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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 2.
Ask of technical committees is to prepare International Standards. Draft International Stand
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Introduction

ISO 24610 is organized in two separate main parts.

— Part 1, Feature structure representation, is dedicated to the description of feature structures, providing an
informal and yet explicit outline of their characteristics, as well as an XML-based structured way of
representing feature sfructures in general and typed feature structures in parficular. Tt is desighed to lay a
basis for constructing an XML-based reference format for exchanging (typed) feature structures between
applications.

— |Part 2, Feature system declaration, will provide an implementation standard for XML-based typed feature
structures, first by defining a set of types and their hierarchy, then by formulating type constraints on a set
of features and their respective admissible feature values and finally by introducing a set of validity
conditions on feature structures for particular applications, especially related to the goal ¢f language
resource management.

A fgature structure is a general-purpose data structure that identifies and groups together individpal features
by assigning a particular value to each. Because of the generality of feature structures, they can| be used to
represent many different kinds of information. Interrelations amodng various pieces of informatign and their
instantiation in markup provide a meta-language for représenting linguistic content. Moreover, this
instantiation allows a specification of a set of features and, 'values associated with specific typgs and their
restfictions, by means of feature system declarations, or gther XML mechanisms to be discussed in this part
of I$O 24610.

Some of the statements here are copied from 1SQ,24610-1:2006 in order to make this part standalone without
referring to part 1.

© 1SO 2011 — All rights reserved \"
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Language resource management — Feature structures —

Part 2:
Feature system declaration

1

Thig
lang

Scope

part of 1ISO 24610 provides a format to represent, store or exchange feature structures
uage applications, for both annotation and production of linguistic data. It is‘ultimately designe

a computer format to define a type hierarchy and to declare the constraints, that bear on a s¢
cifications and operations on feature structures, thus offering means to)check the conformance of each

spe
feat
ling
prod

A fe
mak

The)
inte

Lire structure with regards to a reference specification. Feature strictures are an essential p
histic formalisms as well as an underlying mechanism for representing the information cg
uced by and for language engineering applications.

ature system declaration (FSD) is an auxiliary file used\in conjunction with a certain type
es use of fs (that is, feature structure) elements. The FSD-serves four purposes.

It provides an encoding by which types and their subtyping and inheritance relationsh
introduced and defined, thus laying the basis forconstructing a feature system.

It provides a mechanism by which the encoder can list all of the feature names and feature
give a prose description as to what each represents.

It provides a mechanism by which type constraints can be declared, against which ty
structures are validated relative to”a given theory stated in typed feature logic. These cong
involve constraints on the range of a feature's value, constraints on which features are pern
certain types of feature stfuctures, or constraints that prevent the co-occurrence of certain fg
pairs. The source of these constraints is normally the empirical domain being modelled.

It provides a mechanism by which the encoder can define the intended interpretation of un

b in natural
0 to provide
t of feature
art of many
nsumed or
of text that
ps can be

values and

bed feature
traints may
nitted within
ature-value

Herspecified

feature structures~This involves defining default values (whether literal or computed) for missing features.

scheme descfibed in this part of ISO 24610 may be used to document any feature system, bu
nded for Use with the typed feature structure representation defined in ISO 24610-1. The featu

constraints specified using 1ISO 24610-2. The feature structure representations of ISO 24610-1 ar]

withinCsome of the elements defined in ISO 24610-2.

re p’—VF

is primarily
re structure

sentations of 1SO 24610-1 specify data structures that are subject to the typing convgntions and

e also used

2

Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 24610-1:2006, Language resource management— Feature structures — Part 1: Feature structure
representation

ISO/IEC 19757-2, Information technology — Document Schema Definition Language (DSDL)— Part 2:
Regular-grammar-based validation — RELAX NG
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3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 19757-2 and the following apply.

31

admissibility constraint

feature admissibility constraint

specification of a set of admissible features (3.2) and admissible feature values (3.3) associated with a
specific type (3.24)

3.2
admissible| feature
appropriate feature
feature whi¢h any feature structure (3.14) of a given type (3.24) may bear a value (3.17) for

NOTE This term is often interpreted elsewhere to mean obligatory, i.e. feature structures of the given type must pear
a value for eyery admissible feature. This term does not imply that the feature is obligatory here.

3.3
admissible| feature value
admissible| value
value restrjction
range restiiction
value (3.17)) that the value of an admissible feature (3.2) must be subsumed by in feature structures (3.14)
of a given type (3.24)

3.4
atomic type
user-definedl type (3.24) with no admissible features (3.2) declared or inherited

3.5
bag
multiset
triple of an integer n, a set S and a function that maps the integers in the range, 1 to n, to elements of §

NOTE A bag is halfway between a set (in\that its elements are unordered) and a list (in that particular elementg can
occur more than once).

3.6

built-in
non-user-de¢fined element that’)may appear in place of a feature structure (3.14), for example, as a feature
value (3.17

NOTE Built-ins cah be atomic or complex. The atomic built-ins are numeric, string, symbol and binary. The con|plex
built-ins are ¢ollections (3.7) and applications of the operators, i.e. alternation, negation and merge (5.2.4).

3.7
collection
feature value (3.17) consisting of potentially many values, organized as a list, set or bag (3.5)

3.8
constraint
unit of specification that identifies some collection of feature structures (3.14) as invalid

NOTE 1 All constraints are implicational in their syntactic form, although some are distinguished as admissibility
constraints. See validity (3.31) and 5.4. All feature structures not explicitly excluded as invalid are considered to be valid.

NOTE 2 A feature structure that has not been so identified by any of the constraints in a feature system is considered
to be valid.

2 © 1S0O 2011 — All rights reserved
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3.9
default value
value (3.17) otherwise assigned to a feature (3.12) when one is not specified

EXAMPLE Masculine is the default value of the grammatical gender in Dutch.
NOTE A feature structure may not bear a feature without a corresponding value.
3.10

empty feature structure
feature structure (3.14) that contains no information

NOTE An empty feature structure subsumes all other feature structures.
3.11
extension

conyerse of subsumption (3.21)

NOTE A feature structure F extends G if and only if G subsumes F.

3.1%

feaflure
pro&erty or aspect of an entity that is formally represented as a function mapping the entity to a cofresponding
valye (3.17)

3.13
featfure specification
pair|ng of a feature (3.12) with a value (3.17) in a feature structure description

3.14
feature structure
recqrd structure that associates one value (3:x1.7) to each of a collection of features

NOTE 1 Each value is either a feature stfucture or a simpler built-in (3.6) such as a string.

NOTE 2  Feature structures are partially ordered. The minimal feature structures in this ordering are the gmpty feature
strugtures.

3.14

feature system
type hierarchy (3.26).in which each type (3.24) has been associated with a collection of admissibility

constraints (3.1) and implicational constraints (3.18)

NOTE cf type declaration (3.25)

3.1

feagure system declaration

FS

specification of a particular feature system (3.15)

3.17

feature value

value

entity or aggregation of entities that characterize some property or aspect of another entity

© 1SO 2011 — All rights reserved 3
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3.18

implicational constraint
constraint of the form, “if G, then H,” where G and H are feature structures (3.14)

NOTE

This identifies any feature structure FF as invalid for which G subsumes F, and yet F and A have no valid

extension in common. See subsumption (3.21) and 8.5. Often used to refer to implicational constraints that are not also

admissibility

3.19

constraints.

interpretation
minimally informative (or equivalently, most general) extension (3.11) of a feature structure (3.14) that is

consistent

3.20

partial order

partially or
set S equip
qe S ifp<

NOTE )
q < p. Not all
for example,
feature syste
y type is con

3.21
subsumpti
property thé
carries all o
NOTE A
3.22

subtype
type (3.24)

3.23

supertype
base type
type (3.24)

NOTE

3.24
semantic t)
type
referring e

7ith a set of constraints declared by an FSD (3.10)

dered set
bed with a relation < over § x S that is (1) reflexive (for all s € S, s <), (2) anti-symmetric (for ¢
g and ¢ < p, then p = ¢), and (3) transitive (for all p, ¢, r € S,if p<gand ¢ <r, then'p <r)

he set of integers Z is partially ordered, but it has an additional property: for.every p, g € Z, either p
partial orders have this property. The taxonomical classification of organisms‘into phyla, genera and spe
is a partial order that does not. Type hierarchies may not necessarily. Fhe typed feature structures
M do not, unless (a) their type hierarchy does, and (b) either the type hi€rarchy has exactly one type, or ¢
trained to have exactly one appropriate feature.

pn
t holds between two feature structures, G and F, sueh“that G is said to subsume F if and only
f the information with it that G does

formal definition is provided in 5.6.

to which another type confers its constraints and appropriate features

from which another type’inherits constraints and appropriate features

is a subtype of «¢iff 7'is a supertype of s. Every type is a subtype and supertype of itself.

ype

pression that distinguishes a collection of feature structures (3.14) as an identifiable

Il p,

q or
Cies,
of a
very

if F

and

conceptuall

NOTE
structures or

3.25

/ sianificant class
)

their specifications syntactically.

type declaration
structure that declares the supertypes (3.23), admissible features (3.2), admissible feature values (3.3),

admissibili

NOTE
in addition to

ty constraints (3.1) and implicational constraints (3.18) for a given type (3.24)

those that it has inherited from its supertypes.

As implied by the name semantic type, types in this part of ISO 24610 do not serve to distinguish feature

The constraints on a type in the resulting feature system are those that have been declared in its declaration,

© 1S0O 2011 — All rights reserved
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3.26
type hierarchy
partial order (3.20) over a set of types (3.24)

NOTE See ISO 24610-1:2006, Annex C, Type inheritance hierarchies.

3.27

typed feature structure

TFS

feature structure (3.14) that bears a type (3.24)

3.2

typing

assignment of a semantic type (3.24) to a built-in (3.6) or feature structure (3.14), either atomic ¢
NOTE Semantic types in feature systems are partially ordered, with multiple inheritance.

3.2

underspecification

r complex

proyision of partial information about a value (3.17)

NOTE An underspecification generally subsumes one of a range of candidate values that could be fesolved to a
sing|e value through subsequent constraint resolution. See subsumption (3:21):

3.3(

wel|-formedness

synfactic conformity of a feature structure (3.14) representation to ISO 24610-1

3.31

valifity

conformity of a typed feature structure (3.27) to-the constraints (3.8) of a particular feature system (3.15)

NOT

The)

E See Clause 6.

Overall structure
main part of the documeht/consists of four clauses: Clauses 5, 6, 7 and 8.

Clause 5, Basic concepts, reviews the definition of typed feature structures and the notions of]

atomic and

complex typesscollections and other operators that may appear in feature values. It then déscribes the

notions of type‘inheritance hierarchies, type constraints, default values and underspecificat
essential to the construction of feature systems.

on that are

Clause 6, Defining well-formedness versus validity, discusses the conditions of well-formg¢dness and

validity.

