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Foreword

ISO (the International Organization for Standardization) and IEC (the
International Electrotechnical Commission) form the specialized sys-
tem for worldwide standardization. National bodies that are members
of 1ISO or IEC participate in the development of International Stan-
dards through technical committees established by the respective
organization to deal with particular fields of technical activity. ISO and
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Introduction

People interpret the meaning of a written sentence by the shapes of
the characters contained in it. For the characters themselves, people
consider the information content of a character inseparable from its
printed image. Information technology, in contrast, makes a distinc-
tion between the concepts of a character's meaning (the information
content) and its shape (the presentation image). Information technol-
ogy uses the term character (or coded character) for the information
content, and the term glyph for the presentation image. A conflict ex-
ists because people consider characters and glyphs equivalent.
Moreover, this conflict has led to misunderstanding and confusion.
This Technical Report provides a framework for relating characters
and glyphs to resolve the conflict because successful processing and
printing of character information on computers requires an under-
standing of the appropriate use of characters and glyphs.

Historically, ISO/IEC JTC 1/SC 2 has had responsibility for the devel-
opment of coded character set standards such as ISO/IEC 10646 for
the digital representation of letters, ideographs, digits, symbols, etc.
ISO/IEC JTC 1/SC 18 has had responsibility for the development of
standards for document processing, which presents the characters
coded by SC 2. SC 18 standards include the font standard, ISO/IEC
9541, and the glyph régistration 'standard,)ISO/IEC) 10036/ The Asso~
ciation for Font Information Interchange (AFII) maintains the 10036
glyph registry on behalf of ISO.

This Technical Report is written for areader,who,4sfamiliar with the
work of SC 2 and 1SC/18.Readers without.this, background should
first read Annex B, “Characters”;/and Annex-C,‘Glyphs”.

This edition of the Technical Report does not fully develop the com-
plex issues associated with the Chinese, Japanese, Korean, and
Vietnamese ideographic characters used in East Asia. In addition,
although it discusses the process of rendering digital character infor-
mation for display and printing, it avoids discussing the inverse proc-
ess of character recognition (that is, converting printed text into char-
acter information in the computer).

© ISO/IEC
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Information technology —

An operational model for characters and glyphs

1 Scope

The purpose of this Technical Report is to
provide a general framework for discussing
characters and glyphs. The framework is
applicable to a variety of coded character
sets and glyph-identification schemes. For
illustration, this Technical Report uses ex-
amples from characters coded in ISO/IEC
10646 and glyphs registered according to
ISO/IEC 10036.

This Technical Report

— differentiates between coded charac-
ters and registered glyphs

— identifies the domain of use of coded
characters and glyph.identifiers

— provides a conceptual framewaork fon
the formatting and presentation of
coded character data using glyph iden-
tifiers and glyph representations

This Technical Report describes idealized
principles that were not completely followed
in coding characters for ISO/IEC 10646 and
in registering glyphs according to ISO/IEC
10036. The fact that ISO/IEC 10646,
ISO/IEC 10036, and other standards do not
completely follow the principles in the model
does not invalidate the model and does not
diminish the utility of having the model.

2 References

ISO/IEC 9541-1: 1991, Information technol-
ogy — Font information interchange — Part
1: Architecture.

ISO/IEC 10036: 1996, Information technol-
ogy — Font information interchange — Pro-
cedures for registration of font-related iden-
tifiers.

ISO/IEC 10180: 1995, Information technol-
ogy — Processing languages — Standard
Page Description Language (SPDL).

ISO/IEC 10646-1: 1993, Information tech-
nology — Universal Multiple-Octet Coded
Character Set (UCS) — Part 1: Architecture
and Basic Multilingual Plane.

3 Definitions

For the purpose of this Technical Report,
the following definitions apply. The defini-
tions have been extracted from the ISO/IEC
9541-1: 1991 and ISO/IEC 10646-1: 1993
standards.

