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Abstract

We introduce TFS, a computer formal-
ism in the class of logic formalisms which
integrates a powerful type system. [ts basic
data structures are typed {eature structures.
The type system cnconrages an object-
oriented approach to linguistic description
by providing a multiple inheritance mecha-
nism and an inference mechanism which al-
lows the specification of relations between
levels of linguistic description defined as
classes of objects. We illustrate this ap-
proach starting from a very simple DCQG,
and show how to make use of the typing sys-
tem to enforce general constraints and mod-
ularize linguistic descriptions, and how fur-
ther abstraction leads to a HPSG-like gram-
mar.

1 Introduction

Various proposals have been made for the integra-
tion of type information in unification-based gram-
mar formalisms to enforce constraints described in
a hierarchical way where types are partially or-
dered with a subtype relation. Authors describe
these extensions as “inheritance grammars”, “in-
heritance networks”, “feature sorts”, “typed feature
structures”,...[1, 3, 5, 13, 17, 15, 9, 11, 7, 8].
These formalisms exhibit, to varicus degrees, one or
several of the following propertics, characteristic of
the so-called object-oriented paradigm: a high level
of abstraction, a capacity of inference, modularity
and distributed control. Abstraction and modular-
ity are needed when the linguist wants to describe
a hierarchy of concepts (like a lexical hierarchy or
the hierarchy of phrasal categories), and to describe
linguistic data at different levels (e.g. morphology,
syntax, semantics). At first glance it seems rather
natural to develop separate modules for different lin-
guistic levels, and to describe separately their inter-
actions; however, great difficultics are encountered
when these modules have to be integrated. Usually,
there are two choices. Fither everything is described
in a single place using a deeply intricate data struc-
ture, like packing both syntactic and semantic equa-
tions in CF rules in some LTG extensions (e.g. {10]%;
the price is a loss in understandability and general-
ity. Or descriptions are kept separate and the pro-
cessing is done accordingly: first, a morphological
phase, then a syntactic analysis, and then a semantic
analysis, without any communication between these
different steps [4]. The price is that interdependent
constraints between these levels are lost, resulting

in inadequate linguistic description or very complex
control strategies at the implementation level,

In this paper, we argue that typed unification gram-
mars give the linguist a formal framework which has
the desirable properties. We will give an introduc-
tion to such a formalism, called TFS (Typed Tea-
ture Structure), which integrates disjunctions, con-
Jjunctions and conditional expressions of typed fea-
ture structures. This introduction will start from a
very simple DCG, and will show how one can write a
DCG-like grammar in TTS, making use of the typing
system to enforce general constraints valid for classes
of objects and to modularize linguistic descriptions.
We then show that further abstraction leads to a
HPSG-like grammar. It is not our goal to give here
a formal account of the formalism (the interested
reader should refer to [2] where a very clear formal
seniantics on which TVS is based is given), and we
will use an informal approach wherever possible.

2 Typed feature structures and unification

The basic data structure of the language is a typed
feature structyre: a feature structure (I'S in the fol-
lowing) with which a type can be associated. Com-
pared to untyped I'Ss (as presented in [16] for exam-
ple), the TFS system offers the possibility to name
complex I'Ss, and to associate constraints with these
names, thus defining a type.

We write feature names in small caps letters (r, o,
1), type symbols in upper case letters (A, B), and we
use symbols inside a box (I, called tags, for denoting
shared values. For example, the typed F'S, written in
a linear form Alr: [IB[n: €], o: [{1], is an FS§ of type
A with two features r and g, r having as a value the
typed FS 8[u: A] and ¢ having the same shared value
as r.

