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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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rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. Draft\Internationa
rnational Standard requires approval by at least 75 % of the member bodies c¢asting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

24610-1 was prepared by Technical Committee ISO/TC 37, Terminology and other language
urces, Subcommittee SC 4, Language resource management.

24610 consists of the following parts, under the general'title Language resource managemen
ctures:

Part 1: Feature structure representation
following part is under preparation:

Part 2: Feature system declaration

y with the

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Standards

bted by the technical committees are circulated to the member bodies far'voting. Publication as an

ct of patent

and content

f — Feature
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Introduction

This part of ISO 24610 results from the agreement between the Text Encoding Initiative Consortium (TEI) and
the 1ISO TC 37/SC 4 that a joint activity should take place to revise the two existing chapters on feature
structures and feature system declaration in The TEI Guidelines called P4.

It is foresegn that ISO 246 T0 will have the Tollowing Two parts.

— Part 1,|Feature structure representation, describes feature structures and their representation~lt.provjdes
an informal but explicit overview of their basic characteristics and formal semantics. In addition, part 1
defined a standard XML (eXtended Markup Language) vocabulary for the representation of untyped
featurel| structures, feature values, and feature libraries. It thus provides a reference format for| the
exchar|ge of feature structure representations between different application systems.

— Part 2| Feature system declaration, discusses ways of validating typed feature structures which|are
conformant to part 1, and of enforcing application-specific constraints. It propeses an XML vocabulary for
the reTresentation of such constraints with reference to a set of features and the range of values

appropriate for them, and thus facilitates representation and validation 6f a type hierarchy as well as gther
well-fofmedness conditions for particular applications, in particular those related to the goal of langyage
resour¢e management.

Vi © I1SO 2006 — All rights reserved
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Language resource management — Feature structures —

Part 1:
Feature structure representation

1

Feal

reprlesenting the information consumed or produced by and for language engineering applications.

ISO|
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For
folld

Scope
ture structures are an essential part of many linguistic formalisms as well as antunderlying me

24610 provides a format for the representation, storage and exchange of feature structure
uage applications concerned with the annotation, production or analysis-of linguistic data. It als
puter format for the description of constraints that bear on a set of features, feature valy
Cifications and operations on feature structures, thus offering a means of checking the conf
h feature structure with regards to a reference specification.

Normative references

following referenced documents are indispensable for the application of this document,
rences, only the edition cited applies. For- uhdated references, the latest edition of the
iment (including any amendments) applies.

8879, Information processing — Text:and office systems — Standard Generalized Markuy
ML), as extended by TC 2 (ISO/IECTC 1/SC 34 N029: 1998-12-06).

19757-2, Information technaldgy — Document Schema Definition Language (DSDL) — Part
nmar-based validation — RELAX NG

E The first reference)permits the use of XML and the second, RELAX NG,provides a specifica
ules. RELAX NG is alschema language for XML, standing for REgular LAnguage for XML for Next Ge
lifies and extends the,features of DTDs, Document Type Definitions.

Terms<and definitions

the‘purposes of this document, the terms and definitions given in ISO 8879 and ISO 1975
wing apply. This list is provided to clarify the terminology relating to feature structures used

chanism for
This part of
5 in natural
50 defines a
es, feature
ormance of

For dated
referenced

b Language

2: Regular-

tion for XML
heration, and

V-2 and the
throughout

this part of ISO 24610. Terminology derived from XLM and other formal languages is not defined here.

3.1
alte

rnation

operation on feature values (3.23) that returns one and only one of the values supplied as its argument

NOTE

the value b, but not both.

3.2

atomic value
value (3.23) without internal structure, i.e. value other than feature structure (3.10) and collection (3.4)

© I1SO 2006 — All rights reserved

Given a feature specification F : a|b, where a|b denotes the alternation of a and b, F has either the value a or


https://standardsiso.com/api/?name=2c42cf555afb2783f440fb137c331172

ISO 24610-1:2006(E)

3.3

boxed label

label in box

NOTE

3.4
collection

used in a matrix notation to denote a value shared by several features (3.8)

The label may be any alphanumeric symbol.

list, set, or multiset of values (3.23)

NOTE

A list is an ordered collection of entities some of which may be identical. A set is an unordered collection of

unique entitid
as a bag.

3.5
complex v
value (3.2

3.6
concatena
operation o

3.7
empty feat

feature strycture (3.10) containing no feature specifications (3.9)

3.8
feature
property of

NOTE
is a feature,

1

3.9

feature spécification

assignment

NOTE A

3.10
feature str

set of featu

NOTE 1

3.1

)

tctu re

PS. A multset IS an unordered collection of entities that may or may not be unique; It IS Ssometimes reterrs

lue
represented either as a feature structure (3.10) or as collection (3.4)

ion
combining two lists of values (3.23) into a single list

lire structure

AN entity

singular is a value, and a pair <number, singulat> is a feature specification.

of a value (3.23) to a feature (3.8)

ormally, it is treated as a pair of“a feature and its value.

e specifications (3.9)

'he minimum feature structure is the empty feature structure (3.7).

graph not

ion
notation of?aa&u;a-su:uctuu (310} ina-single rooted graph

3.12

bd to

'he combination of feature and feature-value constitutes a feature specification (3.9). For example, number

incompatibility
relation between two feature structures (3.10) which have conflicting types (3.19) or at least one common
feature (3.8) with incompatible values (3.23)

NOTE

compatible with any other feature structure.

Two feature structures that are incompatible cannot be unified. The empty feature structure (3.7) is

© I1SO 2006 — All rights reserved
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3.13

matrix notation

attribute-value matrix

AVM

notation that uses square brackets to represent feature structures (3.10)

NOTE In a matrix notation, each row represents a feature specification (3.9), with the feature name and the feature
value separated by a colon (:), space () or the equals sign (=).

3.14

inction as in

seqpence of labeled arcs connecting nodes in a graph

3.11%
strycture sharing
re-g@ntrancy

relation between two or more features (3.8) within a feature structure (3.10) that share a value (3.23)

3.13s
subsumption

relationship between two feature structures (3:10) in which one is more specific than the other

NOTE A feature structure 4 is said to substime a feature structure B if 4 is at least as informative as B. Subsumption
is a feflexive, antisymmetric, and transitive-relation between two feature structures.

3.1¢

type
nanje of a class of entities

NOTE Feature structures (3.10) may be characterized by grouping them into certain classes. Typeq are used to
name such classes.

3.2(
typId feature structure
feature structure (3.10) labelled by a type (3.19)

NOTE In the graph notation (3.11), each node is labelled with a type. In the matrix notation (3.13), a type is
ordirarity ptaced—atthe upper feft tomerof the msideof the pair—of square brackets that Tepresents a typed feature
structure. In XML notation, the type is supplied as the value (3.23) of a type attribute on the <fs> element.

3.21

unification

operation that combines two compatible feature structures (3.10) into the least informative feature structure
that contains the information from the two

3.22
union
operation that combines two sets, or multisets, into one

NOTE The corresponding operation for lists is concatenation (3.6).

© I1SO 2006 — All rights reserved 3
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information about an entity

NOTE T

here are two kinds of feature values: atomic value (3.2) and complex value (3.5).

4 General characteristics of feature structure

41

Overview

A feature s
by assignin
represent n
instantiatiorn
content. Mg
restrictions,

4.2 Use

Feature str|
features. F
concern, th
each of the

(1) Em

{<SEX

Feature striictures are generally used as a vehicle for linguistic descriptions. For example, the phoneme /

English can
stop sound
plus(+) and
of a feature

(2) Sol
{<CON
In such an
absence off

articulatory
the nonantg

This featur

ahalysis can be extended to other kinds of description. Consider a verb like “love”. lts feat
include botwmmmﬁmwm_mmmw i ies: iti ' j j

j a particular value to each. Because of the generality of feature structures, they can be\use
nany different kinds of information. Interrelations among various pieces of information/and

pf feature structures

Lictures provide partial information about an object by specifying values for some or all o
br example, if a female employee named Sandy Jones who-is 30 years old is of the pre
bn that person’s sex, name and age can be specified in a succinct manner by assigning a valu
se three features. These pieces of information can be put into*a simple set notation, as in:

bloyee

ructure is a general purpose data structure that identifies and groups together individual feat

in markup provide a meta-language for representing analysis and interpretation “of lingu
reover, this instantiation allows a specification of a set of features with values of specific types
by means of feature system declarations, or other XML mechanisms discussed‘in ISO 24610-]

female>, <NAME, Sandy Jones>, <AGE, 30>}

be analysed in terms of its distinctive features: consonantal, anterior, voiceless, non-continua
segment, etc. Each of these features,may be combined with one or other of the binary va
minus(-) to provide a feature spegcification. In a phonemic analysis such as the following, the v
specifies the presence or absence of that feature:

nd segment /p/

SONANTAL, + >, <ANTERIOR, + >, <VOICED, ->, <CONTINUANT, ->}

Bnalysis, the sound’segment /p/ is distinguished from other phonemes in terms of the presenc
specific features. For example, /p/ differs from the phoneme /b/ in VOICING, and from /}

rior, namely the back of the oral cavity.

ires
d to
heir
istic
and
1) .

f its
sent
e to

b/ in
nt or

ues

alue

e or

/ in

position: one™is articulated at the anterior, (the lip or alveolar area of the mouth), and the oth¢r at

res

t as

its arguments, expressing the semantic relation of loving between two persons or animate beings. The exact
representation of these feature specifications requires a detailed elaboration of what feature structures are.
For now, these grammatical features can be roughly represented in a set format like the following:

(3) Gra

{<POS,

mmatical features of the verb “love”

verb>, <VALENCE, transitive>, <SEMANTIC_RELATION, loving>},

where POS stands for part of speech.

1) Under preparation.

© I1SO 2006 — All rights reserved
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Since its first extensive use in generative phonology in mid-60s, the feature structure formalism has become
an essential tool not only for phonology, but more generally in support of syntax and semantics as well as
lexicon building, especially in computational work. Feature structures are used to describe and model
linguistic entities and phenomena by specifying their properties. In the next clauses, some of the formal
properties of feature structures are outlined together with means of representing them in a systematic manner.

4.3 Basic concepts

Feature structures may be viewed in a variety of ways. The most common and perhaps the most intuitive
views are the following:

— |a set of feature specifications that consists of pairs of features and their values;

— |labelled directed graphs with a single root where each arc is labelled with the name of a feature and
directed to its value.

In sgt-theoretic terms, a feature structure FS can be defined as a partial function frofm a set Feat of features to
a s¢t FeatVal of values, where FeatVal consists of a set AtomVal of atomic valtes and a set F§ of feature
struptures.

(4) A feature structure as a set or partial function
FS c {<F;v> [Fie Feat,v,cFeatVal}

or

FS : Feat ——FeatVal

where FeatVal = AtomVal UFS and where FeatVal stands for all possible values.

Vallles may be regarded as either atomic or.complex. Atomic values are entities without internal structure,
while complex values may be feature struettres or collections of values (either complex or atomic),

NOTE These two definitions are not absolutely equivalent, for in a set there may be more than one value, v, for a
featlire, F.

For|example, the part of speech (POS) feature can take the name of an atomic morpho-syntactic category
such as verb as its value(Conversely, the agreement (AGR) feature in English takes a complex yalue in the
formp of a feature structére with features PERSON and NUMBER. The word “loves”, for instance,|has a POS
feature with the valué-*yerb”, while the value of its AGR feature consists of a feature structure comprising two
feature specifications! PERSON with the value “3rd”, and NUMBER with the value “singular”.

4.4| Notations

4.4~ Overview

As a list of feature-value pairs, the overall form of a feature structure is simple. However, the internal structure
of a feature structure may be complex when a feature structure contains either

a) a feature whose value is itself a feature structure, or
b) a multi-valued feature whose value is a list, set, or multiset.
Lists, sets and multisets may be made up of atomic values, or they may include complex values that are

themselves feature structures. That is, feature structures allow limitless recursive embedding. It is therefore
necessary to represent them in an understandable and mathematically precise notation.

© I1SO 2006 — All rights reserved 5
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There are two commonly used notations for the representation of feature structures: 1) graphs; and 2)
matrices. This part of ISO 24610 proposes a third notation based on the XML standard. The following
subclauses discuss how the same feature structure may be represented using each of these equivalent
notations. Graphs are suitable for mathematical discourses, matrices for linguistic descriptions, and XML
notations for computational implementation.

4.4.2 Graph notation

Feature structures are often represented as labelled directed graphs with a single root.

NOTE [his graph can be either
a) acyclic,|in which case it is referred to as a directed acyclic graph (DAG), or
b) cyclic fdr handling cases like the Liar’s paradox.

Feature str ires

should be i

ctures are usually represented as DAGs, but it has been suggested that cyclicakfeature struct
troduced to model some linguistic phenomena.

nch
cted
arc

starts with a single particular node called the root. From this root, any @dmber of arcs may brsg
nodes and then some of them may terminate or extend to other nodes. The extension of dire
owever, stop at some terminal nodes. On such a graph, representing a feature structure, each
Vith a feature name and its directed node is labelled with its value?

Each graph
out to othen
arcs shall, K
is labelled

Here is a vgry simple example for a directed graph representing a feature structure.

(5) Feature|structure in graph notation

FEAan/uel
gEATUREZ
\va/ueg
FEATURE; FEATURE values
FEATURE3> Value37
In this graph, the two features, FEATURE1 and FEATUREZ2, are atomic-valued, taking value1 and value2 on

the termina
takes as its
with their re

A graph mé
empty featu

nodes respectively ‘as their value. The feature FEATURES is, however, complex-valued, sin
value the feature structure which is represented by the two arcs FEATURE31 and FEATUR
spective values, value31 and value32.

y just €onsist of the root node, that is, without any branching arcs. Such a graph represents|
re structure.

