1616: Technical
Reterence Maln-
ual

August, 1993

Applix 1616 microcomputer project
Applix pty Itd




1616 Technical Reference Manual

Even though Applix has tested the software and reviewed the documentation,
Applix makes no warranty or representation, either express orimplied, with respect
to software, its quality, performance, merchantability, or fitness for a particular
purpose. As aresultthis softwareis sold "asis,"andyou the purchaser are assuming
the entire risk as to its quality and performance.

In no event will Applix be liable for direct, indirect, special, incidental, or
consequential damages resulting from any defect in the software or its docu-
mentation.

The original version of this manual was written by Andrew Morton, who also
wrote the entire operating system.

Additional introductory and tutorial material by Eric Lindsay

Editorial and design consultant: Jean Hollis Weber

Comments about this manual or the software it describes should be sent to:

Applix Pty Limited
Lot 1, Kent Street,
Yerrinbool, 2575
N.S.W. Australia
(048) 839 372

Private BBS systems (ringback) on (02) 554 3114 and (02) 540 3595

[1 Copyright 1986 Applix Pty Limited. All Rights Reserved.
Revised materiall Copyright 1990 Eric Lindsay

ISBN 094734102 1

MC68000Q][] is a trademark of Motorola Inc.



1
Relocatable Code Format

If a computer system is to retain multiple programs in memory simultaneously, it

Is necessary for the operating system to be able to load programs in at varying
addresses. If a computer includes memory management hardware, most of this
can be done by the hardware. Like most low cost computers, the Applix does not
have the necessary hardware. In the absence of memory management hardware,
the most obvious method is to write relocatable code, such as is done in the
Macintosh. However this can be restrictive to programmers.

The Applix uses instead a relocating loader. Because one does not know what
combination of programs is going to be in memory at any one time, you can not
give each program a different load address. With relocatable program files, the
operating system can load a file in at any address in memory, and then alter all the
self-references within the program so thatit will run correctly at the loaded address.
Utilities are provided to change a program with absolute addresses into the relo-
catable format described later.

First, some terminology fromaux and the C language: for our purposes a program
consists of three section®xt, data andbss

text The text section of a program is the actual machine instructions: the
opcodes and their operands. The text section may include some data
such as strings of text, jump tables, etc.

data More formally initialised data, the data section holds such things as
constant strings, tables of numbers, initialised data structures, etc.
bss This stands for the block storage segment. The bss is a program’s

variable storage area. This is where variables and data are written,
stored and read.

In a program file on disk only theext anddata sections need be stored. Tihgs
section contains no useful information before the program has commenced
execution. When 1616/0S loads aa file into memory for execution, it fills

the program’dssarea with zeroes before the program starts executing.

For example, in the 1616/0S ROMSs, tlext anddata sections are in the ROMs,
while thebsssection is in RAM at $400.

A relocatable format file (axrel  file) contains:
. aheaderwhich containsinformation aboutthe file, and aboutits three sections.
. the text and data itself

. relocation information with which the loader can make the code executable
at whatever address it is loaded.

This relocation format only supports the relocation of long words. Short mode
(16 bit or 8 bit) addressing is not supported.
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The header is as follows:

Offset into file | Size Name Usage ||
0 word | magicl 2|\6/I)agic pattern ($601a) (actually bra|
2 long textlen Length of text section
6 long datalen Length of data section
10 long bsslen Length of bss section
14 long symtablerny Length of symbol table
18 long Program stack allocation
22 long textbegin | Start address of text
26 word | relocflag | Iff_rllon-zero, relocation info is included
in file

The symtablen field indicates the length of the file symbol table at the end of the
file. This may be set to zero if the symbol table does not exist. teknvegin field

Is the address at which the text segment will run without relocation. This is used
for offsetting self references within the program for loading at the new address.

Whenthe 1616/0S relocating loaderloads in arelocatahde () file for execution
it places theext, data andbsssections contiguously in memory, in that order.

Immediately after the relocatable file’'s header comes the program text, then the
initialised data.

After this comes the symbol table, and then the relocation table. The relocation
information consists of a coded series of pointers into the text and data sections
which tells the loader which longwords need relocation. The coding scheme is as
follows:

The relocation information starts with a long word, which is the offset into the
loaded code of the first relocatable longword. If this offset is zero, then no relo-
cations exist: the file contains no absolute self-references.

After the first longword comes a series of bytes. Each byte is added to the current
pointer to get a pointer to the next longword which must be relocated. This will
result in all the byte offsets being even numbers. The byte $01 has a special
meaning: add 254 (decimal) to the location pointer without performing a relocation.
Thisis for cases where two neighbouring relocatable longwords are more than 254
bytes apart. The entire sequence is terminated by a byte of $00.

Theloadrelandfloadrel system calls (.69) may be used to load and relogate
files.
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Generating .xrel files - genreloc

At present, the 1616 assembler SSASM does not proghdcefiles directly. The
genreloc.xrel  Utility has been provided for this purpose. This program generates
an xrel file from two exec files (such as those produced &ysm) whose start
addresses differ by $20002.

Use this program as follows:
genreloc ifile.1 ifile.2 outfile.xrel bsssize

Whererile.1  isthe code executable at $10002 arc  is the code executable

at $30004. outfile xrel is the output file. bsssize is an optional argument which
specifies how muchssspace there is to be allocated at the end of the data section
at run time. Note that this takes no disk space.

If the filename extensions are omitted they defaultt6,” .2 * and ‘.xrel

When usingsasm to generateie.1  andifle.2  be careful to notassemble either

one at a start address of less than $10000. This is because the assembler optimises
some addressing to absolute short mode, which could result in programs which
start at different addresses differing in more than just their self-referential
addressing.

The shell filemakexrel.shell  automates all of this: be sure not to have any .ORG
pseudo-ops in the source code when usiagxrel.shell , because this shell file
adds its own.

Assembling your program twice is, of course, a nuisance. Unless you are devel-
oping a memory resident driver (MRD) the code can be tested out.agarfile
(requiring only one assembly) and then converted toran file when the code

Is stable.

