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CHAPTER 1

MCLINK, MCPRINT AND SLINK

The directory sibosdklsys contains (amongst others) the following programs, all of which can be run on
a PC connected to a 5130 computer:

mctink. exe a program allowing file transfer and remote file access between the PC and the
SIBO computer

slink. exe a “no frills” server-only version of mclink. exe, which may run on PCs or PC
lookalikes that cannot mu mctink

mcpHnt. exe a program for printing “through’ a PC to an attached printer.

Basic information on connecting a PC with either an MC computer, a Series 3 computer (see note
below), or an HC computer, is given in, respectively, the MC Operating Manual, the Series 3 User
Guide (see note below), and the Introduction chapter of the HC Programming Guide (part of this SDK).
The information in this chapter gives some more advanced details on the above three programs.

Note: throughout this chapter a reference to the Series 3 machine is taken to include both the Series 3 and
Series 3a machines unless explicitly stated otherwise.

McIink.exe
MCLINK requires MS-DOS version 3.2 or above. MCLINK is unlikely to run inside “DOS emulations”
provided by other operating systems (though it happily runs inside MS-DOS tasks inside MicroSoft
Windows).

If you experience any problems running MCLINK on your PC, you should experiment with reduced
contents of autoexec.bat and config.sys files. Serial mouse cards may be particularly prone to interfere
with the operation of MCLINK.

If all else fails, you may wish to use the alternative SLINK program, also supplied on the PC MCLINK
disks.

Note that, by default the HC and Series 3 run at 9600 Baud, the MC and Series 3a at 19200 Baud. When
a PC nmning MCLINK is connected to an MC, either the PC or MC end will in general have to be
changed to enable a link to be established.

Commands provided in MCUNK

When you start up the MCLINK program, the lower window contains as prompt. At this prompt you
can enter various commands. These commands cover:

• file-handling

• changing the communications settings

• exiting the MCLINK program

• displaying the version of MCLINK

• running programs on the remote computer.
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for all these commands:

• the command can be abbreviated, to a minimum of the first two letters, eg DE for DELETE, RE for
RENAME, Co for copy, and SE for SET

• cThL-c stops the command (though in multiple file operations, some files may already have been
copied, deleted etc, before the command is stopped).

MCLINK and single floppy disk drive PCs

If your PC has only one floppy disk drive (currently referenced as “A:”), and you mistakenly enter DIR B:
while in the MCLINK program, the program will be halted by MS-DOS, requesting you to insert a disk
into B:.

To avoid this, use the MS-DOS ASSIGN command before running the MCLINK program, like this:

ASSIGN B=A

Then DIR B: will be read as DIR A: and the program will not be halted. See your MS-DOS manual for
further details of the ASSIGN command.

Exiting the MCLINK program

Type EXIT to return to MS-DOS.

Display the version of MCLINK

Type VER to display the version number.

MCLINK file-handling commands
for file transfer operations between a PC and a $130 computer, you would normally use the file
Manager on the MC or various file options on the Series 3. for certain purposes, however, you might
choose to use the file-handling commands within MCLINK on the PC instead.

Rules on filenames

In order to make full use of the file-handling commands of MCLINK, various rules about filenames need
to be appreciated.

In MCLINK the syntax of full filenames on the PC, MC, MC or Series 3 is:

filing system: :Uevice:\directory\sub-directory\fiteextension

This is very similar to MS-DOS, except for the <f I ting system> prefix. C
If you do not specify a filing system in a file specification, LOC:: is presupposed.

In MCLINK on the PC, <fi ting system> is

• LOC:: for files on the PC (local)

• REM:: for files on the MC, MC, Series 3 or Series 3a (remote).

On the MC, MC or Series 3 the situation is reversed, with LOC:: for files on the MC, HC, Series 3 or
Series 3a, and REM:: for files on the PC.

Note that for all MCLINK file management commands:

• if no directory is specified, the current directory is assumed

a if no device is specified, the current device is assumed

• if no filing system is specified, the PC is assumed.

When specifying a directory or sub-directory in the file-handling commands, make sure to add a \ onto
the end of the directory name. Otherwise the directory name will be taken as a filename. So:

COPY A:\*.* REM: :\LETTERS is wrong - it would try to copy the files in the root directory of A:
to the file LETTERS

2
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COPY A:\*.* REM: :\LETTERS\ is right - it would copy the files on A: to the directory LETTERS.

• :::::... •: ::..1iS :.fiIes Jfl:specIfled. .dfrectory
Syntax: DIR fil.espec

The directory specified may be on the remote or local filing system - eg DIR A:\LETTERS\ looks in
directory LETTERS on the disk in drive A: of the PC, DtR REM: :A:\NOTES\ looks in the NOTES directory on
the SSD in drive A: of the remote machine.

Use wildcards to list only certain files - eg DIR *.TXT to list just the .TXT files in the current directory.

When you get a directory listing with the DIR command, the following file information is given:

• file name and extension

• date and time when the file was last modified

• size of file in bytes

and a combination of these indicators as appropriate:

Mod file has been modified since last backed up

RdO read-only file

sys system ifie

Hid hidden file

Example: CLIENTS.DBF 14/01/90 09:54:23 546 Mod RdO

Syntax: COPY fitespecl fitespec2

Optional flags:

- i include sub-directories: If there are any files copied from subdirectories they are placed in
directories below the current directory, to reflect the source directory stnlcmre

-m modified files only, eg COPY REM: :A:\*.*
- I -m copies all modified files in all directories

of the SSD in drive A: on the remote machine to the PC.

Examples:

COPY REM: :M:\*.TXT \BACKUP\ would copy all the .TXT files from the internal disk of the remote
machine to the BACKUP directory on the PC

COPY \SMITH\*.DOC REM::A:\LS\ would copy all the .DOC files from the SMITH directory on the PC
to directory LS on the SSD in drive A: of the remote machine.

If you do not supply a complete destination name, the root directory and/or default disk on the remote
machine is assumed, and the source filename is used as the destination filename. Eg

COPY \HOME\SECURE.JXT REM::M:

would copy SECURE.TXT to the M:\ directory on the remote machine, giving the file the name SECURE.TXT.

If you do not supply a complete source name, the current device/directory is assumed. Eg

COPY *TXT REM::M:\

copies files from the current directory on the PC to the root directory of the remote machine’s internal
disk.

Note: if you are transferring a lot of small files to the Series 3, it is a good idea not to stay in the Series 3
System Screen. This could take longer than usual because the System Screen would continually update its
file lists as files arrived. In extreme cases, with lots of very small files, the file transfer could even fail.
So press an application button, such as the mt button.
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RENAME...
........

..f
.

•... .•. .••.• .• rnmè.:.sPeóifiéd:..f.ik
Syntax: RENAME fi[especl filespec2

You can rename a file in any directory on any drive on the PC, MC, HC or Series 3. For example

RENAME DETAILS.DOC DETAILS2.DOC

RENAME REM::M:\CLIENTS.DBF REM::M:\BUSINESS.DBF

You can rename more than one file at a time. For example

RENAME REM::M:\*.TXT REM::M:\*.DOC

You cannot rename a file across directories or devices. Thus

RENAME REM: :M:\LETTER1 .TXT REM: :B:\LETTER2.TXT

would give an error. Instead, copy the file to the new name and destination then delete the old file.

Syntax: DEI.ETE filespec

Optional flag: (
- I delete files of the same name in sub-directories, eg DEL * .TXT - I would delete all .TXT files

in the current directory and in any sub-directories of the current directory.

You can delete files from any directory on the PC, MC, HC or Series 3.

You can delete more than one file at a time by using wildcards.

You cannot delete directories with this command.

MKDI R make a directory
Syntax: MKDIR directory

Makes a subdirectory of the current directory.

You can make directories on any drive of the PC, MC, HC or Series 3.

You can make more than one subdirectory at a time - eg MKD I R \HOME\LETTERS makes the subdirectory
\HDME\LETTERS and also the intermediate subdirectory \HCME (if it does not exist).

Changing MCLINK communications settings
The SET command in MCLINK allows you to:

• use either of the PC’s serial ports

• change the Baud rate which the PC uses

• use a modem (see later in this chapter for more details of using MCLINK over a modem)

The SET command creates a new MCLINK. TRM in the current directory to hold the new settings. The
next time you run MCLINK from this directory, these settings will be loaded again.

Options for the SET command

Following the SET command you can specify a variety of options. for example:

SET -p1 -b9600 selects CaM 1, 9600 Baud

SET -p2 -b9600 selects COM2, 9600 Baud

The full range of options for the SET command includes -p, -b, -m, -n, and -c.

These options aie also available as parameters to the command line for MCLINK (see later), but in this
case, no permanent record of the options are made in any . fl?M file.
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Serial port and Baud rate options

The SET options -p1 or -p2 select COMJ or COM2.

The option -b followed by a number sets the Baud rate. You will need to set the Baud rate on the MC,
HC or Series 3 to match that on the PC.

IMPORTAITT: In general you should specify both -p and -b, or neither. If you specify just one, the other
is reset to MCLINK’s internal default value. The internal default for the Baud rate is 19200. (By default
MCLINK rims at 9600 Baud since when starting up it looks for a file called MCLINK. TRM which is built
in to MCLINK.EXE. This file sets the PC to COM1 at 9600 Baud.)

Modem options

The SET options -m or -n specify that you are using a modem (as described in more detail later in this
chapter).

The option -m means wait for a call; MCLINK will establish the speed to use to the modem.

The option -n followed by a number causes MCLINK to dial the number. The modem is assumed to
conform to the Hayes coimnand set. Here you can if you wish specify the speed for MCLINK to use,
with -b. For example: -b2400 -n314159 dials 314159 at 2400 Baud.

The option - c<st ring> will cause <string> to be transmitted to the modem to configure it before
waiting/dialling:

SET -cATMO turns off the modem speaker

SET -cAT\N3 sets a Dacom modem to MNP fallback mode.

Note that the AT is optional in these commands. Multiple strings can be transmitted. for example,

SET -cMO -c\N3

Examples of the SET command:

SET -b1200 1200 Baud

SET -p2 -m waits for a call using the modem in port 2 (coM2)

SET -p1 -b2400 -n314159 modem connected to port 1 dials the phone number 314159

SET -cmO turns off the modem speaker.

Advanced use of MCLINK

Running programs remotely on the MC, HC or Series 3

The syntax

RUN <program name>, <program conrnand tine>

causes the named program to be rim on the remote computer, with the specified command line.

The program is assumed to exist in the default directory of the remote machine or the root directory of
any drive on the remote machine. Otherwise the ROM of the remote machine will be searched for the
program.

The program command line is as required by the program being invoked.

For example,

RUN CL0CK.IMG

will run a copy of CLOCK. 1MG on the remote machine.

As an accelerator for running a copy of the remote shell program on HC machines the ‘!‘ command is
equivalent to typing RUN SYS$SHLL.

For example:

I DIR

S
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will run a copy of the SYS$SHLL program passing an initial command line of DIR. See the HC
Programming Guide for further information on commands available to the SYSSSHLL program.

MCLINK batch files

MCLINK can read a text file containing multiple commands:

• Any line in the file containing a is assumed to be a comment line and is ignored.

• Any blank line is ignored.

• You may specify almost any MCLINK command, although some may be meaningless in this
environment - DIR, for example.

• The SET command should not be used.

To invoke, a batch file, type the ‘‘ character immediately followed by the name of the text file
containing the commands. for example, if the file SEND_ALL. ZXT contains the following lines:

Sends alt text fiLes to the remote machine after
I creating the correct directory, then exits
MKDIR REM::M:\NOTES\

COPY *.TXT REM: :M:\NOTES\

COPY .DOC REM::M:\NDTES\

EXIT

then entering &SEND_ALL.TXT at the •s’ prompt will cause the \NOTES\ directory to be created in the internal
memory of the remote machine, all the .TXT and .DOC files in the current directory to be copied to this
directory, then MCLINK to exit.

MCLINK command line processing

MCLINK understands a command line entered when running MCLINK from the MS-DOS prompt. The
command line may take the form of the parameters to the SET command, a filename assumed to be a
configuration file, or the @ command to run a sequence of commands.

Examples:

MCL INK -p2 -b9600 will run MCLINK using port 2 at 9600 Baud. No .7Rli file will
be created, unlike using the SET command, and any future running
of the MCLINK program will not use these parameters.

MCL INK S3SETUP will run MCLINK forcing it to use the file S3SETUP.TRM as the
initial configuration file. This file would typically have been
created by a previous use of the SET command within MCLINK.

MCLINK gSENDALL.TXT will run MCLINK and cause the initial commands to be read
from the file SEND ALL. 1XT. MCLINK will wait until a
connection to the MC, HC or Series 3 has been established before
running any of the commands.

Invoking MCLINK inside an MS-DOS batch file

Perhaps the most convenient way to automate a regular MCLINK task is via an MS-DOS batch file.

for example, a batch file SEND ALL.BAT could contain the single line

MCLINK aSEND_ALL.TXT

in which case the contents of SEND ALL. 7XT would be performed simply by typing

SEND_ALL

from the MS-DOS command line.

MCLINK and modems
A PC running MCLINK can use one modem at one end of a telephone line to connect to an HC or MC
computer attached to another modem at the other end of the telephone line.
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Modem comnumication of this sort is possible only for MC and HC computers. The 3 Link software for
the Series 3 does not have any built-in modem support for communicating over a telephone line to a PC
running MCLINK. (The HMD: device driver is not present in the ROM of the Series 3.) To conununicate
over a modem using a Series 3, use the Script language instead (which is included with the 3 Link
software for the Series 3).

MCLINK as a PC file server via the phone system

When used as a PC file server via the phone system, MCLINK assumes that your modem follows CCITT
rules and regulations concerning the RS232 signals - ie

• The modem drives DSR when powered up, never drops DSR and does not use DSR for any sort
of handshaking. If the modem is physically removed, MCLINK detects this as the DSR signal
disappears. If DSR is not driven MCLINK will not talk to the modem as it does not think it is
there.

• The modem responds to the DTR signal in the following manner - when MCLINK drives DTR
low, (off, inactive) the modem should reset itself - ie disconnect if online etc and eventually
enter its command mode. When MCLINK is exited, it drives DTR low to disconnect any calls
currently connected. When MCLINK is started up it drives DTR low for 2 seconds to try to
force the modem into its command mode, at its default settings.

• The modem only drives DCD when it is on line to a remote modem, and drops DCD when the
connection with the remote modem is lost.

When MCLINK is asked to communicate with a modem it sends the ‘AT’ command string to the modem
at the following Baud rates: 300, 600, 1200, 2400, 4800 and 9600. It monitors the response to sending this
command, and sets itself to the highest speed at which an “OK” reply was received.

MCLINK then sends the following command stream to the modem to configure it:

“ATX4EOSO=1” if the modem’s maximum Baud rate was 2400 Baud or above

“ATXlEOSO=J” otherwise.

MCLINK then reads the user command configuration strings passed to it and sends them to the modem.
Mi commands sent to the modem are checked for validity by waiting for the modem to respond to the
command sent. lithe ‘OK’ response is received the command worked, otherwise an error is reported. This
will result in MCLINK re-starting.

NOTE: If the user command stream contains any form of reset, then the auto answering of calls should
be re-enabled explicitly.

MCLINK and modem Baud rates

When MCLINK displays the status message Waiting for an Incoming Call the Baud rate displayed will be
the fastest Baud rate that MCLINK found the modem supported. Setting the Baud rate is really a
meaningless exercise since the Baud rate at which the modem connection is made is determined by the
Baud rate of the dialling modem (originator) and not the modem accepting the call.

If MCLINK detects the fastest Baud rate its modem can handle is 2400 Baud or above, it assumes that the
modem has the ability to provide a constant speed interface - ie the modem does not change to the
originator’s Baud rate as soon as a connection is established. All modems that can handle Baud rates of
2400 and above must have the constant speed interface since this is the way in which MNP throughput is
normally achieved.

If the fastest Baud rate is below 2400 Baud then MCUNK will set the connection Baud rate to that
reported by the modern when it connects - ie the modem is assumed to change to the originators Baud
rate and MCLINK will follow it. Modems in this class will not support any form of data
compression/correction since a higher Baud rate than the connection Baud rate is required to achieve data
compression.

Link on the MC/HC as a requestor via modem

(This section closely matches the corresponding section above for MCLINK.)

When used on the HC or MC as a requestor via the phone system, Link software on the HC/MC assumes
the modem follows CCITT rules and regulations concerning the RS232 signals - ie

• The modem drives DSR when powered up, never drops DSR and does not use DSR for any sort
of handshaking. If the modem is physically removed, Link detects this as the DSR signal
disappears. If DSR is not driven Link will not talk to the modem as it does not think it is there.

7
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• The modem responds to the DTR signal in the following manner - when Link drives DTR low, C(off, inactive) the modem should reset itself - ie disconnect if online etc and eventually enter its
command mode. When Link is exited, it drives DTR low to disconnect any calls currently
connected. When Link is started up it drives DTR low for 2 seconds to try to force the modem
into its command mode, at its default settings.

• The modem only drives DCD when it is on line to a remote modem, and drops DCD when the
connection with the remote modem is lost.

When Link is run it sends the ‘AT’ command string to the modem at the following Baud rates: 300, 600,
1200, 2400, 4800, and 9600. It monitors the response to sending this command, if it sees an ‘OK’ it assumes
the modem can be driven at that Baud rate.

Link then sends the following command stream to the modem to configure it:

“ATX4EOSO=1” if the modem’s maximum Baud rate was 2400 Baud or above

“ATXJEOSO”l” otherwise.

Link then reads the user command configuration strings and sends them to the modem. All commands
sent to the modem are checked for validity by waiting for the modem to respond to the command sent. If
the ‘OK’ response is received the command worked, otherwise an error is reported. This will result in
Link re-starting.

Link and modem Baud rates

Link will send the dial string to the modem at the Baud rate specified from the Link dialog, or in the case
of the HC at the Baud rate specified in the command line. If no Baud rate is specified, the fastest Baud
rate that the modem responded to (see above) is used. By sending the dial string at the specified Baud rate
the particular type of Vxx connection will be established - eg at 2400 a V22bis, at 1200 a V22, and at
300 a V21 connection. Note that a V23 (1200/75) connection cannot be used.

Note: if you want to use your HC as the file server and the PC as the requestor, swap the above
instructions for ‘MCLINK’ and ‘Link’.

Link/MCLINK with MNP

If you have MNP modems do not be surprised if the data transfer rate between your PC and MC/HC is
lower. This is because of the way MN? works.

Typically it is not worth having MN? enabled. The protocol used by Link and MCLINK is based
heavily on the MN? protocol, ie it provides an error free connection between the PC and HC.

Examples with modems
The first four examples below focus on a PC with MCLINK as a file server. The last two examples focus
on an HC with Link software.

For more information on any of the configuration strings see the appropriate modem manuals.

Using a Dacom QuadPlus MNP 5 compressing modem

Run MCLINK with the following command line:

MCLINK -C&F&C1&03\N3\]1SO=1

Alternatively, you could set up a . ZRM file, eg QUADPLUS. TRM and type

MCLINK aQUADPLUS.TRM

or call the . TRM file MCLJNK. TRM and just type

MCLINK

Using an Amstrad SM2400 modem

Run MCLINK with the following command line:

MCLINK -m
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Using a Dowty Quaftro SB2422

Run MCLINK with the following command line;

MCLINK -m

Using a WorldPort 7200 pocket modem

Run MCLINK with the following command line:

MCLINK -m

An HC with a Psion Quad modem

Run Link with the following command line:

LINK -n<the phone number> -c\nO

This talks to alt of the above PC file server configurations.

An HC with the Amstrad SM2400 modem

Run Link with the following command line;

LINK -n<the phone nuner>

Mcprint.exe
MCPRINT allows an MC, HC, or Series 3 (or any other serial-printing device) to print to a printer
which is connected to an IBM PC/XT/AT or compatible. The PC must have a free serial port which is
used to connect to the MC/HC/Series 3. The printer may be connected to a parallel or serial port on the
PC.

Even if you can link the MC/HC/Series 3 directly to the printer, there may be reasons why it is more
convenient to use MCPRINT:

• The printer is shared by other PCs - either using a multi-port printer buffer or a local area
network - and it would be unreasonable to connect it directly to the MC/HC/Series 3.

• You do not wish to disturb the connection between the PC and the printer.

• You have already set up the serial connection to use MCLINK for file transfer to the PC.

• When your PC is connected to more than one printer, you can select which one the
MC/HC/Series 3 will use.

Note: it is also possible to print via MCLINK to a printer attached to your PC. To do this, set your
MCIHC/Series 3 to print to a file, and give the printer device on REM:: (such as REM: :LPT1) as the ‘file’ to
use. This method may be slower than using MCPRINT - especially when printing “justified” text from
the Word Processor on either computer - and will only work reliably on version 3.0 or above of
MCLINK. However, MCLINK can correct transmission errors, whereas MCPRINT can only report
them. Such errors may occasionally be caused by PC add-ons, such as some network card drivers.

Using MCPRINT

Physically connect the MC/HC/Series 3 to the PC exactly as for MCLINK. If the printer is connected to
LPT1, and MC/HC/Series 3 is connected to COM1, you can now run MCPRINT on the PC by typing:

MCPRINT

If LPT1 and cowl are not the ports used, parameters are required, as described below.

Exiting MCPRINT

To exit MCPRINT, press CONTROL-C.
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Printer configuration on the MC

On the MC, select Print Setup from the Options menu in the System application to display the Printer
dialog. Set one of the configurations to output to Serial. You don’t normally have to click on the SET
SERIAL... button to change any of the Serial options because MCPRINT uses the default settings.

Once the current configuration has been set to Serial, you print as if the printer was directly connected to
the MC - by selecting the Print menu item in any application which can print. As far as the MC software
is concerned, it is printing to a Serial printer.

Printer configuration on the Series 3

On the Series 3, select the Printer setup option from the Special menu in the System screen. In this
dialog, set the Printer device line to Serial. You don’t normally have to change the Serial characteristics
(it displays a subdialog when you press TAB) because MCPRINT uses the default settings.

You can now print as if the printer was directly connected to the Series 3 - by selecting the Print option
in any application which can print - including the built-in Word Processor, Agenda, Database, and
Program editor. (Remember first to use the Print setup options in these applications, to tell the Series 3
about the type of printer and the page layout desired.) As far as the Series 3 software is concerned, it is
printing to a serial printer.

Parameters

MCPRINT takes the following parameters:

<prdev> -c<port> -t<timeout> -q

all of which are optional. To be reminded of these parameters, type:

MCPRINT ?

The <prdev> parameter

<prdev> is the print device name, as for the MS-DOS PRINT command. If omitted, the default is LPT1 (the
MS-DOS name for the first parallel port).

for example, to print to LPT2, type:

MCPRINT LPT2

If the PC is a station on a local area network, LPT2, CPT3 etc may be used to redirect output to remote
printers attached to the network server.

The <pcdev> parameter may specify any suitable output device. If you have a printer connected to a
second serial port on the PC, you can use:

MCPRINT COM2
-- (

In this case, you should have previously used the MS-DOS MODE command to set the serial parameters to
be used between the PC and the printer.

You can also print to a file on the PC using, for example:

MCPRINT PRINT.LIS

Note that PRIIVT.LIS will be overwritten each time you print.

To test the connection without wasting paper, type:

MCPRINT CON

CON is the MS-DOS name for the console (screen). When you then print from the MC/HC/Series 3, you
should see the output appear on the screen of the PC.

The -c<port> parameter

<-c> is the serial port on the PC to which the MC/HC/Series 3 is connected. If omitted, the default is
port 1, which corresponds to COM1. If the MC/HC/Series 3 is connected to the PC’s second serial port,
type:

MCPRINT -C2
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The -t <timeout> parameter

<timeout> is a number of seconds. This parameter is provided for use on local area networks where it is
necessary to close and open the print device between each print job. It is used to specify an inactivity
time-out in seconds. If there is no printing for this period, the print device is automatically closed, for
example:

MCPRINT LPT2 -T5

will close the print device after 5 seconds of inactivity.

If the parameter is omitted, the print device is not automatically closed. You don’t have to specify a time
out, as you can close the print device manually by pressing any key on the PC keyboard. Exiting
MCPRINT will also close the print device.

The MC/HC/Series 3 are multi-tasking - while one application is printing, you can carry on with
something else. However, the background printing can be held up at times, depending on the processing
requirements of the work you are doing. This can fool MCPRINTs inactivity time-out into thinking that
the printing has finished, causing it to prematurely close the print device. If you experience this problem,
consider increasing the time-out, or convert to closing the printer device manually by pressing a key on
the PC keyboard.

The -q parameter

This parameter suppresses status messages (the ‘q’ stands for “quiet”).

SIink.exe
SLINK is a “no-frills” server-only version of MCLINK.EXE. However, it may run on “PC’s which are
less than 100% PC-compatible and cannot run MCLINK, and it may run in combination with other
software which conflicts with MCLINK.

By default, SLINK uses the coin port, at 9600 Baud. You can specify on the command line the Baud rate
and the serial port to use. These are in the same format as in the SET command in MCLINK. for
example:

SLINK -p2 -b9600

This sets SLINK to use coM2. Note that, as with the SET command in MCLINK, -b9600 is used in this
example to keep the Baud rate at 9600.

If you just type SLINK -p2 this will reset the Baud rate to the internal default of 19200.

Press Q to quit SLINK.

SLINK has no support for modems.
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CHAPTER 2

RESOURCE FILES

This chapter covers a range of related topics:

• reasons programmers might consider using resource files

• the format of Sibo . rsc resource files

• the Olib rscfi le class that can be used to read resource files

• the Sibo resource compiler tool, rcomp. &re, that can be used to create resource files

• general considerations about multi-lingual applications.

Although the topics are all related, it is by no means necessary to read and understand all the sections in
this chapter, just in order to understand one of these sections.

Introduction
There are two main reasons why a programmer may wish to use resource files:

• Having data in a resource file, rather than as part of the program itself, cuts down on the size of
the data segment required by the program, and thus makes more efficient use of RAM.

• Resource files make it easier to write applications that can run in more than one language (eg
English, French, German...).

Text strings are a simple but important example of data that can be stored in a resource file. Suppose a
program contains lines of code such as

wlnfoMsg(”Stacting calcuLation”);

and

wsetBusyMsg( “Scanning”);

or even

p_pcintf(”%d items found”,ntin);

The dataspace of this program, when compiled and linked, would contain the three strings “starting
catcutation”, “Scanning”, and “%d items found” - a grand total of some 45 bytes (note that a terminating
zero is stored for each string). A larger program may have many times this number of data strings; up to
2k would not be uncommon. Now this data would be pennanentty loaded into RAM all the time the
program is running. As a result, 2k less space would be available to the ordinary data of the program -

such as cells in a spreadsheet, or text in a word processor - thus reducing the amount of such data that the
program can accept before giving an “out of memory’ error. Moreover, the operating system would be
more likely to refuse to load and run the program, on account of insufficient memory being available to
start it.

Next consider how the problem worsens for a program that is to be translated into more than one
language. Either the program has to carry the data for all the different target languages, with a choice
being made at run time between the various different possibilities:
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if (tanguage==LANG_ENGLISH)
wSetBusyMsg (“Scanning”);

eLse if ftanguageLANG_FRENCH)

wSetBusyMsg( “Parcourt”);

else if (tanguageLANG_GERMAN)

wSetBusyMsg C “Suche”);

or else the code will have to be recompiled each time for a new language. But this latter approach makes
the problem of maintaining code much harder; each different change made to the code, such as a bug fix,
will have to be propagated to all the different language versions. At the same time, the job of the
translator is not helped by the text to translate being all mixed up with the rest of the code, whilst if the
translator works on a separate list of text strings, there is the risk of transcription errors when the
separate lists are merged back into the code.

For reasons such as these, serious programming in any system (Sibosdk or otherwise) frequently adopts
one or other resource file approach for text strings and other data items. The strings “Starting
catcutation”, “Scanning”, “Yd items found”, and so on, are kept in a separate file, not as part of the
dataspace of the program, and are loaded into RAM only when they are needed.

Thus the above call

WI nf oMsg( “Scanning”);

would be replaced by a call such as

InfoMsgCRESOURCE_SCANNING);

where RESOURCE_SCANNING is a symbolic constant (#define) giving the index of the text string “Scanning” in
the resource file. (The exact meaning of the index varies between different resource file schemes. See
below for the meaning in Sibo resource files.)

The contents of the routine InfoMsg would be something like

LOCAL_C VOID InfoMsg(INT index)

TEXT buf [60];

LoadResourceString(&buf [0] ,index);
wlnfoMsg(&buf [0));

)

and in turn LoadResourceString would read data from the appropriate resource file.

At the initialisation of the program, the name of the appropriate resource file would be determined, once
and for all, by reference to the current language (as obtained by a call to p_get t anguage).

Some uses of resource files on Sibo computers C
Each of the built-in or bundled applications on the MC and Series3 ranges has its own resource file, in
which are kept menu and dialog data, as well as more basic text strings. The dialog data can contain
numerical layout information and numerical flags customising individual items within dialogs.

Since the text strings and dialogs used by these different applications often overlap, there is also a so-
called system resource file, where common items are kept. Thus an application loads data at various
times from each of two different resource files - its own application resource file, and the system one.

The . wdr printer driver files used by the printer subsystem infonn.dyl (as on the Series3 - see the WDR
Printing chapter in this manual for more details) are also resource files, with the data items consisting of
escape sequences, font width tables, and other printer data.

Finally, low-level error messages are defined in another file in the ROM, sys$ctiy4o. This file also
contains the keyboard layout tables, the fold tables, and other standard text such as the names of the days
of the week. See the Config files chapter for more details.
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Format of Sibo resource files
There are in fact three kinds of Sibo resource files:

•
. cfo files, which are language configuration files (sometimes just called config files), with
sys$ct?y. cfo being the principle example

• . rsc files, which are standard resource files

•
. rzc files, which are Huffinan compressed versions of . rsc files.

Access to the data in .çfo files is via Pub functions such as p_errs, p_gettext, and p_nmnon, as described
in the Pub Reference manual.

Data in . rsc and . rzc files can be accessed using the fimctionality of the rscf it e class in otib. dyt, as
described later in this chapter.

The Sibo resource compiler, rcomp. exe, can be used to create instances of . rsc files from plain text input
known as resource scripts, which typically have extension . rss. This process is also described later in
this chapter. However, the format of . rsc files (described immediately below) is so straightforward that
programmers could easily create their own tools for producing customised . rsc files.

Unless explicitly stated to the contrary below, the remainder of this chapter focuses exclusively on the
rsc type of resource files.

The format of .rsc files

A standard resource file just containing the three strings “Starting catcutation”, “Scanning”, and “
items found”, has the following contents (when dumped):

0: 31 00 08 00 53 74 61 72 74 69 6e 67 20 63 61 6c 1.. .Star tiny cat
10: 63 75 6c 61 74 69 6f 6e 00 53 63 61 6e 6e 69 6e cutation .Scannin
20: 6700256620697465 6d7320666f756e64 g.Yitemsfound
30: 00 04 00 1900 22 0031 00 “.1

This conforms to the pattern:

<header><resources><i ndex table>

where:

<header> is always four bytes long, with the first word giving the file offset of the start
of the index table, and the second word giving the length (in bytes) of the
index table

<index table> is a sequence of words, the first giving the file offset of the start of the first
resource, the second giving the file offset of the start of the second resource,
and so on, up to the last word, which gives the file offset of the end of the last
resource (which is also the beginning of the index)

<resources> are a series of variable length data items, whose contents can have any form.

Some strategies for reading .rsc files

Clearly, one way to implement a routine such as LoadResource is essentially as follows:

GLDEF_C VOID LoadResourceCUBYTE *pbINT index)
{
ULONG fpos; I file offset */

UWORD tmpt2]; / section of index table */

fpos=ixpos+((index1)*2);/* position into the index tabte /

p_seekC fcb, P_FABS , &f pos);
p_readCfcb,&tmpto],4); /* read two words from index table */

fpos=tnp[O);
p_seek(fcb, P_FABS,&fpos);
p_read(fcb,pb,tmp[1)-ttitO]);

3

where:

• fcb is the file control block of the open resource file
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a xpos is the value of the first word in the resource file (ie the file offset of the beginning of the
index table), and has been read into memory during program initialisation, for the sake of
efficiency

• the passed value of index in this case would be 1 for the first resource, 2 for the second resource,
and so on

• the code would need modifications to cope with possible error values returned by the p_seek or
p_read calls (further discussed below).

This strategy relies on a value of I xpos being stored in program memory. Another strategy would be to
store the entire index table in memory - and this is the reason why the length of the index table is
recorded as the second word in the resource file. However, in practice there is no observable speed
degradation on account of reading index table data from the file every time a resource has to be loaded,
and so the earlier scheme is generally to be preferred - in view of the lesser demand it places on RAM
usage.

Example of reading resource files directly

See the file readrsc. c in sibosdkldemo for an example of how to read the contents of a resource file
directly (i.e. without using the services of the rscfile class).

This example code assumes that the resource file is embedded in the application’s program (.app) file.
Thus, when used in an application, the name of the resource file should be specified on the second line of
the application’s .afl file.

To use the example code, you must create a resource file with its first two resources both being short text
strings. Any additional resources are not read by the supplied code.

Using the rscfile class in Olib
Although it is possible, along the lines discussed above, to read . rsc resource files using ordinary Plib
function calls, there are various reasons for instead using the functionality of the rscf I te class in
olib.dyl:

• Using the rscf I e class avoids needing to remember any details of the format of . rsc files

• The rscf it e class also contains considerable logic, hidden from the casual user, to decode . rzc
Huffman compressed resource files - so that a decision can be taken at a later stage, to use . rzc
format files instead of . rsc format, without any need to alter or recompile existing code

• The rscf it e class automatically takes care of locating resource files suitably embedded in a . img
file - see below for more details

• The interface to the rscf I e class clarifies and documents all the possible error conditions that
need to be catered for

• Learning about the rscf I te class is a useful step along the route to learning about Psion’s
proprietary object-oriented programming system - since this system makes heavy use of the
rscfile class.