Ce it
E32

the

There may be one or more arcs branching out from the root, each of them bearing a single feature name.
Some of these labelled arcs originating from the root may again stretch out to another node and then from this
node to another, forming an indefinitely long sequence of feature names. Such a sequence of feature names,
labelling the arcs from the unique root node to each of the terminal nodes on a graph, is called a path. For
example, there are four paths in (5): FEATURE1, FEATURE2, FEATURE3.FEATURE31 and
FEATURE3.FEATURE32.

© I1SO 2006 — All rights reserved
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Here is a linguistically more relevant example.

Thid
con
The]
atorn
con

4.4.

Des
reag
sim

NOT

Eac
spe

NOT

Feature,valdes can be either atomic or complex. Each row with an atomic value terminates at that

the

(6) Linguistic example in graph notation

‘love’
RTH
/ POS verb

SYNTAX \E\
VALENC transitive

-1:2006(E)

graph consists of three patnhs: orthography (ORTH), SYNTAX.POS and SYNITAX.VALENC
path SYNTAX.POS terminates with the atomic value “verb” and the path SYNTAX.\YALREN

sisting of the two feature specifications, <POS, verb> and <VALENCE, transitive>.

3 Matrix notation

pite their mathematical elegance, graphs are difficult to typeset or read; especially when comp
on, feature structures are more often depicted using a matrix notation called attribute-valu
bly AVM.

E1  The term “attribute” is an alternative term for the concept which/s called “feature”.

(7) Matrix notation

FEATURE; value;
FEATURE, values

FEATURE3; values;

FEATURE3, values
FEATURE3

FEATURE;3;, valuesy

FEATURE,, value,

h row in the square bracket with a FEATURE name followed by its value name represent
Cification in a feature structure.

E2 A geolonh, an equals sign or a space separates a feature from its value on each row of an AVM.

vatue is complex, then that row leads to another feature structure, as in the case of FEATURES

F. The path

sisting of a single feature name ORTH is directed to the terminal node “love”, which is aniafomic value.

CE with the

hic value “transitive”. The nonterminal feature SYNTAX takes a complex value, namely & featyre structure

ex. For this
e matrix, or

s a feature

value. But if
above.

The notion of path is also important in several applications of the attribute-value matrix (AVM) notation, as
discussed further below. A path in an AVM is a sequence of feature names, as is the case with feature
structure graphs. An AVM with no rows and thus no occurrences of features, is represented as [ ]; this
represents the empty feature structure. If an AVM has at least one row consisting of a feature name and its
value, then there is a path of length 1 corresponding to each occurrence of a feature name in each row. Given
a path of length i, if the last member of that path takes a nonempty feature structure as value, then that path
forms a new path of length i +1 by taking each one of the features in that feature structure as its member.

For illustration, consider the following AVM which represents the same feature structure as is represented by
the graph notation (6).
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(8) Example of an AVM notation

ORTH ‘love’

SYNTAX [

POS verb
VALENCE transitive

|

This AVM has three paths: ORTH, SYNTAX.POS and SYNTAX.VALENCE.

444 XML

Like any o
occurrence

_-based notation

5 of which are marked by start- and end-tags which enclose the content of the element.(Eyvery

element may be regarded as a linearization of a tree with a single root node. Each node contains e

terminal te
named attri

(9) <wq

Th

is
in

The term “s
feature strd

representin
attribute. Tq
clause, the

To illustrate further the distinction, it should now be~considered how a feature structure in AVM may

representeq

(10) R4

|

ORTH
POS

butes (or, more exactly, attribute-value pairs). For example:
rd class="noun">love</word>
is is the XML way of representing an occurrence of the element type.word, the content of whic

he string “love”. The word element is defined as having an attributé.¢alled “class”, whose valu
his case is the string “noun”.

ctures. In AVM, feature structures are represented in~a square bracket form, with each
j an attribute-value pair. In this usage, an attribute_does not correspond necessarily to an

term “attribute” will be used only in its technical XML sense.

in XML. Consider the following AVM that ' represents a non-typed feature structure:

presentation of a feature structure(in‘/AVM

|

love
houn

This featurg structure consists)of two feature specifications: one combines the feature ORTH with the s

value “love’

NOTE

not indicate
range of pos
based gram
characters d
particular lan

1

and the other-combines the feature POS with the string value “noun”.

[his representation says nothing about the range of possible values for the two features: in particular, it
hat thesrange of possible values for the ORTH feature is not constrained, whereas (at least in principle
Siblesvalues for the POS feature is likely to be constrained to one of a small set of valid codes. In a const
of a finite numb

guage.

her formalism, XML has its own terminology. An XML document consists of typed eleme

t or other element nodes. Elements have a specific type. Element occurrences_can also @

ttribute” is thus used in a way which potentially clashes with its traditional usage in discussion

avoid this potential source of confusion, the readetshould be aware that in the remainder of]

nts,

ML
ther
arry

D

s of
row
ML
this

be

ring

loes
the
aint-
br of
pach

In the XML representation proposed here, a feature structure is represented by means of an XML element fs,
and a feature-value specification by means of an XML element f;

(11) <fs>
<f> .. .</f>
<f> ..</f>

</fs>
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This is a more generic approach than another, equally plausible, representation, in which each feature
specification might be represented by a specifically-named element:

(12) <fs>
<orth>...</orth>
<pos>...</pos>

</fs>

Using this more generic approach means that systems can be developed which are independent of the
particular feature set, at the expense of slightly complicating the representation in any particular case. By
representing the specification of a feature as an f element, rather than regarding each specific feature as a

diffe

A feature specification, as has been seen, has two components: a name, and a value: ‘Agair

Sev
cou

The
lang
thot

Fing
but
strir
In t
valy

Ond

rent element type, the overall processing model is simplified considerably.

bral equally valid ways of representing this combination in XML. Any of the following_three, f
d be chosen:

(13)
a) <fname="pos" value="noun"/>;
b) <fname="pos">
<value>noun</value>
</f>;
c) <f>
<name>pos</name>
<value>noun</value>
</f>.
fact that all three of these are possible arises from a redundancy introduced in the design
uage largely for historical rgasons. The present recommendation is to use a formulation lik
gh c) may be preferable en\the grounds of its greater simplicity.
lly, the representation-of the value part of a feature specification is discussed. A name is sim
B value in the system“discussed here may be of many different types: it might for example be
g, one of a predefined set of codes, a Boolean value, or a reference to another (nested) featu
he interests ofgreater expressivity, the present system proposes to distinguish amongst thg

e in the XML representation itself.

e more;-there are a number of more or less equivalent ways of doing this. For example:

, there are
br example,

of the XML
e b) above,

bly a name,
an arbitrary
e structure.
se kinds of

14
\ 7

a) <fs>
<f name="orth">
<value type="string">love</value></f>
<f name="pos">
<value type="symbol">noun</value></f>

</fs>;
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b) <fs>

</fs

<f name="orth"><string>love</string></f>

<f name="pos"><symbol value="noun"/></f>

>,

The number of possible different value types is comparatively small, and the advantages of handling values
generically rather than specifically seem less persuasive. The approach currently taken is therefore to define
different element types for the different kinds of value (for example, string to enclose a string, symbol to

denote a s

Representi
following is

(15) F¢

<fs>
<f

<f

Despite the
each is ide
by <f> tag

jmbol, binary to denote a binary value, fs to denote a nested feature structure).

g feature structures in XML notation is thus possible and rather straightforward. For example
the XML representation for the feature structure given in (6) and (8) above.

ature structure in XML notation

name="orth"><string>love</string></f>
name="syntax">
<fs>
<f name="pos"><symbol value="verb"/></f>
<f name="valence"><symbol value="transitive"/></f>

</fs>

tical. For example, the arc labels 'in’graph notation like ORTH and SYNTAX are now represe
with appropriate names. Furthermore, the XML representation can be processed by gen

purpose so?tware tools and thus can be-converted automatically to a variety of other formats.

NOTE A

4.5 Stru

A feature s
the structur
show that t
representeq

more detailed discussiomincluding ways to simplify the representation in (15) is provided in Clause 5.

cture sharing

ructure representation may need to represent shared components. For example, in represer
e of a noun phrase (‘la pomme") which includes a determiner (article) “la”, it may be desire

inthe graphic notation as follows:

apparent difference between the representations (6), (8) and (15), the information containe

the

d in
hted
eral

ting
d to

ne feature NUMBER is shared between the determiner and the noun. This sharing can be dirgctly

(16) Merging paths in graph notation

SPECIFIE

determiner

HEAD

where POS again stands for part of speech, ORTH for orthography and AGR for agreement feature.

10
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Here, the two SPECIFIER.AGR and HEAD.AGR paths merge on the node NUMBER, indicating that they
share one and the same feature structure as their value.

In AVM notation, structure sharing is represented by providing a boxed integer label at the point where
structures are shared, as in the following example:

(17) Structure sharing in AVM notation

POS determiner

SPECIFIER LRTH la
[AGR {NUMBER singularH

POS noun
HEAD | ORTH ‘pomme’
AGR

In 4 similar way, in the XML notation the element var is used to provide ,a_name for the sharjng point. It
supplies a label for the point which can then be referenced elsewhere in the structure, as in the following

example:
(18) Structure sharing in XML notation

<fs>
<f name="specifier">
<fs>
<f name="agr">
<vLabel name="n1">
<fs>
<f name="number"><symbol value="singular"/></f>
<[/fs>
</vLabel>
</f>
<f name="pos"><symbol value="determiner"/></f>
</fs>
</f>
<f name="head">
<fg>

<f'name="agr"><vLabel name="n1"/></f>

<f name="pos"><symbol value="noun"/></f>

</fs>
</f>

</fs>

© 1SO 2006 — All rights reserved 11
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Re-entrancy is symmetric and so there is no reason to distinguish amongst the various occurrences of a
shared node. In particular, this implies that a value may be attached to any or all occurrences of a shared
label:

(19) Specifying shared values

<fs>
<f name="specifier">
<fs>

<f name="agr"><vlLabel name="n1">

<fs>
<f name="number"><symbol value="singular"/></f>
</fs></vLabel></f>
f name="pos"><symbol value="determiner"/></f>
</{s>
</f>
<f name="head">
<fg>
4f name="agr"><vLabel name="n1">
<fs>
<f name="number"><symbol value="singular"/></f>
</fs></vLabel></f>
4f name="pos"><symbol value="noun"/></f>
</{s>
</f>
<[fs>

A particular]y significant case of structure sharing arises when the aim is to express that two features havq the
same valuel even though that value is not known or is underspecified.

4.6 Collections as complex feature values

4.6.1 Ovdrview

from bags and lists in that repetltlons of values do not count for the former but do count for the Iatter

Collections of any kind can be represented directly in both AVM and XML notations. There is however no
theoretical consensus on how they should be represented using graph notation.

4.6.2 Lists as feature values

A well-known example of a list-valued feature is the feature SUBCAT, which stands for subcategory in Head-
driven Phrase Structure Grammar. It is used to describe the kind of a grammatical subject and objects that a
verb expects (“subcategorizes for”). For example, to represent that the English verb form “gives”, as used in
structures like “John gives Mary a kiss”, expects a nominative noun phrase as the subject, a dative noun
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phrase as its indirect object and an accusative noun phrase as the direct object, and expects these elements
in this order, the feature SUBCAT is given the value:

(20) SUBCAT as a list-valued feature
POS houn POS noun POS houn
CASE nominative|’ |CASE dative| |CASE accusative

where the pair of angled brackets is used to represent a list as in set theory.

SUBCAT <

The]
whd

Whd
valy

AVM representation (20) can be represented in XML by the element vcoll which carries‘an3
se value is a list, as below.

(21) Representing the value of SUBCAT as a list

<fs>
<f name="subcat">
<vColl org="list">
<fg>
<f name="pos"><symbol value="noun"/></f>
<f name="case"><symbol value="nominative"/></f>
</fs>
<fg>
<f name="pos"><symbol value="noun"/><j/f>
<f name="case"><symbol value="dative"/></f>
</fs>
<fs>
<f name="pos"><symbol value="noun"/></f>
<f name="case"><symbol value="accusative"/></f>
</fs>
</ivColl>
</f>
</fs>

en treated_as~a feature value, a list may contain either atomic or complex values, as shown
es can also be represented recursively, as in this example:

(22).\Recursive representation

FIRST a
F FIRST b
REST
REST null
FIRST {A a}

® | cesr [ e b}}

REST null

© I1SO 2006 — All rights reserved
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or, equivalently in XML:
(23) Recursive representation of a list in XML

<fs>
<f name="F">
<fs>
<f name="first"><symbol value="a"/></f>

<f name="rest">

Kfs>
<f name="first"><symbol value="b"/></f>
<f name="rest"><symbol value="null"/></f>
</fs>
<ff>
</f$>
</f>
<f ngme="G">
<fg>
<f name="first">
Kfs>
<f name="A"><symbol value="a"/></f>
</fs>
<f name="rest">
Kfs>
<f name="first">
<fs>
<f name="B"><symbol valug="b"/></f>
</fs>
<f name="rest"><symbolvalue="null"/></f>
K/fs>
<ff>
</f$>
</f>

</fs>

4.6.3 Setsf as)feature values

Features taking sets as their values are frequently used to represent grammatical features of languages like
Japanese, Korean or German, in which word order is free or semi-free. In such languages, the subject and the
verbal complements in a sentence have no fixed order.

NOTE There has been some controversy among linguists concerning the validity of presenting semi-free or free word
order as supporting evidence for the introduction of sets as feature values.

