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This article contains the text from Appl eSi ngl e/ Appl eDoubl e Formats for Foreign
Fil es Devel oper’s Note.
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Thi s docunent describes version 2 of the Appl eSingl e/ Appl eDouble file formats.

To conpare this version with version 1 of the AppleSingl e/ Appl eDouble file
formats, refer to Appendix B of the A/ UX Tool box: Macintosh ROM I nterface
manual

You can also find a description of version 1 in the Apple Il File Type Notes for
file types $EO0. 0001- Appl eSi ngl e and $EO0. 0002/ $EO. 0003- Appl eDoubl e. These File
Type Notes are avail abl e through Appl e Devel oper Techni cal Support.

Chapter 1: About Appl eSingl e/ Appl eDoubl e Formats

VWen a file is exchanged between file systens that do not support the sane file
attributes, sonme of the file' s attributes are |lost. Apple Conmputer has devel oped
two file formats, called AppleSingle and Appl eDouble, that allow files to
maintain their file attributes on foreign file systens that do not support the
sane attributes.

The Appl eSi ngl e and Appl eDoubl e formats were initially devel oped to store

Maci ntosh files on file systens that do not support the Macintosh file
structure. However, these formats can also be used to represent alnost any kind
of file on alnost any file system They assunme only that the file systens used
allow you to create a file as a set of contiguous bytes.

The Appl eSi ngl e/ Appl eDoubl e file format is not tied to a single hone file
system A file is stored as a heterogeneous collection of data and attri butes,
which are interpreted as needed by the application reading the file.

The Appl eSingle or Appl eDoubl e format can be used

e as a standard format for transferring files anong differing, or
het er ogeneous, conputers.
* as a standard format for transferring files within a single conmputer

- Choosi ng Appl eSingl e or Appl eDoubl e -

The Appl eSi ngl e and Appl eDoubl e fornmats are alike in that they use the sane
conponents to represent a file on a foreign system data, resources, and
attributes. The difference between the two formats is that the Appl eSingle
format stores these conponents in a single foreign file, and the Appl eDoubl e
format stores these conponents in two foreign files—ene for the data, the other
for the resources and attri butes.

Applications may use either AppleSingle or Appl eDoubl e when they create files on



foreign file systens; however, they nust understand both fornmats.

To find out which format is appropriate for you, exam ne your application. If
the AppleSingle format is used, honme file system data cannot be noved or del eted
i nconsi stently; however, the AppleSingle format is harder to update. The

Appl eDoubl e format is easier to nodify but one of the two Appl eDouble files can
be noved or del eted inconsistently.

If you are building an AppleTalk Filing Protocol (AFP) server (or any other
server that supports the Macintosh conputer), then you may want to use one of
these formats as your application’s internal or external file storage formt.
The choice is yours. It doesn't matter which format is used within your
application, but it is suggested that you use one of these fornats as your
external storage fornat so that files can be shared by other applications
runni ng on the same nmachi ne as your application

- Term nol ogy -

The following terns are relevant to the di scussion of AppleSingle and
Appl eDoubl e file formats.

A Macintosh file has two forks: the resource fork and the data fork. The
resource fork contains data used by an application, such as nenus, fonts, and
icons. An executable file's code is also stored in the resource fork. The data
fork contains data specific to an application

The hone file systemis the prinmary file systemfor which the file's contents
were created. The home file systemis not necessarily the file systemin which
the file was created. For exanple, if a programrunning on a UNl X system creates
a file that holds a MacWite docunent, the file's honme file systemis the

Maci ntosh file system —ot the UNIX file system—because the file's contents are
formatted for a Macintosh application

In contrast to the hone file systemis the foreign file system which is the
other file systemthat stores or processes the created file. In the previous
exanple, the UNIX file systemis the foreign file system

Chapter 2: The Appl eSi ngl e For nat

In the AppleSingle format, a file's contents and attributes are stored in a
single file in the foreign file system For exanple, both forks of a Mcintosh
file, the Finder™information, and an associ ated comment are arranged in a
single file with a sinple structure.