Basic services of the rscfile class

Before the functionality of the rscf I te class can be used in a program, an instance of this class needs to
be created and initialised. This is dealt with below.

The outcome of the initialisation is a handle, rather like a handle to a file control block or to other i/o
device control blocks. Subsequent rscf it e services are directed via this handle.

The most primitive rscf lie service is to load a resource, specified by index number (starting at 1 for the
first resource), into a supplied buffer. This is the rs_read_buf service. In this case, it is assumed that the
caller has supplied a sufficiently long buffer.

Sometimes, however, it is more appropriate for the rscf I ie class to allocate a cell of sufficient length, for
the resource to be loaded into. This typically applies when a resource can have variable length, and
when the resultant alloc cell will have some permanence. The cs_read service fulfils this requirement.
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As an example of the rs_read_buf service, consider the following routine InfoMsg:

LOCAL_C VOID InfoMsg(INT index)
{
TEXT buf [60);

p_send4(rcb,O_RS_READ_BUF, index,&buf [0));
wlnfoMsg(&buf to]);
)

with rcb being the handle of a suitably initialised rscf I te object.

As an example of the rs_read service, consider loading some menubar data in from a resource file. For
Hwif programs, this data is (in part) in the form of an H_MENU_DATA stmct. The address of this stmct has
to be written to the static _mdaf a (of type H_MENU_DATA*) whose existence the Hwif library presupposes. In
that case, the following call might be made during the initialisation of an Hwif application:

p_send4 C rcb, O_RS_READ ,MENU_DATA_INDEX, &_mdata);

where MENU_DATA_I NDEX is a symbolic constant giving the index of the appropriate resource.

Note that although the calling interface to rs_cead_buf and rs_read may look similar, they require
different types for the penultimate parameter:

• rs_read_buf requires a parameter such as a TEXT* or a UBYTE*, ie with one level of indirection
from the actual loaded data

• cs_read requires a parameter such as a TEXT** or a UBYTE**, ie with two levels of indirection from
the actual loaded data.

Barring nm-time errors (discussed below), the calls rs_cead_buf and rs_read both return the length of the
resource read. Note that in the case of a (zero-terminated) string, this length includes the length of the
terminating zero, since that is pan of the resource too.

Reading compressed resource files with the rscfile class

If a Huffman compressed resource ifie, typically with extension . izc, is substituted for a standard
resource file (typically having extension . rsc), there is no need to alter or recompile in any way
application code making use of the rscf lie class. The interface remains exactly the same.

The only point possibly worth mentioning is that the lengths returned by cs_read and rs_read_buf are the
length of the resources once decompressed, and not the length of the compressed resources on file.

Initialising an rscfile object

The following code can be used to create and initialise an rscf I le object providing access to a resource

C file with name rscname (assumed to be a full path name):

VOID *InItRcbf TEXT *cscname)

(
HANDLE Otibcat;
VOID *rcb;

INT ret;

p_findtibC”OLIB.DYL”,&OIibCat);
rcb=p_newi ibh(OtibCat,C_RSCFILE);
if Crcb)

{
cet=p_entersend3frcb,O_RS_INIT, rscname);
if (ret<O)

p_exi tC ret);

)
return( rcb);
)

For overtly object oriented programs, the lines

p_find[ibC”OLIB.DYL”,&OtibCat);
rcbp_new1ibh(D1ibCat,C_RSCFILE);
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can be replaced by a line such as

rcb=p_newCCAT_HWI F_OL I B, C_RSCF I LE);

with the category number CAT_HWI FOL I B being replaced by the suitable reference to oiib.dyi from the
native category.

for Hwif programs, the line

rcb=p_new(1 ,C_RSCFILE);

can be used instead, taking advantage of the fact that the value of the (normally hidden) symbolic
constant CAT_HWIF_OLIB iS 1.

Which header files are needed

The symbolic constants C_RSCF ICE, O_RS_READ, 0_RS_READ_BUF, and O_RS_I NIT, are defined in the object-
oriented include file appman.g.

Duplicates of these definitions are given in the special SDK file rscflle.xg.

The value of 0_DESTROY (defined in otib.g) is 0. (See below for use of 0_DESTROY.)

Run-time errors with the rscfile class

Broadly speaking, there are five kinds of nm-time error that can arise with resource files:

1 there is insufficient memory to create or initialise the rscf I le object

2 the resource file cannot be found (when the program starts)

3 the data in the resource file is bad

4 the SSD containing the resource file is removed or cannot be accessed

5 there is insufficient memory to load a specified resource.

Of these possibilities, the third is regarded simply as a programming error. Thus if some data in what
should be the index table part of the file effectively says that a certain resource has length 5398 bytes,
whereas the file itself is smaller than this size, the rscf I te object will panic the application (with panic
number 747).

Otherwise, errors 1 and 2 can occur when initiatising a rscf I te object, whereas error 4 and 5 can occur
when subsequently using the object.

Possible errors during initialisation

The only reason the calls p_newt i bh or p_new in the above routine I ni tRcb will fail is on account of lack of
memory. Applications can choose to discount this possibility if their minimum heap is appropriately
calibrated - see below.

The call to cs_mit can fail with file-based errors on account of the filename in *rscname The most
pertinent possibility (assuming that a well-formed name has been passed) is that the specified file does
not exist. Applications could guard against this by checking on the existence of the file prior to calling
I ni tRcb. If the file does not exist, the user can be notified, and the program exited.

Errors during rs_read or rs_read_buf

The only errors that an application should in practice worry about, for the cs_read and rs_read_buf
services, are the fourth and fifth in the above list.

Running out of memory can occur only in the case of cs_read - when it is impossible to allocate a call
from the heap large enough to load the resource into. The implementation of cs_read_buf is guaranteed
never to fail with out of memory.

If calls to cs_read are made during program initialisation only, it may well be legitimate to ignore the
possibility of out of memory errors in this case too - provided the declared minimum heap of the
application is large enough. The point is that only memory in the dataspace of the application has to be
allocated - not any memory in another process such as the File Server (see the chapter fundamental
Programming Guidelines in the General Programming Manual for related discussion).

However, applications calling either cs_read or rs_read_buf ought always to consider the possibility of
the user removing the SSD containing the resource file. What will happen in this case is as follows:
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suppose the user removes the relevant SSD, not realising (or forgetting) that the program may
wish to access data on it

• the application makes a call to rs_read or rs_read_buf

• system code, detecting that the file is missing, presents a Notifier requesting the user to replace
the SSD; this Notifier has two exit options: Retry and fail

• the user ought to replace the SSD and select Retry; however, it is possible that the Fail option
will be selected

• in this case, an error such as E_FILE_ABORT will be generated.

How rscfile errors are reported

The rscf I te services rs_read and rs_reaci_buf do not return any error values; instead, they internally call
p_Leave.

Applications performing sophisticated error handling, using p_enter, should be sure that p_send calls to
rs_read or rs_read_buf are (ultimately) enclosed in some call to p_enter - otherwise any errors will result
in their application being panicked, with panic number 47.

Applications not wishing to use p_enter should replace the above calls to p_send with calls to
p_entersend, as follows:

ret=p_entersend4frcb,O_RS_READ_BUF, index,&buf £0]);

and

ret=p_entersend4(rcb,O_RS_READ,MENU_DATA_INDEX,&_mdata);

Possible values of ret that can be returned are as follows:

positive value the length of the resource loaded (no error has occurred)

negative value an error has occurred: either E_GEN_NOIEMORY for out of memory, or some other
value in case the resource file could not be accessed.

Note incidentally that the complications over possible errors while reading resource files are by no means
exclusive to the . rsc format of resource files. An application could devise its own format of data file,
and its own library of routines to extract data from these files, but these routines would have to cope with
all the same error possibilities as for the rscf I te routines. That is, the error possibilities stem not from
the rscf I te class, but from the notion of resource files itself.

Dealing with errors in rs_read or rs_read_buf

(This section should be skipped on a first reading.)

There follows a more detailed example of how to deal with possible errors during an rs_read call. The
case for rs_read_buf is similar, albeit simpler (since there is no possibility of an out of memory error in
this case).
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LOCAL_C VOID ReadResource(VOID *ppcell,;NT index)
{
INT ret;

FOREVER

retp_entersend4( rcb, O_RS_READ, index, ppcet t);
if (ret>=O)

return;
while Cret<O)

if C ret==E_GEN_NOMEMORY)

{
*ppceltNuLL;/* signal faiture to caller *1

let tNoMemory();
return;
}

wsA lertUf WS_ALERT_CLIENT, 0, Rept aceD isk, 0);
p_send2( rcb,O_DESTROY);
FOREVER

(
rcb=p_newlibh(OtibCat, C_RSCFI LE);
if frcb)

break;
let tNoMemory();

}
ret=p_entersend3(rcb,O_RS_INII, rscname);

)
)

)

One way to implement the routine let tNoMemory - which must never itself run out of memory - would be
as follows:

LOCAL_C VOID TetlNoMemory(VOID)

{
TEXT buf [40);

p_errs C&buf [0) ,E_GEN_NOMEMORY);
wsAtertW(WS_ALERT_CLIENI,O,&buf [0) ,O);

)

The way ReadResource works, in cases when the user has removed the SSD and has refused to replace it,
is to present another alert, wait for the user to respond (by pressing ESC), and then try to re-make the
connection with the resource file. For this purpose, various statics are accessed:

011 bCat The value of the category handle of olib.dyl, as returned by the earlier call to
p_find t lb

rscname The full path name of where the resource file should be

Rep t aceD i sk Text that might read, in English, “Replace the application disk”.

Clearly, for multi-lingual applications, the string ReplaceD I sk must itself be read from a resource file.
Since the channel to the application resource file is broken at this stage, it may be necessary to read in
this text during program initialisation.

Standard practice for applications on a Series3 is to bracket calls to wsAtertW with increments and
decrements to the reserved static DatLocked:

DatLocked++;
wsAtertW(. ..);
DatLocked- -;

Incidentally, the error handling mechanism described above is implemented automatically for object
oriented programmers who use the appman class and its methods am_toad_resource and am_res_buf to read
data from resource files (except that the error recovery code in appman is even better, in that it caters with
the case of the SSD being removed from one drive and replaced in another).
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Advice on where to locate resource files

Mono-lingual applications

In the case of a mono-lingual application, the safest place to locate a resource file is within the imagefile.
The rscf I te class will fmd any resource file in the second of the four possible add-file slots in an image
file.

for example, if the application is called archive, app and the resource file is called archive. rsc, an add-
file list archive.afi should be created, with the following contents:

archive. plc
archive. rsc

where archive.pic will be placed in add-file slot 1, and archive. rsc in add-file slot 2.

The named files will be added to the resultant image file, whenever this is made, just by virtue of the
existence of an .afi file with the same basic name as the image file.

In this case, the appropriate name to pass to rs_i nit is simply DatComandPt r (recall that a zero-terminated
string giving the full path name of the image file is placed at this reserved static, by the operating system,
when the process is started):

p_entersend3C rcb,O_RS_IN IT ,DatComnandPtr);

Not only does this scheme have the advantage of simplicity, it also prevents accidents if users copy the
main image file to an SSD, but neglect to copy the associated resource file.

for a multi-lingual application, the above continues to apply in any case when a different . img file is re
made (using the tool eremake) for each new language version. (for more details about eremake, see the
chapter Building an Application in the General Programming Manual.)

However, for multi-lingual applications in which the resource data for more than one language is shipped
together, the resource files must in general be separate from the main . img file. (There is no scope for an
indefmite number of add-files.) The documentation for the application should emphasise to users that if
the .app file (or the .img file) is copied from one SSD to another, for consolidation purposes, then
appropriate . rsc (or . izc) files should also be copied.

Multi-lingual applications

One scheme that has much to recommend it is to rename the resource files as follows:

archivO2.rsc for a French language resource file

C - archivO3 .rsc for a German language resource file

archivl8,rsc for a Dutch language resource file

and so on (for an application archive.app), where the numbers at the end of the filename are the language
codes of the target languages, listed in the documentation of p_get t anguage in the P111 Reference manual.

These files should be located in a sub-directory underneath the directory containing the application
program file. The name of this subdirectory should be the same as the basic name of the program file.
For example, if the full pathname of the program file is lapplarchive.app, the full pathnames of the
resource files should be app archive\archiv??. rsc. Again, resource files used by a program with full
pathname img backup. img should be located as limg ibackup backup ??. rsc.

Then code to determine the name of the resource file, suitable to the language of the computer at run
time, could be as follows:
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TEXT *FindRscNameCVOID)

(
LOCAL_D TEXT RscNameBuf [P_FNAMESIZE]
TEXT *RscNarp.

P_INFO f;

RscName=(&RscNameBuf CO]);

p_atosCRscName,”\\app\\acchive\\archiv’.O2d.rsc”,p_get1anguageO);
p_fparseCRscName,DatCoflrnandPtr, RscName,NULL);

if fp_finfo(RscName,&f)cO)

p_scpyCRscName,DatComandPtr);

return(RscName);
)

Note the check on the existence of the first filename generated by this routine; in case the language as
returned by p_get tanguage is not supported by the application, the routine defaults back to whatever
resource ifie is built into the application.

Copying of applications

The above recommendation for where resource files should be located conforms to the important general
rule that if users wish to copy an application Ipath name. ext from one SSD to another (say from drive a:
to drive b:), all they need to do is type

copy a:\path\name.ext b:\path\name.ext

copy a:\path\name\*.* b:\path\name\*.*

in which case (assuming the application is not copy-protected!) all the files required or presupposed by
the application will be transferred.

General comments on multi-lingual applications
It is a common programming error to design an application too closely around the text of one language
(eg English), and to discover only at some late stage that various assumptions made fail when the
application is translated into another language.

for example, if the English text “Weekty” is to be read into some resource, it may be tempting to write
some code as follows:

TEXT buf [8];

p_entersend4(rcb,O_RS_READ_BUF,WEEKLY_INDEX,&buf [0]);

C
However, when the application is translated into German (say), with the entry for “Weekly” in the
resource file being changed into “Wöchent[ ich”, the new application will most likely crash when the above
code is run. The reason is that the buffer of eight bytes, which was long enough to contain the text
“Weekty”, is not long enough to contain “Wöchentuch”.

Better therefore to decide in advance what a reasonable limit on the translation of this term should be,
and use that as the size of the buffer in the code (not forgetting to inform the translators what the limit
is).

The basic principle of independence of code from resource file

One basic guideline is that the code itself should not have to be altered, just because a new translation has
been undertaken. The original code should be general enough to start with.

The main problem with allowing code to change at a later date, to simplify the task of translators, is that
it is often difficult to foresee the side-effects of such a change. In practice, the most intense testing an
application receives is just prior to its launch in the original language; if changes are made at a later date,
these may introduce bugs which slip through subsequent testing, on account of that testing being less
severe.

For this approach to work, a special test plan has to be devised, focussing on the purely language
dependent parts of the application. This test plan should include means of loading, one by one, all the
resources from the resource file, and displaying them on the screen for validation.
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Provided changes made in response to problems thrown up by this test plan are restricted to the resource
files themselves, there can be some confidence that the original intensive testing still holds good. But if
code has to be changed, there is the risk of regression - something that used to work now no longer
works.

Careful design of screen layout

Design of screen layout is another area where things can go unexpectedly wrong when the contents of a
resource file is changed.

In some cases, screen layouts which (just) work in one language, become untenable in another language,
because there simply is no acceptable way of translating the text on the screen and still fitting within the
allowed display area. for this reason, displays which are already cramped in the original language
should be avoided: if they are cramped in one language, they will likely become “grid locked in some
other language, with slightly longer words.

Even if there is ample room in some screen display, care should be taken to calculate various dimensions
dynamically, ie at run-time, using the widths of the actual characters used, rather than statically fie at
compile-time).

Codesize problems

For related reasons, an application which, together with its resource file, only just fits on an SSD of a
certain size (say 128k), will be unlikely to fit on a similarly-sized SSD when the resource file has been
translated into another language.

Of course, as with the other problems above, it is always possible to insist that a sufficiently brief
translation be found, but this can result in abbreviations the user is likely to consider ridiculous. It is far
better to include some “spare” in the original budget, to allow for some measure of growth as the
translation takes place.

Varying keyboards

As well as the text of messages varying from one language to another, it is also possible for the keyboard
layout to alter. This does not just mean changing from QWERTY to AZERTY, but changes in which characters
can be typed in combination with various modifiers.

For example, an application in one translation may define the hot-key PSION +1 as the accelerator for
some menu command. However, a foreign language keyboard may move the / key into a place where it
cannot be pressed in conjunction with the PSION modifier. Thus on the Series3 keyboard, PSION together
with some keys changes the characters delivered, into altogether different ones. Therefore, the
accelerator would have to alter to some other keypress.

Something else that may have to change, on account of the keyboard changing, is references to the
keyboard within eg Help text (or inside “Action buttons”). for example, the DELETE key may become
the EFF key in a different language variant.

Conclusion

The possible problems of multi-lingual code form another item in the list of things that need to be
constantly under background consideration as an application is written.

The discipline of separating text into a resource file is a vital step in the right direction, but by itself, it
does not guarantee that all related problems will be solved. Every time text is used in an application, the
writer must ask the question: not what is the length of this text, but what might the length of this text be
in some foreign translation - and what would the consequences of that be?

Creating .rsc files using rcomp.exe
The resource compiler is a tool rcomp. axe that operates on a so-called resource script, which is a text
file, to produce a resource file as output.

The process is akin to ordinary compilation:

*. + compiLer -> *.obj

+ resource compiler ->

with . rss being the usual extension for a resource script.
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As an example, suppose a file eg. rss has the following contents:

STRUCT STRING

C
TEXT str; 1* zero terminated text string /
)

RESOURCE STRING resstart_catc {str’Starting calculation”;)
RESOURCE STRING res scanning {str=”Scanning”;)

RESOURCE STRING cesjtems_found {str=”V,d items found”;)

Then invoking the command line

ccomp eg

produces as output a file eg. rsc whose contents are exactly as described in the earlier section on the
format of .rsc files.

Note: some earlier versions of rcomp. exe do not accept the syntax

RESOURCE <struct-name> <identifier> <definition>

instead requiring the addition of the keyword GLOBAL:

GLOBAL RESOURCE <struct-name> <identifier> <definition>

Generated .rsg files

As well as producing a . rsc resource file, running rcomp. &e also has the effect of creating a generated
headerfile, with extension . rsg.

Thus the output of typing rcomp eg is not only the file eg.rsc but also the file eg.rsg, having the
following contents:

#define RES_START_CALC 1

#define RES SCANNING 2
#define RES_ITEMS_FOUND 3

In turn, C source files that need to specify resource indices ought to #1 nc I ude these generated rsg files,
so that they can include code such as

I nf oMsg(RES_SCANN I NO);

The present value of RES_SCANN I NG is 2. Suppose however that a new resource is added at the beginning
of eg. rss. This means that the resource “Scanning” is of course no longer the second in the resultant . rsc
file, but the third. Accordingly, any calls such as

InfoMsg(2);

have to change into calls such as

I nfoMsgC3);

in order that they have the same effect as before. Note that having these lines of code instead as

I nf oMsgf RES_SCANN I NO);

and recompiling the C source files after changing the resource script automatically ensures that the
desired outcome transpires.

The syntax of the rcomp command

The syntax for invoking rcomp. exe includes:

rcomp [-s)<name> [-o<oname> -hchname>]

where

<name> is the name of the resource script

<oname> is the name of the resource file output

<hname> is the name of the generated header file. N

One possible use of the fuller syntax is to redirect the generated header file to an .. inctude directory.
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Include files within a resource script

A resource file can contain lines such as

#include “archive.dh”

or

#include <archive.rh>

(no particular significance should be attached to the extensions used in these examples). As would be
expected, files specified using the quote form of #1 nc I ude are expected to be found in the local directory.
However, files specified using the angle bracket form of #1 nc tude are expected to be found in the
directory (if any) specified by the value of the DOS environment variable I NCLUDE.

If required, a batch file such as follows could be used to invoke rcomp. exe:

set OINCLUDE%INCLUDE%

set INCLUDE=. .\include

\s I bosdk\sys\rcomp %1

set INCLUDE%OINCLUDE
set OINCLUDE

preserving any previous value of INCLUDE for other purposes that may apply on a PC.

Conditional compilation in resource files

Note that the resource compiler supports conditional compilation such as

#ifdef BUILD_ONE

#endi f

and

#ifndef BUILD_ONE

#endi f

Names (such as BUI LD_ONE) may be defmed when invoking the resource compiler using a -d flag as
follows:

rcomp resfiLe -UBUILD_ONE

This has the same effect as including the corresponding #define in the resource file, for example:

#define BUILD_ONE

Contents of .rss files
Resource scripts (together with other files they #1 nc tude) are made up of three types of statement:

• comments (identified by C-style 1* and *1 delimiters)

• declarations of STRUCTS and constants

• declarations of RESOURCES, which are instances of the STRUCTS defined.

All the declarations of STRUCTS have to precede the first definition of a RESOURCE.

White space is ignored (after the first white space character), except within quoted strings. Thus the
definitions

RESOURCE STRING res_start_catc (stc=”Starting catcutation”;)

and

RESOURCE STRING res_start_catc

C
str=”Starting catcutation”;

)
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are equivalent. Any indentation of source lines in resource scripts is purely for convenience.

Declaring STRUCTs

STRUCT5 are formed of a name and a series of member definitions. STRUCT names must always be given in
upper case, whereas member names are given in lower case. for example,

STRUCT STRING

{
TEXT str;
)

defines a STRUCT with name STRING and just one member, which has type TEXT and member name str.

Again, the definition

STRUCT MENU_BAR_I TEM

LINK menu Id;
TEXT mbitem;

)

defines a STRUCT with name MENU_BAR_ITEM and with two members, the first with type LINK and the second
with type TEXT.

As is discussed below, member defmitions can also include default initiatisations.

Possible member types in STRUCTs

The set of allowed STRUCT member types is as follows:

BYTE stores a numerical value in one byte

WORD stores a numerical value in two bytes

LONG stores a numerical value in four bytes

DOUBLE stores a floating point numerical value in eight bytes

TEXT stores a zero-terminated sequence of bytes, including the terminating zero

LINK stores a two-byte reference to another RESOURCE

STRUCT stores a sub-STRUCT in-line.

Of these types, only TEXT and STRUCT have variable length (see below for more on variable length items).

WORDS are stored low byte first then high byte. Similarly, LONGS are stored low word first, then high word.

The resource compiler accepts any value from -128 to +255 for a BYTE, so that C programs are free to
interpret the contents as either signed or unsigned. WORD and LONG can similarly be interpreted either as
signed or unsigned.

The resource compiler can undertake some limited arithmetical evaluation of data supplied in numeric
fields (eg vat=4*3.18).

TEXT data can be entered as a combination of quoted strings, binary values, and symbolic constants:

str=”This is a string.”;

or

str=c84><1O4>”is a str”<0x69>”ng”<46>;

or even

#define DOUBLE_QUOTE <34>

str”Missing “DOUBLE_QUOTE;

Standard C-style processing of backslashes applies within quoted strings. Thus to enter a single
backslash in a string, the backslash character has to be repeated in the input, and so on. Thus the final
example above could also be given as

str=”Missing \“;
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Allowed values of LINK items are constants, symbolic constants, or (lower-case) identifiers of other
resources. In referring to another resource, both forward and backward references are possible.

Declaring RESOURCEs

A RESOURCE is declared by specifying:

• the name of the STRUCT being instanced

• the identfier of the RESOURCE

• initiatisers: values of all the members of the STRUCT.

The name of the STRUCT must always be given in upper case, whereas the identifier of the RESOURCE must
always be given in lower case.

For example:

RESOURCE MENU_BAR_ITEM fi le_mbar_i tern

{
menu_i d=f ii e_menu;

mb_item’File”;

}

During resource compilation, the various identifiers encountered are assigned the values 1, 2, 3

There is no requirement to list the members of the STRUCT in the same order as their defmition. Nor is it
always necessary to give values for every member:

• any member omitted will be given the default value supplied for that member, in the declaration
of the STRUCT, if any

• failing this, a “default default” value of zero will be supplied

• however, it is an error to omit altogether to give a value for a LINK member.

For example, it is possible to declare an instance of

STRUCT NCEDIT

C
WORD current;

WORD tow;

WORD high65535;

3

just by the line

RESOURCE NCEDIT nc_edit C 3

in a resource script, in which case a 6-byte long resource will be created, with the three consecutive
words containing the values 0, 0, and 65535.

Again, the result of resource compiling the following:

STRUCT TEST

C
TEXT str;
BYTE byt;

STRUCT more;

3

RESOURCE STRUCT TEST empty C 3

is a 2-byte long resource, with each byte being set to zero. (Note that “zero’ sub-sTRucT5 are omitted in
their entirety, ie taking up zero length in the resource file.)

Declaring the values of sub-STRUCTs

Whereas the way to define the value of most members of RESOURCES is by a statement in the form

<member-name> = <constant>;
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the way to define the value of a SUb-STRUCT member is C
<member-name> = <struct-name> (<initiatisations>);

with the form of <i nit ia Ii sat ions>, if present, matching that of the definition of a RESOURCE itself. for
example:

STRUCT NCEDIT

C
WORD current;
WORD tow;

WORD high=65535;

)

STRUCT TEST

C
TEXT str;
BYTE byt;
STRUCT mote;

)

RESOURCE TEST vaLues

C
str=”This is a string”;
byt=42;

more=NCEDIT {curcentlOO;);

)

In the majority of cases, when a STRUCT is declared as having a sub-STRUCT member, this member will be
intended to be a STRUCT of one particular type. Note, however, that the type of the sub-5TRUCT member is
not specified by the STRUCT in which it is declared (for example, TEST does not specify that the Sub-STRUCT
more is of type NCEDIT). In consequence, it is possible to have two or more resources that are both based
on the same STRUCT definition, but use different types of SUb-STRUCT.

Leading byte and word length values

In cases when STRUCTS contain SUb-STRUCTS, it is frequently helpful to have the instance of the SUb-STRUCT
preceded by a byte or word giving the length of the instance. This is achieved by amending the
definition of the sub-STRucT: the keyword BYTE or WORD should be included before the opening curly
bracket prior to the definitions of the members of the STRUCT.

For example, resource compiling

STRUCT FIRST BYTE

C
BYTE one;

)

STRUCT SECOND WORD

C
BYTE two;

)

STRUCT THIRD

C
BYTE three;

)

STRUCT FOURTH BYTE

C
STRUCT a;
STRUCT b;

STRUCT C;

)

RESOURCE FOURTH test

C
aFIRST Cone=1;);
b=SECOND Ctwo=2;);
c=THIRD Cthree=3;);

)
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results in the following 6-byte long resource:

<01 >cOl ><01 ><OO><02><03>

in which the first byte gives the length of the following sub-resource, the third and fourth bytes together
constitute a word giving the length of the second sub-resource, and the fmal sub-resource has no
preceding byte- or word- length value.

Note that the resource as a whole lacks a leading byte- or word- length value, despite the presence of the
BYTE qualifier in the definition of FOURTH. These leading length values are inserted only when the instance
of the STRUCT is as a sub-resource.

Incidentally, it is common for definitions such as

STRUCT FIRST BYTE

C
BYTE one;
3

to be given instead in the equivalent form

STRUCT FIRST

BYTE C
BYTE one;

3

Arrays within resource files

The resource compiler is at perhaps its most powerful in dealing with arrays of resources - strictly
speaking, arrays of sub-resources.

In order to declare an array of sub-resources, a member definition in a STRUCT definition such as

<type> <member-name>;

has to be changed into one of the forms

<type> <member-name> [<array-size>);

<type> <member-name>E ];

LEN <type> <member-name>[ ];

or

LEN BYTE <type> <member-name> [ ];

For example,

STRUCT HELP_ARRAY

C
LINK topic_id=0;

TEXT topic;

LEN BYTE STRUCT strtst[);

3

in which the initial LINK and TEXT sub-resources are followed by a variable number of SUb-STRUCTS (the
number varying between different instances of HELP_ARRAY).

In all cases with arrays, the corresponding initialiser statement in a RESOURCE definition

<member-name> <constant>;

changes into the form

<member-name> = C <constant>, <constant>, .., <constant> 3;

with <constant> being replaced by <struct-name> C<initiatisations>} in the case of an array of sub
STRUCTS.

For a variable sized array, the array of sub-resources may be preceded in the resource ifie by a byte or
word giving the number of elements actually in the array. This count is recorded in a word if the prefix
LEN is used, and in a byte if the prefix LEN BYTE is used.
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Evidently, the number of sub-resources that actually occur in any given instance of the STRUCT is
determined by the syntax of the intialiser, with all but the last element being preceded by a comma.

for example, resource compiling

STRUCT STRING

{
TEXT str;

)

STRUCT HELP_ARRAY

{
LINK topic_id=O;

TEXT topic;

LEN BYTE STRUCT strLst[];

)

RESOURCE HELP_ARRAY sys_hetp_print

(
topic=”How to print”;

strtst=

{
STRING {str”Set Printer ModeL with ‘Print setup”;),

STRING (str=”in Word/Agenda/Data, then use ‘Print”;)

)

produces a single resource in which:

• the first word is zero (the supplied default value for the topic_id member)

• then there follows the sub-resource “How to print”

• next comes a byte containing the value 2, being the count of the items in the following array

• finally the strings “Set Printer ...“ and “...Print’” are juxtaposed.

Creating SYSTEM resource files

For completeness, it should be mentioned that the resource compiler enters a special mode if the first line
of a resource script is found to consist of precisely the single word

SYSTEM

In this mode, all LINK references are automatically resolved with the negative of the correct value.

Thus whereas the resource script

STRUCT STRING (TEXT str;)
STRUCT TEST (LINK Ink;)

RESOURCE STRING alpha (str”Xyz”;)

RESOURCE TEST beta (Lnk=atpha;)

results in the second resource consisting of the word 1, inserting a line

SYSTEM

at the beginning of the resource script changes the value of this resource to -1.

The rationale of this behaviour is connected with the facility offered to object-oriented programmers by
the appnian class in olib.dyl, to load in resources from the so-called system resource file instead of from an
application-specific resource file, if the resource identifiers passed are negative. This system resource file
is built into the ROM of all machines that support HWIM programming. See the Resource Files chapter
of the Object Oriented Programming Guide and the APPMAN Application Manager Class chapter of the
OLIB Reference manual for more details.
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CHAPTER 3

WDR PRINTING

Introduction
SIBO computers which containform.dyt in their ROM (or on an SSD) support a wide range of services
connected with so-called WDR printing. These services include the interpretation of printer driver files
in the Psion-proprietary .wdr format, and the generation of suitable printer command sequences to effect
printing operations requested by applications. One key idea is that applications do not need to know
which particular printer driver has been selected by the user; system software takes care of converting
requests made by applications into command sequences suited to the current printer.

Another service which code inform.dyl can provide is opening the correct printer device - whether that
be the parallel port, the serial port, or a file. Once again the idea is that users can specify the printer
device, and have their choice picked up by system software, without any conscious intervention to this
effect by individual applications.

All versions of the Series3 have fonn.dyl in their ROM, as do suitably reprogrammed versions of the
HC.

Whilst the full power of the WDR printing system can be utilised only by object-oriented programmers,
applications that are not themselves object-oriented may still be able to make considerable use of these
services:

• picking up the choices made by the user as regards the printer device (these choices are stored in
environment variables)

reading the contents of wdr files directly (by themselves)

• reading the contents of .wdr files using services of the wdr class infonn.dyl.

In addition, the Hwif library contains routines hprintSetupDialog, hPrintecSetupoialog, hPrint,
hprintSetSl, hPrintSensePageWidth, and hPrintSenseBufWidth, which layer over WDR printing services to
achieve impressive results adequate for many purposes - without requiring any explicit use of object-
oriented techniques (nor any explicit reference to the contents of .wdr files). See the Hwif Manual for
more details.

Creating .wdr files

The creation of .wdr files is a quite separate process from their use, once created. Psion can supply a set
of . wdr files covering some common printers, and other . wdr files may be available from third parties.
However, it may prove desirable to produce a . wdr file for another printer not presently supported - or to
enhance the .wdr file for a new version of a given printer.

Note that whatever the origin of the . wdr file, the file name must not begin with fax. Such filenames are
reserved for fax driver files and are automatically interpreted as such.

One way to create . wdr files is by using the Sibo printer driver translator, wdtran. exe, which creates . wdr
files from plain text input known as printer scripts typically having extension .wd.

The operation of wdtran. exe is described later in this chapter.
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The WDR printing environment variables

WDR printing software may at various times attempt to read or write the four environment variables P$D,
PSs, P$F, and PSM:

P$D is one byte long, having the value ‘o’to denote that the user has chosen to print using the
parallel port, ‘1’ to denote the choice of the serial port, and ‘2’ to denote printing to file

$s is twelve bytes long, being a copy of the P_SRCHAR stnict matching the choices last made by
the user in any serial port and handshaking dialog(s)

P$F can be up to P_FNAMESIZE (128) bytes long, being a copy of the filename last chosen by the
user as the recipient of any data printed to file

P$M can be up to P_FNAMESIZE+i (129) bytes long, the first byte recording the printer model
number (see below), and the remainder giving the full path name of the last . wdr file chosen
by the user.

Any software that attempts to read these environment variables should bear in mind that these variables
do not always exist. Ordinarily, they are created only when the user makes an explicit choice via a
dialog box. In the absence of one of the environment variables, the following defaults are assumed to
apply:

P$D effectively has the value ‘0’, meaning that printing should be via the parallel port

ss see below

PSF any printing to file is to the file p.lis

PSM the printer model number is a and the printer driver file rom::bj. wdr should be used.