Clause 7, A feature system for a grammar, illustrates how to define types with a type hierarchy and type

constraints which declare what features and values are admissible for specific types.

Finally, Clause 8, Declaration of a feature system, discusses how a feature system can be declared and

developed into a validator.

The main part of the document is followed by two annexes: Annex A contains the XML schema for this part of

ISO

24610; Annex B contains a complete example.

© 1SO 2011 — All rights reserved
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5 Basic concepts

5.1 Typed feature structures reviewed
Typed feature structures (TFSs) are introduced as basic records for language resource management.

For more information, refer to ISO 24610-1:2006, 4.7, Typed feature structure, and Annex C, Type inheritance
hierarchies.

Here, a TFS is formally defined as a tuple over a finite set Feat of features, a collection X of

non-featureWMﬁmﬁm%mﬁemm is a
subtyping re¢lation over Type.

A feature structure is a tuple <Q, v, 6, 6>, in which

a) Qis a et of nodes,

b) vy e Qs the root node of the feature structure,

c) 0:Q — Type is a partial typing function, and

d) 0o:Feat x Q — QU Xis a partial feature value function,

such that, for all ¢ € O, there exists a path of features F, ..., F, such that®[F,, ... 8(F, y) ... 1=¢.

<fs> eleme
computer s
values migh
such as stri
are not.

The followir
assigned to

EXAMPLE

<fs type3
<f nam¢

nts denote nodes. This definition deviates from the standard one used in linguistics and theoretical
Cience in that (1) typing is partial, not total, i.e. not allfeature structures have types, and (2) fegture
t not be feature structures, but instead be drawn from a collection denoted by other XML elemgnts
Ng, numeric, symbol, and binary (the X above).(Note that nodes are typed, but features themsejves

g XML representation of a feature structure is considered well-formed, where the attribute tyge is

each of the two <fs> elements.
Typed feature structure:

"word">
p="0rth">

<stri
</f>
<f nam

<fn

</f>
</fs>
</f>
</fs>

The feature

g>had</string>

="morphoSyntax!>

me="auxiliary">

Neol 0/
= 1dIST 7/

name ORTH above stands for orthography, the conventional written form of a word or phrase.

This XML representation shows how the morpho-syntactic features of an English word “had” are specified as
a past-tensed and non-auxiliary verb.

In the alternative, “matrix” or “AVM” notation, type names are conventionally in the lower-case, sometimes

italicized or

in the text type font, feature names in the upper-case, and strings in quotes. Binary values are

© 1S0O 2011 — All rights reserved
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indicated with + or —. These conventions are followed in this document, too. The above feature structure would
be depicted in matrix notation as shown in Figure 1.

5.2

5.2.

Alomgside the built-ins (<symbol>, <string>, <numeric> and <binary>), it is possible for a feature
have a type but no features. These are called simple or atomic feature structures;and types that
featpres in their feature system declaration (FSD) are called atomic types.

Thefe is, as a result, always the possibility of declaring new atomic types and using these ing
aboye-mentioned built-ins to specify simple values. The above feature" structure, for example,

inst

EXAMPLE Typed feature structure: alternative formulation

Thefe is a differenee’also noticed between the two classes of built-ins: <string> on the one

<Sy

(eq\rivalent to false).

NOTE

word
ORTH "had"

verb
MORPHOSYNTAX | TENSE past
AUXILIARY —

Figure 1 — Matrix notation

Types

I Atomic types

bad been rendered as follows, assuming the extra types had, past and false were declared in a

<fs type="word">
<f name="orth">
<fs type="had"/>
</f>
<f name="morphoSyntax">
<fs type="verb">
<f name="tense">
<fs type="past"/>
</f>
<f name="auxiliary">
<binary value="false"/>
</f>
</fs>
</f>
</fs>

structure to
aAllow for no

tead of the
could have
n FSD.

hand, and

mbol>, <binary>7and <numeric> on the other. Any kind of string is permissible as the comtent of the
<strjng> element;-whereas a very restricted set of values is permissible in <symbol>, <binary> ang
elements. Towreflect this difference, members of the latter class specify their values using the attn
Thel type <binary>, for instance, is associated with four values: true, false, plus (equivalent to true

<numeric>
bute value.
and minus

ISO 24610-1:2006 introduced the type binary, but the W3C's XML schema (2001) names it boolean.

It is the duty of the encoder to choose between atomic-type encodings and built-in encodings consistently.
This part of ISO 24610 does not regard one as identical or even consistent with the other.

5.2.

2 Complex types

Types that are not atomic are called complex. These include all of the types declared by the encoder in an
FSD that declare or inherit admissible features. A feature is only admissible to a type if feature structures of
that type are permitted by the FSD to have values for that feature. This does not mean that well-formed
feature structures cannot arbitrarily associate types with feature structures regardless of their featural content
— they can. But only those feature structures that use only admissible features to their type, as specified by

© 1SO 2011 — All rights reserved
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some FSD, could be validated against that FSD. The distinction between validity and well-formedness is

further elab

orated upon in Clause 6.

All user-declared types, no matter whether they are atomic or complex, are semantic, i.e. syntactically, they
look no different from each other, apart from the value of their type attribute. It is the role of a validator to
interpret the real significance of these types through enforcing restrictions on admissibility, restrictions on the
possible values that admissible features can have (<vRange>), and other constraints that take the form of

logical impli

cations. All of these are specified, for each type, in an FSD.

The built-ins defined by the ISO 24610-1:2006 feature structure representations (FSRs) standard are purely
syntactic. They can be used without declaration in an FSD, and they cannot be declared in an FSD. They can

appear in value range restrictions, or in implicational constraints, but they cannot have such restrictions(s

they have

5.2.3 Col

Not all buil
specifiers

grammaticg
Wasow, Be|
collections,
allows a rel
a list, of co
as well as li

Collections
(org) attribu
only multipl

For exampl
of values, ¢

EXAMPLE
<fs typs

<f name="orth">

<strin

admissible features) or constraints of their own.

ctions

-ins are as simple as those mentioned above, however. Some grammatical~features suck
SPR), complements (COMPS) and arguments (ARGS) are consideredyas having a lis
| values, especially in Head-driven Phrase Structure Grammars (Pollard~and Sag 1994[10l; §
hder 2003[12]). For languages other than English, some of these features may take other king
namely sets or multisets, as their value. In a language (e.g. Germian; Korean or Japanese)
atively free word order, the feature COMPS may be analysed as taking a set or multiset, instez
mplements. For more general applications, ISO 24610-1:2006-thus introduces sets and multi
5ts as built-in ways of assembling complex feature values.

(<vColl>; 1ISO 24610-1:2006, 5.8, Collections as complex feature values) take the organizg
te, with the values “list”, “set” and “bag”. In lists, ordef<and multiplicity of elements matter. In b

’

city matters (these are often called multisets). In sets; neither order nor multiplicity matter.

ach of which is of type phrase.

List value

b="word">

j>put</string>

</f>
<f na
<vCol
<fs t
<vlLa
<fn
<bin
</f>
</fs>
<fs t
<vlLa

<f nawn

<bin
</f>
</fs>
<fs ty

="args">

org="list">
e="phrase">

el name="L1"/>,
e="nominal">

ry value="plus"/>

e=‘phrase">
el.name="L2"/>

nce

as
t of
bag,
s of
that
d of
sets

tion
Ags,

b, the feature ARGS of verbs can be represented by specifying the organization of <vColl> as & list

a="nominal"s

ary value="plus"/>

pe="phrase">

<vLabel name="L3"/>
<f name="prepositional">
<binary value="plus"/>
</f>
</fs>
</vColl>
</f>
</fs>

© 1S0O 2011 — All rights reserved
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Some would call the type of this collection list (phrase), but polymorphic lists are not yet supported in this part
of ISO 24610. This is equivalent to the following AVM notation, where NP stands for a feature structure of the
type phrase with a positive NOMINAL feature, namely a noun phrase, and PP, a feature structure of the type
phrase with a positive PREPOSITIONAL feature, namely a prepositional phrase. The boxed integers are the
labels for marking structure sharing as shown in Figue 2.

word
ORTH "put”

ARGS NP, NP, PP

5.2.

The)
but

[ -l o AA H ja H
Figure2—Marking-structure-sharing

#  Operators

other class of built-ins are operators that take one or more built-ins or feature structures as
nstead of constructing a collection from them, denote a value that is in some other way derive

Altgrnations (<vAlt>; ISO 24610-1:2006, 5.9.2, Alternations) denote one of theirlarguments' value

stru
sing
the

Ned
not

cture containing an alternation does not denote multiple feature structures, however. An alte
oins of their arguments in the partial order induced by subsumption{see 5.6).

ations (<vNeg>; ISO 24610-1:2006, 5.9.3, Negation) take a single argument, and denote a va
its argument. A negation is equivalent to an alternation_among all values that are inconsis

argyment. A negation is actually not a logical negation of a value, but rather the complement of t

the
A n
sev
with
53

The)
hien

full Boolean lattice that contains the partial order induced by subsumption.
erge (<vMerge>; I1ISO 24610-1:2006, 5.9.4, Collection of values) denotes the concatenation

bral values and/or collections of values, according to how its org attribute is set. org takes the s
the same meanings, as in <vColl>.

Type inheritance hierarchies

type hierarchy <Type, <> is discussed in great length in 1ISO 24610-1:2006, Annex C Type
archies. This structure is normally depicted as a directed acyclic graph with a unique top nod

of this top node is often top, and represents the most general type, the type that is consistent w|

feat
app
und
eler

Figy

Lre structures. Subtypes‘are connected to, and appear below, their supertypes. The most sp
par at the bottom of \the graph. These are mutually incompatible with each other, which
brstood implicitly,-0r,-0n occasion, depicted by another special type, bottom as the unique &
hent. Bottom is net-Used in this part of ISO 24610.

re 3 provides-an example that depicts a part of the natural world:

living beings

N

arguments,
j from them.

s. A feature
rnation is a

le value that underspecifies which of several possible alternatives jt\is./Alternations can be fegarded as

ue which is
ent with its
hat value in

or union of
ame values,

inheritance
. The label
th all typed
ecific types
s generally
ottom-most

plant animal

T

fish bird mammal

T

dog human bovine

Figure 3 — Type hierarchy for living beings

According to this picture, living beings consist of plants and animals. Animals are subclassified into fish, birds

and

mammals. Dogs, humans and bovines (oxen, cows, bulls) belong to the class of mammals.
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Type hierarchies are not always trees; they may have two or more branches meeting at a single node. When
this happens, it means that a type has multiple supertypes, and properties multiply inherited from all of them.
Figure 4 provides is an example of this.

a dog, but
dogs and a

All these ty|
and only if
structures ¢
animals are
of . The in

A subtype
properties fi

Here is a lin

The type h
supertypes

Each type

being
/\
inanimate animate
/\
animal spiritual
|
canine rational
human angel
Figure 4 — Medieval hierarchy of beings
Here, the type human has two parent types, animal and rational. Hence, a human is viewed as an animalllike
blso a spiritual and rational being like an angel. A human thus shares some\properties with both
hgels.
bes are partially ordered by a subtyping relation, <, over types. A type T is a subtype of type|o if
O is more general than 1, i.e. if the set of feature structures of type) ¢ contains the set of fegture
f type 1. Since the type animate is more general than the type<animal in the above examplg, all
asserted to be animate. A type o is said to be a supertypef'a type 71 if and only if T is a subjype
mediate supertypes of a type are often called its parents.
nherits all of the properties from its supertype. Thé&stype human, for instance, inherits all| the
om its supertypes (being, animate, animal, spirituakand rational).
guistic example, modified from Grammar 2 of €opestake (2002)[2] is shown in Figure 5.
top
TN
sign I pos
|
words\phrase agr-cat det noun verb
stem 3sing non-3sing
Figure 5 — Type hierarchy for a simple grammar top

erarchy has @ unique top element. It is the most general type with no parents or immediate
Top is only,‘a subtype of itself.
as,a name and every type, except for the top-most type, has exactly one parent. The type fop|has
ate-subtypes. phrase and det are incomparable — neither is a subtype or supertype of the othet.

four immed

Depending on the complexity of a grammar, the type hierarchy can be very complex. Some portions of the
hierarchy may be universal to all languages, while others are very language-specific. The agreement type
agr-cat in English, for example, has only two immediate subtypes: 3sing and non-3sing (e.g. “sings” versus

“sing”).

