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• There is a deep methodological affinity 
between the
‣ Semantic Map approach 

from linguistic typology, and
‣ Vector Space models 

from corpus linguistics

• Parallel text offer the possibility to link 
these two fields



Meaning

• We as humans “know” what meaning is

• But: can we operationalize meaning?

• Logic seemed the way to go for a long time

• Vector algebra seems to be a more 
practical option



Proposal

• Define the meaning of a linguistic form 
as the set of all contexts in which it occurs

• Under this strongly extensionalistic 
definition of meaning, variation in 
meaning becomes readily measurable



A bit of history ...



Die Bedeutung eines Wortes ist 
sein Gebrauch in der Sprache

Ludwig Wittgenstein 
Philosophische Untersuchungen, no. 43 (1953)



You shall know a word 
by the company it keeps!

John Rupert Firth 
Studies in Linguistic Analysis (1957)



… the concept of a translation process in 
which, in determining meaning for a word, 
account is taken of the immediate context.
It would hardly be practical to do this by means of a generalized dictionary 

which contains all possible phrases 2N+1 words long: for the number of 
such phases is horrifying, even to a modern electronic computer

Warren Weaver 
Translation (1949)



… if we consider words or morphemes A and B to be more different 
in meaning than A and C, then we will often find that the distributions 

of A and B are more different than the distributions of A and C. 

In other words, difference of meaning 
correlates with difference of distribution

Zellig Harris 
Methods in Structural Linguistics (1951)



Proposal

• Define the meaning of a linguistic form 
as the set of all contexts in which it occurs

• Under this strongly extensionalistic 
definition of meaning, variation in 
meaning becomes readily measurable



Proposal

• Define the meaning of a linguistic form 
as the set of all contexts in which it occurs

• Under this strongly extensionalistic 
definition of meaning, variation in 
meaning becomes readily measurable



Proposal

• Define the property M of a linguistic form 
as the set of all contexts in which it occurs

• Under this strongly extensionalistic 
definition of property M, variation in 
property M becomes readily measurable



Semantics

• Exemplar Semantics
Meaning of linguistic forms is 
(re-)instantiated and (re-)produced 
in individual utterances 

• Similarity Semantics
Meaning of linguistic forms is defined 
relationally to each other 



In practice

• Within one language 
investigate co-occurrences of linguistic 
forms within documents (or sentences, 
word-windows, etc.)

• Comparing languages
investigate the co-occurrence of linguistic 
forms across languages in parallel texts



Inducing Semantic Roles



Semantic macroroles in RRG, page 2

Actor

Semantic Macroroles

Undergoer

Increasing Generalization, Increasing Neutralization of 
      Semantic Contrasts

Giver
Runner
Killer
Speaker
Dancer

Agent

Hearer
Smeller
Feeler
Taster

Perceiver Experiencer

Thinker
Believer
Knower
Presumer

Cognizer

Verb-Specific 
Semantic Roles

Located
Moved
Given
Broken
Destroyed
Killed

Theme

Patient

Emoter

Thematic Relations

Given to
Sent to
Handed to

Recipient

Seen
Heard
Liked

Liker
Lover
Hater

Stimulus

Grammatical
Relations

Subject

Figure 1: Continuum from verb-specific semantic roles to grammatical relations

What exactly does it mean for actor and undergoer to be ‘generalizations across thematic relations’?
Consider the range of thematic relations that can function as subject and direct object in English.

(1) a. The farmer killed the duckling. Agent Patient
b. The rock broke the window. Instrument Patient
c. The lawyer received the summons. Recipient Theme
d. Many tourists saw the accident. Experiencer Stimulus
e. Sally presented Bill with the award. Agent Recipient
f. The mugger robbed Sam of $50. Agent Source
g. The clown amused the child. Agent Experiencer

(2) a. The duckling was killed by the farmer.
b. The window was broken by the rock
c. The summons was received by the lawyer.
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Van Valin, R. D. J. (2004). Semantic macroroles in role and reference grammar. In 
R. Kailuweit & M. Hummel (Eds.), Semantische rollen. (pp. 62-82). Tübingen: Narr.





     1  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.
    10  Not everyone will be happy to see you studying the Bible, but do not let that stop you.
    11  But the Bible tells us that there is only one TRUE God.
    12  But when the Bible was written, the name Jehovah appeared in it some 7,000 times
    13  God is a Spirit, says the Bible.
    14  The Bible reveals Jehovah's personality to us.
    15  The Bible tells us that he is also merciful, kind, forgiving, generous, and patient.
    16  We learn about God from creation and from the Bible.
    17  Another way we can learn about God is by studying the Bible.
    18  By disobeying God's command, the first man, Adam, committed what the Bible calls sin.
    19  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.
    34  By now you have learned many good things from the Bible.





Language Genus Family Macroarea Alignment

Oromo Eastern Cushitic Afro-Asiatic Africa Marked nominative

Khoekhoe Central Khoisan Khoisan Africa Nominative-accusative

Ma'di Moru-Ma'di Nilo-Saharan Africa No case marking (?)