3.1 character: A member of a set of ele-
ments used for the organisation, control, or
representation of data. (ISO/IEC 10646-1:
1993)

3.2 codedicharacter set: A set of unam-
biguous rules that establishes a character
set @nd_the)relationship between the char-
acters of the set and their coded represen-
tation, (ISO/IEC 10646-1: 1993)

3.35ofontys A collection of glyph images
having the same basic design, e.g. Courier
Bold Oblique. (ISO/IEC 9541-1: 1991)

3.4 font resource: A collection of glyph
representations together with descriptive
and font metric information which are rele-
vant to the collection of glyph representa-
tions as a whole. (ISO/IEC 9541-1: 1991)

3.5 glyph: A recognizable abstract
graphic symbol which is independent of any
specific design. (ISO/IEC 9541-1: 1991)

3.6 glyph collection: An identified set of
glyphs. (ISO/IEC 9541-1: 1991)

3.7 glyph image: An image of a glyph, as
obtained from a glyph representation dis-
played on a presentation surface. (ISO/IEC
9541-1: 1991) [See the definition of graphic
symbol.]

3.8 glyph metrics: The set of information
in a glyph representation used for defining
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the dimensions and positioning of the glyph
shape. (ISO/IEC 9541-1: 1991)

3.9 glyph representation: The glyph
shape and glyph metrics associated with a
specific glyph in a font resource. (ISO/IEC
9541-1: 1991)

3.10 glyph shape: The set of information
in a glyph representation used for defining
the shape which represents the glyph.
(ISO/IEC 9541-1: 1991)

3.11 graphic character: A character, other
than a control function, that has a visual
representation normally handwritten,
printed, or displayed. (ISO/IEC 10646-1:
1993)

3.12 graphic symbol: The visual repre-
sentation of a graphic character or of a
composite sequence. (ISO/IEC 10646-1:
1993) [See the definition of glyph image.]

3.13 presentation [of'a- graphic ssymbol]:
The process of writing, printing,_or,. display-
ing a graphic symbol. (ISO/IEC 10646-1.
1993)

3.14 presentation form: In the presenta-
tion of some scripts, a form of a graphic
symbol representing a character that de-
pends on the position of the character rela-
tive to other characters. (ISO/IEC 10646-1.:
1993)

3.15 presentation surface: A virtual rep-
resentation of a presentation medium
(page, graphic display, etc.) maintained by
the presentation process, on which all glyph
shapes are to be imaged. (ISO/IEC 9541-1.:
1991)

3.16 repertoire: A specified set of charac-
ters that are represented in a coded charac-
ter set. (ISO/IEC 10646-1: 1993)

4 Character and glyph
distinctions

The character and glyph definitions in
clause 3, which were taken from ISO/IEC
10646 and ISO/IEC 9541, were developed

© ISO/IEC

independently and contain terminology that
requires explanation.

In information technology, characters are
abstract information elements in the domain
of coding for data representation and, in
particular, data interchange. Coded charac-
ter set standards assign numeric values,
character names, and representative (sam-
ple) images to each character contained in
a coded character set. Typically a character
is given a name, which also serves to dif-
ferentiate it from the other characters of the
coded character set. The precise semantics
and appearance of the information elements
in any given implementation are not defined
by those standards for coded character
sets. This apparent lack of definition is not
considered to be a defect in the standards.
Recognizing that the information may be
acted upon (deciphered, sorted, trans-
formed, formatted, archived, presented,
etc.) by many different application proc-
esses pduring yits ylifetime, standards for
coded character sets are defined as a basis
forfinformation interchange.