The default values of the P_SRCHAR struct are as follows:

P_SRCHAR set;

ser . tbaud=P_BAUD_9600;
set. rbaud=P_BAUD 9600;
set. f came=P_DATA_8;
ser.parity=0;
sec. hand=P_OBEY_XOFF P_OBEY_DSR I P_I GN_CTS;
sec.xoff=0x13;
sec.xon=Oxll;
ser.ftags=0;
sec. tmask=0;

for more details on the P_SRCHAR struct, see the Serial Port chapter in the I/O Devices Reference manual.
The essential point is that the contents of the P_SRCHAR stnict should be used to P_FSET the serial port after
opening it.

for convenience, the printer model number is stored in printable form, with the value of ‘a’ being added
to its numerical value. Thus to use the second model in a . wdr file - so that the printer model number
would be i-the first byte in P$M should be 1+’o’, ie ‘1’.

A note on reading environment variables

See the discussion on p getenvi con and p_getenv in the Plib Reference manual.

Note that it is also possible to read and modify environment variables (eg for experimental purposes) by
using the SIBO Debugger.

Overview of the contents of a .wdr file
This section provides an overview of the contents of a .wdr file. More details are provided in later
sections.
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Just about the simplest possible . wdr file would have the following contents, when dumped:

0: 89 00 Oc 00 57 44 52 30 35 00 00 00 01 00 05 00 ... .WDRO 5
10: 4765 6e 65 72 67 6c 00 00 00 00 00 00 00 00 00 Generat
20: 00 00 00 00 00 00 00 00 17 00 00 00 00 00 00 00
30: 00 00 00 00 00 00 00 01 Oc Oi Od 02 2a Ca 00 02
40: 2a20000000000000 01 000205234U6f6e * #Mon
50: 6f 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 o
60: 00 00 00 00 00 03 00 01 00 10 00 00 00 00 00 00
70: 0000010001000100 01 16009000f00000
80: 00 00 00 00 00 01 00 04 00 04 00 28 00 48 00 4d C.H.M
90: 00 7b 00 89 00

This conforms to the pattern

<header><resources><index table>

of Sibo standard . rsc resource files, as discussed in the Resource files chapter in this manual.

Indeed, . wdr files are but examples of . rsc files, with the extension changed to denote the particular
purpose of being a wdr printer driver file.

In fact, .wdr files come in two types - compressed and uncompressed (standard), corresponding to the
• rzc and . rsc forms of resource file. Uncompressed files can be read by a variety of methods, as
discussed in the Resource files chapter. However, in order to read compressed .wdr files, it is more or
less necessary to use some of the fimctionality of object-oriented classes in the ROM, using either:

• the rscfile class in olib.dyl

• the udr class infonn.dyl

with the preference being for the latter, since it contains more explicit knowledge of the particular
contents of .wdr files.

Various services provided by the wdr class are described later in this chapter.

Deciphering general.wdr

The above dump is in fact that produced from an (uncompressed) version of the file general. wdr that is
part of the Series3 ROM. This file describes the most basic kind of printer possible, possessing only one
font, which is monospaced, and assumed to be 12 point (ie six lines per inch - one point corresponding to
1/72 of an inch) and 10 cpi (characters per inch). For this printer, the only way to position the print
head horizontally is by emitting space characters or carriage returns, and the only way to position the
print head vertically is by emitting line feeds or form feeds.

The index table for the file starts at file offset 0x89 (as contained in the first word in the file). Reading
successive words from this index indicates that the individual resources in the file are to be found at file
offsets 0x04, 0x28, 0x48, Ox4d, and OxTh.

The header resource

The first resource in any .wdr file is always the header resource, having the following structure:

• the first six bytes give a signature, which must always be “WDROS” for a valid .wdr file

• the next word gives the so-called wdr-ftags for the file - evidently ü in this case

• the word after that gives the number of different printer models in the file - in this case, there is
only one in the file

• finally there is an array of WDR_MODEL_I NDEX stnicts, one struct for each printer model in the file

• each WDR_MODEL_I NDEX starts with a word giving the resource identifier for the model resource
(see later) giving more information about the printer model - this identifier has value 5 in this
case

• the WDR_MODELJNDEX stmct concludes with up to 24 bytes giving the public name of the model, in
a zero-terminated string - “General” in this case.

For general.wdr, the total size of the first resource is evidently 6÷2+2+1*(2+24), ie 0x24. For other .wdr
files which contain more than one printer model, the first resource will be larger.
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The commands resource

The second resource in any .wdr is always the commands resource. This consists of:

• an array of command strings

• preceded by a count byte (the first byte in the resource)

• followed by a trailing word whose meaning is reserved for future expansion.

In general. wdr above, the value of the count byte is Oxi 7, ie 23.

Each command string that follows is given with a leading byte count, and without any terminating zero
(as is appropriate, given that the command strings can in general contain embedded zeros).

As can be seen, for general.wdr, all the 23 command strings are zero, except for (starting counting at
zero):

string 14 which has the value OxOc

string 15 which has the value OxOd

string 16 which has the value ‘‘ OxOa

string 18 which has the value ‘‘ 0x20

The first 21 of the command strings in the command block have reserved meanings, best described in
simple terms by giving the descriptive text associated with these commands in . wd files (see Contents of
wdflles section later):

O “RESET”

1 “FORM LENGTH”

2 “PREAMBLE”

3 “POSTAMBLE”

4 “UNDERLINE ON”

5 “UNDERLINE OFF”

6 “BOLD ON”

7 “BOLD OFF”

8 “ITALIC ON”

9 “ITALIC OFF”

10 “SUPERSCRIPT ON”

11 “SUPERSCRIPT OFF”

12 “SUBSCRIPT ON”
13 “SUBSCRIPT OFF”
14 “NEW PAGE”
15 “CARRIAGE RETURN”

16 “MOVE DOWN”
17 “MOVE RIGHT PREFIX”

18 “MOVE RIGHT”

19 “MOVE RIGHT SUFFIX”

20 “LANDSCAPE”

Additional command strings can be used to set various fonts, and are referenced by typeface resources,
discussed below.

Model resources

The resource identifiers of all model resources are listed in the header resource. As mentioned above, the
only model resource in general. wdr has identifier 5. Consulting the index table for the file indicates that
this resource starts at file offset OxZb (recall that resource identifiers start at 1).

The structure of a model resource is as follows:

• The first five words give the values of the so-called minx, miny, skipx, skipy, and model-flags
for the printer model.

• Next comes a word giving the number of following typeface resource identifiers.

• This is followed by an array of the specified number of identifiers of typeface resources.

for general. wdr, the values of the various values are evidently as follows:

minx Ox9O (144)
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miny Oxf 0 (240)

skipx and skipy both zero

model-flags zero

and there is just one reference to a typeface resource which, in this case, has resource identifier 4 (which,
via the index, locates it at file offset Ox4d).

Typeface resources

The structure of a typeface resource is as follows:

• The first 20 bytes contain the public name of the typeface, as a zero-terminated string. The text
of this name must not exceed 16 characters, not including the terminating zero.

• The next word gives the typeface number of the typeface.

• The word following contains typeface-flags.

• Next comes a word which, if non-zero, contains the identifier of a translates resource to be used
by the typeface.

• The word following that gives a count of the number of different sizes (or fonts) that the
typeface comes in.

• finally there is an array of WDR FONT structs, one struct for each font size supported by the
typeface. Each WDR_FONT struct consists of nine words: height, height_max, height_delta,
width_scale, width nonnal, width_italic, width bold, width_italic, width_bold_italic, and
concludes with the number of the command string, in the commands resource, of the associated
printer instruction to set this particular font.

The difference between a “typeface” and a “font’ is discussed in more detail below.

In general.wdr, the public name of the only typeface in the file is hIMorott, the typeface number and the
typeface flags are both zero, the translates resource with identifier 3 is to be used, and there is only 1
WOR_FONT stnict following in-line.

In a WOR_FONT struct:

• The fields height_max and height_delta are only relevant for so-called scalable typefaces

• The field width_scale is only relevant for proportional typefaces

• For monospaced typefaces, the values of the four fields width_nonnat through width_bold_italic
are to be interpreted as real numbers; for proportional typefaces, in which the widths of the
characters vary from character to character, these values are identifiers offont width table
resources.

There are no font width table resources in general. wdr. Incidentally, font width tables are stored in
difference form in .wdr files - see later for more details.

Translates resources

The first word in a translate resource gives the number of translates that follow in-line.

Each translate starts off with a byte giving the length of the remainder of the translate. The next byte is
the Ascii value of the character to be translated, and that is followed by a sequence of bytes into which
the character is to be translated.

In general.wdr, there is only one translates resource, which in turn only contains one translate, whose
effect is to convert every character with Ascii value 0x05 into one with value 0x23. This results in
telephone symbols (recorded internally on the Series3 as 005’s) being printed as hash signs.

Summary of resource types in a .wdr file

The above survey contains one example of every possible type of resource in a .wdr file, except for font
width table resources.

In summary, the possible resource types are:

header (always the first resource in the . wdr file) containing an index of all the printer
models supported by the file, as well as some important wdr-flags
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commands (always the second resource in the wdr file) containing the character command
sequences for resetting the printer, controlling the text format, moving the
print head position, selecting specified fonts, and so on

translates used to map the printer’s character set onto that used by the SIBO computer
(which is based on IBM code page 850)

font width tables defining the widths of all the characters in proportional typefaces

models giving essential data governing the capabilities of a printer, and listing the
typefaces supported by the printer

typefaces describing the typefaces supported by a printer model, including the various
“font sizes” available for that typeface.

More details on the contents of .wdr files

Possible wdr-flags

The only wdr-flag of any general significance is WDR_DYL_LOAD, with value OxOl. If set (in the header
resource), this means that the contents of the .wdr file are insufficient, by themselves, to describe the (behaviour of the printer fully, and that the wdr printing system software should load a suitable external
dyl to additionally customise the print behaviour.

Examples of .wdr files with the WDR_DYL_LOAD flag set are the printer driver files for postscript printers.

further discussion of loading additional printer dyls is beyond the scope of this document.

Other bits set in the wdr-flags may have special significance for code in the extra print dyls.

The notion of “printer models”

The notion of a printer model is essentially a device to cover more than one printer using the same data.

Different printer models can be described in the same .wdr file, even if they support different sets of
typefaces or have other differing characteristics, so long as they have the same basic set of printer
command strings (and the same wdr-flags).

The public name of a printer model is what is presented to the user in any dialog offering a list of
“printer models” for selection.

Overview of the different command strings

As well as the command strings to select various fonts, a .wdr file contains commands to have the printer
perform other functions. These commands are by and large clearly named in the listing given earlier, eg
“I TAL I C_ON” and “ITALIC_OFF”, “BOLD_ON” and “BOLD_OFF”, and “SUPERSCR I PT_ON” and “SUPERSCRIPT_OFF”.

If a printer cannot support a given feature, the corresponding command string would generally be left
null (“). One possible exception is italic which, if not supported, could be implemented as an underline.
(Note incidentally that it is possible for a printer which supports italic in one font not to support it in
another font, and so on. Again, a printer may support both italic and superscript, but not both at the
same time.)

The “LANDSCAPE” command, if non-null, is the command to cause the printer to enter landscape mode (as
opposed to portrait mode).

The string of commands sent to the printer when printing starts are among the most important, as regards
influencing the printed outcome. The very first command the software sends the printer is the “RESET”

command. Then it sends a “FORM_LENGTH” command, and then the “PREAMBLE” command, before starting to
print the document proper (together with headers and footers, etc). At the very end, a “POSTAMBLE”
command is sent.

The “POSTAMBLE” command may be needed to flush the printer buffer, and to restore the printer to its
default settings.

The “PREAMBLE” command may have such drastic consequences as choosing the basic configuration of the
printer (possibly overriding defaults set via dip switches). In any case of doubt, the documentation for a
particular printer should be consulted carefully.

36



3 WDR PRINTING

Special characters in command strings

The commands “MOVE_RIGHT”, “MOVE_DOWN”, and “FORM_LENGTH” are each used in conjunction with a value
passed by the printer subsystem software. For example, the commands are to set the form length to a
given value, or to move the printer position right by a given amount. This value may either end up in the
command string by a process of substitution, or it may result in the command being repeated as required:

• if any of these commands is defmed as starting off with an asterisk character (‘*‘), what is
actually sent to the printer is the remainder of the command string tie minus the initial asterisk)
repeated the specified number of times

• if the string “f” is contained within the command string, the specified value is converted into
decimal representation and is substituted for the “%d” (like pr i ntf in C)

• likewise the string “%c” means to substitute the specified value as a single byte (character), and
‘t%w,’ means to substitute it as a pair of bytes (low byte first).

For example, in some printer drivers “MOVE_DOWN” is defined as ‘<io>”, so that “MOVE_DOWN n’ will be sent
to the printer as n line feed characters (line feed is Ascii 10).

Again, in the HP Laserjet III printer driver, “MOVE_DOWN” is defined as “<27>&a+%dV”, so that “MOVE_DOWN 6”
(say) will be sent to the printer as “<27>&a+6V”.

This kind of substitution can also take place in the command strings to select a specific size of a so-called
scalable font - see below.

The MOVE_RIGHT commands

For some printers, the command to move right by a certain amount is of the general form

<pref ix><repeated body><suff Ix>

with the central part being repeated as many times as required, depending on the amount by which the
print position is to be adjusted.

It is to cope with this case (as well as ones even more complicated) that the commands
“MOVE_RIGHT_PREFIX” and “MOVE_RIGHT_SUFFIX” are provided. These will be left null for most printers.

Printer units

The units for the “FORM_LENGTH” command are always 1/6 of an inch. Thus if the print software wishes,
as part of initialising a printer, to set the form length to 12 inches, the command

“FORM_LENGTH 72”

should always be sent.

However, the units used in many other features of printer driver files varies from printer to printer. The
key quantities are the values of minx and miny, as specified in the model resource for a printer.

Minx and miny are themselves standardly given in so-called twips, where twenty twips make a point (so
that 1440 twips make an inch). For example, in the file general.wdr discussed above, minx has the value
144 twips, ie 1/10 of an inch, and miny has the value 240 twips, ie 1/6 of an inch. This matches the
basic assumptions made in general.wdr that the font printed is 12 point and 10 cpi (see earlier).

The fundamental significance of minx is that this is the smallest amount by which the print position can
be adjusted horizontally. Similarly, miny is the smallest amount by which the print position can be
adjusted vertically. Clearly, the smaller minx and miny are, the higher the resolution of the printer.

The above values make sense for general. wdr since the only way the print position can be adjusted
horizontally is by emitting a space character (or by emitting a carriage return, which resets the horizontal
position), and the only way the print position can be adjusted vertically is by emitting a linefeed character
(or by emitting a formfeed character, which effectively resets the vertical position).

A command such as “MOVE_RIGHT n” actually means to move the print position right by n times minx, and
similarly a command such as “MOVE_DOWN m” means to move the print position down by m times miny.

The value of skipx for a printer model is subtracted from the first “MOVE_RIGHT” command in each line of
text, to compensate for the fact that many printers cannot print at the left edge of the paper. The value of
skipy is likewise subtracted from the first “MOVE_DOWN” command in each page, to compensate for the fact
that many printers cannot print at the very top of the paper.
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The values of skipx and skipy are themselves expressed in terms of minx and miny, respectively. Thus if
skipy is given as 36 whereas miny is given as 20, this translates to an actual height of some 20*36 twips, ie
half an inch, at the top of the paper which is inaccessible to the printer.

Possible model-flags

There axe two bits that can be set in the model-flags in a model resource:

• WDR_MODEL_LANDSCAPE_AVAILABLE (OxOl) has to be set if the model supports being put into
landscape mode

• WDR_MODEL_MINX_IS_DOTS_PER_INCH (0x04) should be set if the value of minx is expressed, not in
twips (as standard), but in reciprocal inches (so that a minx of 300 would correspond to 1/300 of
an inch - which is not expressible as an exact number of twips).

Note that even if WDR_MODEL_M I NX_I S_DOTS_PER_I NCR is set, the value of miny is always expressed in twips.

Typefaces and fonts

A typeface is considered to be a set of characters in a particular style, whereas a font is a particular size
of a typeface.

The public name of a typeface is what is presented to the user in any dialog offering a list of “fonts’
(actually typefaces) for selection. The various different fonts within a chosen typeface will be selected
via a secondwy choice list, keyed by the notional height of the fonts.

There can be considerable scope for authors of . wdr files in deciding how to represent the different fonts
supported by a printer (especially dot matrix printers). for example, many dot matrix printers support a
condensed font: this may be represented as a typeface called “Pica condensed” (say) or as a smaller font
of the “P1 ca” typeface. It is generally more useful for the user to have a number of size variants (fonts)
of one typeface rather than a number of typefaces each having only one size. for this reason the second
of the above approaches is the recommended one. It also has the advantage that the typeface names will
then (generally) be language independent, whereas the addition of a phrase such as “doubte width” or
“condensed” immediately makes the . wdr file language dependent.

A dot matrix printer may support a number of variants of a font including: condensed, double height,
double width, condensed double width etc. for a twelve point base font it is recommended to map these
to the following heights:

condensed 7 point (140 twips)

normal 12 point (240 twips)

condensed double width 13 point (260 twips)

double width 16 point (320 twips)

double height 22 point (440 twips)

double height double width 24 point (480 twips)

Note that a taller font must have a larger size than a shorter font, in particular the point sizes of all the
double height fonts must be larger than all the single height fonts.

If a dot matrix printer supports a large number of variations on a base font, it may turn out that two
different variations would be mapped onto the same point size. In this case it would be perfectly
acceptable to just omit one of the fonts: if there are already 12,13,14,15 and 16 point fonts available then
omitting (say) a second 14 point is not really a hardship to the user. Alternatively, the font could be
incorporated in another typeface. In case it is decided to omit a font, bear in mind that double height
fonts generally look much better than double width fonts, so given a choice it is better to omit the latter.

Typeface numbers

The main significance of the typeface number of a typeface is when a document set up for one printer is
subsequently printed on another printer. font “substitutions” have to be made - and these are done
according to the values set for the typeface number.

Thus if a document is prepared for one printer model, and some text is to be printed in a typeface having
typeface number 2, say, and then the user changes the printer model setting for the document to another
printer, that text, when printed, will be printed in the first typeface found in the new printer model,
having the same typeface number.
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In case no exact match in typeface number is possible, the first typeface defined in the new printer model
is used instead.

There are a large number of allowed typeface numbers, listed later in this chapter. Note that typeface
numbers are completely independent of the public names of typefaces.

Typeface numbers may also be used in some forms of RTF file conversion.

Possible typeface-flags

There are three bits that can be set in the typeface-flags in a typeface resource:

• WDR_TYPF_PROPROT I ONAL (OxOl) set if the widths of the characters in a font in this typeface can vary
among themselves (the alternative is that the fonts are monospaced)

• WDR_TYPF_SCALED (0x02) set if the fonts supported by the typeface are all generated by the printer
as being different scaled versions of one common pattern

• WDR_TYPFSERI F (0x04) set if the typeface is serif.

The WDR_TYPE_SERIF flag has significance only in certain types of RTF file transfer.

Note that scalable monospaced typefaces are not supported, so that scalable fonts always have to be
regarded as proportional, even if the widths of their characters do not vary in fact.

For scalable typefaces, there is only one WDR_FONT strnct per typeface, with all required information for
differently sized fonts being generated from this by arithmetical scaling.

Heights of fonts

The command string of a scalable typeface must include some kind of parameter (eg “%d”) for the
particular size required to be specified when setting the font. This parameter will be filled in by system
software giving the height of the required font in point units.

However, heights of fonts in . wdr files are always given in twips (thus 240 for a 12 point font).

For non-scalable fonts, the height_max and height_delta fields in a WDR_FONT stnict are meaningless. For
scalable fonts, the set of supported font sizes is obtained by repeatedly incrementing by height-delta,
from the value of height to the value of height_max (so that the “height” field actually plays the role of a
“height_mm” field).

In general, 4 points (80 twips) is a sensible minimum height for a font, whereas the maximum allowed
height is determined by the fact that the widths of characters must at all times remain less than 255.

Widths of characters in fonts

Widths of characters in fonts in . wdr files are expressed - as are alt horizontal measurements in . wdr files
- in units of minx.

The wdr system allows for widths of characters altering as they are italicised or bolded, and again when
they are simultaneously italicised and bolded. In case there is no such variation, the values of the fields
width normal, widthbold, widthitalic, and widthbolditalic, will merely duplicate each other.

for proportional fonts, these four fields each refer to font width tables. These are stored in difference
form in . wdr files. Thus if the array of stored widths is stored [3:

• width of character 0 = stored[0)

• width of character 1 = width of character 0 + stored [1]

• width of character 2 = width of character 1 + stored [2]

• width of character 3 = width of character 2 + stored [3]

and so on. The rationale for this is that the differences are frequently zero, so that the font width table is
stored as an array, many of whose values are zero. In turn, this compresses much more markedly (for
compressed versions of . wdr files) than tables containing many different values - with the result that
smaller . wdr files get produced (bear in mind that font width tables potentially make up large parts of
these files).

The values obtained from a font width table should all be multiplied by the width_scale value for the
font. This mechanism avoids needless duplication of data in which two font width tables would
otherwise both be present in a .wdr file, even though one is merely a scaled version of the other.
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For scalable fonts themselves, the values in the font width table (once multiplied by any width_scale
value for the font) are what would apply to a fifty point high version of the font. These have to be
further scaled, in general, to match the chosen height of the font.

Note that in all cases, widths of characters cannot exceed 255.

Creating .wdr files using wdtran.exe
The printer driver translator is a tool wdtran. exe that operates on a so-called printer script, which is a
text file, to produce a printer driver file as output.

The process is akin to ordinary compilation:

+ compiler -> *.obj

*.j.jd + printer driver translator -> *.wdr

with . wd being the usual extension for a printer script.

Some sample .wd files are distributed as part of the optional component of the Sibosdk.

To produce eg general. wdr from general. wd, simply type (
wdtran general

Contents of .wd files

The basic contents of . wd files correspond to the different resources in . wdr files (see earlier in this
chapter).

A . wd file consists of a number of resource definitions, of which there are five types: COMMANDS,
TRANSLATES, WIDTHS, TYPEFACE, and MODEL.

There must be one and only one COMMANDS resource in a .wd file. There must be at least one MODEL
resource and at least one TYPEFACE resource, though there can be more of each. There can be any number
(including zero) of WIDTHS and TRANSLATES resources.

Note that there are no definitions in a .wd file directly corresponding to the header resource in a . wdr
file. The header resource is specially created by wdtran.exe.

Each resource definition consists of a header, a number of commands, and then a footer. The header is
of the form

<RESOURCE> [identifier)

with the identifier being required only if the resource is to be referenced by another resource (it may be
the name of a width table, for example).

The resource footer is of the form:

END_RESOURCE>

Each intervening command is of the form:

keyword [parameter)

For example, the definition of a TYPEFACE resource looks like

TYPEFACE pica

END_TYPE FACE
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and the definition of a COMMANDS resource looks like (this is the COMMANDS resource for the file generat.wd):

COMMANDS

RESET “

FORM LENGTH 1

PREAMBLE

POSTAMBLE

BOLD ON “

BOLD OFF “U

ITALIC ON
ITALIC_OFF

UNDERLINE ON

UNDERLINE OFF

SUBSCRIPT ON

SUBSCRIPT OFF “

SUPERSCRIPT ON

SUPERSCRIPT_OFF

MOVE_DO1N ,,*<1 0>”

MOVE RIGHT PREFIX “

MOVE RIGHT II*<32>II

MOVE_RIGHT_SUFFIX

NEW_PAGE “<12>”

CARRIAGE_RETURN “<13>”

END_COMMANDS

Parameters to keywords inside a resource defmition may be of four types:

Numeric a decimal number which is interpreted as a value (eg a font width)

Constant an unquoted string which is interpreted as a numeric value (used only by TYPE
in a TYPEFACE resource defmition)

Identifier a lower case unquoted string, used by a command to reference another
specified resource

Quoted string a sequence of characters in quotes that is sent to the printer to perform a
specific function (eg BOLD_ON); the string may contain control characters (see
below).

The printer driver translator ignores any characters between an exclamation mark ! and the end of a line
(unless the! is in a quoted string). Blank lines are also ignored.

The block indentation scheme in standard .wd files is for convenience only.

Acceptable syntax within a COMMANDS resource definition

Any of the commands listed in the earlier section on command resources in . wdr files can be given.
However, command strings used to set individual fonts should be given within the relevant TYPEFACE

resource defmition.

Control codes may be needed in the COMMANDS resource defmition, or in the COMMAND keyword of a font
definition. A control code is specified by placing its decimal value in angle brackets (< ‘ and “> ‘). For
example the ESC control code (decimal value 27) is specified as <27>.

Other syntax that may occur within a COMMANDS resource definition are:

USE_DYL to set the WDR_DYL_LOAD flag in the wdr-flags in the header resource for the .wdr
file

FLAGS <flags> to or in <flags> to the wdr-flags in the header resource

HP_PCL_COMPAT I BLE of purely historical significance.

Acceptable commands within a TRANSLATES resource definition

Each line within the definition of a TRANSLATES block should be made up of one or more translations, with
adjacent translations on any one line being separated from each other by white space.

Individual translations should have the form

<byte>: <byte>

41



ADDITIONAL SYSTEM INFORMATION

or else

<byte> : <string>

For example:

5:35

756: “<27>R<3>c35>c27>R<O>”

Note that any width table for a font which uses translates must contain the correct width for each
character after it is translated. The printer driver translator does not check this.

Acceptable commands within a WIDTHS resource definition

Each line within the definition of a WIDTHS block should be made up of one or more character widths,
with adjacent character width definitions on any one line being separated from each other by white space.

Individual character width definitions should have the form

<byte>: <width>

Note that in contrast to . wdr files, which store font width tables in differenced form (see earlier in this
chapter), . wd files should define the widths of all characters in absolute terms. The differencing is
performed by wdtran.exe (just as the converse integration is performed by the wdr class infonn.dyl
without the conscious intervention of any application software).

The printer driver translator will give an error if the widths of the non-breaking hyphen, potential
hyphen, and standard hyphen (character codes 7, 14, and 45) are not all the same.

Likewise, the widths given for the non-breaking space, the standard space, and the tab (character codes
15, 32, and 9) also all have to agree.

Acceptable commands within a TYPEFACE resource definition

The following commands may be present within the definition of a TYPEFACE resource:

PROPORTIONAL to set WDR_TYPF_PROPORTIONAL in the typeface-flags

SCALED to set WDR_TYPF_SCALED in the typeface-flags

SERI F to set WDR_TYPF_SERI F in the typeface-flags

MULTIPLE_FONT_WIDTH_TABLES of purely historical interest

NAME <name> to give the public name of the typeface

TYPE <type> to give the typeface number of the typeface

TRANSLATE <identifier> to specify a TRANSLATES resource to be used

FONT to commence the definition of a FONT sub-resource.

The FONT keyword must appear at least once in each TYPEFACE defmition, and can appear more than once.
The other keywords should only appear once, at the most.

Each FONT sub-resource definition follows the same general pattern as the other resources:

FONT
<keywords>

END_FONT

Possible keywords in the body of a FONT resource definition are HEIGHT, HEIGHT_MAX, HEIGHT_DELTA,
WIDTH_SCALE, WIDTH, WIDTH_BOLD, WIDTH_ITALIC, WIDTH_BOLD_ITALIC, and COMMAND - each having the
straightforward meaning of specifying a corresponding field within the WDR_FONT structure for that font
(see earlier in this chapter).

Acceptable commands within a MODEL resource definition

The following commands may be present within the definition of a MODEL resource:

LANDSCAPE_AVAILABLE to set WDR_MOOEL_LANDSCAPE_AVAILABLE in the model-flags

MIN_X_I S_DOTS_PER_INCH to set WDR_MODEL_MINX_IS_DOTS_PERJNCH in the model-flags
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NAME <name> to give a public name for the printer model

TYPEFACE <identifier> to specify a TYPEFACE resource supported by the printer model.

Additionally, the keywords MI N_X, MI N_Y, SKI PX, and SKI PY straightforwardly specify the minx, miny,
skipx, and skipy values for the printer model.

In contrast to the case for TYPEFACE resources, which can only have one public name each, MODEL resources
can have more than one public name each. This avoids needless duplication in a .wd file, if it turns out
that two MODEL blocks would otherwise be identical. Note that one MODEL resource having two public
names is not in general the same thing as there being two different MODEL resources in the same .wd file
(though in each case, there will be two distinct entries in the Printer Model choice list).

Allowed typeface numbers

TYPE may take any of the values:

0 COURIER 22 OPTIONAL_SB 44 RUSSIAN
1 PICA 23 OPTIONAL_SC 45 OPTIONAL_B
2 ELITE 24 TIMES_ROMAN 46 OPTIONAL_C
3 PRESTIGE 25 CENTURY 47 OPTIONAL_D
4 LETTER_GOTHIC 26 PACATINO 48 NARRATOR
5 GOTHIC 27 SOUVENIR 49 EMPHASIS
6 CUBIC 28 GARAMOND 50 ZAPF_CHANCERY
7 LINEPRINTER 29 CALEDONIA 51 OPTIONAL_DA
8 HELVETICA 30 B000NI 52 OLD_ENGLISH
9 AVANT_GARDE 31 UNIVERSITY 53 OPTIONAL_DB

10 SPARTAN 32 SCRIPT 56 OPTIONAL_DC
11 METRO 33 SCRIPT_PS 55 COOPER_BLACK
12 PRESENTATION 34 OPTIONAL_SCA 56 SYMBOL
13 APL 35 OPTIONAL_SCB 57 LINE_DRAW
14 OCR_A 36 COMMERCIAL_SCRIPT 58 MATH_7
15 OCR_B 37 PARK_AVENUE 59 MATH_8
16 STANDARD_ROMAN 38 CORONET 60 DINGBATS
17 EMPEROR 39 OPTIONAL_SCC 61 EAN
18 MADELEINE 40 GREEK 62 PC_LINE
19 ZAPF_HUMANIST 41 KANA 63 OPTIONAL_SYA
20 CLASSIC 42 HEBREW

21 OPTIONAL_SA 43 OPTIONAL_A

Suppose, for example, a user has a document written when the Apple Laserwriter printer driver was
selected, and the document uses two typefaces, Times Roman and Patatino. The user then changes to a
HP Laserjet III printer driver. Times Roman on the Laserwriter and CGTimes on the HP III both have a
TYPE of TIMES_ROMAN and so the Times Roman typeface would be mapped to CGTimes. The HP III driver
has no typeface with a TYPE of PALAT I NO and so the Patatino font would be mapped to Courier.

The following rules are useful for guidance:

One of the printer’s monospaced typefaces should be assigned a TYPE of COURIER: this should be the
typeface described as Courier or perhaps Pica in the printer’s manual. The typeface’s NAME should be as
in the manual (eg Pica).

If a printer supports only one proportional typeface it should be assigned a TYPE of TI MES_ROMAN, although
it may be given a different NAME (eg Proportional).

If a printer supports more than one proportional font then the one with serifs (if available) should be
assigned a TYPE of TIMES_ROMAN and the one without serifs should be assigned a TYPE of HELVETICA; their
NAMES should, however, be those used in the printers manual, eg CGTimes and Univers for the HP
LaserJet III.

See also the Printer driverfont mapping section of the Word Processor File Format chapter.

43





CHAPTER 4

DEE FILES

Introduction
Database files (DBF files) are binary files containing typed, variable length records. Many SIBO
applications (for example, the MC Diary and the Series 3 Database) store their data in DBF files. The
data files created and manipulated by OPL are also examples of DBF files.

Database flies are designed to be Flash-friendly, that is, they may be stored and manipulated in flash
SSDs (or any other EPROM medium). A DBF file stored on such a medium may be modified by
appending, deleting, or replacing records without having to make a new copy of the entire file.

The chapter Database Files in the PUB Reference manual describes DBF files from the point of view of
reading and writing them using PLIB function calls such as Dbfopen, DbfAppend, Dbf F I ndRead, and
DbfNextRead. The ISAM Manual discusses more advanced techniques for using DBF files, in conjunction
with independent keyed index files. The present chapter focuses instead upon a description allowing
access to DBF files independently of these specialised PLIB and ISAM functions.

First, the basic structure of a general DBF file is reviewed, and then particular examples are given of
how various SIBO applications use DBF files. This information should assist the creation offitefonnat
conversion programs such as might run on another computer, for example converting between Series 3
Agenda files and files that can be read directly by PC-based PIMs (Personal Information Managers).

Basic structure of DBF files
The following discussion is based around a DBF file created by a simple OPL program. It is not
necessary to be familiar with OPL to follow the discussion, since the contents of the DBF file are
described independently of the OPL program. It just happens that OPL is a convenient way to create
DBF files quickly, so that experimentation is easier.

The OPL program creating the file is as follows:

PROC writedbf:
if exist(”test.dbf”) :detete “test.dbf” :endif
create “test.dbf”,a,fl$,f2$,f3%,f4
a.fJ$=”He Ito”
a. f2$’”2”
a. f3%3
a. f4=4
append
a.fJ$=”World”
append
close
beep 5,300

ENDP

The create statement creates a DBF file with the name test.dbf, by default in the lopd top-level
directory on the default drive. This file is assigned the logical handle a inside the program. Each record
in the file is to have four fields (called f 1$, f 2$, f3%, and f4 inside the program). Standard OPL naming
conventions mean that these fields have types string, string, integer, and double, respectively.
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The two append statements mean that two records are written to the file, before it is closed.

Dumping the resulting file yields the following:

0: 4f 50 4c 44 61 74 61 62 61 73 65 46 69 6c 65 00 OPLDatab aseFite.
10: Of 11 16 00 Of 11 04 20 03 03 00 02 12 10 05 48 H
20: 65 6c 6c 6f 01 32 03 00 00 00 00 00 00 00 10 40 elto.2
30: 121005 576f 72 6c 64 0132030000000000 ...Wortd .2
40: 00001040 ...)