In the system, one can specify type definitions which
can, as a first approximation, be seen as a kind
of template definition like in e.g. PATR-II. There
is, however, a major difference. The system uses a
type inference mechanism to derive new types dy-
namically during computation whereas templates in
PATR-II are expanded statically at compile time.
A type that encodes agreement features can be writ-
ten: AGR = [num: NUM,gender: GEN] and types NUM
and GEN being themselves defined as NUM = SING
v PLUR (where the symbol “v” denotes the logical
OR) and GEN = MASC v FEM V NEU. The types Num,
SG,...do not have definitions: they are called atomic
types. AGR, NUM and GEN are called complex types.
I’rom a set of type definitions, one can extract a par-
tial order on type symbols. For example, from the
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set of definitions above, we can derive the following
partial order on type symbols (Fig.1) where T rep-
resents the greatest element (no information) and L
the smallest element (inconsistent information, lead-
ing to failure in unification). This partial order is in
turn used to derive a lattice of type symbols, which is
then extended to typed FSs ordered by (typed) sub-
sumplion, forming a lattice on which the interpreter
works (see a formal account in [2]).

T
T GEN

UM
}\ ~ R T
SING  PLUR MASC FEM NEU

=

For example, the FS fI AGR[num: NUM] subsumes the
FS f2 AGR[numi: PLUR, gender: FEM] because f2 has
more specific information than f : no gender is spec-
ificd in f1, and the number value of 2 PLUR is more
specific than the number value of f1, NUM.

Typed unification proceeds as ordinary unification
for FSs, recursively combining substructures at the
same paths. When two (typed) FSs are unified, first
the type symbols are unified, and if this unifica-
tion succeeds, the I'Ss are unified. Unification of two
types X and Y is defined as the (set of ) most general
type(s) which is smaller than both X and v: it is the
greatest lower bound (GLB) of these two symbols
n the lattice of type symbols. If two types are di-
rectly comparable, the smallest is the result of the
unification: NUM T PLUR = PLUR. This extension is
consistent with the definition of the unifier of two
['Ss as the GLB of these structures (see, for exam-

ple, [16]).

3 Feature types as data types and feature
types as relations

3.1 The LIST type as a data type

A list of words will be defined in a LISP-like fash-
ion as either the END of a list or a CONS with two
attributes first and rest:
LIST = END V CONS[FIRST:WORD, REsT:LIST].
WORD denotes the set of word forms, and the list of
words “John likes Mary” will be encoded as

rirsT: JOHN

FIRST: LIKES

CONS

rEST: CONS FIRST: MARY]

nest: END

which is a well-formed list with respect to the LIST
definition. (We shall use in the following a more
concise syntax for lists: END will be written as ();
CONS[FIRsT:WORD, rEsT:LIST] Will be written as (WORD
. LIST); lists will be written using the usual abbre-
viation for lists: the list of words “John likes Mary”
will then be written as (JOHN LIKES MARY)).

REST: CONS [

3.2 The APPEND type as a relation

One can also understand feature types as relations
much like those in PROLOG. Let us recall the clas-
sical PROLOG definition of append:

append([],L,L).

append([x1L1],L2,[X|L3]) :- append(L1,L2,L3).

In PROLOG, the arguments of a term are identi-
fied by their positions in the term, and the presence
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of all arguments is mandatory. In an FS, arguments
(feature values) are aot identified by their position
but by a label, the feature, and the absence of an
attribute-value pair will denote any kind of value for
this attribute (type T). Using the TFS syntax, where
the symbol =" after an FS introduces a condition, a
definition for append can be as follows:
APPEND = [r: (), n: [LJLIST, w: [L]] v

r: (X . [L1), s: [[2JusT, w:(X] . [L3])]

: — APPENDIF: [L1l, ®: [L2], w:(L3]].
Note that the tagging syntax allows to specification
of identity between structures and a partial instance
of the structure. This possibility gt,ogether with the
fact that typing is enforced by the system) allows
the writing of a typed version of append, in contrast
to the untyped PROLOG version.

