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overview

1) presentation of the approach
1) what kind of data can be captured by the approach?
2) brief introduction to formal concept lattices
3) the induced hierarchies and their qualities

4) how can attribute implications be employed for the
Induction of hierarchies?

2) learning type hierarchies
1) Input data: untyped feature structures
2) assigning types to concepts
3) constructing the type hierarchy
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example data:
Inflectional paradigms of german nouns

<sing nom> <sing gen> <sing dat> <sing acc> <plur nom> <plur gen> <plur dat> <plur acc>

Herr NULL n n _n n n n n
Friede NULL n_s n n n n n n
Hemd NULL _S NULL NULL _n _n n n
Farbe NULL NULL NULL NULL _n _n n _n

Ufer NULL S NULL NULL NULL NULL n NULL
Herr 'mister', Friede 'peace’, Hemd 'shirt', Farbe 'colour’, Ufer 'shore'
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example data:
Inflectional paradigms of german nouns

<sing nom> <sing gen> <sing dat> <sing acc> <plur nom> <plur gen> <plur dat> <plur acc>

Herr NULL n n _n n n n n
Friede NULL n_s _n n n _n n n
Hemd NULL _S NULL NULL _n _n n n
Farbe NULL NULL NULL NULL N _n n N

Ufer NULL _S NULL NULL NULL NULL n NULL
Herr 'mister’, Friede 'peace’', Hemd 'shirt', Farbe 'colour’, Ufer 'shore'

(Friede, <plur nom>, n):

plural nominative form of Friede is Frieden
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formal context

sing nom: NULL

Def.: A formal context K is a sing gen: NULL

) sing gen: _s
tripel (G,M,I) where sing gen: _n
] ] sing gen: _ns

G Is a set of objects sing dat: NULL
- - sing dat: _n

* M is a set of attributes sing ace: NULL
e | is a binary relation | C GxM sing acc: _n

h i d "obiect plur nom: NULL
where (g,_m) € | 1s read as "objec olur nom:

g has attribute m." plur gen: NULL

plur gen: n
plur dat: n
plur acc: NULL
plur acc: _n
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formal concept

Def.: for ACG and BCM be
A'={meM| VgeA: (gm)el}
B'={geG| VmeB: (g,m)el}

Def.: (A,B) is a formal concept
of the formal context (G,M,1) iff
ACG, BCM, A'=B and B'=A.
A Is called the extent and B the
Intent of the concept.

Note: (A",A") is a formal concept
for all ACG.

BB
1|28 (2[8]5
[Fsing nom: NUELT x T x [ x [ x [ix]
sing gen: NULL X
sing gen: _s X X
sing gen: _n X
sing gen: _ns X
sing dat: NULL X | X|X
sing dat: n X | X
sing acc: NULL X | X|X
sing acc: _n X | X
plur nom: NULL X
X | X| X .
plur gen: NULL X
X | X|X|[X
X | X|X|[X
X | X|X|[X
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formal concept

Def.: for ACG and BCM be
A'={meM| VgeA: (gm)el}
B'={geG| VmeB: (g,m)el}

Def.: (A,B) is a formal concept

of the formal context (G,M,1) iff
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Note: (A",A") is a formal concept
for all ACG.
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sing gen: NULL

= | 118H
= [apali4
= |pwaH

x | > |9gJ4e4

sing gen: _s

sing gen: _n

sing gen: _ns

sing dat: NULL

sing dat: _n

sing acc: NULL

sing acc: _n

plur nom: NULL

plur gen: NULL

plur acc: NULL
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subconcept-superconcept relation

Def.. A concept is a subconcept
of another concept, If its extent is a
subset of the extent of the latter:
(A.B) <(A,B,) & ACA &
B,D B,

Prop.: If B(G,M,I) is the set of all

formal concepts of the context
(G,M,1), then (B(G,M,I1), <) forms

a lattice.