This conforms to the standard DBF format of

<standard header><extended header><fietd information record><other records>

where

<standard header> always has length 22 bytes.

<extended header> can have variable length and is frequently of zero length (as
here).

<field information record> gives the structure of all type 1 records following.

<other records> are the main body of the DBF file.

The standard header

The first sixteen bytes of all standard DBF files are the zero-terminated string ‘0PLDatabaseFi te”. This
string is used by all SIBO applications. Applications are allowed to use altemative strings although such
DBF files can not be read by OPL.

The two bytes at offset OxlO and the two bytes at offset 0x14 represent software version numbers. See
the System Information section of the General System Services chapter of the PLIB Reference manual for
an explanation of the format of a version number.

The two bytes at file offset Ox! 0 represent the version number of the software that generated the file.
files generated by the Series 3 and Series 3a Data applications have these bytes set to <Of><1 0>. files
generated by OPL set these two bytes differently on different machines: on the HC and Series 3 they are
set to <Of><1 1> and on the Series 3a and Workabout they are set to <1 f><1 1>. If generated by version 1 of
ISAM the two bytes are set to <O0><10> (which, strictly speaking, is not a legal version number).

The two bytes at file offset 0x14 represent the minimum version number of DBF software that is required
to interpret the contents of the file. files generated by the Series 3 and Series 3a Data applications have
these bytes set to <Of><10>. Files generated by OPL set these two bytes to <Of><11> on all machines. If
generated by version 1 of ISAM the two bytes are set to <0O><1 0> (which, strictly speaking, is not a legal
version number).

The two bytes at file offset Oxi 2 contain the file offset for the start of the field infonnation record. Thus
in the absence of an extended header they would contain <16>cOO> and for an extended header of length
256 bytes they would contain <16><O1>.

The extended header

A DBf file has an extended header only if an application calls the PLIB function DbfExtHeaderWrite. At
the time of writing SIBO applications neither make this call nor make use of the extended header.

The field information record

The field information record is a type 2 record.

The first byte contains the number of fields defined for each type 1 record (see below for an explanation
of type 1 records). In the above example four fields were defined. The number of fields defined must be
an integer between 1 and 32 inclusive

The second byte always contains <20> (see below for an explanation).

The remaining bytes contains the field types. The first byte contains the type of the first field, the second
byte contains the type of the second field and so on. The following types are allowed:

• a type of o means that the field is an integer: a numeric value stored in two bytes, low byte first.

• a type of 1 means that the field is a long: a numeric value stored in 4 bytes.
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• a type of 2 means that the field is a double: a floating point value stored in $ bytes in standard
IEEE format.

• a type of 3 means that the field is a string: a sequence of up to 255 bytes preceded by a byte
giving the length of the sequence.

The format of all records

All records contain a two byte header followed by a sequence of bytes constituting the body of the
record.

The highest nibble of the header word contains the records type. The lowest three nibbles contain the
length of the record body (a nibble is four bits, thus each byte consists of two nibbles). This explains
why the second byte in the header of the field information record is always <20>.

In the example DBF file (see above) the record immediately following the field information record has
<1 2>c1 0> as its header and is thus a type 1 record, with a body of length 0x12 bytes.

Counting past another Cxl 2 bytes leads to the header of the following record, which is also <1 2><1 0>.
Counting along yet another Oxl 2 bytes leads precisely to the end of the file.

Since each of these records are type 1 they must all conform to the internal structure specified in the field
information record:

• a leading byte-counted string, for the first string field.

• a second leading byte-counted string.

• two bytes for the integer field.

• eight bytes for the double field.

Looking more closely at the above dump, it can now be appreciated how the details of the file contents
match the earlier OPL program.

Generally spealcing, the only types of record that will be found in any DBF file produced by a SIBO
application are:

type 0 deleted record.

type 1 standard record.

type 2 field information record.

type 3 descriptive record.

Deleted records

Consider the following OPL program, which differs from the earlier one in only one line:

PROC writedbf:
if exist(”test.dbf”) :detete “test.dbf” :endif
create “test.dbf”,a,f1$,f2S,f3,f4
a.f1S’Hetto”
a. f2$=”2”
a.f33
a. f44
append
a.fJ$”World”
update
close
beep 5,300

ENDP

The change is that the second append instruction has become an update instruction, so that the end result
is that the file has only one record.

Dumping the DBF file output by this second program gives (provided the file is created on a Flash SSD):

0: 4f 50 4c 44 61 74 61 62 61 73 65 46 69 6c 65 00 OPLDatab aseFile.
10: Of 11 16 00 Of 11 04 20 03 03 00 02 12 00 05 48 H
20: 65 6c 6c 6f 01 32 03 00 00 00 00 00 00 00 10 40 etlo.2
30: 121005 576f 726c 64 0132030000000000 ...Wortd .2
40: 00001040
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This differs from the earlier dump only with regard to one nibble which gives the record type for the first Crecord in the file. The two bytes <12><lo> at file offset Oxic have changed into <12><OO>, indicating that
while the same length of data remains on the file, the first record is no longer type 1, but type 0, i.e. it
has been deleted.

Erased records remain in a DBF file until such time as the file is written out again, say in response to a
“Save As’ menu command, or until the file is compressed (say in response to a “Compress” menu
command). (In fact, OPL programs automatically attempt to compress their DBF files whenever they are
closed, which explains why the above example gives different results unless the file is created on flash.)

Although erased records may remain pan of a DBF file long after the application has “deleted” or
“updated” them, they are inaccessible to normal software (eg to the PLIB DbfXxx calls and the OPL
database fimctions such as find and count).

For more discussion about the mechanism of deleting records, see the Database Files chapter in the PUB
Reference manual.

The remaining examples of DBF files in this chapter all assume that any deleted records have been
removed.

Descriptive records

From most points of view, records of type 3 and upwards are all potentially “singular” records without
the usual software support. Operations such as “find” do not usually fmd text within such records as
these record types are not used by standard $130 applications (with one important exception, discussed
below). See the Database files chapter in the PUB Reference manual for more details of these record
types.

The exception is with a record of type 3, which is a so-called “descriptive” record. See later in this
chapter for examples of data that may be stored in a descriptive record.

There is usually at most one record of type 3 in any one DBF file.

By convention, a descriptive record’s data is composed of a number of typed fields. Each field has a two
byte header that contains the field’s type and length, in the same format as for a record header.

The types have variable meaning, depending on the application. Given that different versions of an
application may define different types of field within the descriptive record, it is good practice for
applications that encounter fields in a descriptive record that they do not understand, to preserve these
fields and to write them out again whenever the descriptive record needs to be changed.

More on type 1 records

It is not always necessary for a type 1 record to have entries for each field defined in the field information
record. Depending on the application, any trailing omitted fields will usually be assumed to be zero or
null.

It is also possible for a record to have more than 32 fields. This is allowed in the case where the
descriptive record explicitly defines 32 fields. In this case, any extra data in a record, beyond the 32nd
field, is interpreted as a sequence of additional string fields.

The Series 3 Database
In this section reference to the Series 3 Database is taken to include the Series 3a Database except where
explicitly stated otherwise.

The Series 3 Database stores its files in the DBF file format, as described in general terms at the
beginning of this chapter. By convention, the Series 3 Database uses file with extension .dbf.

Field information (type 2) record

The field information record of a Series 3 Database file is always as follows:

<20><20><03><03><03> ... <03><03><03>

there being 32 <03>s in all. As mentioned above, this actually means that any type 1 record in the file
consists of a variable arbitrary number of string fields (where this number can exceed or fall short of 32).
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The header of the first record after the field information record is <37><30>. This indicates that the record
has type 3 and body length 0x31 bytes and therefore extends to the end of the file.

The body of a Database descriptive record contains a series of fields, each of which has a header that
gives its type and length, in the same format as the record header. A Series 3 descriptive record contains
the following fields:

• a field of type i and length 2.

• afieldoftype5andlength2.

• a field of type ‘+ and variable length; in the above example, the length is 0x27.

Series 3a Database files are longer because the descriptive records contain more fields.
created and exited Series 3a Database .dbf file.

Here is a newly-

The header of the first record after the field information record is <aa><30>. This indicates that the record
has type 3 and body length Oxaa bytes and therefore extends to the end of the file.

The body of a Series 3a Database descriptive record contains the three fields described above, together
with the following additional fields:

• afieldoftype6andlength58.

• a field of type 7 and variable length.

• a field of type 8 and variable length.

• a field of type 9 and variable length.

• a field of type 10 and length 3.

• afieldoftype 11 andlength4.

The currently used field types are as follows:

type 1

type 4

the width of a tab, in columns.

template data, containing leading-byte-counted text for the labels of
consecutive lines of the display of a database entry (a line that has no label is
represented by a single zero byte).

Extended header

There are no extended headers on any Series 3 Database files.

Descriptive (type 3) record

For an example of a descriptive (type 3) record consider the following dump of a default newly-created
and exited Series 3 Database .dbf file (see below for a Series 3a example):

0: 4f 50 4c 44 61 74 61 62 61 73 65 46 69 6c 65 00 OPLDatab aseFUe.
10: Of 1016000f 102020 0303030303030303
20: 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03
30: 03 03 03 03 03 03 03 03 31 30 02 10 04 00 02 50 10 P
40: 05 00 27 40 05 4e 61 6d 65 3a 07 05 20 48 6f 6d . . ‘8.Narn e:.. Horn
50: 65 3a 07 05 20 57 61 72 6b 3a 08 41 64 64 72 65 e:.. Wor k:.Addre
60: 73 73 3a 00 06 4e 6f 74 65 73 3a ss:. .Not es:

0: 4f 50 4c 44 61 74 67 62 67 73 65 46 69 6c 65 00 OPLDatab aseFile.
10: Of 10 16 00 Of 10 20 20 03 03 03 03 03 03 03 03
20: 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03
30: 03 03 03 03 03 03 03 03 aa 30 02 10 04 00 02 50 .0 P
40: 14 00 3a 60 82 2e c6 47 08 07 08 07 72 20 b6 33 . . . . r .3
50: dO 02 dO 02 00 00 00 00 01 00 ff If 00 00 00 00
60: fO 00 00 00 00 00 00 00 fO 00 02 00 00 00 00 00
70: 00 00 00 00 00 00 fO 00 00 00 00 00 00 00 Od 70 p
80: 0052 4f 4d 3a 3a 42 4a 2e 57445200 Oc 8000 .ROM::BJ .WOR....
90: 0000255000822ec6 41 O807Oc9O255000 ..ZP....A....XP.
aO: 82 2e c6 41 08 07 08 07 72 03 aO 01 00 01 04 bO . . .A.... r
bO: 00 00 If ff 2e 40 05 4e 61 6d 65 3a 07 05 20 48 LN arne:.. H
cO: 6f 6d 65 3a 07 05 20 57 6f 72 6b 3a 06 05 20 46 orne:.. W ork:.. F
dO: 61 78 3a 08 41 64 64 72 65 73 73 3a 00 06 4e 6f ax:.Addr ess:..No
eO: 74 65 73 3a tes:
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type 5 general flags options, described below.

type 6 printer setup information, in the form of a PR I NTER_PARAMS structure.

type 7 printer model: a zero terminated string that starts with the model number and
continues with the frill file specification of the printer driver file.

type 8 text for the page header: a zero terminated string.

type 9 text for the page footer: a zero terminated string.

type 10 the diamond bar settings: bytes zero, one or two are non-zero if ‘find,
‘Change’ or ‘Add’, respectively, are included in the diamond bar.

type 11 the current search field data: the first two bytes specify the start field (with
0x0000 meaning search in all fields), the second two bytes specify the end field
(with Oxffff meaning search from the specified start field to the last field in the
record. For example, values of OxOOl 0 and DXC 020 would imply a search from
field sixteen to field thirty two inclusive.

for further details of the content of fields of type 6, 7, 8 and 9, see Saving and restoring print context
from file in the Printing chapter of the Object Oriented Programming Guide.

Other descriptive record field types may be used by other versions of the Database application (eg types 2
and 3 are used by the MC Database) and should be preserved intact when encountered. (
In the above example it can be seen that the width of the tab is equal to 4 columns, as given by the third
and fourth bytes of the type 1 field that starts at offset Ox3b (remember that the first two bytes are the
record header). The value of the flags options is 0x05, and the contents of the labels can easily be read as
a sequence of leading byte-counted strings.

Note that the first character in a template field name can be a telephone symbol (0x05) in which case the
content of the corresponding field in any type 1 record can be used for automated dialling.

Flags options for the Series 3 Database

The meanings of possible bits in the general flags options (field type 5) are as follows:

OxOl the permanent status window is on

0x02 entries are word-wrapped

0x04 a template should be displayed.

All other bits are ignored and should, by default, be set to zero.

Flags options for the Series 3a Database

The type 5 field in a Series 3a Database descriptive record supports the following flags: C
OxOl this bit is ignored by the Series 3a Database

0x02 entries are word-wrapped if this bit is set

0x04 a template should be displayed if this bit is set

0x08, OxlO if both bits are clear there is no permanent status window; if bit 0x08 is set and
bit OxJO is clear a small status window is displayed; if bit OxlO is set and bit
0x08 is clear a large status window is displayed (bits OxOB and Dxl 0 should not
both be set)

0x20, 0x40 these two bits record the zoom size of the text in the main display window
according to the following table:

OxOO Roman-il
0x20 Roman-i3
0x40 Roman- 16
0x60 Roman-8

All other bits are ignored and should, by default, be set to zero.

Type 1 records

Entries in the Database are stored as single type I records in the corresponding .dbf file.
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The following special (non-text) characters may occur within any string in a type 1 record in a dbf ifie,
with these meanings:

0x15 forced line feed (with the two part-paragraphs on either side of the forced line break just
counting as one paragraph for the purposes of the template, even though each part word-
wraps separately)

0x05 prefixes a diallable telephone number (over and above any indication of diallability given in
the template text)

0x14 if this occurs as the first character in a string, it means this field should in fact be joined
together with the preceding one, as discussed in the following section.

Continuation sub-fields

The Series 3 Database uses a special mechanism in order to store fields of text exceeding 255 characters
in length. Any such fields are broken down into sub-fields with at most 255 characters of text:

R the first 255 characters form the first sub-field

• up to the next 254 characters form the second sub-field, with the special character 0x14 being
placed at the beginning of the string (and included in the preceding byte count)

• additional continuation sub-fields of up to 254 characters are used as required, in each case again
being preceded by the 0x14 character.

The continuation sub-field prefix character was in fact specially chosen so as to give a suggestive display
on the MC, should the .dbf file be read into the MC Database application.

The Series 3 Agenda
This section describes only the Series 3 Agenda. The Series 3a Agenda is described in a separate chapter.

The Series 3 Agenda stores its files in the DBF file format, as described in general terms at the beginning
of this chapter. By convention, the Series 3 Agenda uses files with extension . agn.

Field information record

The field infonnation record of a Series 3 Agenda file is always as follows:

<05><20><O0><OO><00><00><03>

indicating that each type 1 record in a .agn file consists of four integer fields followed by one string
field. More details of these fields are given below.

Extended header

There are no extended headers on any Series 3 Agenda files.

Descriptive record

For an example of a descriptive record, consider the following, which is a dump of a default newly-
created (and exited) Series 3 .agn file:

0: 4f 50 4c 44 61 74 61 62 61 73 65 46 69 6c 65 00 OPLDatab aseFite.
10: Of 7016000f 700520 00000000030e300c 0.
20: 10 a4 01 3c 00 01 00 Of 00 lc 02 2e 00 . . .<

The header of the first record after the field information record is <Oe>c30>. This means that the record
has type 3 and body length OxOe bytes. Evidently, this record extends to the end of the file.

The body of this descriptive record is made up of a single field of type 15 and length OxOc. The body of
this single field consists of 6 integers, with the following meanings:

• the time (in minutes since midnight) for the first appointment slot of the day

• the default length of an appointment (in minutes)

• whether or not alarms are on by default

• the default advance time (in minutes) before a timed appointment for an alarm
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• the default time (in minutes since midnight) for the alarm for an untimed appointment C
• the character (low byte only - the high byte is ignored) to be used as the time separator.

Evidently, these sub-fields match the various lines in the Settings dialog within the Agenda application.

Type 7 records

Entries in an Agenda are stored as single type 1 records in the corresponding .agn file.

Individual ToDo items and Repeated items are also stored as single type 1 records.

The five fields in Agenda type 1 records are

integer: DayNumber

integer: Duration

integer: Time

integer: AlarmTime

string: Text

DayNumber is the number of days since 1/1/1900 (which is day zero). As far as the Series 3 Agenda is
concerned, the first legal day is 1/1/1980, and the last legal day is 31/12/2049.

Duration, Time, and AlannTime are all stored in minutes (ignoring for the moment the fact that some
calculations with these values have to be performed in places - as described below).

The MSB (most significant bit) of Time is a flag that indicates whether the item is timed or untimed. If
the MSB is set then the item is untimed. Accordingly, to extract the time from the Time field this value
must be anded with Ox7fff to remove the MSB

The LSB (least significant bit) of Duration is a flag that indicates whether the item has an alarm attached.
If the LSB is set then no alarm is attached. Accordingly, to extract the duration from the Duration field,
divide this value by 2 (thus removing the LSB and shifting down the duration).

If the item is untimed then the Time field contains the day note slot number and its MSB must be set (ie
or in 0x8000). In this case, the Duration field simply equals 0 if an alarm is attached or OxOl if no alarm
is attached.

Note that the end time of a timed item (obtained by adding its stan time and its duration) must always be
less than 1440 tie midnight).

Calculating with AlarmTime

For internal efficiency reasons, the way in which the alarm pre-time (as defmed by the user) is stored in - - - -

the .agn ifie is somewhat counter-intuitive. (-
To recover the pre-time of the alarm for a timed appointment, the values of Time and AlannTime for the
entry should be added, and then the value (23*6o+59 subtracted from this result.

For example, if the value of Time is Ox3fc and the value of AlannTime is Oxlb2, the actual alarm pre-time
is

Ox3fc + Oxlb2 - (23*60 + 59)

ie 15 minutes (for an appointment actually at 5pm in the afternoon).

In the case of untimed appointments, the integer value obtained when AtannTime is divided by 24*60
gives the number of days previous to the appointment when the alarm is due. The time of day when the
alarm is due is obtained by subtracting the remainder when AtannTime is divided by 24*60, from
23*60+59.

For example, if the value of Time is 0x8000 and the value of AlannTime is 0xe87, note that

OxeS7 = 2*C24+60) + 839

so that the alarm is due two days in advance of the appointment, at lOam (since 23*60+59839=600).

If required, appropriate values of AlarmTime to ensure given alarm pre-times can easily be calculated by
reversing the above formulae. C
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finally, note that if an appointment does not have an alarm set for it, the value of AtannTime should be
set to Oxffff.

The text of an appointment

The text for an appointment is contained within the Text field of the record.

In all but the cases of repeated entries, the text is simply the entire contents of the field. for repeated
items, the fmal six bytes of the Text field have a special meaning, as discussed below.

In all cases, the length of the actual text for an appointment cannot exceed 63 characters.

ToDo items

ToDo items have a DayNumber of Oxffff, and must be stored as timed items (and so the MSB of the
Time field must be clear).

The Time field contains the item priority, that is a value from 1 tO 9.

The Duration field contains a secondary integer key, which orders the ToDo items within a given
priority.

ToDo items cannot have alarms attached.

Repeat items

Timed and untimed repeat items are stored in the same general way as normal timed and untimed items,
except that they have a DayNumber of Oxfffe.

The specific repeat details are stored in the six bytes at the end of the Text field and have the following
format:

Byte: Type

Byte: Interval

Integer: $tartDayNumber

Integer: EndDayNumber

The Type field can take the following values:

0 Repeat yearly

1 Repeat monthly by date

2 Repeat monthly by day

3 Repeat weekly

4 Repeat daily

5 Repeat workdays.

StartDayNumber and EndDayNumber are stored as the number of days since 1/1/1900 (which is day 0).
Setting EndDayNumber to zero means the item repeats “forever”.
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CHAPTER 5

SERIES 3A AGENDA FILE FORMAT

Series 3a Agenda files are binary files containing typed variable length records. They use the same basic
file and record structure as DBF files, but the file signature and internal record structure are NOT the
same.

In contrast, Series 3 Agenda files are DBF files and are described separately, in the DBF files chapter.

Basic structure of Agenda files
The basic file structure for Agenda files is as follows:

<standard header> Used to identify the file type and the version of the file structure.

<extended header> for future use, currently omitted.

<data records> The main body of the file, containing entries and preferences.

The standard header

The standard header is present at the start of all Agenda files and is always 32 bytes long.

AGD_SIG_SIZE 16
AGD_SPARE_SIZE 12

typedef struct

{
UBYTE sig[AGD_SIG_SIZE];
UWORD version;

UWORD hSize;

UBYTE spare[AGDSPARE_SIZE];

) AGD_FILE_HEADER;

The first 16 bytes of the file are always the zero terminated string “Agenda F I teType*hI. This is used to
identify the file as an Agenda file.

The two byte parameter version, at file offset OxOOlO, is the file version number, as described in the
General System Services chapter of the Pub Reference manual. This is currently always Oxi ODE. The most
significant nibble is the major version number; any change in this indicates that the file format may not
be backwards compatible.

The two byte parameter hsi ze gives the combined size of the standard and extended header. This
effectively gives the file offset of the first data record within the file. Currently this is always 0x0020.

The array spare is reserved for future use by Psion.

The extended header

At present this is never used and is reserved for future expansion.

The data records

As in DBF files, all data is stored as variable length, typed records, with the type and length combined
into a single word (two bytes). The most significant nibble of the word gives the record type. The type
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determines how the contents of the record are to be interpreted. The remainder of the word gives the
length of the data that follows. This file structure is designed to be flash friendly in that deleted records
are not normally removed from the file but are marked with record type 0, which can be done in place.

This structure allows 16 record types OxO to Oxf, each of which are allowed to be up to Oxffe (4094) bytes
long. Although a record length of Oxfff is not explicitly illegal, it is not used.

Record Types
There are sixteen record types as follows.

Type Record

0 Deleted

1 Appointments (timed day entries)

2 Day notes (un-timed day entries)

3 Anniversaries

4 To-do entries C
5 Repeat records

6 Anonymous data

7 Reserved

8 Reserved

9 To-do list information

10 Descriptive records 1

11 Descriptive records 2

12 Descriptive records 3

13 Descriptive records 4

14 Descriptive records 5

15 Illegal (used to mark a write failure)

Currently record types 6, 7 & 8 are never generated by the Series 3a Agenda.

A number of the records contain day numbers and times. Unless stated otherwise all dates are given as a C
daynum. A daynum is the number of days from 1 Jan. 1970. For technical reasons dates before 1 Jan.
1980 (daynum 3652) or after 31 Dec. 2049 (daynum 29219) are ignored by the Agenda and where
appropriate will be ‘clipped’ to one or other of these dates (for example a repeating entry that starts on 10
June 1970 will have its start date ‘clipped’ to 1 Jan. 1980).

Type 0 - deleted record
As for DBF files, deleted records are not normally removed from the file but have their record type
changed to type 0. As any of the above record types may be converted to a type 0 record, there is nothing
that can usefully be said about the contents of such a record (indeed the record may not even have been a
valid Agenda record before it was deleted). Records of this type should be ignored except to calculate the
amount of space that would be freed by compressing the file.

There may be any number of such records in the file.
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Types 1 to 4 - entry records
Records of type 1 to 4 contain details of individual Agenda entries. Each has the same conceptual
structure as follows:

<Entry details field> This is dependent on the entry type.

<Title field> Obligatory, variable length field containing the text of the entry.

<At arm field> Optional, fixed length field containing alarm time and sound.

<Memo lie t d> Optional variable length field containing any memo for the entry.

The record type is used to determine the length and meaning of the first field. Although these have some
similarities all four are individually described in details below.

Entry details field
This field contains most of the non-textual information describing when an entry occurs, what other
fields it has and various bits of type specific information, such as the duration for timed appointments.

Type 7 (timed day entry/appointment)

A type 1 record stores details of entries that occur at a specific time on a specific day. In the Series 3a
Agenda these are called timed day entries.

The details field for a timed day entry consists of eight bytes structured as follows:

UWORD day;
UWORD time;
UBYTE attr;
UBYTE code;
UWORD dur;

day is the daynum of the day on which the entry appears.

time is the time of the start of the appointment in minutes from midnight.

attr is a byte containing flags for attributes the entry may or may not have (see
below).

code is the ASCII character code for the symbol that is to be associated with the
entry when it is visible in the Year view. Values less than 32 are ignored and
treated as if the entry should not appear in the Year view.

dur is the duration of the appointment measured in minutes. It is constrained such
that the appointment cannot end after 11:59 PM. i.e. this field is between 0
and 1439 - time (inclusive).

Type 2 (untimed day entry/note)

A type 2 record stores details of entries that appear on a specific day but do not have a time associated
with them. In the Series 3a Agenda these are called untimed day entries.

The details field for an untimed day entry consists of six bytes structured as follows:

UWORD day;
UWORD slot;

UBYTE attr;

UBYTE code;

day is the daynum of the day on which the entry appears.

s tot is the time slot (in minutes from midnight) in which the entry will appear in
the Day and Week views. For example a stot value of 780 would show the
entry at the start of the 1pm slot. If this is OxIlf I then the entry will appear in
the default slot.

attr is the attributes byte (see below).
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code is the ASCII character code for the symbol that is to be associated with the
entry when it is visible in the Year view. Values less than 32 are ignored and
treated as if the entry should not appear in the Year view.

Type 3 details (anniversaries)

A type 3 record stores details of anniversaries (entries which appear in the Anniversary view). Although
these are usually repeated there are cases where a single anniversary entry will exist. For details of
repeated entries see type 5 records below.

The details field for an anniversary record consists of nine bytes structured as follows:

UWORD day;

UWORD slot;

UBYTE attr;
UBYTE code;
UWORD baseYear;
UBYTE disptayAs;

day is the daynum for the day the anniversary entry will appear on.

slot is the time slot (in minutes from midnight) in which the entry will appear in
the Day and Week views. for example a sLot value of 780 would show the
entry at the start of the 1pm slot. If this is Oxffff then the anniversary will
appear in the default slot.

attr is the attributes byte (see below).

code is the ASCII code for the character to display when the entry is visible in the
Year view. Values less than 32 are illegal and cause the entry not to appear in
the Year view.

baseYear is the year of the event that the anniversary commemorates. Positive values
indicate AD years e.g. 55 means 55 AD and negative values indicate BC e.g.
-5 means S BC. A value of zero indicates that there is no baseYear. The
allowed range is from 30000 BC to 2049 AD

disptayAs contains flags detailing how the entry is to be displayed. The flags are as
follows: OxOl for baseYear displayed, 0x02 for elapsed years displayed, 0x03
for both of the preceding options and DxOO for none of them.

Type 4 details (To-do)

A type 4 record holds details of to-do entries.

These are entries which usually have an associated due date and a display from date. They appear in the
corresponding to-do list, and depending on the preference settings will appear in the Day view from the
disptayfrom date until they are crossed out or deleted.

The details field for a to-do entry consists of 14 bytes structured as follows:

UWORD disptayFrom;

UWORD slot;

UBYTE attr;
UBYTE code;

UWORD dueDate;
UBYTE tistNo;
UBYTE priDisp;
UCONG order;

displayFrom the daynum of the day on which the entry first appears in the Day/Week views
of the Agenda. This must normally be the same or less than the dueDate value.
If the entry is crossed out (see the description of the attr byte below) this is
the daynum of the day on which the entry was crossed out. In this case, and
only in this case, the displayF torn can be later than the dueDate.
If the displayFron daynum is Oxffff, then this is an un-dated to-do i.e. one that
always appears on today. In this case the dueDate will also be Oxffff.

slot the time slot (in minutes from midnight) in which the entry will appear in the
Day and Week views. If this is Oxffff then the entry will appear in the default
slot of the appropriate to-do list.
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attr the attributes byte (see below).

code the ASCII code for the character to display when the entry is visible in the
Year view. Values less than 32 are illegal and cause the entry not to appear in
the Year view.

dueDate the daynum of the day the to-do should be done by. If this value is Oxfff I the
record is an undated to-do (i.e. one which always appears on today when it
appears in the Day/Week views).

I stNo the ID (in the range 0 to 255 inclusive) of the to-do list in which the entry will
appear. Note that a value of zero does not necessarily mean that the entry
appears on the first to-do list in the To-do view - the order is determined by
the contents of a type ii record. See the description of type 9 records for
further details of this ID.

pr ID Isp this byte consists of two nibbles that give the priority and the method of
displaying the to-do.
The least significant nibble (bottom four bits) has a value one less than the
priority of the to-do. Thus a priority one to-do has value zero, priority two has
value one etc. This will currently always be in the range zero to eight inclusive
and all other values are illegal.
The most significant nibble (top four bits), determines how the due date should
be displayed. There are currently four legal values:
0 - Automatic, shown as a date until within one week of the due date, then

shown as, for example, “Next Wed”.
1 - Always shown as a date.
2 - Shown as the number of days until the due date.
3 - The due date is never shown.

order this determines the position of the entry in its to-do list when the list is
displayed in manual order. This field is not assigned consecutively. Thus a
value of 3 for example in this field does not necessarily mean that the entry
appears third (or fourth) on the to-do list.

The attributes byte ‘attr’.

The above record types (ito 4) contain an attributes byte as the fifth byte within the record data. This
byte contains flags which indicate which of the two optional fields are present in the record, whether or
not the entry is repeated etc. The following flags are currently defined for the attributes byte (all other
bits should be 0).

Bit Meaning

00000001 Once only: if this bit is set the entry appears only once in the Agenda. If it is
clear the entry is repeating and there will be an associated type 5 repeat record
elsewhere in the file.

00000010 Pending: this bit is set if the entry has not been crossed out. if it is clear the
entry has been crossed out. In the case of to-do entries this alters the meaning
of the displayfrom field of the details.

00000100 Display code: if this bit is set the entry should be displayed in the Year view
(providing it has a legal code field): if it is clear the entry should not appear in
the Year view, regardless of the value of the code field.

00001000 No aiann: this bit is set if the entry does not have an associated alarm in which
case there will be no alarm field at the end of the record. If it is clear there is
an alarm field immediately after the title field.

00010000 No memo: this bit is set if there is no memo associated with the entry, in
which case there will be no memo field at the end of the record.

The tit’e field
The titlefield must be present for entry records of all four types. This field follows immediately after the
details field and contains the text for the entry as well as flag for how that text should be displayed e.g.
bold, italic etc.

The format of the title field is:
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UBYTE styLe;
UBYTE Len;
titLe text.

styLe contains flags indicating how the text should appear. The flags are as follows:
OxOl for bold, 0x02 for underline, 0x20 for italic.

t en is the length of the text comprising the title, and the number of bytes
following. This may take any value from 0 - 254.

titLe text is ten bytes of the title. Note that this text is not zero terminated.

The akarm field
This fixed length field is only present if the attributes byte does not have bit 3 (0x08) set, i.e. there is an
alarm set for the entry.

When present this entry immediately follows the title field and has the following format:

UWORD preTime;
UBYTE ten;
UBYTE sound[8);

preTine is the time at which the alarm should occur given in minutes before 11.59 on
the day the entry appears on. (In the case of a type-4 to-do record this is the
due date). This field can be between 0 and 46079 (midnight before, 31 days
before the entry).

Len this gives the length of the text in the sound element.

sound is always eight bytes long the first ten of which contain the name of the WVE
file for the alarm. A number of WVE files having names of the form
SY$$ALnn are built-in to the ROM. In addition name can be set to an ASCII
character with value between 1 and 16 inclusive: currently only “\OxOl “,

“\0x02” and “\OxlO” are used corresponding to the rings, chimes and silent
alarms. If the name of the file is less than eight bytes long, all remaining bytes
should be zero.

This variable length field is only present if the attributes byte (in the details field) does not have bit 4
(OxJO) set, i.e. there is a memo attached to the entry.

When present this field comes at the end of the record, immediately after the atann field if there is one,
and after the title field if there is not. The field has the following format:

UWORD dataLength;
UWORD teni;
UWORD len2;
UBYTE datal 0;
UBYTE data2[);

dataLength is the length (in bytes) of the data in the memo field. This can be between 0
and 3600 (inclusive) and includes two separate blocks of data.

teni the length of the first block of data, with the two most significant bits used for
flags

Len2 the length of the second block of data

datal contains tenl&Ox3fff bytes of data. If teni has the bit 0x4000 set, the first ten
bytes contain options data, as described for the options data (type 1) record in
the Word Processor Files Format chapter, otherwise a default set of options
(the word processor default options) is used. If teni has the bit 0x8000 set, the
memo is password-protected. In this case the next eighteen bytes contain
password-matching information and the following data is encrypted. The
remaining bytes contain the plain text of the memo, with each paragraph
terminated by a zero byte. As described for the word processor file format, the
data does not include the final zero terminator.

C

C
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data2 len2 bytes of data containing the document index for the memo. This is in
exactly the same format as described in the Word Processor File Format
chapter for the document index (type 9) record.

Type 5 - repeats
When an entiy is set to repeat in the Agenda, a second record is written to the file in addition to the type
1 - 4 entry record. This record contains the date to repeat until, the days to repeat on and a list of those
dates for which the repeat should be suppressed.

Repeat records are always paired with an entry record which has bit 0 (OxOl) of the attributes byte clear.
Because of the way the Series3a Agenda writes the file a type 5 repeat record will always occur after the
associated entry record, but this is not necessary and there is no reason why it should not occur earlier in
the file. If a repeat record is missing its associated entry record or if a repeated entry record exists for
which there is no associated repeat record, then the record in the file will be ignored.