In. information technology, glyphs are ab-
stract presentation, elements in the domain
of  presentation processing. The ISO/IEC
10036 standard for glyph registration de-
fines the process for assigning glyph identi-
fiers, glyph descriptions, and representative
(sample) images to each glyph submitted
for registration. The precise usage and ap-
pearance of these presentation elements in
any implemented font resource is not de-
fined by those glyph registration activities.
As with the coded character set standards,
this apparent lack of definition is not con-
sidered to be a defect in the standards.
Glyph identifiers are unambiguously as-
signed as a basis for tagging presentation
elements in and among interchanged font
resources, recognizing that the font-specific
design information may vary from one font
resource to another.

Characters and glyphs are closely related,
with many attributes in common and yet
with distinctions that make it essential that
they be managed in information processing
as separate entities. The ISO/IEC 10646
standard recognizes the distinction between
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characters and their visual representation
by defining the term, graphic symbol. The
graphic symbol of SC 2 standards and the
glyph image of SC 18 standards represent
equivalent concepts. However, glyph and its
associated ISO/IEC 9541 terminology are
preferred when referring to presentation and
presentation processing.

The historical association of characters and
glyphs has resulted in character sets main-
taining distinctions that cannot be founded
on distinctions in meaning, but only on dis-
tinctions in shape. Similarly, the glyph regis-
tration authority and the SC 18 font re-
source model have made use of criteria
based on meaning to abstract potential dis-
tinctions in shape. In practice, ISO/IEC
10646 contains characters that appear to be
instances of glyphs, while the glyph registry
prescribed by ISO/IEC 10036 contains
glyphs that appear to be designated as ab-
stract characters. In both cases, the ideal
nature of characters :and, glyphs hassbeen
compromised to a degree. For example, in
ISO/IEC 10646-1, SC 2 coded the “fi"yglyph
into the character U+FBO1l LATIN SMALL
LIGATURE FI “8” for round-trip integrity, with
other standards.l) , (See. Annex B.,5. The
“round-trip rule”.) Also, the JTC 1 Registra:
tion Authority (AFIl) for ISO/IEC 10036
could have registered the same glyph iden-
tifier for the “A” glyph and used it for the
U+0041 LATIN CAPITAL LETTER A “A” charac-
ter, for the U+0391 GREEK CAPITAL LETTER
ALPHA “A” character, and the U+0410
CYRILLIC CAPITAL LETTER A “A” character.
However, AFIl instead registered three
glyph identifiers.

Within the realm of information technology,
an ideal characterization of characters and
glyphs and their relationship may be stated
as follows:

— A character conveys distinctions in
meaning or sounds. A character has no
intrinsic appearance.

ISO/IEC TR 15285: 1998 (E)

— A glyph conveys distinctions in form or
appearance. A glyph has no intrinsic
meaning.

— One or more characters may be de-
picted by no, one, or multiple glyph rep-
resentations (instances of an abstract
glyph) in a way that may depend on the
context.

5 Operational model
5.1 Character and glyph domains

Character information has two primary do-
mains as illustrated in Figure 1 on the next
page. The first pertains to the processing of
the content, that is, the meaning or phonetic
value of the character information. This is
depicted on the left side of the figure. The
second pertains to the presentation of the
content of the character information. This is
depicted on the right side of the figure.?
Eachhdomain places different requirements
on the representation of the character in-
farmationy For example, searching for char-
acter information in a database and sorting
records containing character information
entail;, different , requirements from those
found:<sinopresenting characters on paper.
The former processes are primarily con-
cerned with the content of data and have
little or no concern about the appearance
that the data may take.

On the other hand, a composition and lay-
out process has little concern for the con-
tent of data, but great concern about its
appearance. In general, processing of char-
acter information in the content domain is
independent of font resources, whereas
processing in the presentation domain is
strongly dependent on the font resource
used for the presentation of the character
information. However, processes that per-
form transformations from one domain to
the other are aware of both the content and
appearance of characters. For example, a
character recognition process converts im-

2) ISO/IEC 6429 also depicts ¢
ISO/IEC 6429, the data lay
ters, and the presentation Iz
to present the characters in t

1) This Technical Report describes a character in
terms of its 10646 code position (U+FB01), its
10646 name (LATIN SMALL LIGATURE FI), and illus-
trates it with a representative glyph in quotation
marks (“£").
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Figure 1 — Character and glyph domains

ages into coded characters. Also, a para-
graph-level hyphenation process is an ex-
ample of a layout process that requires con-
tent information.