An AppleSingle file consists of a header foll owed by one or nore data entries.
The header consists of several fixed fields and a list of entry descriptors,
each pointing to a data entry. Each entry is optional and rmay or may not appear
inthe file.

- AppleSingle file header -

Tabl e 2-1 describes the contents of an AppleSingle file header



Table 2-1: AppleSingle file header

Field Length
Magi ¢ nunber 4 bytes
Ver si on nunber 4 bytes
Filler 16 bytes
Nunber of entries 2 bytes
Entry descriptor for each entry:

Entry 1D 4 bytes

O fset 4 bytes

Lengt h 4 bytes

Byte ordering in the file header fields follows MJ68000 conventions, nost
significant byte first. The fields in the header file follow the conventions
described in the foll owi ng sections.

Magi ¢ nunber
This field, nodeled after the UNI X nagi ¢ nunber feature, specifies the file's
format. Apple has defined the magic nunber for the AppleSingle format as
$00051600 or 0x00051600.
Ver si on nunber
This field denotes the version of AppleSingle format in the event the format
evol ves (nore fields may be added to the header). The version described in this
devel oper’s note is version $00020000 or 0x00020000.
Filler
This field is all zeros ($00 or 0x00).
Nunber of entries
This field specifies how nany different entries are included in the file. It is
an unsigned 16-bit nunber. If the nunber of entries is any nunber other than O,
then that nunber of entry descriptors i mediately follows the nunber of entries
field.
Entry descriptors
The entry descriptors are made up of the following three fields:
e Entry ID, an unsigned 32-bit nunber, defines what the entry is. Entry

IDs range from1 to $FFFFFFFF. Entry ID O is invalid.
e Ofset, an unsigned 32-bit nunber, shows the offset fromthe beginning

of the file to the beginning of the entry’s data.
e Length, an unsigned 32-bit nunmber, shows the length of the data in

bytes. The length can be 0.

Predefined entry |Ds



Appl e has defined a set of entry IDs and their values as foll ows:

Data Fork 1 Data fork

Resource Fork 2 Resource fork

Real Nane 3 File s nane as created on hone file system
Coment 4 Standard Maci ntosh comment

| con, B&W 5 Standard Maci ntosh bl ack and white icon

I con, Col or 6 Macintosh color icon

File Dates Info 8 File creation date, nodification date, and so on
Fi nder Info 9 Standard Maci ntosh Finder information

Maci ntosh File Info 10 Macintosh file information, attributes, and so on
ProDCS File Info 11 ProDCS file information, attributes, and so on
MS-DCS File Info 12 MS-DCS file information, attributes, and so on
Short Nane 13 AFP short nane

AFP File Info 14 AFP file information, attributes, and so on
Directory ID 15 AFP directory ID

Appl e reserves the range of entry IDs from1l to $7FFFFFFF. The rest of the range
is available for applications to define their own entries. Apple does not
arbitrate the use of the rest of the range.

Applications reading an Appl eSingle or AppleDouble file interpret the entry IDs
that are relevant to their hone file systemand treat the other entries as
opaque data. For exanple, a Macintosh client application will understand entry
IDs 1 through 6 and 8 through 10. A ProDOS® client application reading the sane
file will read entry ID 11 instead of entry IDs 9 and 10.

Entry IDs 1, 3, and 8 are typically created for all files; entry ID 2 only for
Maci nt osh and ProDCS files; entry IDs 4, 5, 6, 9, and 10 only for Macintosh
files; entry ID 11 only for ProDOS files; entry ID 12 only for M5-DOS files; and
entry IDs 13, 14, and 15 only by AFP servers.