The repeat record is structured as follows:

UBYTE aig;
UBYTE ival;
UWORD endoate;
UBYTE type;
UBYTE tags[n];
ULONG fitePos;
UWORD exceptions C];

at g is the repeat algorithm and various flags. The bottom three bits of this byte
may take one of the following values: 0 - repeat daily, 1 - repeat weekly, 2 -

monthly by date, 3 - monthly by days, 4 - repeat annually.
If bit 3 (0x08), of this byte is set, the repeat should only appear once in the
dated views on the first occurrence after today. Otherwise all valid occurrences
are shown. All other bits in this byte should be 0.

i va I is the daily repeat interval. This is zero if the entry repeats daily, 1 if the entry
repeats every other day etc. A value of 255 is not valid.

endDate this is the daynum of the last day on which the entry can repeat. This is not
necessarily the last day on which it will appear. The start date is taken from
the day value at the start of the details field in the entry record. In the case of a
repeating to-do this is the di spi ayF corn field that is normally used to give the
date from which to display the entry. Here it is used to detennine the start date
of the repeat algorithm and hence determine which due dates will be associated
with the todos. To work out the display from dates for each instance of the
repeated to-do use the dueDate-disptayFcorn in the entry record to determine the
number of days warning for each instance of the repeat.

Note that the Agenda does not support anniversaries that repeat for limited
periods. In consequence, it is recommended (but not required) that a repeat
record for an anniversary (type 3) record should have an endDate set to the
value Oxffff.

type is the type (1-4) of the associated entry record. The Agenda requires this
information to be present, even though it is technically redundant (since it can
be determined from the associated record itself).
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tags is n bytes that determine which days occur in the repeat sequence. The number
of bytes n and their meaning is determined by the repeat algorithm. For repeat
daily/annually there are no tag bytes since the start date and ivat determine
which dates to repeat over.
for weekly repeats there are two tag bytes. The first has a bit set for each day
of the week on which the repeat occurs. Bit 0 for Monday, bit 1 for Tuesday
etc. Bit 8 is not used and should always be 0. The second byte determines
which is the first day of the week, 0 for Monday, 1 for Tuesday etc. This is
significant when the repeat does not occur every week. A repeat which occurs
on say, Tuesday and Thursday of every other week, occurs on different dates if
the week starts on Monday than it does if the week starts on Wednesday.
For monthly by date repeats there are four tag bytes. Each bit in these bytes
represents a different day of the month. Bit 0 in the first byte is the 1st of the
month, bit 1 the second and bit 7 the eighth of the month. Bit 0 of the second
tag byte is set if the repeat occurs on the 9th and so on. Bit 7 of the fourth byte
is not used and should be 0.
Monthly by days repeats have five tag bytes. Bytes 0 to 3 correspond to the
first, second, third and fourth occurrences of each day, for example bit 1 of
byte 2 is set if the algorithm repeats on the 3rd Tuesday of each month. The
last tag byte contains bits set if the repeat should occur on the last Monday,
say, of the month.

fit ePos is the offset from the start of the file at which the corresponding entry record Ccan be found. This is given in bytes from the start of the file (not the start of
the data records), and gives the position of the type length word at the start of
the record. Note that this mechanism of associating repeat records with the
underlying entry relies on the deleted entries not being removed from the file:
they are just marked with the deleted record type. Removing such records
would require all F I ePos fields to be recalculated.

except ons The remainder of the record consists of words, each of which is the daynum of
a day on which the repeat should be suppressed. The number of exceptions is
determined by the length of the record. Although the Series 3a Agenda
currently always writes these exceptions in strictly increasing order, there is no
guarantee that this will always be the case. Any illegal values (either outside
the valid range for the Agenda or on a day which is not normally a repeat
instance) should be ignored but preserved.

Type 6 - anonymous data
This record type is currently not used and is set aside for storing non-displayable text carried with the
Agenda. It is intended that this information will be used by, say, conversion programs that convert other CAgenda file formats to that of the Series 3a. This allows the file to be converted back without losing
information from the original file. These records are ignored by the series 3a engine except when
merging files. In this case incoming anonymous data records are added to the file into which data is being
merged.

Types 7 and 8 - reserved
These record types are reserved for future expansion and should not be used.

Type 9 - to-do list information
There is one record of this type for each to-do list in the Agenda. Each contains the settings for the to-do
list and the to-do list number (as in type 4 to-do records) that corresponds to the list.

The format for these records is as follows:
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UBYTE sig;
UBYTE cat;
TEXT nametl6+J];
UBYTE catid;
UWORD flags;
UWORD vis slot;
UBYTE advance_days;
UBYTE yearcode;
AGPREF_ALARM a;
UBYTE styte;
UBYTE spare;

sig a signature byte which determines the format of the rest of the record.
Currently the only legal value is Oxf I

cat the ID, in the range 0 to 255 inclusive,1 of the to-do list to which the type 9
record refers. The settings apply to all to-do entries (type 4 records) that have
a value of the tistNo field that is equal to the value of cat. See the description
of the type 11 record for the order of appearance of to-do lists in the To-do
view.

name C] the name of the to-do list, containing up to 16 characters. The remaining bytes
ofname[] are all NULL

cat Id the to-do list ID, as in cat, repeated for reasons of coding convenience

flags the contents of this field are described below

vi s_s tot the default position in the Day view, in minutes from midnight

advance_days the default number of days advance warning for alarms. The value is retained
even when the list is not dated

yea rcode the ASCII code of the character used in the year view. This character is always
specified, even if the to-do list is not visible in other views

a an AGPREF_ALARM strnct that specifies any untimed alarm. See the explanation of
this struct in the later description of the General Descriptive (type 13) record

styte the default style for entries. Its value is either 6_STY_NORMAL, or any
combination of 6_STY_BOLD, 6_STY_ITALIC and 6_STY_UNDERLINE

spate this field is not currently used in Agenda files, but should be set to zero. It is
reserved for use by future file versions.

The flags field

This field contains, in its least significant four bits, a value between one and nine inclusive. This
specifies the lowest priority of item that will be displayed in other views.

The two flag values OxOOl 0 and 0x0020 are mutually exclusive and determine the order in which items are
listed. If bit OxOO2O is set, the items in the to-do list are listed in a user-specified order. Alternatively, if
bit OxOO1 0 is set, the items are ordered by priority, with items of the same priority listed by date. If
neither bit is set, items are listed in date order, with items of the same date listed by priority.

If bit 0x0040 is set, crossed-out entries are shown in the list.

If bit OxOO8O is set, crossed-out entries are shown in other views, provided that bit OxO200 is also set.

If bit OxOlOO is set, the entries are displayed with sequentially numbered bullets, otherwise they are
bulleted with their priorities.

Setting bit 0x0200 specifies that the entries are displayed in other views.

Setting bit Ox0400 specifies that entries are dated by default.

Bit 0x0800 is used internally by the Agenda application and may be set or clear in a type 9 record. It is
ignored when the record is read.

1 There is no need for to-do list IDs to be consecutive. An ID can have any value up to, and including,
255. However, a to-do list ID generated from within the Agenda application will always lie within the
range 0 to 98 inclusive.
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The most significant four bits are not used, and should be set to zero.

Types JO to J4 - descriptive records
Records of types 10 to 14 inclusive contain the preferences settings for the Agenda (these may be set via
the preferences dialog). Only one record of each type is allowed per Agenda file. If there is more than
one record of any type, only the last record of each type is significant.

A descriptive record consists of the usual header word followed by the record body. The record body
contains either simple data or a set of type/length/value (ThY) fields. A ThV field consists of a one word
header followed by the field body. The top four bits of the field header contain the field type. The
bottom 12 bits contain the length of the field body. No more than one of each of the specified fields can
be present in a given record.

The structure of these records should not be extended (extra ThV fields should not added even though
these would be ignored).

Type 10 to 14 records are described in greater detail below.

Type JO - styles descriptive record
The styles descriptive record contains the styles and emphases that are used by the Memo editor for all
memos in the file.

This record is written when a memo has been created for the first time, and thereafter whenever its
content has changed.

The body of this record contains the following:

UWORD styten;
UWORD emph ten;
UBYTE stydata [stylen);
UBYTE emphdata[emphten];

sty ten the total length of the following style data

emph ten the total length of the following emphasis data

stydata stylen bytes of data, consisting of one or more styles. Each style occupies 80
bytes and is of the same structure as described in the Word Processor File
Format chapter for the body of the word processor style data (type 6) record

emphdata emph ten bytes of data, consisting of one or more emphases. Each emphasis
occupies 28 bytes and is of the same structure as described in the Word
Processor File format chapter for the body of the word processor emphasis
data (type 7) record

Type 11 - to-do manager descriptive record
This record is written on creation of a new Agenda and so is always present. It gets rewritten whenever
changes have been made.

This record contains the information that the Agenda needs to determine which position each to-do list
has in the To-do view. The body of the record consists of three or more bytes, structured as follows:

UBYTE sig;
UBYTE ncats;
UBYTE catid[ncats]

sig is the signature and is always Ox6c.

ncats is the number of categories, and must not exceed 99.
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cat idtncats] determines the order of appearance of to-do lists in the To-do view. The array
contains the IDs, in display order, of all the to-do lists in the Agenda file.
Thus catidtO] holds the ID of the first displayed list, catidEl] the ID of the
second, and so on, up to a maximum of cat id[98L

Type 12 - frequently changing data descriptive record
This record is written on creation of a new Agenda and so is always present. However, as it contains data
that changes frequently, it is only rewritten when the file is closed.

This record contains zoom, wrap and status window settings for each view. The body consists of a TLV
header word (type zero, length 18) followed by six V!EW_SCREEN_CFG structures for the Day, Week, Year,
To-do, Anniversary and List views respectively. A VIEW_SCREEN_CFG structure consists of three bytes and
is structured as follows:

UBYTE statmode;

UBYTE wrapmode;

UBYTE zoom;

statmode this field is a flag for the status window. It is 0 if a status window is not
visible, 1 if the small status window is visible and 2 if the large status window
is visible. This flag applies to all views.

wrapmode in all views except the Year view the wraprnode field is 1 if wrap is on, and is
otherwise 0. In the Year view (which does not use wrapping) the urapmode field
contains the index of the month that is displayed in the first row of the planner
(0 = January, 11 = December).

zoom this field takes the value 0 to 3 corresponding to Roman fonts of height 8, 11,
13 and 16 respectively. It is relevant for the Day, Week, To-do, Anniversary
and List views. The zoom field is unused in the Year view entry and is set to 0.

Type 13 - general descriptive record
This record is written on creation of a new Agenda and so is always present. It stores data shown in the
dialogs under the Preferences menu. It gets written whenever the values shown in one of these dialogs are
changed.

This record contains entry defaults and all individual view preferences (to-do entry defaults are stored in
to-do list records). Each record has the normal Agenda type/length header followed by one or more ThV
fields. There are sixteen possible type fields only some of which are currently used: the rest are reserved
for future use. If a field is not found the Agenda will use the corresponding default values. The fields can
be in any order.

Type Field

4 Diamond list setup
5 Day entry defaults
6 Anniversary defaults
7 General defaults
8 Day view settings
9 Week view settings
10 Year view settings
11 To-do view settings
12 Anniversary view settings
13 List view settings
14

Diamond hst setup field
The diamond list setup field indicates which views should be included in the diamond list. It consists of
six bytes structured as follows:

UBYTE fnbac[6];
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fnbar contains six bytes corresponding to the Day, Week, Year, To-do, List and
Anniversary views respectively. Each byte is either TRUE or FALSE depending on
whether or not the view is to be included in the diamond list.

Day..entnj......defauits.fleld.............. ..... ............... ......................................

...... ..................... ....... ...

The day entry defaults field contains the defaults for entries in the Day view. The field consists of 38
bytes structured as follows:

UWORD DefUntimedEntViewTime;

UWORD DefTimedEntTime;

UWORD DefTimedEntDuration;

UBYTE DefTimedByDefau[t;
UBYTE DefYearsym;
AGPREF_ALARM Unt imedAtarniefs;

AGPREF_ALARM TimedAtarniefs;

UBYTE style;

UBYTE spare;

DefUntimedEntViewTime is the default display time for untimed entries in minutes since 00:00.

DefTimedEntTime is the default display time for timed entries in minutes since 00:00.

DefTimedEntDuration is the default duration for a timed entry in minutes. C.
DefTimedByDefautt is 1 if entries are timed by default, otherwise it isO.

DefYeacSym is the character code for the default year symbol.

UntimedAtarnefs contains details of the default alarm for untimed entries (see below for a
description of the AGPRE F_ALARM structure).

Ii medA t arn)efs contains details of the default alarm for timed entries (see below for a
description of the AGPREF_ALARM structure).

style is the style of the font used for the entry. It should be a suitable oRed
combination of the Wserv G_STY_XXX flags: OxOO for normal, OxOl for bold, 0x02
for underline and 0x20 for italics.

spate is reserved and is set to 0.

An AGPREF_ALARM structure contains default alarm details. It consists of 14 bytes structured as follows:

UBYTE on;

UBYTE ndays;

UWORD minutes;

SE_SND snU;

on is 1 if an entry has an alarm by default and 0 otherwise.

ml flutes for timed entries ml flutes is the time interval in minutes between the alarm
going off and the start of the entry. For untimed entries ml flutes is the default
alarm time in minutes from midnight.

ndays for timed entries ndays is unused but should be set to 0. For untimed entries
ndays is the default number of days between the alarm going off and the start
of the entry.

snd contains details of the default alarm sound (see below for a description of the
SE_SND structure).

The SE_SND structure contains details of the default alarm sound. It consists of ten bytes structured as
follows:

UBYTE len;
TEXT name[8];

UBYTE zero_term;

ten is the length of the name of the alarm.

name contains the name of the alarm stored as a sequence of ten characters. When
ten is less than eight the first unused byte contains a NULL character. Any
remaining unused bytes can take any value.
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zero_term contains the NULL character.

A
An anniversary entry defaults field contains the defaults for entries in the Anniversary view. It consists of
20 bytes structured as follows:

UWORD DefEntViewTime;

UBYTE AutoApptyYearSym;

UBYTE DefYearSym;

AGPREF_ALARM Atarn-Defs;
UBYTE style;

UBYTE spare;

DefEntVi euT i me is the default display time for anniversaries in minutes since midnight.

AutoApptyYearSym is 1 if the year symbol is on by default, otherwise it is 0.

DefYearSym is the character code of the default year symbol.

Alarn-Cefs contains the default alarm details for timed and untimed entries (see the Day
entiy defaults field for details of the AGPRE F_ALARM structure).

style is the style of the font used for the entry. It should be a suitable oRed
combination of the Wserv G_STY_XXX flags: OxOO for normal, OxOl for bold 0x02
for underline and 0x20 for italics.

spare is reserved and is set to 0.

General defaults field
UBYTE p_ps ion_enter;

UBYTE timesep;

p_ps ion_enter is set to TRUE if PSION +ENThR is used to complete an entry without going into
the Entry details dialog. Otherwise p_psi on_enter iS FALSE.

timesep is the character code for the Agenda time separator character.

Dày. viw set ings
UWORD agnv_f tags;

ADENTVU_PREF left;
ADENTVU_PREF right;

agnv_f tags this field contains both general view flags and Day view flags (all bits not used
are reserved). The general view flags are as follows:

OxO 7 for show appointment duration (Day, List, Week and Year views),
0x02 for show appointment end time (Day, List, Week and Year views only),
OxiQO for show untimed day notes (Day, List and Week views only),
0x200 for show anniversaries (Day, List and Week views only),
0x400 for show to-dos (Day, List and Week views only) and
0x800 for show timed day notes (Day, List and Week views only).

The Day view flags are as follows:
0x04 for title to go on right hand side,
0x08 for slot compression off,
Oxi 0 for duration arrows off and
0x20 for show overlap bars off.

left contains the preferences for the left hand side of the Day view (see below for a
description of the ADENTVU_PREF structure).

right contains the preferences for the right hand side of the Day view (see below for
a description of the ADENTVU_PREF structure).

An ADENTVU_PREF structure consists of 12 bytes structured as follows:
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UWORD ftags;
UWORD begintime;
UWORD beginvis;

UWORD endvis;
UWORD endtime;

UWORD sLotdur;

f tags contains a combination of the slot lines on flag (OxOl) and the slot times on flag
(0x02).

begintime is 0 for the left hand side and beginvis for the right hand side.

begi nvis is the start time of the first slot in minutes from midnight.

endvi s is the start time of the last slot in minutes from midnight.

endtime is right.beginvis for the left hand side and 1440 for the right hand side.

stotdur is the slot duration in minutes.

Wék.1iiêW:
The Week view settings field consists of two bytes as follows:

UWORD pref_f tags;

pref_f lags contains both general view flags (see above under the Day view settings field),
and Week view flags. Currently there is only one Week view flag: 0x4 for
show title on right hand side.

Year view settings field
The Year view settings field consists of two bytes as follows:

UWORD pref_f lags;

pref_f tags contains a combination of the general flags (see under the Day view settings
field above) for showing appointment duration and/or end time or neither.

To-do view settings field
The To-do view settings field consists of two bytes structured as follows:

UWORD ncols;

nco Is contains the number of columns to be shown in the To-do view. The value of
ncots should not be more than the number of existing categories.

The Anniversary view settings field consists of two bytes structured as follows:

UWORD ncols;

nco t s contains the number of columns to be shown in the Anniversary view (ito 4).

The List view settings field consists of two bytes structured as follows:

UWORD prefftags;

pref_f tags contains a combination of general view and Day view flags (see under the Day
view settings field above) and the show-repeats-once flag (0x04).
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Type 14 - print setup descriptive record
This record does not initially exist. It is created/rewritten to contain a new copy of the data for the
Agenda print setup after using the Agenda Print setup dialog. It is also created/rewritten after a memo
has been created or edited and Print setup data has been changed. Hence it is possible that the record will
only contain Agenda Print setup data or Memo Print setup data.

The record consists of a one word header followed by a series of ThV fields.

Field types 0 to 3 and 6 to 9 are allowed. Field types 0 to 3 are used for the main Agenda print setup.
Field types 6 to 9 are identical to field types 0 to 3 and are used for the memo print setup.

Field type 0 and 6

Contains printer parameters in a PR I NTER_PARAMS structure as returned by the PR_GET_PARAMS method of the
printer active object of the FORM dyl.

Field types 1 and 7

Contain printer model data from the PR_SENSE_MODEL method of the printer active object. The first byte is
the model number as returned by PR_SENSE_MODEL, followed by the name, up to and including the NULL.

Field types 2 and 8

Contain printer header text from the PR_GET_ND method of the printer active object including the
terminating NULL.

Field types 3 and 9

Contain printer footer text from the PR_GET_HD method of the printer active object including the
terminating NULL.

Type 15 - illegal
This record type is illegal and is used to protect the Agenda against write failures on a flash SSD.
Writing to a flash $SD can fail at any time due to, say, a low battery. To protect as much as possible
against this the Agenda will write the whole of the rest of the record before ‘blowing down the byte
containing the record type to its correct value. This means that any file which contains a record with type
15 (Oxf) has suffered a write failure and data beyond this point cannot be trusted.

This record type is probably best thought of as an End Of File record, and any program fmding a file
with a type 15 record should start by setting the end of the file to the start (the type length word) of the
record.

69



C

C



CHAPTER 6

WORD PROCESSOR FILE FORMAT

This document describes the structure of a Psion word processor document file. The description to a level
that allows other software to read and write non-password-protected document files.

Psion word processor document files contain a file header, followed by a number of type-length-value
records, from the following list:

- options data

• printer-related data

• printer model data

• page header

• page footer

• style data

• emphasis data

• document text

I document index

Document files created by the word processor will contain records in the order listed above. Each record
consists of:

• a two-byte record type

• a two-byte record length, ten

C • ten bytes of data

Unless stated otherwise, all dimensions are stored in twips (1/1440 inch).

Reserved locations

All locations reserved for future use contain a value of zero.

The document header
The document header is 40 bytes long. It starts with the 16-byte zero terminated file signature
“PSIONWPDATAFILE” followed by a two byte file version number.

Following this is a 20-byte struct, containing password data. For a non-password-protected document
there are two bytes of zero followed by eighteen bytes, each containing OxEA.

The remaining two bytes of the header are reserved for ftmre use.
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Record types

The optiøns data record (type 1, length 10)
The options data record contains the following items:

UWORD cpos the saved cursor position

UBYTE sythots specifies the visibility of screen symbols, as indicated below

UBYTE backup/statzoom on the MC, a non-zero value indicates that backup files are to be maintained

on the Series 3a this byte stores the current status window and zoom states: the
top four bits indicate the current zoom state (0x22 by default) and the lowest
four bits indicate the status window size: 0, 1 or 2 for off, small or big
respectively

this byte is not used on the Series 3

UBYTE styte TRUE to show style bar at the left of the text

for the OPL program editor, a TRUE value sets the use of a bold typeface

UBYTE mono TRUE to load text by line, else by paragraph

for the OPL program editor, a TRUE value sets the use of a monospaced
typeface

UBYTE out tevet lowest outline level to display

not used for the OPL program editor

UBYTE sparel reserved for future use, but may contain the OPL program editor data as
follows:

used by the OPL program editor, where a TRUE value specifies the use of auto
indentation. Set to TRUE by default

UWORD spare2 reserved for future use, but may contain the OPL program editor data as
follows:

used by the OPL program editor, to specify the column spacing for tabs. Set to
2 by default

Displayed screen symbols are determined by any combination of the following bit fields in syrnbo t s:

OxOl show tabs C0x02 show spaces
0x04 show paragraph end markers
0x08 show hyphens
Oxi 0 show forced line breaks

Prnter-relafed data record (type Z length 58)
This record contains information required to format the document for the printer and to control the
printing process. ft includes, amongst other items, descriptions of the page size and margins, the page
numbering style, header and footer position and alignment.

This record consists of a structure that is used to control the display and WDR printing of formatted text
in all applications that require such services. It therefore contains some fields that are not relevant to the
word processor.

The following description is in terms of the P_EXTENT, SCRCAY_FONT and PAGES HEADER structs, defined as:

typedef struct
C
WORD x;
WORD y;

) P_POINT;
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typedef struct

{
P_POINT tt;

WORD width;
WORD height;

) P_EXTENT;

typedef struct

(
UWORD flU; /* typeface nLznber */ (1)
UWORD style; /* font style *1 (2)
UWORD height; /* height of font in twips *1
) SCRLAY_FONT;

typedef struct

{
SCRLAY_FONT f; /* font data */

UBYTE aLign; /* header alignment */ (3)
UBYTE first_page; /* TRUE to emit on first page *1

) PAGES_HEADER;

In these terms, the content of the printer-related record is:

PAGE DATA

WORD width page width
WORD height page height
P_EXTENT body body print region, with respect to top left of page (4)
WORD hdtop page header position (5)
WORD hdbot page footer position (6)
WORD pdrf tags 0 for portrait, 1 for landscape
WORD dod tags can be 3 or 0, depending on whether the document has or has not been printed
UWORD pgbeg page number to start printing (first page is 1)
UWORD pgend last page number to print (7)

RUNNING PAGE HEADERS

PAGES_HEADER top page header
PAGES_HEADER bot page footer

PAGE NUMBERING

WORD offset page numbering offset
WORD last page count, for %m (always reset by pagination)
WORD style page number style (8)

MISCELLANEOUS

SCRLAY_FONT f base font for body print region (9)
UBYTE size_choice paper size index (10)
UBYTE wo_control TRUE to disable widow and orphan control
UWORD spacel reserved for future use
UWORD spare2 reserved for future use
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Notes

(1) Typeface numbers are defined in the following list:

0 COURIER 22 OPTIONAL_SB 44 RUSSIAN
1 PICA 23 OPTIONAL_SC 45 OPTIONAL_B
2 ELITE 24 TIMES_ROMAN 46 OPTIONAL_C
3 PRESTIGE 25 CENTURY 47 OPTIONAL_D
4 LETTER_GOTHIC 26 PALATINO 48 NARRATOR
5 GOTHIC 27 SOUVENIR 49 EMPHASIS
6 CUBIC 28 GARAMOND 50 ZAPF_CHANCERY
7 LINEPRINTER 29 CALEDONIA 51 OPTIONAL_DA
8 HELVETICA 30 BODONI 52 OLD_ENGLISH
9 AVANT_GARDE 31 UNIVERSITY 53 OPTIONAL_DB
10 SPARTAN 32 SCRIPT 54 OPTIONAL_DC
11 METRO 33 SCRIPT_PS 55 COOPER_BLACK

12 PRESENTATION 34 OPTIONAL_SCA 56 SYMBOL
13 APL 35 OPTIONAL_SCB 57 LINE_DRAW
14 OCR_A 36 COMMERCIAL_SCRIPT 58 MATH_7
15 OCR_B 37 PARK_AVENUE 59 MATH_8
16 STANDARD_ROMAN 38 CORONET 60 DINGBATS
17 EMPEROR 39 OPTIONAL_SCC 61 EAN
18 MADELEINE 40 GREEK 62 PC LINE
19 ZAPF_HUMANIST 41 KANA 63 OPTIONAL_SYA
20 CLASSIC 42 HEBREW
21 OPTIONALSA 43 OPTIONAL_A

A typeface that is not supported by the current printer will be mapped to a supported typeface. See the
later Printer driverfont mapping section.

In addition, a typeface number of -1, indicating an inherited font, is allowed in all emphases and in all
paragraph styles except Body text. An emphasis inherits its font from the surrounding paragraph; a
paragraph style inherits its font from the Body text style.

(2) The font style may be zero, or any sensible combination of the following attributes:

OxOl underline
OxO2 bold
0x04 italic
0x08 superscript
OxlO subscript

Styles or style combinations that are not supported by the current printer are ignored.

The value 0x4000 is used internally by the word processor and may or may not be set in the font style data
in the document. If set, it can safely be ignored. —— -

(3) The running page header alignment may be any one of:

0 left aligned
1 right aligned
2 centred
4 2-column
5 3-column

(4) In terms of the body struct and the page width and height, the page margins are:

left body.tt.x
top body.tt.y
right width-body.tt.x-body.width
bottom height-bodytt .y-body.height

(5) The page header position measures the vertical distance between the bottom of the header text and the
top edge of the page body print region.

(6) The page footer position measures the vertical distance between the bottom of the footer text and the
bottom edge of the page body print region.

(7) To print all pages, the last page number should be set to Oxffff.
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(8) The page number style is one of:

0 Arabic
1 Roman, upper case
2 Roman, lower case.

(9) The body area base font data is not used by word processor documents. It should always specify the
default font, with font number 0 (Courier) a style of 0 (normal) and a size of 240 (12 points).

(10) The page size choice should correspond with the earlier page width and height. The following
(English) page sizes are recognised:

Choice Page type Width Height
0 A4 11906 16838
1 Custom -

2 Executive 10440 15120
3 Legal 12240 20160
4 Letter 12240 15840
5 Monarch 5580 10800
6 DL 6236 12472

Note that items 2 to 6 may be different in non-English versions of the software.

Printer model data record (type 3, variable lenyth
The record consists of a zero terminated string, containing the full path name of the current printer driver
file, preceded by a one byte index to the printer model within the file.

The default value is:

0
T1ROM: :\BJ.WDR”

Page header record ttype 4 variable length)
The record contains the page header text as a zero terminated string. The string may not exceed 80 bytes.

Page footer record (type 5 variable length)
The record contains the page footer text as a zero terminated string. The string may not exceed 80 bytes.

Style data record {type 6, length BC)) .
... .

The file may contain up to 64 such records, each of which defmes a single style.

The following description is in terms of the SCRLAY_FONT struct (described above) and the SCRCAY_MRRGINS,
SCRLAY SPACING and SCRLAY_TABST0P stmcts, defined as:

typedef struct
{
UWORD Left; /* Left margin */ (1)
UWORD right; /* right macgin */
UWORD indent; /* left margin for first tine of a paragraph */

UWORD atign; /* alignment */ (2)
3 SCRLAY MARGINS;

typedef struct

C
UWORD line; /* space between lines in a paragraph */

UWORD above; /* space above paragraph */

UWORD below; /* space beLow paragraph */

UWORD flags; /* keep together/next and new page *1 (3)
3 SCRLAY SPACING;

typedef struct

C
UWORD x; /* tab position I

UWORD type; /* tab type */ (4)
3 SCRLAYTABSTCP;
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In these terms, the content of the style data record is:

TEXT sc [2) two-letter short code (5)
TEXT tag[16) style tag name (6)
UWORD sf lags style control flags (7)
SCRLAY_FONT f paragraph base font (8)
UWORD inherit inherited attributes (9)
SCRLAY_MARGINS marg margrn positions
SCRLAYSPAC I NG spc paragraph vertical spacing
UWORD o Level outliner level
UWORD ntabs number of tabstops in following table
SCRLAY_TABSTOP tab[8) up to 8 tabstops, in ascending position order

Notes

(1) Paragraph margins are relative to the page margins (the left and right edges of the body print region).

(2) The paragraph alignment may be one of:

o left aligned
right aligned

2 centred
3 justified

(3) The spacing flags may be any combination of:

OxO 1 keep on same page as following paragraph
0x02 keep whole paragraph on one page
0x04 paragraph starts a new page

(4) The tab type may be any one of the following:

o left tab
1 right tab
2 centred tab

(5) The short code must contain two alphabetic characters and must be unique (it must not be duplicated
in either a style or an emphasis). If no meaningful short code can be assigned, it is recommended that
unique short codes be generated in the sequence ZA,ZB,. ..,ZZ,YA,...,YZ,XA,...

(6) Although not currently enforced by the software, the text of the tag name should be unique (it should
not be duplicated in either a style or an emphasis). If no meaningful tag name can be assigned, it is
recomended that the tag name should duplicate the short code.

(7) The style control flags may contain any combination of:

0x02 undeletable
0x04 default

There must be one default style and at least one undeletable style in every document (in all Psion
documents they are the same - style BT). It does not m2ke sense for the default style to be deletable.

The value 0x8000 is used internally by the word processor and may or may not be set in the style control
flags data in the document. If set, it can safely be ignored.

(8) In addition to the typeface numbers listed earlier, a typeface number of -l is used to signify that the
typeface and font size are to be inherited from the default style. In such a case the font size is
conventionally set to zero.

(9) The inherited attributes field may contain any combination of:

0x01 underline
0x02 bold
0x04 italic

for each bit that is set, the corresponding bit in the style field of the SCRLAY_FONT stnict must be clear.

Inherited attributes are taken from the default style.

EIIIJ:)II:a:sis(:Ia’t:aIe

The file may contain up to 16 such records, each of which defines a single emphasis.
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The following description is in terms of the SCRLAY_FONT struct (described above). In these terms, the
content of the emphasis data record is:

TEXT sc [2] two-letter short code (1)
TEXT tag[16) emphasis tag name (2)
UWORD sf tags emphasis control flags (3)
SCRLAY_FONT f emphasis font (4)
UWORD inherit inherited attributes (5)

Notes

(1) The short code must contain two alphabetic characters and must be unique (it must not be duplicated
in either a style or an emphasis). If no meaningful short code can be assigned, it is recommended that
unique short codes be generated in the sequence ZA,ZB,. . . ,ZZ,YA YZ,XA,

(2) Although not currently enforced by the software, the text of the tag name should be unique (it should
not be duplicated in either a style or an emphasis). If no meaningful tag name can be assigned, it is
recomended that the tag name should duplicate the short code.

(3) The emphasis control flags must contain the value OxOl, together with any combination of:

0x02 undeletable
0x04 default

There must be one default emphasis and at least one undeletable emphasis in every document (in all Psion
documents they are the same - emphasis NN). It does not make sense for the default emphasis to be
deletable.

(4) In addition to the typeface numbers listed earlier, a typeface number of -us used to signify that the
typeface and font size are to be inherited from the enclosing paragraph style (which may itself inherit
from the default style). In such a case the font size is conventionally set to zero.

(5) The inherited attributes field may contain any sensible combination of:

OxOl underline
0x02 bold
0x04 italic
0x08 superscript
OxlO subscript

for each bit that is set, the corresponding bit in the style field of the SCRLAY FONT struct must be clear.

Inherited attributes are taken from the enclosing paragraph style (which may itself inherit from the
default style).

Document text record (type 8, variable eñgth)
This record contains the entire text of the document. Each paragraph, except for the final one, is
terminated by a zero.

The content conforms with the IBM Code Page $50 symbol set, together with the following additional
symbols:

Symbol ASCII Meaning
END_PARAGRAPH OxOO paragraph terminator
HARD_HYPHEN OxOZ unbreakable hyphen, not a word delimiter
TAB 0x09 tab character
LINE_FEED OxOa forced line break
SOFT_HYPHEN OxOe optional, or potential, hyphen
HARD_SPACE OxOf unbreakable space, not a word delimiter

Dument index recerd (type 9, variable length)
This record contains a number of six byte entries which are used to apply style and emphasis to the
document text. Each entry consists of:

• a length (word)

• the two character short code of a style
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• the two character short code of an emphasis

The entries conform to the following rules:

• the sum of their lengths is one more than the length of the document text record (i.e. the
document size, including the fmal paragraph terminator that is not contained in the document
text record).

• there is at least one index entry for each paragraph in the document

• the fmal index entry for each paragraph includes the zero that terminates the paragraph

• the short codes must correspond with styles and emphases contained in the earlier style data and
emphasis data records

It must be stressed that a single index entry may not apply to text that is contained in more than one
paragraph.

Template files
Word processor template files have exactly the same structure as normal word processor files. The only
differences are that they:

• have a .wrt extension, rather than .wrd;

• are stored in a wdr directory.

Template files for program editor aliases of the word processor contain only:

• a 40 byte header, as for other word processor files;

a a type 1 options data record;

• a type 8 document text record.