Hence, for these languages, the feature SUBCAT (subcategory) or COMPS (complements), as well as the

feature ARG_ST (argument structure) may be treated as taking a set, not a list of complements or arguments
as its value. For the German equivalent of “gives”, the verb form “gibt”, the following would hold:
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The AVM representation in (24) can be represented in XML in an equivalent manner.

(24) Set-valued features

ORTH ‘gibt’
POS verb
POS noun POS noun POS noun
SUBCAT . . , . , .
CASE nominative|’ | CASE dative|’ | CASE accusative

i

ISO 24610-1:2006(E)

Unli

4.6.

For|completeness, the possibility of multiset-valued features is included, although there are few

for

(25) Set-valued features in XML

<fs>

<f name="orth"><string>gibt</string></f>
<f name="pos"><symbol value="verb/></f>
<f name="subcat">
<vColl org="set">
<fs>
<f name="pos"><symbol value="noun"/></f>
<f name="case"><symbol value="nominative"/></f>
</fs>
<fs>
<f name="pos"><symbol value="noun"/></{>
<f name="case"><symbol value="dative"/></f>
</fs>
<fs>
<f name="pos"><symbol value="noun"/></f>
<f name="case"><symbol value="accusative"/></f>
</fs>
</vColl>
</f>

</fs>

ke lists, sets may’not be defined recursively.

Multisets as feature values

applications
is used for

dealing with wh-movement and other extraction-like phenomena, where the values of SLASH contain the

properties of the extracted gaps and these gaps can at times be identical.

For illustration, consider the following example:

(26) Coreferential pronouns

Johny=zis an idiot. But he4 thinks hesis smart.

The two occurrences of the pronouns above are coreferential. A multiset value might be used to represent this
coreference as follows:

© I1SO 2006 — All rights reserved
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(27) Coreferential multiset

{. [POS pronoun POS pronoun e}
PERSON 3rd PERSON 3rd
NUMBER singular |’ |NUMBER singular

GENDER masculine| |GENDER masculine

An XML representation equivalent to (27) would be:

(28) R nrasantina coreferential multicat in XM
QPreSeRHRgG-coreteroRtartthtSe At

<vCol|l org="multiset">
<fg>
<f hame="pos"><symbol value="pronoun"/></f>
<f hame="person"><symbol value="3rd"/></f>
<f hame="number"><symbol value="singular"/></f>
<f hame="gender"><symbol value="masculine"/></f>
</fsp
<fs>
<f hame="pos"><symbol value="pronoun"/></f>
<f hame="person"><symbol value="3rd"/></f>
<f pame="number"><symbol value="singular"/></f>
<f pame="gender"><symbol value="masculine"/></f>
</fs}
<ivCqll>

Unlike lists,|multisets cannot be defined recursively:
4.7 Typdd feature structure

471 Ovdrview

In many re¢ent grammar formalisis, the typed feature structure has become a major component of linguistic
description,

4.7.2 Types

Elements of a domain can be sorted into classes called types in a systematic way, based on the presenge of
common prppefti€s amongst them. Usually, one or other of the features of a non-typed feature structure|can

be identifiedl @s)a means of grouping commonly co-occurring features, which may thus be regarded as types.
Linguistic entifies such as phrase, word, part of Speech), noun, and verb which mig € treated as

features of a non-typed feature structure, could be taken as a type in a typed feature structure.

By typing it, it becomes possible to constrain the content of a feature structure. A feature structure of the type
“noun”, for instance, would not allow a feature like TENSE in it or a specification of its feature CASE with a
value such as feminine.

4.7.3 Notations

The typing of feature structures can easily be treated in our notations. A graph for a typed feature structure will
have the following form:
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(29) Typed feature structure in graph notation

FEATURE value,

valie,

FEATURE; values)
FEATURE32 values,
The| only difference between the typed graph (29) and the non-typed graph (5) is that eachof the two nodes
has|been assigned a type: one is of type0 and the other of type30.

Corfesponding to the non-typed AVM (8), here is a typed AVM:

(30) Typed feature structure in AVM notation

word_st
ORTH ‘love’

verb_st }

SYNTAX i
VALENCE ftransitive

Herg, the entire AVM is assigned the type word structure;(word_st), whereas the inner AVM is assigned the
typg verb structure (verb_st). Unlike the non-typed.(8), this typed AVM carries the additional piece of
infofmation that features ORTH and SYNTAX are of type word_st and the feature VALENCE is of fype verb_st.

NOTE Instead of the previous feature names like'word, noun and verb, new names like word_st, noun_st and verb_st
are yised as type names.

The] same information can be represented.in an XML notation, as below:

(31) Typed feature structure intXML notation

<fs type="word_st">
<f name="orth"><string>love</string></f>
<f name=!syntax">
<fstype="verb_st">
<f name="valence"><symbol value="transitive"/></f>
</fs>

</f>

(,/f55

The XML attribute type may be used to specify a type for the <fs> element, rather than simply specifying the
type as an embedded feature within the feature structure. Thus, in this example, the feature
<f name="pos”><sym value="verb”/></f> in the embedded feature structure <fs> has been replaced by the

typed feature structure <fs type="verb_st">.

The use of type may also increase the expressive power of a graph notation. On the typed graph notation, for
instance, multi-values can be represented as terminating nodes branching out of the node labelled with the
type (“set”, “multiset” or “list”). This node in turn is a terminating node of the arc labelled with a multi-valued
feature, say SLASH. Each arc branching out of the multi-valued node, say set, is then labelled with a feature
appropriate to the type.
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(32) Set-valued feature SLASH in graph notation

MEMBER
SLASH
— — —>sef
MEMBER]

NP

NP

Here, the features MEMBER1 and MEMBER2 should be considered appropriate for the type “set”.

4.8 Subsumption: relation on feature structures

4.8.1 Ovelrview

One impor
information
worlds or sf
of interest

subsumptio
more inforn

Some featu
case, is theg
the followin

(33)

" |

The feature

But the feafure structure b) says tnore than that, by providing the additional information that it is a finite v

Hence, a) ig

The technig
case, a) is s

ant aspect of the use of feature structures is their ability to capture and represent pa
No feature structure is expected to represent the totality of information describing all poss
ates of affairs. Instead, a feature structure analysis focuses on those particular- aspects which
br value in a particular situation, and captures only a subset of the possibilities. The notio
h is used to specify which of a group of feature structures relating to the same information ca
ation than the others.

re structures carry less information than others. The extreme case, perhaps the most unintereg
empty feature structure which carries no information at all. Fof,more interesting cases, cons
j two feature structures:

word_st
ORTH ‘loves’

word_st
ORTH ‘loves’

verb_st

SYNTAX .
[FO RM f/n/te}

structure a) says that the word is a string consisting of 5 letters, spelled as “loves”, and that ig
said to be less infermative than b).

al term “subsumption” is used to describe this relation amongst feature structures; in the ak
aid to subsume b).

4.8.2 Definition
Intuitively wumwm&uﬁmumw

rtial
ible
are
n of
ries

ting
ider

all.
erb.

ove

n or

equally as informative as B, thus subsuming all feature structures that are at least as informative as itself.
Since it carries no information, the empty feature structure, represented by the empty box [ ], subsumes not
only the feature structures (a) and (b), but also any other feature structures including itself. More strictly
speaking, the subsumption relation is a partial ordering over feature structures and is defined as follows.

NOTE

Carpenter (1992, p. 43)[7] claims that the subsumption relation is a preordering on the collection of feature

structures. It is transitive and reflexive, but not antisymmetric because it is possible to have two distinct feature structures
that mutually subsume each other. But these are alphabetic variants.

18
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— C. Ty :
same path in FS2 in the type ordering.
Each of the three conditions A, B, and C can be illustrated (see 4.8.3, 4.8.4 and 4.8.5).
4.8.3 Condition A on path values
(35) Example satisfying Condition A
verb_st C _verb_st |
agr-cat agr-cat
R )
NUMBER singular AGR | PERSON 3rd
NUMBER singular
TENSE t
gl presen 4
where verb_st again stands for verb structure, AGR for agreement, and agr-cat for agreement
There is only one path in A: <AGR.NUMBER>. This-path exists in B and their values are the same
NOTE The labels A and B in the lower left corner of each AVM are provided for convenience when

disc

Herlce, Condition A is satisfied. Condition B is inapplicable here, since there is no structure sharing

the
the

4.8.

ISO 24610

(34) Definition of subsumption

-1:2006(E)

Given two typed feature structures, FS1 and FS2, FS1 is said to subsume FS2, written as FS1

(angled subset relation symbol) FS2 if and only if the following conditions hold.

— A. Path values: Every path P which exists in FS1 with a value of type t also exists
a value which is either t or one of its subtypes.

in FS2 with

— B. Path equivalences: Every two paths which are shared in FS1 are also shared in FS2.

ission only; they do not form part of the feature structure being represented.

wo feature structures. Condition C is satisfied because every type assigned by A to a path is ig
ype assigned to the same.path in B. Hence, A subsumes B.

# Condition B onstructure sharing

(36) Case satisfying Condition B

syn-cat
ORTH ‘walks’

syn-cat

val-cat

HEAD

igned to the

category.

reading this

in either of
entical with

[verb_st

C
VALENCE |SPECIFIER <[1]NP >1
JJ [FORM |ir|i13J

val-cat
VALENCE | SPECIFIER <[1] NP >
COMPS < >

LbUI\/Il—’b
A[ARG—ST <[1I>

ARG-ST <[1]>

B
where syn-cat stands for syntactic category, val-cat valence category, COMPS co

mplements,

ORTH orthography or spelling, verb_st verb structure, NP noun phrase, and ARG-ST argument structure.

This example looks a little complicated. But one can easily check that the structure sharing tagged by [1|in A
also exists in B and the other two conditions are also satisfied. Hence, the subsumption relation holds here.
Consider the following pair of examples related to the structure sharing condition:

© I1SO 2006 — All rights reserved
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(37) Another case involving structure sharing

SYN

[word st

[syn-cat
noun_st
HEAD agr-cat
AG
PERSON 3rd

[val-cat

rnf)lln

|

M

wo

SYN

DL

where
AGR a

Here, C su

4.8.5 Con

This conditi
hierarchy. H

subsumptio

(38) C4

VALENCE
SPECIFIER < A agr -cat

PERSON 3rd

d_st
_syn—cat
noun_st

agr-cat
PERSON 3rd

HEAD
R

val-cat

VALENCE
AGR[1]

noun
SPECIFIER <|: :|>

!

vord_st stands for word structure, SYN syntax, syn-cat syntactic category, noun_st noun struciure,

jreement, agr-cat agreement category-and-val-cat valence category.

psumes D because it satisfies Condition A and C, while Condition B is not relevant. On the d
hand, D dog¢s not subsume C because Condition B applies here and is violated.

dition C on type ordering

pn applies only to typed feature structures under the assumption of some kind of type inheritg
ronouns, proper hiouns, and common nouns are subtypes of the supertype noun. Hence, all th
subtypes share some property, specifically that of being a noun. Thus, the following is a simple examp

n.

se involving type ordering

nou

) St 1= [hame st

ther

nce
ese
e of

ORTH ‘Mary’ ORTH: ‘Mary’

AGR
A

PERSON 3rd PERSON 3rd
r AGR: | NUMBER singular
GENDER feminine

NUMBER singula

where noun C name

Since the type noun_st of A is a supertype of the type “name” of B, A subsumes B. Furthermore, B has an

extra piece of information about gender. Hence, A properly subsumes B.

20
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4.9 Operations on feature structures and feature values

4.9.

1 Overview

-1:2006(E)

Two further operations may be defined over feature structures: unification and generalization. The former
augments the amount of information represented in one feature structure by combining it with another; by
contrast, the latter selects identical feature specifications and puts them into one general feature structure. In
addition to these operations on feature structures, operations may be defined over feature values or types.
Examples discussed in this section include the concatenation (symbolized by a circled plus) of list values and
the alternation of feature values and conjunctive types.

4.9.

P Compatibility

Some feature structures are compatible with some others, while there are conflicting,cases. Consider the

follg

NOT

The]
incd
and

Incd

(39)

a. [noun st
Al
b. [noun_st

AGR
Bl

c. [noun_st

AGR

CcL

a. [nodn_st
|:PERSON 3rd

FL

AGR [PERSON 3I'd]

|

[PERSON 3rd
GENDER masculine

NUMBER singular}

[NUMBER singular
GENDER feminine

wing three cases, represented in AVM notation.

E Type labels like syn-cat, val-cat and agr-cat are not very informative, so they will\be omitted from

feature structure A is said to_be compatible with B and also with C. But the feature structures
mpatible because their specification of the feature GENDER is conflicting: one has the valug
the other the value “masculine”.

mpatibility may also-arise when there is a type difference, as shown below:

(40) Incompatible feature structures

oW on.

B and C are
b “feminine”

b. [verb_st

{PERSON 3rd

FL

NUMBER singula

]

The feature structures E and F both have the same agreement feature specifications, but these two feature
structures are incompatible because they belong to two different types which are not in a subsumption relation.
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4.9.3 Unification

Compatible feature structures represent different aspects of information concerning a single entity. It is thus
often desirable to merge them together to provide a coherent view. This merging process is captured by the
operational process of unifying two compatible feature structures, FS1 and FS2, where the unification is
represented by angled U. Compatible feature structures can be unified together to form a more (or at least
equally) informative feature structure. The unification of two typed feature structures FS1 and FS2 is the most
informative typed feature structure which is subsumed by both FS1 and FS2, if it exists.

NOTE 1 Formally speaking, the unification of two incompatible feature structures results in inconsistency and may just
be represented with some inconsistency symbol like T without calling into the procedural aspect of its failure. With this
symbol, unififation may be treated as a total operation that always yields a result even with the inconsistency 1.

