Induction of Classifications
from Linguistic Data

speaker: Wiebke Petersen

(Osswald/Petersen 2002)




Example context:

Inflectional paradigms of German nouns
& ¢ )
% o 20 = e o =) ] e
s || £ &2 |2 |2 |2 |E
20 7 7 ‘7 7 = = o o
Herr masc | * *n | *n | *n | *n | *.n | *_n | *.n
Name masc | * | *ns | *n | *n | *n|*n|*n|*n
Staat masc | * *_S * * *n | *.n | *.n | *.n
Hemd neut * *_S * * *nl| *n | *n | *_n
Farbe fem * * * * *n | *n | *n | *.n
Bett neut * *_S * * *nl| *n | *.n | *_n
Onkel || masc | * *_S * * * * *n *
Ufer neut * *_S * * * * *n *
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Example Concept Lattice:

Inflectional paradigms of German nouns

sing nom: *
plur dat: * n

sing dat: *
sing acc: *
p——— lur nom: * n
gender: masc p '
| l\ plur gen: * n
[ sing gen: * s | pluracc: * n
| gender: neut |
plur nom: * sing dat: * n
plur gen: * . sing acc: * n
plur acc: * Hemd Staat
Bett
gender: fem _ £
sing gen: * | Sing gen. " 0 | | sing gen: * ns
| Ufer [~ Onkel | Farbe Herr Name
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Examples of linguistic

classification
And/Or trees (e.g. Koenig, 1999)

nominal
case gender number
nom gen dat ace Jem masc neut So pl
. o ‘s..:“.....'_-_‘“...‘:.":.;,;‘::“_\‘:j»’ x".‘x ‘e ...':v"qb‘.‘__‘."\_'_“f-‘:‘:t‘}“‘““
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Farben Farben,, Farben Farben_ Onkeln Hemds
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Classification as (First Order)

Theory
And/OR trees (e.g. Koenig, 1999)

nominal
case gender number
nom gen dat acc fem masc neut So pl

A 0 B stands fot] x(Ax - Bx) |nom[Ogenl] A, ..., sing Oplur O A (ISNOTA)
N stands for Ax(x # x) nom Ogen] dat Jacc [ nominal, ... (ISA)

V stands for Ax(x = x) nominal [ nom] gen [dat Oacc, ... (exhaustiveness)
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Examples of linguistic

classification
Taxonomic trees (after Eisenberg, 1999)

nominal
article numeral pronoun adjective  substantive

@“ fﬁ@ personal  determinative  relative  interrogative
definite fﬁ@

demonstrative  possessive
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The canonical universe C(I')

For each observational theory I' over a set of

primitive predicates 2, there 1s a canonical
model M(I')=(C(I"), F), where

X Fp iff p UX, for every XLIC(I') and p
~ 1s inductively extended to T[I' ], the term
algebra of observational predicates over 2.

C(I") consists of the I'-closed consistent
subsets of 2.
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Construction of the canonical
universe

Theory: (Mathematics and linguistics are the only formal sciences)
formal [Iscience [ mathematics [l linguistics
formal [Iscience [ mathematics []linguistics

Canonical universe: SomeDthmg

T T

formal ff %S} science

mathematics {m, f, s} {1, 1, s} linguistics

{m, 1} s}

mathematical linguistics
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Relationship between
N\-free Horn theories and
Concept Lattices

10

I' A _free Horn 1/ » set of attribute implications
A
) Y
canonical universe - ~ concept lattice
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Simple inheritance

no disjunctions, no conjunctions, no /A or V <

['={dllc, clla, ella, el Ib}
C(IN): closed under intersection and union

ab

7\
N 7N
/NS

abc abe

ac
/
acd
AN

/
N\

abced abce

RN
N\

abcde

alb|c
T XX
To X
Trs X
Tq || X[ X]|X
Ts || X X
T || X[ X | X
Tr7 || X X
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N\-free Horn Theory

no discjunctions

[%2]
M={blk O d, ddc, cOa, e[a, e[Ib} / \

C(I): closed under intersection

\/

alblc|d]e
Ty || X | X X
To X
__ acd _ / \
Trs X
g || X[ X[ x| x abcd
Ts || X X
T || X | X | X | X \ /
Tr7 || X X | X

abcde
23.7.2002 Wiebke Petersen Induction of Classifications from Linguistic Data 11



M={VO alb, alb O cle,cle [N ,

blic I d, dlc, clla, ella, e[1b}

Observational Theory

1

/

(LC

alb|c
Tl X | X
To X
MINE acd
vy || x| x| x o~
!
—TxT Tx abcd abe
T || X | X | X
Tr7 || X X
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Concept lattice U -free Horn
theory

sing nom: *
plur dat: * n

sing dat; *
sing acc: *

B
| gender: masc |\ plur nom: * n
plur gen: * n

T e
| sing gen: * s | pluracc: * n
| gender: neut |
lur nom: * sing dat: * n
p
plur gen: * - singacc: * n
plur acc: * Hemd Staat
Bett
gender: fem - .
sing gen: * | sing gen: * n | | sing gen: * ns
Ufer Onkel Farbe Herr Name
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AOC-poset

sing nom: *
plur dat: * n

sing dat: *
sing acc: *

N L
| gender: masc |\ plur nom: *_n
®) plur gen: * n

[singgen: * s | plur acc: * n

| gender: neut | O§ A
sing dat:* [lplur nom:* n
[1 gender:fen] sing gen:* s

plur nom: * sing dat: * n
plur gen: * sing acc: *_n

plur acc: * Hemd

Bett

gender: fem . "
sing gen: * | sing gen: * n__| | sing gen: * ns |

@
| Ufer [~ [ Onkel | [ Farbe | | Her |
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Relationship between a theory I
and its canonical universe C(I')

Class of T’ Closure properties of C(I')

observational local membership

Horn nonempty intersection -+ directed union
A-free Horn intersection + directed union

simple iheritance

Intersection -+ union

exclusion

subsets + finitely bounded union

simple inheritance
+ exclusion

nonempty intersection
+ finitely bounded union
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Examples of linguistic

classification
Systemic networks (e.g. Winograd, 1983)

third [singl | fem [Imasc [Ineut

first  |third Usingl] fem [masc [neut
erson
P second
personal — . feminine
third gender .
masculine
_ singular -
pronoun | SIngu: neuter
number | pjural
demonstrative ——
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