3.3 Type checking as deduction

Contrary to PROLOG, there is no distinction in TFS
between top-level types (which could be interpreted
as predicates) and inner types (which could be inter-
preted as arguments): they are all typed FSs, and the
same deduction mechanism applies for the top-level
structure as well as for all substructures. A (typed)
FS is consistent with respect to a set of type def-
initions if it unifies with the definition of its type,
and if each of its substructures is also consistent.
Conditions like in the definition of append above in-
troduce additional constraints which are erased after
having been successfully evaluated. When a type is
defined as a disjunction, a structure has to be consis-
tent with at least one element of the disjunction (but
all possibilities are explored, creating as many pos-
sible solutions as there are disjuncts). When a type
is defined as a conjunction {using the AND operator
noted “A”), a structure has to be consistent with
every single element of the conjunction. The order
used for type checking (roughly top-down) guaran-
tees that the sohition the system finds is the GLB of
the set of definitions augmented by the initial struc-
ture [2].

For example, the (typed) FS AGR[num:PLUR] is
consistent with regard to the set of defini-
tions above (Sect.l). The interpreter will ap-
ply the defimtion of AGR at the root of the
FS : AGRnum:Ptur} N [num:NUM,gender:GEN] —
AGR[num:PLUR,gender:GEN

AGR[hum:MASC| is an inconsistent (typed) FS
AGR[num:MASC| 1 [num:NUM,gender:GEN] == L be-
cause the types MASC and NUM have only 1, the
bottom of the lattice, as a common subtype repre-
senting inconsistent information. Note that this type
checking process may introduce new type symbols
also used for checking, thus defining a type inheri-
tance mechanism.

A full evaluation of APPEND|[w:{A B)] produces a set
of three FSs:

F: (), B: (A B), w: ] v

F: é@A . g)), B: (B), w: (E)] . E)] v

F: (DA . [I]B)),B: (),W: {@ . ( ))]

4 Typed unification grammars
4.1 DCGs

In this section, we describe how one can (but should
not) write grammars using this formalism. To make
comparisons easier, we will start from the small ex-
ample of DCG presented in [Pereira and Warren 80)]
and shsow how this grammar (Fig.2) can be written
in TFS.



sentence(s(NP,VP)) — noun_phrase(Num,NP), verb_phrase(Num,VP).
noun.-phrase(Num, np(Det,Noun)) — determiner(Num,Det), noun(Num,Noun).
noun_phra.se§singular,np(Name)) — name(Name).
verb.phrase(Num,vp(TV,NP)) — trans.verb(Num,TV),noun_phrase(N1,NP).
determiner(Num,det(W)) — [W], is_determiner(W ,Num).

noun(Num,n(Root)) -+ [W], is-noun(W,Num,Root).

name(name(W)) -— [W], is name(W).

(Figure 2)

is_determiner(all, plural).
is_noun(man, singular, ma
is_noun({men, plural, man).
is_name(mary).
is_trans(likes singular, like)

trans_verb(Num,tv(Root)) — [W], is_trans(W,Num,Root).

In a specification like this, there are three different
kinds of information mixed together. Take for exam-
ple the rule “noun_phrase(Num, np(Det, Noun)) —
determiner(Num, Det), noun(Num, Noun)”. In this
rule we find:

1. a specification of a set of well-formed sub-
strings using the CF skeleton: noun_phrase —
determiner, noun;

2. a specification of well-formed (partial) syntac-
tic structures: the structure np(Det, Noun) is
well-formed if Det and Noun are a well-formed
structure and if its agreement value (variable
Num) is the same for the Det, the Noun, and
the noun.phrase;

3. a specification of a relation between well-
formed (partial) syntactic structures and well-
formed substrings by augmenting the CF skele-
ton with annotations representing those struc-
tures.

4.2 A TFS specification
All this information mixed together can be separated
out and specified in a more modular way.

1. The set of well-formed strings of words is de-
fined as in Sect.2.1, where WORD = allVmen. ..

2. The set of well-formed partial syntactic struc-
tures, i.e. every syntactic constraint like agree-
ment or subcategorisation, should be expressed
in this part of the specification,

PHRASAL.CATEGORY == S V NP V VP.
S = [Np: NP[aGR: @NUM], vp: VP[acr: @]].

is_trans(like, plural, like).