Therelcc program available to owners of théTech C Compilecan be used to
directly generaterel programs from C code

Loading executable files into memory

Thefloadrel system call loads programssxec or xrel ) into memory. This call
should be used if you wish to load code from a disk file without usingetkexc
system calls. The loaded program can remainresidentin memory afterthe program
which loaded it terminates, provided the loaded code resides in mode 1 allocated
memory.

Loadrelwill load the program from a previously opened file into a specific memory
location, rather than being allocated memory by the system.

Load a program - floadrel

floadrel(path, memmode)

Relocatable Code Format Tech Ref 1-3



do 69

dl path Pointer to pathname of program
d2 memmode Memory allocation mode
Return Error code or load address.

Itis passegath, a pointer to a null-terminated string which is the pathname of the
file to load. If the pathname does not end wigkec or xrel an error code is
returned.

If path IS a.exec file the following happens:
The start address and length of the file are read
Memory is allocated for the file usingetfmem
The file is loaded
The start address is returned

If path is axrel file the following happens:
The length of the file (text, data, bss) is read
Memory is allocated for the file usingetmem
The program is loaded in and relocated
The start address is returned

Thememmode argument to this system call is the mode which is passgdtfomem
orgetmenmwhen storage is allocated for the programto be loaded. Sgethem
documentation for detailsmemmode Should be O if the loaded program does not
need to remain in memory after the currently running program has ended.

If the loaded program is to remain in memory after the currently running program
has ended, useemmode = 1. Note that this leaves the loaded program safely in
memory until its memory is freed or until the system is reset.

It is the caller’s responsibility to release the memory which is allocated when the
program is loaded in (by usirffigeemen).

Relocating loader - loadrel

loadrel(handle, addr)

do 11

dl handle Input file handle
d2 addr Target address
Return Error code

Loads relocatable code from the previously opened file (see syscatigdlio

open a file) whose handle igndle. The file should be open for reading, with the
file pointer positioned at a relocatable file header. The code is read in, then the
relocation information is read, and the relocation is performed. Upon return the
code has been loaded aid), and the file pointer is located at the next byte beyond
the end of the relocation information.
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A negative return indicates an error.

If handle = -1 then the start address of the most recently loaded program (loaded
by anexeq is returned. Se#oadrel (syscall 69) above for loading a program.
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2
Memory Resident Drivers

A memory resident driver (MRD) is a program which permanently resides in
memory. Memory resident drivers are read into system memory from the file
mrdrivers 0N /FO, /F1, /HO or /H1 during level O reset processing . rhifagvers

fileis created by linkingtogether zero, one or more memory residentdriver program
(.mrd) files with the buildmrd program. Thedrivers file also contains system
configuration information.

As themrdrivers ~ file is read from magnetic disk at boot time, the users of tape-only
systems will not be able to use memory resident drivers.

Memory resident drivers may be used for background interrupt processing, pop-up
applications, alteration of existing system calls and 1616/0OS inbuilt commands,
etc.

Memory resident drivers may be written as memory-resident transient programs:
they are called when their identifying name is used as a command to 1616/0S,
whether the command is typed in at the keyboard, read fremaia file or passed

to one of theexecsystem calls. This permits the writing of quick transient com-
mands (such asel , ren, etc) or altering the operation of existing commands
(1616/0S searches the memory-resident drivers for a command before it searches
the inbuilt command tables). It may also be used to alter the mode of an MRD
which performs background functions.

Using buildmrd.xrel

This program permits the linking together of a number of memory resident driver
programs, whilst specifying certain system information.

The usage of the program is:

buildmrd -s  stacksize -v videosize -r rdsize -c colours -l nlastlines -0 outfile

-b ncacheblocks -f maxfiles -d ndcentries mrdfile.mrd mrdfiles.mrd ...

The parameters all have sensible defaults, and all are optional, so you need only
use those you want to alter. You should discard earlier versions of this program,
and use the version supplied with 1616/OS Version 4.2 or later. Brief details of
parameters are below.

STACKSIZE
is the amount of space reserved for the system stack in kbytes. If
this not specified it defaults to 32 kbytes or 64 kbytes, depending
on version. If you are heavily into FORTH, etc., you may need
more.
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VIDEOSIZE
is the amount of RAM at the top of memory (ending at $80000 in
an unexpanded system, or 1, 2, 3 or 4 megabytes higher if you have
memory in an expansion board) reserved for video display in kbytes.
If not specified this defaults to 32 kbytes (it cannot be made less),
normally starting at $78000. If you specify 64 kbytes, for example,
it will normally start at $70000.

RDSIZE
Is the size of the RAM disk in kbytes, and should be a multiple of
8 kbytes. If not specified this defaults to 200 kbytes. It should not
be made less than 24 kbytes. If therivers file cannot be found
atboot time, the RAM disk size is set according to the setting of bits
0 and 1 of the hardware diagnostic switches.

COLOURS

Colour settings were added to the header structure of the
MRDRIVERS file, as at 1989. Bit allocation in this longword is as
follows:

00-03  Pallette entry O

04-07  Pallette entry 1

08-11  Pallette entry 2

12-15  Pallette entry 3

16-19  Border colour

Thislongwordis setusing the flag inbuildmrd.xrel , when creating

the MRDRIVERS file. For examplegifaso will give a border
colour of 1, and pallette entries of 15, 10, 5 and zero (which are
actually the default in any case). If the MRDRIVERS file contains
zero for the colour setting, the system assumes it is an old version
MRDRIVERS file, and sets the colours to the default.

NLASTLINES
Last line recall depth. Set the number of previously input lines
retained by the keyboard line editor. Default is 10 lines of history.

OUTFILE
Is the output file pathname. It defaultsrb@irivers

NCACHEBLOCKS
Number of blocks of memory retained for disk cache (buffers disk
access). These cache system data (root blocks, etc) only, and is not
actually used by this version of the operating system.

MAXFILES
The maximum number of file control blocks available to the system.

NDCENTRIES
Number of directory cache entries, for caching directory contents
of your path.
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MRDFILES
is alist of zero or more memory resident driver files. By convention
these filenames end itmrd *. If NO name extension is given,.ard
is automatically added. These programs must comply with the
guideslines set out here for memory resident drivers.

Memory resident driver conventions

A memory resident driver program must comply to the system described here if
it is to work properly (or at all).

AnMRDfileisastandardrel file whose extenthas beenchanged (by convention)
to .mrd .

