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AFDKO Version 2.0 Tutorial:
mergeFonts, rotateFont & autohint

1.1 Introduction

AFDKO (Adobe Font Development Kit for Opentype) Version 2.0, which was released in the
latter part of 2006, introduces three new and very powerful font development tools,
specifically mergeFonts, rotateFont, and autohint. These three new tools, along with careful
and clever text-processing techniques, can be used to build a fully-functional CIDFont rollup
tool. Of course, these tools can also be used for a wide variety of other purposes.

The mergeFonts tool can be run on name- and CID-keyed fonts, and can perform the following
tasks: rename glyphs, replace glyphs, and add glyphs. Its input can be multiple font files, but
will always create a single font file as output. The rotateFont tool can also be run on name- and
CID-keyed fonts, and while its primary functionality is to rotate and shift glyphs, it can also be
used to rename glyphs, and to change their widths. The autohint tool generates Type 1 hints,
based upon the hinting parameters—alignment zones and stem width values—that are
specified in the input font’s hint dictionary (or hint dictionaries, in the case of CID-keyed
fonts), which are then added to the CharStrings. The autohint tool can also be run on name- or
CID-keyed fonts.

This tutorial is intended for font developers who use AFDKO Version 2.0 or higher, and
provides information for three of its tools that go beyond the usage and help pages that are
included, when invoked with the “-u” and “-h” command-line options, respectively.

While this initial version is written in English, translations into Chinese, Japanese, and Korean
may be forthcoming. Until those translations are available, please note that this English
version was specifically written to be clear, concise, and easy to understand.

If you have any questions regarding the mergeFonts, rotateFont, or autohint tools, or believe
that you encountered a bug or otherwise odd behavior when using one of them, please do not
hesitate to contact the author, Ken Lunde (lunde @adobe.com).

NoTe: The mergeFonts and rotateFont tools are sensitive to the line endings used in their
respective mapping files. For example, when executing these tools on Mac OS X using
the Terminal application, the mapping files must have Unix line endings (LF; 0x0A),
not Macintosh ones (CR; 0x0D).

NoTe: The AFDKO tools described in this document cannot operate on Macintosh resource-
fork font files. Type 1 fonts, for example, must be flat (that is, data-fork) files, which
can be easily generated by commercially-available tools such as Fontographer or
FontLab. FontLab Studio 5 refers to such Type 1 fonts as “ASCII/Unix Type 1” fonts,
and uses “.pfa” as the default filename extension.
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1.2 Using mergeFonts

1.2.1

1.2.2

The mergeFonts tool is extremely powerful. It extracts sets of glyphs from one or more name-
or CID-keyed source fonts, then merges all of the extracted glyphs into a single name- or CID-
keyed output font.

Mapping Files

A mapping file is required by mergeFonts when the input font or fonts are to be subsetting in
any way, or if glyphs are to be renamed. The format of the file is simple. The first line must be
set as follows:

mergelFonts

The first line unambiguously identifies the file as a mergeFonts mapping file. When working
with CID-keyed fonts, a hint dictionary name can be specified immediately after the
“mergeFonts” keyword, as follows:

mergeFonts KozMinProVI-Heavy-Kanji

The above line has the effect of assigning to the specified hint dictionary the CIDs that follow
on the subsequent lines of the mapping file. If that hint dictionary does not exist in the
CIDFont, it is created.

The lines that follow the “mergeFonts” line simply specify glyph name or CID pairs, whereby
the first member of the pair (first column) is the source (new) glyph name or CID, and the
second member (second column) is the add/replace (original or old) glyph name or CID. If no
glyph name change is necessary, both members (columns) shall be identical. The following is
an example of a valid mergeFonts mapping file:

mergeFonts KozMinProVI-Heavy-Kanji

1125 cz2l
1126 c22
1127 c23
1128 cz24

In the above example, the glyph names “c21” through “c24” in the input font are renamed to
CIDs 1125 through 1128, respectively, and are assigned to the hint dictionary named
“KozMinProVI-Heavy-Kanji.” Note that CIDs can also be expressed as five-digit zero-padded
integers, so “1125” and “01125” equally represent CID=1125.