SENTENCE ==

[sTRinG: [s-string|, c-sTR: S[np: [ip], vP: )] : —

NOUN_PHRASE[sTRING: [np-string| LIST, c-sTr{ap]]

VERB_PHRASE[STRING: vp-string|, C-STR:
h ]

APPEND[F: [up-string], B: [vp-string], w:

NOUN_PHRASE =

[sTRiNG: [np-string], c-str: NP[pET: [d], noun: @] @ —
DETERMINER[sTRiNG: [d-string], c-sTr: [d]]
NOUN[sTRING: [n-string|, c-sTr: @]

APPEND[F: [d-string|, B: [n-string], w: bp—stri&gj]

A\

[sTRING|np-stringl], c-sTh: PN[NAME: [od]] : —
NAME[sTRING: [np-string], c-sTr: [ni]]

VERB_PHRASE =

[sTRING: , c-stR: VP[v: [TV, np: [fip]] @ ~
TRANS.VERB|sTRING: [v-string], C-STR: [¥]]
NOUNnPHRASE[STRING: np-string|, C-STR: [0p ],
APPENDI[r: [v-string], B: [np-string], w: [vp-string]]

LEXICALRULE = [strune: (@), c-sTR: [worp: [®]]].
DETERMINER = LEXICAL.RULE[c-sTR: DET].

NOUN = LEXICAL.RULE[c-sTR: N|.

NAME = LEXICAL_RULE[c-sTR: PN].

TRANS.VERB = LEXICAL_RULE[c-sTR: TV].

4.3 Parsing and generation

Both parsing and generation in the system amount
to type inference. Either (1) for parsing or (2) gen-
eration yield the same result (3).

(1) SENTENCE[sTRING: (Mary likes all men)]

pET: DET[AGR: E@NUM] NAME: PN
NP = |Noun: N[acr: [@] [AGR: SG]‘ (2) SENTENCE
acr: @] C-5TR: S
VP = [v: TV[acr: GINUM], np: NP, acr: [@l]. NP: NP[NAME: MARY]

LEXICAL.CATEGORY = DET VN VPN V V.,

DET = ALL V EVERY V A V THE.

ALL = [worp: all, AGr: PL}.

N = MAN v WOMAN,

MAN = [worD:man, AGR:SG] V [worD:men, AGr:PL].

v: LIKE

VP VP e [pET: ALL, NOUN: MAN]

(3) SENTENCE
[sTrRinG: ([1]Mary [2]likes [3all men)

PN = JOHN V MARY. C-STR: $
MARY = [worD: Mary]. rnp: NP[NamE: MARY[worD: [T1], AGr: [@]SG]
= IVV TV. ve: VP

TV = LIKE V LOVE.
LIKE = [woRD:likes, AGR:SG] V [woRD:like, AGR:PL).

3. The relation between strings and struc-
tures should be stated independently of well-
formedness conditions on syntactic structures.
It is expressed here in CF manner by using
the APPEND relation on strings. (However, we
do not advocate the exclusive use of CF-like
relations; more complex ones can be specified
to gain expressive power, e.g. by incorporating
linear precedence rules).

v:  LIKE[worp: 2], aGR: (3]

NP: NP
peET:  ALL[worD: [3], Acr: [bIPL]
NouN: MAN[worp: [4], acr: [b]] ]
AGr: [b]

. AGR: [a]

This shows that the formalism has the same power as
PROLOG to synthesize unspecified arguments, and
the saine evaluation mechanism can be used for both
generation and parsing, depending on the input.
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4.4 Trom DCG to HPSG

In the following, we explain how one can general-
ize the principles used for describing a DCG gram-
mar in TFS to write an HPSG-like grammar. HPSG
linguistic objects of all kinds, be they syntactic,
phrase-structural, or semantic, are modeled by fea-
ture structures [14]. In addition, HPSG relies heavily
on the notion of type. Hence, TFS is perfectly suited
for an implementation of HPSG. The grammar itself
is purely declarative in the sense that it characterizes
what constraints should hold on linguistic objects in-
dependently of the order in which these constraints
are actually applied.