The type det stands for a determiner such as “the” or “a”; 3sing stands for 3rd person singular, and non-3sing
stands for agreement categories other than 3sing.

This distinct

10

ion is the one that is apparent in English verb agreement.
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5.4 Type constraints

The type hierarchy is the skeleton on which the rest of the grammar grows. The rest of the grammar takes the
form of constraints over feature structures of these user-defined types. These constraints are at least of the
following three kinds: (1) implicational constraints, (2) constraints on admissible features, and (3) constraints
on admissible feature values. Actually, all of them can be thought of implicationally, e.g.

— if a feature structure is of type verb, then it may have the feature AUXiliary,

— if a feature structure is of type verb, then it may have the feature INVerted,

— |if a feature structure is of type verb, then its AUX value must be “binary”,
— |if a feature structure is of type verb, then its INV value must be “binary”,
— |if a feature structure is of type verb and its AUX value is negative, then its INV value must be “hegative”.

Thel first two of these are feature admissibility constraints. They tell us that a particular feature carn be used in
feature structures of a particular type. The second two are constraints” on admissible feature values,
sometimes called “value restrictions” or “range restrictions”. They tell us what kind of value a partiqular feature
musgt take when it occurs in a feature structure of some given type. The last of these is of a more general form;
however, this kind of constraint says that whenever a feature structure takes some particular form {determined
by types, feature values, etc.), it must satisfy some other criteria (again stated in terms of types, feature values,
etc.). This last form of constraint is generally what is meant by /the phrase implicational constrajnt. Each of
thege three forms has a different syntax in an FSD. The above constraints on verb would be gncoded as
follgws.

EXAMPLE Constraint on the type verb

<fsDecl type="verb">
<fDecl name="aux">
<vRange>
<binary/>
</vRange>
</fDecl>
<fDecl name="inv">
<vRange>
<binary/>
</vRange>
</fDecl>
<fsConstraints>
<cond>
<fs>
<f name="aux">
<binary value="false"/>
</f>
</fs>
<then/>
<fs>
<f name="inv">
<binary value="false"/>
</f>
</fs>
</cond>
</fsConstraints>
</fsDecl>

The first two kinds are specified together inside an <fDecl> element, the second being the <vRange> portion
of that declaration, whereas the third is specified as an if-then conditional (<cond>).
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5.5 Optional (default) values and underspecification

In a feature structure, some features must be specified and others need not be. In French, for example, the
specification of the features NUMBER and GENDER is obligatory for nouns and adjectives. In English, the
feature NUMBER must be specified for each noun, but the specification of the feature GENDER is optional. It

is obligatory for the third person singular pronouns, “he”, “she” and “it”.

Nevertheless, there are cases in which some obligatory features are not specified. In those cases, there are
two possibilities: (1) if a default value has been defined, then it is understood to be its value; and (2) if not,
then the value of the feature is inferred from the feature's range restriction.

English mass nouns such as “water” and “air” are uncountable and singular by default. Hence, their NUMBER
feature need not be specified, although the feature NUMBER is obligatory. Some countable nouns 'such as
“sheep” can be either singular or plural. When the NUMBER is not specified, its value is understooed t¢ be
some more|general type such as number, which is a supertype of all of the admissible feature values.

Grammatical descriptions are often underspecified in order to capture generalizations. In English, for instapce,
verbs are subclassified into the number of complements that they require. Intransitive-verbs (“smile”, “bark”)
take only a|subject, transitive verbs (“love”, “attack”) take a subject and a direct object, @nd ditransitive verbs
(“give”, “puf’) take a subject, direct object and indirect object. Many of the grammatical phenomena, howgver,
do not refef to one of these specific subclasses. Examples include subject-verb agreement (“The dog bgrks”
versus ill-formed “the dog bark”) or subject-verb inversion (“Does the dog bark?*versus ill-formed “Do the|dog
attacks Jame?”). Since the specification of this feature is irrelevant ig@ describing these grammatical

phenomend, it is left underspecified.

Here is angther example for underspecification. The analysis of a.sentence like “The sheep attacked Jane”
may be underspecified with respect to the NUMBER value of “shegp”. Only if necessary is its lexical ambiguity
displayed.

Default valles are specified in FSDs with <vDefault>, as eXplained in 8.4, and can be referenced in FSRs jwith
the <defaul{> element (ISO 24610-1:2006, 5.10, Defaulf values).

5.6 Subsumption

tructure F subsumes another, feature structure G (F < G) if and only if G contains all of|the
that F does. “Information” is-delivered by a feature structure in two ways: typing and path equality.

A feature s
information

When one
typing fung
m € Paths,.
we say that

The view 0
linguistics li
numbers ar
symbols, n

iews feature structures as'a/pair consisting of an equivalence relation on paths (=), and a p3

tion on paths (©), then formally <=, ©p> c <=, O;> if and only if =S =, and fof

N Paths;, if ©(1r) ig-defined, then ©;(17) is defined and O () is a subtype of @ (). When F
G extends F.

f typed feature-structures taken here is still more general than is often the case in either|
erature orthe formal literature on typed feature logic, because of the presence of symbols, stri
d other feature values than <fs> elements. With respect to extensions and subsumption, stri
imbers~and Booleans (binary values) behave as though they were types with no admiss

rtial
all
c G,

the
ngs,
ngs,
ible

features thg Chy,
i.e. they ha are
only subsumed by themselves and the most general untyped feature structure, <fs/>, and they have no
extensions other than themselves. Some caution must be exercised, however, with respect to determining
subsumption within this extended view of typed feature structures, because re-entrancies may still exist or not
exist between identical-looking symbols, strings, numbers, etc. The more extensional view of identity that
usually accompanies these other entities is inconsistent with the view of identity that the logic of typed feature
structures takes with respect to feature structures over its own types. It is the latter that this part of ISO 24610
uses and applies to both feature structures and these other entities, when they occur within feature structures.

t are~discretely ordered alongside, but not connected to, the rest of the type inheritance hierar|
/210 Qllhfypn rnlnfinnehipc with any fylnn but themselves. Feature structures of these “fylnne’

Alternations are also often excluded from more formal work on typed feature logic, but can be thought of as
joins of their respective typed feature structure arguments in the partial order of typed feature structures
induced by subsumption. The negation of a value can similarly be thought of as the join of every structure that
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is inconsistent with that value under unification. Collections actually depend on the organization. Lists appear
in the subsumption partial order as though they were encoded as typed feature structures using this FSD.

EXAMPLE Sample FSD

One
eler
don

1)
2)
and
suc
3)
4)

One

<fsDecl type="list" baseTypes="top"/>
<fsDecl type="e-list" baseTypes="list">
<fsDescr>Empty lists</fsDescr>
</fsDecl>

<fsDecl type="ne-list" baseTypes="list">
<fsDescr>Non-empty lists</fsDescr>

<fDecl name="first"/>
<fDecl name="rest">
<vRange>
<fs type="list"/>
</vRange>

</fDecl>

</fsDecl>

bag (multiset) B; subsumes another bag B, if and only if there exists\a'total surjection o &
nents of the two bags such that, for all 5, in the domain of B, with multiplicity u, (b4), and
ain of B, with multiplicity u, (b,):

by ca(by),

by (by) = > Hq (b4),

o can be extended to a total function, o*, between the substructures of the elements of th
p that, for all substructures, ¢, of the elemegnts of B4:

0*(c) = o(c) if c is an element of B4, -and

0 * [6(F, c)] = O[F, o™(c)], for every F € Feat such that &(F, ¢) is defined.

set S, likewise subsumes another set S, if and only if conditions 1), 3) and 4) above apply. ]

etween the
bl b, in the

b two bags,

his means,

for ¢xample, that the two-élement set {F;, F’,} subsumes the one-element set {G,} if both F; c Gy and F, c G,4.

Thig
con

Ina
of th

Ac
rest

partially ordered interpretation of sets is called the Pollard-Moshier set theory, and it is one
monly used theofies'in typed feature logic.

Hdition, a bagisubsumes any list that is a permutation of its elements. A set subsumes a bag if
e bag isthe'set, i.e. all and only the elements of the set appear in the bag one or more times.

pmbination of collections (<vMerge>) occupies the same position in the subsumption partial ¢
It-of the concatenation or union that it specifies, with the organization it specifies, would have.

of the most

the domain

rder as the

The reflexive and transitive closure of all of these conditions produces the subsumption relation assumed by

this

part of ISO 24610.
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6 Defining well-formedness versus validity
6.1 Overview

6.1.1 General

This clause distinguishes the use of the concepts of well-formedness and validity, as they pertain to feature
structure representations and feature systems. In linguistic theory, even linguistic theories ostensibly based on
typed feature logic, they are often used synonymously or in ways that diverge from their conventional
meanings in either formal logic or XML. Their usage in formal logic and XML also differs. Before formulating
these two cpncepts, a brief survey 1s made of how they have been treated In Ihese two areas.

6.1.2 Formal logics

In formal lopics, the concepts of well-formedness and validity are clearly distinguished. Well{formedness|is a
syntactic cqncept, whereas validity is a semantic concept. A string of symbols in a logic is-well-formed if|it is
defined by h set of its formation rules. In first-order logic, for instance, the string vx [HE)— [G(x) — H(x)]] is
considered|as a well-formed formula, where V is the universal quantifier, x is ap<individual variable,| the
arrow — is [a binary sentential operator, G and H are unary predicate symbols, and-all the brackets progerly
match. On the other hand, vx by itself is ill-formed because the syntactic formation.rule for quantifiers requires
each quantffier with a variable to be followed by a well-formed formula. The(syntactic formation rules thus
set of well-formed formulas out of the set of arbitrary strings.