Albanian Albanian Indo-European Europe Nominative-accusative

Irish Celtic Indo-European Europe No case marking (?)

Faroese Germanic Indo-European Europe Nominative-accusative

Estonian Finnic Uralic Europe Nominative-accusative

Altai Turkic Altaic Asia Nominative-accusative

Azerbaijani Turkic Altaic Asia Nominative-accusative

Korean Korean Korean Asia Nominative-accusative

Akha Burmese-Lolo Sino-Tibetan Asia Ergative-absolutive (?)

Drehu Oceanic Austronesian Pacific Active-inactive

Nias Sundic Austronesian Pacific Marked absolutive

Greenlandic Eskimo-Aleut Eskimo-Aleut America Ergative-absolutive

Aymara Aymaran Aymaran America Marked Nominative (?)



Albanian Faroese Estonian Greenlandic

bibla
Nominative

biblian
Nominative

piibel
Nominative

biibilip 
Ergative

biblën
Accusative

bibliuna
Accusative

piiblit 
Partitive

biibli
Absolutive

biblës 
Genitive/Dative

bibliunnar
Genitive

piibli 
Genitive

biibilmik 
Instrumental

… bibliuni
Dative

piiblis 
Inessive

biibilmi
Locative

… piiblist 
Elative

…

…



Comparing Roles



Context Albanian Faroese Estonian Greenlandic

1 bibla bíbliuni piibel biibili

2 biblës bíbliunnar piibli biibilimik

3 biblën bíbliuna piiblit biibili

4 bibla bíblian piibel biibili

5 bibla bíblian piibel biibilip

6 bibla bíbliuna piibli biibili

7 biblës bíbliunnar piibli biibilimut

8 bibla bíblian piiblit biibilip

9 bibla NA piiblit biibili

10 biblën bíbliuna piiblit biibilimik

11 bibla bíblian piibel biibilimili

12 bibla bíblian piibel biibilili

13 bibla bíblian piibel biibilimi

14 bibla bíblian piibel biibilimi

15 bibla bíblian piibel biibilimi

16 bibla bíbliuni piibli biibililu

17 biblën bíbliuna piiblit biibilimik

18 bibla bíblian piiblis biibilip

19 bibla bíblian piiblis biibilimi

20 biblën bíbliuna piiblit biibilimik

21 NA bíblian piibel biibilimi

22 bibla bíbliuni piibel biibili

23 biblën bíbliuna piiblit biibilimillu

24 biblike bíblian piibli biibilimi

25 bibla bíblian piibel biibilimi

26 biblës bíbliunnar piibli biibilimi

27 bibla bíblian piiblis biibilimi

28 bibla bíblian piibel biibilimi

29 bibla bíblian piibel biibilimi

30 biblën bíbliuna piiblist biibilimik

31 biblën bíbliuni piibli biibilimik

32 biblës bíbliuni piibli biibili

33 bibla bíbliuna piibel biibilimik

34 bibla bíbliuni piiblist biibilimeersunik
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There is no difference 
between context 5 and 

itself in any language
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On average, there is a small 
difference between the role 

in context 4 and 14

4: The Bible is a precious gift from God.
14: The Bible reveals Jehovah's personality to us.
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0.69 0.40 0.75 0.88 0.80 0.81 0.50 0.75 0.73 0.69 0.81 0.63 0.73 0.75 0.53 0.75 0.81 0.63 0.56 0.75 0.40 0.75 0.75 0.00 0.63 0.21 0.38 0.63 0.63 0.69 0.63 0.43 0.81 0.75

0.75 0.60 0.88 0.25 0.47 0.56 0.75 0.63 0.67 0.81 0.38 0.50 0.33 0.13 0.20 0.75 0.94 0.56 0.38 0.81 0.40 0.31 0.88 0.63 0.00 0.64 0.56 0.06 0.19 0.88 0.88 0.64 0.50 0.81

0.57 0.15 0.64 0.93 0.77 0.79 0.29 0.79 0.69 0.57 0.86 0.64 0.77 0.79 0.57 0.71 0.71 0.64 0.57 0.64 0.46 0.71 0.64 0.21 0.64 0.00 0.36 0.64 0.64 0.57 0.57 0.31 0.86 0.71

0.44 0.53 0.69 0.81 0.67 0.81 0.63 0.75 0.73 0.63 0.63 0.63 0.60 0.69 0.33 0.75 0.75 0.38 0.31 0.69 0.53 0.56 0.69 0.38 0.56 0.36 0.00 0.56 0.44 0.63 0.63 0.43 0.81 0.69

0.69 0.67 0.88 0.31 0.47 0.63 0.69 0.56 0.67 0.81 0.31 0.56 0.33 0.19 0.20 0.75 0.94 0.56 0.38 0.81 0.47 0.31 0.88 0.63 0.06 0.64 0.56 0.00 0.13 0.88 0.88 0.64 0.50 0.81

0.56 0.67 0.88 0.44 0.47 0.63 0.69 0.56 0.73 0.88 0.19 0.56 0.33 0.31 0.07 0.81 0.94 0.44 0.25 0.88 0.47 0.19 0.88 0.63 0.19 0.64 0.44 0.13 0.00 0.88 0.88 0.71 0.56 0.81