We first generalize the description of linguistic struc-
tures: instead of defining explicit types for sen-
tences, noun phrases, etc., we define a generic con-
stituent structure for any kind of phrase. According
to the specification of IPSG linguistic objects, we
define SIGNs as being either of type PHRASAL.SIGN
or of type LEXICAL_SIGN [15]. A SIGN has a phono-
logical value, represented as a list of words, and
syntactic and semantic information (omitted for
this comparison). The subtypes PHRASAL_SIGN and
LEXICAL_SIGN inherit all the attributes and type re-
strictions of SIGN.

(4) SIGN = (PHRASALSIGN V LEXICALSIGN) A
PHON: LIST.OF_STRINGS
syN: CATEGORY
sEM: SEMANTICOBJECT

PHRASAL.SIGNs (5) differ from LEXICAL SIGNs (6)
by having an additional dtrs (“daughters”) attribute
that gives information about the (lexical or phrasal)
signs which are their immediate constituents. This
attribute encodes the kind of information about
constituency conventionally described as constituent
structures. In addition, the various daughters are
distinguished according to what kinds of informa-
tion they contribute to the sign as a whole. Thus,
daughters are classified as heads and complements
as in the standard X-bar theory. In order to be a
well formed object of type PHRASAL_SIGN, a lin-
guistic object has to obey some general principles
such as the “Head Feature Principle” and the “Sub-
categorization Feature Principle”.

(8) phrasalsign = (HEAD.FP A SUBCATFP A ... A
(CH.COFP vV HC*CO.FP ...)) A
pTRS: C.STRUCTURE
HEAD-DTR: SIGN
COMP-DTRS: LIST_OF_SIGNS]

(6) lexical.sign = VERB V PNOUN V NOUN V DET V ...

General principles The “Head Feature Princi-
ple” ensures that the head features of the head-
daughter always be shared with their phrasal pro-
Jections. It generalizes the passing of agreement in-
formation from e.g. a verb to the VP for all kind of
constituent and for all information related to agree-
ment and subcategorisation.

: [uEap:
(7) HEADFP = [?)\'{ris %:EiD—DTR: [S]YN: [HEAD: IEEI]]]]

In the DCG example, subcategorization was ex-
pressed by introducing different kinds of lexical cat-
egories like transitive verb (TV) vs. intransitive verbs

296

(1v). In HPSG, subcate%‘orization is expressed by us-
ing a list of signs. This list specifies the number and
kind of signs that the head subcategorizes for the
formation of a complete sign. Subcategorization in-
formation is described in lexical entries. The “Subcat
Feature Principle” ensures that in any phrasal sign,
the subcat list of the head-daughter is the concate-
nation of the list of complement daughters and the
subcat list of the mother. (The order of the elements
in the complements list does not reflect the surface
order but rather the more abstract “obliqueness hi-
erarchy” ([14] Chap.7)).

(8) SUBCATFP =
syN:  [suBcaT: [rest-subcat]]
DTRg: |HEAD-DTR: [svn: [suBcaT: [subcatl]] -
© | COMP-DTRS: [COIPS)
P [comps]
APPEND {B:
lsubcat]

Wi

Grammar rules Just as we have generalized the
notion of constituency, we are also able to generalize
the relations between phonological representations
and their desired constituent structure representa-
tions. The specialized CF-like relations for a sen-
tence, a noun phrase, and so on in the DCG exam-
ple can be replaced by two more general rules which
specify constituent structure configurations accord-
ing to the X-bar theory.

The “Complement Head Constituent Order Fea-
ture Principle” (9) simply states that a “saturated
phrasal sign” (i.e. with [syn: [subcat:()11) is the
combination of an unsaturated phrasal head with
one phrasal complement (e.g. S — NP VP).