The system clears the MRDissarea when it is first loaded at level O reset time.
From then on the MRD’$®ssarea is safe and private. Early releases 1616 C
compiler’s run-time startup code cleared the bss area on entry to the code. This
results in the MRD’s bss being zeroed each time the system calls the MRD! The
run-time startup code (filetapp.s ) must be altered if MRDs are to be written in

C.

Themainentry pointofan MRD s its startaddress. Thisaddressis called whenever
the system or a user program perfornteimrd system call to communicate with

the MRD. At this entry point the MRD is passed two numbers on the stack. They
are a command number at 4(sp) and a single argument at 8(sp). Thesecare the
andarg arguments to theallmrd system call. The currently defined commands
are listed below. These are a guideline: some of them may not be appropriate for
a particular driver. If you are writing a driver with its own commands, do not use
commands 0 to 255; these are reserved.

Unless the MRD command is expected to return a value (such as MRD_VERS,
etc) it should return 0 in dO.

The MRD code should nominally preserve all registers except dO, d1, a0 and a1,
but it is probably safer to preverve all registers without exception.
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0 | MRD_ORES Level O reset: initialise

1 | MRD_1RES Level 1 reset: initialise

2 | MRD_2RES Level 2 reset: initialise

3 | MRD_NAME Return pointer to driver name

4 | MRD_VERS Return driver version number

5 | MRD_ENABLE Enable driver

6 | MRD_DISABLE Disable driver

7 | MRD_DOIT Do whatever the driver does

8 | MRD_STOPIT Stop doing whatever the driver does
9 | MRD_EXECENTRY Return exec command entry point

Commands O - 2
The MRD is called with these command numbers when the system
is reset. The MRD should perform any appropriate initialisation,
vertical sync vector installation, memory allocation, etc at this time.
Return O in register dO.

Command 3 MRD_NAME
The MRD must return a pointer to a null terminated string which is
the name of the MRD.

Command 4 MRD_VERS
The MRD mustreturn abyte inregister dO whichindicatesits version
number. Bits 0-3 indicate the minor revision level, bits 4-7 indicate
the major revision level. For example, $34 indicates version 3.4,

Command 5 MRD_ENABLE
The MRD enables itself. See below.

Command 6 MRD_DISABLE
Onreceipt of this command the MRD disables itself, soifitis called
while disabled it does nothing. If the MRD is an executable com-
mand it should set a flag so that it returns zero in response to a
subsequent MRD_EXECENTRY command. An MRD should put
itself in the enabled mode after any level of reset.

If, for example, the MRD'’s function is to print the current time on
the screen it should not do this when disabled. Seedhe for
example code.

Command 7 MRD_DOIT
This is the general way of making the MRD do whatever it does. If,
for example, the MRD'’s function is to do a dump to printer of the
currentscreen contents, a call to the MRD with this command should
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initiate the printout. If the MRD is currently disabled (via a
MRD_DISABLE) then the MRD_DOIT command should be
ignored.

Command 8 MRD_STOPIT
This is the way to prevent the MRD from doing whatever it does.
In the screen dump code above, for example, an MRD_STOPIT
command may abort the screen dump Ifthe MRD is a print spooler,
MRD_STOPIT and MRD_DOIT may stop and start the spooler
output.

Command 9 MRD_EXECENTRY
When the MRD receives this command it should return the address
of its entry point when called as a transient program. If the MRD
does not have a transient command calling mode, return zero for
this command.

If the MRD is to be used as a transient program, the address returned here is that
of the start of the transient command handler.

The transient command handling code works in just the same manner as a normal
transient commandxec or xrel program. When the command’s name (as
returned by the MRD_NAME command) is encountered by the command inter-
preter, the system stacks thgs, argstr, argtype andargval values and jumps to the
code. The program may open files, print characters, allocate memory, etc. 1/O
redirection works normally. Error codes may be returned to the systemexithe
system call works correctly.

One difference between transient command MRDs and normal transient programs
is that of recursion: rerunning a normal transient from within itself causes a second
copy of the program code to be loaded into memory; this does not happen with
MRD transients: they are simply reentered when tegcthemselves.

Writing memory resident drivers

The business part of an MRD which is used as a transient program is practically
identical to a normal 1616 program - they in fact have little advantage over, say,
axrel file ina RAM disk directory which lies in the head of your execution path,
set by thexpath command. One significant difference is that transient MRD
programs are looked for before the system scans the internal command list; this
enables effective modification (by replacement) of 1616/0S commands.

The system uses the MRD_EXECENTRY and MRD_NAME commands every
time a command is processed, so transient MRDs may change their name and/or
disable themselves at any time.

The major application for MRDs - that for which they were designed - is as pop-up

utilities, system call alterations, background task handling, etc. Obviously, an

MRD should be re-entrant, as the user in a multitasking system may invoke it more
than once.
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An MRD may hook itself into the system using one or more of several methods.
A number of these intercept the system’s functions at a fairly low level: when in
doubt, save all registers on entry and restore them before exit!

Background processing at vertical sync interrupt time

The driver must install itself (using tiset_vsvesystem call) whenever itreceives
command 0, 1 or 2. Aninternal routine is called at the rate specified in the call to
set_vsveand performs the required processing. If you want it called at more than
50 Hz, use a different interrupt.

Background processing initiated by other interrupts

If the MRD has a routine which is to be called when an interrupt from a device
such as a serial channel occurs, it must install a vector to the internal routine in
the appropriate vector location (possibly a ‘simulated interrupt vector’).

A block driver

If the MRD is a block device driver it must install its driver routines with the
inst_bdvr system call at level O reset time, when it receives an MRD_ORES
command.

Character driver

If the MRD is a character device driver, it must install its driver routines with the
add_opdvrand/oradd_ipdvrsystem calls at level O reset time, when it receives
an MRD_ORES command.

Keyboard intercept

The MRD may inspect the passing stream of keystrokes by installing itself in the
keyboard scan code processing queue. Thisis done by callisgthievesystem
callwith a pointer to the processing function whenever alevel 0, 1 or 2 reset occurs,
and saving the return value in local storage.