(41) Fgrmal definition of unification

The unification of two typed feature structures FS7 and FS2 is the least upper bound.ef FS7 angd
FS2 in the collection of typed feature structures ordered by subsumption.

It should bHe noted here that the type hierarchy is constructed with the most nonispecific or the Igast
informative [type at the bottom, which is represented as . .

NOTE 2 If the type hierarchy is depicted with the most general or non-specific type at\the top T, then the unificatipn of
two typed fepture structures FS1and FS2 needs to be defined as the greatest lower bound of FS7and FS2in the |type

hierarchy angi also needs to be represented as FS71FS2, as in Copestake (2002)[12].

The featurq structure E (=40a), for instance, can be unified with C_(=39c), yielding a slightly more enrighed
feature strupture D (=42).

(42) Unified feature structure

noyn_st

NUMBER singular
AGR | PERSON 3rd
GENDER masculine

D
As shown Here, unification normally adds information. However, identical features may also be unified without
adding any [further information. The~empty feature structure may be unified with every feature structure without
changing the content of the latternand is thus formally treated as the identity element of unification.
(43) Bgsic properties.of unification

—1 Unification adds information.

—1 Unification is idempotent: the unification of identical feature structures remains the same without
anything added.

— The empty structure is the identity element for unification: it adds nothing to the resulting feature
structure.

Unification may thus be considered an analogue of the set-theoretic union. Hence, they are usually
represented by the same angled U symbol.

4.9.4 Unification of shared structures

The operation of unification becomes complicated when shared structures are involved. Consider the following
example.
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(44) Unification involving re-entrancy

verb_st U | verb_st
AGR[1] AGR [PERSON 3rd}
noun_st}

SPECIFIER <
|:AGR

G

= {verb_st "

AGR m[DFRQﬁN ?rd}

SPECIFIER <
/

noun_st
AGR[]

Thel unification of feature structures G and H results in a feature structure /. This unification involves structure
shafing. Here, the AGR value of H in the first path is simply unified with the AGR,value of G occlirring in the

first|path which is tagged with [1]. The resulting feature structure / becomes of type verb_st.

On the assumption that the type verb_st is a subtype of the type agr-pos (agreement part of speech), consider
a slightly more complicated case:

(45) Case for pumping values to each other

verb_st LI |agr-pos
AGR AGR [PERSON 3rd}

houn_st
SPECIFIER < - noun_st
G AGR(1] SPECIFIER < _ >
AGR [NUMBER smgular}
J
= |verb_st
PERSON 3rd
AGR .
NUMBER singular

noun, st
SPECIFIER < J

AGRI]
K

As before, the twe occurrences of the path AGR in G and J are unified, yielding the first path as i K. Another
pair|of the two~occurrences of the path SPECIFIER.AGR are also unified. As a result, this path in K shares the
valye with the'path AGR as is marked with 1| and then its original value can be transferred to the place where

the ndex 1| first has occurred, namely in the path AGR.

4.10 Operations on feature values and types

4.10.1 Concatenation and union operations
A list as a feature value may be appended to another list by concatenation, symbolized by a circled plus. In

Head-driven Phrase Structure Grammar, the value of argument structure ARG_ST is treated as the
concatenation of the SPECIFIER and COMPS value lists.
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(46) Concatenated list

verb_st

SPECIFIER [4]
COMPS [B]

ARG_ST 4 &

VALENCE |:

Here, variable lists are tagged with boxed upper case Latin characters. Hence, the value of ARG_ST
(argument structure) should be understood as the concatenation of two lists.

The similar|operation of combining the members of two sets or multisets is known as union. These operatjons
are theoretifally possible, but are rarely used in linguistic description.

In the XML hotation, the vcoll element is used to represent both concatenation and union. Thus, Example |(46)
can be represented in XML as follows:

(47) Regpresenting a list of values in XML

<fs type="verb_st">
<f fame="valence">
<fs>

</f>
<f n

<\

A

<
</
</f>

</fs>

f name="specifier">
<var label="nA"></var>
K /f>

f name="comps">

<var label="nB"></var>
E/f>

fs>

ame="arg_st">

Coll org="list">

var label="nA"></var>
var label="nB"></var=
Coll>

4.10.2 Alt

rnation

Some features may take an alternative value.

NOTE Strictly speaking, this alternation differs from the Boolean disjunction, or the inclusive disjunction, often
represented by a wedge V. Disjunction results in truth if and only if one of its disjuncts is true. Alternation, however, allows
the choice of only one value. Hence, the mathematical characterization of feature structure as a function still remains valid.
The same is true with those cases in which features have collections like lists, sets or multisets as values, since they are
not allowed to have more than one multivalue as their values.

For example, the word “Sandy” can be either feminine or masculine, but not neuter. Hence, the value of its
gender can be specified with the vertical bar “|” as follows.
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(48) Alternative value

word
ORTH ‘Sandy’
GENDER feminine | masculine

Many cases that require an alternative feature value can be handled just by underspecifying or omitting
feature specifications. But in the above example, it is not possible. If there were only two possible values for
the gender in English, one could have just skipped specifying its value. But since there is a third value for
gender which needs to be excluded, namely “neuter”, one needs to specify the value as an alternative.

Alternation may be represented in the XML notation by means of the <vAlt> element:

(49) Representing alternative value in XML

<fs type="word">
<f name="orth">
<string>Sandy</string>
</f>
<f name="gender">
<vAlt>
<symbol value="feminine"></symbol>
<symbol value="masculine"></symbol>
</vAlt>
</f>
</fs>

Curly brackets “{ }" are sometimes used to_represent the alternation of feature values, especially ywhen it is in
the form of a full-blown feature structure;Jhe following is an abstract and yet simple example:

(50) Alternative feature structures as feature value

)

2

Herg the value of the feature B is specified with an alternative value, which consists of two feature structures.
Howevet, 'since curly brackets are also used to represent set feature values, their usage for alternation should
be qvoided to reduce the possibility of confusion.

4.10.3 Negation

Negation may be regarded as either truth-functional or as set-theoretic. In the former case, as in Boolean
bivalent logic, negation is a truth function that returns the opposite value to a value: it assigns truth to falsity
and vice versa. In set-theoretic terms, on the other hand, the negation of a value which is a member of some
set A is understood as being some value in the complement A’ of that value set.

In this part of ISO 24610, negation applies only to the value of a feature in a feature structure and is
understood in a set-theoretic sense. If the value of a feature is atomic, then its negation is a member of the
complement of the value set to which that value belongs. If the value set has only two members, then
negation returns whichever of the two was not given as its argument. For example, if the feature number is
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singular or plural, then the negation of singular is plural and the negation of plural singular. But suppose the
admissible value set of the feature “gender” has more than two values: masculine, feminine and neuter. Then,
the negation of the value “masculine” is one of the other two values in the complement set {feminine, neuter},
namely either feminine or neuter.

The value of a feature can, however, be complex. It can be a feature structure. In this case, the negation of a
feature structure, say F, which is the value of some feature, is any of the feature structures that are
incompatible with that feature structure F. Given a feature structure that has a single feature specification
FEATUREQO: valueO, then its negation is a set of feature structures, each of which contains at least one feature
specification, such that FEATUREOQ: —valueO.

gation of a complex feature value

This featurg structure carries the information about some noun that has an agreement feature specification

hat of a third person singular noun. Such a noun in English, for instance, does not have to und¢rgo
Verb agreement as in “Mia snores” opposed to the ill-formed, sentence “Mia snore”. Consider the

bre incompatible and (a) can“be considered to be a particular instance of the negation of the AGR

ay be represented’int XML notation by means of the <vNot> element, as in the following examgle:

<symbol value="third"></symbol></f>

<symbol value="singular"></symbol></f>

Here is an illustration:
(51) Ne¢
noun
AGR: | Person: thilrd
Number: singular
other than t
the Subject
following:
(52) Ingompatible feature structures
a. [nogn
AGR: Person: thl.rd
Number: singular
b. [nogn
[Person: first
AGR: Number: singular
These two
value of (b)
Negation m
(53) Representing negation in XML
<fs type="noun>
<f ngme="AGR">
<vhaot>
<fg>
<f name="Person">
<f name="Number">
<[/fs>
</vNot>
</f>
</fs>

26
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This representation is equivalent to the AVM representation (51) given above.

4.11 Informal semantics of feature structures

Semantically, a feature structure is a partial characterization of an object. It is a specification of a number of
properties, where a property is described by specifying the value of a feature. For instance, an object is
(partly) characterized as a plural noun by specifying that the feature POS has the value “noun” and the value
NUMBER has the value “plural”.

A common way to express this mathematically is by using the so-called lambda operator, which is a device for

defi

ninafunctions. For examnle the meanina of the feature structure
~J Ll 7 J

can

(54)
POS noun
NUMBER plural

|

be expressed using the lambda operator as:

(55) Ax : pos(x) = noun A number(x) = plural

Thel| part of the expression that follows the initial “Ax :” part is called thebody of the expression. Fofmally, such
an gxpression defines a function that is applicable to the kind of object that x stands for, and that delivers the
valye that is obtained by substituting a specific argument forthe’ variable x everywhere in the body and
evaluating the body.

Forlinstance, applied to the argument house, the expression Ax : pos(x)=noun A number(x)=pliral delivers
the Vvalue “false”, since pos(house)=noun but number(house)=singular, hence the conjunction is falge.

A fynction which has true and false as its values; like the function defined by (55), is, in fact, @ one-place

predlicate: if its application to an object yields(tsue, the object in question has the property expre

preq
con
exp
a w
exp
feat

Ger
of h

icate; if it yields false, it does not. The.Jambda expression (55) represents a complex predicat
oining the predicate of having part-of-speech noun with the predicate of having number plu
ressions are commonly used in mathematics, in formal logic, and in natural language semantic
ell-established model-theoretic interpretation; hence a translation of feature structures i
ressions can be used as a-Semantics of feature structures. For a formal account of the s
ure structures, see AnnexD:

ssed by the
e formed by
al. Lambda
5, and have
nto lambda
bmantics of

erally speaking, thesmeaning of a single feature specification [A: v] is the simple predicate (o
aving the value v/forthe feature A, and the meaning of a (more complex) feature structure is

ina

e feature~values. Example (56), involving alternation, negation and a set-valued feature, illu

be seen as an abbreviation of ((p v q) A—(pA q)).

[POS noun

(56) POS noun

NUMBER (singular|mass)
HDTR | GENDER —(inanimate)

PREPOBS {of, by}

where HDTR stands for head daughter and PREPOBS for prepositional objects.

© I1SO 2006 — All rights reserved

icate formed by conjoining the simple predicates corresponding to the feature specificationg
ihg into account-feature nestings and the negations, alternations, and collections of values tha

“property”)
he complex
in the FS,
may occur
trates this.

responding

predlcate contalns an excluswe or’, denoted by the symbol V. An excluswe or’ constructlon I|ke (pv Qq), can
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(57) Ax : pos(x)=noun A pos(hdtr(x))=noun A (number(hdtr(x))=singular v number(hdtr(x))=mass) A

— (gender(hdtr(x))=inanimate) A prepobs(hdtr(x))={"of ", “by”"}
A complication in describing the meaning of feature structures is formed by the phenomenon of re-entrancy.
Re-entrancy can take three different forms, differing in the amount of information in the values of the features
that share their values. Let a FS contain two features A and B that share their values. (The case of more than

two features sharing their values is an easy generalization of this.) The following cases may arise:

a) neither A nor B has a value specified;

b) Ahas Mo value specified; B has a value specified;
c) A and B both have a value specified.
The first cage is illustrated in its simplest possible form by (58):

]::[

This says that the features A and B have the same value, whatever that(yale may be (or may become later in
the course f a process in which the feature structure is involved). Hengce it corresponds to the predicate (59):

(59) Ax|: A(x) = B(x)
The second case corresponds in its simplest possible form tera feature structure like (60):

(60)

Again, the $tructure sharing means that'the features involved should have the same value, so the preditate
correspond|ng to the FS again centains the stipulation (59). Moreover, the FS also says that B has| the
value v; hence, altogether, this FS-eorresponds to the predicate (61):

(61) Ax|: A(x) = B(x) AB(X) = v

Note that, gince it isca\logical consequence of A(x)=B(x)and B(x)=v that A(x)=v, the latter condition does| not
need to be |ncluded-in’(61).

The case o
is, in fact, a

60),

one‘of the shared feature values being specified and the other unspecified, as illustrated by

(62)

A[1]v1
B[1]v2

If v1 and v2 in this FS are different atomic values, then the FS expresses an impossible situation and is
meaningless. But if v1 and v2 are complex values, then something meaningful may be expressed if these
values are compatible. This is in particular the case if v1 and v2 are feature structures that can be unified.
Other possible cases arise through the use of negation or alternation, since the use of these operators
corresponds to not really specifying a value of a feature, but specifying constraints on the values of the feature.
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instance, suppose v1 =a and v2 =a|b, where a and b are atomic values; in that case, the shared value is,

in fact, a. Similarly, if v1 =a and v2 =-b, the shared value is a.

Stru
Exa

cture sharing can of course be combined with the use of complex values. This is illustrated in
mple (63), where sharing occurs with a complex value that includes an alternation.

63
(63) Pos det

SPEC - .
AGR [GENDER (femlnlne|mascu||ne)}

"POS noun -‘
EAD

Her
cha
nou

5

5.1

Thig
Man
doc
of |
eled

5.2

The)

[H A LAGRM[NL”\ABER pIuraIH J

e SPEC stands for specifier and det stands for determiner. Semantically, this- feature structure
racterizes those phrases consisting of a determiner which has feminine or masculine gender and a plural
N, as expressed by the predicate (64):
(64) Ax : pos(spec(x)) = det

0 agr(spec(x)) = agr(head(x))

00 (gender(agr(spec(x))) = feminine O
(gender(agr(spec(x))) = masculine)

[0 pos(head(x)) = noun

[l number(agr(spec(x))) = plural

XML representation of feature structures

Overview

clause describes a standard for the representation of feature structures using XML, the| eXtensible
kup Language, which has_been officially recommended by the World Wide Web Consortiun] W3C as a
iment-processing standard for interchanging data especially over the Internet. XML is also an application
50 8879. It provides_a rich, well-defined and platform-independent markup language for all|varieties of
tronic document.