The semantlics of first-order logic then interprets these well-formed formulas by evaluating their truth valpes.

to some interpretation (or model) and possibly alsopwith respect to an assignment of valugs to
variables in|the case of so-called open formulas like G(x) and H(x). A formula G(x) is true with respect to spme
model and $ome assignment if and only if the value assigned-to the variable x belongs to the denotation sét of
G in that mpdel. Suppose x is Jane and G refers to girls.<Fhen, G(x) is true, assuming that Jane is a girl.| But
the formula|vx[H(x) — [G(x) — H(x)]] is always true with réspect to any model or any variable assignment, for it
is the form pf a tautology [p — [¢ — p]] in propositional-ogic. Such a formula is called valid. In general, a Well-
formed formula is said to be valid if it is true under every interpretation/model. One of the semantic tasKs in
logics is thys to delineate all and only the validformulas out of the total set of well-formed formulas.

6.1.3 XM

In XML agagin, a clear distinction jis_ made between these two concepts. XML documents can be either Well-
formed or il]-formed (broken) and:then well-formed documents can be either valid or non-valid (broken). ust
like most gther markup languages, a well-formed XML document must follow several rules like oneroot
element, prpper nesting, andwell-formed entities. The criteria for the validity of XML documents are slightly
more difficlilt to set upl/First, valid documents must be well-formed and then validated against all| the
constraints |(rules) set.forth in a document grammar such as a Document Type Definition (DTD), internal or
external, ap XML sechema, a RELAX NG or some other format. Non-valid XML documents are also called
broken.

6.2 I1SO 24610

6.2.1 Definitions
In this International Standard, well-formedness and validity are treated as clearly distinct, and in a fashion that
can generally be understood as analogous to XML, with the role of DTDs being played by the FSDs defined in

this International Standard.

— A feature structure representation is well-formed if and only if it conforms to the definitions of feature
structure declarations and typing, as specified in ISO 24610-1:2006 or its updated version.

— Corollary: every feature structure representation in XML must follow the well-formedness conditions of
XML documents like having a single root condition, proper nesting, and well-formed entities.
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A feature structure representation in XML is valid if and only if it is well-formed and also conforms to the
feature system declared (in a DTD, an XML schema or some other format) for a particular application that

uses typed feature structures.

A well-formed feature structure representation is typed relative to a (in the XML sense) well-formed FSD if and
only if every <fs> it contains (including itself, if it is an <fs> element) bears a value for the type attribute that is
declared as such in some <fsDecl> of the FSD. Every typed feature structure representation uniquely denotes
a typed feature structure. In this International Standard, we speak of typed feature structures and typed
feature structure representations interchangeably. Not all feature structures in ISO 24610-1:2006 are typed.
Validity and validation with respect to an FSD, however, only make sense for typed feature structure
representations.

A typed feature structure can be invalid in several different ways. To be valid, it must, first,\of
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6.2.

The

ed, satisfying both the well-formedness conditions of XML and the definitions of featurg str
ng. Then the values of its features must fall within the admissible feature value ranges declare
t satisfy the type constraints imposed on it as well as the constraints inherited from-its base typ

ke in XML, typed feature structures are partially ordered by the subsumption. relation (see 5.
es no sense to refer to subsumption of or by an ill-formed feature structre representation,
e sense to speak of subsumption of or by non-valid feature structure representations so long
d. Valid typed feature structures can subsume non-valid ones;“and vice versa, so

sumption cannot be used to make inferences about each other, but. it is comparatively rare
[ interested in determining the simple validity of a typed feature structure. Instead, the process
pst always involves the search for a valid extension (3.11) of@'\fyped feature structure. Every
re structure trivially has at least one valid extension, fAaniely itself. Some non-valid ty
Ctures have no valid extensions, but the ones that have one have a unique most general (or €

often finds other kinds of typed feature structures distinguished in the literature. Most notably,
d feature structures are typed feature structures in which every obligatory feature takes &
ects the feature's value range (<vRange>) restrictions — this is tantamount to valig
sideration for the <cond> or <bicond> constraints of the FSD. In addition, what are here c3
cture representations accord in many.respects more closely with what computational linguists
Lre structure descriptions than withjfeature structures. The description language used in mg
ications [of typed feature structures, the vast majority of them being in the Head-driven Phrag
mmar (HPSG) framework;-Pollard and Sag, 1994[10]] is conservative enough to easily
24610-1:2006 feature structure representations. However, there are ISO 24610-1:2006 FSK
correspondence to a single, equivalent description is, at best, remote, owing to their depend
relative to which such-an equivalence could be proved.

P Review of the syntax of typed feature structures in XML

R.1 Overview

overview of the syntax of typed feature structure representations is provided here by intr
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alidity and
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t informative) valid extension. This most general valid ‘extension is used as a proxy for the ¢ntire set of
vali¢l extensions that a valid or non-valid typed feature structure subsumes.
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bducing the

releyant element names and their patterns.

6.2.2.2 Introducing names

a) element names for feature structures and features: fs, f

b) element names for feature values: (fs), string, symbol, binary, numeric, v
c) attribute names for elements: name, type, org, value

d) element names as collection constructors: vColl

e) element names as operators: vAlt, vNot, vMerge, default

© 1SO 2011 — All rights reserved
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6.2.2.3 Basic pattern

<fs type="Type">
<f name="featureName">
<fs type="featureValueType">VALUE</fs>
</f>
</fs>

6.2.2.4 Feature value patterns

a) for atomic feature value types

<fs tyge="atomicType"/>

b) for feaj.we structures as values

<fs typge="featureValueType">VALUE</fs>

c) collectipns

<vColllorg="collectionType">

<fs type="Member1Type">VALUE1</fs>
<fs type="Member2Type">VALUE2</fs>
</vCol|>

d) alternafion

<vAlt>
<fs type="Disjunct1Type">VALUE1</fs>
<fs type="Disjunct2Type">VALUE2</fs>
</vAIt3

e) negatign (complement)

<vNott
<fs type="NegatedValue">VALUE</fs>
</vNotp

or

<vNot3
<vAlt3
<fs tyjpe="NegatedValue*>VALUE1</fs>
<fs type="NegatedValtue2">VALUE2</fs>
</vAlt

</vNot

EXAMPLE

<fs type="pos">
<f name="agr">

<fs type="agr-cat>
<f name="per">
<vNot>
<fs type="3rd"/>
</vNot>
</f>
<f name="num">
<vNot>
<fs type="singular"/>
</vNot>
</f>
</fs>
</f>
</fs>

16
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6.2.3 lllustrations for well-formedness

By definition, a feature structure is a partial function from features to values. Hence, the representation fs/ is
allowed (representing the empty feature structure), but a representation that specifies features without values
is not allowed.

EXAMPLE 1 Well-formedness

a)

b)

<fs type="top"/>

<fs type="TYPE">
<f name="FEATURE"/>

Herg

Aty

“f” may not have an attribute named “type”.

EXA

Herg

<l-- WRONG -->
</fs>

, a) is well-formed, while b) is ill-formed.

pe is assigned to each feature structure or feature value, but not to a feature. Hence, an elen

MPLE 2 Well-formedness
<fs/>
<fs type="top"/>

<fs type="TYPE1">

<f name="FEATURE" type="TYPE2">
<fs type="top"/>

</f>

<l-- WRONG -->

</fs>

<fs type="TYPE1">

<f name="FEATURE">
<fs type="TYPE2"/>
</f>

</fs>

a) is well-formed — this is.the-most general untyped feature structure representation;

b) is also well-formed; fop is conventionally considered to be the most general type, which would n
most general type of feature structure representation, although the standard does not require this 3
built-in — top.must still be declared if it is to be used;

c) is not wellsfermed because a type is assigned to a feature;

d) is well-formed because a feature value may be typed.

6.2.|4 Hlustration for validity

nent named

hake this the
nd top is not

6.2.4.1 Conditions

The conditions of validity depend on a particular feature system that consists of type constraints. For
illustration, consider the specification of type constraints in 6.2.4.3. The following typed feature structure is
valid with respect to this FSD.

© 1SO 2011 — All rights reserved
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6.2.4.2 lllustration for validity

<fs type="word">
<f name="orth">
<string>Mia</string>
</f>
<f name="head">
<fs type="noun">
<f name="agr">
<fs type="agr-cat">
<f name="person">

<fs [yge-"’*rd"/S
</f>
<f name="number">

<fs fype="singular"/>
</f>
</fs>|
</f>
</fs>
</f>
<f name="spr">
<vCol| org="list"/>
</f>
<f name="comps">
<vColl| org="list"/>
</f>
</fs>

The corresponding AVM is shown in Figure 6.

ward

ORTH "Mia”
noun
Ege-cat
HEAD AGR | PERSOM 3rd
MUMEBER singular i
SPR =&
COMP 3>

Figure 6 — Corresponding AVM

NOTE Again, the element namesSorth, head, agr, spr and comps in the above XML representation each correspond
to ORTH, HBAD, AGR, SPR and COMPS in the AVM representation.

The example this subclause-represents the valid typed feature structure in Figure 6. This TFS is valid becguse
it satisfies gll the constraints/for the type word. Below is the most general valid typed feature structure of|that
type. It subgumes this TFS or Figure 6.

6.2.4.3  Qverall constraint for the type word

<fs type="word">

<f name="orh">
<fsval kind="string"/>
</f>

<f name="head">

<fs type="pos"/>

</f>

<f name="specifier">
<vColl org="list"/>
</f>

<f name="complements">
<vColl org="list"/>
</f>

</fs>

18
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corresponding AVM is shown in Figure 7.

ORTH *string*]
HEAD |pos |
SPR < =
COMPS < »

Figure 7 — Corresponding AVM

It can be determined feature-by-feature how this feature structure subsumes the TFS given in 6.2.4.2. In this

TFS
of i
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. a string 'Mia_ 1s given for ORTH, the type noun 1s a subtype of pos for HEAD, and the empty
5t collection for both SPEC and COMPS.