0.63 0.60 0.44 1.00 0.93 0.81 0.69 0.75 0.80 0.44 0.88 0.88 0.80 0.94 0.80 0.69 0.31 0.81 0.81 0.44 0.80 0.88 0.44 0.69 0.88 0.57 0.63 0.88 0.88 0.00 0.31 0.57 0.75 0.56

0.63 0.60 0.63 1.00 1.00 0.81 0.69 0.75 0.80 0.63 0.88 0.88 0.80 0.94 0.80 0.56 0.50 0.81 0.81 0.63 0.80 0.81 0.63 0.63 0.88 0.57 0.63 0.88 0.88 0.31 0.00 0.36 0.81 0.56

0.50 0.38 0.64 0.79 0.85 0.71 0.50 0.86 0.62 0.57 0.86 0.71 0.85 0.79 0.64 0.57 0.79 0.64 0.64 0.64 0.62 0.57 0.71 0.43 0.64 0.31 0.43 0.64 0.71 0.57 0.36 0.00 0.79 0.64

0.75 0.73 0.75 0.50 0.53 0.63 0.81 0.81 0.80 0.63 0.56 0.69 0.60 0.44 0.60 0.63 0.63 0.69 0.69 0.69 0.67 0.56 0.75 0.81 0.50 0.86 0.81 0.50 0.56 0.75 0.81 0.79 0.00 0.81

0.63 0.80 0.69 0.94 0.87 0.94 0.81 0.75 0.80 0.81 0.81 0.81 0.73 0.88 0.73 0.44 0.63 0.69 0.75 0.69 0.87 0.75 0.69 0.75 0.81 0.71 0.69 0.81 0.81 0.56 0.56 0.64 0.81 0.00

0.88

On average, there is a large difference 
between the role in context 8 and 10

8: God made sure that the Bible was accurately copied and preserved.
10: Not everyone will be happy to see you studying the Bible.
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to study 
the Bible

to have respect 
for the Bibleto learn from 

the Bible

author of 
the Bible

counsel of 
the Bible

teaching of 
the Bible

live by 
the Bible

spoken of 
in the Bible

contained 
in the Bible

the Bible 
was copied

Bibles have 
been printed

as it is called 
in the Bible

the Bible 
was written

the Bible is a gift

the Bible reveals

the Bible 
says

the Bible urges

the Bible teaches

the Bible foretold

the Bible tells

the Bible alone

the Bible is the basis

when the Bible 
was written

what does the 
Bible say?
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to study 
the Bible

to have respect 
for the Bible

to learn from 
the Bible

live by 
the Bible

author/council/teaching
of the Bible

contained 
in the Bible

spoken of 
in the Bible

the Bible 
was copied

what does the 
Bible say?

the Bible 
was written/

has been printed

the Bible is 
the basis

the Bible 
says/tells/refers to

urges/teaches/
foretold/reveals

the Bible 
is a gift
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what does the 
Bible say?
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Comparing Languages
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albanian