Organization

remainder of this clause is organized as follows.

nd features

Subclause 5.4 introduces elements for representing other kinds of atomic feature values such as
symbolic, numeric, and string values.

Subclause 5.5 introduces the notion of predefined libraries or groups of features or feature values along
with methods for referencing their components.

Subclause 5.6 introduces complex values, in particular feature structures as values, thus enabling feature
structures to be recursively defined.

Subclause 5.7 treats structure sharing in feature structures.
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sets, bags, and lists.

be represented.

5.11 discusses how analyses may be linked to other parts of an encoded text.

Formal definitions for all the elements introduced in this clause are provided in Annex A.

5.3 Elem
The fundan

<f> (fo

The <fs> el
may contai
value.

The value n

simple
value,

complg

Values may

in this and the following subclauses.

Feature an

directly at any point in an XML document;.or they may be collected together in special purpose featur

feature-vald
feature-vall

We begin G
The followin

(65)

<fs> (for feature structure), which represents a structure made up of such feature-value pairs.

entary feature structures and the binary feature value
ental elements used to represent a feature structure analysis are

feature), which represents a feature-value pair, and

ement has an optional type attribute which may be used to represent typed feature structures,
N any number of <f> elements. An <f> element has a required name attribute and an associ
nay be

that is, a single binary, numeric, symbolic (i.e. taken from a restricted set of legal values) or s
pr a collection of such values, organized in various ways, for example, as a list, or

X, that is, it may itself be a feature structure, thas providing a degree of recursion.

be underspecified or defaulted in variousiways. These possibilities are all described in more d

H feature-value representations (including feature structure representations) may be embed

e libraries. The componefts*of such libraries may then be referenced from other featur
e representations, using the feats or fVal attribute as appropriate.

y considering the_simple case of a feature structure which contains binary-valued features ¢
g three XML elemeénts are needed to represent such a feature structure:

st

<f’F represents a feature structure, that is, a collection of feature-value pairs organized g

ctaral unit. Specific attributes include:

Subclause 5.8 discusses other complex values, in particular values which are collections, organized as

Subclause 5.9 discusses how the operations of alternation, negation, and collection of feature values may

Subclause 5.10 discusses ways of representing underspecified, default, or uncertain values. Subclause

and
hted

ring

etail

ded

or

nly.

30

type specifies the type of the feature structure;

feats references the feature-value specifications making up this feature structure.

several different types. Specific attributes include:
name provides a name for the feature.

fVal references any element which can be used to represent the value of a feature.

<f> represents a feature value specification, that is, the association of a name with a value of any of
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— <binary> represents the value part of a feature-value specification which can contain either of
exactly two possible values.

— value supplies a binary value (true or false, plus or minus).

The attributes feats and fVal are not discussed in this subclause: they provide an alternative way of indicating
the content of an element, as further discussed in 5.6 Feature and feature-value libraries.

An <fs> element containing <f> elements with binary values can be straightforwardly used to encode the
matrices of feature-value specifications for phonetic segments, such as the following for the English segment

[s].

NOTE Adapted from Noam Chomsky and Morris Halle (1968, p. 415)[°1.

(66) _const?nantal +]
vocalic -
voiced -
anterior +
coronal +
continuant +
strident +

Thig representation may be encoded in XML as follows:
(67)

<fs type="phonological segments">
<f name="consonantal">
<binary value="true"/>
</f>
<f name="vocalic">
<binary value="false"/>
</f>
<f name="voiced">
<binary value="false"/>
</f>
<f name="anterior">
<binary.value="true"/>
</f>
<finame="coronal">

<binary value="true"/>

</f>

<f name="continuant">
<binary value="true"/>
</f>

<f name="strident">
<binary value="true"/>
</f>

</fs>
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Note that <fs> elements may have an optional type attribute to indicate the kind of feature structure in
question, whereas <f> elements need to have a name attribute to indicate the name of the feature. Feature
structures need not be typed, but features need to be named. Similarly, the <fs> element may be empty, but
the <f> element need to have (or reference) some content.

The restriction of specific features to specific types of values (e.g. the restriction of the feature “strident” to a
binary value) requires additional validation, as does any restriction on the features available within a feature
structure of a particular type (e.g. whether a feature structure of type phonological segment necessarily
contains a feature voiced. Such validation may be carried out at the document level, using special purpose
processing, at the schema level using additional validation rules, or at the declarative level, using an additional

mechanism

such as the feature system declaration to be treated in ISO 24610-2.

Although th
true and fal
assertions.

Formal dec

e term “binary” is used for this kind of value, and its representation in XML uses values (Suc
5e (or, equivalently, 1 and 0), it should be noted that such values are not restricted to propositi
As this example shows, this kind of value is intended for use with any binary-valued feature.

arations for the <fs>, <f> and <binary> elements are provided below in Annex A,

5.4 Other atomic feature values

Features m
used to rep
allows for

class.single
complex da

(68)

@y take other kinds of atomic value. In this subclause, more elemehnts*are defined which ma
resent: symbolic values, numeric values, and string values. The,module defined by this subclg
the specification of additional data types if necessary, by ‘extending the underlying G
. Value. If this is done, it is recommended that only the basic(W3C datatypes should be used; n
tatyping should be represented as feature structures.

N as
bnal

be
use
lass
hore

— <slymbol> represents the value part of a feature-yalle specification which contains one of a finite list

of

symbols. Specific attributes include:

value supplies the symbolic value fer_the feature, one of a finite list that may be specified
feature declaration.

— <nlumeric> represents the valuepart of a feature-value specification which contains a numeric v

or

range. Specific attributes inelude:

value supplies a lower bound for the numeric value represented, and also (if max is
supplied) its upper-bound;

max suppliessah upper bound for the numeric value represented;

trunc specifies whether the value represented should be truncated to give an integer value.

— <

ring>represents the value part of a feature-value specification which contains a string.

in a

alue

not

The <symbol> element is used for the value of a feature when that feature can have any of a small, finite set
of possible values, representable as character strings. For example, the following might be used to represent
the claim that the Latin noun form “mensas”(tables) has accusative case, feminine gender and plural number:

32

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=2c42cf555afb2783f440fb137c331172

ISO 24610-1:2006(E)

(69)

<fs>
<f name="case">
<symbol value="accusative"/>
</f>
<f name="gender">
<symbol value="feminine"/>

</f>

More formally, this representation shows a structure in which three features (¢as€, gender and 1
usefl to define morpho-syntactic properties of a word. Each of these features-can take one of a s

of

appfopriate to represent the values taken in this instance as <symbol> elements. Note that, instea

sym
an g

Wh

The
potd
the

<f name="number">
<symbol value="plural"/>
</f>

</fs>

alues (for example, case can be nominative, genitive, dative, accusative, etc.) and it

bolic value for grammatical number, one could have named the, feature “singular” or “plural”
ppropriate binary value, as in the following example:

(70)

<fs>

<f name="case">

<symbol value="accusative"/>

</f>

<f name="gender">

<symbol value="feminine"/>

</f>

<f name="singular">

<binary value="false"f>

</f>
</fs>
pther one us€s a binary or symbolic value in situations like this is largely a matter of taste.
<string=>2élement is used for the value of a feature when that value is a string drawn from a v

ntiallyunbounded set of possible strings of characters, so that it would be impractical or impos
<symbol> element. The string value is expressed as the content of the <string> element, rathe

umber) are
nall number
s therefore
d of using a
and given it

ery large or
sible to use
F than as an
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<fs>
<f name="address">
<string>3418 East Third Street</string>
</f>

</fs>
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The <numeric> element is used when the value of a feature is a numeric value, or a range of such values. For
example, one might wish to regard the house number and the street name as different features, using an
encoding like the following:

(72)

<fs>
<fn

ame="houseNumber">

<numeric value="3418"/>

</f>
<fn
<st

</f>

</fs>

If the nume

bme="streetName">
fing>East Third Street</string>

numbers), the max attribute may be used to supply an upper limit:

(73)

<fs>

<fn

hme="houseNumber">

<nymeric value="3418" max="3440"/>

</f>

<fn

hme="streetName">

<stfing>East Third Street</string>

</f>
</fs>

It is also po
For exampl

represent this by an encoding like the following:

(74)

<fs>

<fn

hme="dailyRainFall">

<nymeric value="0.0" max="1.3" trunc="false"/>

</f>
</fs>

This repres
(75)

<fs>

pnts any of the infinite number of numeric values falling between 0 and 1.3; by contrast

5sible to specify that the numeric value (or values) represented should (or should not) be trunc
b, assuming that the daily rainfall' in millimetres is a feature of interest for some address, one njight

fic value to be represented falls within a specific range (for example an address that spans seyeral

hted.

<f name="dailyRainFall">

<numeric value="0.0" max="1.3" trunc="true"/>

</f>

</fs>

represents only two possible values: 0 and 1.
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As noted above, additional processing is necessary to ensure that appropriate values are supplied for
particular features, for example to ensure that the feature “singular” is not given a value such as <symbol
value="feminine”/>. There are two ways of attempting to ensure that only certain combinations of feature
names and values are used.

First, if the total number of legal combinations is relatively small, one can predefine all of them in a
construct known as a feature library, and then reference the combination required using the feats

attribute in the enclosing <fs> element, rather than give it explicitly. This method is suitable in t

he situation

described above, since it requires specifying a total of only ten (5 + 3 + 2) combinations of features and

values.

The
MoS
use

5.5

As
Mor
ther
stru
spe
elen
the
librg
fVa

for fepresenting feature, and feature-valué.libraries:

For

Similarly, to ensure that only feature structures containing valid combinations of feature valug
one can put definitions for all valid feature structures inside a feature value library (so.cal
feature structure may be the value of a feature). A total of 30 feature structures (5 x 3)x2) is
enumerate all the possible combinations of individual case, gender and number values in th
illustration.

use of such libraries and their representation in XML are further discussediin 5.5 below. H

t general method of attempting to ensure that only legal combinations ef. feature names and
1 is to provide a feature system declaration to be discussed in ISO 24610-2.

Feature and feature-value libraries

he examples in the preceding subclause suggest, the direct‘encoding of feature structures can

s are used,
ed, since a
required to
b preceding

bwever, the
values are

be verbose.

eover, it is often the case that particular feature-value combinations, or feature structures c
n, are reused in different analyses. To reduce the size.and complexity of the task of enc

hents are assigned unique id values, and are gollected together in <fLib> elements (feature
same way, feature values of whatever type.can be collected together in <fvLib> elements (fg

attribute may be used to point to it, as discussed in the next subclause. The following elemen

(76)

<fLib> assembles alibrary of feature elements;

<fvLib> assembles a library of reusable feature value elements (including compl
structures).

example, suppose a feature library for phonological feature specifications is set up as follows.
(77)

<fLib n="phonological features">

bmposed of
ing feature

o}
ctures, one may use the feats attribute of the <fs> elément to point to one or more of the f%jature-value
Cifications for that element. This indirect method of encoding feature structures presumes that the <f>

ibraries). In
ature-value

ries). If a feature has as its value a feature structure or other value which is predefined in this way, the

ts are used

ete feature

<f xml:id="CNS1" name="consonantal">
<binary value="true"/>

</f>

<f xml:id="CNSQ" name="consonantal">
<binary value="false"/>

</f>

<f xml:id="VOC1" name="vocalic">
<binary value="true"/>

</f>
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<f xml:id="VOCO0" name="vocalic">

<binary value="false"/>

</f>

<f xml:id="VOI1" name="voiced">

<binary value="true"/>

</f>

<f xml:id="VOI0" name="voiced">

<binary value="false"/>

</f>

<bi

</f>

<bi

</f>

<bi

</f>

<f x]:]I:id="ANT1" name="anterior">

ary value="true"/>

<f x:l:ll:id="ANTO" name="anterior">

ary value="false"/>

<f xlnl:id="COR1" name="coronal">

ary value="true"/>

<f ¥ml:id="CORO" name="coronal">

<bimary value="false"/>

</f>

<bi

</f>

<f x:|:1I:id="CNT‘I " name="continuant">

ary value="true"/>

<f xIﬂ:id="CNT0" name="continuant">

<bimary value="false"/>

</f>

<f xml:id="STR1" name="strident">
<bi:|:lary value="true"/>

</f>

<f xml:id="STRQ™name="strident">
<bi:|:lary value='false"/>

</f>

<l-|.->

</fLib>

Then the feature structures that represent the analysis of the phonological segments (phonemes) /t/, /d/, /s/,
and /z/ may be defined as follows.

(78)

<fs feats="#CNS1 #VOCO #VOI0 #ANT1 #COR1 #CNTO #STRO0"/>
<fs feats="#CNS1 #VOCO #VOI1 #ANT1 #COR1 #CNTO #STRO0"/>
<fs feats="#CNS1 #VOCO #VOI0 #ANT1 #COR1 #CNT1 #STR1"/>
<fs feats="#CNS1 #VOCO #VOI1 #ANT1 #COR1 #CNT1 #STR1"/>
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The preceding are but four of the 128 logically possible fully specified phonological segments using the seven
binary features listed in the feature library. Presumably not all combinations of features correspond to
phonological segments (there are no strident vowels, for example). The legal combinations, however, can be
collected together, each one represented as an identifiable <fs> element within a feature-value library, as in
the following example:

Ond
refel

rath

Feature structures stored in this way may also be associated with the text which they are intended

eith

Not
iten
phe
app

represented using the <vLabel> element, as discussed in 5.7.