Maci ntosh Icon entries do not appear in nost files because they are typically
stored as a bundle in the application file’'s resource fork

The File Dates Info entry (1D=8) consists of the file creation, nodification
backup and access tines (see Figure 2-1), stored as a signed nunber of seconds
before or after 12:00 a.m (mdnight), January 1, 2000 G eenwi ch Mean Tine
(GVIN) . In other words, the start of the year 2000 GMI corresponds to a date-tine
of 0. Applications must convert to their native date and tine conventions. \Wen
initially created, a file's backup tinme and any unknown entries are set to
$80000000 or 0x80000000, the earliest reasonable tinme.

The Maci ntosh Finder Info entry (1D=9) consists of 16 bytes of Finder Info

foll owed by 16 bytes of extended Finder Info; that is, the field ioFl Fndrinfo
foll owed by i oFl XFndrinfo, as returned by the Maci ntosh PBGetCatlnfo call. (The
PBCet Cat I nfo and the internal structures of ioFl Fndrinfo and ioFl XFndrinfo are
described in | nside Mcintosh.)

Newly created files have Os in all Finder Info subfields. If you are creating an
Appl eSi ngl e or Appl eDouble file, you may assign O to any subfield whose value is
unknown (rnost subfields are undefined if the file does not reside on a valid



hierarchical file system[HFS] volune), but you may want to set the fdType and
fdCreat or subfi el ds.

One additional field nmust be set in the directory Finder Info entry. \Wenever
the Finder encounters a new (“inited” bit clear) directory, it initializes the
frViewfield of the directory Finder Info to a value indicating how the contents
of the directory should be viewed when opened (by icon, by small icon, and so
on). Zero is not a legal value. This is not a problemas |long as the client has
wite permssion for the directory.

The Finder will place a legal value into the frViewfield when it initializes
the directory. However, if the directory permnissions deny naking changes, the
initial value will remain unchanged and cause the Finder to display things
strangely. Consequently, it is appropriate to set the frView field when the
Finder Info is assigned to a new host directory. For exanple:

#def i ne cl osedVi ew 256 /* Normal view - icon, spatial */
[* .00 %
di rFi nderI nfo.frView = cl osedVi ew,

This results in the traditional “view by icon” display when the Finder first
opens the wi ndow for that directory.

The Macintosh File Info entry (1D=10) is 32 bits that stores the | ocked and
protected bit. Macintosh file tines are stored in entry ID 8.

The ProDOS File Info entry (1D=11) consists of the file access, file type, and
file auxiliary type. ProDOS file tines are stored in entry 1D 8.

The Access word may be used directly in ProDOS 16 or GS/OS calls; only the | ow
byte is significant to ProDOS 8. The File Type word is the file type of the
original file; only the low byte is significant to ProDOS 8. The Auxiliary Type
long word is the auxiliary type of the original file; only the lowword is
significant to ProDGCS 8.

UNI X file times are stored in entry ID 8.

The M5-DOS File Info entry (1D=12) is 16 bits that stores the M5-DOS attri butes.
MS-DOS file tinmes are stored in entry ID 8

The Short Name entry (1D=13) is the AFP short nane. AFP servers nust keep a
mappi ng of short names for all foreign files. This short nane is stored in entry
I D 13.

If entry ID 13 does not exist, an AFP server derives a short nane and creates
this entry. Wen they derive short nanes, AFP servers must ensure that the
derived names are unique within the directory. In order to ensure that short
nanmes for new foreign files don't conflict with existing short nanes, the

foll owi ng convention is used: AFP servers start all derived names with the
character “!” ($21 or 0x21). AFP clients are not allowed to access foreign files
that begin with this character (!). Except for this restriction on foreign AFP
servers, the short nanme al gorithmrenains flexible.



The AFP File Info entry (ID=14) is the AFP attributes word, as shown in Figure
2-5. AFP servers should set the BackupNeeded bit whenever a file is nodified, or
if the Appl eSingl e/ Appl eDouble foreign file's nodification tinme is later than
the nodification tine in entry ID 8.

