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This document is intended to be a semi-formal digsen of the Graphite description file format know
as Graphite Description Language (GDL). As sucimtibduces concepts in, hopefully, a more natural
way than a formal description would require.

This document is also primarily concerned with eimguthat the language has adequate descriptive

power to describe all possible script behavioreré&fore the document will tend to concentrate @en th
more complex aspects of script description, thugemresenting the balance that you would find in a
typical description in which most behaviors aratigkly straightforward.

This document has been written assuming a basierstahding of fonts, characters, glyphs, and
rendering issues. Please refer to the Glossargatios 9 for a definition of terms.

Please send comments or questions to: graphitésilsbrg.

The Graphite system is designed to handle theviiolig kinds of complex rendering situations:

» shifting and kerning, where the position of a glypladjusted based on the presence of a
neighboring glyph

» ligature substitution, where one glyph is usedcfresent several underlying characters

» reordering typical of Indic scripts, where the ardéthe rendered glyphs is different from the
order of the corresponding underlying charactea dat

» stacking diacritics, using attachment points
» bidirectionality, as found in Hebrew and Arabic-bdsvriting systems
See the “Graphite Requirements” document for metails.

Graphite is intended to be used with Unicode dht,is, in situations where the underlying data
complies with the Unicode standard. Similarly, atfosed to render with Graphite should be Unicode-
based; that is, the character values in the famtiap should be Unicode codepoints. Although it is
possible to use Graphite with “hacked” or customhieacodings, this is not recommended.
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The basis of a rendering description is rules. Rale used for almost everything, and allow for
contextual attribute assignment, substitution, e rules are replacement-type rules in a format
familiar to those with experience in generative mlogy.

Our initial discussion will concentrate on subditin type rules. There are other types which wé wil
come to.

A typical substitution rule might be:

gLowercasel > gDotlessl / _ gTilde;

This rule says that an underlying lowercase | gligateplaced by a corresponding dotless | glyplthen
surface, when followed by a tilde glyph. More psety a glyph stream containing:

... gLowercasel gTilde ...

would be modified to contain:
... gDotlessl gTilde ...

The names used for the glyphs are identifiersdateassumed to have been defined to refer to platic
glyphs in a font. The particular mechanics of hbig ts done will be covered in a later section.

From the above example, we see that a rule cordithsee parts: thieft-hand sidetheright-hand

side and thecontext The left-hand side (dhs) consists of the particular glyphs in the underdyform
that are to be replaced. The right-hand sitie) @ives the glyphs that will replace the glyphsha Ihs.
Notice that there is a strict one to one correspand between the glyphs on the Ihs and on the rhs.
Following the/ is thecontextwhich describes the environment in which ltheis to be located and the
rhs will be output.

The various parts of the rules—Ihs, rhs and cortektould not be seen as strings, but as sequences of
glyphs. Thus, in the above rule we are sayingtti@plyphgLowercasel is being replaced by the
glyphgDotlessl  when followed by the glyphtilde . In the context, therefore, _ is used to represen
a single glyph corresponding to a glyph in thedhthe rule.

Specifying both the rhs and context provides tleagst clarity and self-description when describing
rules in terms of matching; however, it is posstblese a simpler format for rules which has no
context. For example, the above rule could have be#ten:

gLowercasel gTilde > gDotlessl gTilde;

This is not as clear since it does not highligletghyphs being changed. It is also weaker in rotahg
thegTilde to be re-matched in the same pass. But the rylessible and an optimizing compiler
(which we are not promising to develop) should dhe same results. This rule is strictly equivalestt
to the first rule but to

gLowercasel gTilde > gDotlessl gTilde / _ _

Notice the two _, one for each glyph on the left hand side of tie.nt is an error if there are a different
number of_ in the context as there are glyphs on the left- raght-hand sides.

The context of a rule can be as complex as ne@dwdhs does not have to refer to a contiguous
sequence of glyphs:

gLowercasel gTilde > gDotlessl gTilde / _ gLowerDia ;
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Notice that the two _ in the context corresponthtotwo glyphs in the rhs, and also to the two lagy/p
in the lhs.

Some rules do not perform substitutions at all,dnly setattributeson items in the glyph stream. In
such cases, the left-hand side (and the right drgleket) are omitted:

gCapA {kern.x = -KernPostV} / clsCapVW _;

The code inside the curly braces sets attributab®@oapital A glyph, kerning it towards the cabita
or W.KernPostV is defined elsewhere in the file as a glyph atitiéh a numeric constant for this glyph.

Rules without a lhs are used particularly in theithaning table, which will be discussed in moreaile
further on.

Semi-colons are required to terminate rules. Lm@&iouation is assumed if there is no semi-colon.
Other statements may use an optional semi-colomintator. (For the technically minded, semi-colons
are actually separators.)

Comments are preceded by two slashes.
a>b/ _c; /lthisis a comment

Note that comments do not require semi colons.

If every individual combination of glyphs that wemt to alter had to be spelled out with its owr rul
then the description would be impossibly long. éast a system of glyph classes is available. Osir fir
rule can be generalized to the following:

clsDotted > clsDotless / _ clsUpperDia;

This rule says that all dotted glyphis |, etc.) are replaced by their dotless counterpetntn followed
by an upper diacritic.

From this we see that classes are a bit like ark&y®n an element from a class is matched, itdiposi
in the class is remembered so that it can be usefdr to an element from a different class (which
must be the same size or bigger). This correspaadisrvery helpful to reduce the number of rules.

The use ofls to prefix the class name is purely a coding cotieanlt is used in this document to aid
in rule readability.

A more complex substitution rule might change twygpbs at once:

clsCons clsVowel > clsConsJoin clsVowelDia / _ ZWJ

This rule might occur in an Indic script where vdsvamay be diacritically joined to the preceding
consonant via a zero-width joining character (gpglin this context). This rule is not ideal sirice
would probably be preferable to delete the ZWhatsame time. We will come to that later.

#9$

Classes are defined using a standard assignmemhaodn(in the glyph table). Assignments allow for
variables to be defined either as individual valoeas lists. Assignments are of the form:

variable = value;
In the case of a list, the list is identified betn€) . Thus:

clsDottedl = (gLl, gLBarredl);
clslWwidth = (clsDottedl, gLL, gUl, gUBarredl);
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Commas within a list are optional. Also note the semi-colon following a class definition or vétia
assignment is optional, unlike in rules where reiguired. Class names do not need to be declared
separately, unlike many programming languagesassggnment statement functions as the declaration.

Elements can be added to the end of the list ubimg= operator. For example:

clsDottedl += gLJ;
clslWidth += (guJ, gUL);

The list mechanism also allows for temporary unraifetasses” within rules, although this is not good
practice since it does not encourage the definttidme self-documenting. By naming every glyph €las
the GDL author is giving documentation to theiratggion as they go. There are other mechanisms to
encourage this throughout the file.

An example of a temporary list (if it must be usid)

clsDotted > (gLDotlessl, gLDotlessBarredl, gLDotles sJ)
| _ clsUpperDia;

!

Lists may also be made up from ranges. A range in@usive list, including both endpoints. Thus:
clsCaps = unicode(0x0041 .. 0x005A);

is equivalent to:

clsCaps = (unicode(0x0041), unicode(0x0042), unicod e(0x0043),
unicode(0x0044), ..., unicode(0x005A));

Both forms would create a class containing the lydyfor all the uppercase letters in the standard
Roman alphabet. Thenicode and related functions will be discussed in moritiater.

% &)

A special class, called “ANY,” can be used to maaly glyph. This class also has a special usemwithi
the Graphite system.

In addition to substituting one glyph for anotheites may be used to associate information with the
glyphs that have been matched by the rule. Thanmdtion is stored in attributes. For example:

gCapA {kern.x = -bb.width/10} / clsCapVW _;

indicates that a capital A following V or W shoddd kerned inwards by 10% of the bounding box of
the A. Notice that for this rule, there is no IB&ce the |hs and rhs are the same, we do notthedls.
This is because there is no substitution occurtiméact we could do away with the context alsawvit

clsCapVW gCapA {kern.x = -bb.width/10};

The bb.width  expressionis one of several read-only glyph metrics thatloameferenced to aid in
positioning.

Multiple attributes may be assigned within one rakein:
clsBase clsMark {shift.x = -10m; shift.y = ascent / 2};

This example is shifting a “mark” glyph 10 unitstte left and up almost half a line. Attributestwit
subfields can used a structured syntax; for ingtatie above rule can also be written:

clsBase clsMark {shift {x = -10m; y = ascent / 2}};

There are a number of different attributes whigiagicular element may have, most of which affect
positioning. They are all considered in later sadi

Graphite Description Language Page 6 of 84
M. Hosken, B. Hallissy, W. Cleveland, S. Correll, A. Ward May 20, 2020 Rev: 408



&

There are two kinds of attributegyph attributesandslot attributes The values of glyph attributes are
constant with respect to a glyph’s ID number; tdeynot depend on the glyph’s position in the data o
any neighboring glyphs. For instance, each lefiéint the text would have exactly the same glyph
attribute values. Glyph attributes can be thouglaiscextensions to the glyph metrics in the foteyr
are set in the glyph table, and will be discussedenfully below.

Only slot attributes are set in rules, and theeefoay have different values depending on whichsrule
have been fired during the process of renderinggeaific glyph. In our examples above, #en.x
shiftx , andshifty  attributes are slot attributes. Not every capitalVv, and A would have the
same values for these attributes; only the ondsottaaur next to each other and so cause the example
rule above to fire would have adjusted valuestiekern.x attribute. Similarly the “base” and “mark”
glyphs would have different valuesgififtx ~ andshifty = depending on whether they were
involved in the firing of the second example rule.

%

One of the most useful things about regular exprasss the ability to have optional elements, Whic
are elements which may or may not occur. They aked by &. GDL uses the same characteto
mark optional items. Thus the rule for dotless yrha extended to match with an optional lower
diacritic coming between the dotted i and the upl&critic:

clsDottedl > clsDotlessl / _ clsLowerDia? clsUpperD ia;

Optional items may occur in the context, as sholbava, or on the left-hand side of a rule, but not o
the right-hand side:

clsVowel clsTone? > clsUpperVowel clsUpperTone / cl sCons _ _

In this case, itlsTone finds no match, then no output from the correspandlement on the right-
hand sideglsUpperTone, is generated.

Graphite also provides the capability to mark eleinsequences as optional. To group the elemerds, us
[ 1. For example:

clsDottedl > clsDotlessl / _ [ clsLDia gLower ]? cl sUpperDia;

uses the dotless i even if the sequence of groeleedents appear between the dotted i and the upper
diacritic.

Notice that the other regular expression stringaioes:* and+ are not supported for two reasons: they
would confuse context referencing, and they areunted. But it is possible to provide a limitednfior
of these operators usiffig :

XXXX?1?1?1?
is equivalent tx{0,4} in Unix regular expression syntax.

For more information on how optional rules worke $lee sections under Data Processing.
* !

In addition to setting attributes on a matched elatyrules can be conditionally executed basedhen t
attributes of an element.
gB {kern.x = MAXSP - @1.rsh - @2.I1sb} / gA _{@1.rs b+ @2.Isb > MAXSP};

This rule will only be applied if its context maththe glyph streamndthe constraint in the rule’s
context is satisfied. For this rule, if the physigap between the first and second rule elemergeeiter
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than a given value, the rule will be executed, Whidll set the interglyph gap to equal a fixed valu
Constraints within a rule can only be specifiethi@ context and the context must be explicitlyestat

Constraints for one or more rules can also be fpdaisingfeatures which we will come to later.

So far we have described glyphs by name. But hewthease names converted to actual glyph numbers
in the font?

There are four ways of getting hold of a glyph nemb
* by using the actual internal glyph number in thet;fo

* by Unicode value via the internal character mapafenin the font, which takes a Unicode
codepoint number and returns a glyph number;

* by Postscript name; and
» by 8-bit character code according to a codepagdtenrdvia the font character map.

Each of these methods has its own strengths ankhesses.

+

Glyph IDs are identified numerically using the @lling syntax. Notice that the number may be in
decimal or hexadecimal.

glyphid (439) glyphid(0x1B7)
The GlyphlD command can also take a list of valubich it returns as a list. Thus:

glyphid(0x1b7, 23, 128)
The advantage of thgyphid command is that you have direct access to anyhglygphe font even if
it has no usable Postscript name and it does maaapn themap. The difficulty is that glyph IDs are

often unique to a particular font and even a paldicversion of the font. Using glyph IDs directly
requires close liaison with the font designer.

A glyph is identified via its Unicode value usirtgetfollowing syntax:
unicode (0x203F) unicode(8255) U+203F

Care should be taken with hexadecimal numbers,hndiie often used for Unicode codepoints, but
which must be explicitly marked in this syntax. Elibe second value here is not 0x8255 but 0x203F.
However, a 0x is not needed when using the U+ gyitlaus all of the examples shown above are
equivalent.

Theunicode command may also be used to generate a listgusttheglyphid command.

Using theunicode command to identify a glyph can be very powerfuhas the advantage over
glyphid  of not being dependent upon font and version.iBides require that the glyph be identified
in the cmap of the font, and therefore is only bsean such “exposed” glyphs.

% ’

Accessing glyphs via their Postscript names igvgportant and powerful method. Since it is posdible
give every glyph in the font a uniqgue name, thishuod allows the description file to refer to glypghsat
do not necessarily have Unicode values in a cmap.
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There is also a weakness with this approach.nbisiecessary, when designing a font, to give every
glyph a unique name, and so this method may natyale able to identify every glyph in a font.

The primary context for this method is where apt@ingineer is working with a font designer ands/the
can agree on names for glyphs. This frees thenotl semi-independently, without the need for the
font designer to take great care over glyph numigei$o long as the names line up, everything should
be OK.

A glyph is referred to by its Postscript name ughrig syntax:
postscript ("Ccedilla™)

*

The final method is very similar to the Unicode haet. This is to give an 8-bit codepoint value which
is mapped through a codepage mapping from its 8ahite to a 16-bit Unicode value and thence to the
glyph ID via the cmap. Due to its similarity to tinéicode command, it inherits all its strengths and
weaknesses.

Eight-bit values can be entered using two methdde.parameter toodepoint()  can be a string, in
which the characters are converted to 8-bit vatunesthence to Unicode then glyph ID. Alternativaly
number can appear (decimal or hex).

codepoint ("a") codepoint(192) codepoint(0xCO0)
The codepage to use in conversion is specifiedelimidg theCodePage directive. Any 8-bit

conversions from then on will use that codepage. défault codepage used at the start of the file is
codepage 1252.

It is also possible to specify a particular codepaghin thecodepoint() command as the second
parameter:

codepoint("a”, 1251)

Thecodepoint command may also be used to generate a ligsibitven a list or a string as its first
parameter:

clsDia = codepoint((0x93, 0x94, 0x95));
clsVowels = codepoint("aeiouAEIOU");

The standard C character escape codes are allawéthb),\n (newline),\\ (backslash), etc.

The examples of rules we have seen so far havesedtany of these approaches to glyph referencing,
and yet they are legal. Why is this so?

Rather than having to use a full glyph identifioatfor every reference to a glyph, or codepoinis it
sensible to use identifiers to save effort andrtprove readability.

Thus some of the above examples might have beeneenfior IPA93 as:
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gl = codepoint("i");

gBarredl = codepoint(OxF6);

gJ = unicode(0x006A);

gL = codepoint("l");

gul = unicode(0x0049);
gUbarredl = postscript("UCBarredI");
guJ = unicode(0x004A);

gUL = unicode(0x004C);
gDotlessl = codepoint(34);
gDotlessBarredl = codepoint(OxAA);
gDotlessJ = codepoint(OxBB);

clsLower = (gl, gBarredl, gJ, gL, gDotlessl,
gDotlessBarredl, gDotlessJ);
clsUpper = (gUl, GUbarredl, guJ, guL);
clsBarred = (gBarredl, gUbarredl, gDotlessBarredl) ;
clsDotless = (gDotlessl, gDotlessBarredl|, gDotless J);

It is unlikely that anyone would use such a widgetg of referencing schemes in the same file, but
notice how much clearer it is to refer to glyphshivi a description file using identifier names.

These assignments would be done in the glyph thlotce that the list parentheses are not needed fo
single glyphs.

It can be awkward to constantly have to keep narauggything. An alternative is to use t@¢o refer
to the corresponding glyph on left hand side. Tihesfollowing rule simply copies a glyph:

clsCons > @;

A more common use is to reference glyphs in theéecdiiby number:
clsAclsB > @2 @1;

This rule swaps the glyphs.

Notice that@may only be used on the right hand side of a futznnot refer to an optional element.
We will see much more a®later on.

%

Graphite processing is organized into a sequent&mbr more passes. Each pass takes a stream of
glyphs as input, processes its contents, and pesdat output stream. This output stream then sasves
the input to the following pass. The initial passr(sidered pass zero) converts Unicode charactiers i
glyphs. The other passes run rules, performing mvagoon the input stream and placing the results of

their rules into the output stream. In particuta final pass places the glyphs into their finadifpons
for rendering.

Streams are made up of a sequence of slots, eatdiring a single glyph. There is a correspondence

between the slots in the input stream and thofleeimutput stream, and slots can be inserted atbtat
rearranged.

The figure below shows an example of passes ansldhstreams they process. Each square represents
one slot, and holds one glyph. Notice that duriagspl an ‘X’ was inserted (between the ‘c’ and the

‘d’), so it is appropriate to think of a slot beiirgerted into the stream to hold it. Similarly, tas

been deleted, and the ‘Z’ has been reordered—maitbdespect to a neighboring slot (the ‘g’).
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Undariving
Unicode data: |a |b|c|d|e|[T|[f|lg|2]h

Pasc 0

Ghphs: |a|blcldle|T|E]e]zZ]n

Pass 1

Maodified ghphs: [a |b | c|H|d]e|f|[Z]2]h

Pass 2
Hinal
pasifioned
ghphs: alblce|X|[d]e|f|[Z]e|h

Pass zero is automatically handled by the Graghmitgne. The other passes, which contain rules, are

defined within the GDL program.

Passes are organized into tables. There are fods kif tables that can include rulisebreak

substitution , justification , andpositioning ; of these the substitution and positioning tables

are the most commonly used. The following showexample of how the tables and passes®@ba
program might be organized:

table(substitution)
pass(1)

/I rules to handle ligatures
endpass;

pass(2)

/I rules to merge base characters and diacritics
endpass;

endtable; // end of substitution table
table(positioning)

/I rules to attach glyphs
endtable;

Tables and passes are discussed in more dethé# iioltowing sections.
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% / O

The GDL file is made up of a set of tables. Cutlietitere are eight table types, one each for:
» feature definitions
» language definitions,
* glyph definitions
* line-breaking rules
* substitution rules
» justification-related substitution rules
e positioning rules, and
* name definitions.

The linebreak, substitution and positioning talslessused in particular phases of the renderinggsoc
Within them, the rules can be grouped into mulfipkelered passes. Rules can also be conditionally
applied based on features which are defined iethteire table and which are referenced by condition
statements in the rules.

The glyph table is used to define the glyph classekprovide information about the glyphs that the
rules will later use. The line-break table can beduto provide information on how lines should be
broken. The name table provides a way for arbittexy strings to be stored in a compiled GDL file.
There are also several global settings and direstivat can be applied across various sectiondilef a

% , 1,

To allow for commenting and some sophisticated mwmand definitions, the description file is first
passed through the C pre-processor. For examp@lé&; fire-processor allows a standard file to be
included which gives definitions for glyphs:

#include “IndicGlyphs.gdh”

There are many other uses, including using the séerfer different encodings. Organizing everytfin
in tables facilitates including files. For exampeen if the #include statement occurs in the noéist
the substitution table, the various table typethéincluded file will be properly interpreted.

Note: any paths inside a&nclude  statement must use Linux-style forward slashe®rdttan
Windows-style backslashes. Paths should be relttittee including file. (This was changed as of
version 5.2; before that point the path was retativthe current working directory in some cases.)

Graphite has a complex description language sdttbah describe all the different vagaries of the
orthographies of the world. The needs of one gafugprthographies can be very different from the
needs of another group. Using the C pre-processmtso capability allows us to develop macro sets
which will make particular common features of athography family easier to describe. The added
burden of learning particular sets of macros fotipalar needs will be offset by their ease of Bet
different regions will probably have different maaets. For example, some possible first candidates
for macros would be ligature representation andensomplex Arabic rules.

The very beginning of the file may likely contaiarious pre-processor commands, such as:

#define cpt  codepoint
#define u (x) unicode (x)
#define ps postscript
#define gid  glyphid
#define str  string
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#define LG_USENG 0x4090 // US English
#define CP_USSTD 1252 // US standard code page

% 0 /

There is a standattinclude  file provided with Graphite, which provides easge&s to numerous
identifiers. This file provides #defines for the GDonstants and abbreviations seen through out this
document, such asib for substitution andDIR_LEFT to indicate left-to-right. To use this
standard #include file, place the following statetrat the beginning of your GDL program:

#include “stddef.gdh”

% 0

There are a number of global settirlgat are typically used at the beginning of a file.

% ',
AutoPseudo = 1; // default

This controlsauto-pseud@lyph mapping, which is an advanced feature udeshvdealing with

multiple Unicode codepoints mapping to the samelglBee the discussion in the Advanced Concepts
section. This has global scope and is used oreajrtself at the beginning of the file. If itsset

multiple times (typically with#include  files) all values must agree.

% 0 +
ScriptDirection = HORIZONTAL_LEFT_TO_RIGHT; // def ault

This variable indicates the directionality of thatimg system. Possible values are:

HORIZONTAL_LEFT_TO_RIGHT
HORIZONTAL_RIGHT_TO_LEFT
VERTICAL_FROM_LEFT
VERTICAL_FROM_RIGHT

(Vertical scripts are currently not supported by émgine.)

