Toltov
TOV AGyov avaAdBolpev, Ov ou Aéyelg mepl

#Zwkpamng Kal TIP® olorep Kal
TPOTEPOV- MV €AV pn BeATiw ExwpeV Aéye
v twi mapévr €0 {061 &Tt ou pA oot
ouyxwprow. oud’ Av MAeiw T@V viv
MapOVTWV 1) TOV MOAQ®V S0vapig: horep
natdag Hpag poppoAdTInTaL Se0poUG Kal
Bavdroug emméunovoa: Kal Xpnuatwyv
Adalpéoelg: A olv peTpIdTATa
okoroipeba auTd: el Mp@Tov pev TolTov
TOV AGyov avaAdBolpev- Ov ou Ayelg epl

#Zwkpatng Kal Tip®- olomep kal
TPGTEPOV, MV €AV pn BeATiw Exwpev Aéyelv
£v Twi napévrt. 0 {081 &t ou uf oot
ouyxwpriow’ oud’ Gv mMAeiw T®V vOv
MapOVTWV: 1 TV TOAA®V SVvaplg, Morep
natdag Huag poppoAbTINTAl Se0p0UG Kal
Bavaroug emméunovoa- Kal Xpnudatwy
adaipéoelq’ @G olv Av PETPIDTATA,
okoroipeba auTd, el Mp@Tov pev Toltov
TOV AGyov avaAdBolpev: Ov ou Aéyelg mepl

TOV 50EMV- MOTEPOV KAADG ENEYETO
€KAoToTe, 1} oU- 6TL Talg pev Sel TV oMV
TIPOTEXELWV TOV VOUV.

TV S0EMV" MOTEPOV: KAADG ENEYETO
€kdaotote 1) oU- 611 Talg . Sel TV SoEdV
TIPOGEXELV TOV VOUV-

TV 50EMV" OTEPOV KAADG EAEYETO
€kAoToTe, 1 00" OTL Taig pev, 6el TV 50DV
TIPOCEXELV TOV VOOV’

alignment

#ZwKpAtnNg Kal , olomep kal mpoTEPOV - G BeAtiw Exwpev Aéyev v T®L mapdvii , €0 {08l . 6T o0 pf ool ocuyxwpriow
#ZwkpAtng Kai oliomep kal mPOTEPOV - @ BeAtiw Exwpev Aéyev év Twl mapévti &0 (0Bt 611 oUu pfi ool ouyXwWProWw

#ZwKpatng Kkat olomep kal TmpdTEPOV A BeAtiw Exwpev Aéyev v Twl mapovii . €0 (08 . 6T o0 pf ool ouyxwpriow

ovyxwprow - av mAeiw TOV VOV Tapoviwv TOV TOMGV Suvaplg , dorep maldag NUEG popHOAUTINTAL deopoug - kal Bavatoug

ouyXWpPHow . av TmAeiw T@OV VOV TapdvIwv TV TOA@V  Slvapig domep maldag MUEG HOPHOAUTINTAL Seopouq kal Bavdartoug

ovyxwpriow av mAeiw TOV VOV TapOvIwv IOV TOA@V &0vaplg , Gomep maldag NUAG poppoAdTINTAL Seopoug kal Bavdartoug

EMinépnovoa XPNUATWY  APAIPECEIG nd¢ olv &v petpuwdtata okoroiyeba auta ; el mpdtov peév ToldTov TOV Adyov dAvaAdBolpev

£mmépnovoa XPNUATWY  AdalpEcElq n@dg odv HETPIOTATA okoroiyeba autd - el mpdTov peév ToOTovV TOV AGyov Avahdapolpev

Three manuscripts of Plato’s Crito
aligned (http://i-alignment.c rito/)

€mmépnovoa XPNUATwV  Adaipéoelq ndg olv A&v perpiwrara okoroiyeba autd , el mpdTov pév TodTov TOV Adyov AvaAdBolpev



http://i-alignment.com/crito/

OCR
output
alignment

Example of Aligning OCR-outputs:

€00.31924054869700_ocr/024. txt

Buvapel nenupywpévny, kai olov ap e phoyi taig

Gvwlev supevelalc Sietwopévny. Tpéxel Toivuv O &y-

yelog ékpetproal Thv lepouoalny, kai olov dpioal

rhateiav al v kai ebpnkeotatnyv. Kal tavti pév

imopik@e.

