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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-govern
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resources,

ISO 24614
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Part 1:

Part 2:

Word segm

entat, in_fiaison with IS0, also take part In the Work. SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
Ask of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting..*Publication ag

| Standard requires approval by at least 75 % of the member bodies casting avote.

drawn to the possibility that some of the elements of this document may be the subject of pd
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 37, Termingology and other language and cor
Subcommittee SC 4, Language resource management.

consists of the following parts, under the general title, Language resource management — Y
bn of written texts:

Basic concepts and general principles
Word segmentation for Chinese, JapaneSe-and Korean

entation for other languages is to formthe subject of a future Part 3.
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Introduction

Word segmentation is the dividing of text into linguistic units that carry meaning. For example, “the white
house” can be divided into three meaningful units, “the,” “white,” and “house”, when it refers to a house that is
white; whereas “the White House” corresponds to only one meaningful unit when it refers to the residence of
the US President.

For|the purposes of ISO 24614, such meaningful linguistic units are called word segmentation
As gemonstrated in the previous example, a WSU can be comprised of more than one awvord. A WSU can
consist of a stem and affixes (e.g. “retwork+ing”). It can be a compound word (e.g. “blackboard’), a proper
nouh (e.g. “Cape Town”), an idiom (e.g. “It's raining cats and dogs”), or a multiword, expressior| (e.g. “take
carg of”). For languages that have spaces between words, such as English, segmeénting a text into WSU is
facilitated by using the spaces as a basis for establishing the boundaries of a;WSU, although additional
consgiderations need to be taken into account for handling abbreviations, punctuation and multi
megning, among others. For languages that do not have spaces betweén)words, such as
Japg@nese, or for languages that have spaces partially between words, such’/as Thai and Korean,
a tekt into WSU requires a different approach.

its (WSU).

Furthermore, word segmentation is complex for languages that afe characterized by extensive compounding,
such as Chinese, and for languages that are characterized by<{extensive agglutination, such ag Japanese,
Korg¢an and Hungarian. On the other hand, the fact that Japanese supports multiple scripts is bgneficial for
wor@l segmentation.

However, white space alone is not sufficient to segment a text. “Apple pie,” for example, is undgrstood as a
kind of pie made of apples, so “apple” and “pie” @re treated as two distinct WSUs. Alternativell, it can be
viewed as a single entity due to its collocational and idiomatic properties, and treated as a
Segmentation rules can differ between languages, even when applied to equivalent expr
disqussed in ISO 24614-2).

Elaborating standards for the rules“and methods for word segmentation can facilitate inngvation and
development in areas such as tlanguage learning and translation. It could improve langyage-related
technologies, including spell checking, grammar checking, dictionary lookup, terminology mpanagement,
translation memory, informationretrieval, information extraction and machine translation. For ipstance, by
failing to identify “kick the pucket” as a single WSU, translation memory and machine translation technologies
would produce a literal rathier than idiomatic translation.

Thig part of ISO 24614 is the first in a series of International Standards targeted at word segmentation in
writfen languagest It focuses on the basic concepts and general principles of word segmentation that apply to
languages in@eneral. The subsequent parts will, however, focus on the issues specific to particulaf languages.

© 1SO 2010 — All rights reserved \"
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Scope

part of 1SO 24614 presents the basic concepts and general principleslof word segmer
ides language-independent guidelines to enable written texts to be.segmented, in a 1

E1 In language-related research and industry, the word is a fundarhental and necessary concept. It i
bve a universal definition of what comprises a word for the purpases of segmenting a text into words
ly use rules based only on spaces and punctuation to delimit words, Such rules do not account for situa
enated compounds, abbreviations, idioms or word-like expressions that contain symbols or nun
hentation is even more problematic for languages that do not\lise spaces to separate words, such as
nese, and for agglutinative languages, where some functional word classes are realized as affixes, such

many applications and fields that need to segment texts into words — and thus to which
24614 can be applied — include the following:.

hslation

prmed by term extraction toels; which are sometimes provided in terminology management s
[ tools.

tent management
t content management systems and databases allow for searching by individual words. The cq

'ched has to he~segmented to permit matching with a search word. Furthermore, search funct
vledge of-the boundaries of words.

tation, and
eliable and

5 thus critical

One cannot
ions such as
nbers. Word
Chinese and
hs Korean.

this part of

a standard

ystems and

ntent being
ons require

a—and—th

fmentation for
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lexicon lookup, stress assignment, prosodic pattern assignment, etc.