It is possible that some GDL implementations mawjperopriate for more than one direction, in which
case the values can be added together:

ScriptDirection = HORIZONTAL_LEFT_TO_RIGHT + HORIZO NTAL_RIGHT_TO_LEFT,;
In this situation it is the responsibility of thalling application to determine the writing system
direction.
% % 0 &

ScriptTag = (“ABC1", “ABC2");
ScriptTag += “ABC3";

This variable stores information about the scrgghly implemented by the file. Since a given fila ca
describe more than one script, the setting aceejis of values. This list can be appended togige
+= operator. Script tags must be strings not longan four characters.

% * 2

Bidi = true; // default
This setting is used to indicate whether or naassio run the Unicode bidirectional algorithm sgtiou
be included. The value is true by default, but inayset to false as an optimization for scripts kizate
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no internal bidirectionality (which is true of mastripts except Arabic and Hebrew). The concept of
internal bidirectionality and the bidi algorithmeadiscussed in a later section.

% - 34
ExtraAscent = 200m;

Due to the fact Graphite can position glyphs in pbicated ways, it is possible that the ascent as
defined in the original font is not appropriate foe Graphite renderer. For instance, if Graphite
provides for a stacking diacritic mechanism, it rbayhelpful to increase the ascent of the fontlawa
vertical space likely to be needed for the diacsitiTheExtraAscent  global can be used for this
purpose.

Including an ‘m’ after the value of the global medhat the number is scaled relative to the sizbef
em square as defined by the MUnits directive. Téedure is discussed more fully in the section on
metrics.

The default value foExtraAscent is zero.

% . 34 +

ExtraDescent = 100m;

TheExtraDescent  global can be used similarly ExtraAscent  to provide for the fact that a
Graphite renderer may adjust the vertical positibglyphs so that they extend below the standard
descent as defined within the font.

The default value foExtraDescent is zero.

% % &

A GDL file uses tables to organize assignmentsratas$. A table is identified by starting with
table() and ending witlendtable . For example:

table(substitution)
/* rules */
endtable;

introduces the substitution table of rules, whiod @sed to reorder, substitute, insert, and deglgtEhs
before positioning. Terminating semi-colons ardéayatl for both commands. There are seven table
types indicated bfeature , glyph , name, linebreak (or b ), substitution (orsub or

subs ), justification (orjust ), andpositioning (or pos or position ).

It is not necessary to group all the elementstabée together in the file. For example, you may
interleave two tables so that semantically similées from different tables can be near each athtre
file. This will result in multipletable commands referring to the same table. The comgpilecollect
all these separated elements together and sortdberReatures, classes, glyph attributes, etct baus
defined before they are used in rules; the tablesravthese are defined are described in laterosescti

An endtable command is required to indicate the end of a tdbenewtable command is
encountered before an expectedtable |, the statements for the new table are processtthamext
endtable statement causes a return to the previous table:

table(substitution)
/* rules for the substitution table */

table (positioning)
/* rules for the positioning table */
endtable; /* ends the positioning table */
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/* more substitution rules */
endtable; /* ends the substitution table */

Notice that this has the effect of syntacticallgtireg one table in another, but semantically the ane
independent. This nesting capability is helpful whising #include files.

% % ,

The tables that contain rules—the linebreak, stultisth and positioning tables—are made up of one or
more passes. Passes are identified figsa() statement parameterized by a number. Note that the
number is relative to the table containing the passto the overall process. Thedpass statement
terminates a pass. Thass statement is optional for tables with only onespas

As with tables, if a newass command is encountered before an expestédass , the statements for
the new pass are processed and theemetass statement causes a return to the previous pass:

pass(1)

/* rules for pass 1 */
pass(2)

/* rules for pass 2 */
endpass;

/* more rules for pass 1 */
endpass;

If no pass statements have been encountered for a tablethypeass is 1. The current pass for a given
table type is remembered. If the table type charngescurrent pass number for this new table tgpe i
used if one has been set.

table(sub)
pass (2)

[* rules */
table (pos)
pass (3)

[* rules */

table(sub) // from #include file
/* these rules go in pass 2 */
endtable;

table (pos)

/* these rules go in pass 3 */
endtable; // end #include file

/* this is position table pass 3 */
endpass; // pass 3

endtable; // position

/* this is substitution table pass 2 */
endpass; // pass 2

endtable; // substitution

All rules must be in a pass. If pass statement is encountered in a table, all ruleplaeed in pass 1.
For a multi-pass table, all rules must be expligifaced in a pass.

%* 3

Directivesallow the author to specify how certain statemenésinterpreted. The directives are applied
across various sections of the file with #m@ironment  (or env) andendenvironment  (or endenv )
keywords. Environment statements can span mulighkes. Directives can also be applied at the
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beginning of tables or passes. This effectivehat@e a new environment that ends with the table or
pass.

Here is an example showing how a file might be oizzd using the major structural elements of GDL
(table, pass, environment).

AutoPseudo = 1;
environment {CodePage = 1252; MUnits = 1024; PointR adius = 6m}

[* feature and name tables may go here */

table(glyph) {AttributeOverride = true};
/* classes defined, glyph attributes set */
endtable;

table(linebreak);
/* set breakweight preferences */
endtable

table(sub) {MaxRuleLoop = 3};

pass(1) {MaxRuleLoop = 5}; // this value overrides the table value
/* rules for substituting, reordering, inserting, a nd deleting */
pass(2); // this uses MaxRuleLoop = 5 since nested in pass 1

/* more rules /

endpass; // pass 2

endpass; // pass 1

pass(3);

/* rules using MaxRuleLoop = 3 for table*/
endpass;

endtable; // substitution

table(pos);
[* positioning rules */
endtable;

[ %

endenv;
Theenvironment  statements can also be used for a subset ofwitleis a table or pass. When a new
environment begins the previous directive valuessaved (pushed), and when that environment ends
the previous values are restored. The simplesttavapecify the directives for an entire file ispiace
anenvironment  statement before all tables andeadenv statement at the end of the file. Any
included files can provide their own environmentatihcan be popped when the include file ends. A
default environment containing the default valumstiie directives is present if no explicit
environments are in scope.

Tables may have directives applied within them.

table(glyph) {CodePage = 1252; MUnits = 1024};
/* class definitions */
endtable;

This is equivalent to:

table(glyph);

env {CodePage = 1252; MUnits = 1024},
[* .0

endenv;

endtable;
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If tables are nested then the directives are pubfate the inner table is entered and popped thiter
inner table is ended.

Passes can also have directives associated whigmn, though typically onlilaxRuleLoop is relevant.
The mechanism is the same as for tables.

%*  +

There are a number of directives that affect homage statements are interpreted. The value shawn i
the example indicates the default. They can beiegplith theenvironment |, table , orpass
statements.

% *
AttributeOverride = true;

This controls how conflicting glyph attributes aesolved. It is discussed in the section on thplgly
table.

% * "5
AutoKern = false;

The auto-kern algorithm is part of the automatamlision avoidance mechanism.WheatoKern  is
set to true, automatic kerning will be performedtoid collisions between sequences. The
collision.flags bitmap attribute should be set to include the valsi¢or glyphs that should be
kerned. Automatic collision avoidance is discussettie Advanced Concepts section.

%* %
CodePage = 1252;

This assignment allows the redefinition of the d#faodepage used tvdepoint  andstring
commands (discussed later).

%* * /4
CollisonFix = 0;

When the value ofollisionFix is something other than zero, it indicates thabmatic collision
avoidance adjustments should be performed. Thea\@dlthe directive specifies how many iterations
the algorithm should use. Automatic collision awaide is discussed in the Advanced Concepts section.

%* - 6427
MaxBackup = 0;

This indicates the amount by which the rules imsspcan cause the stream to back up. The usesof thi
directive is discussed in the Advanced ConceptiosedNote that to use the back-up mechanism you
will mostly likely need to set MaxRuleLoop to abdawice the value of MaxBackup.

%* . 64 $
MaxRuleLoop = 5;

This limits the number of rules that can be appliéthout advancing the slot position in the input
stream and is used for avoiding infinite loopss liscussed more fully in the section on scantjposi

%* 8 6
MUnits = 1000;

This directive specifies how many units are in@t'®em square. To scale an integer using thistiyan
postfix an ‘m’ to it. Scaled numbers must be usé@nrvspecifying the coordinates for attachment goint
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and ligature components and for adjusting glyphtjpes. This is discussed more fully in the section
metrics.

%* 9 , |
PointRadius = 2m;

This controls the default value used for findingnp® actually on a glyph given coordinates for apo
close to the glyph. It is discussed more fullyha section on attachment points. It must be adcale
number.

% - &
The glyph table is where glyph classes and glypibates are defined. The glyph table has the
following syntax:

table(glyph) { /* directives */ }

/* class definitions and glyph attribute assignment s*

endtable;

Recall from Section 2.2.5 that classes are defis#uly a standard assignment command. Classes can be
defined with just one element, a list of elemeatsa range of elements:

clsCapitalX = gCapX;

clsDottedl = (gLowercasel, gLowercaseBarredl);
clslwidth = (clsDottedl, gLowercaseL, gUppercasel, gUpperBarredl);

clsCaps = unicode(0x0041 .. 0x005A);

A typical glyph attributeis an attachment point, which specifies whereotmnect two glyphs together
(typically a base character and diacritic—each @dwlve an attachment point). Glyph attributes are
used to define such points since they do not departe glyph's location in the glyph stream. (In a
positioning rule, if a base character followed lgiacritic is foundslot attributesare then set
specifying that these two particular instancesefdlyphs are to be joined. These slot attribupgdya
only to glyphs that occur in a given slot or pasitin the glyph stream.)

Glyph attributes are frequently defined for anmentlass, which effectively sets the attributeseioery
glyph in the class. Since it is possible for a glyp be in more than one class, it is also poséirla
glyph attribute of a given glyph to be set to diffiet values. ThattributeOverride directive is
used to determine whether the first or last vaduesed. If this directive is false, then overriddagsn't
happen so the first value will be used. If it iset(default), then the last value is used.

There are two ways of assigning a glyph attribbiest, we can use normal variable assignment as in:
clsBase.udap = point(advancewidth/2, bb.top + bb.he ight/10);

Second, we can use the attribute assigning mecehanis
clsBase {udap = point(advancewidth/2, bb.top + bb.h eight/10)};

(We'll discuss points more fully in the next seatipNote that the above statement could be mistaken
for a rule with no lhs or context, but it is knotnbe a glyph assignment statement because it®atur
the glyph table. No floating point numbers area#td in a GDL file.

Like class names, user-defined glyph attribute rsad@enot need to be declared separately.

The system-defined glyph attributes include diggwility, line break weight, and ligature component
metrics, as well as standard glyph metrics availétoim the font. In addition the author can crdase
own glyph attributes as with thelap attachment point in the above example andifiperloc

variable below. These are specified with user-aefinames and can contain an integer value.
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clsUpperDia = (gCaron, gUmlaut, gAcute, gGrave) {up perloc = 850m};

Thisupperloc  value could later be referenced in positioningsub provide a consistent height for
these diacritic glyphs.

In a rule, glyph attributes can be accessed €iittigéhe current slot being operated on or for olets
by prefixing the attribute name with the referenperator @ and a slot number. For example:

clsBase clsUpperDia {shift.x = -@1.advancewidth/2; shift.y = upperloc};

sets theshift.x  attribute of all the glyphs iclsUpperDia  to half theadvancewidth  value of the
glyphs inclsBase .

9% -

As part of the glyph attributes, it is possibled&gine named points which can then be used to set
attachment (slot) attributes. In a TrueType faointswhich specify a glyph's contours are organized
into paths A path can contain just one point. All points graths are numbered. For technical reasons
the point numbers can be difficult to use; howetles; path numbers are quite convenient and calyeasi
be obtained by the font designer (using a progikenHontographer®).

There are three ways to describe attachment pioil@®L. They all involve specifying an offset from
basepoint. Ideally the base point has actually beesigieed into the font for attachment purposes. The
point in question should be the only one in ithpahegpath function is used to specify the first (or
only) point in a path.

0A { udap = gpath(3, 0, bb.height/10);
Idap = gpath(4) }; //no offset is required

The first argument is the number of the path, geoed and third (if present) are the x and y o$fsof
course if the offsets are omitted, they are assuméé zero. In this examplelap (andldap ) are
short for upper (or lower) diacritic attachmentrga@nd serves as the name for the point that ¢an la
be accessed by the attachment attributes.

The second way of specifying an attachment poilikésthe first except that a point number inste&d
a path number is used to specify the base poistiedil of thgpath function, one uses thygpoint
function. This can only be used if the exact poiminber is known. It would be useful if the basenpoi
was in a path with more than one point and waka'fitst point.

The third way is to specify the base point in teohg and y coordinates along with optional x and y
offsets. This is particularly needed when it is passible to know the path or point number of the
attachment point, or the glyph does not actualtlytaio a real point that attachment can be based on.

clsBase { udap = point(advancewidth/2, bb.top, 0, b b.height/10);
Idap = point(advancewidth/2 , bb.bottom) };
/* offset not required */

Simple integer mathematical expressions ( *, /) are allowed, as well as simple functionia and
max, since often locations need to be calculated. Al§bstyle conditional statement is possible:
<condition> ? <true-expression> : <false-expression >. Note that the point names are
very much like user-defined variables. Later thélylve referenced by slot attributes in the positig
rules.

See the section on positioning and units in the sestion for details as to the meaning of the it®etn
these specifications. The first attachment paidag ) is located at the center of the glyph horizogtall
and 10% above the top of the bounding box of tleaitter. The second attachment pdirdg ) is
located horizontally centered at the bottom oflibanding box of the glyph.

When a base point is specified in terms of x- awodgrdinates using the third approach above,
Graphite, with its affinity for attaching to reatsign points, will try to locate an actual on-cupant
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close to the x- and y-coordinates. If it finds oib&yill then associate the base point with theconve
point and the attachment point will adjust with theting of that on-curve point. The directive
PointRadius  gives the default hunting range to find an on-eypseint which is considered identical to
the base point, so the base point is moved todsame as that on-curve point. This value defémlts
2m

% - $

True ligatures can be considered to have compomérith are visible and which may want to be
identified within the ligature. In the glyph tabkee define glyph attributes for the bounding boxea€h
component in the ligature with tkemponent (or comp) keyword. The correspondences between the
ligature components and underlying glyphs are hethiitl the substitution table when the ligature is
substituted for the underlying glyphs.

oeLig {component.o = box (0, bb.bottom, advancewidt h/2, bb.top);
comp.e = box (aw/2, bb.bottom, aw, bb.top)};

This example introduces thex function for defining the bounding boxes in a tig®. It is similar to
the functions used for specifying attachment points

Note: as of Graphite2 version 1.3.12, ligature comgnts are not supported.
%- % +

Directionality support is based almost directly opbe directionality description in Unicode. Unieod
specifies that a codepoint may take on a numbdiffefrent directionality types of which only a ses
are relevant at the glyph level.

In Graphite, thalirectionality (or dir ) attribute for a glyph may take on any of thesmetric

values:

Numeric | Unicode | GDL Label Description

Value Type

0 ON DIR_OTHERNEUTRAL Other Neutrals (default)

1 L DIR_LEFT Left to right, strong

2 R DIR_RIGHT Right to left, strong

3 AR DIR_ARABIC Arabic Letter, right to left, strong

4 EN DIR_EURONUMBER European Number, L to R weak

5 ES DIR_EUROSEPARATOR European Number Separator, L to R weak

6 ET DIR_EUROTERMINATOR European Number Terminator, L to R weak

7 AN DIR_ARABICNUMBER Arabic Number, R to L weak

8 CS DIR_COMMONSEPARATOR Common Number Separator, L to R weak

9 WS DIR_WHITESPACE Whitespace, neutral

10 BN DIR_BOUNDARYNEUTRAL Other formatting and control characters
(ignored in processing bidirectional text)

Glyphs receive a directionality by virtue of theitlyde codepoints which map to them. Values for
unmapped glyphs, pseudo-glyphs, or Private Use @@&#) codepoints are defined by setting dire
glyph attribute. If a one of these glyphs is ngbleitly assigned directionality, it will be congded
neutral (ON). Thelir attribute can also be set in thebstitution table.

See the Unicode Standard Annex #9 for a full dpon of the bidirectionality algorithm and the
meanings of the above values: www.unicode.org/w@feports/tro.

%-* 27

Each glyph also hastmeakweight  (orbreak) attribute which describes whether line-breaking ca
occur after such a glyph and at what level.
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10 | white-space | BREAK_WHITESPACE | 30 | letter break | BREAK_LETTER
break
15 | word break | BREAK_WORD 40 | clip break BREAK_CLIP
20 | intraword BREAK_INTRA
break

To indicate a possible line-brebkforea glyph, thebreak attribute should be negative (e.g. -10).

Values for unmapped glyphs, pseudo-glyphs, or Podepoints are defined by setting tireak glyph
attribute. If a one of these types of glyphs isexqilicitly assigned a line-break weight, it wik b
considered level 30 (letter break). Other glyphsaao be set explicitly, or the compiler will agsia
default value. Thereakweight attribute can also be set in thebreak  table.

%- - 6

Each glyph also has a set of metrics associatdditvBee the section on metrics, below, for detail
what is available.

% - . 6

When the Bidi global variable is turned on, glyghs set thenirror.glyph and
mirror.isEncoded attributes, which are used for mirroring glyphsight-to-left scripts. See the
Advanced Concepts section for more information.

When Bidi is off, the mirroring attributes are catesed undefined and will result in a compilation
error.

Note: this feature is only available in the Graphiengine.

%. I &

Features provide a way to produce rendering variatfor a writing system. THeature table defines
what the features are. Rules within the substituéiod positioning tables can then be conditionally
executed based on feature settings in the undgrtgxt stream. An application program can determine
what the allowable features are and can set thaheitext stream it provides to the renderer.

For example, you might create a Graphite rendeitéravfeature that allows several options with rdga
to the creation of ligatures. As the calling apgiion passes the Graphite engine a string of texét
rendered, that text contains mark-up indicatingolvhkind of ligature replacement is desired. The
Graphite rules are fired conditionally based on thark-up, so that only the rules appropriate far t
kind of ligatures requested will be fired.

Features are similar to glyph and slot attributethat each glyph in the text to be rendered heddises
for each feature, glyph attribute, and slot attiebéreatures are different from both glyph and slot
attributes in that feature values are determinethéycalling application; glyph attributes and slot
attributes are entirely private to the Graphitedexing process. While glyph attributes are spetiiine
the glyph table and slot attributes are set byrtles, feature values (at least in the currentioersf
Graphite) cannot be modified by the engine; theyraad-only.

Each feature declaration consists of a structurefofmation regarding naming and possible settings
etc. Features follow a standard variable namingcgire whereby is used as a variable structure
separator. Thus in the example belbtgatures.id may be thought of as tle sub-variable of
ligatures

Each feature must be declared infdwure table. For example, for a feature called “ligastirgour
GDL program might say:
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This example introduces tlseing

function is much like theodepoint
Thus we could have written:

language i£G_USENGThedefault

table(feature)

ligatures.id = “ligs”;

ligatures.name.LG_USENG = string("Ligature Replacem
ligatures.default = std;

ligatures.settings.all.value = 3;
ligatures.settings.all.name.LG_USENG = string("All"
ligatures.settings.std.value = 2;
ligatures.settings.std.name.LG_USENG = string("Stan
ligatures.settings.min.value = 1;
ligatures.settings.min.name.LG_USENG = string("Mini
ligatures.settings.no.value = 0;
ligatures.settings.no.name.LG_USENG = string("None"
endtable;

ligatures.name.LG_USENG = string("Ligature Replacem

table(feature)
ligatures {
id = “ligs”;
name.LG_USENG = string("Ligature Replacement");
default = opt;
settings {
all {
value = 3;
name.LG_USENG = string("All");

}
std {
value = 2;
name.LG_USENG = string("Standard");
}
min {
value = 1;
name.LG_USENG = string("Minimal®);
}
no {
value = 0;
name.LG_USENG = string("None");
}

}
}

endtable;
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dard");
mal");

);

Notice that there are four possible settings for fmature, the default being “standard.”

function which returns a list of Unicode valuesedor each
character in the string. It accepts standard Cagltar escape codes (\n ,\\ , etc.). Thestring
function in that it also takes an optional codeppgrameter.

ent", 1252)

This information can also be expressed hierardiyieal part of the feature definition. Thus our epéan
would become:

Theid is used by applications so that they can stoamguage independent reference to a feature
without having to go through the language systedfath names, which may vary.

Features and feature settings each havera element which is language specific. The fall-back
element is set to the identifier or value ak&ting element and
is the default setting of the feature if no setigmgpplied. If there is n@efault element, then the
setting with the lowest value is chosen.



A feature need not have settings. A feature witlsettings specified results in a boolean type feait
can have two possible settingsftrue ) ando (false ).

% . 0

One special use of features is to support fonestglich as bold and italic. There is a specialifedD
which is used to handle all styles. By definingeattire with this ID, one is specifying that thiatfge
will be tested against the style information avagafor a text run. There is also a pre-defined$et

possible settings which correspond to font styles.

table(feature);
style {
id = STYLE_GENERAL,;
name.LG_USENG = string("style");
settings {
regular {
value = STYLE_REGULAR,;
name.LG_USENG = string("regular");

}

bold {
value = STYLE_BOLD;
name.LG_USENG = string("bold");

}
}
}
endtable;

Note: as of Graphite 2 version 1.3.12, this featisraot supported.