When generating mergeFonts mapping files, be aware that a “.notdef” (“.notdef” for name-
keyed fonts, or CID=0 for CID-keyed fonts) must be included or otherwise specified in at least
one of the mapping files.

Command Lines

The mergeFonts tool is typically run using options and multiple input files. The “-g” and “-gx”
options require a list of one or more glyph names or CIDs to follow, and they apply only to the
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“source” font, which is the first input font if more than one input font is specified on the
command line. The subsequent input fonts are referred to as “merge” fonts. The “-g” option
specifies which glyphs to copy from the source font to the output font, and the “-gx” option
specifies which glyphs to exclude from the source font. These options are useful when
replacing glyphs in a font, and depending on the number of glyphs that are being replaced, one
of these options is more appropriate than the other. For example, if the number of glyphs to be
replaced is relatively small, it is easier to use the “-gx” option, and if the number of glyphs to
be replaced is large, meaning that the number of unchanged glyphs is small, it is easier to use
the “-g” option.

When specifying glyphs by CIDs, the “-g” and “-gx” options can use CID ranges as their
argument. In fact, CIDs and CID ranges can be specified, through the use of commas and
hyphens. The following argument specifies CIDs 1, 3, and 50 through 100:

1,3,50-100

When generating a CIDFont as output, the “-cid” option, followed by the name of the
“cidfontinfo” file, is necessary. All mapping files must specify CIDs in the first column.
Invoke mergeFonts with the “-h” option to see the format of a valid “cidfontinfo” file, along
with an example. The purpose of the “cidfontinfo” file is to provide ROS (Registry, Ordering,
and Supplement) information, along with other minimal information for a CIDFont file
header.

3

When a mapping file is necessary, it appears before its corresponding merge font on the
command line. For example, the following command specifies an output font, a source font,
and two merge fonts, each of which has its own mapping file:

% mergeFonts font.out font.src mapl.merge fontl.merge \
map2 .merge font2.merge

NoTe: By default, all glyphs in a font are added if no mapping file is present or specified.
NoTe: If there is a name conflict, the first font that is encountered by mergeFonts wins, in

terms of which glyph is included in the output font, whether it is the source font or one
of the merge fonts.

NoTe: The input font files may be a mixture of name- and CID-keyed fonts, but they must all
be of the same CharString type, specifically Type 1 or Type 2 (CFF).

Renaming Glyphs

In order to rename one or more glyphs in a font, all glyphs in the font must be present in the
mapping file, and only those glyphs whose names are to be changed shall have different source
names specified in the first column. The following mapping file example serves to change the
glyph named “exclam” into “c21”:

mergeFonts
c2l exclam
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1.2.4

1.2.5

Converting glyph names to CIDs requires the use of mapping files, and the following is an
example mapping file that converts the glyphs named “c21,” “c22,” “c23,” and “c24” into
CIDs 1125 through 1128, respectively:

mergeFonts

1125 c21l
1126 c22
01127 c23
01128 c24

Note that the two different notations for specifying CIDs, one of which consists of five zero-
padded digits, are used in the above example. In actual usage, a single notation should be used
for consistency, to minimize confusion, and to maximize human readability.

Replacing Glyphs

When replacing glyphs, two or more input fonts are necessarily involved. The font that
contains the glyph that is to be replaced is referred to as the “source” font, and the font or fonts
that contain the glyphs that act as replacements are referred to as “merge” fonts.

The “-gx” option, followed by a list of the glyph names or CIDs to be replaced, is necessary.
The “-gx” option applies to the source font only. It simply instructs mergeFonts to copy all
glyphs except for those specified. If the number of glyphs to be replaced is large, meaning that
the number of glyphs that remain as-is is small, it may be simpler to use the “-g” option, which
specifies which glyphs to copy from the source font to the output font. And, the mapping files
for the merge fonts must specify the same glyph names or CIDs, as appropriate, otherwise the
resulting output font will not include a glyph by that name or CID.