149H

I

13)N

sing nom: NULL

X

= |apali4

@
3

o
X

X

sing gen: NULL

x | < | °gJe4

sing gen: _s

sing gen: _n

sing gen: _ns

sing dat: NULL

sing dat: _n

sing acc: NULL

sing acc: _n

plur nom: NULL

plur nom: _n

plur gen: NULL

plur gen: n

plur dat: _n

plur acc: NULL

plur acc: _n
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formal concept lattice

sing nom: NULL

sing dat: NULL, plur gen: _
sing acc: NULL, plur dat: n,

plur dat: _n Farbe,
Hemd,
plur nom: n sing dat: NULL 'Ig'?“a
plur gen: _n sing acc: NULL reae
pluracc: n
~ :
. ~ sing gen: _s
sing dat: _n i S
sing acc: _ n SN~
. -~ —— -
@ plur nom: NULL
. : : plur gen: NULL
\smg gen: n \ \smg gn: _ns \ \smg ge NULL \ plur acc: NULL
O
e
Farbe
Hemd ’
)
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{smg nom: NULL, plur nom: _n,

(sing nom: NULL,

plur nom: _n,
< plur gen: _n,
plur dat: _n,
 pluracc: _n
[
I
/

pluracc: n

7115




requirements for inheritance
hierarchies

minimal: o pom: NULL
— consistent and complete w.r.t. the e —
data P et
desirable: s
— captures generalizations

@

plur nom: NULL

plur gen: NULL

plur acc: NULL
o

(by allowing exceptions)

a

— many (hierarchical) levels

— free of redundancy:
every attribute and object is stated
exactly once

— small in size
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AOC-poset

sing nom: NULL

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

O

@ plur nom: NULL
. ; -Hemd plur gen: NULL
sing B | sing 95”1 _ns| sing ge NULL plur acc: NULL
0]
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overview
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Input: untyped feature structures

Uther -

sleeps —

sleep -

11.8.2001

[CAT: np
PERS: third
NUM: sing

HEAD:[AGR:{

[CAT: vp
[ FORM: finite
[CAT: np

HEAD:
SUBJ:

[CAT: vp
' FORM: finite
[CAT: np

HEAD:
SUBJ:

|

HEAD:{AGR:{

HEAD:[AGR:{

knights —

PERS: third
NUM: sing

|

PERS: third
NUM: plur

|
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[CAT: np

HEAD:[AGR:{

PERS: third
NUM: plur

|
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< CAT >
< HEAD >

<HEAD AGR >
<HEAD AGR PERS >

<HEAD AGR NUM >

a

uther

knights

sleeps head subj
sleep head subj

sleeps
sleep

< HEAD FORM >

< HEAD SUBJ >

< HEAD SUBJ CAT >

< HEAD SUBJ HEAD >

< HEAD SUBJ HEAD AGR >

< HEAD SUBJ HEAD AGR PERS >
< HEAD SUBJ HEAD AGR NUM >

< FORM >

<SUBJ >

< SUBJ CAT >

< SUBJ HEAD >

< SUBJ HEAD AGR >

< SUBJ HEAD AGR PERS >
< SUBJ HEAD AGR NUM >
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<AGR >
< AGR PERS >
< AGR NUM >

uther head

knights head

sleeps head subj head
sleep head subj head

<PERS >
< NUM >

O

sleeps head
sleep head

uther head agr

knights head agr

sleeps head subj head agr
sleep head subj head agr

assigning types to concept nodes
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assigning types to concept nodes

<HEAD AGR >
<HEAD AGR PERS >

<HEAD AGR NUM >
a

uther

knights

sleeps head subj
sleep head subj

< CAT >
< HEAD >

top

sleeps
sleep

< HEAD FORM >

< HEAD SUBJ >

< HEAD SUBJ CAT >

< HEAD SUBJ HEAD >

< HEAD SUBJ HEAD AGR >

< HEAD SUBJ HEAD AGR PERS >
< HEAD SUBJ HEAD AGR NUM >

< FORM >

< SUBJ >

< SUBJ CAT >

< SUBJ HEAD >

< SUBJ HEAD AGR >

< SUBJ HEAD AGR PERS >
< SUBJ HEAD AGR NUM >
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<AGR >