A feature system for a grammar

Overview

bd feature structures are very widely used for the development of grammars, lexica and oth
urces and applications. In a grammar implementation like the*English Resource Gram
inger, 2002[3]), everything that constitutes a grammar, including type definitions, phrase stry
lexical entries, is represented by feature structures. In this @pproach, each of these featur
t be uniquely extensible to a most general feature structuré¢hat satisfies an accompanying t
h consists of a type hierarchy and a set of type constraints. As will be observed in 8.4, somsg
be associated with a collection of admissible features.and their admissible feature values
e general implicational constraints. Since feature values can be obligatory (required), optiona
distinction should also be marked in a feature system.

se admissibility declarations as well as the“individual subtype relationships that constitu
brchy can be, and often are, expressed astyped feature structures, with the context determini
ild be viewed as assertions about validity, and not merely as data. Under suitable syntactic re
allowable constraints of this International Standard — restrictions that one can observe in ope
5 and its derivative fragments — implicational type constraints can also be encoded as object-|
Ctures, i.e. feature structures drawn from the same type system as the underlying grammar
B's conventions, all type constraints are unidirectional implications (<cond>), in which the ar

ist is a kind

er linguistic
mar (ERG;
cture rules,
b structures
pe system,
types may
as well as
| or default,

e the type
hg that they
strictions to
ation in the
bvel feature

Under the
tecedent is

a type. In addition, both~the lexicon and the phrase structure rules of a grammar can be fegarded as

ct-level type constraints.thrfough the use of alternations (ISO 24610-1:2006, 5.9.2, Alternations
rwise foreign to the ERG.

r-

n without assuming the conventions and restrictions of the previous paragraph, however, 3
sentation as{feature structures is always available for every component of a grammar.
sentation;extra types and features are used to encode, in the case of phrase structure rules,

ft-hand--orright-hand-side constituent of the corresponding rule. A head-complement rule tha

argument of a phrasal head, for example, could be encoded as shown in Figure 8.

, which are

meta-level
In such a
for example,
t consumes

Mo adlU-CUTTTIISTTISTTI-TUIE = 0
HEAD [2],

SPR [3],

COMPS < >,

word

HEAD [z,
SPR [3],

COMPS <[ [SPR < >]>

ARGS <

Figure 8 — Head-complement rule 1

Here, an extra type (head-complement rule 1) and feature (ARGS) have been appropriated for representing,
respectively, the identity and right-hand-side constituents of this rule. Viewed as an implicational constraint,
the extra type can also be viewed as the antecedent, and everything else as a conjunctive consequent. Lists
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(expressed with angled brackets as a shorthand), one of the complex collections of ISO 24610-1:2006, 5.8,
Collections as complex feature values, are also being used here, although they may not have any other role in
the object-level type system of the grammar.

In linguistic publications, these encodings may be sufficient, but do not be misled by such informal practices.
Under this International Standard, FSDs as defined here, and not merely the <fs> elements of 1SO 24610-
1:2006, must be used to declare the type system, admissible features, admissible feature value restrictions,
and implicational type constraints of a grammar. Meta-level encodings are always possible, but possibility is
not at issue. FSDs document the proper intention, i.e. how the information is to be used by an application, in
which there may not be a human in the loop to infer it.

A grammai that is consistent with the present standard, therefore, is minimally defined by: (1) a fegture
system dedlaration (type hierarchy, admissibility declarations, and type constraints), (2) a lexicon, ahd () a
collection df phrase structure rules. (1) must use FSDs. It is recommended that (2) and (3) be\encdded
through synitactic conventions that exist outside this International Standard, in which their status“as lexical
items or prgduction rules is also explicitly and unambiguously indicated, but it is also permissible’to use FSDs.

7.2 Sample FSDs

7.21 General

In this subdlause, an illustration of a sample grammar's feature system declaration, modified from Grammiar 2
in Copestale (2002)12], is shown.

7.2.2 Defining types and their hierarchy
Types are (lefined by specifying their supertype parents. Type‘hierarchies are not always trees — a subtype
can have mlore than one supertype parent — but there are restrictions on their shape, such as having a un|que
most genergl type.

A sample fgature system declaration for a type hierarehy is shown in Figure 9.

top
0 [
list sign pos  agr-cat string (person) (number)

N IOy T

ne-fist nufl word phrase det noun verb 3s non-3s '1st''2nd' '3rd' 'sing' 'plur'

stem

Figure 9 — A simple type hierarchy for English

Each brangh in this.tree simply declares an instance of a subtype-supertype relationship; fop or T is qften
used as the¢ name of the type that applies to every feature structure. Italicized types like list and string| are
built-ins that would not receive an explicit declaration in a conforming FSD (shown below). Parenthesjzed
types are types'that could have been declared, but instead the constraints below use alternations among their
subtypes, which are encoded as symbols (shown as single-quoted). Note also that the lists introduced here
are non-polymorphic.

The difference between a type system, which is what FSDs actually declare, and a type hierarchy is that type
systems specify not only subtyping relationships, but also admissible features, restrictions on the admissible
feature values of admissible features, and other constraints on types and their features' values.

7.2.3 Declaring type constraints

In this example, there are no type constraints apart from restrictions on admissible feature values, so <cond>
and <bicond> (see 8.5) do not need to be used. We begin by presenting the admissible features and their
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admissible feature values informally. Here, each feature structure indicates the admissible features and
minimal admissible feature values for its respective type. See Figure 10.

a. I'sign
HEAD pos
SPR list
COMPS list

a:1. |word
ORTH string
a:2. |phrase
WordLIST fist
a2-1 [stem 1
l HEAD verb
[SF‘R list

COMPS list

a)

b. | pos
AGR agr-cat

b)

c. [agr-cat
PER {‘1 st’, ‘2nd’, ‘Srd‘}

INTELV] {‘sing‘, ‘plur‘}

c:1. 3s
FPER ‘3rd’

MNUM ‘sing’

ci2. non-3s
|:F’ ER {1sf2nd } :|

N UNM {'Sing‘, ‘plur‘}

c)

Figure 10 — Admissible-features and their admissible feature values

Note that 3s and non-3s refine the restrictions on the admissible feature values of PER and NUM py reducing
the pize of the alternation that constrains them.

Taken altogether, this type systeém is encoded as follows.
EXAMPLE Type system

<fsDecl type="sign">
<fsDescr>The fundamental type for linguistic signs</fsDescr>
<fDecl name="head">
<fDescr>Indicates the syntactic head of the sign</fDescr>
<vRange>
<fs type="pos"/>
_%alluc
</fDecl>
<fDecl name="spr">
<fDescr>Indicates the specifiers of the sign</fDescr>
<vRange>
<vColl org="list"/>
</vRange>
</fDecl>
<fDecl name="comps">
<fDescr>Indicates the complements of the sign</fDescr>
<vRange>
<vColl org="list"/>
</vRange>
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</fDecl>
</fsDecl>
<fsDecl type="word" baseTypes="sign">
<fsDescr>The fundamental type for individual words</fsDescr>
<fDecl name="orth">
<fDescr>The orthographic representation for this word</fDescr>
<vRange>
<string/>
</vRange>
</fDecl>
</fsDecl>

<stecJ'!yp'é='prrmsrb'a'§e'ryp'e'§= Sign*>
<fsDedcr>The fundamental type for phrasal signs</fsDescr>

<fDecl
<fDes

</vRa
</fDec
</fsDed
<fsDec

name="wordlist">
Lr>The words contained within this phrase</fDescr>

<vRange>
<vCor]: org="list"/>

ge>

>

1>

type="stem" baseTypes="phrase">

<fsDedcr>The verbal stem from which a phrase is formed</fsDescr>

<fDecl
<fDes
take

</vRa
</fDec
<fDes

name="head">
Cr>The verbal head that phrases formed from this stem must
</fDescr>

<vRarge>
<fs t;kze="verb"/>

ge>
> copyright ISO 2011 — All rights reserved 1ISO 24610-2 <fDecl name="spr">
cr>Indicates the specifiers of the sign</fDescr>

<vRange>
<vCor]: org="list"/>
</vRapge>

</fDec
<fDecl
<fDes

</vRa
</fDec
</fsDed
<fsDec

>
name="comps">
Er>Indicates the complements of the-sigh</fDescr>

<vRarge>
<vCor]: org="list"/>

ge>

>

1>
type="pos">

<fsDedcr>Parts of speech</fsDescr>

<fDecl

name="agr">

<fDes
<vRa
<fst

Er>Agreement information for this part of speech</fDescr>
ge>
ez'agr-cat"/>

</vRapge>

</fDecl>
</fsDecl>
<fsDecl type="agr-cat">
<fsDescr>GPSG-style agreement complex</fsDescr>
<fDecl name="per">
<fDescr>Person value</fDescr>
<vRange>
<vAlt>
<symbol value="1st"/>
<symbol value="2nd"/>
<symbol value="3rd"/>
</VAIt>
</vRange>

© 1S0O 2011 — All rights reserved


https://standardsiso.com/api/?name=f26b6f7f4dec4635ea1a53bce4db5576

ISO 24610-2:2011(E)

</fDecl>
<fDecl name="num">
<fDescr>Number value</fDescr>
<vRange>
<vAlt>
<symbol value="sing"/>
<symbol value="plur"/>
</vAlt>
</vRange>
</fDecl>
</fsDecl>
[<fsDecltype="35"baseTypes="agr-cat >
<fsDescr>Third-person singular agreement complex</fsDescr>
<fDecl name="per">
<fDescr>Person value</fDescr>
<vRange>
<symbol value="3rd"/>
</vRange>
</fDecl>
<fDecl name="num">
<fDescr>Number value</fDescr>
<vRange>
<symbol value="sing"/>
</vRange>
</fDecl>
</fsDecl>
<fsDecl type="non-3s" baseTypes="agr-cat">
<fsDescr>Third-person singular agreement complex</fsDescr>
<fDecl name="per">
<fDescr>Person value</fDescr>
<vRange>
<vAlt>
<symbol value="1st"/>
<symbol value="2nd"/>
</vAlt>
</vRange>
</fDecl>
<fDecl name="num">
<fDescr>Number value</fDéscr>
<vRange>
<vAlt>
<symbol value="sing"/>
<symbol value="plur"/>
</vAlt>
</vRange>
</fDecl>
</fsDecl>

Notethat some features have been redeciared as admissibie as subtypes of types for which they have
already been declared. This is permissible, although if the multiply inherited feature value restrictions are not
unifiable, there will be no valid feature structures of that type; fop only needs to be defined if it will actually be
named as a type in feature structures.

8 Declaration of a feature system

NOTE This clause is a slightly modified version of the TEI Guidelines P5, 2005, Section 18.11, Feature System
Declaration. A fuller discussion of the reasoning behind FSDs and another complete example are provided by “A rationale
for the TEl recommendations for feature-structure markup”, by D. Terence Langendoen and Gary F. Simons, in
Computers and the Humanities, 29, 1995l71.
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8.1 Overview

The Feature System Declaration (FSD) standard is intended for use in conjunction with fs (that is, feature
structure) elements that comply with ISO 24610-1:2006, although it may be used to document any feature
structure system. Its purposes are stated in Clause 1, Scope.

The FSD serves an important function in documenting precisely what the encoder intended by the system of
feature structure markup used in an XML-encoded text. The FSD is also an important resource which
standardizes the rules of inference used by software to validate the feature structure markup in a text, and to
infer the full interpretation of underspecified feature structures.