Computational linguistics

Various natural language processing (NLP) systems must segment text into words in order to carry out their
functions. NLP systems include

morphosyntactic processors,
syntactic parsers,

spellcheckers,

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=8bb5bac03c60efb107929ff3388003a7

ISO 24614-1:2010(E)

— text classification systems, and

corpus

linguistics annotators.

Lexicography

Lexical resources are often evaluated by size, usually by referring to the number of words.

NOTE 2

The size of language resources is an essential benchmark for their management. Quantifying the size of

language resources is typically achieved by counting the words. However, because NLP applications use different
segmentation methods, each calculates the number of words differently and arrives at a different sum for the same text. A

reliable, repr
their own, af
into smaller g

pducible, standard measure would allow comparable results. This Is not to say that applications may no
plication-specific segmentation methods. For example, a speech synthesis application might segment-&
r larger units compared to another application.

2 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

21
abbreviatid
verbal desig

[ISO 1087-1

2.2
affix

n
nation formed by omitting words or letters from a longer form and’ designating the same conce

:2000]

bound moinpheme (2.5) which may be added to a stem (2.22) or a lexeme (2.14)

NOTE £
derivational ¢

23
agglutinati
process of

[1SO 24613

24

borrowing
process of
term exists

2.5

r they can be inflectional or agglutinative.

pn
oncatenating one or more affixes (2.2) to a stem (2.22)

2008]

vord formationyin/which a linguistic expression is adopted from another language, usually whe
for the newwbject or concept

bound monfpheme
morpheme|(2718) that appears only together with one or several other morphemes

use
text

Dt

ffixes can be classified into several sub-types such as prefix, suffix, infix and circumfix. Affixes cap be

N NO

[1ISO 24613

EXAMPLE 1

EXAMPLE 2

:2008]

Chinese: 1% means “great,” but cannot stand by itself as a word in text. Instead, it is used as a constituent
element of many words, such as X (“great”), /5 A (“giant”), and 4% (“majesty”).

Korean: the suffix “-e”, which is equivalent to the English preposition “to” — as in “hakkyo-e” (to school)
— is a bound morpheme.

© 1SO 2010 — All rights reserved
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2.6

ISO 24614

compound
word (2.23) built from two or more lexemes (2.14)

NOTE 1  Adapted from ISO 24613:2008, definition 3.10.

NOTE 2 A compound may be endocentric if it has a head (i.e. the fundamental part that contains the basi
the whole compound) and modifiers (which restrict this meaning), or exocentric if it does not have a head. A compound
can be long. There are two main sub-types of compound according to their degree of lexicalization: word compound and
phrasal compound.

2.7
co

worl
or w

[1Sq

2.8
der
cha
affix

[1SQ
2.9
free

mol

EXA

morpheme.

2.1(

homograph

eac
con

[1Sd

2.11

inflection

prog

NOT

-1:2010(E)

¢ meaning of

pounding
ith slight transformations

24613:2008]

vation
nge in the form of a word (2.23) to create a new word (2.23), usually‘by modifying the stem
ation

24613:2008]

morpheme
pheme (2.18) that can be used as a word (2.23) by.tself

” o«

MPLE Given the word “goodness,” “good” is @ free morpheme, whereas “-ness” is not. The latte

n of two or more word forms (2.24) or words (2.23) with identical spelling but representi
Cepts (semantic homography) er syntactic functions (syntactic homography)

1087-2:2000]

ess in which aword form (2.24) is made up by adding an affix (2.2) to a stem (2.22)

E Inflection is a grammatical rather than lexical process.

