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Feature Structures and Feature Structure Descriptions

Feature structure—

e Provides a description/representation of an object (linguistic or non-linguistic)
by specifying information about its attributes

e Formally, it is a directed acyclic graph (DAG): a root node, directed
edges corresponding to attributes, and end nodes corresponding to values.
(“acyclic”: no circular paths)
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Feature Structures and Feature Structure Descriptions (cont.)

e More conveniently decribed using an attribute-value matrix (AVM):

(1)

TITLE HPSG
AUTHOR1 Pollard
AUTHOR2 Sag
COVER blue
PAGES 440

Each row is an attribute-value pair, or feature. The order of the rows is
unimportant.
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Feature Structures and Feature Structure Descriptions (cont.)

e Within a single AVM, an attribute can only take one value. The following
i1s an improper AVM; it does not describe any feature structure:

(2)

NAME Sandy
SEX  muale
AGE 29

SEX  female

It is common practice to refer to AVMs as “feature structures” although strictly
speaking they are feature structure descriptions (FSDs).
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Recursive Structure

The value of an attribute is not necessarily atomic; it can specify attributes of
its own. In other words, in an AVM, the value of an attribute can be another

AVM:
(3)

NAME
AGE

ADDRESS

FAVORITES

Sandy
29

NUMBER
STREET
CITY

10
Main

Spring field

FOOD cheese
COLOR blue
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Recursive Structure (cont.)

In fact, the value of an attribute is always an AVM. Atomic values should be
thought of as very simple AVMs that have no attributes.

In DAG terms: The end node of an attribute edge can itself be the root node
of a feature structure, with attribute edges leaving from it. The edges leading
from the root node of the entire DAG to an atomic value make up an “attribute
path.” E.g., the value of the path “ADDRESS | CITY” is Spring field.

An atomic value is a minimal DAG consisting of a single labelled node with no
outward edges.
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Structure sharing

Two attributes can share the same value. T'wo cases:

e Type identity
The values are the same by accident, but in fact they are independently
specified. There are really two values that happen to look the same. They
could “just as easily” have been different.

e Token identity
Some principle (physical law, fact about the world, grammatical rule)
insists that the two attributes have identical values. There is only one
value, and both attributes share it.
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Example: Kim and Sandy are twins.

4)

TWIN1

TWIN2

NAME Kim

AGE 29

FAVORITES |:(_T()L()R‘

NAME Sandy

AGE 29

FAVORITES [(3()L()R,

bhu1

bhu1

Structure sharing (cont.)

Grammatikformalismen — Vorlesung 2

(15.05.12)

UNIVERSITAT
DES
SAARLANDES



Structure sharing (cont.)

It is a fact about the world that twins have the same age, so the values for
AGE are token identical, or “structure-shared.” This is notated with matching
boxed indices. On the other hand, the fact that Kim and Sandy have the same
favorite color is accidental; these values are not structure-shared.

In DAG terms—

e Type identity: The two attribute edges have distinct end nodes.

e Token identity: The two attribute edges point to the same end node
(structure-sharing).
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Structure sharing (cont.)

Structure sharing is not allowed to result in circular or cyclical paths:

— —_

NAME  Sandy

NAME  Kim
SIBLING |
SIBLING

This is not a well-formed feature structure description because is does not de-
scribe a DAG (directed acyclic graph).
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Partial descriptions

Feature structures (DAGs) are assumed to represent an object as fully as pos-
sible, by specifying all values for all attributes.

Feature structure descriptions (AVMs), on the other hand, can be partial de-
scriptions, specifying some features and omitting others. An underspecified
AVM can correspond to a set of feature structures. As the AVM becomes
more fully specified, the set of DAGs it describes becomes smaller and smaller,
as fewer and fewer of them are compatible with the information given in the

AVM.
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Subsumption

The fact that feature structure descriptions can be more or less informative
allows us to define a partial ordering on the set of FSDs.

For two AVMs A and B, A subsumes B (A < B) iff

e B is at least as informative as A. That is, all the attributes and values
specified in A are also found in B. B might specify other features as well,
but it must include all of the ones in A.

e The set of feature structures described by A is a superset of the set of
feature structures described by B.
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Subsumption (cont.)