(9) CHCOFP =
PHON:

syn:  [suscaT: ()]

orRs: | HEAP-DTR: PHRASAL SIGN {PHON: [head-phon]]
R8' | comp-pTRs: (SIGN [PHON: [comp-phon]])
F: comp—phon}

: — APPEND |B: |[head-phon
w: |phon

The “Head Complements Constituent Order Feature
Principle” (13) states that an “unsaturated phrasal
sign” 1is the combination of a lexical head and any
number of complements (e.g. VP — V XP*). The
relation ORDER.COMPL is used for specifying the or-
dering of the phonological values of all complements.
The phonological value of the whole phrase can then
be specified as the concatenation of the head phonol-
ogy value with the complement phonology value.

(13) HC*COFP =
PHON: |[phon

[ HEAD-DTR: LEXICALSIGN
DTRS: map | [PHON: [head-phonl] -
| COMP-DTRS: Comps|
Fr |
APPEND |B:
w: |

COMPS: [¢GTpS]
ORDER.COMPL | = """ ]



(10) SIGN[rrioN:("Mary" "likes” "all" " men")].

HEAD-DTR: LIKE

HEAD-DTR: DTRS:

(11) SIGN |[wrns:

COMP-DTRS: (MARY)

COMP-DTRS: { [DTRS: [

HBAD-DTR: |[DTRS:[HEAD-DTR: MAN]]
coMp-DThs: {ALL) )

(12)
[PHON: (ii]"Mary" . m(@"likes” . Eﬂ("all” "m n)))
syN:  [HEAD{E] [PERSON:3, NUM:sg, CAsEmnom], subcaT:()]
PHON: b
syn:  [nsapdB], suscar: (8])]
pron: ([31)
HEAD-DTR:  PHRASAL SIGN nEAD-DTR:  LEXICAL.SIGN HEAD:
PHRASAL_SIGN DTRS: s susca: (i [7])
PTRS: comp-pTRS: {[ZIPHRASAL SIGN[PHON{] ...])
pron: ({11) -
comp-Drrs: { [6]PHRASALSIGN HEAD; ;i’; E] )
L L SUBGAT:

Lexical entries

ALL = DET[svn: [uEaD: [Lex:"all", num:pl]]] .

MAN = NOUN[syn:[BAD: [LEX:" man”, Num:sg]V ]].
[Lr:” men™, NUM:pl)

MARY = PNOUN{[syn:{HEAD: [LEX:"mary", NUM:sg%,

LIKE == TRANS A (3RDA.SG{5YN:[HEAI):[L]«)X:"Ii]kes" ).

PL[syN:{HBAD: [LEX" like"]]]

3RD-SG == [syn:[upaD:[PERSON:3, NUM:sg]]].

TRANS = [SYN: supcat: {[syn: [Han: CASE:GCC] )]]
syN:[HEAD: [CaSEinom]]]

5 Parsing and generation
Either (10) for parsing or {11) generation, the eval-
uation yields the same fully specified sign (12).

6 Conclusion

The main characteristics of the formalism we pre-
scnted are gl) type inheritance which provides a
clean way of defining classes and subclasses of ob-
jects, and {(2) an evaluation mechanism based on
typed unification which provides a very powerful and
semantically clear means of specifying and comput-
ing relations between classes of objects.

The possibility of defining types as (conditional) ex-
pressions of typed FSs encourages a very different
approach to grammar specification than integrated
CI' based approaches like DCG or LFG: the gram-
mar writer has to define the sct of linguistic objects
relevant for the problem, define the possible rela-
tions between these objects, and specify explicitly
the constraints between objects and relations.

The TFS systemn has been implemented in Common-
Lisp and has been tested on Symbolics, TI Explorer,
VAX and Allegro Common-Lisp. Sample grammars
have been developed(}6], [18]) in order to demon-
strate the feasibility of the approach.
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