It is not possible, in general; to.code datain
such a way as to optimize one process
without reducing the performangce :of lather
processes. Even within the content domain,
the nature of the character coding employed
for textual data affects/thetypeior:types.of
processing to be performed on thesdata;no
single coding can optimize more than a few
such potential processes. Given this situa-
tion, the best solution is to formulate an
independent, logical character coding that,
when necessary, can be transformed into
another coding more amenable to the proc-
essing required. For example, in the case of
searching, character data is often recast
into specific forms that facilitate quick
searches. For sorting, a specially created
sort key is required. In addition, because
ISO/IEC 10646 contains glyph-like charac-
ters, it is expected that implementations
may choose to canonicalize or normalize
such characters by translating them to nor-
mative characters. A presentation subsys-
tem that employs such a technique may
require that character data be normalized
prior to presentation.

The recognition that two separate domains
of processing are commonly applied to
character-based information leads to a con-
clusion that two primary forms of this infor-
mation are needed:

1. a content-oriented form that is amena-
ble.tol immediate content-based proc-
esses and that can be easily converted
tosand from other optimized forms

2. 1 5amn-appearance-oriented form that facili-
tates imaging of content

These are, respectively, the character-
based form and the glyph-based form. Fail-
ure to recognize this distinction between the
character domain and the glyph domain has
led to the development of inconsistent stan-
dards and inconsistent systems that lack
functional separation of the two domains.

5.2 Composition, layout, and
presentation

As depicted in Figure 2 on the next page,
the composition and layout process (for
glyph selection and positioning) spans both
processing domains. If attention is restricted
to the text portion of this process, the pres-
entation of character-based information
requires three primary operations:
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Figure 2 — Composition, layout, and presentation

— selecting the glyph y.representations
needed to display character data

— positioning the glyph shapes on the
presentation surface

— imaging the glyph shapes

Glyph selection is the process of selecting
(possibly through several iterations) the
most appropriate glyph identifier or combi-
nation of glyph identifiers to render a coded
character or composite sequence of coded
characters. Coded characters and their as-
sociated implicit or explicit formatting infor-
mation (for example, specification of the
font and its size) represent the primary in-
puts to composition and layout processing,
and glyph identifiers (or the associated
glyph metrics and glyph shapes) represent
the primary output from composition and
layout processing. The degree of glyph se-
lection sophistication varies widely among
existing standards and implementations.

The relationship between coded characters
and glyph identifiers may be one-to-one,
one-to-many, many-to-one, or many-to-

many;3)This isyparticularly true for ISO/IEC
10646 implementation level 3, which uses
combining; characters. In its fully general
form, the relationship is a context-sensitive
M-to-N, mapping where M >0, N>0. For
some- characters, .in. ISO/IEC 10646-1, for
example,oothe U+FEFF ZERO WIDTH NO-
BREAK SPACE character, no glyph (N=0) is
defined.

The SC 18 document-processing model
separates the glyph selection and layout
operations from the operation of imaging
the glyph shape to permit document inter-
change between the processes. Glyph se-
lection and positioning are part of the com-
position and layout process, whereas
imaging the glyph shape is part of the pres-
entation process. The result of composition
and layout is a final-form document, which
contains font identifiers, glyph identifiers,
and coordinate positions, along with either
references to font resources or the actual
font resources themselves. Such a docu-
ment form contains all the necessary infor-
mation required to present the formatted

3) The necessity for mapping characters to glyphs
(glyph selection), not its complexity, is one of the
motivations for developing this operational model
for characters and glyphs.
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document on some presentation medium.
An example of such a final form document
is an SPDL (ISO/IEC 10180) document
instance.