For example, if we were to replace the glyph “c21” in font.src with the glyph “c21” in
font.merge, the following command line is used:

o

% mergeFonts -gx c2l1 font.out font.src map.merge font.merge

A new font called “font.out” is created, which is generated from the contents of the source font
(“font.src”) excluding the glyph named “c21,” and the glyph named “c21” is added from the
merge font (“font.merge”). The contents of the “map.merge” file are as follows:

mergeFonts
c21 c21

Adding New Glyphs

When adding new glyphs, the “-g” or “-gx” options are not necessary. And, if all of the glyphs
in the merge font are to be added as-is, including no changes to glyph names, no mapping files
are necessary. If a subset of the glyphs in the merge fonts are to be added, or if glyph names
are to be changed, mapping files are necessary. Consider the following examples.

The merge font contains only the glyph “c80” (no mapping file required):

Q

% mergeFonts font.out font.src font.merge
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The merge font contains other glyphs in addition to the glyph “c80” (mapping file required):

Q

% mergeFonts font.out font.src map.merge font.merge
The contents of the “map.merge” file are as follows:

mergeFonts
c80 c80

Building CIDFonts

The mergeFonts tool can be used to build valid CIDFont files, using multiple merge fonts. The
merge fonts can be name-keyed. For example, multiple name-keyed fonts can serve as the
merge fonts, and by using the “-cid” option, along with mapping files that convert glyph
names into appropriate CIDs, CIDFonts containing thousands or tens of thousands of glyphs
can be generated within seconds.

The following command line and mapping files demonstrate how easily CIDFonts can be built
using the mergeFonts tool:

% mergeFonts -cid cidfontinfo cidfont.ps NOTDEF.map NOTDEF.pfa \
hiragana.map hiragana.pfa katakana.map katakana.pfa r30.map r30.pfa \
r3l.map r3l.pfa

Contents of “NOTDEF.map” mapping file (one glyph: CID=0):

mergeFonts KozMinProVI-Heavy-Generic
0 NOTDEF

Contents of “hiragana.map” mapping file (83 glyphs: CIDs 842 through 924):

mergeFonts KozMinProVI-Heavy-Kana

842 smalla

843 a

. (79 lines omitted)
923 wo

924 nn

Contents of “katakana.map” mapping file (87 glyphs: CIDs 660 and 925 through 1010):

mergeFonts KozMinProVI-Heavy-Kana

660 extender
925 smalla
926 a

. (82 lines omitted)
1009 smallka
1010 smallke

Contents of “r30.map” mapping file (94 glyphs: CIDs 1125 through 1218):

mergeFonts KozMinProVI-Heavy-Kanji

1125 c21
1126 c22
. (90 lines omitted)
1217 c7D
1218 c7E
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1.3

Contents of “r31.map” mapping file (94 glyphs: CIDs 1219 through 1312):

mergeFonts KozMinProVI-Heavy-Kanji

1219 c2l
1220 c22
. (90 lines omitted)
1311 c7D
1312 c7E

Running the above command line, using the specified mapping files and merge fonts, a
CIDFont containing 359 glyphs is created. The CIDs covered include 0, 660, 842 through
1010, and 1125 through 1312. And, a total of three hint dictionaries are created, as follows:

KozMinProVI-Heavy-Generic

KozMinProVI-Heavy-Kana

KozMinProVI-Heavy-Kanji
Note how the hint dictionary name specified on the first line of the “r30.map” and “r31.map”
mapping files are the same. Specifying the hint dictionary name allows one to carefully
control the hint dictionary structure of the resulting CIDFont file. Also, if multiple merge fonts
have mapping files whose first line specifies the same hint dictionary name, the hint dictionary
of the resulting CIDFont inherits its values from the first merge font that it encounters with
that hint dictionary name specified.

If no hint dictionary name is specified, the glyphs from each merge font are assigned to a
unique hint dictionary, named according to the “FontName” of the merge font, which is both
inaccurate and inefficient.

Great care must be taken to control the hint dictionary structure of CIDFont files, and the
mergeFonts tool is the vehicle for applying such control.

Using rotateFont

Although not nearly as powerful as the mergeFonts tool, the rotateFont tool also operates on
name- and CID-keyed fonts, and can be used to rename, rotate, and shift glyphs, and for
changing glyph widths. Glyph shifting is performed along the X- and Y-axes. While rotation
and X- and Y-axis shifting can be specified on the command line and applied globally,
mapping files can be used to apply X- and Y-axis shifting, and changes to glyph names and
widths.