< AGR PERS >
\< AGR NUM >

uther head

knights head

sleeps head subj head
sleep head subj head

< PERS >
<NUM >

O

sleeps head
sleep head

uther head agr

knights head agr

sleeps head subj head agr
sleep head subj head agr
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assigning types to concept nodes

< CAT > <AGR >
< HEAD > top \< AGR PERS >
o <AGR NUM >
L uther head
CAT: cat knights head
HEAD: head sleeps head subj head
sleep head subj head
<HEAD AGR >
<HEAD AGR PERS > < PERS >
<HEAD AGR NUM > <NUM >
a O]
uther sleeps head uther head agr
knights sleeps sleep head knights head agr
sleeps head subj sleep sleeps head subj head agr
sleep head subj sleep head subj head agr

< HEAD FORM >

< HEAD SUBJ >

< HEAD SUBJ CAT >

< HEAD SUBJ HEAD >

< HEAD SUBJ HEAD AGR >
< HEAD SUBJ HEAD AGR PERS >
< HEAD SUBJ HEAD AGR NUM >

< FORM >

< SUBJ >

< SUBJ CAT >

< SUBJ HEAD >

< SUBJ HEAD AGR >

< SUBJ HEAD AGR PERS >
< SUBJ HEAD AGR NUM >
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assigning types to concept nodes

< CAT > <AGR >
< HEAD > top \< AGR PERS >
o — < AGR NUM >
Y uther head
CAT: cat knights head
HEAD: head sleeps head subj head
sleep head subj head
<HEAD AGR >
<HEAD AGR PERS > < PERS >
<HEAD AGR NUM > <NUM >
c o
Etherrn sleeps head Ethekr]r t,
nights sleeps night .
sleeps head subj sIeeS sleep head sleeps PERS: pers
sleep head subj sleep | NUM: num

< HEAD FORM >

< HEAD SUBJ >
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< HEAD SUBJ HEAD AGR >
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< HEAD SUBJ HEAD AGR NUM >

< FORM >

< SUBJ >

< SUBJ CAT >

< SUBJ HEAD >

< SUBJ HEAD AGR >

< SUBJ HEAD AGR PERS >
< SUBJ HEAD AGR NUM >
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assigning types to concept nodes

< CAT > <AGR >
< HEAD > top \< AGR PERS >
o — < AGR NUM >
L uther hf-
CAT: cat knights| 3
HEAD: head sleeps AGR: tg i
sleep head subj head
<HEAD AGR >
<HEAD AGR PERS > < PERS >
<HEAD AGR NUM > < NUM >
- o
Et t, sleeps head Etherr]r t,
1 - sleeps night .
sl |:|EA:“D:E3: sIeeS sieep head sleeps FIEREED
sleep head subj sleep | NUM: num
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assigning types to concept nodes

< CAT > <AGR >
< HEAD > top \< AGR PERS >
o — < AGR NUM >
tl uther h t
CAT: cat knights e
HEAD: head sleeps AGR: tg i
sleep head subj head
<HEAD AGR >
<HEAD AGR PERS > <PERS >
<HEAD AGR NUM > < NUM >
— o)
utf t her |
o I-4IEAD' t sleeps L ight L _
sl Po—roor ..,...,3,' sIeep FORM fOI'm eeps| PERS pers
sleep head subj SUBJ: t4 eep | NUM: num

