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Abstract

It has long been part of the folklore that typed feature structures

were introduced into linguistics in order to replace the perceived-to-

be-messy FCRs of GPSG. This correspondence between FCRs and

typed feature structures, however, has never been made explicit. In

fact, with the notion of appropriateness conditions used in Carpen-

ter (1992), it is initially di�cult to see how any dependency could be

expressed between the values of two features. We show in this paper

that there is a way to express FCRs by expressing them on the max-

imally speci�c types. These FCRs are unfortunately ignored in the

type inferencing procedure from Carpenter (1992), which is used in

the ALE parser of Carpenter (1993). We show, however, that by us-

ing the idea of \type resolution", it is possible to maintain satis�able

feature structures in parsing. This idea is implemented in the \Troll

Type Resolution System".
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Typed Feature Structures for Expressing and

Computationally Implementing Feature Cooccurence

Restrictions

Early uni�cation formalisms restricted neither the features a linguistic object

could have, nor the values those feature could take. However, linguistic

considerations demanded some mechanism for imposing such restrictions,

and the FCRs (feature cooccurrence restrictions) of GPSG [3] were such a

mechanism. This paper describes how FCRs can be encoded into a type

hierarchy and e�ciently implemented in the Troll system.

We de�ne two subcases of FCRs. Call an FCR of the form

if an object is of a certain kind

then it deserves certain features with values of certain kinds

a conjunctive FCR. An FCR stating that a verb must have v and n features

with values + and � respectively is an example of a conjunctive FCR. Call

an FCR of the form

if an object is of a certain kind

then it deserves certain features with values of certain kinds,

or it deserves certain (perhaps other) features with values of

certain (perhaps other) kinds,

or : : :

or it deserves certain (perhaps other) features with values of

certain (perhaps other) kinds

a disjunctive FCR. An FCR stating that inverted verbs must be auxiliaries

is an example of a disjunctive FCR: a verb must have the features inv and

aux with values + and +, � and +, or � and � respectively. Clearly, a

conjunctive FCR is a simple disjunctive FCR. Though FCRs can be extremely

complex, the great majority of FCRs are disjunctive.

However, FCRs were perceived to be overly procedural, and some recent

formalisms have used appropriateness speci�cations in order to (among other

things) encode FCRs declaratively. These formalisms employ a �nite partial

order hType;vi of types under subsumption, a �nite set Feat of features, and

an appropriateness partial function Approp:Type� Feat* Type. Intuitively,

the types formalise the hitherto informal kinds, and Approp(t; f) = t

0

i� each
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object of type t deserves feature f with a value of type t

0

. Call such for-

malisms appropriateness formalisms. Carpenter's ALE and Gerdemann and

G�otz's Troll are examples of implementations of appropriateness formalisms.

How an appropriateness formalism encodes a conjunctive FCR is obvious,

but how it encodes a disjunctive FCR is less so. An example illustrates best

how it is done. Suppose that FCR � states that objects of type t deserve

features f and g, both with boolean values, but that the values of f and g

must agree. � is the disjunctive FCR

if an object is of type t

then it deserves feature f with value + and feature g with value +,

or it deserves feature f with value � and feature g with value �

To encode �, �rst introduce subtypes, t

0

and t

00

, of t, one subtype for each

disjunct in the consequent of �. Then encode the feature/value conditions

in the �rst disjunct by putting Approp(t

0

; f) = + and Approp(t

0

; g) = +,

and encode the feature/value conditions in the second disjunct by putting

Approp(t

00

; f) = � and Approp(t

00

; g) = �.

Call a type that has no subtypes a variety. Say that an appropriateness

formalism meets the partition condition i� for each type t, if an object is

of type t then the object is of exactly one variety subsumed by t. Say that

an appropriateness formalism meets the all-or-nothing condition i� for each

variety v and feature f , either every or no object of variety v deserves feature

f . An appropriateness formalism that does not meet both conditions may

not properly encode a disjunctive FCR. For example, consider disjunctive

FCR �. An appropriateness formalism may not properly encode that t

0

and

t

00

represent all and only the disjuncts in the consequent of � without the

partition condition. An appropriateness formalism may not properly encode

the feature/value conditions demanded by each disjunct in the consequent of

� without the all-or-nothing condition.