% . $ &

The language table can be used in conjunction thiéHeature table to define sets of features tteat a

associated with a given language. Languages antifidd in terms of ISO-639-3 identifiers. Groups o

languages can be assigned default feature valbessyintax for the language table is:
table(language);

language-group  {
languages = ( ISO-ID , ISO-ID , ...);

feature-name = value ;
feature-name = value ;
etc.

h

language-group  {... }

endtable;

The features listed must be those defined in thrufe table, and therefore the language table must
follow the feature table in the file structure. Tlhaguage group label can be any arbitrary stiiag) t
meaningfully describes the group of languages.

An example of language definitions for Arabic stripght be:

table(language);
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sindhi {
languages = ( "snd", "sd");
meemAlt = sindhi;
easternDigits = sindhi;
shaddaKasra = sindhiUrdu;

%

kurdish {
languages = ( "bdh", "ckb", "kmr", "kur", "sdh" );
hehAlt = kurdish;

%

urdu {
languages = ( "urd", "ur");
hehAlt = urdu;
easternDigits = urdu;
shaddaKasra = sindhiUrdu;

5

endtable;

%8 ( &

The name table is used to insert multilingual tatd the compiled GDL file. Each compiled file has
section referred to as the name table where thesgssare stored. For those familiar with TrueType
this is an extension of that standard name table.

table(name) {CodePage = 1252},
NAME_AUTHOR.LG_USENG = string ("John Quick");
endtable;

This would insert the Unicode string correspondmfJohn Quick" in the compiled GDL 's name table.
The string will have a language of LG_USENG and a name of NAME_AUTHOR. The language

IDS and some name IDs have been standardized waitmangic meaning by the computer industry for
use in a TrueType font's name table. Many of tre@seaccessible as #defines from a standard #include
file as shown by LG_USENG in the above exampladdition Graphite has defined additional name
IDs that may be useful as shown by the NAME_AUTHO#bIa

Users can also use arbitrary integers to createdivd nameabs provided there is no collision with a
standardD or with anib that Graphite uses. Specifically, to be safe usieosild only use values greater
than 40960 (0xAO000) for their nanms. Of course, only the user will know the semarictheir name
IDs, unlike the well-known semantic meaning of stadidedIDs.

%9 o "

There are several global state variables thatsed for justification. They are described in the
Advanced Concepts section.
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* + ,
In processing a run of text, Graphite takes thettewugh a number of processes in order. The text
starts off as a series of Unicode codepoints add ap as a sequence of positioned glyphs. The
processes, in order, are:
- Convert Unicode characters to glyphs

Set line-break values

Apply substitution rules

Internally reorder mixed direction text

Apply positioning rules

Perform final placement

(For simplicity, the steps above do not reflectification. See the Advanced Concepts section for a
discussion of how justification affects the Graplptocessing model.)

This section takes each process in order. But Bsne further details on how rules interact wihre
other.

* 1
Rules do not exist in isolation, and here we carsildeir interaction. In what order are rules téstad
executed? What happens after a rule matches?

For the most part, the processing model shouldiffigigntly intuitive that it can be ignored. Butdre
are times when an author may need to consideimdaeaction, and then the processing model becomes
highly significant.

* 0 ,

Rule matching can be considered as having a scatigop the current location in the input stream.
When matching a rule, the scan position corresptmti®e first underscore in the context (or thetfir
item in the rule if there is no context). When achaoccurs, the action (the part to the right efsthis
performed, and the scan position is moved to jfist the last underscore in the context (or atterlaist
item in the rule if there is no context). The na&rs position is then used to start searching far ne
rules. If no rule is found, the scan position isatted by one glyph and the process restarted.

Why is the scan position moved to such a stranggtiin—after the last underscore in the context?
Consider the following rule:

X>Y/A_ A
with the following input:

AXAXAXA

In order for the output we might expestY AY AY A ), itis necessary for the processor to rescan
theA that occurs at the end of the context. This isea&d by placing the scan position just before the
final Ain the context. More generally, the solution iplkace the scan position after the finah the
context.

For rules with no left-hand side, scan positioals® adjusted to be after the final _ in the contex
after the final glyph in the rhs. However, this nmot be the most convenient approach, particufarly
positioning rules. For instance, it may be usefunly advance by one glyph at a time, so that a
sequence of diacritics of indeterminate length lagtacked on top of each other without reference t
the base character at each step:
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clsBase clsDiacritic {attach {to = @1; at = udap; w ith = lap}};
clsDiacritic clsDiacritic {attach {to = @1; at = ud ap; with = lap}};

Always adjusting the scan position past the lagblglwould preclude this set of rules; several passe
would be required to produce the desired resudtelrd, the context can include theymbol as an
indicator of where the scan position should begdaafter the rule is applied:

clsBase clsDiacritic {attach {to = @1; at = udap; w ith = lap}}
A

clsDiacritic clsDiacritic {attach {to = @1; at = ud ap; with = lap}}
/I~

This says that the new scan position should be #ifésfirst glyph in the context, rather than ie th
default position after the second. This allows aesing of the second item in the rule.

Note, however, that this feature makes it possiblerite rules that result in infinite loops duringe
application, that is, where a sequence of rulegmnalows the scan position to advance at all fgivan
input. In fact, it is quite easy to write such gyland even with care it may be possible to gstdoit of
nasty effect. As a safety net, therefore, a diveatixists indicating the maximum number of rules th
can be applied without the scan position advandfrigis number is reached, the scan position is
forcibly advanced before the next rule is appligte default for this variable is 5; it can be cheohg
using theMaxRuleLoop directive:

pass (2) {MaxRuleLoop = 10};
... %
endpass;

Typically this directive is used on a pass, baamn be used in any environment.
* /

The feature mechanism provides a way for userstanpeterize rendering. Thus users can change the
style of a rendering according to their preferenEes example, they might want to enable or tuifn of
ligature substitution, or even switch between #sand its transliteration. The feature mechanism
interacts with an application's user interfacellmaa user to set different features for a runest to
change how it is rendered. There is also a mecamataisnap font styles within a text run to features,
thus allowing for features to be used with styliss.a

Features appear within a rendering descriptionpegifying what rules are available for matching vi
feature constraintsThese feature constraints can be tested eitherdet of rules using thie
statement or for specific slots using tests withicontext of a rule. The former method uses featu
constraints that look much liki)  statements in C. They can be single-line or mimé&-and can be
nested. Theelse statement is also supported. &mlif statement is required following the
conditional rules. A terminating semi-colon is opial.

Within the test for either method, all the usudb@ical operators can be usek( ||, ==, !=, !,
>, <, >=, <= ) along with parentheses for subexpression grougihg order of precedence for these
operators is as in C. Features allow the end osauritrol the way in which Graphite renders the
underlying data. By setting different featuresiffedent values, it is possible to completely charige
way a piece of text is rendered. A typical featizst might be structured as:
if (ligatures == no)
Il rule
Il rule

else if (ligatures == all) // “else if” is availabl e this way,
[/ if both are on the same line
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/I rule
/I rule
endif;

For a rule from above to be applied, the featurstrba true for all the slots in a rule. To testcsie
slots, the test can be specified within the conbéxst rule.

gA > gB / _{ligatures == all};

Slot tests can only be used in rules with an eitpmntext.

* % 0

In addition to testing for features in the contefa rule, one can also test any readable attrifiis
mechanism allows for constraints to include glygihkautes, glyph metrics, and slot attributes. Enhes
attributes cannot be tested usingfarstatement.

gA > gB/ _ {bb.height > 1000m};

When Graphite processes a rule by matching glyphiset elements of the rule, it always works in
logical order rather than physical order (with @xeeption that we'll discuss below). At the sanmesti
the elements in a rule are always logically orddrenh left to right (assuming, of course, a lefiright
editor in which one is writing GDL code!).

item1 item2 item3 > replacementl repl2 repl3
/contextl  context5;

This means that for a right-to-left writing systeime items in the rules are written in GDL in the
opposite order from the way they are ultimatelytiiged to the user. For instance, suppose you &ave
rule matching glyphs A, B, and C, in that order:

gAgBgC{.}
In a right-to-left writing system the final outpwbuld be "CBA" but the rule is still written as aleo

* /o

In the linebreak and substitution tables, the oadehe items in the rules always correspondséo th
underlying text order. For instance, if you havigat-to-left writing system and your underlyingtas
"ABC 123 DEF", this is the order of the glyphs dhgrithese two tables.

Some writing systems haweternal bidirectionality, that is, there are sequenceglygfhs that are in the
opposite direction from the overall flow of the tekhis reordering occurs at end of the substitutio
table, in a special pass called the "bidi passt, lpefore the positioning table.

So if, in our right-to-left writing system, numbeaee written left to right, the bidi pass will clggnour
sample underlying order from "ABC 123 DEF" to "ABR1 DEF". This is the order that is used during
the positioning passes.

At the very end of the positioning passes, jusoteglyphs are displayed on the scrdemal reordering
is done for right-to-left writing systems. Our flrexample output becomes "FED 123 CBA" and this is
how it is displayed.

4.1.4.2.1 Contextualization Across Direction Boundaries

Note that the above process makes it possible twdtextualizations across internal direction clesng
usinglogical adjacencies in the substitution table, but ugingsicaladjacencies in the positioning
table.
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For instance, as part of the substitution tableawdd write a rule recognizing the logical adjacent
the "C" and the "1" in our example text, but na gihysical adjacency of the "C" and the "3". On the
other hand, the positioning table could containla recognizing the physical adjacency of the "@d a
the "3", but not the logical adjacency.

- &

While syntactically two tables may be interleaviederms of data processing, the elements of & tabl
are all grouped together. The substitution andtjposiables are strictly ordered: all the rulesrirthe
substitution table are applied before any fromgbsition table are applied. We will examine these
tables in turn in following sections.

Certain of the slot attributes are associated wetitain tables. If a slot attribute is set in da@dhat does
not recognize it, a compile-time warning will bergim and the setting will be ignored.

Each table is made up of one or more passes. ®seqan turn, contain the rules.

*

Not being able to reprocess data that has beemitotdp be a big problem when there is complex
processing involved. For this reason a table miayvad multi-pass processing model. This allows the
GDL file author to have one set of rules, which @asidered to run together, once, over the glyph
string. They can then have another set which ar@nge over the resulting string, and so on for as
many passes as they néed.

Pass() statements act somewhat lik¢ statements. They can be single- or multi-line .hga&ss has
a number and the data stream is processed indee @i the passes. It is not necessary to grouplat
associated with one pass together. This allowsules to be grouped according to other criteridnag
linguistic structure. You might use#define to name the pass numbers rather than embeddiimg the
numbers in the code. This has the advantage ofnpatkeasier to insert new passes without having to
change everpass() statement.

If no pass statements have been encountered ébteatype, the current pass is 1. The current foass
given table type is remembered, so when the tgpke ¢hanges, the current pass number for the new
table is used.

A typical structure for a multi-pass descriptiorghti be:

pass(1);
[* rules */
if (feature == yes)
* rules */
endif;
[* rules */
endpass; // pass 1

pass(2);
if (feature == yes)
[* rules */
else
[* rules */
endif;
endpass; // pass 2

! There is one implementation difficulty which it wld be worth bearing in mind if it is intended the description to
be used to generate GX tables. The @&t table is where the substitutions are made. Thel@nmowith themort
table is that any insertions cannot be used insaiygequent passes over the data. Therefore imseutes should only
be used in the final substitution pass of a mwggdescription.
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Semi-colons following theass andendpass statements are optional.

* 8 !

Within a pass, rules are given a priority orderisTgriority is based on the length of the contegt;
longer matches have priority over shorter matchbes:

ABC>XYZzZ/__ ; [l priority 1
A>D/_B; /l priority 2

will be tested in the order given here regardidd¢heorder in which the rules appear in the file.
several rules have the same length, they will begssed in the order they appear in the file. This
allows the GDL author to control these subtle drdpissues.

For the most part, ordering should not need torbissue of consideration for a GDL author. The
priority-based-on-rule-length approach used by Biteghas been found to be the most natural in other
rule-based systems.

Linebreak pseudo-characters in the context areteduor ordering. Inserted glyphs are not counted
when determining rule ordering. See below for thepes.

* 8

When calculating the length of a rule, it shouldhibéed that rules are not dealing with stringsswsh,
but with a list of glyphs. When a rule containsogional element, it is internally resolved dowrtwm
rules: one with the element and one without. Theselved rules are then inserted at their apprgpria
locations in the priority order.

For example:

B>Y/WA? _C;
C>D/B _E;

An input sequence of “WABC” will result in “WAYC” samight be expected. But what about
“WBCE"? The above rule set will result in “WYCEbecause although the first line generates a rule
that has only 3 items (when the optional item migd), this shorter rule is still the same leraghhe
second and precedes it in the file, and therefdekes precedence over the second rule.

* 8 ! 4

The scan position is considered to be before teeitem in the left-hand side, that is, just beftire
first underscore in the context if ar(flote that this represents a change from earéiesions of
Graphite.)Therefore, given the following rules:

A>B/ W _;
A>C/ _XY,;

and the input “WAXY", the output would be “WCXY”. &lther rule is considered to match when the
scan position is at the beginning of the inputtreoW is simply copied to the output stream with no
change. Now the scan position is before the A, il rules match. But the second rule has precedenc
due to its longer context. It fires, and the fitde is ignored.

1 For this particular problem, an alternative salntmight be to argue that all of the context betbeefirst match
character (in the case of the second rule, thehn@dtaracter i€ and this pre-context B.) should be ignored as part
of the length as pgare() in CC. This would result in the same solution Would weight rules towards those with
earlier information on the left hand side of thieru
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*

Without smart font capabilities, the process ofuvating a Unicode string to the corresponding glyph
string would consist of looking each Unicode codepop in thecmap table in the TrueType font,
where it would find the corresponding glyph number.

For the most part, this is what Graphite does aBd,in most situations GDL authors can leaveitise f
phase of conversion as just that. In the case @iwnore Unicode codepoints mapping to the same
glyph, Graphite, by default, treats these as sépglgphs. This is achieved using tpeeudo-glyph
mechanism, which is discussed, in the Advanced €uscsection. It is also possible to define one's
own pseudo-glyphs.

*% $ 7

One of the Graphite engine’s functions is to pradiime-breaks in cooperation with the calling
application. As the application asks for a rangtegft to be rendered, it specifies how much physica
space is available, and the engine produces aagie break point in the text.

Graphite’s line-breaking algorithm is based ontiteakweight(  or break ) attribute of a slot. The
break attribute indicates the level of appropriatenessaftine-break at that point in the text. Graphite
can set a line-breaking weight either in thgh table orinebreak  (orlb ) table.

Thelb table is made of rules that set line-breaking Wisidor slots which override any line-break
weights set in the glyph table. These rules loak weuch like position rules, but they only set the
break slot attribute. As potential line-breaks are deiaed, these weights are considered as
preference®r hints for where a line-break might occur. Nothin GDL can explicitlyforcea line-
break at a specific slot; the linebreak table anlggests possible breakpoints.

See section 3.5.1.4 above for a list of possilkdakweight values.

Since thdinebreak  table cannot perform substitutions, it is an etodnclude a rule with a lhs.

* * O

This is the meat of Graphite. In addition to simgplacement, as has been covered in the previous
section, there are more complex tasks that sutistittules can be used for.

The substitution phase runs the substitution rulésch can replace, reorder, insert and deletelhglyp
order to get the right glyphs into the right orttethe glyph string. In some scripts, there is haghy
substitution work to be done. In others, the stitstin rules become multi-pass and highly complex.
The Graphite language aims to provide the expregsiwer needed to meet the most demanding of
needs.

Substitution rules can be thought of as transfognain underlying glyph sequence into a surface glyph
sequence. In a multi-pass system, each pass deesbaf transformations, and the “surface” glyphs
for one pass are the “underlying” glyphs for th&tne

The substitution table consists of a multi-pasofetiles. The table is identified by:

table(substitution);

sx 0 /o

Whenever a class is used in the right hand siderole, Graphite must select one glyph from the<la
when applying the rule. Graphite selects a glypmfa right hand class by its position within the
corresponding element’s class in the left hand sfdie rule.

c(192) > clsLowTones$1 / clsVowel _;
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In this example, the glyph corresponding to thét&ddepoint 192 is to be replaced by a glyph ftbm
classclsLowTones which has a correlation with tlesVowel class. Theé marks the following
number as identifying which element in the ruleudtide used to index this array.

Notice that the number is with respect to the caread not to the list of substituted glyphs. Tikis
alwaysthe caseAll numbers which refer to a slot in a rule arelwmespect to the conteahd not to the
left hand side of the rule.

The $ symbol differs significantly from tt@symbol. While the@symbol refers to the glyph in a
neighboring slot, the $ is used to accessrttlexof the glyph in the specified class. Consider for
instance, the following rule which is similar tetbne above:

clsVowel ¢(192) > @1 clsLowTones$1;

In this rule, the@1 has the effect of replacing the glyph in slot 1hatie glyph in slot 1—in other
words, leaving it unchanged. The second item irtheplaces an element from the clsLowTones
class—not the clsVowel class—in slot 2. The purpafgbes$l is to select the glyph from clsLowTones
the corresponds to the glyph in slot 1, based enatter's index in the clsVowel class.

* % O

In a very long rule, it may be error-prone to attyuase numbers as glyph selectors. For that reason
is possible to define a temporary alias to be astgtwith a slot, and use that name to indicage th
position. So the above example might also be writte

¢(192) > clsLowTones$vowel / clsVowel=vowel _;

Aliases may also be placed in the left- and rigintéhsides of the rule. They may not begin with a
number.

* % 1

Another action performed by substitution ruleseisrdering. The right-hand side specifies this \tliin
@symbol and a number. The number is chosen addaotem. For example:

clsCons clsVowell clsVowel2 > @2 @1 @3

This places the glyph matched by clsVowell firdiolwed by the glyphs matched by clsCons and
clsVowel2. Slot aliases can be used instead of eusnlsee the Associations section for how the
reordered glyphs are associated with underlyinglgdy

**% !

One of the most complex areas of script descripidghat of associations. In order for the cursor t
behave correctly and to reflect either the undegybrm to the surface or the surface to its uryaagl
form, it is necessary to associate surface glygtistiveir underlying characters. For the most pais
association is done automatically, but there aoasions where a more complex relationship is
required.

Graphite provides a rich mechanism for associaurface and underlying characters. In fact, theehod
which Graphite uses is more complicated than treggnted here, and users who need an advanced
understanding of this area should read the seofic@ursor Hitting in the Advanced Concepts section
later in this document.

In addition to being able to work relative to aretiglyph, it is also necessary to identify whichii a
substitution is associated with. Consider the feilg (slightly false) example from Devanagari:

clsCons gDepl > gDepl$2 clsCons$1;

In Devanagari, the letter | is rendered beforectresonant it is stored after. This example would
achieve the task of re-ordering the two glyphs,thate remains the question of what happens to the
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cursor. If we were to select the initgbepl on the surface, and delete it, we would in facti&leting
the consonant in the underlying text. What is ndassome way to indicate that thep! on the
surface is actually the same asdikel underlying it. The colon (:) is used to creates thésociation:

clsCons gDepl > @2:2 @1:1;

The @2:2 specifies that the consonant should be replacabébgecond glyph@2 and should be
associated with the second glyph ). Here the is used to indicate which underlying glyph a scefa
glyph is to be associated with.

Unfortunately, this is a rather cumbersome wayeasiotibing what we want. In order to simplify the
syntax for simple situations, the following equiaties have been set up:

@2 is equivalent to@2:2 which is equivalentto @:2

Referencing a glyph assumes an association widimdét,associating with a glyph assumes a reference t
it. In effect, there is only a need to give botminers if they are different. We can now write @t r
ordering rule as either of:

clsCons gDepl > @2 @1;
clsCons gDepl > @:2 @:1;

although the first syntax is preferred.

It is also possible to do re-ordering and substituat the same time.

clsVowel clsTone? > clsUpperTone$3:3 clsUpperVowel$ 2:2/clsCons __;

This rule selects the uppercase version of the Vthaé was in the inputc(sUpperVowel$2 ), and
uppercase version of the tone that was in the ifgsWpperTone$2 ). It also reorders the two so that
the tone is rendered before the vowel, but is ptg@ssociated with the original tone in the infat),
while the vowel is associated with the original w2 ).

Notice that the numbers used fohere are not 1 and 2 as might be expected i there referring to

an element in the left-hand side of the rule, bab@ 3 which are elements in the context. The nusnbe
for $, @and: always refers to elements in the context and fhesition within the context. Notice also
that the$ operator does not change association, thus witheutin the above rule the glyphs would
not be properly reordered.

It is helpful to keep in mind the distinctions betm the colon(;), @,and $:

» The colon (:) is to used to specify an associaetwveen slots in the input and slots in the
output—and ultimately between underlying characées surface glyphs.

 The @ refers to the glyph that is in the specifikdd, and has the effect of creating an
association (that is, a colon is implied if non@iissent).

* The $is used to select a glyph to put into th@wibased on the index of a corresponding
glyph in the input. In other words, it creates gpiag between the members of two classes.
The $ has no effect on associations—the mappingdeet underlying characters and surface

glyphs.
Slot aliases may be used in place of the numbers:

clsVowel=V clsTone=T? > clsUpperTone$T:T clsUpperVo wel$V:V
/clsCons _ _;

* % % #+
An alternative way of dealing with our dependeisttio delete thé from its place after the consonant
and to insert it before the syllable. This woulddese by the following rule:

Graphite Description Language Page 32 of 84
M. Hosken, B. Hallissy, W. Cleveland, S. Correll, A. Ward May 20, 2020 Rev: 408



_gDepl>@3 _/_clsConsC _;

This rule moves the dependent | to the gap bef@eonsonant. Notice how thas used on the lhs to
indicate an insertion, while on the rhs it indicagedeletion. In our example above, we delgtepl
from slot 3 and inserted it in slot 1.