The keystroke processing function is called whenever a key is pressed or released.
The scan code to be processed is at 4(sp). When the processor has completed its
task it should jump to the keyboard handler which was installed when this driver
installed itself. The pointer to the old keyscan processing function was returned
from theset_kveccall. Before passing control off to the old handler with a JSR
instruction, the key scan code should be pushed onto the stack, so the called code
hasitavailable at 4(sp); alternatively the stack pointer may be restored, and control
Is passed with an indirect JMP instruction.
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System call replacement/intercept

The MRD places pointers to its internal routines in the system call jump table by
passing them in theet_stvesystem call.

The replacement system call handling call code is called whenever the system call
which it services is called (obviously). The call’'sarguments appear at 4(sp), 8(sp),
etc. The handler may pass the arguments to the old system call handler if desired
- the set_stvecall returns the old handler entry point. The stack frame must be
identical.

The mrdrivers file

The memory resident driver boot fle MRDRIVERS has the following structure:
(most values are longwords, well, actually ints)

Offset Name Usage
0 | magicl Always $601A Actually a BRA 26 (why?)
4 | vers MRDRIVERS format version (initially 2)
8 | rdsize Size of RAM disk in kbytes
12 | memusage | Total of all text, data, bss in all drivers in file
16 | ndrivers Number of drivers in the file
20 | magic2 Always $D80AB7F1

24 | stackspace Size of system stack space in bytes
28 | vramspace | Space reserved for video RAM (at top of memofly) in

bytes
321 | obramstart | Address of the start of on-board memory.
361 | mrdstart Address of the start of the MR drivers
401 | rdstart Address of the start of the RAM disk
44 | vramstart Address of video RAM start
48t | colours Pallette and border colours
52 | nlastlines last line recall depth (short)

54 | ncacheblocks disk cache blocks (short)

56 | maxfiles file control blocks (ushort)

58 | ndcentries directory cache entries (ushort)

60 | chardrivers | pointer to 16 chardriver structs

64 | padd 28 shorts, for future expansion
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From here, all the MR drivers, inrel form are concatenated, including their

headers.

The fields marked T above are not initialised in theivers
written in the RAM copy of the above structure.

file. They are only
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3
Character Device Drivers

This chapter covers installing and locating input and output character device
drivers.

Italso briefly describes the rather elaborate character device structure that provides
considerable control over the detailed operation of the I/O ports by means of the
cdmiscsyscall. A (somewhat easier) control is obtainable by usingite
program included on thegsers Disk This allows alteration of almost all aspects

of the character oriented devices, including reactions to signals, end of file char-
acters, xon, xoff, raw mode, hardware handshake, RS232C signal levels, buffer
sizes, and much more.

Character device MRDs

Character device drivers may be installed in the memory resident drivers file
MRDRIVERS. When the memory resident driver is called with the MRD_ORES
command (at level O reset time) it installs the character device driver using the
add_ipdvrand/oradd_opdvisystem calls, documented below.

The driver installation system calls return the device handle (if there were less than
16 character device drivers currently installed). If the driver is to become standard
output, standard error or standard input, then a calktosopset_seror set_sip

must be performed every time an MRD_ORES, MRD_1RES or MRD_2RES
command is sent to the MRD. Pass the device driver handle to the system call.

Install input driver - add_ipdvr

add_ipdvr(ivec, statvec, name, passval)

do 10

dl ivec Pointer to character input code

d2 statvec Pointer to character input status code

a0 name Pointer to colon-null terminated
device identifier name

al passval Value passed to input code
& status code

Return Character driver number or -1 if no room

An input character device driver consists of a status routine and an input routine.
The status routine returns in dO a non-zero number if one or more characters are
available on the input device. The input routine waits until a character is present,
then returns it in dO. Negative error codes may be returned.
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ivec IS the address of the input routine. The input routine is called by the system
whenever a read from the character device is requisedval is passed at 4(sp).
This routine must wait until a character is available, and then return it in dO. All
other registers should be preserved.

statvec IS the address of the input status routine. Itis called by the system whenever
the status of the device is to be determinegsval is passed at 4(sp). Return the
status (1 = ready, 0 = not ready) in dO. All other registers should be preserved.

name IS the address of a null-terminated string which identifies the driver. The
name may be up to 16 characters in length, including the trailing colon and null.
The name of the driver must end in a colon for the driver to be recognised as a
characterdevice. The nameisdistinctfromthe namereturned by amemoryresident
driver when it recevies an MRD_NAME command.

passval IS @ number which is available for passing to the driver, whenever the input
or status routines are called. This permits the installation of multiple character
device drivers which in fact all call the same input and status routines. They are
installed with the same addressesifer andstatvec, but with differentnames and
passvals. | heivec andstatvec routines then use thassval field to determine which

of a range of character input sources is being accessed.

This system call returns the character device driver number. This is the same
number as that which is returned when the device is opened with the open system
call, or when it is located using tHmd_driver system call.

Miscellaneous entry point - add_xipdvr

Character device drivers now support an optional miscellaneous entry point. Itis
installed using theadd_ipdvr()system call. The normal form of the system call

IS

add_ipdv(iovec, statvec, name, passval)

The extended form is

add_xipdvfiovec, statvec, name, passval, miscvec)

Where theovec must have bit 31 set to indicate to the system call itatec is

valid.

add_xipdvr(ivec, statvec, name, passval, miscvec)

do 10
dl ivec Pointer to character input code
with bit 31 set.
d2 statvec Pointer to character input status code
a0 name Pointer to colon-null terminated
device identifier name
al passval Value passed to input code
& status code
a2 miscvec cdmisc handler
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Return Character driver number or -1 if no room

Every input driver MUST have a corresponding output vector, to keep the device
handlesinthe correctorder. The inputdriver must be installed and removed before
the corresponding output driver.

Callingadd_ipdvr()oradd_xipdvr(withiovec setto zero will result in the removal
of the character device driver.

The miscellaneous vector points to a routine within the driver which is called
whenever a program performsdmisc()system call.

The writing of character device drivers is not covered here, but basically the
miscellaneous routine receives the following arguments:

4(sp) The character device driver number (its handle)

8(sp) The device’sassval, as given when its input driver was installed.
12(sp) Thecdmisc()command (see below)

16(sp) Argument 1

20(sp) Argument 2

24(sp) Argument 3

The driver should return zero for any command which it does not recognise.