Though all appropriateness formalisms can encode disjunctive FCRs, very

few of them deem well-formed only those feature structures that meet every

encoded disjunctive FCR. Consider Carpenter's ALE for example. Carpenter

calls a feature structure well-typed i� for each arc in the feature structure, if

the source node is labelled with type t, the target node is labelled with type

t

0

and the arc is labelled with feature f then Approp(t; f) v t

0

. Carpenter

calls a feature structure well-typable i� the feature structure subsumes a

well-typed feature structure, and Carpenter gives an e�ective algorithm for
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deciding if a feature structure is well-typable. Well-typability comes close

to an e�ective criterion for the well-formedness of a feature structure with

respect to encoded FCRs: certainly, a feature structure is well-typable i�

it meets every encoded conjunctive FCR. However, consider our encoding

of disjunctive FCR � and suppose that ' is the feature structure

2

4

t

f :+

g:�

3

5

.

' is well-typed, and hence trivially well-typable. Unfortunately, ' violates

encoded disjunctive FCR �.

By contrast, the Troll system described in this paper has an e�ective al-

gorithm for deciding the well-formedness of a feature structure with respect

to encoded disjunctive FCRs. Call a well-typed feature structure in which

all nodes are labelled with varieties a resolved feature structure and call a

set of resolved feature structures that have the same underlying graph (that

is, they di�er only in their node labellings) a disjunctive resolved feature

structure. We write FS, RFS and DRFS for the collections of feature

structures, resolved feature structures and disjunctive resolved feature struc-

tures respectively. Say that F

0

2 RFS is a resolvand of F 2 FS i� F and

F

0

have the same underlying graph and F subsumes F

0

. Let type resolu-

tion be the total function R:FS ! DRFS such that R(F ) is the set of all

resolvands of F .

Guided by the partition and all-or-nothing conditions, we have formu-

lated a semantics of feature structures and developed a notion of a satis�able

feature structure such that a feature structure meets all encoded FCRs i�

the feature structure is satis�able. We have also shown that F 2 FS is sat-

is�able i� R(F ) 6= ; (See King and Carpenter [9]). The Troll system, which

is based on this idea, implements type resolution e�ectively.

Why does Troll succeed where ALE fails? Consider again the encoding of

� and the feature structure '. Loosely speaking, the appropriateness spec-

i�cations for type t encode the part of � that states that an object of type

t deserves features f and g, both with boolean values. However, the appro-

priateness speci�cations for the varietal subtypes t

0

and t

00

of type t encode

the part of � that states that these values must agree. Well-typability only

considers varieties if forced to. In the case of ', well-typability can be estab-

lished by considering type t alone. Consequently, well-typability overlooks

the part of � exclusively encoded by the appropriateness speci�cations for t

0

and t

00

. Type resolution, on the other hand, always considers varieties. Con-
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sequently, type resolving ' cannot overlook the part of � exclusively encoded

by the appropriateness speci�cations for t

0

and t

00

.

A very important property of the disjunctive resolved feature structures

is that they are closed under uni�cation, i.e., if F and F

0

2 DRFS then

R(F ) tR(F

0

) 2 DRFS .

1

Given this property, it would in principle be pos-

sible to use the disjunctive resolved feature structures in an implementation

without any additional type inferencing procedure to maintain satis�ability.

It would not, however, be e�cient to work with such large disjunctions of

feature structures. These disjunctions of feature structures, however, have a

singular property: all of the disjuncts have the same shape. The disjuncts

di�er only in the types labeling the nodes. This property allows a disjunc-

tive resolved feature structure to be represented more e�ciently as a single

untyped feature structure plus a set of dependent node labelings, which can

be further compacted using named disjunction as in Gerdemann [4], D�orre

& Eisele [8] or Maxwell & Kaplan [7].

