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Central Approach:  
Multi-alignment

• Alignments of words

• Alignments of sounds
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In linguistics,  
an alignment is a central result,  

not an intermediate method



Multi-alignment of words

• Based on a sentence-by-sentence alignment,  
induce word-by-word alignment

• Translations can be (and often are!) quite 
different

• Bi-text alignment is widely researched problem

• Mulit-text alignment not so much 
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Kong Herodes blev skrækslagen , og Jerusalem begyndte at summe af rygter . 

Als dies dem König Herodes zu Ohren kam , erschrak er , und mit ihm entsetzte sich 
auch ganz Jerusalem . 

But Herodes the king heard , and was troubled , and all Urishlem with him . 

Þegar Heródes heyrði þetta , varð hann skelkaður og öll Jerúsalem með honum . 

Als des dr Kenig Herodes ghärt het , isch scha ( er ) arg vuschrocke un mit nem 
ganz Jerusalem , 

Kort voor lank het Herodes ook van die geleerdes uit die ooste se storie te hore 
gekom . Hy was baie omgekrap oor wat hulle oor die nuwe Joodse koning gesê 
het . So ook die res van Jerusalem . 

Der König Herodes war total aufgebracht , als er das hörte , und nicht nur er , alle in 
Jerusalem waren das .
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Universal Declaration  
of Human Rights



in, im German
in Dutch
in English
yn Frisian
in Afrikaans
in Scots
אין Yiddish
í Icelandic
i Swedisch
i Nynorsk
i Bokmål
í Faroese
i Danish



Article 10

English: “everyone is entitled in full equality to a fair and public hearing by an independent 
and impartial tribunal , in the determination of his rights and obligations and of any 
criminal charge against him .”

Afrikaans: “elkeen het , in volle gelykheid , die reg tot ’n regverdige en openbare verhoor 
deur ’n onafhanklike en objektiewe tribunaal , in die bepaling van sy regte en verpligtinge en 
die ondersoek van enige kriminele saak teen hom .”

German: “jeder hat bei der feststellung seiner rechte und pflichten sowie bei einer gegen 
ihn erhobenen strafrechtlichen beschuldigung in voller gleichheit anspruch auf ein gerechtes 
und öffentliches verfahren vor einem unabhängigen und unparteiischen gericht .”
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Consensus network of 4 optimal trees 
according to dollo Maximum Parsimony 
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Article 14 
English: ... in other countries ...
German: ... in anderen Ländern ...
Danish: ... i andre lande ...
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Article 11 
English: … in a public trial ...
German: … in einem öffentlichen verfahren ...
Danish: … en offentlig retshandling ...
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Preamble 
English: … their faith in fundamental human rights ...
German: … ihren Glauben an die grundlegenden Menschenrechte ...
Danish: … deres tro på fundamentale menneskerettigheder ...
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Introducing the  
Parallel Text Corpus



Parallel Text Corpus

• Universal Declaration of Human Rights

• Pamphlets of the Jehovas Witnesses 

• Bible

• currently a private github repo: but I invite 
everybody to become a member
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Parallel Bible Corpus

• 1169 translations online (soon 1600+)

• 906 different ISO-639/3 codes (soon 1300+)

• In total more than 350 Million tokens

• More than 17 Million different wordforms

• http://paralleltext.info/data

27

http://paralleltext.info/data


Demo



Multiple Alignment

• Small-scale experiment
‣ use fastalign for bitext-alignment on all pairs

‣ build multi-text-alignment using graph clustering

• Only for 77 Germanic translations

• New Testament produced almost 100.000 
Germanic alignments, which are directly 
comparable ‘words’  

29



trees and wood
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afr-x-bible-1953.txt

boom
bome
hout
kruishout
vyeboom

Louis Hjelmslev  
Prolegomena to a Theory of Language (1963)
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deu-x-bible-erben.txt

baum
holz
bäume
feigenbaum
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nob-x-bible-2007.txt

tre
treet
trærne
trær
fikentreet



where
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deu-x-bible-pattloch.txt

wo
woher
wohin
dort
da
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eng-x-bible-kingjames.txt

where
whence
whither
there
from
when
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eng-x-bible-darby.txt

where
whence
there
whither
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eng-x-bible-treeoflife.txt

where
there
place
wherever
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swe-x-bible-folk1998.txt

där
var
varifrån
vart
dit
plats
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Multi-alignment of Sounds