An important aspect of this document-
processing model is that it begins with
coded-character data as its input and pro-
duces either glyph-based data or directly
imaged glyph shapes as its output. That is,
it incorporates a transformation from a
coded-character representation of a docu-
ment’'s content to a glyph-based coding of a
document’s appearance. The latter may
only be visible to the internal mechanisms
of an operating system or a user-interface
subsystem in the case that the result is di-
rectly imaged for presentation. However,
even these systems frequently support
some form of output that contains the glyph-
based final form of the document.

6 Glyph selection

While some earlier formatting systems as-
sume a one-to-one correspandence ( be+
tween characters and glyphs, this is inade-
guate for many applications and scripts.
Many contemporary,compasition-and.layout
systems support more complex.iglyph4
selection processes that provide for the
representation of sequences of multiple
character codes by a single glyph or by the
use of sequences of glyphs to represent
certain characters. In general, glyph selec-
tion needs to be based on style information
and context as well as on the character data
itself. For example, consider the following:

—  When the U+0022 QUOTATION MARK “"”
character is encountered, a composi-
tion and layout process may need to
determine whether it begins or ends a
quotation and then choose either an
opening or closing quotation mark
glyph (““” or “»") as appropriate. In ad-
dition, the process may select glyphs
depending on the language of the text
being formatted (or the formatting style
specifications that apply to the content

© ISO/IEC

being formatted). For example, German
text could use the “,,” and ““” glyphs
for quotation marks; and French text,

the “«” and “»” glyphs.

When the U+002D HYPHEN-MINUS “-”
character is encountered, a composi-
tion and layout process may have to
determine if it is used in a mathematical
formula, as a separator between figures
(digits), as a separator between words,
or as a separator between syllables.
Depending on which context applies, it
will select a minus sign, a figure dash, a
guotation dash, or a hyphen dash (or
possibly a hyphen point) glyph to dis-
play the character.

NOTE: Because the ISO/IEC 10646 repertoire
includes the necessary characters, some appli-
cations resolve quotation marks and the hyphen-
minus illustrated in the previous two points by
converting to the appropriate 10646 characters
as they are input rather than selecting the ap-
propriate glyphs farjpresentation.

When ;a parenthesis or square bracket
character is encountered in a document
being formatted in vertical lines (for ex-
ample, with East Asian ideographs), a
composition and layout process may
need to choose a vertical variant glyph
form of the parenthesis or square
bracket. It may also perform a similar
selection for certain other characters
such as U+30FC KATAKANA-HIRAGANA

PROLONGED SOUND MARK “—", U+2014
EM DASH “—", U+2025 TWO DOT LEADER
“.., etc.

When an Arabic letter is encountered in
an Arabic, Farsi, Urdu, etc. document, if
the Arabic style being used to display
the text is of the Simplified Naskh type,
a composition and layout process may
have to choose an isolated, initial, me-
dial, or final glyph form for the given let-
ter according to its context in the
document. For example, glyphs for
U+0647 ARABIC LETTER HEH “° ” are
shown in Figure 3 on the next page.
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> a 4 4

Isolated Initial Medial Final

Figure 3 — Glyphs for ARABIC LETTER HEH

— In addition, Arabic typography makes
extensive use of ligatures. For exam-
ple, Figure 4 shows the isolated forms
of U+0627 ARABIC LETTER ALEF “I " and
U+0644 ARABIC LETTER LAM “i ", and
then the two ligature forms used when
Lam is followed by Alef.

Y M

Alef Lam Ligature Ligature
Lam-Alef Lam-Alef
Isolated Final

Figure 4 — Two example ligatures in an
Arabic font

— When a U+0930 DEVANAGARI LETTERRA
“I” is encountered/in. a.Hindi, Marathi,
Sanskrit, etc. document, a compaosition
and layout process may have to deter-
mine whether a subscript, superscript,
half (“eyelash”), or full form glyph is re-
quired according to context. If a sub-
script form is required, a composition
and layout process may have to choose
from one of a number of possible sub-
script forms depending on the glyph to
which it is to be attached. Figure 5
shows an example of this.