Formal definition of subsumption:

(6) a. For atomic values a and b (remember these are considered to be
AVMs),a <=b&sb<asa=0t
b. For non-atomic AVMs A and B, A < B iff
1. for every attribute path in A, the same path exists in B and its
value in A subsumes its value in B
ii. for every pair of paths that is structure-sharing in A, the same
pair of paths is structure-sharing in B.

'INB: This will change once we introduce sorts.
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(7)
i - NAME
AGE 29 AGE
ADDRESS [STREET Main
ADDRESS
- o .
spLNG | VAME Sandy| |~
L ’ AGE
] SIBLING
A _

Subsumption (cont.)

Kim

29
STREET Main
CITY Sprin

NAME Sandy

AGE

B

gfield
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Subsumption (cont.)

Notes:

e Subsumption is
— reflexive: A < A

— transitive: if A < Band B < C, then A <X C

— anti-symmetric: if A < B and B < A, then A = B.2

Grammatikformalismen — Vorlesung 2 glel;VERSITAT
(15.05.12) SAARLANDES

15



Subsumption (cont.)

e For two AVMs A and B, it is possible that neither one subsumes the other:

(8) a.
NAME Kim _
AGE 30
AGE 29 l ]
B
A
b.
NAME Sandy AGE 29
JOB  photographer NATIONALITY British
A B
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Subsumption (cont.)

e The minimum element with respect to the subsumption ordering is the
feature structure that specifies no information at all (no attributes, no
values). It is called “top” and is written T or [ ]. Top subsumes every other
AVM, because every other AVM contains as least as much information as
top: T < A for all A.
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Unification

Since AVMs can be partial descriptions, we might have several different de-
scriptions of the same feature structure. It must be the case, though, that if
two AVMs A and B are descriptions of the same object (or set of objects), then
the information in A and B must be compatible. In particular, A and B cannot
have different values for the same attributes or attribute paths.

2 . . . . .
“A and B are type identical, not necessarily token identical.
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Unification (cont.)

(9) a.
AGE 29 NAME Sandy
JOB photographer AGE 29
A B
b.
AGE 29 JOB photographer
JOB photographer AGE 30
A B
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Unification (cont.)

In the case where A and B contain compatible, consistent information, we say
that the unification of A and B exists. The unification of A and B in (9a) is:

(10)

NAME Sandy

AGE 29

JOB  photographer

The unification of two feature structures contains all the information from both
feature structures put together, but nothing more than that.
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Unification (cont.)

Definition:

(11) For AVMs A and B, the unification C of A and B (C = A A B) is the
least informative AVM that is subsumed by both A and B.

(Even more formally: C is the least upper bound of A and B with respect to
the subsumption ordering <.)

Notes:

e The unification ¢ of two atomic AVMs a and b is defined if and only if
a = b and in that case c=a Ab=a = b.>

e Unification works recursively on embedded AV Ms.

e Unification preserves structure-sharing.

NB: This will also change after we introduce sorts. (see fn. 1)
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Unification (cont.)

(12)
NAME Kim AGE
ADDRESS |CITY Spring field] ADDRESS |STREET Main
- | /\ - |
_ _ NAME Sandy NAME Sandy
SIBLING ‘ SIBLING _
AGE 29 AGE
A B

NAME Kim
AGE 29
STREET Main

ADDRESS . ..
CITY Spring fiel d}

SIBLING

NAME Sandy
AGE

C
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Unification (cont.)

If two AVMs A and B contain inconsistent feature specifications, then they “fail
to unify,” or their unification does not exist. Alternatively, we can write

(13) AAB=1

where L (“bottom”) is an “improper” AVM that cannot describe any object
(the opposite of T, which can describe any object).
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Unification (cont.)

As in the case of structure sharing, unification does not succeed if it results in
cyclical structure:

(14)

ATTRIBUTEL

ATTRIBUTEL |ATTRIBUTE3
ATTRIBUTEJ ]

A | ATTRIBUTEZ2

ATTRIBUTE2
A B

— —

ATTRIBUTEL ATTRIBUTE3 ]

~  |ATTRIBUTE2 [I]|ATTRIBUTE3 ] =4
! . i
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Unification (cont.)

Properties of unification (from Pollard and Sag (1987), p. 38):

e idempotency: A AN A=A

e commutativity: AAB=BAA

e associativity: (AAB)AC=AA (B A C)
e TANA=A

I ANA=1

link between subsumption and unification: A < B& AAB=B
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