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Multi-alighment

. Biological Phylogenetics
(alignment of nucleotides/amino-acids)

. Historical Linguistics
(alignment of sounds in words)

. Functional Language Comparison
(alignment of words in sentences)



A: Biological Phylogenetics

® Multi-alignment methods actively developed
since the 1980s

® Start with pairwise alignment, then build up
multiple alignhment starting from most
similar pairs (using “guide tree”)



Multi-alignment of nucleotides (4-letter alphabet)
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B: Historical Linguistics

Multi-alignment is just a fancy name for
sound correspondences

Each sound correspondence is “aligned” in a column,
possibly adding empty cells

It is a useful and consistent way to represent
comparative data (both between languages or dialects)

First automatic multi-alignments by Kondrak (2009) and
Prokic (2009). Currently furthest developed by Mattis
List (LingPy)



Language IDS meaning alignment

Pilaga 15.810/15.820 heavy/light d e s a 1 i
Toba 15.810 heavy d e s a IV i
Mocovi 15.810/15.820 heavy/light r e s a 1Y i
Pilaga 9.440 build n ? o B O — S e g e m
Toba 9.440 build n ? o B O O S 1 g e m
Mocovi 9.440 build n o ? B o n § i g i m

Steiner, Lydia, Peter F Stadler, and Michael Cysouw. "A Pipeline for Computational
Historical Linguistics.” Language Dynamics and Change 1, no. 1 (2011): 89-127
doi:10.1163/221058211X570358.
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Aachen a:ph a: ph -
Adorf a:bfs a: bf 3
Ahrbergen o—opha 0—2 | ph e}
Albersloh a:pia a pt 3
Allna adh a éh -
Altenberg afe A f g
Altentriidin af a f - A ff‘e
Altlandsberg a’fa’ a f =k
Altwarp o:ph o: ph - (G erman
Astfeld pipo D pP 3
Atzendorf afe a f € D i d I c Ct d a.ta.)
Ballhausen ~’fa A f e}
Bardenfleth upP o) Po -
Barssel p:pia D: ph 3
Bempflingen af: a f: -
Bennin op" ») p" -
Billingsbach af a f -
Bockelwitz AV A \' 9
Bonn ap’ a: p’ -
Borstendorf ¥f: ¥ f: -
Breddin p:ph D: ph -
Brelingen nga a f3 3
Bremscheid p“:phd D¢ ph 9




tongue

American English

Canadian English

Central German (Cologne)
Central German (Honigberg)
Central German (Luxembourg)
Central German (Murrhardt)

Dutch (Antwerp)
Belgian Dutch
Dutch (Limburg)
Dutch (Ostend)

New Zealand English (Auckland)
English (Buckie)

Indian English (Delhi)

Nigerian English (Igbo)

South African English (Johannisburg)
English (Lindisfarne)

English (Liverpool)

English (London)

English (North Carolina)
Australian English (Perth)
English (Singapore)

English (Tyrone)
Faroese

High German (North Alsace)
High German (Biel)

High German (Bodensee)
High German (Graubuenden)
High German (Herrlisheim)
High German (Ortisei)

High German (Tuebingen)
High German (Walser)

Low German (Achterhoek)
Low German (Bargstedt)
Norwegian (Stavanger)

Swedish (Skane)
Swedish (Stockholm)
West Frisian (Grou)
Yiddish (New York)
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(Data from Paul Haggerty,
aligned by the LingPy library
maintained by Mattis List)
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C: Functional Language
Comparison

Comparing morphosyntactic patterns in
languages all over the world

“Language Typology”

Traditional problem how to compare
disparate languages.

Solution: Multi-alighment
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| What important information is contained in the Bible?

2 Who is the Bible's author?

3 Why should you study the Bible?

4 The Bible is a precious gift from God.

5 The Bible alone tells us what we must do to please God.

6 The Bible was written by some 40 different men over a period of 1,600 years, beginning in 1513 B.C.E.
7 So God in heaven, not any human on earth, is the Author of the Bible.

8 God made sure that the Bible was accurately copied and preserved.

9 More Bibles have been printed than any other book.

|0 Not everyone will be happy to see you studying the Bible, but do not let that stop you.

| I But the Bible tells us that there is only one TRUE God.

|2 But when the Bible was written, the name Jehovah appeared in it some 7,000 times

|3 God is a Spirit, says the Bible.

|4 The Bible reveals Jehovah's personality to us.

|5 The Bible tells us that he is also merciful, kind, forgiving, generous, and patient.

|6 We learn about God from creation and from the Bible.

|7 Another way we can learn about God is by studying the Bible.

|8 By disobeying God's command, the first man,Adam, committed what the Bible calls sin.

|9 This is what the Bible refers to as the ransom.