Insertion and deletion create some special probtbatsequire associations to be specified. Conside
another example:

ZWJ clsCons > _ clsConsJoin / clsCons 1 ;

If a glyph is deleted, the question remains ashatwo do with the cursor. If the cursor is placed
between thelsCons and theclsConsJoin  , where should it be placed in the underlying tbefore
thezwJor after it? It is necessary to indicate whichfate glyph a deleted glyph is associated with.
This is done by allowing a surface glyph to be asged with more than one underlying glyph. In the
above example, we may want the/Jto be associated with the following consonant.sTowr rule
should be written:

ZWJ clsCons > _ clsConsJoin:(2 3) / clsCons __;

This indicates that thesConsJoin  is associated with both tiz&vJand theclsCons . Notice again
how the numbers refer to elements in the contélkerdhan on the right hand side. This is to allow
linking to elements in the context which are ngi@eed by the rule. For details of what happemn® if
associations are made for a deleted glyph, theeréadeferred to the Advanced Concepts section on
cursor hitting. The aim is that not specifying asaciation for a deleted glyph should result inrtigest
natural behavior occurring. In ambiguous cases,libhavior may be wrong for your requirement.
Therefore associations should always be specified for delgtgohs?

Insertions are also possible. In Thai script, arsbothers, some vowels are split up and consiat of
number of glyphs arrayed around a base consonhatfollowing is an example of one of them:

__VSchwa > VE:4 VShort / _ clsCons clsTone? _

This inserts the two parts of a vowel diacriticfise and after the consonant and tone) and asseciat
them both with th&/Schwa. Again, as for deleted glyphs, unless there ig onk non-null element in
the left hand side of the rulassociations should always be specified for inseglgphs

Inserted slots are not counted when determinirgyprecedence.

* % _ $

One use of attributes in the substitution tabl® iassociate underlying cursor positions with stefa
cursor placement points in a ligature. Since thatiomship between an underlying form and the
perceived components of a ligature is not necdgsare-to-one in a particular context, it is necegs
to indicate the relationship. This is done by akging each of the possible cursor locations ilgatlire
with a position in the underlying string.

Consider the following example:
CozZWJCe>Coe:(123) _ _;

The relationship between the cursor position, wiscivailable in the ce between the o and e, and the
underlying text must be marked somehow. We woutdb@bly want the cursor to be placed between the
Co and thezw] since thewlJis really modifying theCe.

The ligature component association is indicatedguglyph attributes previously defined on the
ligature:

1 This is probably not the way that conjuncts wdagdhandled.
2| assume that not associating can be made aneamdition, but there may be something more usgéutan do.
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Co ZWJ Ce > Coe:(1 2 3){component{o.reference = @1; eref=@3}} _ _;

This indicates that the whole ligature is assodiatith all three underlying codes. (Notice the dilyp
deletion to make the ligature.) Each componenaised with a glyph attribute and haeference

(or ref ) attribute which refers to the underlying glypls@sated with it. The named components
correspond to bounding boxes which are defined ghithh attributes for the sub-regions of the ligatu
associated with each component.

Note: as of Graphite2 version 1.3.12, ligature comgnts are not supported.

L $1 7, 1

While most control characters are dealt with atapglication level, one important pseudo-glypheagptk
in the glyph stream. This is a glyph to mark thd efa line, either the start or the beginning.sThi
allows line-based context substitutions. For exampl

clsCaps > clsSwashCaps / # _;

The line-break glyph is identified using theharacter and may only appear in the contextrafea It
is counted when determining rule order and wheardghing slot numbers for references (with ,
and @). It cannot be optional, and it is not pesihig to reference the slot it occupies.

See the section on thirebreak  table for more information on how line-breakinglimne.

Each line-break pseudo-glyph has a break weigliicigted with it. This break weight can be
determined by asking for theeakweight  (orbreak ) slot attribute. For instance, you can use the
breakweight  attribute to determine whether to insert a hypdtea break:

_ > gHyphen/ _ # {breakweight == 2};

As mentioned before, theeak attribute is also used to specify line-break peziees for glyphs or
slots. The usage in the above rule of the sambuatrdiffers in that one is testing the actuaktyp
break that resulted from the line-breaking process.

The meaning of the values for theeakweight  are the same in both usageREAK_WORD
BREAK_INTRAWORBREAK _LETTERandBREAK_CLIP.

o+

The substitution process does not have the sgbemsgbility for getting all the glyphs into the hg
order in the output glyph string. There is alsoltimcode directionality property to take into
consideration. This takes into account that, fameple, in a right-to-left script, European numbmes/
be read left-to-right.

Rather than leaving this to the substitution tabiteextra process is inserted which takes the Wdeico
directionality properties of each glyph and froragf, does further reordering to get the final glyph
order. Between the substitution rules and the jpositg rules, any glyphs which have a direction

opposite of the overall writing system directioe aeversed. This process is called internal reorger

Glyphs all receive a directionality by virtue oktkunicode codepoints which map to them. Values for
unmapped glyphs, pseudo-glyphs, or PUA codeponetsiefined by setting thiirectionality (or
dir ) attribute in either thglyph or substitution table.

Based on thdir attribute for each glyph, the glyphs are reordeezbrding to their directionality and
the Unicode bidirectional algorithm. Rules are ajsvavritten based on the underlying text order ekcep
for positioning rules which must take into accoumernal reordering.
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If you are working with a script that you are shees no internal bidirectionality, you can set Bidi
global to false. This is an optimization that alkthe rendering engine to avoid the superfluoys ate
performing internal reordering.

*
Once all the glyphs are in the right order for aitfpve can go about positioning them. The glypreord
for positioning is the same as for the underlyindes. Thus, if the primary direction of the text thuis
run is right-to-left then moving forwards throudtetglyph stream moves us left.

The positioning table consists of a multi-passo$etiles. The table is identified by:

table(positioning)

The primary mechanism provided for glyph positianis attachment. It is possible to define attachtmen
points on glyphs (as glyph attributes). These httant points may then be used to position two glyph
with respect to each other using thach (oratt ) slot attributes. A typical rule used for diaariti
attachment might be:

clsBase clsDia {attach.to = @1; attach.at = dap; at tach.with = base};
The stringsiap andbase refer to the named points which are glyph attebsut

Due to the nature of attachment, it is an erra@ttach to glyphs that are not visually adjacenbther
words, attachment must be done between two glypidhvare adjacent or between two glyphs which
are separated only by glyphs which are attachdds (hay be difficult or too costly for the compiler
check for.)

Note that it is an error for a rule in the positrantable to have a |hs.

*, 0

In addition to being able to attach glyphs to otligphs, there is the ability ®hifta glyph whereby it

is moved (along with all its dependent attachmethtsse glyphs attached to it). For such purposes we
use theshift  slot attributesShift is the offset from a glyph's normal placementefadtttachment is
processed).

clsBase clsDia {shift.x = -@1.advance.x/2;
shift.y = diaheight};
This would shift the diacritic above the base glyphifting does not change the screen positiohef t
following glyphs. Attaching a diacritic does notealthe slot'shift  value.

In left-to-right fonts, shifting by a positive numbmoves the glyph to the right, while a negative
number moves the glyph to the left. In a rightdéi-font, the opposite is true. In other wordsftsig
by a positive amount always moves the glyph “furéideng” in the direction of the script’s orientati

To aid in shifting and other positioning operatipih$s possible to interrogate a glyph for theueabf
one of its attributes. This is done by using arduaition and the name of the metric needed (asedbov

A full set of mathematical operators is availaldedalculations<, -, *,/, +=, =, *=, /=, min, and
max).
* ‘ 7

To alter the screen position of following glyphs #tdvanceneeds to be modified. There are two
advance (adv) slot attributes describing the distance betwéerotigins of two glyphs. The glyph
metricsadvancewidth  (aw) andadvanceheight  (ah) also exist. The defaudlvance value is the
advance of the glyptedvance.x defaults taaw, advance.y toah.
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gOverhanger {advance.x += overhang} / _ clsAny;

This example would move all glyphs on the linedwaling gOverhanger to the right by the overhang
amount.Overhang is just a named glyph attribute. (Note tbiaf\ny is not a special class. It was
created by the author using normal class definifitinis possible to setdvance with = instead of+=
to ignore the glyph advance metric.

Note that, like shift, the meaning of the advanaki® is determined by the direction of the font. A
positive advance value moves the following glyplrttier along” in the direction in which the glyphs
are being laid out. So in a right-to-left font, @sgiive advance value would cause the followingblyo
be positioned further to left than normally.

It would be relatively rare to use both horizoraat vertical advance attributes in a single font.
Normally advance.x andadvancewidth are significant only for horizontal scripts, while
advance.y andadvanceheight are needed for vertical scripts. An exception rolghin a font for a
Nastalig-style (sloping) Arabic script, where thertical position must be continuously adjusted glon
with the horizontal advance.

Normally advance is used in conjunction witkhift to accomplistkerning.When a glyph is kerned
both its screen position and the screen positidoltafwing glyphs on the line are moved.

gA gW {shift.x = -10m; adv.x = advancewidth - 10m};

Since this is such a common operation ke slot attribute is available. It is implemented by
specifying bottshift andadvance . Kern is not a readable slot attribute; it can only b#ten. The
above rule could be written more simply as:

gA gW {kern.x = -10m};

In addition to general shift and advance valuesay be that, at a later date, device-specificaalr
those associating with a control point on the glgptine may be added.

*. % 6

Once two or more glyphs are attached, compositéanetxist for the glyph cluster. During line layou
these composite metrics will be used.

gLowerl gTilde {attach.to = @1; attach.at = udap; a ttach.with = bap};

In this example, which places a tilde over a looase i, the need for composite metrics is evidént.
only the metrics for the i were used, charactersithrer side of the i tilde glyph cluster would lcbé
with the tilde. The line layout must be adjustedulsing composite metrics derived from the tilde and
the i.

These composite metrics can also be accessediie.d&or example:

pass (1);
gOne gTwo {attach {to = @1; at = dap; with = base} h
endpass;
pass (2);
gOne gTwo gThree {kern.x -= @1.bb.width.1 / 10};
endpass;

The trailing 1" indicates that the composite nestshould be used. Without a number, the metrics fo
the single glyph in the slot would be accessed.

The above represents a simple case of a more gemechanism. There are cases where multiple levels
of attachment are needed. A sequence of base tdaratay have to be attached in a cursive script.
Some of those base characters may then have disaitached. The diacritics may have other
diacritics stacked with them. To keep the variaels organized thattach.level attribute is used.
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pass (1);
gDia {attach {to = @1, at = dp; with = bp; level = 1}
/ gBaseOne _;
endpass;
pass (2);
gBaseTwo {att {to = @1, at = trail; with = lead; | evel = 2}}
/ gBaseOne gDia _;
endpass;

The composite metrics can then be accessed usrigudl numbers. Continuing the above example, in
pass 3:

gBaseThree {kern = @1.advancewidth} / gBaseOne gDia gBaseTwo _; /l'line O
gBaseThree {kern = @1.advancewidth.1} / gBaseOne gD ia gBaseTwo _; /l'line 1
gBaseThree {kern = @1.advancewidth.2} / gBaseOne gD ia gBaseTwo _; I line 2

Line O would access the metrics for the glyph ohlge 1 would access the composite metrics for the

base glyph with its attached diacritic but not wtie second attached base glyph. Line 2 would acces
the composite metrics for all three attached glyplatice how higher numbered levels incorporate the
metrics of lower levels. If an attachment is madieut alevel attribute, level 1 is the default.

Sometimes it is desirable to attach glyphs withnaving them from their normal positions. The author
may want to obtain the metrics for a sequenceygitgd even though they are not visually attached to
one another. This can be done using attachmenowipecifying theattach.at  andattach.with
attributes. Theattach.level attribute can still be used in this case.

Note that composites are only available for glygtnins, not for normal glyph attributes or slot
attributes.

* . *
Theposition  (or pos) slot attribute allows one to determine the distabetween two glyphs. It is
readable onlyPos.x andpos.y both existPos.y provides the distance of a glyph's upper left eorn
from the baseline. A singlas.x value is not meaningful in and of itself. It islypaseful when
comparing with or calculating the difference froraeoncbos.x value.

L , insert

One of the difficulties with glyph positioning isorking out what the cursor is going to do. We
generally have an implicit assumption as to whatwaet the cursor to do in a particular situatidw t
difficulty is formalizing this behavior in a way wdh is both natural and right most of the time.

If two glyphs are attached, it is probably desieatblat the cursor not be allowed to come betweemth
Theinsert  slot attribute is used to control this. Normahyert is set to true (1) . To prohibit cursor
placement before a slatsert  should be set to false (0) . Tineert  attribute is automatically set to
false wherattach.to  is used, though this can be overridden with aatoibute settinginsert  can
also be used in the substitution table, where it beparticularly useful when glyphs are inserted.

Note that in the Graphite system, insertion paamd range selections are always defined in terniseof
underlying characters, not the rendered glyphss Weans that in practical terms theert  attribute
applies not to the glyph itself, but to the cormsfting character (more specifically, tirst
corresponding character). That is, whenitisert  attribute is set to false onglyph it indicates that
no insertion is permitted before the correspondimaracterin the underlying data.

This is important to keep in mind when reorderis@écuring in the data. Consider this example:
underlying data: A B C D E

surface glyphs: a o d b e
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It may be tempting to sétsert  to false on the glyph “b” to prevent insertiortire middle of the
reordered cluster (BCD).This will not have the degieffect; instead it will prohibit insertion begen
the A and the B in the underlying data. A more appate action is to séisert to false for the
glyphs “c” and “d".

Furthermore, when attachments are involved, thenaatic setting of thansert  attribute can have an
unexpected effect. In the following example, suppibsit “b” has been attached to “c”.

underlying data: A B C D
surface glyphs: a c b d

This has the effect of automatically preventingeitisn before the “b”, that is, the B charactert Bsi
explained above, this does not have the desiredtasf preventing insertion between the attached
glyphs (instead it prevents insertion between thand the B). In this sort of situation, the rulatth
performs the attachment should also explicitlytgetnsert  attribute appropriately, to override the
default behavior:

gC {insert = false} gB {attach {to = @1, ... }; in sert = true};

By default, attaching a glyph moves the cursordddiiowing the attached glyph, otherwise the
advance width of the base character is taken. Adgist will also move the cursor but never so that t
advanced width of the new position is negative, mexkr off the base line. This latter principle lgor
well for diacritic adjustment since it is never assary for the cursor to be moved backwards fran th
advance width of the previous character. In thenomln situations where this is required, direct kegn
can be used.

. 6

So far, no discussion has been made of how poaltinformation is expressed. Numeric values can be
scaled to the size of the font's em square, oraledc Scaled numbers are specified by postfixing an
‘m’. By default the scaling factor is 1000, the@m indicates 50% of em. In general, values related to
glyph metrics should be scaled; the compiler wilega warning otherwise. Floating-point numbers are
not allowed.

The scaling factor can be specified with Ehgnits directive. The most common reason for changing
the scaling factor would be to match the unitsgrarsquare for the font a particular GDL was degigne
for. Such a scaling factor could make it easiespecify attachment points and ligature component
boxes.

Metrics are available for all glyphs in a rule'sitaxt (using dot notation with a slot referencedgded)
and when specifying glyph attributes for a cladee Tollowing metrics are available:

» leftsidebearing (Isb ), rightsidebearing (rsb)

e advancewidth  (aw), advanceheight (ah)

«  bb.left, bb.right, bb.top, bb.bottom (bb is an abbreviation fasoundingbox )
»  boundingbox.height (bb.ht ), boundingbox.width

e ascent, descent (as defined in the font)

The coordinate system for specifying attachmentfgpmoving glyphs, etc. always increases left to
right and bottom to top (i.e. a typical left-todigsystem). The origin (0,0) corresponds to theHahd
side of the glyph on the baseline.

*.8 0

As of version 1.3.9 of the Graphite engine, itésrpitted to include substitution rules within the
positioning table. This can be useful if the shapsize of the substituted glyph is based on trsitipo
that has been determined within the positioning@ess.
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For instance, in Nastaliq you might substitute sdtorersions of kaf and gafs depending on their
vertical position. Another idea would be to sulogétsmaller versions of diacritics based on thaltgs
of a collision avoidance pass.

Substitution rules within a positioning pass areeronited than those in the substitution passeml Y
can only do a one-to-one substitution—no insertitaetion, or reordering. Also note that if an
attachment existed involving the previous glyple, mlew glyph will be considered to have the same
attachments but the positions might now be wroraneNof the positions will be adjusted based on the
new glyph.

*.9 34
The following are some examples of positioning.
*.9 34 $ 1

The first example is from Arabic and addressegtiblem of ligatures with component diacritics. The
ligature is Lam-Alef and there are diacritics whiohy need to go on the various components of the
ligature. The two rules might be:

table(sub);
gLam clsM1? gAlef clsM2? >
gLaf:(1 3) {component {lam.ref = @1, alef.ref = @ 3}
clsLM1 _ clsAMZ2;
endtable;
table(pos);
clsLM1? {attach {to = @1; at = Idia; with = base}}
clsAM2? {attach {to = @1, at = adia; with = base} }
[gLaf __;
endtable;
*.9 34 + &

The second example is taken from a Roman basedsfactt asPA, in which there is a dotless i with a
tilde over it. The tilde is wider than the i and this example consider its advance width to be.zer
Advance width modification is required for follovgretters with a high initial stem.

clsUDia {attach.to = @1; attach.at = udia; attach.w ith = base}
/ clsbase _;
clsWideDia {advance.x += bb.width/2} / clslbase _c IsLeftStem;

Except that this does not deal with wide diacritidich may be placed under the i rather than on the
top.

*8

The final phase of processing is a cleanup andviegooperation, which occurs entirely within the
renderer and in which the description file takegad. This phase includes:

* Converting pseudo-glyphs to real glyphs

* Resolving positioning information, such as attachtseto absolute positions.
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- 34 |/

The following example fragment would be part oflBA rendering description file. The fragment is
concerned with two independent areas of rendefihg.first is the handling of dotless i and friends.
The second is the question of whether a user wishgese pitch rendered as pitch letters or using
superscript numbers. The alternative renderingsaneled via a feature.

- 34
/*
Sample description for handling dotless i and rais ed numbers.
Neither implementation is complete.
*/
#define c(x) codepoint(x, 32765)//make a default codepage for IPA93

#define C(x) codepoint(x)
#define u(x) unicode(x)
#define p(x) postscript(x)

#define LG_USENG 0x0409

table(glyph);

/I lists for dotless i substitution

gOverTilde = ¢(226);

clsTone = (c(157), c(152), c(147), c(143), c(136))
clsUMod = (c(126), ¢(95), c(161), gOverTilde);
clsUDia = (clsTone, clsUMod);

clsDottedl = (c("i"), c("|"), c(246));

clsDotlessl = (c(34), ¢(190), c(174));

I these lists are shortened for the example
clsLStem = (c("DHLT[\\]bfghikl") c(132));

clsTakesDia = (c(65 .. 71), c("I"), c(75 .. 86), c (88 .. 90),
c(97 .. 123));

clsiBase = (clsDottedl, clsDotlessl, c("I'));

Il lists for converting pitch letters to superscri pt numbers

cls1Pitch = (c(159), c(154), c(149), c(145), c(138 );

cls2Pitch = (c(232), c(217), c(216), c(134), c(133 ), ¢(128));

clsINum = C("12345"); [* use real numbers */

cls2Num1 = C("133551");
cls2Num2 = C("515133");

gRaise = pseudo(codepoint("")); // make spare gly ph to mark raises
clsRaise = (u(0x0030 .. 0x0039), C("-"), c("nhjNm" ) c(248));
clsRaised = (u(0x2070), u(0x00B9), u(0x00B2), u(0x 00B3),

u(0x2074 .. 0x2079), u(0x207B), u(0x207F),
u(0x02B0), u(0x02B2), p("engsuperior"),
p("'msuperior"));

I/l define attachment points
clsDottedl {udia = point(advancewidth/2, bb.top + bb.top/5)};
clsUDia {base = point(aw/2, 0);

udia = point(aw/2, bb.top + bb.top/5)};
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endtable; // glyph

table(feature);
fPitchNum.id = 64000; // arbitrarily chosen id fro m user-dfnd range
fPitchNum.name.LG_USENG = string("Pitch Numbers");
fPitchNum.default = letters;
fPitchNum.settings.letters.value = 0;

fPitchNum.settings.letters.name.LG_USENG = string( "Letters");
fPitchNum.settings.numbers.value = 1;
fPitchNum.settings.numbers.name.LG_USENG = string( "Numbers");
endtable; //feature
table(sub);
pass(l);
clsDottedl > clsDotlessl / _ clsUDia; /* dotless i substitute */
clsTone clsUMod > @2 @1; /* diacritic then tone */
if (fPitchNum == numbers)
cls1Pitch _ > cls1Num gRaise; [* just one raised number */
/* others result in x3-5 or whatever - lots of in sertion! */
cls2Pitch
> cls2Numl gRaise C("-") gRaise cls2Num2$1 gRai se;
endif;

endpass; //pass 1

pass(2);
clsRaise gRaise > clsRaised _;
endpass; //pass 2

endtable; //sub

table(pos);
clsUDia {attach {to = @1, at = udia; with = base}}
/ clsTakesDia _;
endtable; //pos

- 6

The example starts by using the C pre-processeifeatively allow us to work in two different
encodings at the same time. The loweregsemacro returns a glyp based on th#2A93 encoding.