5.6

Feal
by ¢
an s

app
whi

To
com

(79)

<fvLib xml:id="fsI1" n="phonological segment definitions">
<l- .
<fs xml:id="D.DF" feats="#CNS1 #VOCO0 #VOI1 #ANT1 #COR1 #CNTO0 #STROQ"/>
<fs xml:id="S.DF" feats="#CNS1 #VOCO0 #VOI0 #ANT1 #COR1 #CNT1 #STR1"/>
<fs xml:id="Z.DF" feats="#CNS1 #VOCO0 #VOI1 #ANT1 #COR1 #CNT1 #STR1"/>
<l- .

</fvLib>

-—->

-->

e defined, these feature structure values can also be reused. Other <f>“elements may invog
rence, using the fVal attribute. For example, one might use them in a feature-value pair such a

(80)

<f name="dental-fricative" fVal="#T.DF"/>

er than expanding the hierarchy of the component phonological features explicitly.

br by a link from the text or by means of standoff annotation techniques (see 5.11).

b that when features or feature structures(are linked to in this way, the result is effectively a
linked to into the place from which itLis” linked. This form of linking should be distinguishg
nomenon of structure sharing, whereit is desired to indicate that some part of an annotati
bars simultaneously in two or mofe places within the structure. This kind of annotation

Feature structures as complex feature values

fures may have complex values as well as atomic ones; the simplest such complex value is
upplying an <fs>‘element as the content of an <f> element, or (equivalently) by supplying the
fs> element as‘the value for the fVal attribute on the <f> element. Structures may be nested 3
ropriate, using this mechanism. For example, an <fs> element may contain or point to an <
th may contain or point to an <fs> element, which may contain or point to an <f> element, and

llustrate the use of complex values, consider the following simple model of a word, as
bining surface form information, a syntactic category, and semantic information. Each word

ke them by

-

D.

to annotate,

copy of the
ed from the
bn structure
should be

fepresented
identifier of
s deeply as
f> element,
bO ON.

a structure
analysis is

represented as an <fs type="word > elementi, containing three Teatures named surface, syntax, and semantics.
The first of these has an atomic string value, but the other two have complex values, represented as nested

feat

ure structures of types “category” and “act” respectively:
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<fs type="word">

<f name="surface">

<string>love</string>

</f>

<f name="syntax">

<fs

type="category">

<f name="pos">

<gymbol value="verb"/>
</fp
<f hame="val">
<gymbol value="transitive"/>
</fp

</fg>

</f>

<f name="semantics">

<fs ftype="act">
<f pame="relation">
<gymbol value="LOVE"/>
</fp

</fg>

</f>

</fs>

This analydis does not tell us much about the.meaning of the symbols “verb” or “transitive”. It might be
preferable tp replace these atomic feature values by feature structures. Suppose therefore that a feature-value
library is maintained for each of the major syntactic categories (N, V, ADJ, PREP):

(82)

<fvLilp n="Major category definitions">
<l-].. >
<fs xml:id="N" type="houn">

<

-t noun features defined here -->
</fs}
<fs xmlid="V" type="verb">

<|-—verb features defined here —
</fs>
</fvLib>

This library allows us to use shortcut codes (N, V, etc.) to reference a complete definition for the
corresponding feature structure. Each definition may be explicitly contained within the <fs> element, as a
number of <f> elements. Alternatively, the relevant features may be referenced by their identifiers, supplied as
the value of the feats attribute, as in these examples:

38 © 1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=2c42cf555afb2783f440fb137c331172

ISO 24610-1:2006(E)

(83)

<l- ... >
<fs xml:id="ADJ" type="adjective" feats="#N1 #V1"/>
<fs xml:id="PREP" type="preposition" feats="#NO0 #V0"/>

<l- >

This ability to reuse feature definitions within multiple feature structure definitions is an essential simplification
in any realistic example. In this case, the existence of a feature library containing specifications for the basic
feature categories is assumed like the following:

(84

<fLib n="categorial features">

<f xml:id="N1" name="nominal">
<binary value="true"/>

</f>

<f xml:id="N0" name="nominal">
<binary value="false"/>

</f>

<f xml:id="V1" name="verbal">
<binary value="true"/>

</f>

<f xml:id="V0" name="verbal">
<binary value="false"/>

<[f><l-- ... --></fLib>

With these libraries in place, and assuming:the availability of similarly predefined feature stfuctures for
trangitivity and semantics, the preceding.example could be considerably simplified:

(85)

<fs type="word">
<f name="surf">
<string>love</string>
</f>
< f name="syntax">
<fs type="category">

<f name="pos" fVal="#V"/>
<f name="val" fVal="#TRNS"/>

TS

</f>
<f name="semantics">
<fs type="act">
<f name="rel" fVal="#LOVE"/>
</fs>
</f>
</fs>

Although in principle the fVal attribute could point to any kind of feature value, its use is not recommended for
simple atomic values.

© 1SO 2006 — All rights reserved 39


https://standardsiso.com/api/?name=2c42cf555afb2783f440fb137c331172

ISO 24610-1:2006(E)

5.7 Re-entrant feature structures
Sometimes the same feature value is required at multiple places within a feature structure, in particular where

the value is only partially specified at one or more places. The <vLabel> element is provided as a means of
labelling each such reentrancy point:

(86)

— <vlLabel> represents the value part of a feature-value specification which appears at more than one
point in a feature structure;

name supplies a name for the sharing point.

For examplg, suppose one wishes to represent noun-verb agreement as a single feature structure.)Within the
representatjon, the feature indicating (say) number appears more than once. To represent the fact that gach
occurrencelis another appearance of the same feature (rather than a copy), one could use an encoding|like
the following:

(87)

<fs xml:id="NVA">
<f name="nominal">
<fsp
<f pame="nm-num">
<ylLabel name="L1">
<gymbol value="singular"/>
</yLabel>
</fp<!-- other nominal features -->
</fg>
</f>
<f n@ame="verbal">
<fsp
<f pame="vb-num">
<yLabel name="L1"/>
</fp
</fg><!-- other verbal features -->
</f>
</fs>

In the abovg eheoding, the features named vb-num and nm-num exhibit structure sharing. Their values, gjven
as <vlLabelp elements. are understood to be references to the same point in the feature structure, whigh is
labelled by their name attribute.

The scope of the names used to label re-entrancy points is that of the outermost <fs> element in which they
appear. When a feature structure is imported from a feature value library, or referenced from elsewhere (for
example by using the fVal attribute), the names of any sharing points it may contain are implicitly prefixed by
the identifier used for the imported feature structure, to avoid name clashes. Thus, if some other feature
structure were to reference the <fs> element given in the example above, in this way:

(88)

<f name="class" fVal="#NVA"/>

then the labelled points in the example would be interpreted as if they had the name NVAL1.
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5.8 Collections as complex feature values
Complex feature values need not always be represented as feature structures. Multiple values may also be

organized as sets, bags (or multisets), or lists of atomic values of any type. The <vColl> element is provided to
represent such cases:

(89)

— <vColl> represents the value part of a feature-value specification which contains multiple values
organized as a set, bag, or list.

org indicates organization of given value or values as set, bag or list. Legal values are:

— set indicates that the given values are organized as a set;
— bag indicates that the given values are organized as a bag (multiset);
— list indicates that the given values are organized as a list.

A fdature whose value is regarded as a set, bag or list may have any positive number of values agits content,
or fone at all (thus allowing for representation of the empty set, bag orlist). The items in a list gre ordered,
and| need not be distinct. The items in a set are not ordered, and need-to be distinct. The items in a bag are
neither ordered nor distinct. Sets and bags are thus distinguished,'from lists in that the order in which the
valyes are specified does not matter for the former, but does matter for the latter, while sets are d|stinguished
fronp bags and lists in that repetitions of values do not count far.the former but do count for the lattgr.

If ng value is specified for the org attribute, the assumption is that the <vColl> defines a list of values. If the
<vQoll> element is empty, the assumption is that it represents the null list, set, or bag.

To |llustrate the use of the org attribute, suppose that a feature structure analysis is used to fepresent a
gengalogical tree, with the information about eagh individual treated as a single feature structure, like this:

(90)

<fs xml:id="p027" type="person’>
<f name="forenames">
<vColl>
<string>Daniel</string>
<string>Edouard</string>
</vColl>
</f>
<finame="mother" fVal="#p002"/>
<f name="father" fVal="#p009"/>
< name="birthDate™
<fs type="date" feats="#y1988 #m04 #d17"/>

</f>

<f name="birthPlace" fVal="#austintx"/>
<f name="siblings">
<vColl org="set">
<fs copyOf="#pnb005"/>
<fs copyOf="$prb001"/>
</vColl>
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</f>

</fs>

In this example, the <vColl> element is first used to supply a list of name feature values, which together
constitute the forenames feature. Other features are defined by reference to values which are assumed to be
held in some external feature value library (not shown here). For example, the <vColl> element is used a
second time to indicate that the person’s siblings should be regarded as constituting a set rather than a list.
Each sibling is represented by a feature structure. In this example, each feature structure is a copy of one

specified in the feature value library.

If a specific feature contains only a single feature structure as its value, the component features of which are

organized g5 a Set, bag or 1St {tmay be more convenient 1o represent the value as a Jveoll> rathertham ps a
<fs>. For gxample, consider the following encoding of the English verb form “sinks”, which containg an
agreement [feature whose value is a feature structure, which contains person and number feafures with

symbolic vdlues.

(91)

<fs type="word">
<f name="category">
<symbol value="verb"/>

</f>

<f name="tense">

<symbol value="present"/>

</f>

<f name="agreement">

<fsp

<f pame="person">
<gymbol value="third"/>

</fp

<f pame="number">

<gymbol value="singular"/>

</fp

</fg>

</f>

</fs>

If the namep of the features contained within the agreement feature structure are of no particular significahce,

the following simplerrepresentation may be used:

(92)

<fs type="word">
<f name="category">
<symbol value="verb"/>

</f>

<f name="tense">
<symbol value="present"/>

</f>

<f name="agreement">
<vColl org="set">
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The <vColl> element is also useful in cases where an analysis has several components. In the following
example, the French word “auxquels” has a two-part analysis, represented as a list of two values. The first
specifies that the word contains a preposition; the second, that it contains a masculine plural relative pronoun:

(93)

<fs>
<f name="word">
<symbol value="auxquels"/>
</f>
<f name="morpho-syntatic feature">
<vColl org="list">
<fs>
<f name="category">
<symbol value="preposition"/>
</f>
</fs>
<fs>
<f name="category">
<symbol value="pronoun"/>
</f>
<f name="kind">
<symbol value="relative'/>
</f>
<f name="number">
<symbol value="plural"/>
</f>
<f name="gender">
<symbol value="masculine"/>
<If>

</fs>

</vColl>

</f>

</fs>

The set, bag or list which has no members is known as the null (or empty) set, bag or list. A <vColl> element
with no content and with no value for its feats attribute is interpreted as referring to the null set, bag, or list,

depending on the value of its org attribute.

If, for example, the individual described by the feature structure with identifier #p027 in (90) had no siblings,

the “siblings” feature might be specified as follows.
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(94)

<f name="siblings">
<vColl org="set"/>
</f>
A <vColl> element may also collect together one or more other <vColl> elements, if, for example, one of the
members of a set is itself a set, or if two lists are concatenated together. Note that such collections pay no

attention to the contents of the nested <vColl> elements: if it is desired to produce the union of two sets, the
<vMerge> element discussed below should be used to make a new collection from the two sets.

5.9 Featyre value expressions

5.9.1 Overview

It is sometimes desirable to express the value of a feature as the result of an operation over'some other value
(for example, as “not green”, or as “male or female”, or as the concatenation of two colleétions). Three special
purpose elgments are provided to represent disjunctive alternation, negation, and collection of values:

(95)

— <VAIt> represents the value part of a feature-value specification which contains a set of values, pnly
ong of which can be valid;

— <v[Not> represents a feature value which is the negation of.its*content;

— <vMerge> represents a feature value which is thexresult of merging together the feature vajues
cohtained by its children, using the organization specified by the org attribute, which indicates| the
orgianization of the resulting merged values as sgef_bag or list.

5.9.2 Alternation

The <vAlt> element can be used wherever a feature value can appear. It contains two or more feature valjes,
any one of|which is to be understood as_the value required. Suppose, for example, that you are using a
feature sysfem to describe residential property, using such features as “number.of.bathrooms”. In a partiqular
case, you might wish to represent upcertainty as to whether a house has two or three bathrooms. As shpwn
above, one|simple way to represent this would be with a numeric maximum:

(96)

<f nafne="numberof-bathrooms">
<nuineric valye="2" max="3"/>

</f>

A better, andimore general, way would be to represent the alternation explicitly, in this way:

(97)

<f name="number.of.bathrooms™">
<vAlt>
<numeric value="2"/>
<numeric value="3"/>
</vAlt>
</f>

The <vAlt> element represents alternation over feature values, not feature-value pairs. If, therefore, the
uncertainty relates to two or more feature-value specifications, each needs to be represented as a feature
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structure, since a feature structure can always appear where a value is required. For example, suppose that it
is uncertain as to whether the house being described has two bathrooms or two bedrooms, a structure like the
following may be used:

(98)

<f name="rooms">
<vAlt>
<fs>
<f name="number.of.bathrooms">

Not
bath
a<

<numeric value="2"/>
</f>

</fs>

<fs>
<f name="number.of.bedrooms">
<numeric value="2"/>
</f>

</fs>

</VAlt>

</f>

b that alternation is always regarded as exclusive: in the’case above, the implication is that
rooms excludes the possibility of having two bedrooms and vice versa. If inclusive alternation
Coll> element may be included in the alternation as-follows:

(99)

<f name="rooms">

<vAlt>

<fs>
<f name="number.of .bathtooms">
<numeric value="2"[>
</f>

</fs>

<fs>
<f nam&="number.of.bedrooms">
<humeric value="2"/>

</f>

/’fo
<vColl>
<fs>
<f name="number.of.bathrooms">
<numeric value="2"/>
</f>
<[/fs>
<fs>

<f name="number.of.bedrooms">
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<numeric value="2"/>

</f>

</fs>
</vColl>
</VAIt>

</f>

This analysis indicates that the property may have two bathrooms, two bedrooms, or both two bathrooms and
two bedrooms.