Phonetischer Atlas von Deutschland

• Wenker-sentences recorded in the 1960s 
(with additions in the 1970s)

• Selected words from the recordings were 
transcribed on paper in the 1980s

• A joint project between Marburg and 
Groningen digitized the data in the 2000s

• In total 29530 words distributed over 183 
locations and 186 cognate sets

41
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• Digitised in X-SAMPA, converted back to 
match original transcriptions, minor 
corrections for consistency of encoding

• The data is transcribed in high phonetic 
detail (3786 different phonetic segments)

• We make the complete data available 
‣ electronically, separated by phonetic segments

‣ as close as possible to the original source

‣ including all idiosyncrasies

‣ github.com/cysouw/PAD
43

Phonetischer Atlas von Deutschland

http://github.com/cysouw/PAD
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LOCATION WORD A FF E

Aachen a ̠ː ph a ̠ː ph -
Adorf ɑ̟ːbʱə ɑ̟ː bʱ ə

Ahrbergen o̜→ɔp̟hə̣ o̜→ɔ̟ ph ə̣
Albersloh ɑːpʱə̫̤ ɑː pʱ ̫ ə̤

Allna ɑɸh ɑ ɸh -
Altenberg ʌfɛ ̤ ʌ f ɛ ̤

Altentrüdin af̠ a ̠ f -
Altlandsberg ɑʾfəʾ ɑʾ f əʾ

Altwarp oːph oː ph -

Astfeld ɒʿːpʰə ɒʿː pʰ ə
Atzendorf afɛ ̠ a f ɛ ̠
Ballhausen ʌʾfə ʌʾ f ə
Bardenfleth ɔ̣ː p͡ɸ ɔ̣ː p͡ɸ -

Barssel ɒ̣ːpʱə ɒ̣ː pʱ ə

Bempflingen afː a fː -
Bennin ɔp̜ʰ ɔ̜ pʰ -

Billingsbach af̠ a ̠ f -
Bockelwitz ʌv̟ə̤ ʌ̟ v ə̤

Bonn ɑːpʼ ɑː pʼ -

Borstendorf ɤ̜fː ɤ̜ fː -
Breddin ɒːph ɒː ph -

Brelingen ɑ̟fβ̰͡ə ɑ̟ fβ̰͡ ə
Bremscheid ɒʿːph̫ə̟ ɒʿː ph̫ ə̟

… … … … …

• Workflow: 

‣ Tokenisation of segments 
(github.com/cysouw/qlcData)

‣ Automatic alignment using 
LingPy (github.com/lingpy)

‣ Manual correction using 
Alignment Editor  
(github.com/digitallinguist/msa-editor)

‣ Separation of cognates  
(e.g. Samstag vs. Sonnabend)

‣ Annotation of columns 
(e.g. many-to-one 
alignments, metathesis)

‣ Merging of complex 
columns and removing 
boundaries

http://github.com/cysouw/qlcData
http://github.com/lingpy
http://github.com/digitallinguist/msa-editor


45



46
github.com/digitallinguist/msa-editor

http://github.com/digitallinguist/msa-editor


• more than 700 columns of aligned 
segments (“correspondences”)

• Comparative-historical linguistics uses 
clusters of correspondences 
(“correspondence sets”)

• Automatic clustering of columns is a good 
start, but needs correction

• Visualisations in R  
github.com/cysouw/qlcVisualize
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Correspondence Sets

http://github.com/cysouw/qlcVisualize
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Correspondences “sch”

Functions limage (“level-image”)  
and lmap (“level-map”)  

from R-package qlcVisualize  
(Cysouw 2015)