2.12

lemma
con[gm;d-taun.chasen_tg.:epnesem.am 214)

 formation in which a new word is formed by adjoining at least two lexemes (2.14), in their offiginal forms

2.22) or by

r is a bound

hg different

[ISO 24613:2008]

EXAMPLE

chosen as a lemma to represent the group of all these word forms.

213

lem

matization

process of determining the lemma (2.12) for a given word form (2.24) in a context

EXAMPLE Given the word “found” in English, lemmatization results in “find” as its lemma.

NOTE Adapted from ISO 1087-2:2000, definition 2.19 and ISO 30042:2008, definition 3.14.

© 1SO 2010 — All rights reserved
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214

lexeme

abstract unit generally associated with a set of forms sharing a common meaning
[1ISO 24613:2008]

NOTE 1 A lexeme may be a part of another lexeme, as a consequence of derivation and compounding.

NOTE 2  “Form”is defined in ISO 24613 as “sequence of morphs”.

215

Iexicalizati'E]n

process of making a linguistic unit function as a word

NOTE $uch a linguistic unit can be a single morph, e.g. “laugh,” a sequence of morphs, e.g. “applejpie” or even a
phrase, such|as “kick the bucket”, that forms an idiomatic phrase.

2.16

lexicon

list of entries mainly headed by lemmas (2.12) with associated information

217

morph

surface form represented by a unique morpheme (2.18)

EXAMPLE In English, the morphs of the plural morpheme “-s” include <:s”, “-en”, and “-NULL” (as in “boys”, “oxen”,
and “sheep”), where “~NULL” has no unique surface form. Thus, the word\*boys” consists of the two morphs, “boy”|and
“-s”, whereaq the morphemes corresponding to the morphs “ox” and “-en*are “ox” and “-s”, respectively.

218

morpheme

smallest un|t of meaning expressed by a sequence of phonemes or a sequence of graphemes

[ISO 24613}2008]

NOTE There are two sub-types of morphemes: free morphemes and bound morphemes.

219

multiword pxpression

MWE

lexeme (2.14) made up of @.sequence of lexemes that has properties that are not predictable from|the
properties df the individualdexemes or their normal mode of combination

[ISO 24613}2008]

NOTE A multiword expression can be a compound [a word compound or phrasal compound, an idiom, a fragment of
a sentence gr a sentence (e.g. a proverb or familiar quotation)]. It is not always possible to specify the part of speech for
the whole MVE-span

2.20
phrasal compound

word (2.23) consisting of two or more lexemes (2.14), the meaning of which is predictable from its constituent

elements

EXAMPLE “Apple pie” in English is a phrasal compound composed of two lexemes, “apple” and “pie”, whose

meanings are preserved in the meaning of the compound.

NOTE 1 Idioms use two or more lexical items, but do not compose a phrasal compound.

4 © 1SO 2010 — All rights reserved
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NOTE 2 A phrasal compound might be thought of as phrases by some linguists. In practice, however,
always a clear distinction between a word compound and a phrasal compound, or between a phrasal compound and a
phrase, due to the fuzziness of semantic predictability and the degree of lexicalization. Lexico-statistics — word frequency
in particular — will play an important role in this respect.

2.21
reduplication
process in which the entire word (2.23), or part of it, is repeated

2.22

stem

lingwi

afferted by an inflectional, agglutinative, compositional or derivational process

[1ISQ 24613:2008]

2.23

wo

lexeme (2.14) that has, as a minimal property, a part of speech

[1SO 24613:2008]

2.24

world form

morphosyntactical variant of a given word (2.23)

[1SO 1087-2:2000]

EXAMPLE In English, the strings “find”, “finds”, “found? and “finding” are word forms of the word “find”.
2.2

word segmentation

progess of splitting text into a sequence of word segmentation units (2.26)

2.2

word segmentation unit

ws

world form (2.24) or character string of some other type that is treated as a unit

NOTE A character stringthat is not a word form may consist of numeric characters, foreign characters
marks or some other miscellaneous characters such as Chinese radicals, chemical symbols, such as Hy0O, o
Latin and numeric characters, such as F16.