bibla

biblës

biblën

bibla
bibla

bibla

biblës

bibla

bibla

biblën

bibla

bibla

bibla

bibla

bibla

bibla

biblën

bibla

bibla

biblën

bibla

biblën

biblike

bibla

biblës

bibla

bibla
bibla

biblën

biblën

biblës

bibla

bibla

Nominative
bibla

Accusative
biblën

Genitive
biblës



faroese

bíbliuni

bíbliunnar

bíbliuna

bíblian
bíblian

bíbliuna

bíbliunnar

bíblian

bíbliuna

bíblian

bíblian

bíblian

bíblian

bíblian

bíbliuni

bíbliuna

bíblian

bíblian

bíbliuna

bíblian

bíbliuni

bíbliuna

bíblian

bíblian

bíbliunnar

bíblian

bíblian
bíblian

bíbliuna

bíbliuni

bíbliuni

bíbliuna

bíbliuni

Nominative
biblian

Accusative
bibliuna

Genitive
bibliunnar

Dative
bibliuni



estonian

piibel

piibli

piiblit

piibel
piibel

piibli

piibli

piiblit

piiblit

piiblit

piibel

piibel

piibel

piibel

piibel

piibli

piiblit

piiblis

piiblis

piiblit

piibel

piibel

piiblit

piibli

piibel

piibli

piiblis

piibel
piibel

piiblist

piibli

piibli

piibel

piiblist

Nominative
piibel

Genitive
piibli

Partitive
piiblit

Inessive
piiblis

Elative
piiblist



greenlandic

biibili

biibilimik

biibili

biibili
biibilip

biibili

biibilimut

biibilip

biibili

biibilimik

biibilimili

biibilili

biibilimi

biibilimi

biibilimi

biibililu

biibilimik

biibilip

biibilimi

biibilimik

biibilimi

biibili

biibilimillu

biibilimi

biibilimi

biibilimi

biibilimi

biibilimi
biibilimi

biibilimik

biibilimik

biibili

biibilimik

biibilimeersunik

Locative
biibilmi

Ergative
biibilip

Instrumental
biibilmik

Absolutive
biibli



drehu

tusihmitrötr

tusihmitrötr

tusihmitrötr

tusihmitrötre
tusihmitrötre

tusihmitrötre

tusihmitrötr

tusihmitrötr

tusihmitrötr

tusihmitrötr

tusihmitrötre

tusihmitrötr

tusihmitrötre

tusihmitrötre

tusihmitrötr

tusihmitrötr

tusihmitrötr

tusihmitrötr

tusihmitrötre

tusihmitrötr

tusihmitrötre

tusihmitrötre

tusihmitrötr

tusihmitrötr

tusihmitrötre

tusihmitrötr

tusihmitrötr

tusihmitrötre
tusihmitrötre

tusihmitrötr

tusihmitrötr

tusihmitrötr

tusihmitrötre

tusihmitrötr

Active
tusihmitorötre

Inactive
tusihmitorötr



greenlandic

biibili

biibilimik

biibili

biibili
biibilip

biibili

biibilimut

biibilip

biibili

biibilimik

biibilimili

biibilili

biibilimi

biibilimi

biibilimi

biibililu

biibilimik

biibilip

biibilimi

biibilimik

biibilimi

biibili

biibilimillu

biibilimi

biibilimi

biibilimi

biibilimi

biibilimi
biibilimi

biibilimik

biibilimik

biibili

biibilimik

biibilimeersunik

faroese

bíbliuni

bíbliunnar

bíbliuna

bíblian
bíblian

bíbliuna

bíbliunnar

bíblian

bíbliuna

bíblian

bíblian

bíblian

bíblian

bíblian

bíbliuni

bíbliuna

bíblian

bíblian

bíbliuna

bíblian

bíbliuni

bíbliuna

bíblian

bíblian

bíbliunnar

bíblian

bíblian
bíblian

bíbliuna

bíbliuni

bíbliuni

bíbliuna

bíbliuni

estonian

piibel

piibli

piiblit

piibel
piibel

piibli

piibli

piiblit

piiblit

piiblit

piibel

piibel

piibel

piibel

piibel

piibli

piiblit

piiblis

piiblis

piiblit

piibel

piibel

piiblit

piibli

piibel

piibli

piiblis

piibel
piibel

piiblist

piibli

piibli

piibel

piiblist

How similar are 
these languages ?