As the prey|
features org
mentioned

ous example shows, the <vAlt> element can also be used to indicate alternations among valugs of
anized as sets, bags or lists. Suppose you use a feature “selling.points” to describe items:thaf are
0 enhance a property’s sales value, such as whether it has a pool or a good view. Now. suppose

for a particlilar listing, the selling points include an alarm system and a good view, and either.a pool pr a

jacuzzi (but
(100)

<fs

<f

A

<
</
</fg

Now suppo
alarm syste

(101)

<fs
<f]

A

type="real estate listing">
name="selling.points">

vColl org="set">

string>alarm system</string>
string>good view</string>
VAlt>

Kstring>pool</string>
Kstring>jacuzzi</string>
IVAIt>

vColl>

>

>

type="real estate listing">
name="selling.points">
vColl org="set">

VAIt>

cstring>alarm system</string>

not both). This situation could be represented, using the <vAlt> element, as follows.

se the situation is like the preceding except that one is also uncertain whether the property hag an
M or a good view. This can’be represented as follows.

<string>good view</string>
</vAlt>

<vAlt>
<string>pool</string>

<string>jacuzzi</string>
</VAIt>

</vColl>

</f>

</fs>
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If a large number of ambiguities or uncertainties need to be represented, involving a relatively small number of
features and values, it is recommended that a standoff technique, for example using the general purpose
<alt> element discussed in the TE/ Guidelines P5 901 be used, rather than the special purpose <vAlt>
element.

5.9.3 Negation

The <vNot> element can be used wherever a feature value can appear. It contains any feature value and
returns the complement of its contents. For example, the feature “number.of.bathrooms" in the following

example has any whole numeric value other than 2:

(102)

<f name="number.of.bathrooms™">
<vNot>
<numeric value="2"/>
</vNot>

</f>

Strigtly speaking, the effect of the <vNot> element is to provide the {complement of the featufe values it
confains, rather than their negation. If a feature system declaration is’available which defines the possible
valdes for the associated feature, then it is possible to say more‘about the negated value. For example,
suppose that the available values for the feature “case” are déclared to be nominative, genitiveg, dative, or
acclisative, whether in a TEI feature system declaration, 1SQ.24610-2 or by some other meang. Then the

folldqwing two specifications are equivalent:
(103)
a) <f name="case">

<vNot>
<symbol value="genitive"/>
</vNot>

</f>;

b) <f name="case">

<vAlt>
<symbol-valde="nominative"/>
<symbalvalue="dative"/>
<symbol value="accusative"/>
</VAIt>

</f> .

If, however, no such system declaration is available, all that one can say about a feature specified via
negation is that its value is something other than the negated value.

Negation is always applied to a feature value, rather than to a feature-value pair. The negation of an atomic
value is the set of all other values which are possible for the feature.

Any kind of value can be negated, including collections (represented by <vColl> elements) or feature
structures (represented by <fs> elements). The negation of any complex value is understood to be the set of
values which cannot be unified with it. Thus, for example, the negation of the feature structure F is understood
to be the set of feature structures which are not unifiable with F. In the absence of a constraint mechanism
such as the feature system declaration, the negation of a collection is anything that is not unifiable with it,
including collections of different types and atomic values. It will generally be more useful to require that the
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organization of the negated value be the same as that of the original value, for example that a negated set is
understood to mean the set which is a complement of the set, but such a requirement cannot be enforced in
the absence of a constraint mechanism.

5.9.4 Collection of values

The <vMerge> element can be used wherever a feature value can appear. It contains two or more feature
values, all of which are to be collected together. The organization of the resulting collection is specified by the
value of the org attribute, which need not necessarily be the same as that of its constituent values if these are
collections. For example, one can change a list to a set, or vice versa.

As an exaniple, suppose that one wishes to represent the range of possible values for a feature genders-ysed
to describe|some language. It would be natural to represent the possible values as a set, using the:<vQGoll>
element as|in the following example:

(104)

<fsp

<flname="genders">

A

vColl org="set">
4symbol value="masculine"/>
4symbol value="feminine"/>
<|vColl>
</f>
</fd>

Suppose however that it is discovered for some language;that it is necessary to add a new possible vglue,
and to treaf the value of the feature as a list rather thatvas a set. The <vMerge> element can be used to
achieve thig:

(105)

<fsp
<flname="genders">

A

VMerge org="list">

qvColl org="set">

<symbol value="mhasculine"/>
Ksymbol valué=“feminine"/>
q/vColl>
4symbol\value="neuter"/>
<|vMerge>

N

</fs>

5.10 Default values

The value of a feature may be underspecified in a number of different ways. It may be null, unknown, or
uncertain with respect to a range of known possibilities, as well as being defined as a negation or an
alternation. As previously noted, the specification of the range of known possibilities for a given feature is not
part of the current specification. In the TEI scheme or ISO 24610-2, this information is conveyed by the feature
system declaration. Using this, or some other system, might specify (for example) that the range of values for
an element includes symbols for masculine, feminine, and neuter, and that the default value is neuter. With
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such definitions available to us, it becomes possible to say that some feature takes the default value, or some
unspecified value from the list. The following element is provided for this purpose:

(106)
— <default> represents the value part of a feature-value specification which contains a defaulted value.
The value of an empty <f> element which also lacks an fVal attribute is understood to be the most general

case, i.e. any of the available values. Thus, assuming the feature system defined above, the following two
representations a) and b) are equivalent.

(107)

a) <f name="gender"/>
b) <f name="gender">
<vAlt>
<symbol value="feminine"/>
<symbol value="masculine"/>
<symbol value="neuter"/>
</vAlt>

</f>

If, hpwever, the value is explicitly stated to be the default onej using the <default> element, then the following
two[representations are equivalent:

(108)

<f name="gender">
<default/>
</f>
(109)

<f name="gender">
<symbol value="neuter"/>

</f>

Simijlarly, if the valueCis stated to be the negation of the default, then the following two representations are

equjvalent:

(110)

<f/hame="gender">
<vNot>
<default/>
</vNot>

</f>

(111)

<f name="gender">
<vAlt>
<symbol value="feminine"/>
<symbol value="masculine"/>
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</VAlt>

</f>
5.11 Linking text and analysis

Text elements can be linked with feature structures using any of the linking methods discussed elsewhere in
The TEI Guidelines. In the simplest case, the ana attribute may be used to point from any element to an
annotation of it, as in the following example:

(112)

<s p="00741">
<y ana="#at0">The</w>
<w ana="#ajs">closest</w>
<w ana="#pnp">he</w>
<y ana="#vvd">came</w>
<W ana="#prp">to</w>
<w ana="#nn1">exercise</w>
<w ana="#vbd">was</w>
<w ana="#to0">to</w>
<w ana="#vvi">open</w>
<w ana="#crd">one</w>
<w ana="#nn1">eye</w>
<phr ana="#av0">

A

v>every</w>

A

v>s0</w>

A

v>often</w>

</phr>

<d ana="#pun">,</c>

<W ana="#cjs">if</w>

<W ana="#pni">someone</w>
<w ana="#vvd">enteréds/w>
<w ana="#at0">the</w>

4w ana="#nn1">room</w>
ql-- ... >

</sp

The valueq specified for the ana attribute reference components of a feature structure library, which
represents all of the grammatical Structures used by this encoding Scheme. (For ustratve purposes, only the
structures needed for the first six words are cited.)

(113)

<fvLib xml:id="C6" n="Clause 6 POS Codes">
<l-..-->

<fs xml:id="ajs" feats="#w;j #ds"/>

<fs xml:id="at0" feats="#wl"/>

<fs xml:id="pnp" feats="#wr #rp"/>

<fs xml:id="vvd" feats="#wv #bv #fd"/>
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The components of each feature structure in the library are referenced in much the same way, using the feats
attribute to identify one or more <f> elements in the following feature library (again, only a few of the available
features are quoted here):

(114)

<fLib><!-- ... -->

<f xml:id="bv" name="verb-base">
<symbol value="main"/>

</f>

<f xml:id="bp" name="prep-base">
<symbol value="lexical"/>

</f>

<f xml:id="ds" name="degree">
<symbol value="superlative"/>
</f>

<f xml:id="fd" name="verb-form">
<symbol value="ed"/>

</f>

<f xml:id="ns" name="number">
<symbol value="singular"/>

</f>

<f xml:id="rp" name="pronoun-type">
<symbol value="personal"/>

</f>

<f xml:id="tc" name="heun-type">
<symbol value={'common"/>

</f>

<f xml:id=wj" name="class">
<symbel value="adjective"/>

</f>

<fxml:id="wl" name="class">
<symbol value="article"/>

</f>

<f xml:id="wn" name="class">
<symbol value="noun"/>

</f>

<f xml:id="wp" name="class">
<symbol value="preposition"/>
</f>

<f xml:id="wr" name="class">
<symbol value="pronoun"/>
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</f>

<f

xml:id="wv" name="class">

<symbol value="verb"/>

<[f><l-- .. >

</fLib>

Alternatively, a standoff technique may be used, as in the following example, where a <linkGrp> element is

used to link selected characters in the text “Caesar seized control” with their phonological representations.
(115)
<tekt><!-- ... -->
<body><!-- ... -->

</

<

—h

'\
<l--

f

<

s

A

<
<!
</
</tg

As this exa
identifier. T

<s xml:id="S1">

<w xml:id="S1W1">

<c xmlid="S1W1C1">C</c>ae<c xmlid="S1W1C2">s</c>ar</w>

<w xml:id="S1W2">

<c xmlid="S1W2C1">s</c>ei<c xml:id="S1W2C2">z</c>e<c xml:id='S1W2C3">d</c>
K/W>

<w xml:id="S1W3">con<c xml:id="S1W3C1">t</c>rol</w>.

/s><l-- .. >
body>
Lib xml:id="FSL1" n="phonological segment definitions">

as in previous example -->
VLib>

linkGrp type="phonology">

 (S—

<link targets="#S.DF #S1W3C1"/>
<link targets="#Z.DF #S1W-2C3"/>
<link targets="#S.DF #S1W2C1"/>

link targets="#Z.DF #S1W2C2"/>

- >

inkGrp>

xt>

mple_shows, a standoff solution requires that every component to be linked to shall bea
o handle the POS tagging example above, therefore, each annotated element would need

identifier of

some sort, as follows:

52
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(116)

<s xml:id="mds09" n="00741">
<w xml:id="mds0901">The</w>
<w xml:id="mds0902">closest</w>
<w xml:id="mds0903">he</w>
<w xml:id="mds0904">came</w>
<w xml:id="mds0905">to</w>

<w xml:id="mds0906">exercise</w><!--  -->

</s>
It wpuld then be possible to link each word to its intended annotation in the feature library)quote
follgws:

(117)

<linkGrp type="POS-codes">

<l .. -->
<link targets="#mds0901 #at0"/>
<link targets="#mds0902 #ajs"/>
<link targets="#mds0903 #pnp"/>
<link targets="#mds0904 #vvd"/>
<link targets="#mds0905 #prp"/>
<link targets="#mds0906 #nn1"/>
<link targets="#mds0907 #vbd"/>
<link targets="#mds0908 #to0"/>
<link targets="#mds0909 #vvi"/>
<link targets="#mds0910 #crd"/>

<l .. -->

</linkGrp>

d above, as
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Annex A
(informative)

Formal definitions and implementation of the XML representation

A.1 Ovelview

The elemer
be express
module, usi
element det

A.2 REL,

Module : iso
namespace g
# Schema ge

# Copyright 2
GNU Generg

option) any later version. This material is distributed in the hope that.it will be useful, but WITHOUT # ANY WARRAN

without even
General Pub
with this file;
USA.

# To contac
# Forg
# For 1
# For t
# For {
# 1. classes

# The followi

# Definitions

of feature structures

ts discussed in this chapter constitute a module of the TEI scheme which, like other médules,
bd using a variety of schema languages. This annex provides a formal definition for the w
hg the compact syntax defined for ISO 19757-2. This is followed by formal documentation for e
ined by the module, identical to that provided by The TEI Guidelines.