®ainv &' dv &1L kal en’ alTAc T 'ExkAnoiag

Xptotol vooito Av eikdTwe N Hpaotg. TeTupavvedket

P&V Yap Kata naviwy 6 Eatavac Ty dviwy éni Thg

yfic, kai yeyévapey alxpdAwrol, Tolg Exkeivow {uyois

hvd.32044019207893_ocr/024.txt

Buvapet nenupywpévny, kai olov apdxw phoyi taig

Gvwlev eupeveiaic SieZwapévny. Tpéxel Toivuy & &y-

yehog Ekpetprioal Trv lepouaahny, kai olov dpioal

nhatelav al Ty Kal sbpnkeotatny. Kal® tauti pev

ioTopk@c. n

. ®ainv &' av 61 kal £n’ alTig g 'EkkAnaiag

Xpioto0 voolto Av eikdTwe 7 Hpaots. TeTupavvenke

piv yap Kata naviwy o Zatavag t@v dviwy £ Trig

yfig, kai yeyovapeyv alxpahwTol, Toig Exeivou {uyoig

Alignment

duvaper memupywpéviy, kal olov apaxe phoyi
Talg

GvwBev slpsveiaie bielwopévnv. Tpéxel Toivuv
6 4y

yehog ékpetpfoal THv 'lepoucaArp, kal olov
oploat

nhatelav aOTv kal edpnkeotdr Kai &

TQuti pev

| { v 6T kal én' aUTAg TG

| ‘ExkAnaiag %

Xpiotol vooito v elkdTwg | na
TeTUpavVEUKEL

| pév #| yap {KM('I# navTwy | 6 4| Zatavag TAWV
Ovtwy énml Thg

yfig, kal yeyovapev aixpdhwrol, Tolg Ekeivou

Alignment of two OCR outputs from the Patrologia Graeca. The third column shows the overlapping
sections and offers the user the choice between two variants where the two texts diverge.



auctoritatemn , sub significatione nativitatis , proprietas naturalis ostensa auctoritatem , sub significatione nativitatis , proprietas naturalis ostensa
sit : Patrem suum dicebat Deum , aequalem se faciens Deo . Anne sit : Patrem suum dicebat Deum , qualem se faciens Deo . Anne naturalis
naturalis nativitas non est , ubi per nomen patris proprii , naturae nativitas non est , ubi per nomen patris proprii , natur qualitas|
aequalitas demonsh’atur ? Non amm amblgnur quin aequalltas mhnl lemonstratur ? Non enim ambigitur , quin qualitas nihil differat . Quis

ita porro dubitabit , quin indifferentem naturam nativitas consequatur ? Hind|

O u t p u t Bl PY Al Aligned-complete (109) Aligned-levenshtein (14) l[ll notAligned (1)
a 1 i g nm e nt Patrologia Latina: OCR output vs. correct version: www.i-alignment.com/pl/



http://www.i-alignment.com/pl/

Alignment of
editions

ZeUg PEV AQIKTWP ETTIBOI TIPOPPOVIIG
ZeUG pEV A@iKTWp ETTIOOI TIPOPPOVIG

pEV  A@ikTwp £TIdOI  TIPOPPOVWIC

pév  agiktwp £TMdOI  TIPOPPOVIIG

GTOAOV NUETEPOV VAIOV APBEVT
GTOAOV NUETEPOV VAIOV APBEVT

oTOAOV  NpETEPOV  vdIoV  GpBEVT’

oTOAOV  MUETEpPOV  valov  GpBEvT’

« QO TPOCTOpiWY AETITOYapGBWY
« QTTO TTPOOTOHIWY AETTTOYApAEBWY

Amd  TIPOCTOHIWY  AETITOWAHAOWY

amd  TIpoCTOpiWY  AETITOWapGBwv

Vv. 1-3

Three  excerpted

editions  of

- Kali GTOOICPXOG TABE TIECTOVOHGV
« Kai OTAOIOPKOG TABE TIEGTOVOHGY,

Kai  oTaoiapxog TGDE  TIEGOOVOPMV

Kai OTaoigpXog TADE  TIECOOVOPMV

o KUDIOT" dyEwv ETTEKPAVE,
o KUBIOT" dxéwv £TTEKOAVEY,

KUOIOT.  Aaxéwv Eémékpave

KUOIOT'  axéwv EmMEKpavev

www.i-alignment.com/Aeschylus

Aeschylus’  Supplices

« TIVEUPATI XWPAG- dpoeVoTTANGH &’
« TIVEUQTI XWPag: GPoeVOTTANGH 8’

TIvelpan  xwpag ApoevoTTANGi

TIvedpam  Xwpag apoevoTTAnBi

« £0poV UBpIoTAV AiyuTToyevi,
« £0UOV UBPIOTNV AiYUTITOYEVH,

éopov  UBpioTiiv  AlyuTioyevii

€opov  UBpioTiv  Alyumrtoyeviy

« TIPIV TIOBA XEPOW T & &V AOWAE!
« TIpiV TTGDA XEpow TAD' &v Gowdel

TIpiv. M6da  XEpow &v  Gowdel

Tipiv. TM6da  xEpow o' év  aowde
Vv. 29-31

aligned.


http://i-alignment.com/Aeschylus/

Future work



Import and export options
Language dependent options for Latin, Greek, Arabic

Handling crossings and transpositions



Thanks for the attention!