B
oc
ke
lw
itz

W
itt
el
sb
er
g

A
ac
he
n

P
öt
tm
es

H
ar
te
nf
el
s

A
do
rf

O
be
rh
om
be
rg

H
or
he
im

H
er
m
an
ns
re
ut
h

E
in
öl
le
n

Ig
lin
g

Iv
er
sh
ei
m

La
ng
en
br
uc
k

S
ch
ac
ha
ch

N
ie
de
ra
ue
rb
ac
h

B
ru
ch

W
in
te
rs
pe
lt

C
ur
sd
or
f

U
ng
st
ei
n

U
nt
er
el
le
n

A
lte
nt
rü
di
n

P
ie
le
nh
of
en

H
el
m
er
s

K
la
ffe
rs
tra
ss

O
be
ra
u

B
ur
gr
ie
de
n

V
ol
ke
rs
ha
us
en

La
nd
gr
af
ro
da

M
oc
ke
rn

Tr
ef
fe
ls
te
in

O
de
ns
pi
el

Ja
co
bs
do
rf

W
ild
po
ld
sr
ie
d

P
et
er
sk
irc
he
n

S
ch
m
an
ne
w
itz

K
ru
ft

O
rfe
ro
de

H
öc
hs
tä
dt
(D
on
)

Ze
llin
ge
n

S
ch
ne
pf
en
ba
ch

K
em
m
er
n

O
be
rw
ür
zb
ac
h

B
üd
es
he
im

B
ill
in
gs
ba
ch

S
ch
öm
be
rg

E
sc
he
lb
ro
nn

G
el
tin
g

W
ei
de
nb
ac
h

A
tz
en
do
rf

G
öt
z

G
er
bs
te
dt

P
fa
ffe
nr
ot

R
os
sw
ei
n

U
lb
er
in
g

S
ee
lb
ac
h

S
ie
be
nb
ac
h

O
tto
w
in
d

G
or
ns
do
rf

B
or
st
en
do
rf

E
ic
he
nh
of
en

M
ax
w
ei
le
r

H
ar
te
ns
te
in

A
lte
nb
er
g

B
em
pf
lin
ge
n

D
ex
ba
ch

H
ön
eb
ac
h

O
ffd
illn

G
rü
nl
ic
ht
en
be
rg

G
ro
ss
w
ec
hs
un
ge
n

B
al
lh
au
se
n

N
eu
S
ch
ad
ow

N
ür
nb
er
g

C
la
us
th
al
(Z
f)

Fa
lk
en
th
al

R
am
m
en
au

Fr
oh
nh
au
se
n

G
ro
ss
Ja
m
no

O
be
rv
ie
hb
ac
h

Lo
hr
a

W
ie
da
Li
nz

E
nd
en
bu
rg

M
as
te
rs
ha
us
en

W
eh
rs
do
rf

M
ai
br
un
n

R
am
sa
u(
B
er
ch
)

Lo
hr
ha
up
te
n

S
ch
el
lro
da

W
ey
he
rs

S
ch
au
en
st
ei
n

E
ns
he
im

Ig
gi
ng
en

N
ie
de
ra
sp
he

Th
eu
m
a

D
oc
el
le
s

Ta
nn
(R
hö
n)

A
lln
a

B
on
n

R
os
en
th
al

R
ee
tz

M
ör
sh
au
se
n

H
er
bo
rn
se
el
ba
ch

E
be
rts
ha
us
en

K
öl
n

P
re
tz
sc
h(
E
l)