The current Adobe character collections specify pre-rotated forms for non—full-width glyphs,
to be used for vertical writing, and made accessible through the ‘vrt2’ GSUB feature. For
Japanese fonts, Adobe-Japanl-3 was the first Adobe character collection to include these pre-
rotated forms. The rotateFont tool trivializes the process of generating these pre-rotated glyphs
from their original unrotated forms.
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Command Lines

The rotateFont tool shall always be invoked with an option to specify the format of the output
font, specifically “-t1” for a Type 1 font, or “-cff” for a CFF font. In either case, the output font
will match the input font as to whether it is name- or CID-keyed.

Unlike the mergeFonts tool, the rotateFont tool does not perform conversion between name-
and CID-keyed fonts. Also, unlike the mergeFonts tool, the first font specified on the
command line is the input font, and the second font is the output font. Also, depending on
whether changes are to be applied by a mapping file, or applied globally, the “-rtf” or “-rt”
options, respectively, shall be used.

The following is an example rotateFont command line that applies 90-degree clockwise
rotation, along with X- and Y-axis shifting of 120 and 880 units, respectively, with all three
values being arguments of the “-rt” command-line option:

% rotateFont -tl -rt 90 120 880 font.in font.out

Mapping Files

Glyph rotation and X- and Y-axis shifting, when applied to all glyphs in a font, does not
require a mapping file. When using a mapping file, only those glyphs in the mapping file will
be in the output font. The name of the mapping file follows the “-rtf” option. Note that a
“.notdef” glyph entry is required. In the case of CID-keyed fonts, this means that an entry for
CID=0 must be present in the mapping file.

The rotateFont mapping file contains five columns per line, as follows:

e Input glyph name or CID

e Output glyph name or CID

e Glyph width—use “None” to pass widths as-is

e X-axis shift—set to “0” (zero) for no change; negative values shift glyph to left
e Y-axis shift—set to “0” (zero) for no change; negative values shift glyph down

If the glyph name is to remain as-is, the input and output glyph names should be the same.
Below is an example of a rotateFont mapping file line that passes the glyph named “exclam”
as-is:
exclam exclam None 0 0
Note: If a mapping file is specified, its X- and Y-axis shift values take precendence over those
specified as arguments for the “-rt” command-line option. In other words, if you must
use both options—“-rt” and “-rtf”—the X- and Y-axis shifting values should be

specified in the mapping file, and not as the second and third arguments of the “-rt”
option.

NoTe: The order of the fields for the input and output glyph name is in a reverse order when
compared to their order in the mergeFonts mapping file. In other words, the order of
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1.3.3

1.3.4

1.3.5

the input/output glyph names in the mergeFonts and rotateFont mapping files reflects
the order of the input/output font files as specified in their respective command lines.

Renaming Glyphs

The rotateFont tool can easily rename glyphs by simply specifying the new glyph name or
CID in the second column of the mapping file. The following rotateFont mapping file line
changes the name of the glyph named “exclam” to “c21”:

exclam c21 None 0 O

If no glyph change is necessary, the glyph names or CIDs in the first and second columns shall
be identical.

Rotating Glyphs

Glyph rotation can be performed by rotateFont only through the use of the “-rt” option, which
expects three space-separated integer values as its arguments, as follows:

e Rotation, specified in degrees clockwise—use “0” (zero) for no rotation; negative values
can be used to specify counter-clockwise rotation

e X-axis shift—use “0” (zero) for no X-axis shift
e Y-axis shift—use “0” (zero) for no Y-axis shift

Below is a command line example for rotating glyphs 90 degrees clockwise, followed by
shifting the glyphs 200 units along the X-axis, and 800 units along the Y-axis:

% rotateFont -tl -rt 90 200 800 font.in font.out

The following command line results in the same output font, but specifies counter-clockwise
rotation through the use of the appropriate negative value:

% rotateFont -tl -rt -270 200 800 font.in font.out

Note that the rotation performed by rotateFont is applied at coordinate 0,0, which is the glyph
origin. Due to different baselines for different glyph classes, such as Latin versus non-Latin, or
CJK versus non-CJK, X- and Y-axis shifting is generally necessary to reposition the rotated
glyph within the em-box.