The meanings of some items in the options data record differ from those of a normal word processor file:

UWORD cpos the saved cursor position, as for normal word processor files

UBYTE symboLs the visibility of screen symbols, as for normal word processor files

UBYTE backup/statzoom backup state or status window and zoom settings, as for normal word
processor files

UBYTE styte TRUE to set the use of a bold typeface

UBYTE mono TRUE to set the use of a monospaced typeface

UBYTE out tevet always TRUE for program editor aliases, to enable the use of templates

UBYTE sparel TRUE to specify the use of auto indentation

UWORD spare2 the spacing, in column units, for tabs

Printer driver font mapping
The font ID associated with a particular emphasis or paragraph style is determined by a selection from
the fonts available from the current printer driver at the time the emphasis or style was created. When a
different printer driver is installed, the font IDs associated with emphases and styles do not change (so
that the exact appearance of the document will be restored when the original printer driver is reinstalled).

The actual font to use when printing the document is determined by mapping each fixed font ID to one of
the available fonts supplied by the current printer driver. A perfect match occurs when the font ID
matches the font number of one of the fonts supported by the printer driver. Otherwise, an attempt is
made to make a simple fixed mapping, by font characteristics, onto a basic set of COURIER (mono),
HELVETICA (proportional, sans serif) or TIMES_ROMAN (proportional, serif).
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If the current printer driver does not contain fonts with font numbers HELVETICA or TIMES ROMAN,
thease are also mapped to COURIER (font number zero). This is assumed always to be set for the
printer s default font - usually a 10 or 12 point font - whatever it is called.
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CHAPTER 7

SERIES 313A AND MC SPREADSHEET FILE FORMAT

This document describes the structure of the .spr flies that are used by the MC, Series 3 and Series 3a
spreadsheets. The description is to a level that allows other software to read and write non-password-
protected spreadsheet files.

File header
The spreadsheet starts with the following header:

TEXT fidEl6]=”SPREADSHEET” packed with trailing zeros

UWORD vers=O

UWORD of fset=O

UWORD rtvers=O

This header must be supplied exactly as described, otherwise all current versions of the Spreadsheet will
refuse to load the file. The only exception is that a password-protected Series 3a spreadsheet file has a
file type identifier string (in f i do) of “SPREADSHEETB”. This prevents it from being recognised on Series 3
and MC machines, where password protection of spreadsheet files is not supported.

Records
The remainder of the file consists of type/length records, each of which has the following structure:

UWORD type the record type
UWORD len the record length
record body [en bytes of data

The structure of the data in the record body is dependent on the record type. Currently the following
types are defined:

1 Formula
2 Cell contents
3 Column width
4 Default column width
5 Status information
6 Display information
7 Named range
8 Print range
9 Database/criteria ranges
10 Table
11 Print setup (MC)
12 Font (MC)
13 Graph ($3)
14 Current graph index (S3)
15 Font palette ($3)
16 Print data (S3)
17 Printer model (S3)
18 Header text ($3)
19 Footer text (S3)
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20 Display extras (53)
21 3a Display extras (S3a)
22 Password (S3a)

As indicated in the above table, some of the above types are specific to the MC version and some to the
Series 3/3a.

In general records can appear in any order, but there are currently three exceptions:

• All formula (type 1) records must appear before the cell (type 2) records that access them, and
the order in which the formula records appear must be preserved.

The 3a Display extras (type 21) record, when present, should immediately precede the Display
information (type 6) record. Otherwise the 3a Display extras record will be ignored.

• The Display extras (type 20) record, when present, should immediately precede the 3a Display
extras (type 21) record, if one exists. In the absence of a 3a Display extras record, the Display
extras record should immediately precede the Display information (type 6) record. Otherwise the
Display extras record will be ignored.

Some record types may appear many times, and not all record types need be present. Some record types
are expected to appear only once in the file. If more than one of each record of such a type is present, the
last record will be read and earlier records of the same type will be ignored. The number of times that a
particular type of record is expected to occur is indicated in the following descriptions of the record
types.

Range references

Within any record, a range reference specifies the top left and bottom right cells of the range in column
and row units. These references are inclusive so that, for example, the range reference ((0,0), (1 , 2))
describes the range A1:B3.

A Spreadsheet file may contain any number of Formula records.

Each formula is stored separately from the cell or cells that use it. This allows memory savings to be
made by storing only one copy of a commonly used formula.

The order in which the formula records appear is significant. This determines the index, counting from
zero, used to reference a formula from a cell record.

The body of a Formula record is structured as follows:

UWORD use usage count
UBYTE ten formula length (253 bytes maximum)
UBYTE formEten) the formula

The formula is stored in reverse Polish notation (RPN). Each operand is preceded by a byte that
identifies its type. Each function or operator is identified by a single byte that follows the operands upon
which it acts.

Brackets are stored in the formula exactly as they were entered, but are ignored when a formula is
evaluated. They are retained only so that the formula can be reproduced and displayed in exactly the
same form as it was typed in.

The RPN structure is broken for the set of functions that act upon argument lists of variable length
(AVG, COUNT, MAX, MIN, STD, SUM and VAR). For these functions a Start token precedes the
argument list and an End token follows it. In addition, each operand within the list is preceded by a
special token.

The tokens used in formulae are as follows:

Operators

OxOl Less than
0x02 Less than or equal
0x03 Greater than
0x04 Greater than or equal
0x05 Not equal
0x06 Equal
0x07 Add

$2



7 SERIES 3/3A AND MC SPREADSHEET FILE FORMAT

0x08 Subtract
0x09 Multiply
OxOa Divide
OxOb Power
OxOc Unary plus
OxOd Unary minus
OxOe Logical NOT
OxOf Logical AND
OxlO Logical OR
Oxi 1 String concatenate

Delimiters

0x12 Open bracket
0x13 Close bracket
0x14 Comma
0x15 End of formula

Operands

0x16 Double constant (IEEE floating point number)
0x17 Integer constant (WORD)
0x18 Text string (leading-byte-counted string)
0x19 Cell reference (WORD col, WORD row)
Oxia Range reference (WORD tlCol, WORD tlRow, WORD brCol, WORD brRow)

Colunm and/or row references can be either absolute or relative. If the top bit of the WORD is set, the
reference is relative, otherwise the reference is absolute. Relative references are treated as a signed offset
(ignoring the top bit) from the cell that uses the formula. Note that cell Al is 0,0.

Functions

In the following list, ‘x’ refers to a numeric argument, ‘str’ a string and ‘range’ a range reference.

Oxib Err
Oxic False
Oxid Na
Oxie Pi
Oxif Rand
0x20 Now
0x21 True
0x22 Abs(x)
0x23 Acos(x)
0x24 Asin(x)
0x25 At(str)
0x26 Atan(x)
0x27 Cellpointer(x)
0x28 Char(x)
0x29 Code(str)
Ox2a Cols(range)
Ox2b Cos(x)
Ox2c Datevalue(str)
Ox2d Day(x)
Ox2e Exp(x)
Ox2f Hour(x)
0x30 Int(x)
0x3 1 Iserr(range)
0x32 Isna(range)
0x33 Isnum(range)
0x34 Isstr(range)
0x35 Len(str)
0x36 Ln(x)
0x37 Log(x)
0x3$ Lower(str)
0x39 Minute(x)
Ox3a Month(x)
Ox3b N(range)
Ox3c Proper(str)
Ox3d Rows(range)
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Ox3e S(range)
Ox3f Second(x)
0x40 Sm(x)
0x41 Sqrt(x)
0x42 Tan(x)
0x43 Timevalue(str)
0x44 Tñm(str)
0x45 Upper(str)
0x46 Value(str)
0x47 Year(x)
0x48 Atan2(x,x)
0x49 Cell(x,range)
Ox4a Exact(str,str)
Ox4b Irr(x,x)
Ox4c Left(str,x)
Ox4d Mod(x,x)
Ox4e Npv(x,x)
Ox4f Not used
0x50 Repeat(str,x)
051 Right(str,x)
0x52 Round(x,x)
0x53 String(x,x)
0x54 Cterm(x,x)
0x55 Date(x,x)
0x56 Davg(range,x,range)
0x57 Dcount(range,x,range)
0x58 Dmax(range,x,range)
0x59 Dmin(range,x,range)
Ox5a Dstd(range,x,range)
OxSb Dsum(range,x,range)
Ox5c Dvar(range,x,range)
Ox5d Find(str,str,x)
OxSe Fv(x,x,x)
Ox5f Hlookup(x,range,x)
0x60 If(x,x,x)
0x6 1 Index(range,x,x)
0x62 Mid(str,x,x)
0x63 Pmt(x,x,x)
0x64 Pv(x,x,x)
0x65 Rate(x,x,x)
0x66 Sin(x)
0x67 Tenn(x,x,x)
0x68 Time(x,x,x)

______________

0x69 VLookup(range,x,x)
Ox6a Ddb(x,x,x,x)
Ox6b Replace(str,x,x,str)
Ox6c Syd(x,x,x,x)
Ox6d End of avgO
Ox6e End of chooseO
Ox6f End of count()
0x70 End of max()
0x7 1 End of min()
0x72 End of stdO
0x73 End of sumQ
0x74 End of var()
0x75 Start of avgQ
0x76 Start of chooseO
0x77 Start of countO
0x78 Start of max()
0x79 Start of mint)
Ox7a Start of stdO
Ox7b Start of sumO
Ox7c Start of varO
Ox7d Range in avgO
Ox7e Range in chooseO
Ox7f Range in countO
0x80 Range in max()
0x81 Range in min()
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0x82 Range in stdO
0x83 Range in sum()
0x84 Range in var()
0x85 Cell in avgO
0x86 Cell in chooseO
0x87 Cell in count()
0x88 Cell in max()
0x89 Cell in min()
Ox8a Cell in stdO
Ox8b Cell in sum()
Ox8c Cell in var()

A record of this type describes a single spreadsheet cell. There may be any number of these records in the
ifie.

The body of a Cell record is structured as follows:

UWORD cotumn Cell co-ordinates (cell Al is 0,0)
UWORD row
UBYTE ftags See below
UBYTE format See below
celL contents

Flags

The f tags byte contains information about the display alignment of the cell and the cell type.

x used by the natural order sort and should be left as is
.x. - . . -. changed flag, TRUE if (and only if) the cell has changed since the last recaic

-x numeric alignment, 1 left aligned, 0 right aligned
...xx.-. text alignment, 00 repeated, 01 left, 10 right, 11 centered

xxx cell type, defines the format of the contents data as follows:

000 (0) Blank - contains only the format data shown above and has no contents
data

001 (1) Double - contains a floating point constant as a DOUBLE value

ow (2) Text - contains leading-byte-counted text

011 (3) Integer - contains an integer (WORD) constant

101(5) Double formula - contains a formula that evaluates to a numeric result.
The contents data is a WORD containing the formula reference, immediately
followed by a DOUBLE that contains the current resultant value for the cell

110 (6) Text formula - The cell contains a formula that evaluates to a text
result. The contents data is a WORD containing the formula reference,
immediately followed by the leading-byte counted text that represents the
current resultant value for the cell.

Each formula reference is an index, counting from zero, determined by the order in which the formula
records appear in the file.
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Format

The format byte records whether or not the cell is currently protected and the way in which numeric
values should be displayed.

x....... Set if the cell is currently protected
-xxxxxxx Gives the numeric display format as follows:

=oooxxxx Fixed (xxxx decimal places)
•ooixxxx Scientific (xxxx decimal places)
.01 OXXXX Currency (xxxx decimal places)
.olixxxx Percentage (xxxx decimal places)
.1 OOXXXX Comma (xxxx decimal places)
.lll0000Bargraph
.1110001 General
=1110010 Date (Lotus DD-MM-YY)
.1110101 Show formulae
.1110110 Hidden
.1110111 Time (Lotus HH:MM:SS)
.1111111 Default

For the MC Spreadsheet this is the full extent of the cell record. In files generated on the Series 3/3a
there is an extra trailing byte, following the cell details described above. This extra byte contains a font
style number, in the range 0-3 inclusive, allowing selection of one of the four fonts that are defmed by a
font palette (type 15) record. The presence or absence of this additional byte can be deduced by
calculating the length of the other data in the record and subtracting this value from from the length of
the record.

CoIurnnwi
A record of this type is present for each column that is not of the default width. The record body is as
follows:

UBYTE cotunn the column number (0 for column A)
UBYTE width the width of the column (in characters)

A Spreadsheet file contains only one record of this type. The record body is as follows:

UWORD width width (in characters)

This record specifies the width of all columns for which there is no specific Column width (type 3)
record.

A Spreadsheet file contains only one record of this type. It stores assorted information that relates to the
spreadsheet as a whole. The body of a Status information record is structured as follows:

UWORD f tags see below
UBYTE defForn the default numeric display format
UBYTE defA t I gn the default text and numeric alignments

The numeric display format is one of the values described earlier for a Cell (type 2) record. It is the
display format used for all cells whose Cell record specifies the default numeric display format. Clearly,
def Form may not itself be set to the default value.

The value of defAlign contains the default text and numeric alignments, as described earlier for a Cell
(type 2) record. Each newly created cell is set to use the alignments specified by defAlign.

Flags

The four least significant bits of flags are used for the following purposes:

x setifautorecalcison
x • set is protection override is on

x. • set if cells have been deleted since last recalc
set if Table recalc is on

C

C
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Only one Display information record is expected to appear in the file. The body of a record of this type
contains the current state of the display for the spreadsheet. It is structured as follows:

UWORD titteTtCol range for the titles
UWORD titteTtRow

UWORD titteBrCol

UWORD titteBrRow

UWORD topCot

UWORD topRow

UWORD setTiCot select range
UWORD selTiRow

UWORD selBrCot

UWORD setBcCot

UWORD cucsorcol position of cursor
UWORD cursorRou

UBYTE Lines TRUE if grid lines are to be displayed
UBYTE hideZeros TRUE if zero values are hidden

Each Named range record specifies a range or cell to be associated with a name. There may be any
number of such records in a file. The body of the record is structured as follows:

TEXT name[16] zero terminated text string
UWORD the range associated with name

range_Left_coLumn

UWORD range_top_row

U WORD

range_right_co lcsm reference type
UWORD range_bottom_row

UWORD type

The value of type is 25 (OxW) for a cell reference and 26 (Oxi a) for a range reference. These values are
chosen to match the reference tokens used in formulae.

A record of this type specifies a range to be offered for selective printing. There may be any number of

these records in the file. The body of a Print range record is structured as follows:

UWORD the range
cange_teft_coIi.mn

UWORD range_top_cow

UWORD

range_ri ght_cotunn

UWORD range_bottom_row

Dartab
A record of this type specifies the criterion and database ranges to be used by the database commands. A
Spreadsheet file is expected to contain zero or one Database/criterion records. The body of the record is
structured as follows:

UWORD cc it_Left_cot criterion range
UWORD crit_top_row

UWORD crit_right_cot

UWORD cci t_bottom_cow

UWORD dbase_left_cot database range
UWORD dbase_top_row

UWORD dbase_right_cot

UWORD dbase_bottom_row

A Spreadsheet file is expexted to contain zero or one Table information records. The body of the record
is structured as follows:
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UWORD range_Left_cot table range
UWORD range_top_row

UWORD range_right_cot

UWORD range_bottom_row

UWORD inputi_cot input cell 1
UWORD inputi_row

UWORD input2_cot input cell 2
UWORD input2_row

for table 2 both input cells are valid. For table 1 input2_col must be set to Oxffff (65535).

Pflflt::SetLp{tye1

The Print setup record only appears in an MC Spreadsheet file, and only only one such record is expected
to appear in the file. The body of the record is structured as follows:

UWORD type

Allowed values for type are:

• x if TRUE show values, else show formulae
....-••x- if TRUE, show hidden cells

x.. if TRUE, show column seperators
x..- if TRUE, show headers

Fontttvre1%Ienii
The font record only appears in an MC Spreadsheet file, and only only one such record is expected to
appear in the file. The body of the record is structured as follows:

UWORD type

TEXT name[16) font name

The value of type specifies the associated style, as indicated below:

X bold
double height

C
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GhftVl3
A Graph record only appears in a Series 313a Spreadsheet ifie, and there may be any number of records
of this type in the file. Each record defines a displayable graph. The body of the record is structured as
follows:

TEXT name [16) zero terminated name for the graph
UWORD A_range t4) a data range left col, top_row, right col, bottom row
UWORD B_range t4]
UWORD C_range [4]
UWORD D_range [4]

UWORD E_range[4]
UWORD F_range[4]

UWORD X_ranget4]
UWORD A_tabels [4] range containing labels for data set A
UWORD B_Labels [4]
UWORD C_tabels[4]
UWORD D_tabetst4]
UWORD E_tabets[4]
UWORD F_Labets[4]

UBYTE fmts[6]
UBYTE atigns[6]
UBYTE xAxisScaling
UBYTE xAxisFormat

DOUBLE xAxisLowerLimit

DOUBLE xAxisUpperLimit
UBYTE yAxisScating

UBYTE yAxisFormat

DOUBLE yAxiscowerLimit
DOUBLE yAxisUpperLimit

UBYTE graphType
UBYTE gridFtags

UBYTE cotour

UBYTE rangeF tags

UBYTE labetFtags

UBYTE otherFtags

WORD skip

ten strings

There are ten zero terminated strings packed consecutively, following skip. These strings are, in order:

First line of title - max length 40
Second line of title - max len 40
Title for x axis - max len 40
Title for y axis - max len 40
Legend for A range - max len 20

Legend for F range - max len 20

A record of this type only appears in a Series 3/3a Spreadsheet file, and only one Current graph index
record is expected to appear in the ifie. The body of the record is structured as follows:

UWORD curGraph

It contains the index of the graph that is currently selected, as set by the ‘Use graph menu item. Graphs
are indexed in the order that the corresponding Graph (type 13) records appear in the file, with an index
of 0 referring to the first graph.
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F0h1tPzdetteftYPe15Iflth124}
A record of this type only appears in a Series 3/3a Spreadsheet file, and only one Font palette record is
expected to appear in the file. The body of the record is structured as follows:

SCRLAY_FONT font 1
SCRLAY_FONT font2

SCRLAY_FONT font3

SCRLAY_FONT font4

Each SCRLAY_FONT structure determines one of the four selectable fonts and their corresponding styles
(bold, italic etc.). The SCRLAY FONT struct is defmed in scrtay.g as:

typedef struct
{
UWORD fid; window server font Id
UWORD style; font styte Ceg botd)
UWORD height; height of printer font in decipoints

) SCRLAY_FONT;

A Print data record only appears in a Series 3/3a Spreadsheet file, and only one record of this type is
expected to appear in the file.

This record contains a PR I NTER_PARAMS stnhct that supplies information required to format the document
for the printer. It includes, amongst other items, descriptions of the page size and margins, the page
numbering style, header and footer position and alignment.

The detailed description of this record is outside the scope of this document. for some further details of
this record, and of the other printer-related records (types 17, 18 and 19), see Saving and restoring print
context from file in the Printing chapter of the Object Oriented Programming Guide.

S
A Printer model record only appears in a Series 3!3a Spreadsheet file, and only one record of this type is
expected to appear in the file. The body of the record is structured as follows:

UBYTE model Index
TEXT ztsDcivec

The data consists of a zero terminated string, containing the full path name of the current printer driver
file, preceded by a one byte index to the printer model within the file. The default value is:

0
UROM: :B].WOR”

This record type only appears in a Series 3/3a Spreadsheet file, and only one Header text record is
expected to appear in the file. The body of the record is structured as follows:

TEXT zts

The zero terminated string contains the text used for the page header when printing.

Footer te*t (type
This record type only appears in a Series 313a Spreadsheet file, and only one footer text record is
expected to appear in the file. The body of the record is structured as follows:

TEXT zts

The zero terminated string contains the text used for the page footer when printing.

C
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A Display extras record only appears in a Series 313a Spreadsheet file. A record of this type is ignored
unless it immediately precedes either the 3a Display extras (type 21) record, if it exists, or the Display
information (type 6) record. The body of the record is structured as follows:

UWORD flags

Only two bits of flags are used:

set if grid labels are shown
set if small font is used (this is over-ridden if a 3a Display extras (type 21)
record is present.

3a. I...:.:
.

... ..

... ..........
.:

A 3a Display extras record only appears in a Series 3a Spreadsheet file. A record of this type is ignored
unless it immediately precedes the Display information (type 6) record. The body of the record is
structured as follows:

UBYTE font font used
UBYTE statwin status window
WORD spare for future expansion

Font

This takes one of the values:

255 smallest font available
8 Swiss 8 pixel font
9 Swiss 11 pixel font
10 Swiss 13 pixel font
11 Swiss 16 pixel font

Statwin

This takes one of the values:

0 No status window
1 Small status window
2 Large status window

This record is present only if the spreadsheet is password-protected. Its content is used as part of the
spreadsheet encryption/decryption process.

91



C



CHAPTER 8

WRITING DEVICE DRIVERS

Introduction
This chapter is aimed at the programmer who wishes to write an installable device driver and anyone who
wishes to improve their general device driver background. The details of communicating with device
drivers can be found in the I/O System chapter of the PUB Reference manual. Details of the resident
device drivers can be found in the appropriate chapters of the I/O Devices manual and the PLIB Reference
manual. The Borland Turbo assembler was used throughout. See also the following Example Device
Drivers chapter.

Psion SIBO machines are supplied with a set of resident device drivers built in to the ROM each of which
can be replaced with an installable device driver having the same name. Installable device drivers can
also be added to increase the number of available device drivers. Installing a device driver is carried out
dynamically without resetting the machine (this is not the case with many operating systems).

The device driver performs the logical processing required to translate low level hardware instructions
into high level services suitable for an application. Conventionally, device drivers are divided into a
logical layer riding astride a physical layer. The physical device driver (PDD) contains the code required
for talking directly with the hardware device and provides a set of low level hardware specific services.
The logical device driver (LDD) performs the logical processing that transforms these low level services
into the high level services used by an application.

The following example illustrates the two layer nature of device drivers. An application using the serial
driver decides that it requires RTS/CTS handshaking. It calls an LDD which decides whether or not a
line should be driven. If the answer is yes the LDD calls the appropriate PDD and asks for a specific line
to be driven to a specific state. The PDD duly carries out the requested service.

C In the above example the LDD could have talked directly with the hardware. However Psion SIBO
machines will often use the same LDD with a PDD written specifically for each version of the hardware
device. Splitting the device driver is thus highly desirable.

An LDD must provide eight functions for use by the operating system. The functions are passed to the
operating system via a table of function offsets (sometimes called the vector function table). These
functions are mandatory. Similarly a PDD must provide two functions for use by the operating system
and may provide a further two if required.

An LDD will usually provide further services/functions for use by an application. The form that these
take is dependent on the LDD requirements and the functions supplied by the associated PDD(s). It is
advisable to adopt the predefined system defines for these services as this allows the LDD to receive I/O
requests via the usual route (p_read, p_write etc).

A PDD will usually define further services specifically for use by LDDs or (less frequently)
applications.’

The operating system will send device drivers system events not sent to other applications. Examples are
events generated by the machine being switched on or off, memory segments being moved about and the
owning application being panicked.

Any device driver configuration that has associated hardware interrupts must contain at least an LDD.

The EPOC operating system can handle a maximum of 32 device drivers on a Series3 machine and 48 on
other machines.
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The location of device drivers

Resident device drivers are built into the operating system, with the code residing in the ROM.

Installable device drivers are loaded into a device memory segment from the file in which they exist. The
device memory segments are created, owned and managed by the SY$$FSRV process.

Under no circumstances should any application or device driver attempt to create, delete or change the
size of a device memory segment.

Device Driver Names

Device drivers are known to the EPOC operating system by their names.

A logical device driver name always has three characters followed by a colon. For example:

• TTY: is the serial LDD

• TIM: is the timer LDD

• SND: is the sound LDD

A physical device driver name always has three characters followed by a period, a further three
characters and a colon. for example:

• TTY.UAR: is the 16450 UART driver

• TTY.AS5: is the ASIC5 driver

The first three characters of a PDD name are the name of the LDD to which the PDD belongs. The
second set of three characters uniquely identify the PDD. In the above examples both PDDs belong to the
TTY: LDD.

The name of the device driver is the mechanism by which an application can obtain a ‘channel’ to the
device driver.

Device Driver Channels

To obtain a channel to an LDD, an application should call the loopen operating system service. A channel
can be opened by calling the PLIB library function p_open. For example:

• p_open(&chan,”SND:”,-l)

• p_open(&chan,”TIM:”,-J)

To obtain a channel to a PDD, an application should call the DevOpenPDD operating system service.
Typically only LDDs open PDDs. The p_open library function can be used to open a PDD indirectly as
described below.

For a device driver configuration consisting of an LDD and a PDD the application will usually open a
channel to the LDD only: the LDD as part of its initialisation would open a channel to the required
PDD. A channel can be opened by calling the PLIB library function p_open. For example:

• p_open(&chan,”TTY.UAR:”,-l)

• p_openC&chan,”TTY.AS5:”,-J)

If the LDD requires a PDD and none is specified, it is up to the LDD to either fail the open request or
hunt for a loaded PDD that it can use. The TTY: device hunts for an appropriate PDD.

A device driver may be capable of supporting more than one open channel at a time. In order to
distinguish the channels, a qualifier can be added to the open request as part of the device name. It is up
to the device driver to specify the format of the qualifier. By convention channels are allocated a single
character sequentially from the character ‘A’. For example, the parallel driver can support two open
channels, ‘A’ and ‘B’. The LDD requires one of these qualifiers in order to open a parallel driver
channel.

• p_openC&chan,”PAR:A”,-7)

• p_openC&chan,”PAR:B”,-l)

LDDs have been designed to be accessed via the I/O system. I/O requests on the opened channel will
reach the ‘strategy vector’ of the device driver.
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PDDs have been designed to be accessed by an LDD either via far calls or the DevVector operating system
function.

Searching for PDDs

In the case that an L])D requires a POD to provide some hardware specific functionality and the open
LDD request does not specify a POD, the LDD should search for a POD to use. In this case either there
is only one POD for that machine (but is different across machines) or the PODs are capable of
determining whether it can drive the specified channel.

For example the serial LDD requires a PDD. However there is currently only one serial PDD on each
machine (each machine has a different PDD though). By searching for the appropriate serial PDD, the
serial LDD can be the same on all machines.

On the other hand there are several filing system PDDs each of which is capable of reading an ID byte
from a SIBO pack. The PDD can then determine if it is the correct PDD for that hardware or not.

To search for a PDD, an LDD should use the DevFind service. For example the FSY: LDD would search
for all ESY .‘ PDDs. As each POD is found, it can be requested to open the appropriate channel by using
the DevOpenPDD operating system service.

Device Driver Hierarchies And Attached Drivers

LDDs are classified as either root or attached drivers.

Device drivers exist in a hierarchy the first of which is termed the root driver. The other drivers in the
hierarchy are termed attached drivers. In the language of object oriented programming, an attached driver
subclasses the root driver. In this document, the driver to which another driver is attached is referred to
as the underlying driver.

An attached device driver requires the underlying driver to provide a specified set of functions. How
these are implemented is of no concern to an attached driver. For example, the Xmodem device driver is
an attached driver which can, for example, attach to the serial driver which happens to be a root device
driver. The Xmodem driver requires the underlying driver to support the serial sense, serial set, read,
write and close functions. The power of attached drivers comes from the fact that the Xmodem driver
does not need to know anything about the physical transmission medium, and can run on either serial
port quite happily. In fact the Xmodem driver could run over any physical medium e.g. telephone,
parallel, radio, infra-red etc as long as the underlying driver supported the small set of functions
required.

Additional power comes from the fact that a driver does not have to be attached to the root driver
directly: other attached drivers may exist in the hierarchy. For example an Xmodem driver can be
attached to a modem driver that provides modem configuration and dialling functions. This can in turn be
attached to the resident serial driver.

Notice that the Xmodem driver neither knows nor cares about the driver hierarchy.

There is no limit to the number of drivers that exist in a device driver hierarchy.

When the operating system routes an I/O request to a device driver, it follows this hierarchy and calls the
strategy vector of the device driver at the top of the hierarchy. The device driver at the top of the
hierarchy is the last opened device driver on that I/O channel.

The routing mechanism is best explained by an example of an application that wishes to use the parallel
driver with a timeout facility. In its raw form, the parallel driver does not allow for timeouts. Although
the application could handle this, a neater solution (in terms of application code) is to use an attached
driver. The application opens the parallel driver in the normal way and then opens the attached driver
(written as pan of the application) passing the currently opened parallel device channel handle to the open
vector. The attached driver will open a timer channel for itself and use the I oFuncAttach I/O service on
the passed opened channel. This request will go to the parallel driver since it is the next down the
hierarchy. The parallel driver, not supporting this function, passes it on to the operating system (using
the I oRoot service) to perform the attach service. The parallel drivers open channel handle is returned by
the attached driver to the caller of the I oOpen service. From this point on alt I/O requests made on the
parallel drivers I/O channel handle will be directed to the strategy vector of the attached driver first
which can then process it and pass on any requests it feels necessary. For example, the IoFuncWrite

request would go to the attached drivers strategy vector. It would queue a timer for an appropriate length
of time and then pass on the loFuncUrite request to the parallel driver. If the timer expired before the
write completed, the attached driver would cancel the outstanding write request on the parallel driver and
inform the application that the timer expired.
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In the above example the same attached driver could in fact attach itself to any device driver that requires
a timeout on the IoFuncWcite request.

An attached driver is written in exactly the same way as any other driver. However, if the driver does not
support a requested function, the strategy vector of an attached driver calls the I oSuper operating system
service rather than the I oRoot system service.

Interrupts and Interrupt Service Routines
Device drivers that talk to hardware tend to have interrupt service routines associated with them,
especially if they are receiving data from an external source.

The EPOC operating system provides a framework within which an interrupt service routine can be
written relatively easily.

The SIBO architecture allows for eight independent hardware interrupt sources, some of which are pre
allocated to system components (see the ASIC 1 section of the Hardware Reference manual for details).

The operating system provides the GenSetRevector service to allow a device driver to install an interrupt
service routine for any of the eight hardware interrupt sources.

A device driver should use this system service and not poke directly into the 8086 interrupt vector table.
The address passed to the GenSetRevector service is not written into the interrupt vector table but to an
internal table.

When an interrupt occurs, the operating system builds the mandatory operating system call frame,
preserving all registers on route. The interrupt service routine is then called as a FAR routine. Since the
operating system preserves all registers the interrupt service routine is free to use any register.

To remove the interrupt service routine address, the operating system service GenResetRevector should be
used. This will reset the internal table entry to the default held in the ROM.

As with all interrupt service routines various rules apply:

I Interrupt service routines should execute as fast as possible. Operating system interrupt service
routines are tuned to last no longer than one millisecond.

• Typically, interrupt service routines do not enable interrupts unless the routine can handle
reentrancy.

• Interrupt service routines run in the context of whatever process is running at the time of the
interrupt. An interrupt service routine should not attempt to obtain admissibility to the process
that opened the channel but access the internal driver space only which in general is its own code
space.

• An interrupt service routine must not directly cause a reschedule as this would significantly
delay its completion. It must use the I oS I gnat ByP I dNoReSched system service in order to indicate
that an event has occurred to the owning process. The handler function of the device driver must
pick up the event and inform the owning process.

• An interrupt service routine should return with the carry flag clear if it requires a reschedule to
occur (it has called IoSignatByPidNoReSched) otherwise return with the carry flag set. This will
cause the operating system to reschedule if the internal state allows such an action otherwise the
reschedule request is effectively queued until such time that the operating system can reschedule.

Device Driver I/O Semaphore Waithandlers

An LDD may nominate one of its functions to be called by the operating system every time the I/O
semaphore of the process that opened the channel is signalled. The nominated function will only be called
if the application is waiting for an outstanding I/O request to complete. For well written applications this
is practically all the time.

By convention the vector table entry after the mandatory vectors contains the handler vector.

A handler routine is similar to an interrupt service routine in that it appears to run ‘from nowhere’.

Comparing handlers and interrupt services routines shows that:
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• A handler will always run in the context of the process that has opened a channel. An interrupt
service routine will rim in the context of whatever process happens to be running at the time of
the interrupt.

• A handler can access the data space of the process that opened the channel. The interrupt service
routine must not. An interrupt service routine should only access the data space in the driver
which is usually its own CS space.

• A handler can cause a reschedule. An interrupt service routine must not cause a reschedule. If it
did, the interrupt would not be fully serviced (the rest of the interrupt service routine would not
be executed until a reschedule back to the process running at the time of the interrupt, which
may not happen for a significant length of time). The interrupt service routine must only use the
IoSignalByPidNoResched to signal the channel owner.

The handler is the mechanism by which hardware interrupt events can be filtered through to the process
using the I/O channel.

Loadable Logical Device Driver Structure
A loadable LDD must obey the following rules:

• There must be a single code segment and no data segments.

• The code segment must stan with a LibEnt structure.

• There must be at least eight supported functions.

Single Code Segment

An LDD must be written to contain any internal variables within its own code segment. In general these
variables are only concerned with unit allocation and the hardware state.

Data space for a particular open channel can be allocated in the heap space of the process that opens the
device. This data space will however disappear if the process terminates. Therefore any variables
required for ‘freeing’ the hardware after a process terminates must exist in the code space of the device
driver.

The LibEnt Structure

A LibEnt structure has the following format:

• two byte signature

• eight byte name

• two byte vector count

• A vector table

The two byte signature should contain the ‘LDDSignature’ define.

The eight byte name contains the name of the device driver stored as a zero terminated string. Note that
the trailing colon is omitted.

The two byte vector count contains the number of vectors that follow immediately after the count. This
should be equal to at least eight.

For example:
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dw LDDSignature ; Its an COD
db ‘DVR’,O,O,O,O,O ; Name of the driver
dw (VectorEnd-Vector)/2 ; Number of vectors

Vector:
dw Dvrlnstatt ; Instalt vector
dw DvrRemove ; Remove vector
du DvrHotd ; Hotd vector
dw DvrResume ; Resume vector

dw DvrReset ; Reset Vector

dw DvrUnits ; Units Vector

dw DvrOpen ; Open Vector

dw DvrStrategy ; Strategy vector

VectorEnd:

The vector table contains the offsets within the device drivers code segment for the functions required by
the EPOC operating system. Throughout this document the terms vector and function are used
interchangeably. The vector table must have the entries in the order shown in the example.