The Directory entry (ID=15) is the AFP directory ID. AFP servers keep the 4-byte
directory IDin this entry. This IDis assigned when a directory is created, or
when a directory Appl eDoubl e header file without an ID entry is found. The next
unused ID is kept in the volune root info file, %RootInfo, in the volune root
directory. The %ootInfo file is an Appl eDoubl e header file with entries 3, 4,

8, 9, and 15 (Real Nanme, Coment, Vol une Dates, Finder Info, and Next File ID).
It nust be | ocked when it is updated.

- File layout -

The entry data follows all of the entry descriptors. The data in each entry nust
be in a single, contiguous block. You can |l eave holes in the file for later
expansi on of data. For exanple, even if a file s conment field is only 10 bytes
I ong, you can place the offset of the next field 200 bytes beyond the of fset of
the comment field, |eaving roomfor the coment to growto its maxi mum | ength of
200 bytes.

The entries can appear in any order, but you can maxim ze the efficiency of file
access by follow ng these conventions:

e Put the data fork entry at the end of the file. The data fork is the
nost comonly extended entry, and it is easier to increase its length if
it is the last entry in the file.

e Put the entries that are nost often read, such as Finder Info, File
Dates Info, and Macintosh File Info, as close as possible to the header,
to increase the probability that a read of the first block or two will
retrieve these entries.

e Allocate the resource fork entry in blocks of 4 kilobytes (K) in order
to mnimze reorganization of AppleSingle files during updates to the
resource fork.

Fi | enane conventi ons -

Appl eSi ngl e nane derivations for sone of the file systenms of interest are
defined in the foll ow ng sections.

Pr oDOS

To generate the AppleSingle filenanme, use character substitution or deletion to
renove illegal characters, and use truncation, if necessary, to reduce the
| ength of the name to the maxi mum filenane | ength of 15 characters.

Ms- DCS

To generate the AppleSingle filenanme, use character substitution or deletion to
renove illegal characters, and use truncation, if necessary, to reduce the

I ength of the name to 8 characters. Then add the M5-DOS extension that is nost
appropriate to the file (for exanple, .TXT for a pure text file).



UNI X and NFS

Appl eSi ngl e nam ng conventions for UNI X and the Network File System (NFS) are
essentially the same; they vary only according to the capabilities of the
foreign file system The creating application nust use the nam ng convention
that is the nost conplete subset of the foreign file system and the naning
convention rmust be constant across a single foreign file system vol une.

There are three nam ng conventions:

* 8-bit
e 7-bit ASCI
e 7-bit al phanuneric

Wth the 8-bit nam ng convention, the foreign file systemcan store at |east 93
character filenanmes consisting of all 8-bit characters except slash ($2f or
0x2f), null ($00 or 0x00), and percent ($25 or 0x25). The slash, null, and
percent characters are replaced by a percent character, followed by the

two- character hexadeci nal code of the escaped character. For exanple, the hone
file system nane Cafiada return - 20% becones Cafiada return - 20%25.

Wth the 7-bit ASCII nam ng convention, the foreign file systemcan store at

| east 93 character filenames consisting of all 7-bit ASCII characters except
slash ($2f or 0x2f), null ($00 or 0x00), and percent ($25 or 0x25). The sl ash,
null, and percent characters are replaced by a percent character, followed by
the two- character hexadeci nal code of the escaped character. In addition, al
extended 8- bit characters ($80 — $ff or 0x80 — Oxff) are replaced by a percent
character, followed by the two-character hexadeci mal code of the escaped
character. For exanple, the hone file system nane Cafiada return - 20% becones
Ca%6ada return - 20925

Wth the 7-bit al phanuneric nanming convention, the foreign file systemcan store
at least 93 character filenanmes consisting of all 7-bit al phanumeric characters
except slash ($2f or 0x2f), null ($00 or 0x00), and percent ($25 or 0x25). The
slash, null, and percent characters are replaced by a percent character

foll owed by the two-character hexadeci nal code of the escaped character. In

addi tion, all nonal phanunmeric characters except underscore (3$5f or Ox5f) and the
| ast period ($2e or 0x2e) are replaced by a percent character, followed by the

t wo- char act er hexadeci mal code of the escaped character. For exanple, the hone
file system nane Cafiada return - 20% beconmes Ca%®6ada%?0r et ur n%20%2d%2020%25.