Miscellaneous entry points are optional. In 1616/0S only SA: and SB: implement
itfully. The CON: device has a miscellaneous entry point simply for the purposes
of returning the address of the video driver multi character write routine.

Install output driver - add_opdvr

add_opdvr(ovec, statvec, name, passval)

do 12
dl ovec Pointer to character output code
d2 statvec Pointer to character output status code
a0 name Pointer to colon-null
terminated device identifier name
al passval Value passed to output code
& status code
Return Character driver number or -1 if no room

An output character device driver consists of a status routine, and an output routine.
The status routine returns a non-zero number in dO, if one or more characters may
be sent to the device (via the output routine). The output routine waits until a
character may be sent, sends it and then returns. Negative error codes may be
returned.

Character Device Drivers Tech Ref 3-3



ovec IS the address of the output routine. Itis called by the system whenever a write
to the character device is required. The character to be transmitted is passed at
4(sp);passval is passed at 8(sp). This routine must wait until the character can be
sent, send it and the return. All other registers should be preserved.

statvec IS the address of the output status routine. The status routine returns a
non-zero number in dO, if one or more characters may be sent to the device (via
the output routine) without causing indefinite waits; that is, there is still room in
the device driver output buffer or the device is ready to receive another character.
Either way, a non-zero return from the status routine indicates that a character may
be sent without causing a wait of unknown duration. dtagec routine is called

by the system whenever the status of the device is to be determpaggal is
passed at 4(sp). Return the status (1 = ready, 0 = not ready) in dO.

name IS the address of a null-terminated string which identifies the driver. The
string may be up to 16 characters in length, including the trailing colon and null.
The string must end in a colon for the driver to be recognised as a character device.
The string is distinct from the name returned by a memory resident driver when
it receives an MRD_NAME command.

passval IS @ number which is available for passing to the driver, whenever the output
or status routines are called.
Character Device Drivers

Prior to Version 4.2d, each character device driver (input or output) which is
installed in the system was identified by the following data structure:

Offset | Name Size Usage
0 | doio int Pointer to input or output code
4 | status int Pointer to status code
8 | passval int Value passed to driver at call tifpe
12 | name 16 char Colon and null-terminated namg

These are simply a copy ofthe values passed tadlke ipdvioradd_opdvisystem
call when the driver was installed.

At Version 4.2d, a much more elaborate character device structure was devised.
This new structure allows increased facilities for multiple users, and for custo-
mising the interface to each device. Programs that write directly to the char device
driver tables will still work if they are patching the output driver, but not the input
driver.
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Offset | Name Size Usage
0 | doio int Pointer to input or output code
4 | status int Pointer to status code
8 | passval int Value passed to driver at call time
12 | name 16 char Colon and null-terminated namp
28 | lastlines char Last line recall buffers
32 | doip int Pointer to input routine
36 | ipstatus int Pointer to input status routine
40 | ippassval int Optional number to passto I/P dfive
44 | miscvec int Pointer to misc entry point
48 | sigintchar int If received, send signal down
52 | eofchar int End of File character
56 | xoffchar int Xoff character
60 | xonchar int Xon character
64 | resetchar int Reset the system
68 | rxcount uint No of chars that have come in
72 | txcount uint Number of char gone out
76 | intsig ushort If set,interrupt signal pending
78 | hupsig ushort If set, hangup signal pending
80 | xoffed ushort If set, awaiting Xon, O/P driver
sleeps
82 | kiluser ushort If sekilluser call pending
84 | hupmode ushort DCD loss mode
86 | rawmode ushort If set, ignore all special character
88 | miorvec int Multi character read vector
92 | miowvec int Multi character write vector
96 | modebits ushort Application specific
98 | statbits ushort Permission bits

The modebits field is intended for specific applications. The following bits are
defined:
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0(1) cdmb_xlateesc Escape code translation
1(2) cdmb_rxsigpurge Purge Rx buffer on signal recognition
2(4) cdmb_txsigpurge Purge Tx buffer on signal recognition

Normally you would use thedmiscsystem call (below) to manipulate this table,
or if working from the command line, use th&iev program (on the Version 4.2
User Disk) to set the values required.

Vary buffer size for a character device - new_cbuf

new_cbuf(dev, addr, len)

do 81

dl dev Device identifier

d2 addr Address of new buffer
a0 len Length of new buffer
Return 0 (-1 if bad argument)

This system call may be used to install larger circular buffers for the interrupt
driven device drivers in 1616/0S. At power-on, the buffer sizes are in the 200
byte region, which is not great for print spooling, etc.

To obtain larger buffer areas, pass this system call a pointer to some free memory
(addr), the length of the free memory arean) and an identifier which selects the
device for which you desire more buffering.

The dev argument selects the device:

dev=0 Replace serial channel A receive buffer
dev=1 Replace serial channel A transmit buffer
dev=2 Replace serial channel B receive buffer
dev=3 Replace serial channel B transmit buffer
dev =4 Replace parallel printer output buffer

dev=>5 Replace keyboard input buffer
Do not pass a buffer length of less than 64 bytes.

If the buffer is in allocated memory and is to remain in place after the current
program has exited, the buffer memory should be obtained from the system using
mode 1 for thegetmemsystem call.

Performing this system call with theur field equal to zero will resultin the standard
buffer being restored. The buffer areas are within 1616/0OS’s data areas. Do this
before returning to 1616/0S if the buffers are only temporary.

Get pointer to character device driver table - get_duvrlist

get_dvrlist(ioro)
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do 96
dl ioro Flag: 1 = output drivers,
0 = input drivers
Return Pointer to character device driver table
The system keeps two arrays of sixteen of the above structures. One array is for

the output drivers, the other for input drivers. An unused entry in the array has a
value of zero in theloio field.

Theget_dvrlistsystem call returns a pointer to the start of one of the two arrays.
If ioro iS zero, a pointer to the output driver array is returnedordfis non-zero, a
pointer to the input driver list is returned

The find_driver system call - find_driver

find_driver(ioro, name)

do 95

dl ioro Unused

d2 name Pointer to device name or a device handle

Return ; Device handle or pointer to chardriver structure or error
code.

This system call has been worked to provide individual access to each device’s
chardriver structure.