Changing Glyph Widths

The third column of the mapping file is used to specify glyph widths. The following mapping

file line changes the glyph width to 1000 units, regardless of what its original width value was:
exclam exclam 1000 0 O

If the width is to remain as-is (unchanged), “None” shall be used, as exemplified below:

exclam exclam None 0 0
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Glyph Shifting

Global shifting of glyphs is best performed on the command line, using the “-rt” option. The
second and third arguments of the “-rt” option specify the X- and Y-axis shifting values,
respectively. If only specific glyphs require shifting, a mapping file shall be used, specifying
the X- and Y-axis shift values in the fourth and fifth columns, respectively. The following
example shifts the glyph named “exclam” -100 units along the X-axis (to the left), and 250
units along the Y-axis (upward):

exclam exclam None -100 250

To perform no shifting, for one or both axes, a “0” (zero) shall be used, such as shown below:

exclam exclam None 0 250
exclam exclam None -100 0
exclam exclam None 0 0

Working With CIDFonts

The rotateFont tool can use CID-keyed fonts as input. Instead of specifying glyph names,
CIDs are used instead. The following rotateFont mapping file sets the width of the glyph for
CID=1200 to 1500 units, and also shifts it 250 units along the X-axis, which effectively
centers the glyph within its new 1500-unit width, assuming that its original width was 1000
units:

0 0 None 0 0O
1200 1200 1500 250 0

Note that the required CID=0 entry is include in the mapping file.

CIDFont Generation Notes

While the rotateFont and mergeFonts tools can be applied to CIDFonts, and can also be used
to create CIDFonts, the CIDFont header that is generated is not complete, and some amount of
careful text processing is required. For example, the following Fontlnfo dictionary entries may
need to be added or adjusted: Notice, FullName, FamilyName, Weight, and FSType. The XUID
array should also be set. The CIDFontName, CIDFontVersion, and CIDSystemlInfo dictionary
are properly set by the mergeFonts tool, according to the “cidfontinfo” file that is supplied as
input.

The current Adobe character collections specify CID ranges that represent pre-rotated forms
of all glyphs that are not considered to be full-width. This typically includes proportional- and
half-width Latin glyphs, but is not limited to those glyph classes. See the corresponding Adobe
Tech Note for each Adobe character collection for more information on the CID ranges for
pre-rotated glyphs: http://partners.adobe.com/public/developer/font/
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1.5

1.5.1

1.6

The rotateFont tool is ideal for generating the pre-rotated glyphs from their unrotated (upright)
forms. The resulting font, containing pre-rotated glyphs, can be used as one of the many merge
fonts that serve as input to the mergeFonts tool for building a fully-populated CIDFont.

Using autohint

After the mergeFonts and rotateFont tools are used to generate a CIDFont, there is another
very useful tool that can be used, available in AFDKO Version 2.0 or higher, called autohint.
The autohint tool can be run on name- and CID-keyed fonts, and uses the hinting
parameters — BlueValues array, OtherBlues array, StemSnapH array, StemSnapV array, StdHW,
and StdVW—to apply hinting to the CharStrings. You are encouraged to explore its command-
line options to determine which are the most appropriate to use.

Calculating Alignment Zones & Stem Width Values

According to rendering-engine and hinting specialists, no hinting is better than poor hinting,
and similarly, poorly-calculated hinting parameters will result in poor hinting, even when
using the autohint tool. In addition, the paths for CharStrings shall adhere to the Type 1
CharString specification. For example, the control points—used for hinting purposes,
specifically to determine which stems are to be controlled via hints, based on the supplied
hinting parameters —shall be set at the extremes.

You are strongly encouraged to take great care in calculating the alignment zones and stem
width values. The stemHist tool, also included in AFDKO Version 2.0 or higher, is designed to
help in calculating alignment zones and stem width values by generating histogram data. The
former functionality is invoked using the “-a” command-line option.

Verifying Results

The #x tool, which is included in AFDKO Version 2.0, is very useful for generating a glyph
synopsis very quickly, for verifying the results of running the mergeFonts and rotateFont tools.
Simply use the “-pdf” option, and redirect STDOUT to a PDF file. In fact, you are strongly
encouraged to spend a couple of days, or a full week, to explore these tools, to discover their
full potential. You will no doubt discover additional uses for these font development tools.
Experimenting with these tools, then checking their output using the zx tool, is quite
gratifying.
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