Jo
ns
do
rf

W
er
ni
ge
ro
de

V
ie
lb
ru
nn

G
er
sd
or
f

R
öh
rd
a

Le
ut
h

E
ng
el
sb
ac
h

N
ie
de
rn
ha
us
en

O
be
rm
ai
se
l

E
xd
or
f

O
st
er
fe
ld

B
re
m
sc
he
id

S
ch
ra
de
n

Li
pp
en

H
er
de
ck
e

H
un
di
sb
ur
g

R
os
sa
u

R
uh
ls
do
rf

K
le
in
bo
ttw
ar

La
m
pe
rts
w
al
de

E
ng
te
r

H
er
ss
um

A
lb
er
sl
oh

R
ee
lk
irc
he
n

A
ltl
an
ds
be
rg

K
irc
hK
og
el

O
st
er
ha
ge
n

G
ot
ts
bü
re
n

Li
pp
ra
m
sd
or
f

V
er
ch
en

A
ltw
ar
p

V
al
do
rf

H
er
re
nt
ru
p

H
es
se
lte
ic
h

D
ie
kh
us
en

H
ol
m
kj
er

H
ag
en

G
ro
ss
M
oh
rd
or
f

H
ad
do
rf

O
st
er
br
uc
h

S
ch
ön
be
ck

H
ud
de
st
or
f

B
ro
ck
ha
us
en

B
ar
ss
el

G
ro
ss
en
w
ie
he

G
rü
no
w

M
iro
w

D
re
ek
e

W
as
be
k

B
re
dd
in

S
ch
w
ab
st
ed
t

V
ie
tm
an
ns
do
rf

W
ar
pe

W
ül
le
n

H
oh
w
ac
ht
(O
s)

K
uh
st
ed
t

Je
st
eb
ur
g

H
am
m
ah

B
ar
de
nf
le
th

E
bs
to
rf

E
ve
rs
en

A
st
fe
ld

W
em
b

W
en
to
rf(
S
an
d)

Jü
rg
en
sh
ag
en

W
ol
ga
st

A
hr
be
rg
en

S
tö
ck
en

H
oh
en
kö
rb
en

Je
et
ze
l

O
hr
do
rf

G
re
se
nh
or
st

B
en
ni
n

H
er
zf
el
d

O
is
te

B
re
lin
ge
n

W
as
bü
tte
l

Fr
ed
en

156 Dreschen 7 sch
587 Tisch 3 sch

221 Fleisch 4 sch
530 schoene 1 sch

538 Schwester 1 sch
516 schlechte 1 sch
525 schneien 1 sch

522 Schnee 1 sch
188 eingeschlafen 5 sch

534 schwarz 1 sch
319 gestorben 3 s

581 Stueckchen 1 s
85 bestellt 3 s

626 versteht 4 s
312 gestohlen 3 s

142 Donnerstag 8 s
172 Durst 4 s
700 Wurst 5 s

ʃ
s
ʒ
ɕ
-
ʃː
other
NA



49

V
er
ch
en

H
er
re
nt
ru
p

H
er
zf
el
d

Fa
lk
en
th
al

R
ee
lk
irc
he
n

R
ee
tz

B
en
ni
n

D
ie
kh
us
en

M
iro
w

S
ch
ön
be
ck

K
irc
hK
og
el

G
ro
ss
M
oh
rd
or
f

W
as
bü
tte
l

A
hr
be
rg
en

B
re
lin
ge
n

B
re
m
sc
he
id

D
re
ek
e

Ja
co
bs
do
rf

G
ot
ts
bü
re
n

A
lb
er
sl
oh

H
oh
en
kö
rb
en

V
al
do
rf

H
am
m
ah

H
ad
do
rf

R
uh
ls
do
rf

H
es
se
lte
ic
h

A
tz
en
do
rf

S
tö
ck
en

A
st
fe
ld

Fr
ed
en

W
en
to
rf(
S
an
d)

R
os
sa
u

O
hr
do
rf

Je
st
eb
ur
g

W
ol
ga
st

H
ol
m
kj
er

W
er
ni
ge
ro
de

H
ud
de
st
or
f

A
ltw
ar
p

E
ve
rs
en

H
un
di
sb
ur
g

Jü
rg
en
sh
ag
en

W
as
be
k

Je
et
ze
l

H
ag
en

E
bs
to
rf

W
ül
le
n

E
ng
te
r

B
ro
ck
ha
us
en

K
uh
st
ed
t

B
ar
de
nf
le
th

B
re
dd
in

B
ar
ss
el

G
ro
ss
en
w
ie
he

O
is
te

W
em
b

Li
pp
ra
m
sd
or
f

G
rü
no
w

S
ch
w
ab
st
ed
t

O
st
er
ha
ge
n

H
oh
w
ac
ht
(O
s)