Context Albanian Faroese Estonian Greenlandic

1 bibla bíbliuni piibel biibili

2 biblës bíbliunnar piibli biibilimik

3 biblën bíbliuna piiblit biibili

4 bibla bíblian piibel biibili

5 bibla bíblian piibel biibilip

6 bibla bíbliuna piibli biibili

7 biblës bíbliunnar piibli biibilimut

8 bibla bíblian piiblit biibilip

9 bibla NA piiblit biibili

10 biblën bíbliuna piiblit biibilimik

11 bibla bíblian piibel biibilimili

12 bibla bíblian piibel biibilili

13 bibla bíblian piibel biibilimi

14 bibla bíblian piibel biibilimi

15 bibla bíblian piibel biibilimi

16 bibla bíbliuni piibli biibililu

17 biblën bíbliuna piiblit biibilimik

18 bibla bíblian piiblis biibilip

19 bibla bíblian piiblis biibilimi

20 biblën bíbliuna piiblit biibilimik

21 NA bíblian piibel biibilimi

22 bibla bíbliuni piibel biibili

23 biblën bíbliuna piiblit biibilimillu

24 biblike bíblian piibli biibilimi

25 bibla bíblian piibel biibilimi

26 biblës bíbliunnar piibli biibilimi

27 bibla bíblian piiblis biibilimi

28 bibla bíblian piibel biibilimi

29 bibla bíblian piibel biibilimi

30 biblën bíbliuna piiblist biibilimik

31 biblën bíbliuni piibli biibilimik

32 biblës bíbliuni piibli biibili

33 bibla bíbliuna piibel biibilimik

34 bibla bíbliuni piiblist biibilimeersunik

1 2 3 4 5 …

1

2

3

4

5

…

0 1 1 0 0

1 0 1 1 1

1 1 0 1 1

0 1 1 0 0

0 1 1 0 0

1 2 3 4 5 …

1

2

3

4

5

…

0 1 1 0 0

1 0 1 1 1

1 1 0 1 1

0 1 1 0 0

0 1 1 0 0

1 2 3 4 5 …

1

2

3

4

5

…

0 1 0 0 1

1 0 1 1 1

0 1 0 0 1

0 1 0 0 1

1 1 1 1 0

1 2 3 4 5 …

1

2

3

4

5

…

0 1 0 0 1

1 0 1 1 1

0 1 0 0 1

0 1 0 0 1

1 1 1 1 0



german

khoekhoe

greenlandic

faroese

oromo

akha

madi

nias

drehu

aymara

altai azerbaijani

korean

estonian irish

albanian

0.1



german

khoekhoe

greenlandic

faroese

oromo

akha

madi

nias

drehu

aymara

altai azerbaijani

korean

estonian irish

albanian

0.1

faroese

bíbliuni

bíbliunnar

bíbliuna

bíblian
bíblian

bíbliuna

bíbliunnar

bíblian

bíbliuna

bíblian

bíblian

bíblian

bíblian

bíblian

bíbliuni

bíbliuna

bíblian

bíblian

bíbliuna

bíblian

bíbliuni

bíbliuna

bíblian

bíblian

bíbliunnar

bíblian

bíblian
bíblian

bíbliuna

bíbliuni

bíbliuni

bíbliuna

bíbliuni

estonian

piibel

piibli

piiblit

piibel
piibel

piibli

piibli

piiblit

piiblit

piiblit

piibel

piibel

piibel

piibel

piibel

piibli

piiblit

piiblis

piiblis

piiblit

piibel

piibel

piiblit

piibli

piibel

piibli

piiblis

piibel
piibel

piiblist

piibli

piibli

piibel

piiblist

khoekhoe

bybelsa

bybels

bybelsa

bybels
bybels

bybels

bybels

bybelsa

bybeldi

bybel

bybelsa

bybels

bybelsa

bybels

bybels

bybelsa

bybelsa

bybels

bybels

bybelsa

bybels

bybels

bybelsa

bybels

bybels

bybels

bybels

bybels
bybels

bybelsa

bybelsa

bybels

bybels

bybelsa

albanian

bibla

biblës

biblën

bibla
bibla

bibla

biblës

bibla

bibla

biblën

bibla

bibla

bibla

bibla

bibla

bibla

biblën

bibla

bibla

biblën

bibla

biblën

biblike

bibla

biblës

bibla

bibla
bibla

biblën

biblën

biblës

bibla

bibla

irish

bhíobla

bhíobla

mbíobla

bíobla
bíobla

bhíobla

bhíobla

bíobla

bhíobla

bhíobla

bíobla

bíobla

bíobla

bíobla

bíobla

bíobla

mbíobla

bíobla

bíobla

mbíobla

bhíobla

bíobla

mbíobla

bhíobla

bíobla

bhíobla

bhíobla

bíobla
bíobla

bhíobla

bhíobla

bhíobla

bíobla

mbíobla

greenlandic

biibili

biibilimik

biibili

biibili
biibilip

biibili

biibilimut

biibilip

biibili

biibilimik

biibilimili

biibilili

biibilimi

biibilimi

biibilimi

biibililu

biibilimik

biibilip

biibilimi

biibilimik

biibilimi

biibili

biibilimillu

biibilimi

biibilimi

biibilimi

biibilimi

biibilimi
biibilimi

biibilimik

biibilimik

biibili

biibilimik

biibilimeersunik

drehu

tusihmitrötr

tusihmitrötr

tusihmitrötr

tusihmitrötre
tusihmitrötre

tusihmitrötre

tusihmitrötr

tusihmitrötr

tusihmitrötr

tusihmitrötr

tusihmitrötre

tusihmitrötr

tusihmitrötre

tusihmitrötre

tusihmitrötr

tusihmitrötr

tusihmitrötr

tusihmitrötr

tusihmitrötre

tusihmitrötr

tusihmitrötre

tusihmitrötre

tusihmitrötr

tusihmitrötr

tusihmitrötre

tusihmitrötr

tusihmitrötr

tusihmitrötre
tusihmitrötre

tusihmitrötr

tusihmitrötr

tusihmitrötr

tusihmitrötre

tusihmitrötr

nias

zurani’amoni’õ

surani’amoni’õ

zurani’amoni’õ

surani’amoni’õ
surani’amoni’õ

surani’amoni’õ

surani’amoni’õ

surani’amoni’õ

surani’amoni’õ

zurani’amoni’õ

surani’amoni’õ

zurani’amoni’õ

zurani’amoni’õ

surani’amoni’õ

surani’amoni’õ

zurani’amoni’õ

zurani’amoni’õ

zurani’amoni’õ

zurani’amoni’õ

zurani’amoni’õ

zurani’amoni’õ

surani’amoni’õ

zurani’amoni’õ

zurani’amoni’õ

surani’amoni’õ

zurani’amoni’õ

zurani’amoni’õ