Si nce expandi ng characters into “% followed by two hexadecinmal digits can
result in long filenames, sone foreign systens may not be able to store conplete
31-character filenanes. Behavi or under these conditions is not defined here.

- Usage -

Appl eSingle files must be | ocked during access to ensure data integrity.

Applications that access AppleSingle files ignore all unknown entries, yet
preserve the unknown entries when noving or copying files.



The Real Name entry is associated with file storage. File server applications
typically use the reverse mapping of the foreign fil enane when they present
nanes to the client. Servers do not create or read a Real Nane entry.

When the hone file systemname is renaned, the foreign filenane nust be renaned
according to the filenanme conventions described in the previous sections.

Chapter 3: The Appl eDoubl e For nat

The Appl eDoubl e format uses two files to store data, resources, and attributes.
The Appl eDouble Data file contains the data fork and the Appl eDoubl e Header file
contains the resource fork.

The Appl eDouble Data file contains the standard Maci ntosh data fork with no
addi ti onal header. The Appl eDoubl e Header file has exactly the sanme format as
the AppleSingle file, except that it does not contain a data fork entry. The
magi ¢ nunber in the Appl eDoubl e Header file differs fromthe magi c number in the
Appl eSi ngl e Header file so that an application can tell whether it needs to | ook
in another file for the data fork. The nmagi ¢ nunber for the Appl eDoubl e fornat

i s $00051607 or 0x00051607.

The entries in the Appl eDoubl e Header file can appear in any order; however,
since the resource fork is the entry that is nost commonly extended (after the
data fork), Apple recomends that the resource fork entry be placed last in the
file. The data fork is easily extended because it resides by itself in the

Appl eDoubl e Data file.

It is possible to create a new type of entry in the Appl eDoubl e Header file that
points to the AppleDouble Data file to nake it easy to find. For exanple, an
application-defined entry mght hold the nane of the Appl eDouble Data file. Sone
foreign file systems might provide a feature that allows a nore pernmanent
pointer to be created—ene that would not require the pointer to be updated if

t he Appl eDouble Data file were renaned.

- Fil enane conventions -

The followi ng sections present a standard for deriving the Appl eDoubl e Data and
Appl eDoubl e Header filenames fromthe file's Real Nane. Because fil enane syntax
differs in the various file systens, the standard varies by file system

Knowi ng t he Appl eDoubl e nanme derivations for sone of the file systens of
interest will allow applications running on foreign file systens and users to
see which files are Appl eDoubl e pairs. Users who know the derivation can renane
or nove the files while preserving the connection between the two. However,
there is no guaranteed way to prevent one file in the pair from being

i nconsi stently renanmed, noved, or del eted.

Pr oDOS
To generate the Appl eDouble Data filename, use character substitution or

deletion to renove illegal characters, and use truncation, if necessary, to
reduce the length of the name to 13 characters, two characters | ess than the



maxi mum fil ename | ength.

To generate the Appl eDoubl e Header fil enane, prefix the Appl eDoubl e Data
filenane with the characters uppercase-R period (R).

Ms- DCS

To generate the Appl eDouble Data filename, use character substitution or
deletion to renove illegal characters, and use truncation, if necessary, to
reduce the length of the nanme to eight characters. Then add the MsS-DOS extension
that is nost appropriate to the file (for exanple, .TXT for a pure text file).

To generate the Appl eDoubl e Header fil enane, add the extension .ADF (for
Appl eDoubl e file) to the eight-character fil enane.