Mandatory LDD Functions

All LDDs must support the following eight functions:

• DevFunclnstalt called on device installation.

• DevFuncRemove called on device removal.

• DevFuncHotd called to temporarily disable the driver.

• DevFuncResume called to enable the driver after it has been temporarily disabled.

• DevFuncReset called when an application terminates without closing the channel.

• DevFuncUnits called to query the number of supported units (i.e. channels).

• DevFuncOpen called to open a channel to an LDD.

• DevFuncStrategy called to access the device drivers functionality from the I/O system.

All of the routines pointed at by the function vector table will be called FAR by the operating system and
should consequently use a FAR return machine code instruction to return back to the operating system.

Since the FAR return address is to the operating system it does not matter if the operating system moves
memory whilst code in the LDD is being executed: the operating system cannot move its own code.

This function is called by the operating system when the device driver is loaded in order to initialise any Cinternal variables. It can not be called directly by an application process.

The Devi nsta ti operating system service will cause this function to be called. Applications should not call
this service directly and should call instead the DevLoaULDD service.

An installable device driver may have the same name as a resident device driver. When the operating
system loads a device driver, it places it at the end of the device driver table. The operating system will
search this table for the appropriate device driver when it wishes to establish a channel. The search starts
at the end and thus will locate the most recently installed device driver (if any) or if not, the resident
driver. By this mechanism an installable driver can replace any resident driver.

When called, the DS and ES segment registers are in an unknown state. The device driver should take
whatever steps necessary to obtain direct addressability to its data. For loadable device drivers this
involves setting the DS and ES registers to the CS register.

The operating system will not move memory whilst in this function, thus the normal rules governing DS
and ES may be ignored.

All operating system services may be called, except those concerning file or device access.

PASSED

No values are passed to the install vector. C
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RETURN

If the installation was successful, return with the carry flag clear.

If the installation failed, return with the carry flag set and the error number in the AL register.

PANIC

The install vector must not panic: it will cause an operating system kernel fault if it does.

PRESERVE

The $S, SP and BP registers must be preserved by the install function.

This function will be called by the operating system when the device driver is requested to be unloaded.
It can not be called directly by an application process.

The DevRemove operating system service will cause this function to be called. Applications should not call
this directly, they should use the DevDetete service.

Before the remove function is requested, the device driver will have received a hold request. Thus
devices will only ever be removed when in a held state.

If the device driver is currently busy serving a client, the remove request should return an error.

All resident device drivers will return an error since there is no mechanism by which they can be re
installed.

When called, the DS and ES segment registers are in an unknown state; the device driver should take
whatever steps necessary to obtain direct addressability to its data. For loadable device drivers this
involves setting the 1)5 and ES registers to the CS register.

The operating system will not move memory whilst in this function, thus the normal rules governing DS
and ES may be ignored.

All operating system services may be called, except those concerning file or device access.

PASSED

No values are passed to the remove vector.

RETURN

If the remove was successful, return with the carry flag clear.

If the remove failed, return with the carry flag set and the error number in the AL register.

PANIC

The remove vector must not panic: it will cause an operating system kernel fault if it does.

PRESERVE

The SS, SP and BP registers must be preserved by the remove vector.

DevfuncHoid
This vector will be called by the operating system when the device driver is requested to be held. The
hold vector is called in the context of the operating system.

The DevHotd operating system service will cause this vector to be called. Applications should not call this
service.

The operating system will call the hold vector under three conditions:

• Device memory segments are about to be moved.

• The machine is about to switch off due to the auto switch off timeout or user request, it enters
the standby state.
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• The machine is about to switch off due to the power source being removed.

In all cases the device driver must respond to the request as quickly as possible. It must also ensure that
ALL interrupts from the hardware device that it is driving are disabled.

Device memory segments can only be moved if an installable device driver is being installed or removed.
If the LDD uses an attached PDD and uses the faster FAR call mechanism to call the PDD strategy
vector, the PDD strategy vector address will potentially move, thus the FAR address will be wrong. This
address can be resolved in the resume vector. The LDD must not call the PDD between a hold and
resume. Typically, the device driver only needs to disable its interrupts. When a resume occurs, the
device driver should continue as though nothing had happened.

If the machine is about to switch off due to the auto switch off or user request mechanisms (enter the
standby state), the device driver should make an orderly shut down of the device such that the state
before the shut down can be recovered when the system powers up again. The device driver should also
attempt to ensure that no data is lost. For example, in the serial driver the current state of the hardware
handshaking lines should be noted so that each state can be restored on power up. For this type of power
down the hold vector is allowed to take a significant length of time to shut down a device. For example
in a serial driver the hold vector should wait until the remote end stops transmitting data after any
hardware handshaking has been applied. Of course, the time taken should be kept to a minimum: in the
case of the serial driver above the time is roughly equivalent to 3 character transmission times. When a
resume occurs the device driver should continue as though nothing had happened.

If the machine is about to switch off due to the power source being removed, the device driver should (reset the device in the minimum possible time: no attempt should be made to perform an orderly shut
down. The device driver is not expected to be able to recover the hardware state. When a resume occurs,
the device driver would typically fail any outstanding application requests. If the hold vector takes too
long the voltage will fall below the threshold to hold the state of the internal RAM. If this occurs the
machine will perform a warm re-boot when powering up, all data in the internal memory of the machine
will be lost including the device driver code! On power fail there is about 2ms available to power down
all devices.

On a power failure hold, the operating system will already have sent a ‘reset’ to all the SIBO serial
channels. Any device drivers using these channels need only record the hold reason for the resume
vector. Any other peripherals should be designed to allow a power fail mechanism with the minimum
amount of code.

It must be noted that the power fail type hold can occur whilst the device driver is in the memory move
hold state. In this case, the device driver will receive two hold requests before seeing a resume request. A
device driver must be capable of handling this. In this case, the device driver will also receive two
resume requests. A device driver will not get a power fail hold whilst in power down hold.

A call to the hold vector will always be followed by a call to the resume vector (except when a device is
requested to be removed).

When called, the DS and ES segment registers are in an unknown state; the device driver should take
whatever steps necessary to obtain direct addressability to its data. For loadable device drivers this
involves setting the DS and ES registers to the CS register.

The device driver should not call any operating system services due to the time taken, especially on
power failure.

PASSED

The AM register takes one of the following

• DevHotdNocmat Device memory is about to be moved.

• DevHotdPowerDoun The system is about to enter the standby state.

• DevHoldPowerFai t The system has lost its power supply.

RETURN

None.

PANIC

The hold vector must not panic: it will cause an operating system kernel fault if it does.
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PRESERVE

The SS, SP and B? registers must be preserved by the hold vector.

Detrne :

This vector will be called by the operating system when the device driver is requested to be resumed. The
resume vector is called in the context of the operating system.

The DevResume operating system service will cause this vector to be called. Applications should not call
this service.

The resume vector will be called either when memory has fmished being moved or when the machine
powers back up. In both cases the hold vector will have been called before this vector is called.

The device driver is expected to recover from the previous hold request (except power fail) and resume
any I/O that was suspended.

If the device driver has an interrupt service routine, it should reset the interrupt service routine s address
since the device driver may have moved in memory; its absolute segment address will be different.

If the hold was a device memory segment move type hold, interrupts should be re-enabled. If the LDD
uses an attached PDD and uses the FAR call mechanism to access the PDD strategy vector, the address of
the PDD should be reset by using the DevGetPDDAddcess operating system service before enabling
interrupts. Typically, the PDD will have a call back to the LDD and it needs to be informed of the
change of address of the LDD call back function; the LDD-PDD interface definition should allow such a
function request.

If the hold was a power down type hold, the resume vector needs to power up the peripheral and set it to
the state that it was in before the power down occurred. If this is not possible or data has been lost, the
device driver should inform any outstanding requests of this fact.

It is also possible that the hardware device that the driver is associated with has been removed. The
driver should be able to handle this properly.

If the device driver is expected to generate events due to an external state change, the driver should check
the external state and generate appropriate events, For example, the serial driver may be requested to
inform an application when the DTR line changes state. The remote end may have changed the state of
DTR whilst the driver is held.

If the hold was a power failure type hold, the resume vector should power up the peripheral and put it
into a known state, preferably the state that the application software thinks that the device is in and fail
any outstanding requests as data is quite likely to have been lost.

When called, the DS and ES segment registers are in an unknown state. The device driver should take
whatever steps necessary to obtain direct addressability to its data. For loadable device drivers this
involves setting the DS and ES registers to the CS register.

All operating system services may be called, except those concerning file or device access.

PASSED

None

RETURN

None.

PANIC

The resume vector must not panic, it will cause an operating system kernel fault if it does.

PRESERVE

The SS, SP and BP registers must be preserved by the resume vector.

DevFuncReset
This function will be called by the operating system when the device driver is requested to reset a
channel. The reset function is called in the context of the operating system.

101



ADDITIONAL SYSTEM INFORMATION

The device driver must request that the operating system call the reset function. This is achieved by
calling the I oRequestReset system service, usually in the open vector. To cancel this request, the device
driver should call the I oRequestResetCance I system service. The cancel service is usually called as part of
the close functionality in the strategy vector.

The reset vector will be called when the operating system is tidying up resources owned by a process that
has terminated. If a process terminated before it closed the device driver channel and no reset service is
requested, that channel would remain allocated; no process will ever close the channel. The reset vector
allows a device driver to reset itself and allow the channel to be opened again.

Any data required to perform the reset must be stored in the device driver. The data space belonging to
the process that originally opened the channel has been returned to the operating system memory pool
and is no longer valid.

If a device driver can handle multiple channels then the data passed to the I oRequestReset system service
should identify the channel. This data will be passed in the CX register to the reset vector.

The device driver should only have a reset request outstanding with the operating system while a process
has a channel open.

When called, the DS and ES segment registers are in an unknown state; the device driver should take
whatever steps necessary to obtain direct addressability to its data. For loadable device drivers this
involves setting the DS and ES registers to the CS register.

All operating system services may be called, except those concerning file or device access.

PASSED

This function is passed data in the CX register that the device driver requested it be sent to determine
which channel should be reset.

RETURN

None.

PANIC

The reset vector must not panic; it will cause an operating system kernel fault if it does.

PRESERVE

The SS, SP and BP registers must be preserved by the reset vector.

DevFuncUrnts
This function will be called by the operating system when the device driver is requested to report the
number of units (i.e. channels) the device driver can support. This function is called in the context of the
operating system.

The operating system places no significance on the number of channels a device driver can support. It is
primarily used for informational purposes.

An application may use the number of units to attempt to open any available channel on that device
driver.

When called, the DS and ES segment registers are in an unknown state; the device driver should take
whatever steps necessary to obtain direct addressability to its data. for loadable device drivers this
involves setting the DS and ES registers to the CS register.

All operating system services may be called, except those concerning file or device access.

PASSED

None.

RETURN

The AX register should contain the number of channels supported. If a device driver can support multiple
channels (limited only by memory constraints) then the driver may return -1. A serial device driver, for
example, might only support two chaimels (TTY :A and TTY : B) whereas the file device driver can open an
unlimited number of files.
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PANIC

The channels units vector must not panic; it will cause an operating system kernel fault jilt does.

PRESERVE

The SS, SP and B? registers must be preserved by the units vector.

•

This function will be called by the operating system when a channel to the device driver is required to be
opened. This function is called in the context of the process that called the ; oopen system service.

The device driver is passed two parameters, its device handle and a pointer to an openEnt structure.

The device handle is the entry in the system device table of this device driver. The device driver is
required to place this handle in the chanc I bHand t e field of the ChanEnt structure which must be allocated in
the user’s data space. The operating system uses the device handle to route any I/O requests on the
opened channel to the correct device driver.

The OpenEnt structure contains three fields, openNamePtr, OpenMode and OpenChan.

The OpenNamePtr field contains a pointer to the character that exists after the device name as passed to the
I oOpen system service. for example, if the ; oopen service was passed a name of PAR :A, the OpenNamePtr

field would point to the colon. If the ; oopen service was passed a name of TTY .AS5 :8 the OpenNamePtr field
would point to the full stop. The device driver should process the name appropriately, opening the
correct PDD as required.

The openMode field contains the mode for opening the device driver. The available modes are specified by
the device driver writers. For example, a combined Xmodem and Ymodem device driver could use the
mode to specify whether the Xmodem or the Ymodem protocol is to be used.

The OpetiChan field contains the I/O channel handle of the device that this driver is required to ‘attach’ to.
Attached device drivers are dealt with later in the chapter.

The code in a device driver open vector tends to follow a very similar pattern. This is demonstrated by
the following code fragments and associated comments.

The first stage is to allocate some data space in the calling process’ heap space. This will contain the I/O
channel control block:

nov cx, (size DeviceEnt)
HeapAttocateCett
jc noMemory
nov bx, ax ; cett handte

If the device driver requires a WaitHandler (described later):

nov at, fVectorHaridter-Vector)/2

I oAddHandt er
jc endFreeMemory
mov tbx] .DriverHandter, ax

If the device driver’s DevFuncReset vector is required to be called:

pushbx
mov cx, Channellndicator ; unique per channel

mov bx, dx ; the device handLe

I oRequestReset
pop bx ; restore altoc celt

The ChanEnt field of the DriverEnt structure must be initialised:

mov [bx].Driveclo.ChanNext, bx
nov tbx] .Driverlo.ChanSignature, loChanSignature
nov tbx) .Driverlo.ChanLibHandte, dx

The ChanNext field is used by attached drivers and will usually be set to be the allocated cell handle of the
device driver being opened. The loFuncAttach and ;oFuncDetach functions manipulate these fields. The
I/O system uses this field to direct the I/O request to the correct driver.
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The ChanSi gnature field is checked by the operating system during any I/O requests for the value
I oChanSi gnature. If it does not contain that value, the process calling the I/O service will be panicked for
having passed an invalid I/O channel handle.

The ChanL I bHand I e field is used by the operating system to route an application’s I/O request to this
device. The I/O request will call the DevFuncStrategy vector of the device driver.

If the driver is an attached driver the following is required:

mov cx, bx ; at Located channel
mov bx, tsiLOpenChan ; channel attaching to
mov al, loFuncAttach ; return in BX the
IoWithWait ; channel attached to

Finally, if the channel has been successflully opened:

dc ; Opened Ok
ret ; return BX and DX

The error recover code typically follows the following pattern:

endFreeReset:
push ax
push bx
nov cx, Channetlndicator
nov bx, dx
I oRequestResetCance
pop bx
pop ax

endFreeHandter:
push ax
push bx
mov bx, [bx].DriverHandter
IoRemoveHandter
pop bx
pop ax

endFreeMemory:
push ax
HeapFreeCel I
pop ax
stc

noMemory:
ret

If a device driver supports a fixed number of channels, it typically contains static control blocks. In order
to determine if a requested channel is currently open, a field should be interrogated. The device driver
should ensure that interrupts are disabled during this sort of check since a context switch could occur and
another process request the opening of the same channel. This is the classic ‘test and set’ problem
encountered in multi-tasking environments.

When called, the DS and ES segment registers point to the data segment of the application process
attempting to open a device channel. The application should ensure that the DS and ES segment registers
do in fact point to its data segment. The device driver must obey the normal rules concerning segment
register manipulation. The DS and ES segment registers can be reloaded if required from the I ntEnt
structure pointed at by the BP register.

All operating system services may be called.

PASSED

DX contains the device handle of the device driver.

SI is a pointer to the OpenEnt Structure

BP is a pointer to the IntEnt structure.

RETURN

If the channel open was successful, return with the carry flag clear and the BX register containing the
open channel.

If the open failed, return with the carry flag set and the error number in the AL register.
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PANIC

The open vector can panic; it will cause the process requesting the device open to terminate. It is
however more usual to return an error to the calling process.

PRESERVE

The DS, ES, $5, SP, BP and DX registers must be preserved by the open vector.

When an application makes an I/O request on the opened device driver channel the request is routed to
this vector by the operating system. A device driver defmes the set of functions that it supports. These
typically include IoFuncSet, IoFuncSense, loFuncRead, IoFuncWrite and !oFuncClose. A device driver does
not have to support any particular function, as it is a matter of design between a device driver writer and
application writer as to what functions and associated parameters are provided.

To obtain the power of attached device drivers, it is recommended that the device driver use the system
defmes with their appropriate functionality, for example, the I oFuncWci te function number should always
be associated with writing data.

The strategy function is passed the channel handle as allocated in the open vector in the BX register. This
typically contains control information concerning the current state of the I/O channel.

The SI register contains a pointer to a RqEnt structure. This structure contains four fields, RqFunct ion,
RqStatusPtr, RqAlPtr and RqA2Ptr.

The RqFunction field contains the function number as passed to the IoWithWait (or IoAsynchronous) I/O
request by the application. If a device driver does not support the specified function, it should pass the
request on to its ‘parent device driver.

The Rq$tatus pointer contains a pointer to a memory location in the application process’s data space that
receives the I/O requests completion status. The device driver must set this memory location to the value
Pendi ngErr whilst the I/O request is outstanding and a completion code when the I/O request completes.
An I/O request may complete within the strategy vector or it may complete some time in the future,
presumably from some interrupt.

The RqAlPtr and RqA2Ptr fields contain the argument 1 and 2 parameters as passed to the Iowithwait (or
I oAsynch ronous) system services. The device driver is free to specify what these parameters are (if any).

The operating system defmes a set of common function numbers used by device drivers referred to as the
IoFuncXXX set of defmes. By convention, a device driver should select from this list, particularly if some
of the more advanced features of the I/O system are to be used, such as attached device drivers. The more
common defmes are:

• loFuncRead ; read from the device.

• IoFuncWrite ; write to the device.

• IoFuncCtose ; close device channel.

• IoFuncCancel ; cancel an I/O request.

• I oFuncSet ; set driver characteristics

• I oFuncSense ; sense driver characteristics.

• IoFuncF tush ; flush any buffers.

The PLIB library functions p_read, p_write and p_c tose will call the device driver with the loFuncRead,

I 0 Func Wr I te and I oF uncc lose function numbers. Thus, if the device driver choses an alternative function
number set, an application will not be able to use the supplied library functions.

All resident device drivers obey the following conventions:

• A cancel request will cancel any outstanding requests. A cancel request will not return any error.

• A close request will ensure that any outstanding requests are completed before closing the
channel. A close request will not return any error.

• Only one request of a particular type can be outstanding at any one time. If a second request is
made the device driver will panic the calling application.
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Any functions that the strategy function does not support should be passed on to the next driver down the
driver hierarchy. If the driver is a root driver (attached driver), this is achieved using the ; oRoot
(i osuper)system service, lithe requested function is not supported by any driver, the operating system
will return a NotSupported error.

When called, the DS and ES segment registers point to the data segment of the application process
making the I/O function request. The application should ensure that the DS and ES segment registers do
in fact point to its data segment. The device driver must obey the normal rules concerning segment
register manipulation. The DS and ES segment registers can be reloaded if required from the intEnt
structure pointed at by the B? register.

All operating system services may be called.

PASSED

BX contains the allocated channel control block.

DX contains the device handle of the device driver.

SI is a pointer to the RqEnt structure.

BP is a pointer to the IntEnt structure.

RETURN

If the function request is successful, the strategy vector should return with carry clear. A request
typically causes some I/O. If the I/O is completed by the strategy vector (eg the close function), the
completion status should be written back to the RqStatusPtr location and the I/O semaphore signalled
(using the I oSi gnat system service), lithe request has not yet completed, the RqStatusPtr location should
contain the value Pendi ngE rr and the I/O semaphore should not be signalled.

If the function request failed the strategy vector should return with carry set and the error code in AL.
Typically no I/O requests will be completed.

PANIC

The strategy vector can panic; it will cause the process making the I/O request to terminate. In most cases
it is usual to return an error to the calling process. A major exception to this is ii the calling process
makes an I/O request of the same type as one that is currently outstanding and the device driver only
supports one I/O request of a particular type at a time; by convention the device driver should panic the
calling process with the PanicloPending panic code.

PRESERVE

The DS, ES, SS, SP and BP registers must be preserved by the strategy vector.

Loadable Physical Device Driver Structure
A loadable PDD must obey the following rules:

• There must be a single code segment and no data segments.

a The code segment must start with a LibEnt structure.

• There must be at least two supported functions, with typically a further two defmed.

Single Code Segment

A PDD must be written to contain any internal variables within its own code segment. Typically, these
variables are only concerned with unit (i.e. channel) allocation and hardware state.

Data space for a particular open channel can be allocated in the heap space of the process that opens the
device. This data space will however disappear if the process terminates, thus any variables required for
‘freeing’ the hardware after a process terminates must exist in the code space of the device driver.

The LibEnt Structure

A Li bEnt structure has the following format:
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• A two byte signature

• An eight byte name

• A two byte vector count

• A vector table

The two byte signature should contain the PDDSignature’ define.

The eight byte name contains a zero terminated name, being that of the device driver. Note that there is
no trailing colon.

The two byte vector count contains the number of vectors that follow immediately after the count. There
should be at least two.

for example:

dw PDDSignature ; Its an PDD driver

db ‘DVR.HWJ’,O ; Name of the driver

dw (VectorEnd-Vector)/2 ; Nunber of vectors

Vector:
du Dvrlnstalt ; InstaLl vector

dw DvrRemove ; Remove vector
VectorEnd:

Most PDDs also defme a further two vectors:

dw DvrOpen ; Open Vector

dw OvrStrategy ; Strategy vector

The table of vectors is a table of offsets within the device drivers code segment of the routines that
implement the required functionality. The vector table must have the entries in the order shown in the
example.

Mandatory PDD functions

MI PDDs must support the following two functions:

• DevFunclnstaltPDD called on device installation.

• DevFuncRemovePDD called on device removal.

Most PDDs will support the following two additional functions:

• DevFuncOpenPDD called to open a PDD

• DevFuncStrategyPDD called to provide PDD functionality

MI of the routines pointed at by the function vector table will be called FAR by the operating system and
should consequently use a FAR return machine code instruction to return back to the operating system.

Since the FAR return address is to the operating system, it does not matter if the operating system moves
memory whilst code in the LDD is being executed; the operating system cannot move.

DeF.unInstatIPDD....... .... ............

This vector will be called by the operating system when the device driver is loaded to initialise any of its
internal variables. The install vector is called in the context of the operating system and not the process
that is loading the device driver.

The DevI nsta I operating system service will cause this vector to be called. Applications should not call
this directly, they should use the DevLoadPDD service.

An installable device driver may have the same name as a currently installed device driver. When
installed, the driver is added to the end of the device driver table. When a channel to a device driver is
being established by the operating system, it searches the device table from the end first, thus the latest
installed device driver with the required name will be asked first for a channel. By this mechanism,
installable device drivers can replace any of the resident drivers.

When called, the DS and ES segment registers are in an unknown state. The device driver should take
whatever steps necessary to obtain direct addressability to its data. For loadable device drivers this
involves setting the DS and ES registers to the CS register.
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The operating system will not move memory whilst in this function, thus the normal rules governing DS
and ES may be ignored.

All operating system services may be called except those concerning file or device access.

PASSED

No values are passed to the install vector.

RETURN

If the installation was successful, return with the carry flag clear.

If the installation failed, return with the carry flag set and the error number in the AL register.

PANIC

The install vector must not panic; it will cause an operating system kernel fault if it does.

PRESERVE

The SS, 5? and B? registers must be preserved by the install vector.

DevfuncRemovePDI)
This vector will be called by the operating system when the device driver is requested to be unloaded.
The remove vector is called in the context of the operating system and not the process that requests the
unload.

The DevRemove operating system service will cause this vector to be called. Applications should not call
this service directly; instead, they should call the DevDetete service.

Before the remove function is requested, the operating system will send a DevFuncHotd request to all
LDDs. The LDD is responsible for ensuring that no activity will occur during the remove. Note that any
device driver that handles hardware interrupts must contain an LDD since only LDDs receive a hold
request.

If the device driver is currently busy serving a client, the remove request should return an error.

All resident device drivers will return an error since there is no mechanism by which they can be re
installed.

When called, the DS and ES segment registers are in an unknown state; the device driver should take
whatever steps necessary to obtain direct addressability to its data. For loadable device drivers this
involves setting the DS and ES registers to the CS register.

The operating system will not move memory whilst in this function, thus the normal rules governing DS
and ES may be ignored.

All operating system services may be called except those concerning file or device access.

PASSED

No values are passed to the remove vector.

RETURN

If the remove was successful, return with the carry flag clear.

If the remove failed, return with the carry flag set and the error number in the AL register.

PANIC

The remove vector must not panic; it will cause an operating system kemel fault if it does.

PRESERVE

The SS, 5? and B? registers must be preserved by the remove vector.

C
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DevFunc<.penPDD.. •V V
V•VV

V V.V

This function is defined as a convenience function for the LDD-PDD interface.

When an application opens a channel to an LDD, it normally uses the i oopen system service. If the name
specifies, or the LDD requires, a PDD then it needs to open a channel to a PDD. The DevopenPDD system
service will call this PDD vector to establish a channel. The LDD now has a choice of calling a PDD
vector using the DevVector system service or calling the fourth vector in the vector table directly. The
fourth vector is assumed to be a strategy vector to which any parameters as required by the LDD-PDD
interface can be passed. The FAR address of the strategy vector is returned by the DevGetPDDAddress.

When an LDD receives a DevFuncRescnne it should call DevGetPDDAddress again to ensure that if the PDD
has moved the LDD still has its correct address.

As a design, a PDD could provide many vectors, one for each required function. The LDD would then
use the DevVector system service to access each of these functions. The DevGetPDDAddress will only return
the FAR address of the fourth vector.

When called, the DS and ES segment registers point to the data segment of the application process
making the open function request. The application should ensure that this is indeed the case. The device
driver must obey the normal rules concerning segment register manipulation.

All operating system services may be called.

PASSED

The BX register contains a pointer to the PDD unit name. The pointer passed to the DevOpenPDD service is
used to find the PDD device to open. The BX register is loaded with a pointer to the trailing colon (if
any) in the PDD unit name. For example if the name TTY.AS5:A was passed to the DevOpenPDD service, BX
would contain a pointer to :A upon calling the open vector.

RETURN

If the open was successful, return with the carry flag clear.

If the open failed, return with the carry flag set and the error number in the AL register.

PANIC

The open vector can panic; it will cause the process requesting the device open to terminate. It is
however more usual to return an error to the calling process.

PRESERVE

The SS, SP and BP registers must be preserved by the open vector.

This function is defined as a convenience function for the LDD-PDD interface.

Typically, all application function requests are routed through the strategy vector. To speed the calling
interface, the DevGetPDDAddress operating system function will return a FAR address of this vector.

The device driver writer defines all the functions and return values as required.

When called, the DS and ES segment registers point to the data segment of the application process
making the function request. The application should ensure that the 1)5 and ES segment registers do in
fact point to its data segment. The device driver must obey the normal rules concerning segment register
manipulation.

All operating system services may be called.

PASSED

The parameters passed are defined by the device driver write.

RETURN

All returns are defined by the device driver writer.
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PANIC

The strategy vector can panic; it will cause the process requesting the function to terminate. It is however
more usual to return an error to the calling process.

PRESERVE

Which registers are preserved is defined by the device driver writer.

C
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CHAPTER 9

EXAMPLE DEVICE DRIVERS

This chapter contains explanatory notes for the example device drivers supplied with the Psion C SDK.
The source code for these examples can be found in lsibosdklldd. The Borland Turbo assembler is used
throughout.

See also the preceding Writing Device Drivers chapter and the appropriate chapters in the I/O Devices
Reference manual.

An Attached Device Driver Example
The code in atimdvr.asm contains an example of an attached device driver. Attached drivers add
functionality to, or replace, a service provided by an underlying device driver. The example is a generic
timeout device driver that adds a timeout facility to the underlying device driver’s P_FREAD requests. The
example driver may be attached to either the serial or the parallel drivers.

The example code in t_atim. c shows how the device driver is loaded and attached to a serial driver. It
also shows how the additional fimctionality becomes transparent to the application once the driver has
been attached.

The device table

The start of the file consists of the device driver header. The name of the driver is specified to be ATM.
The driver is an LDD type driver consisting of nine callable functions, the first eight of which are
mandatory. The ninth function (a wait handler) is required by the device driver to function correctly.

Note that the following notes apply specifically to the functions as used in the example driver.

The Install Function

The install function does not have to perform any actions apart from report that it has completed
successfully.

The Remove Function

The remove function does not have to perform any actions apart from reporting that it has completed
successfully. This makes the reasonable assumption that the user of the device driver will not attempt to
remove it if it is associated with any open channels.

The Hold Function

The hold function is not required to do anything since it does not access or use hardware directly.

The Resume Function

Since the hold function does not do anything that needs to be undone, the resume function is not required
to do anything (otherwise it might have performed tasks such as stopping interrupts, shutting down
hardware etc).

The Reset Function

The reset function is not required to do anything: it can never be called since the driver does not ask the
operating system to call this function if its client terminates without closing an open channel. The timer
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device driver and the driver attached to are responsible for releasing system resources if a client
terminates. Thus this driver can leave it up to those drivers to tidy up.

The Units Function

The driver can support an unlimited number of open requests subject to system memory and timer
channel availability.

The Open Function

The open function is called by the operating system when an application uses the ; oopen system service to
open the ATM: device. This is usually done via the PUB library function p_open.

The open function runs in the context of the process that makes the open request. Thus resource
allocation (e.g. memory allocation requests) will be associated with that process.

The open function allocates enough memory to hold all of the required internal variables and initialises
the memory to zero. It then makes function nine in the device table a wait handler function by using the
1 oAddHandter system service. This installs the function in the linked list of wait handler functions. The
wait handler by default is not callable, and should, for performance reasons, only be made callable when
it has some processing to do.

A channel to a timer device is opened, the name TIM: is generated on the run time stack.

The I/O system channel header is set up, the I/O system requires that a device driver has a ChanEnt
structure as the first item in the allocated cell.

Finally, if all has gone well, our driver attaches itself to the underlying driver whose already open handle
was passed to the open function.

If any errors occur, the device driver is responsible for tidying up all of the currently allocated resources.

It may be noted that any I/O requests made by the device driver on its own channel (as allocated) after
the attach request has been made will be routed to the underlying driver rather than starting from the top
of the driver chain. Thus for example in the Cance tRead procedure the I oFunccance I. request will be routed
to the strategy function of the ‘attached to’ driver and not to the strategy function of our attached driver.

The Strategy Function

Once opened, the strategy function will be called when an application makes an I/O request. All I/O
requests on the open channel will be routed to our example driver which must decide how they are to be
handled. Some I/O requests are not recognised by the example driver and should be passed to the
underlying driver. This may be done using the ; osuper system service (note that a root device driver
would make an I oRoot system service request to pass on any meaningless I/O requests).

Some requests may be redefmed; the example driver redefines the meaning of the I oFuncset and
I oFuncSense (P_FSET and p_FsENsE) services to allow an application to set and sense the timeout values to
use. The application that attaches the example driver to the serial driver must be careful when using these
services, since they produce different results depending on whether the time out driver has been attached
or not (in one case they set and sense the serial characteristics and in the other they set and sense a time
out value).

Some requests may be modified to enhance them; this driver enhances the I oFuncRead (P_FREAD) service
and, as a side effect, the IoFuncCancet (p ECANCEL) service causing the read request to time out. This type
of modification is transparent to an application. It may use the loFuncRead service identically regardless of
whether this time out driver has been attached (the I oFuncRead service will of course not time out if this
driver has not been attached).

Because the I oFuncRead service effectively runs two I/O requests, that is the lower driver’s I oFuncRead and
a timer channel’s loFuncRead, both requests must be cancelled by the example driver if the application
wishes to cancel the original request. Thus the example driver is required to add functionality to the
IoFuncCancet service.

It should be noted that an I oFuncC lose (P_FCLOSE) request should only detach itself from the lower driver
and release any resources allocated by this drivers open function. It should not attempt to pass on the
IoFuncCtose request to the lower level driver (after a detach the I/O system will no longer be able to route
any I/O requests to a lower driver).

The Wait Handler Function

When an application makes an I oFuncRead request, the example driver makes two asynchronous I/O
requests, one on the timer and one on the lower driver. In order for the device driver to gain some
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processing time, so as to find out what happened to these requests, it needs to enable the already installed
wait handler routine. When the I/O semaphore is signalled, the wait handler function will be called by
the operating system (only if the application is currently waiting for an I/O request to complete) so it can
check to see if either of the two asynchronous requests that it made have completed.

It is possible that neither of the outstanding requests has completed in which case the wait handler
function should return with the carry flag clear.

If either of the outstanding requests has completed, this driver cancels the other request using up the
signal generated by cancelling. The wait handler should return with the carry flag set and the AL register
set to zero since there is no more processing to do at this time.

Although synchronous I/O requests are used within the wait handler (in cancelling and using up signals)
the wait handler will not be called, i.e. it is not called re-entrantly by the operating system.

Non Interrupt Based Sound Driver
The code in snddvr. asm contains an example of a root device driver that does not require interrupt
service routines.

The driver accesses the sound chip within the Series3 and can play notes passed to it from an application.

The sound system within a Series3 can only be accessed by a single process at a time. The operating
system has some state variables that can be used (via system services) as mutual exclusion semaphores.

When the channel to the sound driver is opened, it requests exclusive use of the sound system. When the
channel is closed it releases this resource. The hardware sound device is switched on only when sound is
to be played.

The example device driver times the duration of the notes using a system timer. This limits the device
driver to ten notes per second as the system timer can not go beyond a resolution of one tenth of a
second. This is not a particularly high resolution for the note duration.

As well as the system timer, the device driver makes use of a wait handler function in order play the
notes.

The example code in t_mus. c shows how the device driver is loaded and the functions provided are used
to generate sound.