If name is less than 16 this system call returns a pointer to the chardriver structure
for the corresponding character device driver. Otherwdse is assumed to be a
pointer to a string such as "CON:" and a search is performed for that character
device driver.

If found its handle is returned, otherwise a negative error code is returned.

The cdmisc system call - cdmisc

cdmisc(dvrnum, cmd, argl, arg2, arg3)

do 133

dl dvrnum Character device driver number (device handle)
d2 cmd Command

a0 argl Argument 1

al arg2 Argument 2

a2 arg3 Argument 3

Return Varies. Negative thrnum is bad.
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Alarge data structuretario.h  struct chardriver) is associated with each character
device driver. Thedmisc()system call provides access to this data structure, and
to the driver’'s miscellaneous entry point if it has one. You can make easy use of
this syscall from the command line by using theev program available on the
V4.2 Users Disk.

dvrnum IS the handle of the character device. Itis the device’s file descriptor. Itis
the number which was returned when the device’s driver was installed.

This call will return zero ifemd does not require a return value, okifd requests
a call to the device’s miscellaneous entry point and it does not have one.

cmd defines the mode of the system call. At this stage commands O to 31 are acted
upon by thecdmisc()code in the operating system and require no action by the
driveritself. This limit of O to 31 may present problems at some future time. Other
commands are device specific and are acted upon by the miscellaneous code within
the device driver.

The values foemd are defined irthario.h

0:cmd =CDM_OPEN
An open()or creat()system call upon this device has been performed.

1. cmd =CDM_CLOSE

The device has been closed. Closes and opens do not balance correctly if the user
program does not explicitly do it. Character devices are not closed if they were
opened by a command line 1/O redirection.

2. cmd = CDM_SETSIGCHAR

The device driver compares incoming characters with the ‘sigintchar’ element in
the chardriver structure. When a match occurs a SIGINT is sent to the process
which is blocking the shell running from that character device. The ‘sigintchar’
for CON: is normally $83, (ALT-"C). This call sets the ‘sigintchar’ to ‘argl’. Set

it to 256 ($100) to disable.

3: cmd = CDM_READSIGCHAR
Returns the current setting of the addressed device’s sigint char.

4: cmd = CDM_SETEOFCHAR
Sets the end-of-file character for the addressed character device. Set to 256 to
disable.

5: cmd = CDM_READEOFCHAR
Returns the current end-of-file char for the addressed device.

8: cmd = CDM_SETXOFFCHAR

argl sets the character which the device driver uses for flow control. This is the
‘xoffchar’ in the chardriver structure. The driver compares incoming characters
with this character. When a match occurs output from the device is suspended
until an ‘xonchar’ is read. The normal ‘xonchar’ for CON: is $D3, which corre-
sponds to ALT-S. Set to 256 ($100) to disable.

9: cmd = CDM_READXOFFCHAR
Returns the current ‘xoffchar’ for the addressed device.
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10: cmd = CDM_SETXONCHAR
arg1 sets the ‘xonchar’, which, whenreceived, restarts suspended output. Normally
$D1 for the CON: driver (ALT-Q). Set this to 256 ($100) to disable.

11: cmd = CDM_READXONCHAR
Returns current ‘xonchar’ for the addressed device.

12: cmd = CDM_SETRESETCHAR

The character device driver compares incoming characters with the ‘resetchar’
field in the chardriver structure. If a match is found the driver performs a
warmboot()system call. This field is $92 for the CON: driver (ALT-*R). This
command movesg1 to the ‘resetchar’ forthe addressed device. Use 256 to disable.

13: cmd = CDM_READRESETCHAR
Returns the current ‘resetchar’ for the addressed device.

14: cmd = CDM_SENDSIGINT

This command is performed by the character device driver at interrupt time when
it matches an incoming character with the ‘sigintchar’ field in the chardriver
structure. The operating system records the character device driver number and
will shortly send a SIGINT to the process which is blocking the shell running off
that device. Thisis how ALT-*C works.

15: cmd = CDM_SENDSIGHUP
Like command 14, except a SIGHUP is sent.

16: cmd = CDM_KILLUSER
Like the above, but killuser() system call is performed upon the appropriate shell
process.

17: cmd = CDM_SETRAWMODE

Sets the ‘rawmode’ field of the addressed device’s chardriver structure to ‘argl’.
If ‘rawmode’ is set all input processing is disabled: SIGINT, resets, xon, xoff
characters are all passed through. This facility is provided so that the device may
be put in raw mode without having to individually record and disable every magic
character in the structure.

18: cmd = CDM_READRAWMODE
Returns the ‘rawmode’ field from the addressed device’s chardriver structure.

19: cmd = CDM_MIORVEC

If the character device driver supports multichar reads it must return the address
of its multichar read routine when it receives this command. If the driver does not
support multichar reads, it returns 0.

The multichar read entry point is called with the following arguments:

4(sp): Device handle (or file descriptor)

8(sp): Memory transfer address

12(sp):Number of bytes to transfer

16(sp):Pass value with which the input device driver was installed.
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The driver returns the number of bytes actually read to the passed address, which
must be less than or equal to the passed byte count. The driver should return if an
incoming character matches the chardriver end of file character and the device is
not in raw mode.

It should return BEC_RPASTEOF error code if an eofchar is read as the very first
byte. It should return on a newline character. It should compare each character
with the resetchar, eofchar, sigintchar, etc and take the appropriate action, provided
the device is not in raw mode.

The multichar read entry point is called directly from within the operating system,
so it should preserve the machine registers (except for dO).

The device driver obtains a pointer to the chardriver structure for the addressed
device using théind_driver() system call. For performance these tables should
be found atinstallation time and their addresses should be saved within the driver’s
storage.

20: cmd = CDM_MIOWVEC

Similar to CDM_MIORVEC, the driver returns its multi char write entry point or

0 if not implemented. The write code is called in a similar manner to the read
code, expect that it must only return after all the characters have been sent and it
need do no special character processing, except for looking at the ‘xoffed’ field
in the chardriver structure to see if output is suspended. The value passed to the
multichar write code at 16(sp) is the pass value which was supplied when the output
device was installed, rather than the input device.