This assumes that thi@A93 encoding is a mapping to the correct Unicode \safaethose letters, rather
than to some codepage 1252 overloading. The upEe¢a macro uses the default codepage (1252) to
map standardScCll type letters which are not availablelfn93.

- &

The next step is to define some variables. Thebilk of assignments are the classes needetdor t
dotless i substitutions. The next block contaimeditlass assignments. These assignments would be
very much longer in a real description file, but&deen truncated in order not to swamp the example
The final block contains assignments to handlecttage of pitch letters to superscript numbers.
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Thepseudo glyph has been created to help mark charactershvghiould be superscripted. There is
probably a better way of doing this (like convegtio the superscript glyphs directly), but this
illustrates a useful technique.

Following these assignments, we have the glyptbata assignments to indicate where the diacritic
attachment points are on each glyph. Since thelfasnot been modified to add specific attachment
points, locations are used instead.

- % I &

Next we have a feature definition for the pitch fn@ms question.

- % 0

After all this preamble, we are ready to write samies. The substitution table is taken in two pass
The first pass does most of the work, dealing witiess i, diacritic re-ordering, and then the pues
conversion of pitch letters into numbers.

There are two sorts of pitch letters we need teictan. The first is a level pitch, which just gets
converted to a single superscript number. The skioa simple contour between two pitches, which
must be represented by a sequence of numberscdorpde, [4]. This means that a single pitch letter
glyph is converted into 3 output glyphs. We alse asr pseudo-glyph to mark the numbers that need
raising, which results in there being 5 glyphs itextinto the stream and 1 substituted.

One question which immediately leaps to mind wioaking at these rules, is why there are no cursor
associations for the inserted and deleted glypingeSn each case there is only one non-deleted or
inserted glyph, there can only be one associaii@siple. Therefore, there is no need to expligile

a long list of associations which are clearly olmgioEven if the fallback effects of not associatiag
given in the next section, come into play, the teswill still be obvious to the user.

The second pass simply deals with the speciah@giyph. Anything followed by this glyph is
converted to a raised form. The result is thatal&no possibility for the raised glyph to appieahe
final output. Our initial mapping of the glyph ta alyph, hopefully, will never come into play.

-- ., &

The positioning table attaches a diacritic to @sdcharacter. In fact, the base character could be
another diacritic, which is why diacritics need tattachment points: one to attach with and onateh
others attach to.

-%

This GDL file does a lot of work in a remarkablyaimumber of rules. In a real situation, espegiall

for something as complex and quirky as rendeifag there would be many more rules and many more
classes. It behooves the GDL author to use staqmagtamming techniques to organise their
description. Again, the C pre-processor can hetp bg allowing some of the information to be stored
in external files which are #included into the mdéscription.
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The rest of this description examines more detailetiadvanced aspects of the Graphite description
format. It looks at the description from both a mmoomputer scientific standpoint and from its
implementation.

The association model which is presented as pahec$ubstitution rules is not strictly correctoiffra
descriptive standpoint, association is a helpfu} wiconsidering what is going on. But from a curso
point of view, it is not the glyphs themselves whare in focus, but the cursor points between the

glyphs.
0

When considering a cursor between two characteassineam of text, we can say that it is after one
character and before the next both on the surfaderathe underlying data. The problem is that when
the underlying to surface relationship becomes moreplex, a cursor may not be between adjacent
glyphs. Consider an internal cursor placed betvwaencodes in an underlying string. On the surface,
the two glyphs that the underlying codes are aasetiwith may not be adjacent. The result is that o
the surface, it is necessary to split the cursand@ate which glyphs the cursor is before andraft

As an example, consider the wdndha, meaning ‘thirst’ in Nepali. In its underlying for, it is stored
as , but on the surface, it is rendered with theefore the and the placed above the which is
placed after the (a single glyph — aspirated k). The result is

@

it kh ar

If in the underlying form we were to place a cursetween the and the we would get a split cursor
on the surface to indicate that we were after taed before the This would look something like:

l

The before cursor is placed low down and the a&ftesor high up, following the German convention
with quotation marks. The serif on the cursor hétpshow which glyph it is relevant to. Worse hiét
cursor were placed between thend the , we would get:

Here the before cursor is before the clump comgitiie .
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One of the basic principles of split cursors ig @ can only be at one place in the underlying. text
Here is a typical approach to cursor placementdaraplex rendering system.

* The user clicks the cursor down somewhere on ttietethe screen.

* The application asks Graphite where the cursobkas placed.

» Graphite calculates a position in the surface glstoimg for the cursor, including in this
attached glyphs, etc. It then returns either aretlyithg position the cursor is before or an
underlying position the cursor is after dependingubere the click occurred.

» Graphite returns the position for the split cursor.

» The application tell Graphite to show a split curso the screen.

Another important principle is thatiting is done on the underlying teXtis means that handling
backspace is the duty of the keyboard handler mjucation with the underlying text directly. The
renderer only deals with rendering that edited dgohg text. The keyboard handler does not work via
the renderer since the rendered form of the tembidheld anywhere, except for display purposes.

Arrow keys should endeavor to move through thessgrtext, although to what extent this relates to
attached glyphs is up to the application. Arrowskeliould also endeavor to move in the direction
indicated regardless of directionality of the téiXtis requires interaction with Graphite.

. % 2 #'

After Graphite has finished dealing with all the@gations, insertions, deletions, etc. the fiealit is
for Graphite to know, for any position between tt@racters in the underlying text, what positions i
the surface text this underlying position is befanel after. Likewise it also knows the reverse
information of how a position between two surfabglys maps to before and after positions in the
underlying text.

. % #+

The default behavior of inserted and deleted glyphish have not been associated is not immediately
obvious. As a result, it is best never to rely nmach on the default behavior. By looking at a itile
almost impossible to work out all the implicatiasfg¢he defaults without running the cursor tracking
algorithm by hand. Having said this, the resultthefdefault behavior are very natural and may be
relied on to give some sort of behavior which a usight expect.

For completeness, though, the default behavioessribed here.

6.1.3.1.1 Insertion

An inserted glyph is not accessible from the undiegl text. There is no underlying cursor position
which maps to a position which can interact wité ithserted glyph.

On the surface, placing a cursor before an ins@ftgzh results in an underlying position before the
following glyph. Likewise placing the cursor aften inserted glyph results in an underlying position
after the previous glyph to the insertion pointhie underlying text.

6.1.3.1.2 Deletion

A deleted glyph is not accessible from the surtagé There is no surface position which resultann
underlying position before or after the deletedobly

In the underlying text, a position before the dadleglyph results in a surface position of befoee th
following glyph, and a position after the underlyiglyph results in a surface position after theviomes

glyph.
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Theinsert slot attribute impacts how cursor tracking workg.d&fault all slots have this attribute
set to true. When attachment is doneert  is set to false. Of coursiasert can also be set
explicitly to 1 (true) or O (false).

Wheninsert is false on a slot, the cursor is never placed éetwhe (first) corresponding character
and the character that preceeds it. Note thahtet attribute really affects the corresponding
character,since that is what insertion bars are associatdd mot the glyph itself.

When the user clicks at a location whigrsert = false , Graphite will move the insertion to one
side or the other, to the closest legal insertiointp Similarly, if the application program tries $et an
insertion point at a place in the underlying téwttwould correspond to one of these invalid |@re;
Graphite will suggest an alternate legal posit{towever, ultimately it is up to the application ether
or not it abides by the insertion information Grié@lprovides.)

, 1

Thepseudo directive synthesizes a new glyph, just as if e tlesigner had copied an existing
glyph to an unused slot in the font and assignadJhicode value.

Consider an example: suppose a script-engineeswaisupport a special variant of A which has been
given a PUA allocation dixf141 . He could be tempted to map it straight to thekly0x0041)

But, apart from not being able to, he wants tolile & position this new glyph differently from
u(0x0041) . So he includes the following statement:

GP1 = pseudo(unicode(0x0041), 0xf141)

This command does two things. First, it has theafbf creating a new glyph in the font. It finds a
spare glyph number (assuming the font hasn't fite@4K allocation of glyphs, in which case aroerr
is raised) and assigns this@@1 Second, when initially processing the input, &ps the Unicode
codepoinxf141 to the pseudo-glyph. At the very end of processingill convert any instances of
this pseudo-glyph to be the glyph associated witB@41. In other words, our pseudo-glyph will look
like an A.

In fact, if two Unicode codepoints are mapped togame glyph by themap, one of them will be
automatically mapped to a pseudo-glyph and therpadpack at the very end. This ensures that two
codepoints can be treated differently within thie matching which follows. This auto generation of
pseudo-glyphs can be disabled by assignitgtheAutoPseudo setting at the beginning of the GDL
file.

Notice that thainicode  andcodepoint  functions will return the glyph that the Unicodduahas
been mapped to within the program. This may besag¢is-glyph ID or a real glyph ID. For the most
part this is the expected behavior. But should & @thor require access to the real glyph ID of a
glyph, regardless of whether it is pseudo or tealcan use thglyphid  function which guarantees to
return the real glyph ID (the one which a pseudplglwill revert to at the end of all the proces$ing

As we saw in the example, theeudo function does two things: creates a pseudo-glyppp®d to a
real glyph during output, and maps a Unicode conh¢po a pseudo-glyph. It is not always necessary t
do the latter mapping, ampdeudo may be used with just one parameter to createwpsglyph
mapped to a real glyph.

pseudoX = pseudo(unicode(0x002C))

This is useful if two identical glyphs need to eadered with the same glyph but positioned diffdyen
The positioning rules may not be able to expresstimplex contexts involved and using a different
glyph may fix the problem.
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The following statements:

pl = pseudo(u(0x002C), 0x201A);
p2 = pseudo(u(Ox00AE), 0x201A);

are in error. It is an error to try to manually nepnicode codepoint twice. The automatic creation
pseudo-glyphs can be overridden but not twice.

. % 1 (O

In addition to the slot attributes mentioned abakiere is also a set of user-definable slot atteibthat
can be used in any way the programmer deems helgfalnames of these slot attributeswae1 ,
user2 ,user3 , ...user64 . Itis generally most helpful to use théefine  mechanism to give the
attributes more meaningful names.

These slot attributes can be used to communictdenation between passes. For instance, one pass
might set a flag based on the sequence of glyghscibunters, and a subsequent pass could perform a
substitution or adjust the position of glyphs basedhe value of the flag.

#define raiseFlag userl

table(sub)
Il record the fact that the tone mark needs to be raised,
/l and delete the character that should not be dis played
clsToneMark gRaiseMark > @1 { raiseFlag = true } .
endtable;
table(pos)
/I shift the tone mark up if the raised flag is se t
clsToneMark { shift.y = 100m }/ _{raiseFlag == true };
endtable;

Note: in order to minimize the amount of memoryuiegd by the Graphite engine, it is strongly
recommended that you use consecutive, low-numheseddefinable attributes rather than an arbitrary
set of these. For instance, it is preferable totiedollowing:

#define vowelMarker userl
#define diacMarker user2
#define consMarker user3

as opposed to:

#define vowelMarker user10
#define diacMarker user56
#define consMarker user28

27 o ,

Due to the way Graphite manages the process ohingtcules, it is possible to write rules that @us
the stream position to move backwards. Considefaifmving:

clsVowel > clsVowelAlt / » clsCons _;

Before this rule is matched, the position of theamn is considered to be just before the vowelahiet
the rule fires, the position of the stream is befire preceding consonant.
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In order to allow this phenomenon to occur, ités@ssary to set tiaxBackup directive to some
positive numberMaxBackup should be set to the number of successive slatsted to be backed
over as a unit. IMaxBackup is not set high enough to handle a sequence &figaoperations, the
processing will simply keep the position of theeatn unchanged. For instance, if the above rule is
included in a pass amdaxBackup equals zero, the stream position will not be séoie the consonant,
but will be left before the vowel. You will likelgeed to selaxRuleLoop to at least twice the value of
MaxBackup .

X 34

This back-up mechanism can be used to handle &seguwf modifications that are based on first
recognizing the end of the sequence. Suppose youtwahange a sequence of the letter A to alternat
between two forms, Al and A2, but with the finainit always being A2 regardless of whether there is
an odd or even number in the sequence. You cathasgpproach of first recognizing the end of the
sequence and using the back-up mechanism to mealifly previous item based on the following one.
MaxBackup should be set to the maximum expected lengtheoféiguence.

/I For marking the elements of the chain of alterna ting items:
/I 0 = not in chain; 1 = change to Al; 2 = change t 0 A2
#define Alt userl

table(sub) {MaxRuleLoop = 20; MaxBackup = 10}

/I Beginning of sequence: another A follows this on e;

I/l keep going forward till we hit the end of the se qguence:
gA > @ / _ gA{Alt==0}

/I Found the end of the sequence; start a chain and back up;

/I mark this first A to be changed to A2:
gA > @ {Alt=2}/"~ANY _{Alt==0}

/I Continue backwards; mark this A the opposite of the

/I following one:

gA > @ {Alt=2} / ~ANY _{Alt==0} gA {Alt == 1}
gA > @ {Alt=1} / ~ANY _ {Alt==0} gA {Alt ==2};
/I Special case: hit the beginning of the sequence with

/I no glyph before:

gA > @ {Alt=2} / ~_{Alt==0} gA {Alt== h

gA > @ {Alt=1} / ~_{Alt==0} gA {Alt== h

/I When going forwards: switch to the alternate for m:

gA > gAl / _{Alt==1};
gA > gA2 | _{Alt==2};

endtable;

Graphite includes various mechanisms to allow geaf text to be fully justified to a specific widas
requested by the application. Justification capdxormed by techniques such as kerning to adjest t
amount of space between glyphs, insertion of kashidxtender glyphs to create stretch within cersiv
script), substitution of glyphs of varying widttemd creation or removal of optional ligatures.

Justification may involve either stretching or sking the line to fit a given amount of space. The
techniques to stretch and shrink a given glyph beyguite different. For instance, it may be possibl
stretch a glyph by following it with kashidas, tshirinking is not possible using this technique, and
must be achieved through kerning or glyph subgtitiiior may not be possible at all.
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Keep in mind that many applications that suppdttjfistification use only stretching, not shrinkirig
other words, they never attempt to fill the ling/dwed what will naturally fit, so shrinking is never
necessary. For this reason, shrinking is most usgeflin applications providing high-end,
sophisticated paragraph and text layout.

Justification is performed by setting justificaticelated glyph attributes and adding appropriakesrto
the rule tables. These attributes and rules tdketah two stages. In the first stage, each glgph
assigned a potential stretch or shrink, indicatiogy much it is possible to adjust the width of ¢iyph.
The second stage involves using the actual assigitid to modify the glyphs and actually achieve th
desired width.

More specifically, justification is incorporatedanthe Graphite processing model as follows:

Stage 1
Glyphs are initialized witlglyph attributeswhich may include those related to justification.
Thesubstitution tablenay include rules to set the stretch and shrihtegaof each glyph and
related information. Note that this is thetential or maximal, adjustment, not the exact
adjustment.

The bidi table is run as normal.

After the bidi table, thgustification routinedetermines where adjustments should occur toecreat

the necessary width. This routine is implementethieyapplication, and therefore may differ

somewhat in its exact effects from one applicatmanother.

Stage 2
Thejustification tableis a special substitution table that runs follogvihe justification routine.
Its purpose is to perform substitutions that arded to achieve justification, such as replacing
a narrow glyph with a wide glyph, or inserting kasis.
Thepositioning tablemay include rules to adjust the positions of gb/pls needed for
justification.

.- + 2

The Graphite system provides basic white-spacdifagton, involving the capacity to stretch white
space up to 100 times its natural width and shititck 75%. This behavior is implemented at levethg
“emergency stretch” level (see the discussion siiffaation levels below). You may override this
behavior in your GDL program if you so desire.

-% o "

Global state variables are available to test thee sif justification-related processing. Thesealdes
can be used within rule constraints to determinghvjustification-related rules, if any, should fired.

% . 6

The JustifyMode variable indicates the justificatimode in which the engine is being run. In other
words, it indicates whether and how the applicatsointeracting with the Graphite engine in order t
generate justified text. There are three possilddes:
JMODE_NORMAL no justification is desired; the justificatiosutine is not run.
JMODE_JUSTIFY- the justification routine will be run in order produce justified text.
JMODE_MEASUREuUsed by applications that are doing sophistichigh-end justification. The
“measure” mode allows the application to measueentitth of text before actual layout in order to
determine where to place line-breaks.
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Eventually we anticipate four possible levels dtification rules, depending on how much adjustment
is needed, and JustifyLevel indicates which lesddaing applied. It is generally considered during
Stage 2 to determine which rules to fire. The stathdevels are 1, 2, and 3, where in general thledhni
level represents the more extreme or invasive a@gprd_evel O represents an “emergency level”, and a
such the application may decide to take a diffeagaproach than what is specified by the GDL rules.
See the discussion of justification levels below.

Note: as of Graphite2 version 1.3.12, only oneifigsttion level is supported. The JustifyLevel abie
should not be used.

- * 0 0 : 0 0 7

There are several attributes that can be usedlicaite how much, and in what ways, a glyph is
permitted to stretch and shrink. These exist ak blyph and slot attributes. Thestify.stretch
andjustify.shrink attributes indicate the maximum amount by whichdlyph can be stretched
and shrunk, respectively. The value is in em ufits.example, the following indicates that a space
character can be stretched to 10 times its natidth (increased by 900%) and shrunk to 75%.

gSpace {justify {stretch = aw * 9000; shrink = aw / 41},
Note that the values of these attributes indidateaimount by which the width can &édjusted not the
total final width. Also note that the valuejaétify.shrink is always positive.

In some cases width can be adjusted only in incnésn€or instance, when inserting kashidas, the
adjustment must be made in strict multiples ofutfigth of the kashida. Thiestify.step attribute
can be used to indicate this; its value is the hvadtthe increments. For example, the followingnpies
the insertion of up to 5 kashidas:

gKashida { incwidth = aw };
clsLetter {justify { stretch = gKashida.incwidth * 5;
step = gKashida.incWidth }};

When substituting one glyph for anothiestify.step can be used to indicate that the adjustment
must be exactly the difference of the widths oftiue glyphs:

gNarrow { xWid = aw };

gWide { justify { shrink = aw — gNarrow.xWid;
step = -justify.shrink}};

If the step value is positive it applies when stnetg, and if negative, it applies when shrinkitiga
step value is needed for both stretching and simgnkwo separate justification levels must be used
(although this is not supported as of Graphite2ioerl.3.12).

Thejustify.weight attribute can be used to indicate that some glgpbsild be given preference

in deciding how to distribute width adjustmentssiggsing a glyph a weight of 10 means that it will
receive 10 times as much adjusted width (if possitiven its total stretchability) as a glyph with
weight 1. The default weight is 1, and the maximueight is 255. In the following example, we use the

justify.weight attribute to prefer stretching of white space aag@a-word stretch:
gSpace { justify { stretch = aw * 9000; weight = 10 1
clsWordForming { justify.stretch = 100m } // defaul tweight =1

There are slot attribute equivalents for each e$¢hattributes that can be used within rules. For
instance, the following rule uses kerning in segasrsuch as “WA” and “VA” to remove the illusion of
white space between the diagonal strokes.

(gW gV) {justify.shrink =100m} / _ gA;
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If part of your strategy is to stretch white spag®) will need to include a rule to remove thetstre
from white space occurring at the end of the Igilece it is not part of the line’s visible widthhé&
following is an example of such a rule that wilhkige up to five trailing space characters:
gSpace {justify.stretch = 0}
/ _ [gSpace [gSpace [gSpace gSpace?]?]?1? #;

(Note that this happens automatically for the Huilvhite-space-stretching capability that is pomd
at level 0.)

0 : ;

The justification routine, which is run just aftee bidi pass, sets thestify.width attribute for

each stretchable or shrinkable glyph to the degimdunt of adjustment. This value is used during
stage two—uwithin the justification and positionitadples—to determine how, and how much, to modify
the glyphs.

Rules to handle justification by kerning are plagethe positioning table, along with all the other
positioning rules. A simple example is shown beltiis good practice to test the JustifyMode vagab
to ensure that rule is only fired when justificatis needed:

table(pos)
if (JustifyMode == JMODE_JUSTIFY)
someGlyph {adv.x += justify.width; justify.width = 0};
endif;
endtable;
It also is good practice to subtract frqustify.width any width that is being handled by the rule,

so here we set the value to zero. This is not dgtmacessary when your program includes nothing bu
simple justification, but it becomes more importasfien you begin working with multiple rules and
strategies.

Justification-related substitutions, insertions detétions are performed in the justification (rst”)
table, which is run after the substitution tabld aidi pass (if any) and before the positioninddab
Again, you will want to test the value of Justifyiso that the rule is fired only when justificatie
necessary.

table(just)

if (JustifyMode == JMODE_JUSTIFY)
gStandard > gWide
/ _{justify.width >= justify.stretch};
endif;

endtable;

The rule above substitutes a wide version of agedharacter for the standard version. The rués us
the constraint to make sure that the amount oftiagdil width assigned to the original glyph is eddt
equal to the amount of stretch that will be achielg making the substitution.

A more complete example below shows how to adhestatidth of a glyph using a combination of
substitution and positioning. The amount of stretehilable equals the difference between the wide a
standard glyphs, plus a small amount of additiéeahing.

table(glyph)

gStandard {
wideGlyphDiff = gWide.aw — aw;
justify.stretch = wideGlyphDiff + 100m};
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endtable;
/I no rules needed in the substitution table
table(just)

/I rule 1
gStandard > gWide {justify.width -= wideGlyphDif f}
! {justify.width >= wideGlyphDiff};

endtable;
table(pos)

/I rule 2
(gStandard gWide) {adv.x += justify.width; justify .width = 0};

endtable;

This example shows why it is a good practice fahealle to subtract the “handled” width from
justify.width . Rule 1 subtracts the width handled by virtuadwabstituting the wide glyph, leaving
the remaining width to be handled within the posiiting table using kerning (rule 2).