The reader|should be aware, however, that there are a number of terminological mismatches betweer;l the
present stapdard and conventional practice in both formal logic and practical linguistic applications.of typed

feature str

tures. In particular, what shall be called an “interpretation” of a feature structure here‘is ng

interpretatign in the model-theoretic sense, but is instead a minimally informative (or equivalently, n
general) exfension (see 5.6) of that feature structure that is consistent with a set of constraints declared b

t an
nost
/ an

r of
any,
d of
mal
vell-
tion

FSD. In linguistic application, such a system of constraints is the principal means by which“the gramma3
some natural language is expressed. There is, however, a great deal of disagreementxas to what, if
model-theofetic interpretation feature structures have in such applications. This status'of this formal kin
interpretatign is not relevant to the present standard. The term valid normally appeals to a notion of fo
semantics pgs well, but is merely used here to describe what is in fact a purely syntactic state of

formednesyq in the sense defined by the logic of typed feature structures itself,@as distinct from and in add
to the “well{formedness” that pertains at the level of this encoding standard.(see Clause 6).

s to
and

The following subclause describes how an XML-encoded text should.use header information to make link
any associtted FSDs. The third, fourth and fifth subclauses describe the overall structure of an FSD
provide details on how to encode its parts. Annex B offers a full example.

8.2 Link|ng a text to feature system declarations
In order for
encoded te
system use|
schema thg
representat

application software to use feature system declarations to aid in the automatic interpretation of
kts, or even for human readers to find(the appropriate declarations which document the fegture
d in markup, there must be a formal:link from the encoded texts to the declarations. However/ the
t declares the syntax for the feature system should be kept distinct from the feature strugture
on schema itself, which is an application of that system.

The associ
Internationg
a documen
each disting
the RELAX

ption between an FSD and-a document using the feature structures it declares is reified in|this
| Standard in a manner.intended to be consistent with its inclusion in the <encodingDesc> blogk of
's <teiHeader> (see‘the’TEI Guidelines P5, Section 2.3[14]). The fsdDecl element may be used for
t feature structure:type, as follows (in this International Standard, we use the “compact” variant of
NG schema language to define such elements):

element fsdDecl

{
att.globaliattributes,
attripute type { data enumerated }?
attribute—url { data pninfnr },

empty

}

<fsdDecl> [FSD (feature-system declaration) declaration] identifies the feature system declaration which
contains definitions for a particular type of feature structure. In addition to global attributes, type identifies the
type of feature structure documented by the FSD; it is expected that this will be the value of the type attribute
on at least one feature structure. The value can be any string of characters, but if the value contains
whitespace, it must be normalized: no leading or trailing sequences of whitespace characters, nor internal
sequences of more than one whitespace character. The type attribute is optional. If better validation is
required, the global xml:id attribute may be used to specify the type instead of this attribute, in which case the
name must be a valid identifier. If neither is used, then this <fsdDecl> is assumed to identify the FSDs for all
types of feature structures used in the encoding.
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url supplies a link to the entity containing the feature system declaration. Its value must be an RFC 2396
Uniform Resource Identifier (URI).

There may be multiple fsdDecl elements for a given FSD; one for each type of feature structure it defines. For
instance, in the following example, the file Lexicon.fsd contains an FSD that contains definitions of feature
structures for lexical entries (<fs type="entry">) and lexical subentries (<fs type="subentry">). The file
Gazdar.fsd contains another FSD which contains the definition of a type of feature structure called GPSG:

<TEI>
<teiHeader>
—<fitleBese
<l-- ... -->
</fileDesc>
<encodingDesc>
<l .. ->
<fsdDecl type="GPSG" url="Gazdar.fsd"/>
<fsdDecl type="entry" url="Lexicon.fsd"/>
<fsdDecl type="subentry" url="Lexicon.fsd"/>
<l -->
</encodingDesc>
</teiHeader>
<!-- The text goes here -->
</TEI>

This
type

used as the
ration used

example shows an <fsdDecl> being given within the <encadingDesc> for each distinct value
of the <fs> elements in the document itself. In this case;.for example, the feature system declz

by f

The
nor
nor
opti

Enc
acc
Sch

FSO
fsC

Whi
be

Bro
feat

bature structures of types entry and subentry is to be-found in the entity at the URL Lexicon.fs

current standard provides no way of enforcing'the uniqueness of type values among fsdDe
of requiring that every type value specified on\an <fs> element be also declared on an <fsdDe
of ensuring that multiple <fsdDecl> do not{appear in the same <encodingDesc> both with and
bnal type attribute.

pders requiring such constraints. (which might have some obvious utility in assisting the cons
iracy of tagging) are recommended to develop tools to enforce them, using such mec
ematron assertions.

s avail themselves of the following elements: fsd, fsDecl, fsDescr, fDecl, fDescr, vRange, vDef
bnstraints, cond, bicond and iff.

e the syntax‘efFSDs has no particular dependencies on any TEI module or ISO 24610-1 FSH
sed in conjunction with the standard tei, header, and core modules, as well as ISO 24610-1.

hdly¢speaking, an FSD consists of one or more feature structure declarations (<fsDecl>), o
Lire definitions (<fDecl>), and zero or more feature structure constraints (<cond> and/or

.

| elements,
I> element,
without the

istency and
nanisms as

ault, if, then,

Rs, it should

ne or more
<bicond>).

Fea

uredefimitions—andfeature—strocture—constraints—occur—onty —withim—the—scope—of featu

e structure

declarations.

8.3 Overall structure of a feature system declaration

A feature system declaration is encoded as a document of type <fsd>. Apart from its global attributes, it has
two parts: an optional header (which provides bibliographic information for the file) and a set of feature
structure declarations, each of which defines one type of feature structure. Each feature structure declaration
in turn has three parts: an optional description (which gives a prose comment on what that type of feature
structure encodes), an obligatory set of feature declarations (which specify range constraints and default
values for the features in that type of structure), and optional feature structure constraints (which specify inter
alia co-occurrence restrictions on feature values). It is recommended that the header be encoded as a
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<teiHeader> (see the TEI Guidelines P5, Chapter 2, The TEI Headerl'4]). The other components listed above
are unique to feature system declarations. Thus, the following new elements are involved:

— <fsd> (feature system declaration) contains a feature system declaration.
— <fsDecl> (feature structure declaration) declares one type of feature structure.

— <fsDescr> [feature structure description (in FSD)] describes in prose what is represented by the type of
feature structure declared in the enclosing <fsDecl>.

— <fDecl> (feature declaration) declares a single feature, specifying its name, organization, range of
allowed values, and opfionally its default value.

— <fsConstraints> (feature-structure constraints) specifies certain other constraints on valid) fegture
structufes within this FSD.

The specifitation of similar <fsDecl> elements can be simplified by devising an inheritange hierarchy foif the
feature strdcture types. Each <fsDecl> may name one or more baseTypes from which it inherits fegture
declaration$ and constraints (these are often called “supertypes”).

Feature deglarations and feature structure constraints are described in the next two subclauses (8.4 andi.S).

For instance, suppose that <fsDecl type="Basic"> contains <fDecl name="ong&"> and <fDecl name="twio">,
and that <f§Decl type="Derived" baseTypes="Basic"> contains just <fDecl name="three">. Then any instgnce
of <fs type¥"Derived"> must include all three features. This is because £fsDecl type="Derived"> inheritg the
two feature|declarations from <fsDecl type="Basic"> when it specifies a‘base type of Basic.

EXAMPLE The following example shows the overall structure of a complete FSD:

<fsd>
<teiHeader>
<!-- Thel header is as for a TEI document -->
</teiHeader>
<fsDed| type="SomeName">
<fsDegcr>Describes what this type of fs represehts</fsDescr>
<fDec| name="featureOne">
<!-- Thel declaration for featureOne -->
</fDedl>
<fDec| name="featureTwo">
<!l-- Thel declaration for featureTwo -=>
</fDedl>
<fsCopstraints>
<l-- The feature structure-constraints go here -->
</fsCqnstraints>
</fsDegl>
<fsDed| type="AnoctherType">
<l-- Dedlare anether type of feature structure -->
</fsDe¢l>
</fsd>

The formal definition of the <fsd> and its components is as follows:
element fsd { att.global.attributes, fsd.content }
fsd.content = teiHeader?, fsDecl+
fsDecl = element fsDecl
att.global.attributes

fsDecl.attributes,
fsDecl.cont

}
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fsDecl.content = fsDescr?, fDecl+, fsConstraints?

fsDecl.attributes =
attribute type { data.enumerated },
attribute baseTypes { list { data.name+ } }?

fsDescr = element fsDescr

att.global.attributes
fsDescr.content

}

bas
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fsDescr.content = macro.limitedContent

bTypes gives the name of one or more types from which this type inherits feature, specifi

cations and

straints; if this type includes a feature specification with the same name as one inhérited fronp any of the

s specified by this attribute, or if more than one specification of the same name is inherite
5ible values of that feature are determined by unification. Similarly, the set)of constraints g
ved by conjoining those specified explicitly within this element with those’ implied by the
bute. When no base type is specified, no feature specification or constraintis inherited.

d, then the
pplicable is
baseTypes

pugh this part of ISO 24610 does provide for default feature values, feature inheritance is défined to be

otonic.

process of combining constraints may result in a contradiction, for example if two specificafions for the

e feature specify disjoint ranges of values, and at least one such specification is mandatory
p, there is no valid feature structure of the type being defined.

ry type specified in baseTypes must be a single word which is a legal XML name; for ex

. In such a

hmple, they

not include whitespace or begin with digits. Multiple base types are separated with spaces, ¢.g. <fsDecl

="Sub" baseTypes="Super1 Super2">.

Descr> may contain any prose except eeftain elements used for transcribing extant texts, e.g. del.

Feature declarations

1 General

h feature is declared-in an <fDecl> element whose name attribute identifies the feature bein
matches the name-attribute of the <f> elements it declares.

<fDecl> has_three parts: an optional prose description, which should explain what the fea
es represent, an obligatory range specification, which declares what values the feature is allow
an optiohal default specification, which declares what default value should be supplied when
Lire.does not appear in an <fs>. A single unconditional default value or multiple conditional val
Cified.

[
-~

g declared;

ure and its
ed to have,
the named
Les may be

8.4.2 Type inference for obligatory features

If, in a feature structure, a feature

is not optional (i.e. is obligatory),

has no value provided, or the value <default> is provided (see ISO 24610-1:2006, 5.10, Default values),

and

either has no default specified, or has conditional defaults, none of the conditions on which is met,
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then the value of this feature in the feature structure's most general valid extension is the most general value
provided in its <vRange> in the case of a unit organization, or the singleton set, bag or list containing that

elementin t

he case of a complex organization.

8.4.3 Type inference for optional features with defaults

If, in a feature structure, a feature

— is optional,

— has nopalde-provided-erthe-value-<defauli>is-provided—and

— either has a default specified, or has conditional defaults, one of the conditions on which is met,

then this fgature does have a value in the feature structure's most general valid extension. when it exists,
namely the|default value that pertains. Naturally, the feature also takes on this value if it is.obligatory and a
default is specified.