20 Some of your loved ones may become very angry because you are studying the Bible.

21 What is the Bible's view of separation and of divorce?

22 The Bible says that a husband is the head of his family.

23 Parents need to spend time with their children and study the Bible with them,

24 When marriage mates have problems getting along together, they should try to apply Bible counsel.
25 The Bible urges us to show love and to be forgiving.

26 But God does not approve of them if they come from false religion or are against Bible teachings.
27 The only two birthday celebrations spoken of in the Bible were held by persons who did not worship Jehovah.
28 The Bible teaches that only a few people are on the narrow road to life.

29 The Bible foretold that after the death of the apostles, ...

30 True Christians love one another, respect the Bible, and preach about God's Kingdom.

31 Another mark of true religion is that its members have a deep respect for the Bible.

32 They try to live by the Bible in their everyday life.

33 The Bible is the basis for what is taught° Cysouw, Michael. 2014. Inducing semantic roles. In

34 By now you have learned many good things from the Bible. Silvia Luraghi & Heiko Narrog (eds.), Perspectives
on Semantic Roles, Amsterdam: Benjamins.



Albanian Faroese Estonian Greenlandic
bibla biblian piibel biibilip
Nominative Nominative Nominative Ergative
biblen bibliuna piiblit biibli
Accusative Accusative Partitive Absolutive
biblés bibliunnar piibli biibilmik
Genitive/Dative Genitive Genitive Instrumental
bibliuni piiblis biibilmi
Dative Inessive Locative
piiblist

Elative




Context Albanian Faroese Estonian Greenlandic
I bibla bibliuni piibel biibili
2 bibles bibliunnar piibli biibilimik
3 biblen bibliuna piiblit biibili
4 bibla biblian piibel biibili
5 bibla biblian piibel biibilip
6 bibla bibliuna piibli biibili
7 bibles bibliunnar piibli biibilimut
8 bibla biblian piiblit biibilip
9 bibla NA piiblit biibili
10 biblen bibliuna piiblit biibilimik
I bibla biblian piibel biibilimili
12 bibla biblian piibel biibilili
13 bibla biblian piibel biibilimi
|4 bibla biblian piibel biibilimi
I5 bibla biblian piibel biibilimi
6 bibla bibliuni piibli biibililu
|17 biblen bibliuna piiblit biibilimik
18 bibla biblian piiblis biibilip
19 bibla biblian piiblis biibilimi
20 biblén bibliuna piiblit biibilimik
21 NA biblian piibel biibilimi
22 bibla bibliuni piibel biibili
23 biblén bibliuna piiblit biibilimillu
24 biblike biblian piibli biibilimi
25 bibla biblian piibel biibilimi
26 bibles bibliunnar piibli biibilimi
27 bibla biblian piiblis biibilimi
28 bibla biblian piibel biibilimi
29 bibla biblian piibel biibilimi
30 biblen bibliuna piiblist biibilimik
31 biblén bibliuni piibli biibilimik
32 biblés bibliuni piibli biibili
33 bibla bibliuna piibel biibilimik
34 bibla bibliuni piiblist biibilimeersunik
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Multi-alighment

. Biological Phylogenetics
(alignment of nucleotides/amino-acids)

. Historical Linguistics
(alignment of sounds in words)

. Functional Language Comparison
(alignment of words in sentences)
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Three of a kind!?

® Basically the same problem:

» substrings within strings have to be alighed

® However, there are differences
» the information of the substrings differs strongly

» the lengths of the strings differs strongly
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Parts/Length Ratio

(“informativity of the parts”)

® DNA:order 103 (viz.~ 4/ 1000s)
(nucleotides vs. length of strings)

® Protein:order 10" (viz.~ 20/ 100s)
(amino acids vs. length of protein)

® Words: order 10*! (viz.~ 40 / 6)
(sounds vs. length of word)

® Sentences: order 10*3 (viz.~ 1000s / 10)
(number of words vs. length of sentence

27



A different view of
multi-alighment

Multi-alighment is mostly seen as the
problem of adding gaps in the right places

Crossing alignhments (“metathesis™) is seen
as a nuisance / special case

Now: words in sentences have massive
crossing alignments.
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A different view of
multi alignment

® Consider multi-alignment as constrained
partitioning (“flat clustering”)

® Partitioning
» take all elements in all species/languages, and put
them into groups (“mulit-alignments”)
e Constraints, e.g.

» prefer groups across species/languages

» ordering can be more or less strongly obeyed
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