surani’amoni’õ
surani’amoni’õ

zurani’amoni’õ

zurani’amoni’õ

zurani’amoni’õ

surani’amoni’õ

zurani’amoni’õ

oromo

macaafaqulqulluu

macaafaqulqulluu

macaafaqulqulluu

macaafniqulqulluun
macaafaqulqulluu

macaafniqulqulluun

macaafaqulqulluu

macaafniqulqulluun

macaafaqulqulluutti

macaafaqulqulluu

macaafniqulqulluun

macaafniqulqulluun

macaafniqulqulluun

macaafniqulqulluun

macaafniqulqulluun

macaafaqulqulluurraa

macaafaqulqulluu

macaafniqulqulluun

macaafniqulqulluun

macaafaqulqulluu

macaafniqulqulluun

macaafniqulqulluun

macaafaqulqulluu

macaafaqulqulluurratti

macaafniqulqulluun

macaafaqulqulluu

macaafaqulqulluu

macaafniqulqulluun
macaafniqulqulluun

macaafaqulqulluu

macaafaqulqulluudhaaf

macaafaqulqulluurratti

macaafaqulqulluurraa

akha

jaˇliˆ

jaˇliˆ

jaˇliˆ

jaˇliˆaˇ
jaˇliˆ

jaˇliˆaˇ

jaˇliˆaˇ

jaˇliˆaˇ

jaˇliˆaˇ

jaˇliˆ

jaˇliˆ

jaˇliˆ

jaˇliˆaˇ

jaˇliˆ

jaˇliˆahˇ

jaˇliˆahˇ

jaˇliˆ

jaˇliˆ

jaˇliˆ

jaˇliˆ

jaˇliˆ

jaˇliˆ

jaˇliˆ

jaˇliˆ

jaˇliˆ

jaˇliˆ

jaˇliˆ
jaˇliˆ

jaˇliˆahˇ

jaˇliˆahˇ

jaˇliˆ

jaˇliˆahˇ

jaˇliˆahˇ

madi

ofuoleri

ofuoleri

ofuoleri

ofuolerii
ofuolerii

ofuolerii

ofuoleri

ofuolerii

ofuolerii

ofuoleri

ofuoleri

ofuolerii

ofuoleri

ofuoleri

ofuoleri

ofuoleri

ofuoleri

ofuoleri

ofuoleri

ofuoleri

ofuoleri

ofuoleri

ofuoleri

ofuoleri

ofuoleri

ofuoleri

ofuoleri

ofuoleri
ofuoleri

ofuoleri

ofuoleri

ofuoleri

ofuoleri

ofuoleri



How to compare like with like?

• Translations offer a suitable approach 
to select functionally parallel data

• Then, form similarity is established 
within each language separately

• Average form similarity across 
many languages is a proxy to general
functional similarity

• Distribution of form similarity within 
a language gives a language classification



Technicalities



random example from the web, taken from Chun-Che Huang, Chia-Ming Kuo, (2003) "The transformation and search of 
semi-structured knowledge in organizations", Journal of Knowledge Management, Vol. 7 Iss: 4, pp.106 - 123
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Matrix (WS)
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is their frequency of co-occurrence in alignments
across languages. This is in stark contrast to
methods which focus on the form of words with
similar meanings (e.g., using Swadesh lists) in or-
der to compute some kind of language similar-
ity. One major disadvantage of the present ap-
proach for a comparison of languages from a his-
torical perspective is the fact that such similarities
also could be a consequence of language contact.
This is a side effect that is shared by the word
list approach, in which loanwords have a simi-
lar effect on the results. It has to be seen how
strongly this influences the final results in order
to assess whether our current approach is useful
for the quantitative analysis of genealogical relat-
edness.

3 Method

We start from a massively parallel text, which we
consider as an n�m matrix consisting of n differ-
ent parallel sentences S = {S1, S2, S3, ..., Sn} in
m different languages L = {L1, L2, L3, ..., Lm}.
This data-matrix is called SL (‘sentences � lan-
guages’). We assume here that the parallel sen-
tences are short enough so that most words occur
only once per sentence. Because of this assump-
tion we can ignore the problem of decoding the
correct alignment of multiple occurring words, a
problem we leave to be tackled in future research.
We also ignore the complications of language-
specific chunking and simply take spaces and
punctuation marks to provide a word-based sep-
aration of the sentences into parts. In future re-
search we are planning to include the (language-
specific) recognition of bound morphemes, multi-
word expressions and phrase structures to allow
for more precise cross-language alignment.

Based on these assumptions, we decompose the
SL matrix into two sparse matrices WS (‘words
� sentences’) and WL (‘words � languages’)
based on all words w that occur across all lan-
guages in the parallel texts. We define them as
follows. First, WSij = 1 when word wi oc-
curs in sentence Sj , and is 0 elsewhere. Second,
WLij = 1 when word wi is a word of language
Lj , and is 0 elsewhere. The product WST · WL
then results in a matrix of the same size as SL,
listing in each cell the number of different words
in each sentence. Instead of the current approach
of using WS only for marking the occurrence of
a word in a sentence (i.e., a ‘bag of words’ ap-

proach), it is also possible to include the order of
words in the sentences by defining WSij = k
when word wi occurs in position k in sentence
Sj . We will not use this extension in this paper.