A
do
rf

G
re
se
nh
or
st

H
er
ss
um

Le
ut
h

G
öt
z

V
ie
tm
an
ns
do
rf

O
st
er
br
uc
h

W
ar
pe

A
ac
he
n

H
er
de
ck
e

W
in
te
rs
pe
lt

E
ic
he
nh
of
en

D
oc
el
le
s

O
be
rm
ai
se
l

P
ie
le
nh
of
en

G
ro
ss
w
ec
hs
un
ge
n

B
on
n

O
de
ns
pi
el

S
ie
be
nb
ac
h

K
öl
n

W
ei
de
nb
ac
h

W
ey
he
rs

C
la
us
th
al
(Z
f)

B
em
pf
lin
ge
n

W
ie
da

R
am
sa
u(
B
er
ch
)

V
ie
lb
ru
nn

W
itt
el
sb
er
g

Fr
oh
nh
au
se
n

O
rfe
ro
de

Ig
lin
g

Tr
ef
fe
ls
te
in

Lo
hr
a

O
be
ra
u

K
ru
ft

E
be
rts
ha
us
en

Ze
lli
ng
en

R
os
en
th
al

S
ee
lb
ac
h

A
lte
nt
rü
di
n

M
ör
sh
au
se
n

W
ild
po
ld
sr
ie
d

B
al
lh
au
se
n

G
el
tin
g

O
be
rh
om
be
rg

D
ex
ba
ch

M
as
te
rs
ha
us
en

N
ie
de
rn
ha
us
en

O
be
rw
ür
zb
ac
h

M
ai
br
un
n

B
ru
ch

E
in
öl
le
n

N
ie
de
ra
ue
rb
ac
h

H
er
bo
rn
se
el
ba
ch

Li
pp
en

N
ie
de
ra
sp
he

P
et
er
sk
irc
he
n

H
er
m
an
ns
re
ut
h

Th
eu
m
a

N
ür
nb
er
g

H
ar
te
nf
el
s

B
üd
es
he
im

B
oc
ke
lw
itz

U
ng
st
ei
n

Lo
hr
ha
up
te
n

K
le
in
bo
ttw
ar

K
la
ffe
rs
tra
ss

O
be
rv
ie
hb
ac
h

O
ffd
ill
n

A
ltl
an
ds
be
rg

W
eh
rs
do
rf

S
ch
ne
pf
en
ba
ch

R
öh
rd
a

Jo
ns
do
rf

M
ax
w
ei
le
r

B
ill
in
gs
ba
ch

S
ch
au
en
st
ei
n

E
xd
or
f

H
el
m
er
s

R
am
m
en
au

A
lln
a

M
oc
ke
rn

A
lte
nb
er
g

O
tto
w
in
d

P
öt
tm
es

G
er
sd
or
f

S
ch
ac
ha
ch

G
or
ns
do
rf

Ig
gi
ng
en

H
öc
hs
tä
dt
(D
on
)

G
rü
nl
ic
ht
en
be
rg

S
ch
el
lro
da

E
ng
el
sb
ac
h

E
sc
he
lb
ro
nn

H
ön
eb
ac
h

O
st
er
fe
ld

La
ng
en
br
uc
k

V
ol
ke
rs
ha
us
en

G
ro
ss
Ja
m
no

R
os
sw
ei
n

S
ch
m
an
ne
w
itz

U
nt
er
el
le
n

P
re
tz
sc
h(
E
l)

U
lb
er
in
g

H
or
he
im

Li
nz

E
ns
he
im

B
or
st
en
do
rf

K
em
m
er
n

H
ar
te
ns
te
in

B
ur
gr
ie
de
n

S
ch
öm
be
rg

Ta
nn
(R
hö
n)