21: cmd = CDM_SETHUPMODE

Setsthe ‘hupmode’field ofthe device’s chardriver structuseto The ‘hupmode’

field tells the character device driver what to do when aloss of carrier (DCD signal)
Is detected at interrupt time.

hupmode = 1. Send a SIGHUP to all processes which are running from a shell
running off the device

hupmode = 2: Perform &illuser() system call upon the shell running on the
device.

hupmode = 3: Send a SIGINT to the process which is blocking the shell running
off that device.

Itis the character device driver’s responsibility to perform these actions at interrupt
time when loss of carrier is detected, based on its ‘thupmode’ field.

22: cmd = CDM_READHUPMODE
Return the addressed device’s ‘hupmode’.

23. cmd = CDM_HASMISCVEC
Returns true if the addressed device has a miscellaneous entry point vector
installed.
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24. cmd = CDM_SETUSERBITS

There is a ‘userbits’ field in the char device structure the use of which is basically
not defined at this stage, except for bit 0 which, if set, is intended to tell the driver
to perform TVI950 escape code to some other escape code translation. This
description seems a little dubious. Ask me about it when | work out what it means.

If arg1 is zero,arg2 is ORed into the ‘userbits’.
If arg1 is 1, arg2 is inverted and ANDed into the ‘userbits’.
Otherwise the ‘userbits’ field is returned unchanged.

The following call modes are not handled by the operating system. Any action or
return value is handled by the device specific driver code, which may be in the
ROMs, or in an MRD.

32: cmd = CDM_SETMODE

argl IS treated as a pointer to the standard serial I/O programming structure as
described in the documentation for geg_sio()system call. The system call
cdmischandle, CDM_SETMODE, pointer, 0, 0)

Is a now a preferable way of programming a serial device, as it should work with
other hardware, if added. From the command line, usenthe program for this.

33: cmd = CDM_READMODE
Thedriver movesthe standard serial I/O programming structure to memory pointed
to by arg1.

34: cmd =CDM_SETDTR
If arg1 is non-zero, the driver asserts the device’s DTR signal; otherwise itis cleared.
eg:cdmisdoPEN('sA™", 0), CDM_SETDTR, 1, 0,0) Will assert DTR on serial channel A.

35: cmd = CDM_SETRTS
Same as above, for RTS signal.

36: cmd = CDM_READDCD
Returns non-zero if the addressed device’'s DCD signal is currently asserted.

37: cmd = CDM_READCTS
Returns non-zero if the addressed device’'s CTS signal is currently asserted.

38: cmd = CDM_READBREAK
Returns non-zero if the addressed device is receiving a BREAK condition. Butis
this only active when polling, or after any break is received?

39: cmd = CDM_SETHFC

If arg1 IS noNn-zero, sets the device into hardware flow control mode. For the SCC
this is the default. DCD qualifies receive data, CTS is used for hardware flow
control, DTR is always asserted, RTS is negated when the device receive buffer
is nearly full.

When hardware flow control is disabled the SCC asserts both RTS and DTR and
then runs in 3 wire mode, competely ignoring the handshake signals. The SCC
channel is taken out of ‘auto-enables’ mode.
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40: cmd = CDM_SETBREAK

If arg1iS noN-zero, starta break condition on the transmitter of the addressed device.
Otherwise clear the break condition. Remember to clear this after use, and check
the timing required by the other device when using break.

41: cmd = CDM_TXCOUNT
Returns the number of characters still buffered for transmission from the addressed
device.

42: cmd = CDM_RXCOUNT
Returnsthe number of characters which are available in the software receive buffer
which the driver maintains for the device.

43: cmd = CDM_TXROOM

Returns the number of characters which can be sent to the device’s output channel
(viathewrite system call, etc) before the write will block due to the software output
buffer filling up.

44: cmd = CDM_RXROOM
Returns the number of characters which can still be received on this device before
its software receive buffering overruns.

45: cmd = CDM_TXFLUSH
Wait until all buffered transmit characters have been sent.

46: cmd = CDM_TXPURGE
Zero the transmit buffer pointers, dumping all pending output.

47: cmd = CDM_RXPURGE
Zero the receive buffer pointers, dumping all pending input.

48: cmd = CDM_RXPEEK
Returns the next character which will be read from the input device (ead(),
getchar()system call, etc). If no character is available, returns -1.

49: cmd = CDM_SETTXBSIZE
Sets the size of the device’s transmit buffeatn

50: cmd = CDM_SETRXBSIZE
Sets the size of the device’s receive buffeartn

51: cmd = CDM_READTXBSIZE
Returns the current size of the device’s transmit buffer.

52: cmd = CDM_READRXBSIZE
Returns the current size of the device’s receive buffer.

53: cmd = CDM_VERSION
Returns the low-level device driver version number. For the drivers within
1616/0S (SA: and SB:) the operating system version is returned here.

54: cmd = CMD_READHFC
Returns the hardware flow control state.
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4
Block Device Drivers

A block device driver is a collection of routines which handle the transferring of
1024 byte data blocks to and from a physical device. 1616/0OS contains five block
device drivers: /RD, /FO, /F1,/HO and /H1. Except for the /RD, these all involving
passing the data to the Z80 disk controller card. Full details of the disk drive
controller card low level routines are provided in thesk Co-processor Card
Manual (SSDCC).

The memory card can also include a SCSI port. At present, this is operated via an
additional driver, installed via an MRD. This provides drives /S0, /S1, etc. These
SCSI drives may be the same drive used by /HO, H1 etc., however as the memory
board SCSI chip is accessed directly by the 68000, /SO and so on operate con-
siderably faster than /HO.

In future revisions, it is likely that the /SO drivers will be added to the ROMs.

Atotal of sixteen drivers may be installed; these will typically reside in the memory
resident drivers file, MRDRIVERS.

This chapter also describes calls for locating a block device driver, and a mis-
cellaneous call. Thbdmisccall allows you to pass commands to a driver. The
commands include flushing buffers, determining how many blocks are available
on the device, and how many are used or free, write protecting devices, disabling
a driver, copying root directory to memory, and other handy functions.

Install a device (Version 3)

Theinst_bdvrsystem call is used to install the driver routines into the system. The
description below covers Version 3 of 1616/0S. See below for more on Version
4 multi-block 1/0.