8.4.4 Typep inference for optional features without defaults

If, in a featyre structure, a feature

— is optignal,

— has nojvalue provided, or the value <default> is provided, and

has no

then this fe

This is pernpitted, because it is optional.

8.4.5 Posssibility of failed inference

It is possibl
feature is n

such criterig.

8.4.6 Elements and attributes-of feature declarations

<fDecl> (fe
values, an
attributes a

name

the tex{.

default specified, or has conditional defaults, none*of the conditions on which is met,

hture does not have a value in the feature structure's most general valid extension, when it ex

e that a feature structure will nat have a valid extension because the default value that pertains
bt consistent with that feature's-declared range. Additional tools are required for the enforceme

ature declaration) declares a single feature, specifying its name, organization, range of alloj
pptional default value, and whether or not the feature itself is optional. The following elements
e used infeature declarations.

ndicates the name of the feature being declared; it matches the name attribute of <f> elemen

sts.

to a
ht of

wed
and

s in

org specifies the organizing discipline of the feature value.

declared and its values.

optional indicates whether or not the feature is optional in feature structures of the type being declared.

<fDescr> [feature description (in FSD)] describes in prose what is represented by the feature being

<vRange> (value range) defines the range of allowed values for a feature, in the form of an <fs>, <vAlt>,

or built-in; for the value of an <f> to be valid, it must be subsumed by the specified range; if the <f>
contains multiple values (as sanctioned by the org attribute), then each value must be subsumed by the
vRange.

28
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— <vDefault> (value default) declares the default value to be supplied when a feature structure does not
contain an instance of <f> for this name; if unconditional, it is specified as one (or, depending on the
value of the org attribute of the enclosing fDecl) more <fs> elements or primitive values; if conditional, it is
specified as one or more if elements; if no default is specified, or no condition matches, the value none is
assumed.

— <if> defines a conditional default value for a feature; the condition is specified as a feature structure, and
is met if it subsumes the feature structure in the text for which a default value is sought.

— <then> separates the condition from the default in an <if>, or the antecedent and the consequent in a
<cond> element.

8.4.f Feature declarations and subsumption

Thel logic for validating feature values and for matching the conditions for supplying default valups is based
upoh the operation of subsumption. Subsumption is a standard operation in (feature-strugture-based
formpalisms. Informally, a feature structure FS subsumes all feature structures that-are consistent|with and at
leadt as informative as itself; that is, all feature structures that specify all of the feature values that FS does
with values that are subsumed by the values that FS has, and that have all of the re-entrancies that FS does
(Cafpenter, 1992[1]). See 5.1 for a formal definition.

Follpwing the spirit of the informal definition above, we can extend subsumption in a straightforward way to
cover alternation, negation, special primitive values, and the use of\attributes in the markup — forfinstance, a
<vAlt> containing the value v subsumes v. The negation of a value v (represented by means of|the <vNot>
element discussed in 1ISO 24610-1:2006, 5.9.3 Negation) subsumes any value that does not unify fwith v or, in
the fase of alternations and negations, does not include v; for example

<vNot>
<numeric value="0"/>
</vNot>

subsumes any numeric value other than zero.

Thelvalue, <fs type="X"/>, even if it is not\valid, subsumes any feature structure of type X.

8.4.8 Example of feature declarations

8.4.8.1 As an examplel of feature declarations, consider the following extract from Gazdar et al.s
Gerleralized Phrase Structure Grammar (GPSG)!4l. In the appendix to their book (pp. 245-247), they propose
a fepture system for English of which this is just a sampling:

Feature valueyranges:

— INV4H,-}

— , SUBJ {+, -}

—/ CONJ {and, both, but, either, neither, nor, or, NIL}

— COMP {for, that, whether, if, NIL}
— AGRCAT

— PFORM {to, by, for, ...}

Feature specification defaults:

— FSD 1: [-INV]

— FSD 2: ~-[CONJ]

— FSD 9: [INF, +SUBJ] — [COMP for]
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8.4.8.2 Note that “FSD” here does not refer to the feature system declarations of this International
Standard, but to GPSG's feature specification defaults. The INV feature, which encodes whether or not the
subject-verb order in a sentence is inverted, allows only the values plus (+) and minus (-). If the feature is not
specified, then the default rule (FSD 1 above) says that a value of minus is always assumed. The feature
declaration for this feature would be encoded as follows:

<fDecl name="inv">
<fDescr>inverted sentence</fDescr>

<vRange>
<vAlt>
<binary value="true"/>
<binary value="false"/>
</vAlt
</vRange>
<vDefqult>
<binany value="false"/>
</vDefault>
</fDecl}
The value range is specified as an alternation (more precisely, an exclusive disjunction) between values |that
can be repilesented by the <binary> feature value. That is, the value must be eithef true or false, but capnot
be both or neither.
8.4.8.3 The CONUJ feature indicates the surface form of the conjunetion used in a construction. The |~ in
the default fule (see FSD 2 above) represents negation. This means that by default the feature is not pregent,
in other wolds, no conjunction is taking place.
Note that GONJ not being present is different from CONJ being, present and having the NIL value allowdd in
the value range. In their analysis, NIL means that the phenamenon of conjunction is taking place but thefe is

no explicit gonjunction in the surface form of the sentencél The feature declaration for this feature would be
encoded ag follows:

<fDecl pame="conj">
<fDesgr>surface form of the conjunction</fDescr>
e>

ol value="and"/>

ol value="both"/>
ol value="but"/>

ol value="either"/>
ol value="neither"/>
ol value="nop"/>

ol value="or%/>

ol value="NIL"/>
value="false"/>

</vRange>
<vDefault>
<binary value="false"/>
</vDefault>
</fDecl>

Note that the <vDefault> is not strictly necessary in this case, since the binary value of false only serves to
convey the information that the feature has no other legitimate value.

8.4.8.4 The COMP feature indicates the surface form of the complementizer used in a construction. In its
range of values, it is analogous to CONJ. However, its default rule (see FSD 9 above) is conditional. It says
that if the verb form is infinitival (the VFORM feature is not mentioned in the rule since it is the only feature
that can take INF as a value), and the construction has a subject, then a for complement must be used. For
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instance, to make John the subject of the infinitive in “It is necessary to go”, a for complement must be used;
that is, It is necessary for John to go. The feature declaration for this feature would be encoded as follows:

<fDecl name="comp">
<fDescr>surface form of the complementizer</fDescr>
<vRange>

<vAlt>

<symbol value="for"/>

<symbol value="that"/>

<symbol value="whether"/>

<symbol value="if"/>

<symbol value="NIL"/>
</vAlt>
</vRange>
<vDefault>
<if>
<fs>
<f name="vform">
<symbol value="INF"/>
</f>
<f name="subj">
<binary value="true"/>
</f>
</fs>
<then/>
<symbol value="for"/>
<fif>
</vDefault>
</fDecl>

8.4B.5 The AGR feature stores the features relevant to subject-verb agreement. Gazdar 4t al. (1985)
spegify the range of this feature as CAT. This’means that the value is a category, which is the

feat

mugt be a feature structure for agreement (which is defined, in the complete example at the

cha

declaration encodes this constraintion the value range:

That is, théwvalue must be a feature structure of type Agreement. The complete example in AnneX A provides

the

8.4.

<fDecl name="agr">

<fDescr>agreement fof person and number</fDescr>
<vRange>

<fs type="Agreement"/>

</vRange>

</fDecl>

<fsBecl type="Agreement"> which includes <fDecl name="pers"> and <fDecl name="num">.

ir term for a

Lire structure. This is actually too weak-a statement. Not just any feature structure is allowgble here; it

end of that

pter of Gazdar et al. (1985)4], to-contain the features of person and number). The following feature

.b I'he PFORM feature indicates the surface torm of the preposition used In a constru

ction. Since

PFORM is specified above as an open set, <string> is used in the range specification below rather than
<symbol>.

<fDecl name="pform">
<fDescr>word form of a preposition</fDescr>
<vRange>
<vNot>
<string/>
</vNot>
</vRange>
</fDecl>
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EXAMPLE This example makes use of a negated value:

<vNot>
<string/>
</vNot>

subsumes any string that is not the empty string.

8.4.8.7 The formal definition for feature declarations follows. Note that the class model.featureVal
includes all possible feature values, including feature structures, alternations (<vAlt>), and complex collections
(<vColl>).

fDecl = element fDecl

{
att.glgbal.attributes,

fDecl pttributes,
fDecl.content

}

fDecl.aftributes =
attriute name { data.name },
attrijute optional { xsd:boolean }?,
attrigute org { "unit" | "set" | "bag" | "list" }?

fDecl.cpntent = fDescr?, vRange, vDefault?

fDescr F element fDescr

{
att.glgbal.attributes,

macrq.limitedContent

}

vRang¢ = element vRange

att.glgbal.attributes,
mode|.featureVal

}

vDefault = element vDefault

att.glgbal.attributes,
( modgl.featureVal++if+ )

}

if = element if

att.glgbahattributes,
( (fs | T), then, { model.featurevar))

then = element then
att.global.attributes,

empty
}
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8.5 Feature structure constraints

Ensuring the validity of feature structures may require much more than simply specifying the range of allowed
values for each feature. There may be constraints on the co-occurrence of one feature value with the value of
another feature in the same feature structure or in an embedded feature structure.

Such constraints on valid feature structures are expressed as a series of conditional and biconditional tests in
the <fsConstraints> part of an <fsDecl>. A particular feature structure is valid only if it meets all the constraints.
The <cond> element encodes the conventional if-then conditional of Boolean logic which succeeds when
either the consequent is true or the antecedent is false. The <bicond> element encodes the biconditional (if
and only if) operation of Boolean logic. It succeeds only when the corresponding if-then conditionals in both
direttions are true. In feature structure constraints, the antecedent and consequent are expressed as feature
strugtures; they are considered true if their feature structure subsumes (see 8.4, Feature declarations) the
featlre structure in question. Procedurally, if the antecedent is true, then the consequent mustalsq be true, so
the fruth of the consequent is asserted rather than simply tested. A conditional is thus enforeed by determining
that|the antecedent does not (and will never) subsume the given feature structure, or’by determirfing that the
antgcedent does subsume the given feature structure, and then unifying the consequent with it ({he result of
whigh, if successful, will be subsumed by the consequent). In practice, the enforcement of such| constraints
can|result in periods in which the truth of a constraint with respect to a given feature structure ig simply not
known; in this case, the constraint must be persistently monitored as the ‘feature structure begomes more
infofmative until either its truth value is determined or computation fails for'seme other reason.

Thelfollowing elements make up the <fsConstraints> part of an FSD}

— |fsConstraints (feature-structure constraints) specifies.nconstraints on the content of valid feature
structures.

— |cond (conditional feature-structure constraint) defines a conditional feature-structure cornstraint; the
consequent and the antecedent are specified .as feature structures or feature-structure collections; the
constraint is satisfied if both the antecedent and’the consequent subsume the given feature stfucture, or if
the antecedent does not.