The device table

The start of the file contains the device driver header. The name of the driver is specified to be MUS:. The
driver is an LDD type driver consisting of nine callable functions, the first eight of which are mandatory.
The ninth function (nominated to be a wait handler function) is required by the device driver to function
correctly.

Note that the following notes apply specifically to the functions as used in the example driver.

The Install Function

The install function should indicate that the device driver has no channel open on it yet. This variable (in
the device driver space) is required to know how to handle the remove, hold and resume requests.

The Remove Function

If the device driver currently owns the sound channel, the remove function will stop the playing of sound
and release to the operating system the sound channel resource.

In the normal course of events, the remove function would not be called when an application has an open
channel to the device driver. It is however quite possible for this to occur and a device driver should
accommodate such a possibility. The Stopsound routine and HuFreecombo operating system service should
only be called if the driver owns the sound channel otherwise any sound and ownership from other device
drivers (e.g. alarms) will be adversely affected when this driver is removed.

The Hold Function

The hold function will stop any sound that is currently being made if this driver currently owns the
systems sound resource. This device driver does not attempt to determine how far through the current
note (duration) it has got. When the resume function is called, the following note (if any) will be played.
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The Resume Function

The resume function will, if the driver currently owns the systems sound resource, simply switch back on
the hardware sound device. No note is played at this point. Because the driver uses the services of the
timer device driver, any outstanding timeout will eventually complete causing the device driver’s wait
handler routine to be run. This in turn determines whether or not more notes are to be played.

The Reset Function

Since the reset function can only be called when there is an open channel, the device driver does not have
to check that it owns the systems sound resource. The reset function simply stops any current sound,
powers down the sound system and marks the channel as closed.

The Units Function

The sound system can support no more than one user; thus the device driver supports no more than one
open channel at any given time. Note that the device driver will report that it supports one sound channel
whether or not that one channel is available.

The Open Function

The open function is called by the operating system when an application wishes to obtain a channel to a
device called MUS: (the example device driver’s name). The open function attempts to obtain exclusive use
of the sound resource by calling the HwGetCombo operating system service. It returns with the carry flag
clear if the driver has successfully obtained the sound resource.

The open function then allocates the I/O control block, adds function nine as a wait handler function and
obtains a channel to a timer device. If any of these requests fail, the driver tidies up after itself.

It finally requests that the operating system call the reset function if the client terminates without closing
the If0 channel. Once successfully opened, the internal variable is set to indicate this.

The Strategy Function

The example device driver supports three functions: playing sound, cancelling the playing and closing the
channel. This implementation uses the IoFuncWci te (P_FWR tIE) service to play sound, the IoFuncCancet

(P_FCANCEL) service to cancel playing and the IoFuncC lose (P_FcLOSE) service to close the channel.

The playing of a sound is achieved by writing the user specified note at the required volume to the sound
generation chip. The specified timeout is used to queue a timeout request on the timer channel opened by
this device driver. When the timeout occurs, the timer device driver will write the completion status
word and signal the I/O semaphore. Providing the application is waiting for an I/O request to complete,
the device driver’s wait handler will be called. The wait handler writes the next note into the sound chip
thus playing the required tune.

Here lies a fundamental difference between wait handlers and interrupt service routines. Not only does an
application have to be waiting for an I/O request to complete but it must also be able to obtain processing
time in which to run the wait handler code. If a higher priority process is using all of the CPU (even if
only for a short period of time), the sound application will not get a chance to run the wait handler
function. Thus applications using this device driver will find that notes sometimes play for a lot longer
than originally intended.

This effect can be observed by running the example program and switching to the system task (by
pressing the System button on the Series3 machine for example) forcing the system to update the lists.

The I oFuncCancel service simply cancels any outstanding write request by cancelling the outstanding
timer request, waiting for its completion and then completing the write request with the E_FI LE_CANCEL

completion status. The wait handler is also disabled, primarily for system performance reasons.

The IoFuncC Lose request will cancel any outstanding write close the timer channel, cancel the reset
request and release the sound resource back to the operating system.

The Wait Handler Function

This function should check whether the outstanding timer request has completed and, if so, start playing
the next note. If there are no more notes to play, the original write request is completed with zero
completion status.

C
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Exercising the vectors

The hold and resume vectors can be exercised simply by switching the machine off and then back on
again. The sound should stop when switched off and resume when switched back on.

The reset function can be exercised by running the example program, switching to the system task and
terminating the example program. If the example program can be re-nm and generate sound and/or the
alarms still work then the driver has tidied up any system resources it needed to.

Interrupt Driven Sound Driver
The code in sndftc. asm contains an example of a root device driver that uses the FRC (free running
counter) as an interrupt source to drive a sound system.

The driver accesses the sound chip within the Series3 and has the ability to play the notes passed to it
from an application.

The sound system within a Series3 should only be accessed by a single process at a time. The operating
system has some state variables that can be used (via system services) as mutual exclusion semaphores.

Similarly the FRC should only be accessed by a single process at a time. If a second process grabs the
FRC without the first knowing then the first will probably never receive another FRC interrupt and hence
appear to hang.

When the channel to the sound driver is opened, it requests exclusive use of the sound system and the
FRC; when the channel is closed it releases these resources. It is only when some sound is to be made
that the hardware is switched on and the notes played.

This device driver uses the FRC as a timer to time the duration of notes. The FRC can be programmed to
run at either 32Hz or 512kHz, thus allowing a much greater resolution than the system timer device
driver that can only provide 1/10th of a second resolution. This version allows for a minimum duration
of lOms, allowing notes of shorter duration and hence increasing the frequency with which the interrupt
service routine is called causing a very high percentage of the processor bandwidth to be used.

For this driver an eight bit number is used to specify the duration of a note and hence the maximum
duration is 2.56 seconds.

Since the notes are changed in the interrupt service routine which is independent of most other system
activity, a high level of accuracy of note duration can be obtained.

The example code in t_musftc. c shows how the device driver is loaded and the functions provided are
used to generate sound.

The device table

The start of the file contains the device driver header. The name of the driver is specified to be MUS:. The
driver is an LDD consisting of nine callable functions, the first eight of which are mandatory. The ninth
function (nominated to be a wait handler function) is required by the device driver in order to function
correctly.

Note that the following notes apply specifically to the functions as used in the example driver.

The Install Function

The install function should set the fact that the device driver has no channel open on it yet. This variable
(in the device driver space) is required to know how to handle the remove, hold and resume requests.

The Remove Function

The remove function will, if the driver currently owns the systems sound resource, stop any sound being
made, stop the FRC from generating interrupts, remove the FRC interrupt service routine address and
free the sound channel.

In the normal course of events, the remove function would not be called when an application has an open
channel to the device driver. It is however quite possible for this to occur and a device driver should
accommodate such a possibility. The StopSound routine and HwFreeCombo operating system service should
only be called if the driver owns the sound channel, otherwise any sound and ownership from other
device drivers (eg alarms) will be adversely affected when this driver is removed.
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The Hold Function

The hold function will, if the driver currently owns the systems sound resource, stop any sound that is
currently being made and stop the FRC from generating interrupts.

The device driver does not attempt to determine how far through the current note (duration) it has got;
when the resume function is called the following note (if any) will be played.

The Resume Function

The resume function will, if the driver currently owns the systems sound resource, reset the FRC
interrupt service routine address held by the operating system to point to the drivers interrupt service
routine code. The device driver may have moved in memory and thus the absolute CS address will be
wrong. If a write request is currently queued (i.e. a hold request was made while the driver was playing
some sounds), the sound hardware and FRC interrupts are re-enabled.

After a power down type hold the FRC is reset and hence needs to be re-programmed to generate
interrupts at the required frequency. With a memory move type hold the FRC will continue its
countdown and, if the count reaches zero, generate the next interrupt. This will be ignored by this device
driver since the FRC is re-programmed in the reset function.

The Reset Function

Since the reset function can only be called when there is an open channel the device driver does not have
to check that it owns the systems sound resource. The reset function stops any current sound, powers
down the sound system, disables FRC interrupts, resets the FRC interrupt address back to the default
address and marks the channel as closed.

The Units Function

The sound system will support no more than one user and hence the device driver supports only one open
channel at any given time. Note that the device driver does not guarantee that a channel is available by
reporting that it supports one channel; another system component may own the sound resource when the
open request is made.

The Open Function

The open function is called by the operating system when an application wishes to obtain a channel to a
device called MUS: (our device driver name). The open function attempts to obtain exclusive use of the
sound resource by calling the HwGetCortho operating system service. If this returns with the carry flag clear
then the driver has successfully obtained the sound resource.

The open function then attempts to obtain exclusive use of the FRC resource by calling HuGetChannet with
the interrupt channel number as the hardware resource required. If this returns with the carry flag clear
then the driver has successfully obtained the FRC resource.

The open function then allocates the I/O control block, adds function nine as a wait handler function, and
requests that the operating system call the reset function if the client terminates without closing the I/O
channel.

Once successfully opened, the SoundChan. P Id internal variable is set to the process id of the client process
(required by the interrupt service routine) and the SoundChan.OpenFccChan is set to indicate the channel has
been opened (as required by the hold, resume and remove vectors).

The Strategy Function

This device driver supports three functions: playing sound, cancelling the playing and closing the
channel. This implementation chose to use the I oFuncWr I te (P_FWR I TE) service to mean play sound, the
toFuncCancet (P_FCANCEL) service to cancel playing and the IoFuncCtose (P_FCLOSE) service to close the
channel.

The playing of a sound is achieved by writing the user specified note at the required volume to the sound
generation chip. The FRC interrupt service routine is the routine that actually writes the data to the sound
chip. As it is an interrupt service routine, it cannot gain addressability to its client data space. Thus the
sound data to be played must be copied into the device driver space. This has a side effect that the
maximum number of notes that can be played (by this driver) is limited by the size of the internal buffer
as defined by the driver. The buffer can be made any size although in the majority of cases a larger buffer
will most probably waste space.

The device driver could be written to handle arbitrarily long sequences of notes. When the interrupt
service routine reaches a ‘low water mark’ of notes to play, it can signal the wait handler routine which
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will eventually rim to copy more data from the client process space into the internal buffer. This is,
however, a fairly complex task.

When all the notes in the device driver’s internal buffer have been played, the interrupt service routine
will call the I aS i gna IByPi dNoReSched system service to signal the client process that the playing of sound
has completed.

The wait handler function will pick up the fact that the interrupt service routine has fmished (from the
SoundChn . Wr teStat variable) and report the completion status to the client; the wait handler runs in the
context of the client process and can thus write back the completion status word.

The I oFuncCance t service simply cancels any outstanding write request by stopping any more FRC
interrupts, stopping the sound generation, switching off the hardware and then completing the write
request with the E_FI LE_CANCEL completion status. The wait handler is also disabled, primarily for system
performance reasons.

The IoFuncCtose request will cancel any outstanding write, cancel the reset request and release the sound
and FRC resources back to the operating system.

The Wait Handler Function

This function should check whether all the notes have been played in which case it has completed the
users request.
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CHAPTER 10

WORD FILE FORMAT CONVERSION DYLs

This chapter describes the creation of file format conversion DYLs that may be used with the Series 313a
Word application. If suitable file conversion DYLs are placed in a wdr subdirectory of the root of any
local drive they will be detected by the Word application and used to offer additional options in the ‘File
type’ list of both the ‘Open’ and ‘Save as’ dialogs.

The associated software can be installed into a sibosdkfconv directory from the Optional disk.

Two file conversion DYLs are required for each file format: one to read (load) the file and one to write
(save) it. A loader file conversion DYL must have a name of the form wt$xxx.dyt and a saver file
conversion’ DYL must have a name of the form ws$m.dyl. In both cases the characters given as xt

identify the nature of the file conversion. This part of the DYL name may be from three to five
characters in length and is presented as the corresponding entry in the ‘file type’ list. Thus, for example,
the Microsoft Rich Text Format (RTf) conversion dialogs that are included in the software supplied with
the 3Link serial interface are named wt$rtfdyt and ws$rtf dyt, and add an ‘Rtf’ file type option. The text
file conversion examples that are described at the end of this chapter would add a ‘Txt’ option. Where
feasible, this text should be restricted to three characters and should represent the file name extension of a
file in the corresponding format.

If a file conversion is selected in the ‘Open’ or ‘Save as’ dialogs, the Word application loads the
appropriate DYL, creates an instance of the first class that it contains (with class number zero) and sends
this instance a message with message function number one (in most objects this is usually some form of
initialisation method). This method is expected not to return until the file conversion is complete.

It is expected that the file conversion mechanism will use an active object to provide overall control, thus
maintaining the Word application’s responsiveness to other events. A standard file converter has this
active object as the first class in its category. Word will therefore create an instance of this class and send
it an AC_I NIT message (since, for an active object, this is the method with method number one). The basic
mechanism is illustrated in the example code later in this chapter.

The code of the file converter interfaces with the Series 313a Word application via an interface library,
s3fconv. tib, whose services are described in the following three sections. The services are classified by
their intended usage, although there is no formal restriction as to their actual use. If necessary for some
particular purpose, save interface services may be used in a loader file conversion and vice versa.

Communication between the Word application and the DYL is via the magic statics DatAppi to DatApp5

inclusive. DatAppi, DatApp2, DatApp3 and DatApp4 are used by the interface software and must not be used
by DYL code. DatApp5 points to a buffer, guaranteed to be at least P_FNAMESIZE bytes in length, containing
a file name. The file name in this buffer may be read and, if necessary, modified by DYL code. DatAppó
and DatAppz are available for use by DYL code.

Save interface services
The services described in this section are mainly intended for use in a file conversion DYL that saves a
word processor document to a file in some other format.

TNT DoConfirnverurite(VOID);

Present a dialog to confirm the overwriting of an existing file.
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Returns TRUE if the used confirms that the file is to be overwritten, otherwise returns FALSE.

CauntTags Count I]
UINT CountTags(VOID);

Return a count of the current document’s index tags, in preparation for one or more calls to SenseTag Item.

UINT SenseTagltem(UINT item, PAR_STYLE *par, PHR_STYLE *phr);

Write, to the structs pointed to by par and p1w respectively, copies of the paragraph and emphasis data for
the text associated with index tag number Item.

Returns the number of characters to which the tag refers.

UINT CountParaStytes(VOID);

Return a count of the total number of the paragraph styles associated with the current document. This is
normally called in preparation for a sequence of calls to senseParastyteBylndex.

UINT CountEniphStytes(VOID);

Return a count of the total number of the emphasis styles associated with the current document. This is
normally called in preparation for a sequence of calls to SenseEnphstyleBylndex.

$
PARA_STYLE *SenseParaStyteByIJex(UINT index);

Return a pointer to the PARA_STYLE strnct containing the paragraph style data for style number index.

ft is a programming error if the value of index does not lie between zero and n-i (inclusive) where n is
the value returned by an earlier call to countparastyles.

SerseE1T)JlI
EMPH_STYLE *SenseEnph5tyleByl,.IcJex(UINT index);

Return a pointer to the EMPH_STYLE struct containing the emphasis style data for style number index.

It is a programming error if the value of index does not lie between zero and n-i (inclusive) where n is
the value returned by an earlier call to CountEmphStytes.

Sei.isePaiaSt
PAR_STYLE *SenseParaStyteBySCf TEXT *pSC);

Return a pointer to the PARA_STYLE struct containing the paragraph style data for the style with the two-
character shortcode pointed to by psc. The text pointed to by psc does not need to be null terminated. A
paragraph style with this shortcode must exist.

SenseEmphStyleBySC Sense an emphasis style by short Gode
EMPH_STYLE *SenseEmphStyteBySCCTEXT *psc);

Return a pointer to the EMPH_STYLE struct containing the emphasis style data for the emphasis with the
two-character shortcode pointed to by psc. The text pointed to by psc does not need to be null terminated.
An emphasis style with this shortcode must exist.

120



10 WORD FILE FORMAT CONVERSION DYLS

VOID ExtractText(UINT pos, TEXT *buf, UINT Len);

Copy ten bytes of document text, starting at document position pos, into the buffer pointed to by buf.

VOID SetFiteErr(INT err);

Set the Word application’ s file read/write error to err, for subsequent error reporting by Word.

This would normally be used only for reporting a failure to write a converted file.

Load interface services
The services described in this section are mainly intended for use in a file conversion DYL that loads a
word processor document from a file in some other format.

VOID CtoseCurrentFi Lec VOID);

Close the Word application’s current file. This action must be performed before new data is loaded.

SwitchToNewFule Revord name of ffle and redraw
UINT SuitchToNewF le(TEXT *pname);

Direct the Word application to open the file whose full file specification is pointed to by pname. This
action must be performed on successfifl completion of the loading of a file.

PARA_STYLE *AppendparaStytefpARA STYLE *pstyte);

Append the paragraph style described by the PARA_STYLE struct pointed to by pstyle. A paragraph or
emphasis style with the same shortcode must not exist.

EMPH_STYLE *App.y]ErpçhSty1efEMpH STYLE *pstyte);

Append the emphasis described by the EMPH_STYLE struct pointed to by pstyte. An emphasis or paragraph
style with the same shortcode must not exist.

VOID DoApptyParaStytefulNl spos, UINT epos, PARA_STYLE *par);

Apply the paragraph style described by the PARA_STYLE struct pointed to by par to the text between the
start and end document positions spos and epos.

The paragraph style is applied to to entire paragraphs, from the start of the paragraph that contains the
position spos, to the end of the paragraph containing position epos. The end of the extended range
includes the NULL that terminates the last paragraph in the range.

When adding text to a document, paragraph styles must be applied to each single paragraph in mm, and
never to a range of two or more paragraphs. To ensure that application of the style does not extend to any
following paragraph, value of epos passed to DoApptyParaStyl e should not include the paragraph’s
terminating NULL. It is an absolute requirement that the range never includes the NULL that terminates the
last paragraph of the document.
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VOID DoApplyEmphasis(UINT spos, UINI epos, EMPH_STYLE emph);

Apply the emphasis described by the EMPK_STYLE stmct pointed to by emph (which must point to a struct
that was previously set up by either SetDefauttSty[es or AppendEmphSty[e) to the text between the start and
end document positions spos and epos.

The specified range may extend across paragraph boundaries but, while inserting text, should preferably
lie within a single paragraph. If the end of the range is immediately before a paragraph’s terminating
NULL, the emphasis will also be applied to the terminating NULL.

To ensure that application of the emphasis does not extend to any following paragraph, the value of epos
passed to DoApplyEmphStyt e should not include a paragraph’s terminating NULL. It is an absolute
requirement that the range never includes the NULL that terminates the last paragraph of the document.

$
VOID SetDefauttStyles(INT npara, INT nemph);

Delete the document content and any exisiting paragraph and emphasis styles. Create a set of standard
paragraph styles and text emphases.

Setting npara to a value of one to four inclusive causes from one to four standard standard paragraph
styles to be created. These are the same as the default paragraph styles that are provided by Word when a
new document is created:

No. Name Shortcode

1 Body text BT

2 Heading A HA

3 Heading B HB

4 Bulleted list BL

Thus, setting npara to three causes the three paragraph styles BI, HA and KB to be created.

Setting nemph to a value of one to six inclusive causes from one to six standard emphasis styles to be
created. These are the same as the default emphasis styles that are provided by Word when a new
document is created:

No. Name Shortcode

Normal NN

2 Underline uu

3 Bold BB

4 Italic I;

5 Superscript EE

6 Subscript ss

Thus, setting nemph to four causes the four emphasis styles NN, UU, BB and II to be created.

A special case is selected by calling SetDefaultStytes with a value of -l (in this case the value of nemph is
ignored). This creates default styles and emphases suitable for loading a Microsoft Rich Text format
(RTf) file. This option is used by the RTF file conversion DYLs that are supplied with 3Link. It creates
a single Body text paragraph style, with shortcode BI, and six emphasis styles, with names and
shortcodes as listed above. The attributes of these styles are adjusted to be suitable defaults for the
loading of RTF files.

On return from this call the document content is a single empty paragraph, to which the Body text (BT)
paragraph style and Normal (NN) emphasis are applied. The character content is a single NULL (the
paragraph terminator). Note that this terminator must never be deleted, and characters must never be
inserted after it.
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:• :: .:

VOID InsectTextfUlNT pos, TEXT *jf, UINT Len);

Insert ten bytes of text, from the buffer pointed to by buf, at document position pos in the current
document.

The intended use is for the serial insertion of document text that has been read from the inpiut file. In no
circumstances should the insertion position be set to be after the document’s fmal terminating NULL.

:De.IeteTeXt.:..: :.Iee
VOID DeteteText(UINT posi, UINT pos2);

Delete and discard the text between document positions posi and pos2 in the current document.

The documents final terminating NULL must never be deleted.

Common interface services
The services described in this section are intended for use in all file conversion DYLs, regardless of
whether they save or load files.

:bF..ct fil€ coiiversior
VOID StartActive(VOID *hand);

Start the active object, with handle hand, that performs a file conversion.

The active object is first added to the application manager’s active object queue with priority
PRIORITY_ACTIVE_FILES. The Word application is set to a ‘Busy’ status and, on the Series 3, is marked as
locked, so that it will not respond to Switchflles or Shutdown messages from the System screen.

The active object is started by sending it an AD_QUEUE message and the application manager is sent an
AM_START message. The call to StartActive will not return until StopActive has been called at the
completion of the file conversion.

S
VOID StopActiveCVOlD);

Mark the termination of the active object file conversion, removing the ‘Busy status from the Word
application and, on the Series 3, removing the lock so that it will respond to Switchfltes or Shutdown
messages from the System Screen.

Sends the application manager an AM_STOP message, allowing the earlier call to StartActive to return.

SetBLIsVSt;a
Void SetBusyStatusfUlNT ftag);

If ft ag is TRUE, set the Word application’s ‘Busy’ status, otherwise clear it.

:SérèFiñtér.Patath:::.:::. ..:..: .:: .ti:e.t::at

PRINTER_PARAMS *SensePcinterParamsfVOlD **phand);

Return a pointer to the Word application’s PRINTER_PARAMS struct. The data in this structure may be read
or written.

If phand is not NULL, the handle of the Word application’s instance of the PRINTER class is written to
*pl,and file conversion software is free to use all the methods of the PRINTER class.
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SensePdnterMc
WDR_MODEL *SensePrinterModel(VOID).

Return a pointer to the Word application’s printer model data, contained in a WDR_MODEL struct. The data
in this structure may be read or written.

SenseWDI:
VOID *SenseR(VOID);

Return the handle of the Word application’s instance of the WDR class. file conversion software is free to
use all the methods of the WDR class.

Example Code
This code in the following examples provides file conversions to and from a simple plain text format.

Save plain text

To avoid obscuring the basic mechanisms, the nature of the conversion and the format of the saved file
has been kept as simple as possible. The end of each text record is marked by a single carriage return
character.

Each record in a text file must not exceed 256 characters in length, but the example code makes no
attempt to enforce this. It simply saves each paragraph as a single plain text record, regardless of its
length. In order to create files that can be loaded by the following plain text loader example, the Word
file that is saved must not contain paragraphs that exceed 256 characters in length. A more robust
converter would break longer paragraphs into two or more records of less than 256 characters, and could
use an empty record to mark the end of a paragraph.

The saver DYL’s category file, ws$txt.cat, is listed below:

LIBRARY ws5txt

EXTERNAL otib

INCLUDE p_std.h

INCLUDE p_object.h
INCLUDE otib.g

INCLUDE appman.g

CLASS txtsave active CNB Must be first class in the category

{
REPLACE destroy

REPLACE ao_init
REPLACE ao_run

REPLACE ao_abrun
CONSTANTS

{
CHAR_CR 13

TXTSAVE_BUFFER_LEN 256

)
PROPERTY

{
UINT ntags; totat number of index tags
UINT curtag; current tag number
UINT pos; current position in document text
TEXT buf[TXTSAVE_BUFFER_LEN]; buffer for extracting document text

)
)

As can be seen, it only contains the single class TXTSAVE - a more complex converter may need additional
classes. The converter’s active object class must be the first class in the category file and will always
replace the destroy, ao mit, ao_run and ac_abrun methods. It may optionally replace the ao_queue
method, as illustrated in a later example.
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The methods of the TXTSAVE class are as shown in the following listing:

1*
TXTWRITE.C
*1

#inctude <p_std.h>

#inctude <p_fite.h>

#inctude <ws$txt.g>

#inctude “upfconv.h”

GLREF_D VOID *DatApp5.

LOCAL_C INT OpenFile(PR_TXTSAVE *setf)
/* forces a .TXT extension /

C
TEXT extension[6];

P_INFO info;

TEXT name EP_FNAMESIZE];

*C(UWORD *)&extension[Ofl=II+CITI<<8);

*((UWORD *)&extensiont2))=IXI+(ITI<<8).

extension [4) =0;

f_fparse(&extension[O) ,DatApp5,&nametO] ,NULL);

if f!p_finfoC&nametO),&info))

C
if f!DoConfirnverwriteO)

return( FALSE);

)
f_openC&self->active.pcb,&nameto) ,P_FUPDATEIP_FREPLACEIP_FSTREAM_TEXT);
return(TRUE);

)

LOCAL_C VOID RepLaceNuLlsfTEXI *p,UINT Len)
1*
Replace the end-of-paragraph nutts with CR characters
*1

C
TEXT *pe;

for fpep+ten;p<pe;p++)

C
if (!*p)

*pCHARCR;

)
)

#pragnia METHOD_CALL

METHOD VOID txtsave_ao_init(PR_TXTSAVE *setf)

C
OpenFiteCsetf);

set f->txtsave.ntags=CountlagsO;

StartActivefsetf); /* does not return until the conversion is complete */

)
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METHOD TNT txtsave_ao_run(PR_TXTSAVE *setf)

{
PARA_STYLE style;
EMPH_STYLE emphasis;
UINT taglen,txtlen;

tagten=SenseTagltem(setf->txtsave.curtag++,&styte,&emphasis);
while (tagten)

{ / Looping here means that a record is too long to read with WLSDYL /

txtlen=taglen>TXTSAVE_BUFFER_LEN ? TXTSAVE_BUFFER_LEN taglen;
ExtractText(setf->txtsave.pos,&self->txtsave.buf[O) ,txtten);
ReplaceNults(&self->txtsave.buf tO] ,txtlen);
f_write(setf->active.pcb,&self->txtsave.buf[O],txtlen);
setf->txtsave.pos+=txtlen;
tagten-=txtten;

)
if (setf->txtsave.curtag<setf->txtsave.ntags)

p_s end2( set f , 0 AO QUEUE);
eLse

p_send2(setf ,O_DESTROY);
returnf RUN_ACTIVE_USED);
)

METHOD VOID txtsave_ao_abrun(PR_TXTSAVE *self)

(
p_cLose(seLf->active.pcb);
StopActiveO;
p_supersend2( set I, O_AO_ABRUN);
p_supersend2( self, 0_DESTROY);

)

METHOD VOID txtsave_destroyfPR_TXTSAVE *self)

{
StopActiveo;
p_supersend2( self, 0_DESTROY);
)

The document is scaimed by use of the document’s index tags, each of which marks a range of characters
that are formatted in the same way. If the conversion format includes formatting information, the format
of the text may be read from the emphasis and paragraph styles that are associated with each index tag
(pointers to these are supplied by each call to Senselagi tern).

This example uses a synchronous write to the file in the active objects ao_run method and uses the
ao_queue method of the ACTIVE superclass.

Load plain text

This example opens the input file as a true text file and thus assumes that no single record contains more
than 256 characters. Each record is considered to be a whole paragraph.

LIBRARY wt5txt

EXTERNAL otib

INCLUDE p_std.h
INCLUDE p_object.h
INCLUDE oLib.g
INCLUDE appman.g

C
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CLASS txtread active

NB Must be first ctass in DYL

{
REPLACE destroy

REPLACE ao_init

REPLACE ao_queue

REPLACE ao_run

REPLACE ao_abrun

CONSTANTS

C
TXTREAD_BUFLEN 256

)
PROPERTY

C
UWORD pos; current document character content offset
UWORD tastpos; document offset to start of the previous paragraph
TEXT eopara; NULL - the end of paragraph marker character
TEXT duiniy;
UWORD ten; Length of text in buft)
TEXT bufETXTREAD_BUFLEN]; input text buffer

}
)

As in the previous example, the category file contains only the single class TXTREAO - again, a more
complex converter may need additional classes. The converters active object class must be the first class
in the category file and will always replace the destroy, ao_init, ao_run and ao abrun methods. In this
example the ao queue method is also replaced.

The methods of the TXT READ class are as shown in the following listing:

1*
TXT READ. C
*1

#inctude <p_std.h>

#inctude <p_fite.h>

#inctude <wt5txt.g>

#inctude I•wpfconv.hH

GLREFD VOID *DatApp5. 1* used for fiLe conversion DYL5... *1
#define FiLeName DatApp5 1* ...to point to the source fUe’s name /

LOCAL_C VOID InsertBuffPR_TXTREAD *setf, TEXT *buf, UINT ten)

C
InsertText(setf->txtread.pos,buf,len);
seLf ->txtread. pos+= I en;
)

LOCAL_C VOID ApptyPtainStyleCPR_TXTREAD *setf)

C
PARA STYLE *para.

EMPH_STYLE *h;

TEXT paracode[2];

TEXT emphcode[2);

*CIJORD *)&paracodetO]=IBI+(ITI<<8);

paraSenseParastyteBySCC&paracade [0]);

DoApplyParaStyte(seLf->txtread. tastpos,self->txtread.pos,para);
*(WD) *)&e,yphcode[O]IN1+(INI<<6);

emph(EMPH_STYLE *)SenseEnphSty1eBySC(&pl,cede[0]);

DoApptyEmphasisCseLf->txtread. Lastpos,setf->txtread.pos,ençh);

)
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#pragma METHOD_CALL

METHOD VOID txtread_ao_initfPR_TXTREAD *setf)
1*
Keep the supptied fiLename extension.
*1

(
f_openf (VOID **)&self_>actjve.pcb,FiteName,PF0PENIPFTExT);
CtoseCurrentFiteO;
SetDefauttStyles(4,6);
StartActive(setf);

)

METHOD VOID txtread_ao_queue(PR_TXTREAD *self)

setf->active. isactive=TRUE;
setf->txtread. len=TXTREAD_BUFLEN;
p_ioc5fsetf->active.pcb,P_FREAD,&self->active.stat,&setf->txtread.buf[O],

&setf ->txtread. len);
)

METHOD INT txtread_ao_run(PR_TXTREAD *setf)

{
if fself->active.stat==E_FILE_EOF)

{
ApptyPtainStyteCsetf); 1* apply style to the final paragraph */

SwitchioNeuFi tef Fl teName);
p_send2(self,O_DESTROY);
return( RUN ACTIVE_USED);

)
f_leave(self->active.stat);

if (self->txtread.pos)

{
ApplyPlainStylefseLf); 1* range does not include the terminating NULL */

InsertBuffself,&setf->txtread.eopara,1);
self->txtread.lastpos=self->txtread.pos;

)
InsertBuf(self,&self->txtread.buftO),self->txtread.len); /* add text of next paragraph */

p_send2fsel f ,O_AO_QUEUE);
return( RUN_ACTIVE_USED);

)

METHOD VOID txtread_ao_abrunfPR_TXTREAD *self)
1*
The application is shut down after reporting any error on loading.
No data is ever lost by doing this, since any previous file will
already have been saved.
*1

C
StopActivee;
p_supersend2(setf ,O_AO_ABRUN);
p_exitf 0);
)

METHOD VOID txtread_destroy(PR_TXTREAD *self)

C
StopActivef);
p_supersend2(sel f ,0_DESTROY);
)

As an alternative to the code of txtwñte. c, this example reads the file asynchronously by means of a call
to p_i oc in the replacement ao_queue method.

C
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Debugging a conversion DYL
Although the conversion DYLs will run on both the Series 3 and the Series 3a, debugging a conversion
DYL must be performed on a Series 3a machine. You should use the normal arrangement, with the Series
3a set up for debugging from a PC by means of the $130 debugger provided with the ‘C’ SDK.. The
DYL must, of course, have been built for debugging, and must have been copied into a lwdr
subdirectory of the root of any local drive on the Series 3a.

Since the DYL is only loaded into memory just before it is used, and is unloaded immediately after its
work is done, it is not possible to use the debugger to set a breakpoint directly in the DYL code. The
easiest solution is to set a breakpoint at a suitable point in the Word application and step into the DYL
code. Once the debugger is displaying the code of the DYL, you can then debug it in the normal way,
setting any further breakpoints that you need.

The Series 3a’s Word application is in the machine’s ROM, so it is not possible to set a breakpoint in it.
For this reason, a copy of the Word application is provided. Copy the supplied word.app into the
m: lapp directory of the Series 3a. From the System screen’s App menu, use the Remove option to
remove the built-in Word application and then use the Install option to install the copy from Internal.
Then run this Word application.

from the PC, start up a remote debugging session and break into the running Word application, using the
Break into option of the Debugger’s Process menu. Then set a breakpoint at 0x30a3 and apply the break
point by selecting the Apply BP option from the Debugger’s Process menu.

At this point you can cause a Word conversion DYL to run by selecting either Save as or Open file from
Word’s File menu. In the resulting dialog, select the drive and file as normal, but select the File type to
be the one that will use the appropriate DYL. For example, to debug ws$txt.dyl, use the Save as option
and select a File type of Txt. Then press Enter to exit the dialog.

The Word application will hit the breakpoint, with the window showing the line:

WORD:30A3 E81724 CALL 54BD

Step into this call, and then step to the following Li bEnter call, when the window will show the line:

WORD:540F CDD2 LibEnter

Step into this call, when the window will show the line:

WORD:54FF CDCF LibSend

Stepping into this Li bSend call will bring you to the first executable line of the DYL code, at the top of an
ao_ini t method. If, for example, you are debugging ws$txt.dyl, you will be at the start of the
txtsave_ao_init method function.

From this point the DYL code can be debugged as normal.
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