Notice that (becaugestify.step is not set), the assigned width may be less than
wideGlyphDiff  , in which case all the stretch will be handledbig 2.

o & & 7

R 5

To use kashida insertion to accomplish justifiaatipou would set thgistify.step attribute to the
width of the kashida that can be inserted. jlk#fy.stretch attribute will generally be set to a

multiple of the width of the kashida, the numbekashidas that can be inserted. These attributdd co
be specified either in the glyph table alone oo aising a rule in the substitution table. Then the
justification table will contain the rules to adiyansert the kashida, and the number of kashidas
insert would be based on the value ofjthaify.width attribute (as it was set by the justification
module which happens between the running of th@eddbles).

The following shows an example where a featureséuto control the amount of stretch permitted.
Note that the rule in the justification table ufes scan position adjustment mechanism to repegated|
insert kashidas until all the assigned width hantsccounted for. Setting MaxRuleLoop to something
relatively high is useful when this mechanism isrgional.

table(glyph)
gKashida = glyphid(...) { xAdv = advancewidth };

clsCanTakeKashida { kStretch = gKashida.xAdyv;
justify.step = kStretch };

endtable;
table(subs)

/I The ‘stretch’ feature indicates how much stretch we allow.
if (stretch == maximum)
clsCanTakeKashida { justify.stretch = kStretch * 5 h

endif;
if (stretch == medium)
clsCanTakeKashida { justify.stretch = kStretch * 3 J>
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endif;
if (stretch == minimum)
clsCanTakeKashida { justify.stretch = kStretch };
endif;
/I if (stretch == none), leave justify.stretch = 0.

endtable;
table(just) {MaxRuleLoop = 30}
/I Keep inserting as many kashidas as there is wid th for:

clsCanTakeKashida _
> @1 {justify.width -= kStretch} gKashida:1
[ N _{justify.width >= kStretch} _;

endtable;

S $ 34

Thejustify.step attribute is useful to perform ligature expansismeell. In this case the width of
the step is exactly equal to the difference betwkenigated and non-ligated forms. In a normal enod
of operation, the substitution table is used tatr¢he ligatures, but when justification is ocegriit is
the justification table that must be used, soiiti@ognize whenotto create the ligatures.
Unfortunately, this leads to a slight duplicatidrcode.

table(glyph)

/I ligatures
g_ae { xAdv = advancewidth; kStretch = 190m };
g_oe { xAdv = advancewidth; kStretch = 210m };

g_e { xAdv = advancewidth };

g_a { ligDiff = advancewidth + g_e.xAdv — g_ae.xAd v;
kStretch = 150m };
g_o { ligDiff = advancewidth + g_e.xAdv — g_oe.xAd v;

kStretch = 200m };

g_ae { ligDiff = g_a.ligDiff };
g_oe { ligDiff = g_o.ligDiff };

clsMakesLigWithE = (g_a, g_o0);
clsELig = (g_ae, g_oe); { /* define component boxe s*}

endtable;
table(subs)
if (JustifyMode = IMODE_NORMAL)

/[l Normal case: always make the ligature.
clsMakesLigWithE g_e
> clskLig:(1 2) { /* define component refs */ }

endif;

if (JustifyMode = IMODE_JUSTIFY)
I/l This stretch value assigned here is valid when we *could* create
/l a ligature.
clsMakesLigWithE { justify { stretch = ligDiff + kStretch 1,

step = ligDiff }
g_e;

! Notice a slight anomaly here. We assign extraikgrwidthkStretch ~ assuming that the ligature will not be created.
If in fact the ligature is created, akstretch  is substantially greater than the value for thatlige, the ligature may
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/I Otherwise assign the normal kerning stretch val ue.
clsMakesLigWithE {justify.stretch = kStretch };

endif;

endtable;

table(just)

if (JustifyMode = IMODE_JUSTIFY)
/l Only create the ligature when we DON'T want to stretch.
/I Note that in this case, the step mechanism shou Id ensure

/I that justify.width = 0.

clsMakesLigWithE g e
> clsELig:(1 2) { /* define component refs */ }
[ _{justify.width < justify.stretch} _;

/I Subtract the amount of stretch we “inserted” by virtue of having
/I NOT created the ligature. The extra width will be handled by the
/l positioning pass. (Note that due to the step me chanism the
/I extra width will be exactly ligDiff, or zero.)
clsMakesLigWithE { justify.width -= ligDiff} g_ e
I _ {justify.width >= justify.stretch } _;
endif;
endtable;
table(pos)

if (JustifyMode = JIMODE_JUSTIFY)
clsMakesLigWithE { kern.x = justify.width };

endif;

To avoid the duplication of the rule, it would baspible to create the ligature and undo it latbis T
would result in a loss of the correspondences tmtviee non-ligated glyph forms and their underlying
characters.

As the comments above mention, the step mechanibrwonstrain the kerning width that actually gets
assigned to be a multiple of thestify.step value. The multi-level justification capability thiaas
not yet been implemented would provide an improveme

Note that together all thestify.width values set by the justification module should pezdu
cleanly justified text. It is essential that théseiquent justification and positioning passes be
meticulous about making adjustments to accourg¢éoh value. Failure to do so will result in
improperly justified text.

6

In right-to-left scripts, certain characters neathé¢ displayed as mirrored alternates. For instambie
in a left-to-right script the opening parenthesislisplayed as “(", in a right-to-left script it@id
appear as “)". The same is true for similar pafrsh@racters such as brackets (‘[...]"), braces (“{)),}
and wedges (“<...>").

be kerned inappropriately. This would most likeydproblem when the step value is relatively saradl the
difference between the twstretch  values is rather large. A multi-level justificatiapproach would be needed to
solve this problem cleanly.
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Themirror.glyph glyph attribute can be used to specify what formimored glyph should take. The
value of the attribute is the glyph number of thieraate glyph. In the Graphite2 engine, the baig
will use these attributes to perform mirroring.

Note: the mirror attributes are only handled by tAephite2 engine. There are no plans to support
automatic mirroring in the original Graphite engine

For the examples mentioned above, the alternafihgllapes come in pairs that can represented by
pairs of Unicode characters (e.g., U+0028/U+00280Q@5B/U+005D, etc.). The mirroring can be
accomplished by substituting the glyph normallyigresd to the opposite member of the pair. The
Unicode Standard defines these pairs, and the @eagdmpiler will set thenirror.glyph attributes
automatically based on the information in Unicotleese values can also be overridden in GDL code as
necessary.

In other cases, a single glyph exists that needbdage its shape in a right-to-left context. Trerme
quite a few examples of these among mathematicalbsls, such as the square root sign. There is no
Unicode character that represents the alternate dbthe square root; it is simply an alternatepghaf
the symbol. In these cases thieror.glyph attribute must be set in the GDL explicitly, sirtbere

is no way of determining a default value from Unieo

‘ 1
Some applications perform mirroring independer®adphite. In this case the Graphite engine does not
want to duplicate the work that was already perfmray the application. However, the application is

only capable of mirroring encoded pairs such asmheses and brackets, not the single mirrored
characters such the square root symbol.

Themirror.isEncoded glyph attribute exists to indicate which glyphs slioalways be mirrored
versus those that should only be mirrored when kiaase not already been handled by the application.
Appropriate values are 0 (false) and 1 (true). loieor.glyph , this attribute is set automatically by
the Graphite compiler, and can be overridden ifGbé code.

Pass constraints provide a way to optimize youecmithat some passes are ignored altogether. For
instance, you may have a pass that only contalas ta handle a specific font feature. By embedding
the pass inside a constraint, the pass can beeskigfficiently.

A constraint is considered to apply to a pass viheif statement containing the constraint is followed
immediately by gass statement.

if (specialFeature)
pass(3)

Il rules to handle specialFeature

endpass;
endif;

If the structure of the code inside the statement is such that it contains something dti@rpass
structures, the constraint will be applied diret¢tiyeach of the rules rather than at the pass.|d\eé
that the behavior will be the same, but the optatiin effect is lost.
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The compiler implements an optimization that alldie engine to skip passes that are not needed. To
do this, it creates the set of key glyphs by logkat each rule in the pass. For each rule it wotks

which glyphs, if not present, mean that the ruleiamever match. For example, if the pass conefsts

a rule to create an fi ligature from the charactensd i, any glyph other than an f or an i medad the
rule will never match. More than that, we can dat if the run does not contain an f (regardless of
whether it has an i), then the rule will not mafthe compiler, therefore, analyzes the pass byihgok

at each rule, picking one slot and determiningsiteof glyphs that covered by that slot. If tholyplgs
exist in the run then the rule might match andphgss must be executed. If not, the pass can bpezkip

The mechanism used to identify the set of glyphs$Hiz pass optimization is a built-in slot attrieu
calledpassKeySlot . Each rule in the pass will have one slot idetdifas the “key slot”, and all of
the glyphs that can possibly be in that slot when tule fires are added to the set of glyphs usde
test to see if a pass can be skipped.

If the GDL author doesn’t explicitly identify whidk the key slot, the Graphite compiler will pidiet
first “modifiable” slot in the rule (i.e., the fitrslot in the left- or right-hand side of the rutet in the
context).

The default chosen by the compiler may not be agtilmowever, so the GDL author can explicitly
identify the key slot by setting thrasskeySlot  attribute to “true” (or 1).

.8 34

Consider a pass that attaches marks to their basemany scripts, the set of bases is much bigger
much more likely to occur in a run than the sepadsible marks. By making the key slot be the slot
containing the marks, we will get to skip the passe often. A rule to do this might look like the
following:

clsBase clsDia {attach {to=@1; at=udap; with=lap}; passKeySlot = 1};

Notice that the effect of settingssKeySlot is to indicate the second slot—the diacritic—askiing
slot for the pass rather than the first, the base.

.9 ! '

As of version 1.3.0, the Graphite2 engine provithesability to perform automatic collision avoidanc
The GDL language includes directives to controlitiechanism and attributes to parameterize the
behavior.

Setting a pass’s directiv@ollisionFix to something greater than zero causes the algotdtba
run at the end of the pass. The value of the dueatdicates how many iterations the algorithmwtio
use. A larger value may produce a better resuttércase of complex collisions, but may also slow
down the rendering process.

There are two aspects to the collision avoidanceham@sm, shifting and kerning. A given pass can
include just shifting or both shifting and kernirigis possible to turn on collision avoidance #gpass
that includes rules, or to use separate pass withlas (the latter may be more convenient for
debugging in Graide), in which case the collisioingy happens after the rules are run.

.9 0

The core of the automatic collision avoidance atgor involves shifting “moveable” glyphs to avoid
collision with base glyphs and other moveable géygMoveable” glyphs may include diacritics and
other parts of characters that are representedsbparate glyph, such as nuqgtas.
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There are various factors that contribute to tlyplgladjustment result, and each possible resulting
position has a cost associated with it. The fadtuasare considered are as follows:

The distance the glyph is moved from its originagiion—the algorithm attempts to minimize
the total movement, using a weight of 1.

How much the glyph intrudes into the specified nragf a neighboring glyph
(collision.marginweight ).

How much the glyph violates the specified sequanbinintruding into undesirable spaces
close to neighboring glyphsgquence.above.weight andsequence.below.weight ).
See Sequencing, below.

Whether the glyph and a neighboring glyph wouldaitg#ean undesirable horizontal line
(sequence.valign.weight ).

The attributes indicated above allow the GDL pragreer to adjust the cost factors. These attributes
can be set directly as slot attributes, or as gbttibutes from which slot attributes are thetiatized.

There are a set of flags storectilision.flags that specify how the glyph should be handled by
the collision avoidance algorithm. Glyphs can bek®d to be shifted (appropriate for nugtas and
diacritics), kerned (see Kerning, below), considestien fixing other glyphs but not moved themselves
(appropriate for base glyphs), or completely igdore

The flags are also used to indicate the start addbéa cluster of glyphs within which there isdi% to
be collisions to be fixed by shifting (rather tHarning). For instance, in Arabic script, it woldd
normal (although not required) to treat whitespae¢he boundary of a cluster, so that collisiortbiwi
the cluster are fixed using shifting and inter-tduollisions are fixed using kerning. Clusteas be
arbitrarily large, but keep in mind that using kugusters could potentially have a deterimentialogf
on the performance of the font, since the numbe&oaiparisons required is Gfiwhere n is the size of
the cluster.

The kerning process (described below) also takesaiccount a flag can mark certain glyphs as
whitespace. Glyphs with no outline are automatyoatinsidered whitespace, but you might want to
have “visible space” characters that are alsodtkeas spaces. See the “collision.flags” attribatdé
Reference section below.

Each glyph can be given an ideal margin uswitision.margin . There is also a “movement
rectangle” that indicates how far the glyph cammzered in any direction. This is controlled by
collision.max.x/y andcollision.min.x/y . Note that even for right-to-left scripts, pos#iv
numbers indicate right-ward movement and negativebers indicate left-ward movement; this
behavior is different fromhift.x (where the direction is based on the directiothefscript).

The Graphite compiler creates an estimate of thpesiof the glyph for the purposes of collision
avoidance. In the case of simple, convex glyplssimple estimate is usually adequate. But for glyphs
with concave edges, a more complex estimate is oéeded. Setting thwellision.complexFit

attribute to true creates the more complex estinfatp: it can be surprising how subtly concave an
edge can be to necessitate a complex estimatején t get high-quality positioning.)

It is also possible to adjust the glyph shape #isethe collision algorithm using the

collision.exclude.glyph attribute. The shape of tleeclude.glyph is added to the shape of
the main glyph when determining collisions or paircollisions.
.9 0>

The sequencing mechanism was designed specificaliglp support the diagonal sloping effect that is
distinctive of Nastalig-style Arabic. It also cae bsed to enforce the position of diacritics reato
nuqgtas.
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Thesequence attributes work by defining classes of glyphs amgrtbehavior relative to glyphs in
the same class or other classes. There are twookirelationships.

6.8.1.1.1 Vertical sequencing

Certain kinds of glyphs can be kept above or baltver glyphs. For instance, you might want to easur
that upper diacritics are be positioned above uppgtas, and lower diacritics below lower nugtas—in
spite of what might be permitted by their movenrectangles.

This is achieved by usirggquence.class to create the two classes of glyphs, and setting

sequence.order on the constrained glyph and é&sguence.proxClass to the other class. The
classes are identified by arbitrary integers. Thiét-in order  constants are:

NOABOVE =4

NOBELOW =8

For instance, to ensure upper diacritics remairvalpper nugtas:
#define UNUQTA 1 // arbitrary
#define UDIAC 2 // arbitrary
#define NOBELOW 8 // built-in constant
c_upperNugta {sequence.class = UNUQTA};
c_upperDiac {sequence {class = UDIAC; proxClass = U NUQTAS;
order = NOBELOW}}

Note that it probably does not make sense to us&l®ABOVE (or NOBELOW) flagvithoutalso
settingproxClass . WhenproxClass is left unset, theequence.class itself is used in its

place. This would indicate that no member of tlas€lcan be above (or below) other members of the
same class, which is inherently somewhat contragict

6.8.1.1.2 Diagonal sequencing

The sequencing mechanism was designed specificaliglp support the diagonal sloping effect that is
distinctive of Nastalig-style Arabic by ensuringtta class of glyphs follow a diagonal sequencing
pattern. The built-iorder  constant LEFTDOWN =1 is used to generate a dialgalope. (There is
also a RIGHTUP constant, 2, but there is ho knosafor it, except internally within the Graphite
engine.)

Thesequence attributes are used to define regions around glyipdusare not appropriate for
neighboring glyphs—as well as the cost of violasidBpecifically, when you want to create a diagonal
sequence of glyphs, the area below and on thedar$ the glyph in question is not appropriate for
preceding glyphs.

In the image below, we are trying to position ted single nuqgta appropriately relative to the tlaxck
nuqgat. The various regions show the costs of ogitg the origin of the red nugta, at the bottormeo
shown by a very small +.
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The various regions behave as follows:

Region 1. Do not position the target to the upper left of tieégghboring glyph (the double nuqgat).
The further left you go the worse the result. Tigatrside of Region 1, relative to the
position of the neighboring glyph, is indicateddaguence.above.xoffset , and
the cost is weighted gequence.above.weight

Region 2. Do not position the target to the lower left of tieghboring glyph. This is such a bad
place to be that it is treated as a full exclusjost as if the area were covered in ink
from another glyph.

Region 3. Try not to position the target to the bottom righthe neighboring glyph. This isn’t
such a bad place to be, so the cost is flat inittmaérely becomes more expensive the
further the glyph is from its original position bwith a weight multiplier. The left side
of Region 3 (right side of Region 2) is indicatgdsbquence.below.xlimit ,
relative to the position of the double nugta, dmeldost is weighted by
sequence.below.weight

Region 4. We do not want nugtas to form a straight line siteg can cause visual confusion. In
Region 4, the result is worse the closer the glggb being aligned with the double
nugta. The height of Region 4 is indicatedsbguence.valign.height and the
cost is weighted byequence.valign.weight . Itis always relative to the center of
the neighboring glyph.

Region 5. This area is also controlled bgquence.valign.height/weight . Notice that at
the lower edge of Region 5, the cost associatdu Rétgion 3 comes into play, because
the target glyph is drifting from one undesirabbsition to another. Which is
considered worse can be controlled by the respestiight  attributes.

Region 6. This is where collisions occur between the singlgta and the neighboring nugta and
is governed by the standard collision algorithme Blze of the rectangle is indicated by
collision.margin on the neighboring glyph.

The wavy edges of the diagram indicate that theonsgextend horizontally to the edges of the cluste
indicated by the start- and end-flags, and vettidal infinity.
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Here are some examples of the effects of sequencing

L had
Without sequencing (f“y J‘);a . g;
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.9 5
SettingAutoKern = true in a pass’s directives causes the automatic kemdgnrithm to be runAs
well, CollisionFix must be set to something greater than zero forikgro be achievedven if no

shifting is needed.

The kerning mechanism applies “positive kerningldiag space after a base glyph, to avoid a caflisio
with the following glyph. It will automatically takinto account any glyphs such as nuqtas or diegrit
that are attached to the base glyphs. To inditatiest glyph should be kerned, set the KERN flatipén
collision.flags attribute. Thecollision.margin attribute indicates how much space should
be left. Note that the START and END flags do rftgéa kerning, since it is assumed that kerning may
very well need to take place over an intervenirarep

The kerning algorithm is also smart about intermgrspace characters, and will ensure that the hgrni
includes both what is necessary to fix the colliszs well as the width of the space itself (evehete

is no actual collision when the space is presdiig. IS-SPACE flag can be used to mark any glyph tha
should be treated this way (such as a visible sgmtation of a space character).

The figure below shows examples. In example (ayikg space is added to avoid the collision between
the noon ghunna and the triple nugat of the pelicpwtompletely fills the space between the two word
and more). In example (b), although there is nbsioh between the two words, the triple nugat wioul
still obscure the presence of the space, and ttménigealgorithm adds horizontal space to reflect it

Without kerning " }Lu }g N—Jﬂz’ @}

°

With kerning M}{z u )g ‘1“”7‘: @}

(a) (b)

In addition to avoiding collisions, the kerning atghm can be used to create the desired amount of
space between finals and initials, which maybe lve/both negative and positive kerning. This can be
seen most clearly in example (a) in the spacingden the final waw and initial seen.
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More dramatically, negative or inward kerning canused to create overlaps between diagonal
sequences as is characteristic of the Nastalig.stylis can be achieved with both intra-word segeen
and separate words. Again, the presence of anyspaarked IS-SPACE are detected and factored into
the kerning. Theollision.min.x attribute controls the amount of negative kerrpegnitted to
achieve the overlap.

- A
"ithou iy 0“. ; :
Vot 3P ﬂu el JM oo
P L it * * .‘.‘
kel"::ill:; ./)Jg/',:}:‘:‘h f:‘l/‘wfoji Ji:/ YL }’

inter-word sequences intra-word sequences
Thecollision.max.y andcollision.min.y attributes are ignored for kerning.