— |bicond (biconditional feature-structure constraint) defines a biconditional feature-structurg constraint;
both consequent and antecedent(are specified as feature structures or collocations of featurg structures;
the constraint is satisfied if both subsume a given feature structure, or if both do not.

— |then separates the conditien’ from the default in an if, or the antecedent and the consequent |n a <cond>
element.

— |iff separates the condition from the consequence in a <bicond> element.

For|an example<of-feature structure constraints, consider the following “feature co-occurrence [restrictions”
extrpcted from-the feature system for English proposed by Gazdar et al. (1985:246):

— |FCRW=[+INV] — [+AUX, FIN]

CeD 7- IDAD N1 INIL R N/l 2 [SlLIDC
ot 1 A= A=A~ = A~/

AT
T D7 s O] IR RS IN=A T

1
(aum

— FCR 8: [BAR 1] — ~[SUBCAT]
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The first constraint says that if a construction is inverted, it must also have an auxiliary and a finite verb form.
That is:

<cond>
<fs>
<f name="inv">
<binary value="true"/>
</f>
</fs>
<then/>
<fs>
<f nampe="aux">
<bin:t'y value="true"/>
</f>
<f nanLe="vform">
<symbpol value="fin"/>
</f>
</fs>
</cond}

The second constraint says that if a construction has a BAR value of zero (i.e. it is @ lexical item), then it 1

nust
have a valye for the features N, V, and SUBCAT. By the same token, because-it is a biconditional, if it|has
values for N, V, and SUBCAT, it must have BAR='0". That is:

<bicong>
<fs>
<f nanLe="bar">
<sympol value="0"/>
</f>
</fs>
<iff/>
<fs>
<f name="n"/>
<f na3e="v"/>
<f name="subcat"/>
</fs>
</bicond>

NOTE ere, according 1ISO 24610+1:2006, 5.10, Default values, (107), <f name="n"> is, for instance, understogd as
having a valye in the possible rangé-ofits values, thus being equivalent to the following:

<f namé¢="n">

<vAlt>

<binany value="true"/>
<binainy value=“false"/>
</vAlt

</f>
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The final constraint says that if a construction has a BAR value of 1 (i.e. it is a phrase), then the SUBCAT
feature should be absent (~). This is not biconditional, since there are other instances under which the
SUBCAT feature is inappropriate. That is:

<cond>

<fs>
<f name="bar">
<symbol value="1"/>
</f>

</fs>

<then/>

<fs>
<f name="subcat">
<binary value="false"/>
</f>

</fs>

</cond>

The| formal declaration for feature structure constraints is as follows. Note that <eond> and <bicond> use the
empty tags <then> and <iff>, respectively, to separate the antecedent and gonsequent. These are primarily for
the pake of enhancing human readability.

fsConstraints = element fsConstraints

{
att.global.attributes,
( cond | bicond )*

}

cond = element cond

{
att.global.attributes,
((fs|f), then, (fs|f))

}

bicond = element bicond

{
att.global.attributes,
((fs|f),iff, (fs|f))

}

iff = element iff

{
att.global.attributes,
empty

}
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Annex A
(normative)

XML schema for feature structures

macro.limitedContent = (text | model.limitedPhrase | model.inter)*
macro.xtext = (text | model.gLike)*

att.global.aftributes =
att.global.attribute.xmlid,
att.global.attribute.n,
att.global.attribute.xmllang,
att.global.attribute.xmlbase,
empty

att.global.aftribute.xmlid =
## (identifier) provides a unique identifier for the element bearing the
#iH attrlbute.
attribute xml:id { xsd:ID }?

att.global.aftribute.n =
## (numbaer) gives a number (or other label) for an element, which is
## not|necessarily unique within the document.
attribute n|{
list {
xsd:token { pattern = "(\p{L}\p{N}\p{P}\p{S}H)+" }+
}

}?

att.global.aftribute.xmllang =
## (langugge) indicates the language of the element content using a
## tag|generated according to BCP 47
attribute xinl:lang { xsd:language }?

att.global.aftribute.xmlbase =
## providgs a base URI reference-with which applications can
#i resplve relative URI references into absolute URI
#i refgrences.
attribute xinl:base { xsd:anyURI }?

model.gLik¢ = notAllowed
model.featyreVal.cemplex = fs | vColl | vNot | vMerge

model.featUreVal.single =

binary | symbotmomeric1istring T viEabet T defauit Al
model.placeStateLike = notAllowed
model.qLike = notAllowed
model.nameLike = model.placeStateLike
model.featureVal = model.featureVal.complex | model.featureVal.single
model.pPart.data = model.nameLike

model.inter = model.qLike

36
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model.limitedPhrase = model.pPart.data

fsdDecl =
## (feature system declaration) provides a feature system declaration
## comprising one or more
## feature structure declarations or feature structure declaration links.
element fsdDecl {
(fsDecl | fsdLink)+,
att.global.attribute.xmlid,
att.global.attribute.n,
att.global.attribute.xmllang,

ISO 24610-2:2011(E)

aftgtobatattribotexmibase;

(feature structure declaration) declares one type of feature structure.
ment fsDecl {

Descr?, fDecl+, fsConstraints?),

aft.global.attribute.xmlid,

aft.global.attribute.n,

aft.global.attribute.xmllang,

aft.global.attribute.xmlbase,

## gives a name for the type of feature structure being declared.
aftribute type { xsd:Name },

# gives the name of one or more typed feature structures

from which this type inherits feature specifications and
constraints; if this type includes a feature, specification

with the same name as that of any of those specified by this
attribute, or if more than one specification of the same name
is inherited, then the set of possible values is defined by
unification. Similarly, the set of constraints applicable is
derived by combining those specified explicitly within this
element with those implied by the baseTypes

attribute. When no baseTypes attribute is specified, no
feature specification .or constraint is inherited.

## what is represented by the type of feature
## structure declared in the enclosing fsDecl.
element fsDescr {
macro.limitedContent,
att.global.attribute.xmlid,
att.global.attribute.n,
att.global.attribute.xmllang,
att.global.attribute.xmlbase,
empty
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fsdLink =
## (feature structure declaration link) associates the name of
## a typed feature structure with a feature
## structure declaration for it.
element fsdLink {
empty,
att.global.attribute.xmlid,
att.global.attribute.n,
att.global.attribute.xmllang,
att.global.attribute.xmlbase,

## identifies the type of feature structure to be documented;
## thls will be the value of the type attribute on at least one
## featurg structure.

attribute fype { xsd:Name },

## supplies a pointer to a feature structure declaration
#i (fgDecl) element within the current document or elsewhere.

attribute farget { xsd:anyURI },
empty
}

fDecl =
## (featurg declaration) declares a single feature,
## specify|ng its name, organization,
## range qf allowed values, and optionally its default value.
element fDecl {
(fDescr? | vRange, vDefault?),
att.global.attribute.xmlid,
att.global.attribute.n,
att.global.attribute.xmllang,
att.global.attribute.xmlbase,

## indicates the name of the feature being declared; matches the
## name|attribute of f elements in thé text.

attribute pame { xsd:Name },

## indicates whether or natithe value of this feature may
##  be|present.

[ a1:defapltValue = "true" ] attribute optional { xsd:boolean }?,
empty
}

fDescr =

## (feature description (in FSD)) describes in prose

## what is represented by the feature being

## declared and its values.

element fDescr {
macro.limitedContent,
att.global.attribute.xmlid,
att.global.attribute.n,
att.global.attribute.xmllang,
att.global.attribute.xmlbase,
empty

38 © IS0 2011 — Al rights reserved


https://standardsiso.com/api/?name=f26b6f7f4dec4635ea1a53bce4db5576

vRange =
## (value range) defines the range of allowed values for a feature,
## in the form of an fs, VAL, or primitive value;
## for the value of an f to be valid, it must be
## subsumed by the specified range; if the f
## contains multiple values (as sanctioned by the org attribute),
## then each value must be subsumed by the vRange.
element vRange {
model.featureVal,
att.global.attribute.xmlid,
att.global.attribute.n,

ISO 24610-2:2011(E)

ajt.global.attribute.xmllang,
aft.global.attribute.xmlbase,
empty

}

vDefault =
##|(value default) declares the default value to be supplied
## when a feature structure
##|does not contain an instance of f for this name; if
## unconditional, it is specified as one (or, depending on the value of
##{the org attribute of the enclosing fDecl) more
##|fs elements or primitive values;
##|if conditional, it is specified as
##|one or more if elements; if no default is specified, or no
##|condition matches, the value none is assumed.
elgment vDefault {

odel.featureVal+ | if+),

aft.global.attribute.xmlid,

aft.global.attribute.n,

aft.global.attribute.xmllang,

aft.global.attribute.xmlbase,

empty

—~

if =
##|defines a conditional defaultvalue for a feature; the condition
##|is specified as a feature strucCture, and is met if it
##|subsumes the feature/structure in the text for which a
##|default value is sought.
elgment if {

s | f), then, maodel.featureVal),

aft.global.attribute.xmlid,

aft.global.attribute.n,

aft.globat:attribute.xmllang,

aft.glebal:attribute.xmlbase,

then =
## separates the condition from the default in an if, or
## the antecedent and the consequent in a cond element.
element then {
empty,
att.global.attribute.xmlid,
att.global.attribute.n,
att.global.attribute.xmllang,
att.global.attribute.xmlbase,
empty
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fsConstraints =
## (feature-structure constraints) specifies constraints
## on the content of valid feature
## structures.
element fsConstraints {
(cond | bicond)*,
att.global.attribute.xmlid,
att.global.attribute.n,
att.global.attribute.xmllang,
att.global.attribute.xmlbase,
empty
}

cond =
## (conditional feature-structure constraint) defines a conditional
## featuretstructure constraint; the consequent
## and thg antecedent are specified as feature structures or
## featurefstructure collections; the constraint is satisfied if both the
## anteceglent and the consequent subsume a given feature
## structure, or if the antecedent does not.
element cond {
((fs | f), then, (fs | f)),
att.global.attribute.xmlid,
att.global.attribute.n,
att.global.attribute.xmllang,
att.global.attribute.xmlbase,
empty
}

bicond =

## (biconditional feature-structure constraint) defines a
## biconditional feature-structure constraint; both
## consequent and antecedent are specified as feature structures
## or groups of feature structures; the constraint.is satisfied
## if both subsume a given feature structure,‘er if both do not.
element bicond {

((fs | ), iff, (fs | ),

att.global.attribute.xmlid,

att.global.attribute.n,

att.global.attribute.xmllang,

att.global.attribute.xmlbase,

empty
}

iff =

## (if and pnlycif)'separates the condition from the consequence
## in a bicpnd,element.
element iff

empty,

att.global.attribute.xmlid,

att.global.attribute.n,

att.global.attribute.xmllang,

att.global.attribute.xmlbase,

empty
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