The matrix WS will be used to compute co-
occurrence statistics of all pairs of words, both
within and across languages. Basically, we define
O (‘observed co-occurrences’) and E (‘expected
co-occurrences’) as:

O = WS · WST

E = WS · 1SS

n
· WST

Eij thereby gives the expected number of sen-
tences where wi and wj occur in the correspond-
ing translational equivalents, on the assumption
that words from different languages are statisti-
cally independent of each other and occur at ran-
dom in the translational equivalents. Note that
the symbol ‘1ab’ in our matrix multiplications
refers to a matrix of size a � b consisting of
only 1’s. Widespread co-occurrence measures are
pointwise mutual information, which under these
definitions simply is log E� log O, or the cosine
similarity, which would be O�

n·E . However, we
assume that the co-occurrence of words follow
a poisson process (Quasthoff and Wolff, 2002),
which leads us to define the co-occurrence matrix
WW (‘words � words’) using a poisson distri-
bution as:

WW = � log[
EO exp(�E)

O!
]

= E + log O!�O log E

This WW matrix represents a similarity ma-
trix of words based on their co-occurrence in
translational equivalents for the respective lan-
guage pair. Using the alignment clustering that
is based on the WW matrices for each sentence,
we then decompose the words-by-sentences ma-
trix WS into two sparse matrices WA (‘words�
alignments’) and AS (‘alignments � sentences’)
such that WS = WA · AS. This decomposition
is the basic innovation of the current paper.

The idea is to compute concrete alignments
from the statistical alignments in WW for each
sentence separately, but for all languages at the
same time. For each sentence Si we take the
subset of the similarity matrix WW only includ-
ing those words that occur in the column WSi,
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who are god s true worshipers on earth today 

who will be resurrected 

who will rule with jesus 

who created all living things 

who is jesus christ 

who is michael the archangel 
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how does jehovah feel about resurrecting the dead 

how do you feel about living in paradise on earth 

how did god view the murder of abel 

how does god view abortion 

how does god view life 

how should we view abortion 

how will we benefit if we worship god in the right way 

how have wicked spirits influenced humans 

how do we know that it was not god s purpose for people to die 

how do we know that the firstborn son is not equal to god 

how do we know that the resurrection will really happen 

how can we be sure that there will be peace and security everywhere on earth 

how can you help your children not to feel deprived because they see that others are celebrating holidays 

how could satan have offered jesus all the kingdoms of the world if he did not own them 

how can children help to make family life happy 

how can a woman succeed as a wife 

how can we make jehovah our refuge 

how do we show respect for life 

how will the kingdom cause god s will to be done on earth 

how does jehovah use his holy spirit and his word to answer the prayers of his servants 

how could one man serve as a ransom for millions 

how will god undo the effects of human suffering 

how did jehovah provide the ransom 

how has god shown that there is a link between life and blood 

how does jehovah show his strength in behalf of his people 

in the mosaic law how did god stress the proper view of life 

how can attending christian meetings help you to take a stand for true worship 

how can you show regard for life and blood 

how can you make public declaration of your faith 

how can we remain in god s love 

how can you support jehovah s side in answer to satan s challenge 

like the first century christians in ephesus how can we break free from wicked spirits 

how can you get a firm hold on the real life 

how can you become god s friend 

how can you explain your beliefs to others without offending them 

how may we give matters concerning our heavenly father first importance in our prayers 

how can you show that you appreciate it 

how can we strengthen our faith 

how did jehovah s only begotten son come to be born as a human 

how can we express our love and appreciation for god 

how were some details of isaiah s prophecy about babylon fulfilled 

how are jesus words about wars and food shortages being fulfilled today 

how did a powerful spirit son of god become satan the devil 

how does the account of lazarus resurrection help to confirm the truth recorded at ecclesiastes 

how can the bible help you cope with personal problems 

how can we identify the true religion 

how is christian baptism performed 

how does a person make a dedication to god 

how did job answer the devil s challenge 

how does god answer our prayers 

how does the bible show that jesus is jehovah s most precious son 

how does the bible show that faithful angels are interested in human activities 

if we have respect for life how will we treat animals 

how was it provided 

how was the ransom paid 

how has god been challenged 

how can we work to strengthen the bonds of love in the christian congregation 

how did december come to be regarded as the day to celebrate jesus birth 

how does jesus provide an example for wives 

how is the fulfillment of bible prophecy faith strengthening 

how does regular prayer to jehovah strengthen our relationship with him 

how can prayer help us to keep our love for jehovah alive 

how did jesus set an example of loyal obedience to god 

how has true knowledge become abundant in this time of the end 

how extensive will the resurrection be 

how much bible knowledge must you have in order to qualify for baptism 
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how can you show regard for life and blood 

how can you make public declaration of your faith 
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how were some details of isaiah s prophecy about babylon fulfilled 

how are jesus words about wars and food shortages being fulfilled today 

how did a powerful spirit son of god become satan the devil 

how does the account of lazarus resurrection help to confirm the truth recorded at ecclesiastes 

how can the bible help you cope with personal problems 

how can we identify the true religion 

how is christian baptism performed 

how does a person make a dedication to god 

how did job answer the devil s challenge 

how does god answer our prayers 

how does the bible show that jesus is jehovah s most precious son 

how does the bible show that faithful angels are interested in human activities 

if we have respect for life how will we treat animals 

how was it provided 

how was the ransom paid 

how has god been challenged 

how can we work to strengthen the bonds of love in the christian congregation 

how did december come to be regarded as the day to celebrate jesus birth 

how does jesus provide an example for wives 

how is the fulfillment of bible prophecy faith strengthening 

how does regular prayer to jehovah strengthen our relationship with him 

how can prayer help us to keep our love for jehovah alive 

how did jesus set an example of loyal obedience to god 

how has true knowledge become abundant in this time of the end 

how extensive will the resurrection be 
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why do we know that food will be abundant in god s new world 