.9% 34

The following is a simplified example of how to ube automatic collision avoidance mechanism to
handle collisions and kerning in Nastalig-style lica

/I GDL-defined constants:
#define COLL_FIX 1
#define COLL_IGNORE 2
#define COLL_START 4
#define COLL_END 8
#define COLL_KERN 16
#define COLL_ISSPACE 128

#define ORDER_LEFTDOWN 1
#define ORDER_NOABOVE 4
#define ORDER_NOBELOW 8

/I Macros for setting flags:
#define setbits(f,m,v) (f & (~m)) | v

#define SET_FIX(f)  setbits (f, COLL_FIX, COLL_F 1X)

#define SET_START(f) setbits(f, COLL_START, COLL_ START)
#define SET_END(f)  setbits(f, COLL_END, COLL_EN D)

#define SET_KERN(f)  setbits(f, COLL_KERN, COLL_K ERN)
#define SET_ISSPACE(f) setbits(f, COLL_ISSPACE, COL L_ISSPACE)

/I My sequence classes:
#define SEQ_UNUQTA 1
#define SEQ_LNUQTA 2
#define SEQ_UDIAC 3
#define SEQ_LDIAC 4

table(glyph)
/I Shifting
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clsUpperNugta = (gUpN1, gUpN2, gUpN3)
/I Upper nugtas can be shifted up more than down
{ collision {min.x=-300m; max.x=300m; min.y=-200
sequence.class = SEQ_UNUQTA}};

clsLowerNugta = (gLowN1,gLowN2,gLowN3
/I Lower nugtas can be shifted down more than up
{ collision {min.x=-300m; max.x=300m; min.y=-500
sequence.class = SEQ_LNUQTA}};

/I The sequencing is the same for upper and lower
/I flow in a top-right-to-bottom-left sequence:
clsNuqta = (clsUpperNuqta, clsLowerNugta)
{ collision {margin = 150m; marginweight = 200};
sequence {
order = ORDER_LEFTDOWN;
above {xoffset = 100m; weight = 300};
below {xlimit =-50m; weight = 100};
valign {height = 150m; weight = 500} }};

clsUpperDiac = (gFatha, gbamma)
{collision {
margin = 200m; marginweight = 200;
min.x = -300m; max.x = 300m; min.y = -300m; max
{sequence {
/I Keep upper diacritics above upper nugtas:
class = SEQ_UDIAC; order = ORDER_NOBELOW;
proxClass = SEQ_UNUQTA}};

clsLowerDiac = (gKasra)
{collision {
margin = 200m; marginweight = 200;
min.x = -300m; max.x = 300m; min.y = -800m; max
{sequence {
I/l Keep lower diacritics below lower nugtas:
class = SEQ_LDIAC; order = ORDER_NOABOVE;
proxClass = SEQ_LNUQTA}};

/l Kerning

clsFinallsolate = (clsFinal, clsisolate)
{collision {margin = 200m; min.x = -1000m; max.x

endtable;
table(pos)
pass(1)
Il rules to attach nugtas
endpass;
pass(2) {CollisionFix = 3}

I/l Spaces serve as boundaries of ranges to check f
gSpace { collision.flags = SET_START(collision.fla
collision.flags = SET_END(collision.flags) };

I/l Fix nugtas on this pass:
clsNugta { collision.flags = SET_FIX(collision.fla

endpass;
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pass(3)
Il rules to attach diacritics
endpass;
pass(4) {CollisionFix = 3; AutoKern = 1}

/I Fix diacritics on this pass:
clsUpperDiac { collision.flags = SET_FIX(collision flags) };
clsLowerDiac { collision.flags = SET_FIX(collision flags) };

/I Also do kerning on this pass:

clsFinallsolate {
collision.flags = SET_FIX(collision.flags);
collision.flags = SET_KERN(collision.flags) };

/I Not necessary, since an actual space is already treated
/I as whitespace:
gSpace {collision.flags = SET_ISSPACE(collision.fl ags)};

endpass;
endtable;
9% +

The general approach we take is to first attachasugnd fix their collisions, then attach diacsatand
fix their collisions. Kerning is left as the lasep; it can be treated as a last resort sincealinays
possible to kern in order to avoid a collision betw sequences, and it should never create any new
collisions.

We set most of theollision andsequence attributes as glyph attributes, from which the slot
attributes are initialized. It would be possibleatijust their values within rules, as needed. Algio
collision.flags exists as a glyph attribute, it seems to make nmiuiive sense to set it within a
rule, at the place in the process where we warfittte happen.

Clusters for testing collisions are delineated jogces.

Note that the first group efdefine  statements are constants that are defined witkiGtlaphite
system. The set that start wgEQ are defined by the GDL programmer.

6.8.3.1.1 Possible enhancements

If desired, collision avoidance can be turned offrfugtas on the final pass, using:
#define CLEAR_FIX(f) setbits (f, COLL_FIX, 0)

and in pass(4):
clsNugta { collision.flags = CLEAR_FIX(collision.fl ags) };

It may be convenient for the purposes of debugfimginstance, when using the Graide development
tool) to separate the rules setting the collisiarameters from the running of the collision alduorit
itself—especially if the rules are quite complekisican be done easily, e.g.:

pass(4)
Il Fix diacritics on this pass:
clsUpperDiac { collision.flags = SET_FIX(collision flags) };
clsLowerDiac { collision.flags = SET_FIX(collision flags) };

/I Also do kerning on this pass:

clsFinallsolate {
collision.flags = SET_FIX(collision.flags)
collision.flags = SET_KERN(collision.flags) };
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endpass;
pass(5) {CollisionFix = 3; AutoKern = 1}

/I No rules, just run the collision avoidance algo rithm
endpass;
7?2027 1 +

In the past, Graphite font features were genedllgrgmnemonic IDs such as ‘litr’, ‘viet’, and ‘dig4
Now that OpenType supports character variants gfidte sets, you may want Graphite font tables to
use IDs that are compatible with OpenType’s, sictss01’ and ‘cv24’. However, it might not be
adequate to simply remove the old IDs from the &inte that would break backward compatibility.

The solution is to assign multiple IDs to a GDLttea definition. This in effect creates multiple
features with identical behavior in the font. TlewID will be offered to the user in Ul mechanisms;
the old ID is not offered but is still effectiverfexisting data that might use it.

Implementing this solution in a Graphite font has imain aspects.

2 +$

A feature definition can be extended to includetipld IDs. All but the first ID must be marked
“hidden.”

featureGdIName {

id = “cvXX"; /l'ie, an ID that is compatible with OpenType
id.hidden = “prev”; /l @ mnemonic ID

default = default_value;

etc.

2

Note that using a “hidden” ID can be used to singobate a feature with a single ID that is not show
in the user interface but may still be accessethbye who know the “secret code.”

.? /

As indicated above, including a hidden ID actualiyises the resulting Graphite font to have an extra
feature with that ID. This means that the GDL ctu# tests a feature must explicitly test all the
features that result from the single GDL definitisthe public feature as well as any hidden features.

A special syntax is available to test hidden fezduconsisting of the GDL name followed by *© ' and
then the hidden ID.

So if your original GDL looked like

if (featureGdIName == 2)

the new code would be

if (featureGdIName == 2 || featureGdIName__ prev == 2)

The ID can also be included for public featureghsofollowing is also valid:
if (featureGdIName__cvXX == 2 || featureGdIName__ pr ev ==2)
.? &

Special care must be taken when testing defaukegalFor a non-default value, if either the public
feature or the hidden feature is set to that vahefeature will be considered activated. Butemthat
the other feature will (most likely) still have tdefault value. This means that only if both théljmu

Graphite Description Language Page 63 of 84
M. Hosken, B. Hallissy, W. Cleveland, S. Correll, A. Ward May 20, 2020 Rev: 408



feature and the hidden feature have the defaulevedn the feature be considered to use the default
setting. For this reason, default features shoateetally be tested using a logical AND operatidhern
than OR:

if (featureGdIName == 0 && featureGdIName_prev == )
/I rules to run in the default case
.?

This raises the question of how to handle incorbpatialues. For instance, whatifxx =2  and
prev=1 ? This could happen if the user has some existitg oharked witlprev = 1 and then
uses the Ul mechanisms to sexX to 2. In this situation you most likely want to aye the previous
value and apply the current value, 2.

Here is a GDL test that takes this possibility iat@ount:

if (featureGdIName ==
|| (featureGdIName == 0 && featureGdIName_prev == )
/I rules to handle value = 2

In other words, the hidden feature is only takda account when the public feature is set to tHaude

.?7% 34

An older Graphite font has a feature controllingakihform of the uppercase eng is used. Here is how
the updated code would look like to handle an I8t thatches an OpenType feature.

table(feature)

eng {
id = “cv43”;
id.hidden = "Engs";
name.1033 = string("Uppercase Eng alternates");
default = descender;

settings {
descender {
value = 0;
name.1033 = string("Large eng with descender");
}
base {
value = 1;
name.1033 = string("Large eng on baseline");
capital {
value = 2;
name.1033 = string("Capital N with tail");
short {
value = 3;
name.1033 = string("Large eng with short stem");
}
}
}
endtable;

table(substitution)
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if (eng == descender && eng__Engs == descender)
/I rules to produce large eng with descender
endif;

if (eng == base || (eng__Engs == base && eng__cv43
/I rules to produce large end on baseline
endif;

if (eng == capital || (eng__Engs == capital && eng__
/I rules to produce capital N with tail
endif;

if (eng == short || (eng__Engs == short && eng__cv4
/I rules to produce large eng with short stem
endif;

endtable;
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8 1
This section provides a reference summary of e&tiedifferent types of attributes that are cutiyen

available in Graphite (excluding glyph metrics)trikutes only have meaning in certain contexts.séhe
contexts are within a particular table type or gyah attribute which is passed to a slot.

8 (

The user can define arbitrary glyph attributedhim glyph table. They consist of a name assigned a
numeric value. The name can then be read latanirtable for any purpose the author desires.

8 @ A

Theadvance slot attribute is only applicable in the positiogitable. It specifies the distance between
the origins of two glyphsAdvance.x andadvance.y are set or read independently of each other. By
default theadvance of a slot is equal to the advance of the glypthadlot &dvanceheight  and
advancewidth  glyph metrics). It controls the positioning of thlgph to the right of the glyph it is set
on. Increasing thadv.x  value will move the next glyph's position to thgi. A typical GDL
statement would use the += or -= operators to toighfor instance:

glyphToAdjust {adv.x += 100m}

All glyphs following on the same line will be moveglative to their screen position. Thdv and
shift  attributes are used together for kerning.

8 % @ A

All the attach  attributes are slot attributes and are only apbleavithin a positioning table. There
are four sub-attributes aftach and they are used to indicate how two glyphs fgslgslots) are
positionally attached to each other.

8 %

Several types of named glyph attributes have sh&agpport. For creating attachment points, three
functions existpoint , gpath , gpoint . Setting a name equal to one of these functiosstes a set of
glyph attributes. (See the Advanced Concepts segfidhe set of attributes so created will then be
implicitly used with theattach.at ~ andattach.with slot attributes. Attachment points are created in
the glyph table. The name of a particular attachirpemt is private to a particular glyph, thus diént
glyphs may have the same names for their attachpuoemis.

8 %

This is a slot reference to another slot in thenf@gh wheren is the context reference indicating which
slot this slot is to be attached to. The processtathing two slots sets thsert  slot attribute to
false by default.

8 %%

This slot attribute specifies the name of the attaent point on the glyph that this glyph is attaghto.
This attribute works in conjunction witittach.with to provide relative positioning of the two
glyphs. Notice that the point named in this attiébig on the glyph that doesn't move. The pointe&m
a named glyph attribute defined in the glyph table.
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8 %*

This slot attribute specifies the name of the attaent point on this glyph which is positioned otrex
attach.at  attachment point on the other glyph.

8 %-

This slot attribute specifies the level numberhaf attachment for purposes of calculating composite
metrics. The level number can be used as a dotttfixpwith glyph metrics. When accessing

composite metrics for a group of glyphs attachegtioer all attachments at the specified level welo
are used.

8 * 7 @ 7A

Thebreakweight  attribute of a glyph is set in the glyph tablebgrdefault. Thebreakweight

attribute of a slot is determined from the glyphhat slot, but may also be set in the line-bregikable
to provide contextual line-breaking informationthe line-breaking algorithm. The lower the value of
breakweight , above 0, the higher the priority of the line-btebhis attribute can also be read from
the line-break pseudo-character to determine ttsgahbreak weight.

8 -

Thecollision attributes are used to control the behavior of matec collision avoidance
mechanism. All of them are both glyph and slotilattes exceptollision.complexFit which is
only a glyph attribute.

8 - 4/

This glyph attribute indicates that the shape efglyph is such that the collision algorithm neads
finer-grained estimate of the glyph shape. Thissisful for glyphs with concave edges.

8 - 4 4 4 B

Thecollision.exclude.glyph attribute provides a way to expand the shape oflyyeh that is
used to avoid collisions. The value of the attrgbista glyph ID, and that glyph is added to thepshat
the main glyph for use by the collision avoidankgoethm. The offset attributes allow the
exclude.glyph to be positioned appropriately relatsive to themggyph.

8 -%

This attribute indicates how the glyph should leatied by the collision avoidance algorithm. Theigal
is a bitmap containing the following values:

FREEZE = 0: don’t move this glyph.
FIX = 1: this glyph should be moved by the alganth necessary.
IGNORE = 2: this glyph should be ignored by theoaikipm.

START = 4: this glyph marks the beginning of a ssgre whose glyphs may collide (generally
the first glyph after a space).

END = 8: this glyphs marks the end of a sequendesse glyphs may collide (generally the last
glyph before a space).

KERN = 16: this glyph should be kerned if necessargvoid colliding with a following glyph
(generally the last glyph of a contextual sequence)

IS-SPACE = 128: this glyph is white space (or @blesglyph that should be treated as white
space).
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Thesetbits function is a good way to set and clear these bitg;

#define setbits(f,m,v) (f & (~m)) | v
#define SET_IGNORE(f) setbits(f, 2, 2)
#define CLEAR_IGNORE(f) setbits(f, 2, 0)

g -~
Thecollision.margin attribute indicates how much margin should be bepiveen the glyph and
surrounding glyphs. Thepllision.marginweight attribute indicates how much the algorithm

should penalize a violation of the margin, compdoedther costs. These can be defined as either a
glyph or slot attributes.

8 -- 4 44 4

Glyphs that can be shifted by the collision aldorithave limiting rectangle in which they can move.
These attributes indicate the movement limits lier glyph. These can be defined as either a glyph or
slot attributes.

Unlike theshift.x attribute, forcollision.max.x andcollision.min.x, positive values
always refer to right-ward movement and negatilaasto left-ward movement, regardless of the
script direction.

Themax.x andmin.x attributes also indicate how much kerning can h@ieg; max.y and
min.y are not relevant for kerning.

8 . @ A

Ligatures may be described as having componentsrdponent-structured ligature allows the cursor to
be placed within the ligature and allows assoamtietween the components of the ligature and
underlying codepoints. Each ligature componentahglyph attribute name which is private to the glyp
in question and is arbitrary. In the following degtions,<name> will be used to mark where a
component name would be placed.

Note: ligature components have not been implemeantdwe Graphite2 engine (as of version 1.3.12).
8 . C D 4

This is a glyph attribute and should only be sahanglyph table. It is meaningless in all othdal¢a
types. Each ligature component has a bounding tashais a list of 4 values.

For creating ligature components, tlex function exists. It will create a set of glyphritiites when
assigned to theomponent.<name> attribute. These attributes will be implicitly asgated with the
component.<name>.reference slot attribute.

8 . C D @ A

This is a slot attribute used in substitution taliteassociate an underlying codepoint with a sarfa
glyph component. Thus ligature components mushgmgh the same cursor tracking that any other
slot would. In other words, ligature components\ag much like individual slots for cursor tracgin
purposes.

8 8 @ A

This attribute can be set for glyphs in the glyablé and slots in the substitution table. It caly e set
on glyphs that either do not have associated Ueimlin the cmap (including pseudo glyphs) or
which correspond to Unicodes in the PUA. Glyphs associated with Uniconle use the standard
directionality for that codepoint. It is used b ttirectionality algorithm to arrive at a glyph erdor
rendering.
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8 9

This slot attribute used in either the substitutiopositioning table indicates whether a glyph bawe
the cursor placed before it. By default this atttéis set to 0 (false) on attachment, but theze ar
situations where this is not the required behaviosuch a situatiorinsert = 1 (true) is used to
indicate that the cursor can be placed before liyghgThis is used for side attachment as in nastal

8 ? E

Thejustify attributes are used to accomplish justification-etstring or shrinking a line of text to
fit within a given amount of space. In the curreetsion of Graphite, the level indicator is optibriar
instance, either justify.0.stretch or justify.sttetmay be used (as of version 1.3.12 of the Graphit
engine).

8 ? E 7

This attribute indicates the maximum amount by Wwhie glyph can be shrunk. It is both a glyph and
slot attribute. The value is in em-units.

8 ? E
This attribute indicates the step or “chunk” by @fhthe glyph can be stretched or shrunk. A positive

value relates to stretching and a negative valiageeto shrinking. It is both a glyph and slotihttte.
The value is in em-units.

8 ?% E

This attribute indicates the maximum amount by White glyph can be stretched. It is both a glypth an
slot attribute. The value is in em-units.

8 ?* E

This attribute indicates the preference that tiséfjoation algorithm should give to stretchingghi

glyph. It is both a glyph and slot attribute. Thefadilt value is 1 and the maximum value is 255.

8 ?7- E

This slot attribute indicates the amount of strigtgl{positive value) or shrinking (negative valdeit
has been assigned to this glyph by the justificatilgorithm. The value is in em-units.

8 F 7

Kerning is a slot attribute used in the positionialgle and is implemented by applyistgft and
advance . It cannot be read.

Note that this attribute has nothing to do with kkkening that happens during the automatic coltisio
avoidance algorithm.

8 @ A

Theposition  (orpos) slot attribute allows one to determine the diseabetween two glyphs. It is
only readable in the substitution or positioningléa Bothpos.x andpos.y exist.Pos.y provides the
distance of a glyph's upper left corner from thedfiae. Note that the value of any singts.x value
is not meaningful; only the difference between twe.x values is useful.

8 >

Thesequence attributes can be used to achieve the charactebighiavior of Nastalig-style script.
They constrain how the glyphs are moved relativestch other, and can be used to enforce a visual
sequencing effect.
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8 >

Glyphs that are handled similarly and positionddtiee to each other should be put in the samesclas
The classes are indicated by arbitrary integersiriaance, you might put all the upper nugtadas<
1, the lower nugtas in class 2, etc.

These attributes all exist as both glyph attribated slot attributes.
8 >

Theorder attribute indicates how glyphs should be orderdative to other glyphs in the same class,
or the glyphs in the “proximate classefuence.proxClass ). The value is a bitmap with the
following flags:

NONE = 0: don’t enforce any order relative to otgbmphs.

LEFTDOWN = 1: keep subsequent glyphs in the sam&sgbositioned to the left and down
from this glyph.

RIGHTUP = 2: keep subsequent glyphs positionetieaight and up from this glyph. (Note:
this value is included for completeness; it hagkmmwn real-life application.)

NOABOVE = 4: prevent this glyph from being positemhabove glyphs in th&oxClass
For instance, the following code might be usedetalse attribute on a lower diacritic to keep it
below lower nugtas:

#define LNUQTA 1 // arbitrary

#define LDIAC 2 // arbitrary

#define NOABOVE 4

c_lowerDiac {sequence {class = LDIAC; proxClass = L NUQTAS;
order = NOABOVE;}}

NOBELOW = 8: prevent this glyph from being positahbelow glyphs in thproxClass
For instance, it can used to force upper diacrttdse kept above upper nugtas.

8 % > 4

Sometimes glyphs of one class need to be positicelative to the glyphs of a different class. The
proxClass  attribute indicates which “proximate class” shob&lconsidered. For instance, you could

set thesequence.proxClass attribute of an upper diacritic to the class canitaj the upper nugtas,
as well as settingequence.order to 8 (NOBELOW).
8 * > 4 B

These attributes are used by glyphs that sageence.order set to LEFTDOWN.

Thesequence.above.xoffset attribute specifies how close a neighboring segeemtyph
positioned above can approach horizontally to thegm of the glyph in question, where the margin is
specified bycollision.margin . (IS IT TO THE MARGIN OR TO THE BOUNDING BOX?)

Theweight  attribute indicates how costly encroachment inte llorizontal space should be
considered, compared to other violatiotslision.marginweight , sequence.below/
valign.weight , etc.) The further into this space the neighboglyph would go, the higher the cost.

8 - > 4 B
These attributes are used by glyphs that sageence.order set to LEFTDOWN.

Thesequence.below.xlimit attribute specifies how close a neighboring seqguegrglyph that is
vertically below the glyph in question can approhohizontally to the margin of that glyph. (Noteth
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a previous glyph that is positioned below is algemdan infelicitous relationship to the glyph in
guestion.)

The sequence.below.weight attribute takes into account the amount the neighbaguestion is
moved, relative to other costsollision.marginweight , Sequence.above/valign.weight ,
etc.)

8 . > B

These attributes are used by glyphs that lsageence.order set to LEFTDOWN.

Thesequence.valign.height attribute indicates how far a neighboring sequemgtygoh should
be vertically offset from the glyph in question.i¥ prevents a sequence of glyphs from aligning
vertically and forming a straight horizontal line.

Thesequence.valign.weight attribute indicates how costly alignment violatigmould be
considered, compared to other violatiotslision.marginweight ,
sequence.above/below.weight , etc.)

8 %

Theshift  slot attribute is used in the positioning tablaligplaces a glyph from its normal position
without altering the screen position of any othgph. Shiftx  andshifty =~ may be set and read
independently of each other.

8 *

Glyph metrics are available in all tables as realgt values. A previous section lists all available
metrics.

8 -

There are sixteen user-definable slot attributel thie namesserl , user2 , user3 , ...,userl6 . See
the description of these in the Advanced Concegptsan.
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8 ' &

Below is a table of all attributes along with thBIGtable(s) they can be used in. Rules in subsdquen

tables can query attributes that are usable byiqusvables.

Glyph Attributes

Glyph Table

breakweight

mirror {glyph; isEncoded}

collision {flags;
min {x; y}; max {x; y};
margin; marginweight;

metrics (read only)

component.<name> (box)

named number

directionality

named pointsgpoint , point , gpath )

justify.<level>
step; weight}

1 {stretch; shrink;

sequence {class; proxClass; order;
above {xoffset; weight};
below {xlimit; weight};
valign {height; weight}}

Slot Attributes
Linebreak Table
breakweight userl, user2, etc.
Substitution Table
component.<name>.reference justity.<level> 1 {stretch; shrink;

step; weight}

directionality position {x; y} (read only)
insert userl, user2, etc.
Justification Table
justify.<level> 1 {stretch; shrink; justify.<level> L.width
step; weight} (read only)
Positioning Table
advance {x; y} justify.<level> 1L.width
attach {to; at; with; level} position (read-only)

collision {flags;
min {x; y}; max {x; y};
margin; marginweight;
exclude {glyph; offset {x; y}}}

sequence {class; proxClass; order;
above {xoffset; weight};
below {xlimit; weight};
valign {height; weight}}

insert

shift {x; y}

kern {x; y} (write only)

userl, user2,...,userl6

Ln the current version of Graphite2 (1.3.12), ltheel indictor is optional; i.ejystify.stretch

etc. are also valid syntax.