2.27

word structure

inte

nal structure of a word (2.23) resulting from the morphological analysis

there is not

hat may be

punctuation
a mixture of

NO

E ln_agalutinative lanauages such as Kaorean Japnanese and Turkish a word mav caonsist of g
Cid Camacane T ¥

sequence of

morphemes, with a comparatively high morpheme-per-word ratio, where each affix involved (both derivational and
inflectional) typically expresses a particular grammatical meaning in a clear, one-to-one way. The structure of a word in
these languages can be very sophisticated, with free morphemes and separate affixes as its constituent elements.

2.28
word compound
compound (2.6) whose overall meaning is not totally predictable from its constituent parts

EXAMPLE “Hotdog,” “ice-cream,” “blackboard”.

© 1SO 2010 — All rights reserved
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framework for word segmentation

ntial concepts related to word segmentation

The concepts described in this clause are critical to understanding the principles of word segmentation.

Figure 1 shows the relationship between the abstract entities of “morpheme” and “lexeme” and the concrete

entities of “morph,

word forms,” and “lexicon.” The concrete form of a morpheme is a morph. The concrete

form of a lexeme is a word form. A lexicon is mainly composed of lemmas, which are derived from word forms
via a process of lemmatization.

NOTE 1 )
These and o

erms such as “morpheme” and “word” have different meanings in the fields of linguistics and termino
her terms are used as described in Clause 2, according to their linguistic interpretation.

Realization
I::>

~

/” Concrete entities Y,

-

Morpheme P Morph E

Lexicon

Word forms

Lemmatization
Lexeme F

) Lomma =

Morphology
Morphology
on lexeme
language),
includes the

NOTE2 1
process of w

Inflectional

Figure 1 — Relation between abstract and concrete entities in constructing a lexicon

is the study of the meaningful units of language and how they can be combined to form wqg
can be divided into lexical morphology, which is primarily concerned with word formation b3
5, and either inflectional® morphology or agglutinative morphology (depending on the typ
which is primarilyscohcerned with word formation based on morphemes. Lexical morpho
processes of derivation, compounding, abbreviation, borrowing and reduplication.

he term “lexieal morphology” is used rather than “derivational morphology” since derivation is only
brd formation.

morphology or agglutinative morphology involves two different types of affixation as wel

reduplicatio

ogy.

rds.
sed
b of
ogy

one

as
S in

hReduplication may result in new word forms, which is why it is also considered a proces

lexical mor;

nology. For example, Alrikaans utllizes reauplication 10 emphasize the meaning of the repe

ted

word, such as “krap” which means “to scratch,” while “krap-krap-krap” means “to scratch vigorously.” For
agglutinative languages, where affixes are attached to stems, a particular set of morphological rules are
needed in order to perform word segmentation.

NOTE 3

See Figure

These rules are given in ISO 24614-2.

2.

© 1SO 2010 — All rights reserved
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Morphology

Lexical morphology

NS
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Inflectional/Agglutinative
morphology

/N\

Derivation ‘Compounding ‘ ‘ Abbreviation

Borrowing

Reduplication

Affixation
(Inflectional/ Aggluti

hative)

Mul
Con
deri
resi
how
app
conf
conf

app

Multiword
expression (MWE)