For example, suppose we type resolve the feature structure

2

4

t

f :boolean

g:boolean

3

5

using our encoding of �. If we simply replace all types by varieties, there are

eight possibilities:

8

<

:

2

4

t

0

f :+

g:+

3

5

;

2

4

t

0

f :+

g:�

3

5

;

2

4

t

0

f :�

g:+

3

5

;

2

4

t

0

f :�

g:�

3

5

;

2

4

t

00

f :+

g:+

3

5

;

2

4

t

00

f :+

g:�

3

5

;

2

4

t

00

f :�

g:+

3

5

;

2

4

t

00

f :�

g:�

3

5

9

=

;

Of these eight, only two are well-typed.

2

These two can then be collapsed

into one feature structure with named disjunction (since all the disjuncts

interact, they are all given #1 as a name):

8

<

:

2

4

t

0

f :+

g:+

3

5

;

2

4

t

00

f :�

g:�

3

5

9

=

;

)

2

4

h1 t

0

t

00

i

f : h1 + �i

g: h1 + �i

3

5

1

In fact, it can be shown that R(F )tR(F

0

) = R(F tF

0

). Uni�cation of sets of feature

structures is de�ned here in the standard way: S t S

0

= fF j F

0

2 S and F

00

2 S

0

and

F = F

0

t F

00

g.

2

We have described this process as a kind of generate and test procedure. It makes more

sense, though to incorporate the appropriateness condition check into the type resolution

procedure. One can also avoid full type resolution by allowing nodes to be labeled by

equivalence classes of varieties such that all members of the class have exactly the same

appropriateness conditions for all of the features that happen to be present.
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We now have a reasonably compact representation in which the FCR has

been translated into a distributed disjunction. However, one should note

that this disjunction is only present because the features f and g happen

to be present. These features would need to be present if we were enforcing

Carpenter's [1] total well typing requirement, which says that features that

are allowed must be present. But total well typing is, in fact, incompatible

with type resolution, since there may well by an in�nite set of totally well

typed typed resolvants of a feature structure. For example, an underspeci�ed

list structure could be resolved to a list of length 0, a list of length 1, etc.

Since total well typing is not required, we may as well go the other direction

and actively un�ll redundant features.

3

In this example, if the f and g

features are removed, we are left with the simple disjunction ft

0

; t

00

g, which

is equivalent to the ordinary type t.

4

Thus, in this case, no disjuction at all

is required to enforce the FCR. All that is required is the assumption that

t will only be extended by uni�ying it with another (compacted) member of

DRFS .

This, however, was a simple case in which all of the distributed disjunc-

tion could be removed. It would not have been possible to remove the fea-

tures f and g if these features had been involved in reentrancies or if these

features had had complex values. In general, however, our experience has

been that even with very complex type hierarchies and feature structures for

HPSG, very few distributed disjunctions are introduced. Thus, uni�cation

is generally no more expensive than uni�cation with untyped feature struc-

tures. This, however, represents initial experience with the Troll system,

which needs to be substantiated by further experience with other grammars.

In future research, we will look at type hierarchies that have been used for

HPSG-style grammars to see to what extent implicit FCRs are contained in

these hierarchies and to what extend these FCRs introduce disjunctions into

feature structures. Troll, as it stands, is correct though much may still be

done to make it more e�cient, in terms of both implementation improve-

ments and guidelines to grammar writers for writing e�cient grammars.

3

Intuitively, features are redundant if their values are entirely predictable from the

appropriateness speci�cation. See G�otz [6], Gerdemann [5] for a more precies formulation.

4

In this case, it would also have been possible to un�ll the original feature structure

before resolving. Unfortunatly, however, this is not always the case, as can be seen in the

following example:

�

t

f :+

�

)

��

t

0

f :+

��

) t

0

.
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