AX NG specification for the module

Hfs-standalone.rnc

"http://relaxng.org/ns/compatibility/annotations/1.0"
nerated 2005-09-29T14:00:12+02:00

005 TEI Consortium. This is free software; you can redistribute it and/or modify it under the terms of # thg
| Public License as published by the Free Software Foundation; either version 2 of the License, # or (aty

the implied warranty of MERCHANTABILITY or FITNESS FOR A # PARTICULAR PURPOSE. See the G
ic License for more details. You should have received’ a # copy of the GNU General Public License along
if not, write to the Free Software Foundation, Inc., # 59 Temple Place, Suite 330, Boston, MA 02111-130

the TEI Consortium use the following addresses.
eneral (non-technical) enquiries: tei@tei-c.org
nembership enquiries: membership@tei-c.org
echnical engiries: editors@tei-c-org

he current release of the(TEl' schema visit http://www.tei-c.org/release/xml/tei/schema/

hg declarations have been copied here from tei.rnc to make this module self-contained.

from module tei

may
hole
ach

ur
TY;
NU

# 1. classes

tei.global = n

otAllowed

tei.linking |= tei.global

tei.analysis |= tei.global

tei.global.attr

ibutes =

tei.global.attribute.xmlid,

tei.global.attribute.n,
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tei.global.attribute.xmllang,
tei.global.attribute.rend,
tei.global.attribute.xmlbase
tei.global.attribute.xmlid =
## provides a unique identifier for the element bearing the attribute.
attribute xml:id { xsd:ID }?
tei.global.attribute.n =
## gives a number (or other label) for an element, which is not necessarily unique within the document.
attfibute n { text }?

tei.gjobal.attribute.xmllang =
## indicates the language of the element content using the codes from RFC 3066
attfibute xml:lang { tei.data.language }?

tei.gjobal.attribute.rend =
##[indicates how the element in question was rendered or presented in the source text.

attfibute rend { text }?

tei.gjobal.attribute.xmlbase =

## [provides a base URI reference with which applications can resolve relative URI references into absolute YRI ##
refgrences.

attfibute xml:base { tei.data.pointer }?

tei.f¢atureVal |= tei.complexVal
tei.s|ngleVal = notAllowed
tei.f¢atureVal |= tei.singleVal
tei.featureVal = notAllowed

etadata = notAllowed

ta.name = xsd:Name

ta.language = xsd:language
ta.numeric = xsd:double
ta.truthValue = xsd:boolean
ta.pointer = xsd:anyURI
ta.pointers-=(ist { tei.data.pointer+ }

ta.enumerated = xsd:token

#D tH=ve fraoranaadil H £
CrmraOTTSTTr O T ot orCTS0—TS

# 2. elements

binary =

## (binary value) represents the value part of a feature-value specification which can contain either of exactly ## two
possible values.

element binary { binary.content, binary.attributes }
binary.content = empty

binary.attributes =
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tei.global.attributes,

## supplies

attribute val

a binary value.

ue { tei.data.truthValue },

[ a:defaultValue = "binary" ] attribute TEIform { text }?

tei.singleVal

\default =

|= binary

## (Default feature value) represents the value part of a feature-value specification which contains a defaulted ## value.

element de
default.conts
default.attrib
tei.global.at
[ a:defaultV|

tei.singleVal

f=

## (Featurd
different typ

element f {
f.content = tg
f.attributes =

tei.global.at

## provides

ault { default.content, default.attributes }
nt = empty

ites =

fributes,

blue = "default" ] attribute TEIform { text }?

= \default

) represents a feature value specification, that is, the association of a nate with a value of any of ## se
es.

.content, f.attributes }

i.featureVal*

fributes,

a name for the feature.

attribute name { tei.data.name },

## referenc

s any element which can be used to represent the value of a feature.

attribute fVal { tei.data.pointer }?,

[ a:defaultVplue = "f" ] attribute TEIform { text}?
fLib =
## (Featurg library) assembles(@-library of feature elements.
element fLib { fLib.content/fLib’attributes }
fLib.content F f+
fLib.attributes =
tei.global.attribttes,
[ a:defaultVetre=—fib~}-attributeFEHorm{text?
tei.metadata |= fLib

fs =

eral

## (Feature structure) represents a feature structure, that is, a collection of feature-value pairs organized as a
## structural unit.
element fs { fs.content, fs.attributes }

fs.content = f*

fs.attributes =

56 © I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=2c42cf555afb2783f440fb137c331172

tei
#it
att
#it

ISO 24610

.global.attributes,

specifies the type of the feature structure.
ribute type { tei.data.enumerated }?,

references the feature-value specifications making up this feature structure.

attribute feats { tei.data.pointers }?,

[a

:defaultValue = "fs" ] attribute TEIform { text }?

tei.complexVal |= fs

tei.metadata |=fs

fvLily =

#Hi

e

[

tei.metadata |= fvLib

numeric =

##

e

numeric.content = empty

numeric.attributes =

tei
#H

att
#t

attfibute trunc { tei.data.truth\Value }?,

[a

tei.s

\string =

#Hi

tei.global.attributes,

ement numeric { numeric.content, numeric.attributes }

Plobal.attributes,

att]ibute value { tei.data.numeric }, supplies an upper bound for the numeric value represented.

-1:2006(E)

a:defaultValue = "fvLib" ] attribute TEIform { text }?

(Numeric value) represents the value part of a feature-value'specification which contains a numeric value

supplies a lower bound for the numeric value represented, and also (if max is not supplied) its upper boun

ibute max { tei.data.numeric}?,

specifies whether the valte represented should be truncated to give an integer value.

defaultValue = "numeric" ] attribute TEIform { text }?

ngleVal |= numeric

(Feature-value library) assembles a library of reusable feature value elements (including complete featurg
striictures).

ement fvLib { fvLib.content, fvLib.attributes }
fvLih.content = (tei.featureVal)*

fvLily.attributes =

#H

or ## range.

d. ##

(String value) represents the value part of a feature-value specification which contains a string.

ele
strin
strin
tei.

[a:

ment string { string.content, string.attributes }
g.content = text

g.attributes =

global.attributes,

defaultValue = "string" ] attribute TEIform { text }?

tei.singleVal |= \string

symbol =
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## (Symbol
symbols.

ic value) represents the value part of a feature-value specification which contains one of a finite list of ##

element symbol { symbol.content, symbol.attributes }

symbol.content = empty

symbol.attrib
tei.global.at
## supplies
attribute val
[ a:defaultV,

tei.singleVal

VAt =

## (Value 4
one of whic|

element VA
vAlt.content
VAlt.attribute

tei.global.at

[ a:defaultV|

tei.singleVal

vColl =

## (collectig
organized a

element vC
vColl.conten
vColl.attribut
tei.global.at
## indicates
attribute org
## (indicat
"set" | ##

utes =
tributes,
the symbolic value for the feature, one of a finite list that may be specified in a feature declaration.

ue { tei.data.name },

L] " Horoa-Liond 12

O tCXT~

= symbol

ternation) represents the value part of a feature-value specification which contains a set-of values, ## onl
h can be valid.

t { vAlt.content, vAlt.attributes }
= tei.featureVal, tei.featureVal+
fributes,

blue = "VAIt" ] attribute TEIform { text }?

= vAlt

n of values) represents the value part of a feature-valte specification which contains multiple values ##
5 a set, bag, or list.

pll { vColl.content, vColl.attributes }

= (fs | tei.singleVal)*
pS =
fributes,

organization of given value‘or values as set, bag or list.
{
es that the given yvalGes are organized as a set. )
ndicates that the-given values are organized as a bag (multiset). )

f (indicates that the given values are organized as a list.)

"bag" | #
"list"

1?2,

[ a:defaultV

alue ="vColl" | attribute TEltorm { text ;7

tei.complexVal |= vColl

vLabel =

## (value label) represents the value part of a feature-value specification which appears at more than one point ## in a
feature structure

element vLabel { vLabel.content, vLabel.attributes }

vLabel.conte

nt = tei.featureVal?

vLabel.attributes =

tei.global.at
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## supplies a name for the sharing point.
attribute name { tei.data.name },
[ a:defaultValue = "vLabel" ] attribute TEIform { text }?

tei.singleVal |= vLabel

vMerge =

ISO 24610-1:2006(E)

## (Merged collection of values) represents a feature value which is the result of merging together the feature ## values

contained by its children, using the organization specified by the ORG attribute.

elepent-vMerge-riMierge-centent—viMerge-attrbutesd
vMefge.content = tei.featureVal+
vMefge.attributes =

tei

plobal.attributes,
## indicates the organization of the resulting merged values as set, bag or list.
attiibute org {

## (indicates that the resulting values are organized as a set.)
"get" | ## (indicates that the resulting values are organized as a bag (multiset)c)
'lbag" | ## (indicates that the resulting values are organized as a list.)
list"
1?,
[ adefaultValue = "vMerge" ] attribute TEIform { text }?

tei.cpmplexVal |= vMerge

vNot =

##|(Value negation) represents a feature value which is the negation of its content.

element vNot { vNot.content, vNot.attributes}
vNol.content = tei.featureVal
vNot.attributes =
tei
[ afdefaultValue = "vNot" Jattribute TEIform { text }?

Plobal.attributes,

tei.cpmplexVal |= vNot
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Annex B
(informative)

Examples for illustration

Consider the problem of specifying the grammatical case, gender and number features of classical Latin noun

forms. Assu

ming that the case “feature” can take on any of the six values “nominative”, “vocative”, “geniti

Ve”,

“dative”, “aq
“masculine’
then the fo
accusative

<fs types

<f nam

<f nam

<f nam
<[/fs>

An XML p4

particular, i

the presum

<l-- *PRE

<fs types

<f nam

<f nam

<f nam
</fs>

There are 1
used. First

llowing may be used to represent the claim that the Latin word “rosas” meaning “roses”
case, feminine gender and plural number.

b="case"> <symbol value="accusative"/> </f>
a)

a)
-

i 1] ol talalod: Y tle ot Ll ol 1174 4 3 oy | £ 4l Ll 1 “e H
LUSaAtive ariu auiative , Uiat uTc JTrTutTl 1TTatulic  LallT tIaRt UlT diTy UT UTC UITTT valutTos  TTTTTITT

., and “neuter” and that the number “feature” can take on either of the values “singular’ and-plu

"word structure">

="gender"> <symbol value="feminine"/> </f>
="number"> <symbol value="plural"/> </f>

rser by itself cannot determine that particular values do or do“not go with particular feature
cannot distinguish between the presumably legal encodings in the preceding two examples
Bbly illegal encoding in the following example.

SUMABLY ILLEGAL® ... -->

"word structure">

b="case"> <symbol value="feminine"/> </f>
p="gender"> <symbol value="accusative"/> x/f>
p="number"> <binary value="minus"/></f>

wo ways of attempting to ensure that only legal combinations of feature names and values
if the total number of legal*combinations is relatively small, one can simply list all of th

ne ,
ral”,
has

5; in
and

are
ose

combinations in <fLib> elements (together possibly with <fvLib> elements), and point to them using the feats

attribute in
requires sp

Further, to
legal featun
enumerate
illustration.
defined fea

the enclosing <fs> element. This method is suitable in the situation described above, sin
beifying a total of onlyten (5 + 3 + 2) combinations of features and values.

bnsure that the features are themselves combined legally into feature structures, one can put
e structuressinside <fsLib> elements. A total of 30 feature structures (5 x 3 x 2) is require
all the .Jegal combinations of individual case, gender and number values in the prece
Of caurse, the legality of the markup requires that the feats attributes actually point at leg
ures, wWhich an XML parser, by itself, cannot guarantee.

e it

the
d to
ding
pally

A more general method of attempting to ensure that only legal combinations of feature names and values are
used is to provide a feature system declaration that includes a <valRange> element for each feature one uses.
Here is a sample <valRange> element for the “case” feature described above. For further discussion of the
<valRange> element, see Annex A; the <vAlt> element is discussed in 5.9.2.

<l-- VALRANGE specification for CASE feature --> <valRange>

<vAlt>

<symb

ol value="nominative"/>

<symbol value="vocative"/>

<symb
<symb
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ol value="genitive"/>
ol value="dative"/>
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<symbol value="accusative"/>
<symbol value="ablative"/>
</VAlt>
</valRange>

Similarly, to ensure that only legal combinations of features are used as the content of feature structures, one
should provide <fsConstraint> elements for each of the types of feature structure one employs. Validation of
the feature structures used in a document based on the feature system declaration, however, requires that
there be an application program that can use the information contained in the feature system declaration.
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Annex C
(informative)

Type inheritance hierarchies

C.1 Overview

Types are
organized i
same role
oriented-prg
types, orde

and characfleristics from o. In this case, o subsumes or is more general than t: for o, 1 in \type, o subsumg

If o subsum

The standg
hierarchies
relation is
subsumptio
ISA links. A
follow the li

C.2 Definition

A type hiere

(118) H
Ur
Ng
Un
de
de
If the most

out upward
compatible

Ised organize feature structures into natural classes. It is convenient to think of them_as;'b
hto an inheritance hierarchy based on their generality; in this capacity, they performymuch
bs concepts in terminological knowledge representation systems or abstract datatypes” in ol

ed according to their specificity, where type t is more specific than type o if t inherits all prope
es 1, then o is also said to be a supertype of 1, or, inversely, t is a subtypge-of'G.

rd approach in knowledge representation systems, which is adopted” in the definition of

has been to define a finite number of ISA arcs which link subtypes)to supertypes, where the
inderstood to be a hyponymy relation, for example, “rose” is{a hyponym of “flower”. The
h relation is then defined as the transitive and reflexive closure’ of the relation determined by

standard restriction on the ISA links is that they shall not-be tyclic, i.e. it should not be possib
ks from a type back to itself. This restriction makes thesubsumption relation a partial order.

rchy forms a treelike finite structure. It shallthave the following properties.
roperties of type hierarchy
ique top: It shall be a single hierarchy containing all the types with a unique top type.
cycle: It shall have no cycles.
ique greatest lower)bounds: Any two compatible types shall have a unique highest com
scendant or subtype called greatest lower bound. Incompatible types share no com
scendants or stibtypes.
general type'is depicted not as the top, but as the bottom such that the hierarchical tree brang

like a<real tree with the root at the bottom, then this property shall be restated as: “Any
types ‘shall have a unique least upper bound.”

Bing
the
ject

gramming languages. The type inheritance hierarchy is defined by assuming a finite set type of

ties
BS T.

ype
ISA
full
the
e to

non
non

hes
two

Here is an
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Xampte of a type hierarchy depicting a part of the maturat wortd:
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