Graphite Description Language Page 72 of 84

M. Hosken, B. Hallissy, W. Cleveland, S. Correll, A. Ward May 20, 2020 Rev: 408

, justify.weight



justify.<level> 1 {stretch; shrink;
step; weight} (read only)

8% '

The following table lists all abbreviations avaiin GDL. These abbreviations are defined by
#including the “stddef.gdh” file.

advance adv erjvironment env
advanceheight ah justification just
advancewidth aw lingbreak Ib
attach att leftsjdebearing Isb
boundingbox bp positioning pos
breakweight break reference ref
component comp rightsidebearing rsb
directionality dir sJLbstitution sub,

subs
endenvironment endenv
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9 % 0

To help with implementation and a conceptual urtdading of the description language, we examine
here the description language as a general comiauiguage.

The first important concept is that the languageois-procedural. Thus all procedural elements shoul
be understood in this light. Functions should ddyused as ways of getting at atomic values and
should have no side effects. The selection mechen(§) andpass() ) should be understood as
such, as ways of selecting rules.

It is anticipated that a description file will beopessed using a two stage compiler: parser angitam
For this reason the language has been designedas fyeneric as possible at the surface syntaxpand
have as much of the particularization passed dovthe semantic level where the compiler can deal
with it. Thus, all functions are resolved by thengler rather than the parser.

9 , &

At the lowest level there are a few basic typestarde have been minimized and made as ubiquitous
as possible.

9 0

User-defined names (classes, features, and glypibudes) are case sensitive and must use only 7 bi
ASCII characters. Keywords, suchtale , are case insensitive and should never be usadiser-

defined name. Slot attributes and glyph identif@afunctions are case sensitive and must be iedow
case. The global settings and directives must Ingxed case as specified in this document.

9 (
One primitive is the number. By default a numbea imumber however it is expressed. For positioning

information, it is necessary to allow a numberécsbaled based on the value of thénits directive.
Scaled numbers are indicated by postfixing an ‘m’.

8.1.1.2.1 Reference

This variant of number can be thought of as andihmr of units. References occur within the context
of a rule and are used to indicate that the valumetused should be resolved to a location inttimegs
or glyph stream rather than as simply a numberefRates are preceded @™

9 % O

In GDL, strings contain 8-bit characters, possibith an associated codepage. Internally strings are
converted to Unicode.

9 = $

Lists can consist of any other primitive type. Tdhbas been nothing in the language which requias t
lists should be able to nest. Apart from thissliste untyped.

9 1

Usinggpath , gpoint , point , orbox to create attachment points and ligature componexés is
really shorthand for specifying several attribuaesnce. The shorthand form is not required. Hege i
table specifying the equivalences.

The following shorthand ... ... IS equivalent to:

<name> = gpath(<num>) <name>.gpath = <num>
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<name>.xoffset = 0
<name>.yoffset = 0

<name> = gpath(<num>, <xoffset>, <yoffset>)

<name>.gpath = <num>
<name>.xoffset = <xoffset>
<name>.yoffset = <yoffset>

<name> = gpoint(<num>)

<name>.gpoint = <num>
<name>.xoffset = 0
<name>.yoffset = 0

<name> = gpoint(<num>, <xoffset>, <yoffset>)

<name>.gpoint = <num>
<name>.xoffset = <xoffset>
<name>.yoffset = <yoffset>

<name> = point(<x>, <y>)

<nam

B> X = <x>
<pame>.y = <y>
<name>.xoffset = 0
<name>.yoffset = 0

<name> = point(<x>, <y>, <xoffset>, <yoffset>)

<name>.X = <x>
<name>.y = <y>
<name>.xoffset = <xoffset>
<name>.yoffset = <yoffset>

comp.<name> = box(<xmin>, <ymin>, <xmax>, <ymax>)

comp.<name>.left = <xmin>
comp.<name>.bottom = <ymin>
comp.<name>.right = <xmax>

comp.<name>.top = <ymax>

For example, the following code:

table(glyph);

gA = unicode(0x0041) {udap = gpath(3)};

gB = unicode(0x0301) {lap = point(adv.width / 2, b
endtable;

is equivalent to:

table (glyph);
gA = unicode(0x0041);
gA.udap.gpath = 3;
gA.udap.xoffset = 0;
gA.udap.yoffset = 0;
gB = unicode(0x0301);
gB.lap.x = adv.width / 2;
gB.lap.y = bb.bottom;
gB.lap.xoffset = 0;
gB.lap.yoffset = 0;

endtable;
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— the amount by which the current display posit®adjusted vertically after
rendering a given glyph. This number is generatlly acneaningful for vertical writing systems, and is
usually zero within fonts used for horizontal wrgisystems.

— the amount by which the current display posit®adjusted horizontally after
rendering a given glyph.
‘0 — a standard that defines the 7-bit numbers (audeg) needed for the U.S. English writing
system. (American Standard Code for Informatioericttange)
— the distance between the top of the line of aext the baseline, as defined within a font.

— the vertical point of origin for all the glyphsndered on a single line. Roman scripts have a
baseline on which the glyphs appear to “sit,” vatitasional descenders below. Many Indic scripte hav
a “hanging” baseline, in which the bulk of the éett are placed below the baseline, with occasional
ascenders above the line.

— the characteristic of some writing systems tataim ranges of text that are written
left-to-right as well as right-to-left. Specificgllin Arabic and Hebrew scripts, most text is verittright-
to-left, but numbers are written left-to-right.

4 — the rectangular area containing the entire Visodion of a glyph.
— an abstract symbol used in writing, and the rhosiamental unit of data representation.

— character-glyph map: the table within a fonttagring a mapping of codepoints (characters) to
glyph ID numbers. In a Unicode-based font the codgp are Unicode values; in other fonts they may
correspond to other encodings.

— a mapping between a set of 8-bit or double-bgtéepoints and corresponding Unicode
codepoints. Each codepage has an identifying nuodest to access the mapping in system functions;
for example, the default Roman codepage for Weg&taropean languages is codepage 1252.

— a number that represents a character. For restamUnicode and ASCII standards, the
number 97 is used to represent the lowercase ‘a’.

— the distance between the bottom of the linexifand the baseline, as defined within a font.
— a mark attached to another character to modifysome way.

> — the square grid which is the basis for the desiall glyphs within a given font; so
called because it historically corresponded tosibe of the letter M. When rendering, the requested
point size specifies the size of the font’'s em sgwa@ which all glyphs are scaled.

— the number of units defined in a font's em squall coordinates for points in a glyph are
defined using em units.

— a file containing a collection of glyphs useddther to render text.

— a shape that is the visual representation bbsacter. Different fonts will have slightly
different shapes representing the same characdems$tance, , , anda are all glyphs that correspond
to the character ‘a’.

+  —the unique number within a font identifying agie glyph.

7 — to adjust the display position while renderingider to visually improve the spacing between
two glyphs. For instance, kerning causes the WaVd\VE" to be rendered as “WAVE", reducing the
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illusion of white space between the diagonal stsaifethe W, A, and V. In terms of Graphite slot
attributes, kern is an adjustment of both shift addance: the origin of the glyph is changed, &ed t
display position is adjusted by an equal amoumtr dfte glyph is rendered.

1 — the white space at the left edge of a glyphssi@i representation, or more
specifically, the distance between the currentdoorial display position and the left edge of thgobls
bounding box. A positive left-side bearing indicatehite space between the glyph and the previous
one; a negative left-side bearing indicates ovestapverhang between them.

— a single shape or glyph that represents twoayemanderlying characters.

, — a hame associated with a glyph by the font’sgthes; originally a name assigned
by Adobe to certain standard glyphs.

, '@, 'A — a range of Unicode codepoints (EOO0 — F8FF #amkp 15 and 16) that
are reserved for private definition and use witninorganization or corporation.

— to display or draw text on an output device (pater screen, paper, etc.).

1 — the white space at the right edge of a glypfssal representation, or more
specifically, the distance between the displaytmosiafter a glyph is rendered and the right edgh®
glyph’s bounding box. A positive right-side bearingdicates white space between the glyph and the
following one; a negative right-side bearing indésaoverlap or overhang between them.

— a collection of characters and their basic biginathat are mutually associated and
identifiable, such as Roman, Arabic, Cyrillic, Cbée, etc.

— the white space at the edge of a glyph;lsieide bearing, right-side bearing.

— a comprehensive character-encoding standanddieteto cover all the scripts of the world.
In the Unicode standard, characters are typicalpded using 16-bit codepoints.

— the subset of a script that is used by a pdati¢anguage in a particular location or
situation, characterized by rendering behaviotjrsgrhyphenation conventions, etc. For example,
English, German, and French all use Roman schipthéve distinct writing systems. Mongolian can be
written with two writing systems from two scriptfidies: Mongolian and Cyrillic. Ancient and modern
Greek use different writing systems that are vesedf the same basic Greek script.
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F' 4&

The most immediate question that comes to mind vdoesidering a new smart font description format
is why the need for yet another description forntat2nswer to this question, we need to consideseh
already in existence and whether they meet ourmeed

A general consideration to make when deciding wéretih break with existing standards is to see what
support exists for those standards and the diffiaefl providing the support should it be lacking.

F &

The natural solution for the PC is to consider Ms&wft's solution to the smart font rendering profble
This is OpenType, a set of tables which are addedTirueType font to allow for glyph substitution,
glyph positioning, multiple baselines and justifioa.

One of the stated principles of OpenTYjsethat writing system behavior should be handtetthe
application rather than in the font or operatingtegn (despite this being againso

recommendatiorts This results in OpenType lacking in some arg&hs. particular area of concern is

that OpenType does not support glyph reorderifigstc required mechanism. OpenType’s features are
also weak in that they are only boolean and areawted, only consisting of a tag.

F

Uniscribe is Microsoft's layout engine, which wastfshipped with Windows 2000. It will work in
other 32 bit operating systems. It provides a @ogner's API for smart script layout and renderihg.
is built upon OpenType, and in addition to OpenTygapabilities, provides support for re-ordering
and hit testing. Thus it removes some of the wesde®inherent in OpenType.

Unfortunately, Uniscribe has not been built in ateasible fashion, so no new behaviors can be added
or changed. (SeBraphite: An Extensible Rendering Engine for Comphiting SystemBor a
discussion of the need for extensible renderingo#ifies.)

While Uniscribe is slated to support renderinglobfilUnicode, it is not expected to provide any
support for the Private Use Area. The PUA is aemtsal part of the strategy of defining encodings f
non-standardized scripts and those that are ured@a@pment, so lack of PUA support is a critical
problem.

F '"&

Apple Advanced Typography (formerly GX) is an exigtformat useable on the Mac by a few
applications. Since it has been successfully used humber of projects, it is difficult to say thiais
severely lacking in any technical way. But, whie state machines are a powerful pattern matching
mechanism, the actions available to any state madrie fairly weak, especially in the case of
insertion. In addition, AAT has a number of implartaion limitations especially regarding glyph
insertion. This is not to say that any particutartfcould not be implemented in AAT, but that that
implementation would be very different in desigarntor a rule based, higher level, linguistically
motivated description.

1“As much as possible, the tables of the OpenTgeut define only the information that is spectfiche font layout.
The tables do not try to encode information thatais constant within the conventions of a paréicldnguage or
within the typography of a particular script. Sueformation that would be replicated across alliéoin a given
language belongs in the text-processing applicdtiothat language, not in the fonts” (from Open@&\ygpecification
v1.2, November 1998; see www.microsoft.com/typobsdit/'tt.ntm).

2|SO/IEC JTC1/SC18/WG8 "PDTR15285. An operationablel for characters and glyphs"
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If AAT were chosen as a target technology, therwwald have to implement a AAT engine for
Windows. If we have to implement something, thenmay as well take the opportunity of producing
something more powerful and expressive. It is stitnded to produce a AAT compiler, but this is a
non-trivial activity, and may place some limitatioon any given description.

Should either of these technologies, AAT or Operelygecome sufficiently ubiquitous and useable,
then there is nothing to stop us changing diredibiomake use of them. But, at the time of writitiggre
is no foreseeable solution for Windows, either kaldé or even promised. Therefore it seems wise to
develop our own technology, while monitoring thdustry and being ready to adjust accordingly.

F % 0+/

An existing product within SIL has been developedddress the particular needs for context seasitiv
and cursive scripts. It provides good word positigrinformation and handles cursor tracking using
Unicode codepoints. It only supports substitutiathaut re-ordering and has no positioning suppist.
such it is a good start and is evidence of a prggsted for a sufficient solution for SIL applicats.
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arrow keys - 44 CodePage - 9, 17

ascent - 14, 76 codepage 1252 - 9, 13, 16, 17, 22, 41, 76
ascent metric - 38 codepoint - 9, 12, 45, 76

ASCII - 76

collision attributes - 67

associations - 31, 33 collision avoidance, automatic - 55

att - 35 diagonal overlap - 60
att attribute - 66 examp|e . 60
attach - 35 kerning - 59
attach  attribute - 66 sequencing - 56
attach.at - 35, 37, 66 shifting - 55, 60, 62
attach.level - 37,67 collision.complexFit - 56, 67
attach.to - 35, 66 collision.exclude.X - 67
attach.with - 35, 37, 66, 67 collision.flags - 56, 67
attachment point - 3, 18, 19, 35, 42, 66, 74 collision.margin - 56, 58, 59, 68
attribute - 5, 6, 66, 72 collision. marginweight - 68
AttributeOverride - 17,18 collision.max.x/y - 56, 60, 68
AutoPseudo - 13 collision.min.x/y - 56, 60, 68
aw - 35, 38 CollisionFix - 55, 59
comment - 5
comp - 20, 68
B compiler - 74
component - 20, 68
component.X.ref - 68

backing up - 17, 46 \ .
backspace - 44 composite metrics - 36
base - 25, 33, 35, 42 condlthn - 19

base character - 18, 36 constraint - 7

base point - 19 for passes - 54

baseline - 37, 76 context - 4, 25, 29, 31, 32, 34
bb - 38 ' contextualization - 27
bb.bottom - 38 contogr - 19

bb.ht 38 coordinates - 19

bbleft - 38 CP_USSTD 12

bb.r‘ieght .-38 cpt macro - 12

cursive - 36, 47

bl_).t.op - 38 cursor hitting - 43
Bidi - 13,21, 35 cursor placement - 37
bidi pass - 27, 50, 54 Cyrillic - 77

bidirectionality - 3, 13, 27, 76
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D

deletion - 14, 30, 32, 33, 34, 44, 50
descent - 76

descent metric - 38

Devanagari - 31

diacritic - 3, 18, 19, 25, 33, 35, 36, 42, 76

dir - 20, 34,68

DIR_ constants - 20

direction - 27

directionality - 13, 18, 20, 34, 68
directionality attribute - 20, 34, 68
directives - 15, 16, 17

E

else - 26

em square - 14, 17, 38, 76
em unit - 49, 76

endenv - 15
endenvironment - 15
endif - 26

end-of-line marker - 34
endpass - 15

endtable - 14

English - 76, 77

env - 15

environment - 15
environment statement - 15, 16, 17
escape codes - 9, 22
example - 39, 40, 47, 50
ExtraAscent - 14
ExtraDescent - 14

implicit - 74
glyph class identifiers - 9
glyph classes - 12
glyph ID - 8, 76
glyph keyword - 14, 30
glyph metrics - 27
glyph number - 8
glyph placement - 39
glyph table - 10, 12, 18, 20, 34, 41
glyphid - 8,12
gpath - 19, 66, 74
gpoint - 19, 66, 74
Greek - 77
GX - 78

H

hash mark - 34
Hebrew - 3, 14, 76
horizontal - 36
hyphen - 34

F

false - 23,37
feature constraint - 26
feature  keyword - 14
feature table - 21
features - 26

hidden - 63
floating point - 18, 38
font - 76
font style - 23, 26
Fontographer - 19
fullstop - 21
functions - 74

id - 22

if -26,27,28

include - 12, 42

index, within glyph class - 31
Indic - 3,5, 76

infinite loops - 17, 26

insert - 37

insert  attribute - 37, 45, 69
insertion - 14, 30, 32, 33, 44, 50
internal bidirectionality - 27
IPA - 40

italic - 23

G

GDL file - 12

global - 13, 74

global state variable - 24, 48
glossary - 76

glyph - 8,21, 76

glyph attribute - 5, 7, 18, 21, 27, 34, 42, 72
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J

just keyword - 14, 50
justification - 24, 47
default - 48
overview - 48
trailing white space - 50
using kashidas - 51
using ligature expansion - 52
white-space - 48
justification keyword - 14, 50
justification table - 11, 48, 50
justify attribute - 69

justify.shrink - 49, 69
justify.step - 49, 69
justify.stretch - 49, 69
justify.weight - 49, 69
justify.width - 69
JustifyLevel - 49

JustifyMode - 48, 50



K

kashida - 47, 48, 49, 51
kern - 36, 76

kern attribute - 69
kerning - 3, 35, 36, 47, 50

Nepali - 43

nesting of tables - 15
non-procedural - 74
number - 74

L

Ib keyword - 14, 30

left hand side - 4, 10, 25, 29, 30, 31
left-side bearing - 77
leftsidebearing - 38

letter break - 21

level .37

LG_USENG 12, 22

Ihs - 4, 5, 18, 30, 35

ligature - 3, 20, 21, 33, 68, 74, 77
ligature component metrics - 18
line continuation - 5

linebreak - 11, 15, 21, 30
line-break - 12

line-break - 20

line-break - 34

linebreak  keyword - 14
linebreak table - 27
list-5,8,74

logical adjacencies - 27

logical operators - 26

logical order - 27

Isb - 38

O

offset - 19, 35
OpenType - 78
optional - 7, 29

order of rule items - 27
ordering of rules - 29, 34

M

m - 14, 17, 38, 74

macros - 41

max - 19, 35

MaxBackup - 17, 47
MaxRuleLoop - 17, 26, 47, 51
metrics - 21, 35, 36, 37, 38, 71
min - 19, 35

mirror.glyph - 21,54
mirror.isEncoded - 21,54
mirroring - 21, 53

Mongolian - 77

multilingual - 24
multi-pass tables - 28
MUnits - 14, 17, 38, 74

P

parentheses - 10, 26
parser - 74
pass - 4, 10, 15, 28
constraint - 54
key slots - 55
optimizations - 54
pass zero - 10, 11
pass statement - 15, 17, 28
passKeySlot - 55
path - 19
period - 21
physical adjacencies - 27
physical order - 27
point - 19
point function - 66, 74
PointRadius - 18, 20
pos attribute - 37, 69
pos keyword - 14
position attribute - 37, 69
position  keyword - 14
positioning - 35
positioning keyword - 14, 15, 35
positioning table - 11, 42, 48
postscript - 9,12
Postscript - 8, 77
pound sign - 34
precedence of operators - 26
precedence of rules - 29, 33
primitive type - 74
pseudo - 42, 45
pseudo-glyph - 30, 34, 45
PUA - 20, 21, 34,68, 77, 78

N
name - 22
namep - 24

name keyword - 14

name table - 12, 24
nastaliq - 69

Nastaliq - 36, 39, 56, 57, 60
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R
range - 6
ref - 34,68

reference - 34, 74
reference, to slot - 10
rendering - 26, 77

reordering - 14, 27, 30, 31, 34
rhs - 4, 25

right hand side - 4, 10, 30



right-side bearing - 77

rightsidebearing - 38
right-to-left - 27, 34, 35, 36, 53, 76
Roman - 77

rsb - 38

rule - 4, 29

rule matching - 25
rule order - 29, 34
rule tables - 30, 35, 50

within a position pass - 38
substitution keyword - 14, 15, 30
substitution table - 11, 14, 20, 27, 33, 34, 42

S

scale - 14, 17

scan position - 25, 26, 29

scope - 13

script - 77

ScriptDirection - 13

ScriptTag - 13

SDF - 79

semi-colon - 5, 26

sequence attributes - 69

setbits - 60, 62, 68

shift - 69,71

shifting - 35

shrink - 47, 48, 49

side bearing - 77

slot - 10, 19, 26, 30, 31, 32

slot alias - 31, 32

slot attribute - 7, 18, 21, 27, 28, 34, 35, 36,4%,46, 49,
66, 68, 69, 71, 72, 74

slot constraint - 27

slot position - 17

slot reference - 10

slots - 10

split cursors - 43

split glyphs - 33

square brackets - 7

stacking - 14

standard glyph metrics - 18

standard include file - 13

stddef.gdh - 13,73

stream - 10, 17

stretch - 47, 48, 49, 50

string - 12,22,74

styles - 23

sub keyword - 14

subs keyword - 14

substitution - 30, 50
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T

table - 11, 12, 14, 28
table statement - 14, 17
Thai - 33

tone - 33

trailing white space - 50
true - 23,37

U

underscore - 25, 29, 33

unicode -8, 12,45

Unicode - 3, 8, 77

Unicode Standard Annex - 20
Uniscribe - 78

user definable attributes - 46, 71
user preferences - 26

userl - 46,71

user-defined - 18

Vv

variable - 5, 48
vertical - 13, 14, 36, 76

\W

warning - 28, 38

white space, trailing - 50
white-space - 21

word break - 21

writing system - 21, 27, 77, 78

Z

ZWJ -5