Figure 2 — The system of morphology in languages

iword expressions (MWE) include compounds, idioms, proverbs and familiar quotations. S¢
npounds include word compounds and phrasal compounds.€Fhe meaning of a word compoun
ved from the meaning of its individual parts. For example, “White House,” as in the US

lence, refers to a unique concept, not just a house that+is white. The meaning of a phrasal
ever, can be derived from the meaning of its individual parts. For example, “apple pie” is a

es. Although “blueberry pie” is similarly a pie made of blueberries, the former is considere
pound (see Introduction and the example of-2:20), and therefore comprises one WSU, b
bination of the words “apple pie” is frequent'and is even used in the idiomatic expression, “A
e pie”, whereas “blueberry pie” does not have those properties.

e Figure 3.
i cannot be
Presidential
compound,
pie made of
i a phrasal
ecause the
merican as

Compound

Idiom

Proverb

Familiar quotatign

/ \

Word Phrasal

compound compound
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WSUs consist of word forms and other character strings. The character strings include or are mixed with
numeric or foreign characters, punctuation marks or some other character strings such as radicals in Chinese
text or consonant or vowel characters in Korean text. For example, “Bravo!” contains the exclamation mark in
the word.

NOTE 4

WSUs contain bound morphemes in some cases such as, in Korean, nominal suffixes “-e” in “hakkyo-e”

(school-at) and “-ga” in “hakkyo-ga” (school-nominative) that are treated as belonging to a unique part of speech called
“josa” (auxiliary part of speech).

See Figure 4.
Word segmentation units (WSUs)
Nord forms Other character strings
Plunctuation Numeric strings | | Foreign character Miscellaneous
marks stfings strings

Figure 4 — Types of WSU

3.2 Resqurces that can facilitate word'segmentation

The procegs of word segmentation within a particular language domain can benefit from the follo
component$ and resources:

a)
b)
c)

d)

e)

a relevant lexicon;
an affiy list, including prefixes, suffixes, and infixes, if any;
a bound morphemelist, other than affixes;

specifigationifer the morphology of the language — to specify the output of word segmentation on
basis of Janguage-dependent phenomena, under the principles described in Clause 4;

ving

the

a representative corpus of a language.

In order to ensure compatibility in word segmentation of different texts (or of one text with different tools) and
to ensure that segmentation provides comparable numbers when applied to counting the tokens (see 3.3) of a
text document, the resources mentioned in a) to e) above must be described in detail with respect to their
contents.

3.3 Process of word segmentation

Figure 5 outlines the process of word segmentation.

© 1SO 2010 — All rights reserved
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Input text: primary raw data

Word segmentation L,  Structured WSUs

\—/h\
Information
Raw or
resources for
annotated ——»p
word
corpora .
segmentation
\‘/
Word Lexicon plus set
segmentation of specified
rules characters
\_// \/

Rigure 5 — Word segmentation process

Given primary raw data, the, téxt is segmented into characters and marked with location indexes,|and is then
segmented into appropriate’basic units according to ISO 24612. Raw and annotated corpora proyide a basis
for ¢gonstructing a lexicen, which contains word forms and possibly a list of bound morphemes and|characters.
A sét of word segmientation rules is also provided. The corpora, word segmentation rules and lexiqon together
congtitute the resources necessary for transforming the basic segmentation into a segmentation| comprising
WSUs.

© 1SO 2010 — All rights reserved 9
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An example in Chinese in graph format is shown in Figure 6.

At the basig
first charad

segmentatipn, the first output “A¥” (“white vegetable”) is identifiedras being a word, marked with a s

<0,2>, becqd
WOI'd n*uu (A
with an inte
and <4,5>,
independen

Word segm
sequence ¢
allowed. Gi
segments g
languages
Then, by r
can be tre
word. The 1
the whole s
“United Sta

4 Gene

h
ierring to a lexicon, a string of some of these segments, such as “the United States of Amer

Primary data: F 3ZFn%% K

Basic segmentation:

0 B 1 % 2 f 3 J5 4 @B 5
Word Qngmnnmﬁnn'

0 1 1 % 2 f1 3 4 4 B 5
Figure 6 — lllustration of basic segmentation and word segmentation

segmentation level, each character is marked as a span between two location indexes (e.g
ter “H” in Figure 6, marked with a span <0,1>). At .the" linguistic annotation level of

use the two characters cannot be considered independently. The second unit is a single-charg
and”). The third unit “¥&B3” (“pig meat”, “pork”) is a*phrasal compound, marked with a span <3
rnal structure which consists of two WSUs “¥&” (‘pig”) and “K3” (“meat”), marked with spans <

tly and can each contribute to the meaning:

entation applies to raw text. Word-.Segmentation results in the division of a given text in
f WSUs; a WSU can have an inner*segmentation structure when alternative segmentations
en a sentence “John left the United States of America” in a fragment of text, it can first be split
alled “tokens” on the basis of-some segmentation rules, here simply on the basis of spacing
at do not use spaces, such.as Chinese, different rules need to be used to perform tokenizat

ed as a single linguistic unit called a “word” or as an MWE, which is considered to be a typ
esults of the second:stage depend on the contents of the lexicon; some lexicons may not inc
tring “the United~States of America” as a lemma, but just “United States of America,” or even

es’.

ral principles of word segmentation

the
yord
pan
cter
9>,
B,4>

respectively. In the latter case there are w0 WSUs because the two characters can exist

0 a
are
into
(for
on).
ca”,
e of
ude

just

41 The

universal principle of morphology

A universal principle and basic foundation of ISO 24614 is that every language has words and smaller units
called “morphemes”.

10
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ISO 24614

4.2 Principles for validating a WSU

4.21 General

-1:2010(E)

Two sets of language-independent principles for validating word segmentation units are given: one from a
linguistic perspective and the other from a practical perspective. Language-specific exceptions are described
in the other parts of ISO 24614, which deal with specific languages. Different principles may apply in different
situations, even for identical strings of text.

4.2.2 Principles from a linguistic perspective

a)

b)

d)

4.2.

a)

b)

Principle of bound morpheme

If a bound morpheme is attached to a word, then the result is one WSU (e.g. “un” as abound
in “unhappy”).

Principle of lexical integrity
The application of syntactic rules does not consider the internal structure)of a word. If a wor|
satisfies this principle, then it is likely to be a single WSU. For examplg,/nothing can be insert
the second and third individual tokens in “the White House,” when referring to the US
residence, such as “the White clean House”, whereas one can say “the white clean house” wh
to any white house.

Principle of unpredictability of a word's meaning fromits subparts

If a word candidate has a property of semantic unpredictability, then it is a single WSU. For
“blackboard” is not necessarily black; many are green. Therefore, this word comprises one WS

Principle of idiomatic use

If a sequence of word forms is used idiomatically, then it is treated as a single WSU (e.g. “kick
used as an idiomatic expression).

Principle of non-productivity.

literally “white vegetable”, is an unproductive Chinese word, since the character meaning “w
be replaced by a character meaning any other colour; the resulting combination does not exis

B Principlesfrom a practical perspective

Principle.of frequency

morpheme

d candidate
ed between
Presidential
en referring

example, a
u.

the bucket”

If a word candidate is uriproductive in formation, then it is likely to be a single WSU. For example, “H3Z",

hite” cannot
in Chinese.

Freguency is a basic criterion for quantifying the degree of lexicalization of a word candida

Gestalt principle (from cognitive science)

e. A highly

Things are likely to be perceived as a whole. This principle gives evidence for including some phrasal
compounds as lemmas in the lexicon even though they appear on the surface to be separate items.

Principle of prototype members in categories (from cognitive linguistics)

According to the prototype theory regarding the mental lexicon, prototype members in cat

egories are

more salient than non-prototype members. They are more accurately remembered in short-term memory
and more easily retained and accessed in long-term memory by human beings. This principle provides a
rationale for including some phrasal compounds which can serve as prototypes in a productive word
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