Install a block device driver - inst_bdvr

inst_bdvr(br, bw, misc, name)

do 100

dl br Block read entry point

d2 bw Block write entry point

a0 misc Block driver miscellaneous entry point
al name Pointer to name of block driver
Return Driver number (negative if installation error)
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The system searches for an empty location within its internal block driver tables.
Iffound, thisdriverisinstalled andits driver number (inthe range Oto 7) isreturned.
If a driver with the same name as thatate is found it is replaced by the new
driver.

Once installed, block drivers are permanent: level 1 or 2 resets do not remove
them.

Driver 0is /RD, driver 1 is /FO, driver 2 is /F1, driver 3 is /HO and driver 4 is /H1.

br is @ pointer to the machine language routine which reads a block from the device.
When the system wishes to read a block from the device, it calls this routine, with
the desired block number at 4(sp), and the address to which itis to be read at 8(sp).
The driver must attempt to read the block to the address. If an error is detected, a
negative error code must be returned in dO. If the read is successful, return O.
Preserve all other registers.

bw IS @ pointer to the machine language routine which writes a block onto the

device. When the system wishes to write a block to the device it calls this routine,
with the desired block number at 4(sp), and the address from which it is to be
written at 8(sp). The driver must attempt to write the block. If an error is detected,

a negative error code must be returned in dO. If the write is successful, return 0.
Preserve all other registers.

The error code returned by the read and write code may be selected from among
the normal system error codes - see the file system documentation for details.
Typical error return values are -2 (write protected), -5 (I/O error) and -6 (Invalid
block requested).

misc IS @ pointer to the driver’s miscellaneous function entry point. Thisis aroutine
which is called when the system needs to communicate various information with
the driver. The miscellaneous routine is called with a command code at 4(sp) and
an argument at 8(sp). The currently defined command codes are listed below. If
an unknown command is received, ignore it.

Code 1 MB_FLUSH

The system keeps track of how long it is since a block device was
last accessed. If the device is removable and is about to be accessed
and it has not been accessed for more than 2 seconds (approx) then
this code is sent. With removable media, this code should be
interpreted as meaning that the media may have been changed. If
the device driver does not do block buffering then this code has little
use.

Code 2 MB_RESET
After the system s reset, all block driver miscellaneous routines are
sent this code. The reset level is at 8(sp).

Code 3 MB_VERS
This requests that the software version number be returned in dO.
The 1616/0S floppy disk driver returns the disk controller's ROM
version here.
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Code 4 MB_NEWDISK
Ifthe media is removable, the system checks the special and the date
fields of the root block for changes whenever the disk has not been
accessed for two seconds. If a change of mediais detected, then this
code is sent to the block driver miscellaneous entry point. If the
driver performs block buffering it must discard all buffered data
upon receipt of this command code.

Code 5 MB_DIRREAD
The system is about to read one or more directory blocks: this can
be used to implement directory caching in an MRD.

Code 6 MB_NDIRREAD
The system is about to read one or more non-directory blocks.

Thename argument to thénst_bdvrsystem call is a pointer to a null-terminated
string which identifies the device and its driver. The name must begin with a slash
("/") character. Put the name in upper case, without spaces.

Multiblock I/O (Version 4)

Earlier versions of the 1616/0S file system called the block device drivers once
for every 1k block which was to be read or written. This significantly limits the
peak performance which can be obtained, due to all the red tape which needs to
be updated between calls.

The file system now uses the nemultiblkio system call for all of its block 1/O.

This system call separates the requested reads/writes into runs of sequential blocks,
and passes the information on to the block device driver which performs the
physical I/O. There is a mechanism in the installation of block device drivers, by
which the driver can tell the O/S whether or not it supports multi-block I/O. If the
driver does not support multi-block 1/0, tmeultiblkio system call separates the

call into the appropriate calls to the driver’s single block 1/0O entry point. This
means that thenultiblkio system call should be called for all I/O needs, but only

if the OS version is higher than $3f!

Installing multi-block I/O - inst_bdvr

Theinst_bdvrsystem call has been compatibly altered so that multi-block capable
device drivers can be installed, but old style drivers can still be used.

The usage oinst_bdvris
inst_bdvr(br, bw, misc, name, bitmap)

do 100
dl br Block read entry point
d2 bw Block write entry point
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a0 misc Block driver miscellaneous entry point

al name Pointer to name of block driver
a2 bitmap of device
Return Driver number (negative if installation error)

see section 4.1 of th€echnical Reference Manufdr additional details on the
arguments used here.

If the FIRST character of the string pointed to dayhe is a control-A (ascii code
$01) then the system assumes that a multi-block capable driver is being installed,
So it

1. Assumes that the real name of the device startsnat+ 12. Assumes thaiisc
points not to the miscellaneous entry point, but to the following data structure:

dc.| misc The miscellaneous entry point
dc.| multirw The multi-block 1/0 entry point
dc.| version Driver version type

ds.| 13 13 longwords, reserved, zero.

Note that the driver must still support the single block read and write entry points,
for compatibility with earlier OS versions.

Themuttirw pointer points to code which is passed the following information:

4(sp) Flag: O = write, non-zero = read
8(sp) Read/write address

12(sp) First disk block

16(sp) Number of disk blocks

The driver must use this data to perform the physical I/O, and then return either
zero or a sensible negative error code in register dO.

The multi-block I/O system call - multiblkio

multiblkio(dvr, cmd, addr, blockspec, nblocks)

do 119

dl dvr Block device number

d2 cmd Function (see below)

a0 addr Read/write address

al blockspec Start block number OR pointer
to block list

a2 nblocks Number of blocks to read/write

Return Negative code on error

The call has four modes:
Sequential writeemd = O:

The blocks are written to disk onto contiguous blocks, starting at the block whose
number is in register abigckspec), ending at blockiockspec + nblocks - 1.
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Sequential readimd = 1.:
Similar toecmd = 0, nblocks blocks are read from blodkockspec, t0 memory akddr.
Random writetmd = 2:

In this mode plockspec points to a list ohblocks 16 bit block numbers. The system
call sorts out the sequential runs of blocks in the list and performs the necessary
calls to the device driver.

Random readimd = 3:
As in mode 2, except data is read, not written.

Other system call