why does jehovah choose certain humans to be his friends 

why did jesus say that his disciples should pray for god s will to be done in heaven 

why can we be sure that the whole earth will become a paradise 

why do many people make the mistake of blaming god for the suffering in the world 

why do we die 

why is the christian ministry urgent today 

why can it be said that god uses his angels and his earthly servants to answer our prayers 

why should we pray to god 

why can you trust the prophecies recorded in the bible 

why can we say that satan s challenge involving job applies to all humans 

why can we be sure that the resurrection of lazarus really happened 

why does the teaching of eternal torment dishonor jehovah 

why is it comforting to know the truth about death 

why can we be sure that jehovah has a good reason for allowing suffering to continue 

why can we say that through jesus we come to know jehovah better 

why will the resurrection bring joy to our hearts 

in times past why did some people not celebrate christmas 

why should we say amen at the end of personal and public prayers 

why did jehovah not just destroy the rebels in eden 

why is it a loving arrangement for jesus and the to rule over mankind 

why is it important for you to know the truth about jesus 

why will the destruction of the wicked catch most people by surprise 

why does god allow suffering 

why should we keep in mind the need to be safety conscious 

why is repentance necessary 

why do you not need to fear making a dedication to god 

why should we worship jehovah publicly in association with true christians 

why is it dangerous to try to communicate with the dead 

why may we rightly view the kingdom preaching work as a privilege and a treasure 

why is it essential to remain in god s love 

why is the harmony of the material in the bible particularly noteworthy 

why is there a need for a new world 

why is it often good to ask questions 

why can we trust that god will undo all the effects of wickedness 

why do many stop trying to find answers to the questions that matter most 

why do we die 

why might some hold back from making a dedication to god 

why should you think seriously about baptism 

why should we take full advantage of the precious privilege of prayer 

why should we want to learn about angels 

why did an ethiopian court official request baptism 

why is it not surprising that the bible is a practical book 

why can dedication to jehovah not remain a private matter 

why should we be grateful to jehovah for the provision of the ransom 

why is it not wrong for a wife to express her opinions respectfully 

why should we not hate our fellowman 

why is it important to accept jesus christ as god s means of salvation 
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from Word-Sentence to 
Word-Alignment
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from Word-Sentence to 
Word-Alignment

Sentence 1Sentence 1Sentence 1Sentence 1 Sentence 2Sentence 2Sentence 2Sentence 2

A1 A2 A3 ... A1 A2 A3 ...
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Language 1

...

Language 2
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...

etc.
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1
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Sparse alignment

• Structure of languages are really different

• So: do not force an alignment across all 
languages

• Only align those words that really form a 
coherent group, ‘sparse alignment’
‣ we used affinity propagation clustering in each sentence

• The more words are aligned between two 
languages, the more similar are these languages
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Figure 2: NeighborNet (created with SplitsTree, Huson and Bryant (2006)) of all Indo-European languages in
the sample

the influence of language contact is not related to
loanwords but to the borrowing of similar con-
structions or structural features. In the Balkan
case, linguists have noted over one hundred such
shared structural features, among them the loss
of the infinitive, syncretism of dative and geni-
tive case and postposed articles (cf. Joseph (1992)
and references therein). These features are partic-
ularly prone to lead to a higher similarity in our
approach where the alignment of words within
sentences is sensitive to the fact that certain word
forms are identical or different even though the
exact form of the word is not relevant.

5.2 Typology of PERSON interrogatives

A second experiment we conducted involved a
closer study of just a few questions in the data at
hand to obtain a better impression of the results
of the alignment procedure. For this experiment,
we took the same 252 questions for a worldwide
sample of 50 languages. After running the whole
procedure, we selected just the six sentences in
the sample that were formulated in English with a
who interrogative, i.e., questions as to the person
who did something. The English sentences are the

following:

I Who will be resurrected?
II Who will rule with Jesus?

III Who created all living things?
IV Who are god’s true worshipers on earth to-

day?
V Who is Jesus Christ?

VI Who is Michael the Archangel?

We expected to be able to find all translations
of English who in the alignments. Interestingly,
this is not what happened. The six alignments that
comprised the English who only included words
in 23 to 30 other languages in the sample, so we
are clearly not finding all translations of who. By
using a clustering on AAstatistical we were able
to find seven more alignments that appear to be
highly similar to the six alignments including En-
glish who. Together, these 13 alignments included
words for almost all languages in the six sentences
(on average 47.7 words for each sentence). We
computed a language similarity LL only on the
basis of these 13 alignments, which represents a
typology of the structure of PERSON interrog-
atives. This typology clearly separates into two
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Prospects
• We are organizing large massively parallel texts 

for automatic processing

• Main problem: copyright

• Linking to monolingual corpora in cooperation 
with http://wortschatz.uni-leipzig.de

• Adding information will be open
‣ morpheme separation, multi-word recognition, etc.

• Typology will never be the same again!