C —
T o O <
o o P
N
Full Super- Subscripts Half
script

Figure 5 — Glyphs for DEVANAGARI LETTER
RA

The process of glyph selection is some-
times implemented as a separate part of
composition and layout because many of
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the choices required to determine an ap-
propriate glyph are based solely on (1) the
context of a character within a document,
(2) the style specifications that apply to a
given character, or (3) a combination of the
context and style specification. All of the
choices required for the examples shown
above fall into one of these categories.
However, in general, glyph selection can
only be made as an integral part of the en-
tire composition and layout process. Con-
sider the following:

— When hyphenating a line of text during
composition, a composition and layout
process may insert a hyphen glyph
form at the end of a line if the line is
broken at a hyphenation point.

— If hyphenating a German text between
the letters “c” and “k”, a composition
and layout process may replace the “c”
with a “k”.

— If during'the-composition of a German
text,.the character sequence “ff " is en-
countered, a composition and layout
process may select two distinct (non-
ligated) glyph forms for U+0066 LATIN
SMALL LETTER F “f". However, if the po-
sition for a hyphen (a hyphen point)
should occur before the last “f”, that is,
at “ff-f”, then a composition and layout
process may select an ff ligature glyph
“ft”, followed by a hyphen (on the first
line), and begin the subsequent line
with a normal glyph for the third and
final “f”.

— A composition and layout process may
select small cap glyph forms for the first
line of a paragraph of Roman text.

— A composition and layout process may
select a swash glyph form for the first
and last character of each line of a
paragraph.

— A composition and layout process may
select one of a number of possible
variant glyph forms for certain Arabic
letters depending on whether more or
less space is available for composing a
line of Arabic text.
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— When justifying a line of Arabic text, a
composition and layout process may
start by selecting ligature glyph forms
that consume the smallest amount of
linear space in a line, and then sequen-
tially replace these ligatures with com-
ponent ligatures or component non-
ligature glyphs such that more linear
line space is consumed up to the re-
quired line measure. Alternatively, a
composition and layout process may
start justification by selecting no liga-
tures and then sequentially select liga-
tures that consume a smaller amount of
linear space until the desired line
measure is achieved or until an inter-
word space stretch threshold is
reached (that is, a point at which inter-
word spaces can be stretched to justify
the line to the desired measure).

In summary, the glyph-selection process is
primarily applicable to behavior occurring at
the end or beginning of individual \lines of
text, or within the context of justifying or
altering the measure of a givencline jduring
line composition. A system supporting the
capabilities illustrated in the preceding, ex-
amples must include glyphselection.as, an
integral part of the composition;and, layout
process.

7 Summary

Here are the primary points of this technical
report:

— Most people equate a character and its
shape.

— This causes difficulties and misunder-
standing because contemporary infor-
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mation technology distinguishes two re-
lated, but distinct, domains:

— The processing domain uses
coded characters to represent the
character’'s meaning.

— The presentation domain uses
glyph identifiers to represent the
character’s image.

Processes are available to convert be-
tween the two domains:

— Presentation processing takes the
coded-character data plus any
formatting data plus font informa-
tion to display and print character
data.

— A character recognition process
scans images, analyzes the
shapes, and outputs the coded
characters that correspond to the
shapes.

Depending on 'the script and the par-
ticular;font or fonts used, glyph selec-
tion can be straightforward or relatively
complex.

— _ It is straightforward when a one-to-
one correspondence exists be-
tween the set of coded characters
and the set of glyphs in a font.

— The process is more complex
when it must choose between sev-
eral alternatives; for example,
when a sequence of coded charac-
ters may be mapped into more
than one sequence of glyphs in a
font.
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