UNI X and NFS

Appl eSi ngl e/ Appl eDoubl e nam ng conventions for UNI X and NFS are essentially the
same; they vary only according to the capabilities of the foreign file system
The creating application nust use the nam ng convention that is the nost

conpl ete subset of the foreign file system and the naning convention nust be
constant across a single foreign file system vol une.

There are three nanming conventions:

+ 8-bit
e 7-bit ASCII
e 7-bit al phanuneric

Wth the 8-bit naming convention, the foreign file systemcan store at |east 93
character filenanes consisting of all 8-bit characters except slash ($2f or
0x2f), null ($00 or 0x00), and percent ($25 or 0x25). The slash, null, and
percent characters are replaced by a percent character, followed by the

two- char act er hexadeci mal code of the escaped character. For exanple, the hone
file system nane Cafiada return - 20% becomes Cafiada return - 20%25.

Wth the 7-bit ASCII nam ng convention, the foreign file systemcan store at

| east 93 character filenanmes consisting of all 7-bit ASCII characters except
slash ($2f or 0Ox2f), null ($00 or 0x00), and percent ($25 or 0x25). The sl ash
null, and percent characters are replaced by a percent character, followed by
the two- character hexadeci mal code of the escaped character. In addition, al
extended 8- bit characters ($80 — $ff or 0x80 — Oxff) are replaced by a percent
character, followed by the two-character hexadeci nal code of the escaped
character. For exanple, the hone file system nane Cafiada return - 20% becones
Ca%6ada return - 20925

Wth the 7-bit al phanuneric naning convention, the foreign file systemcan store
at least 93 character filenanmes consisting of all 7-bit al phanuneric characters
except slash ($2f or Ox2f), null ($00 or 0x00), and percent ($25 or 0x25). The
slash, null, and percent characters are replaced by a percent character

foll owed by the two-character hexadeci nal code of the escaped character. In
addition, all nonal phanuneric characters except underscore ($5f or 0x5f) and the
| ast period ($2e or 0x2e) are replaced by a percent character, followed by the



t wo- char act er hexadeci nal code of the escaped character. For exanple, the home
file system nane Caflada return - 20% becones Ca%6ada%20r et ur n9%20%2d%2020%25.

To generate the Appl eDoubl e Header fil ename, prefix the Appl eDoubl e Data
filenane with the percent character (% . Conflicts between Appl eDoubl e Header
files and AppleSingle or data files that begin with “%” are resol ved by the
file' s magi c nunber.

Si nce expandi ng characters into “% followed by two hexadecimal digits can
result in long filenames, sone foreign systens may not be able to store conplete
31-character filenames. Behavi or under these conditions is not defined here.

- Usage -
Appl eDoubl e Header files nmust be | ocked during access to ensure data integrity.

Applications that access AppleDouble files ignore all unknown entries, yet
preserve them when noving or copying files.

Directories are stored as Appl eDouble files if they are created by the
application.

The Real Nane entry is associated with file storage. File server applications
typically use the reverse mapping of the foreign fil enane when they present
names to the client. Servers do not create or read a Real Nane entry.

When renaning the honme file systemnane, the foreign filename nust be renaned
according to the filenanme conventions described in the previous sections.

Applications should not create Appl eDoubl e Header files for preexisting foreign
directories or files unless this is necessary to store Appl eDouble entries.

Appendi x: Updating Version 1 Appl eSingl e/ Appl eDoubl e Files

Applications should create AppleSingl e/ Appl eDoubl e files using the version 2
format and nami ng conventions described in this document. Applications should
understand version 1 ($00010000 or 0x0010000) format and nam ng conventions but
shoul d not create new files in the version 1 fornmat.

You can update version 1 files to version 2 files by performng the foll ow ng
st eps:

e Overwrite the version nunber and filler fields in the AppleSingle or
Appl eDoubl e file header

* Replace the File Info entry (ID=7) in the version 1 file with the File
Dates Info entry (1D=8) and one of the following entry IDs: Macintosh
File Info (ID=10), ProDCS File Info (1D=11), or M5-DOS File Info
(1 D=12) .
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