< HEAD FORM >

< HEAD SUBJ >

< HEAD SUBJ CAT >

< HEAD SUBJ HEAD >

< HEAD SUBJ HEAD AGR >
< HEAD SUBJ HEAD AGR PERS >
< HEAD SUBJ HEAD AGR NUM >

< FORM >

< SUBJ >

< SUBJ CAT >

< SUBJ HEAD >

< SUBJ HEAD AGR >

< SUBJ HEAD AGR PERS >
< SUBJ HEAD AGR NUM >

11.8.2001 Wiebke Petersen, FGMOL'01 12/15




assigning types to concept nodes

<HEAD AGR >
<HEAD AGR PERS >

<HEAD AGR NUM >

ut] t4
k1 HEAD: t
][ S— 3
sleep head subj

Tooror ooy

< CAT >
< HEAD >

t

CAT: cat
HEAD: head

6
HEAD:

< HEAD FORM >

< HEAD SUBJ >

< HEAD SUBJ CAT >

< HEAD SUBJ HEAD >

< HEAD SUBJ HEAD AGR >

< HEAD SUBJ HEAD AGR PERS >
< HEAD SUBJ HEAD AGR NUM >

< FORM >

< SUBJ >

< SUBJ CAT >

< SUBJ HEAD >

< SUBJ HEAD AGR >

< SUBJ HEAD AGR PERS >
< SUBJ HEAD AGR NUM >
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top \

<AGR >

< AGR PERS >
< AGR NUM >

uther h t
knights

3
sleeps AGR: t2

sleep head subj head

< PERS >
<NUM >

D

t5
FORM: form
SUBJ: t,

her |
ight
eeps|
eep |

t2
PERS: pers

NUM: num
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assigning types to concept nodes

<HEAD AGR >
<HEAD AGR PERS >

<HEAD AGR NUM >

ut] t4
k1 HEAD: t
][ S— 3
sleep head subj

Tooror ooy

< CAT >
< HEAD >

t1
CAT: cat
HEAD: head

top

< AGR PERS >

6
HEAD:

< HEAD FORM >

< HEAD SUBJ >

< HEAD SUBJ CAT >

< HEAD SUBJ HEAD >

< HEAD SUBJ HEAD AGR >

< HEAD SUBJ HEAD AGR PERS >
< HEAD SUBJ HEAD AGR NUM >

< FORM >

< SUBJ >

< SUBJ CAT >

< SUBJ HEAD >

< SUBJ HEAD AGR >

< SUBJ HEAD AGR PERS >
< SUBJ HEAD AGR NUM >
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<AGR >
\< AGR NUM >
uther h t
knights| 3 .
sleeps AGR: t,
sleep head subj head
< PERS >
<NUM >
i)
her |
& igerrn L
FORM: form kepd PERS: pers
SUBJ: t, eep i NUM: num
head
t, t:
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output: type hierarchy with
appropriateness conditions

top
category =~'t,
CAT: cat head
HEAD: head
cat np ='t, cat_vp =t vhead =~ t.
FORM: form
HEAD: nhead HEAD: vhead SUBJ: cat_np
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nhead =~'t,
AGR: agr
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agr ' t,
PERS: pers
NUM: num
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output: type hierarchy with
appropriateness conditions
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summary F131
=
= 22 &
sing nom: NULL sing nom: NULL X[ X]X
plur dat: _n .
sing gen: NULL X
lur nom: _n sing dat: NULL . .
Blur gen: n sing gen: _s
plur acc: _n B sing gen: _n
O : : -
sing dat: _n sing gen: _ns X
sing acc: _ 1 i .
e ® sing dat: NULL X
sing dat: _n X | X
@) plur nom: NULL sing acc: NULL X
_ _ _ plur gen: NULL g
sing gn: _ns| [sing geNULL\ plur acc: NULL sing acc: _n X | X
O
plur nom: NULL
plur nom: _n X | X|X
plur gen: NULL
plur gen: n X | X|X
top plur dat: _n
O plur acc: NULL
category ='t, p|UI’ acc: n X | X[ X
CAT: cat head -
HEAD: head
cat_np ='t, cat_vp =tg vhead =~'t; nhead =~'t, agr='t, ;
CAT: np CAT: vp FORM: form AGR: agr PERS: third atomic
HEAD: nhead HEAD: vhead SUBJ: cat_np NUM: num
CAT: np
. pers num cat form
Uther - HEAD:| AGR PERS: third
L NUM Slng _ third sing pl np vp finite
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