C
ur
sd
or
f

P
fa
ffe
nr
ot

E
nd
en
bu
rg

S
ch
ra
de
n

La
nd
gr
af
ro
da

La
m
pe
rts
w
al
de

Iv
er
sh
ei
m

G
er
bs
te
dt

N
eu
S
ch
ad
ow

492 Ofen 2 f

397 Kochloeffel 7 f

502 Pfeffer 3 ff

168 durchgelaufen 10 f

191 eingeschlafen 8 f

621 verkaufen 6 f

40 auf 2 f

549 Seife 3 f

149 Dorf 5 f

13 Affe 2 ff

200 elf 4 f

25 anfaengt 3 f

719 zwoelf 6 f

284 gefunden 3 f

426 Luft 3 f

272 gefahren 3 f

640 vor 1 v

222 fliegen 1 f

633 vier 1 v

215 Feuer 1 f

278 gefallen 3 f

218 Fleisch 1 f

231 Freitag 1 f

237 fuenf 1 f

637 von 1 v

630 viel 1 v

228 Frau 1 f

211 fest 1 f

617 verkaufen 1 v

624 versteht 1 v

240 fuenf 5 f

207 Feld 1 f

674 wieviel 3 v

201 erzaehlt 1 (f)

f
v
ɸ
p
b
pf
β
-
fv
ph
pʰ
fː
other
NA

f
p
v
b
other

Level = 20 %

Correspondences “f/p”

f
ɸ
v
other

Level = 30 %

Correspondences “f”



Bulgarian dialect data

• Data from Jelena Prokić

• Taken from the benchmark database of 
phonetic alignments (BDPA)

50

List, Johann-Mattis and Jelena Prokić. (2014). A benchmark database of 
phonetic alignments in historical linguistics and dialectology. In: 

Proceedings of the International Conference on Language Resources 
and Evaluation (LREC), May 2014, Reykjavik. 288-294.



Bulgarian dialect data

• Data from 197 villages for 152 words, 
resulting in 807 aligned columns

• There are many possible methods to cluster 
these into correspondence sets

• And they give different results!  
(though mostly smaller or larger sets)

• Here: a simple greedy clustering into 27 sets
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Labial Dental Palatal Velar

Plosive p b t d k g

Affricate ts͡ tʃ͡

Fricative f v s z ʃ ʒ

Nasal m n nʲ

Lateral l

Trill r

Approximant j

Proto-Bulgarian

https://en.wikipedia.org/wiki/Labial_consonant
https://en.wikipedia.org/wiki/Dental_consonant
https://en.wikipedia.org/wiki/Palatal_consonant
https://en.wikipedia.org/wiki/Velar_consonant
https://en.wikipedia.org/wiki/Plosive_consonant
https://en.wikipedia.org/wiki/Affricate_consonant
https://en.wikipedia.org/wiki/Fricative_consonant
https://en.wikipedia.org/wiki/Nasal_stop
https://en.wikipedia.org/wiki/Lateral_consonant
https://en.wikipedia.org/wiki/Trill_consonant
https://en.wikipedia.org/wiki/Approximant_consonant
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Labial Dental Palatal Velar

Plosive p b t d k g

Affricate ts͡ d͡z tʃ͡

Fricative s z ʃ ʒ x

Nasal m n nʲ

Lateral l lʲ

Trill r rʲ

Approximant v j

Old Church Slavonic

https://en.wikipedia.org/wiki/Labial_consonant
https://en.wikipedia.org/wiki/Dental_consonant
https://en.wikipedia.org/wiki/Palatal_consonant
https://en.wikipedia.org/wiki/Velar_consonant
https://en.wikipedia.org/wiki/Plosive_consonant
https://en.wikipedia.org/wiki/Affricate_consonant
https://en.wikipedia.org/wiki/Fricative_consonant
https://en.wikipedia.org/wiki/Nasal_stop
https://en.wikipedia.org/wiki/Lateral_consonant
https://en.wikipedia.org/wiki/Trill_consonant
https://en.wikipedia.org/wiki/Approximant_consonant


Conclusion

• Multi-alignments are an ideal data structure to 
compare language variation and change

• Extracting multi-alignments from large data sets is not 
trivial, and bound to produce errors

• However, multi-alignments can be profitably discussed, 
collectively improved, and consensus can be reached

• Controversial high-level analyses (e.g. typological 
classifications, reconstruction) are independent of the 
multi-alignments
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