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Introduction

Your microcomputer is a sophisticated and powerful combination of hardware
and software. To help you make the best possible use of all its facilities, this
manual contains a description of the hardware and detailed information on
using the software. Some familiarity with computer terminology and concepts
is assumed so, if you are quite new to computers, DO NOT READ THIS

REFERENCE MANUAL FIRST. Instead, read the Welcome Guide supplied
with the computer and try out the programs on the Welcome tape or disc.

Only when you feel fairly familiar with the basic concepts and information
introduced in the Welcome Guide should you look further into the material in
this manual. The amount of information may appear rather daunting at first,
but do not worry unduly as you are very unlikely to want, or to need to
understand all of it at once. Read at your own pace, as deeply or superficially as
you wish, choosing the subjects that interest you most.

The manual is divided into two parts, to make it more manageable. This
volume tells you how to use the central core of the machine: the hardware and
the software provided to control it. This includes information such as how to
alter keyboard characteristics, produce sounds, use disc drives and connect
peripherals such as printers.

Part 2 is about the software which you probably will use for most of the time.
This includes information such as how to load and list a BASIC program, write
assembly language routines or use the system text editor and formatter.

Each Part is divided into a number of self-contained sections, each of which
deals with a single aspect of one of the major components of the system, for
example, the computer’s operating system. If you want details on a particular
subject, you are strongly advised to use the indexes to locate entries of interest.
Note that where a facility is described in both Parts 1 and 2, this volume will
generally cover the more fundamental aspects and do so to a greater depth.

Note that information on the use of the VIEW word-processor and the
ViewSheet spreadsheet are contained in the corresponding guides.
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Conventions used in this volume

[ |

<description>

lentry]

text like this

bold text

ttalic text

Viii

denotes the single key on the keyboard with the
corresponding legend, for example [return] means the
IreTurn] key.

the < and > enclose text which should not be taken
literally (eg typed) but which should be interpreted
according to the context in which it appears. For
example, *BUILD <obspec> indicates that the word
*BUILD must be followed by a sequence of characters
obeying the rules defined by <obspec>. Generally,
definitions of such items will be found in the introduction
to the appropriate section.

the [ and ] enclose an entry which is optional, the entry
being either a specific sequence of characters or a
description enclosed within < and > (as above). For
example, *MOUNT [<drv>] means that either *MOUNT or
*MOUNT <drv> are acceptable.

is used for examples of commands, programs and output
that you might see on the screen.

is used for emphasis.

1s used for emphasis.



A System Overview

A.1 Origins

Whilst providing considerably advanced facilities and capabilities, this
microcomputer incorporates all of the features of the established BBC
Microcomputer System. Established users of BBC microcomputers will,
therefore, be able to employ most of their peripheral hardware, software and
experience, whilst benefitting from the additional features.

The following components in this microcomputer are largely compatible with
those of the BBC Model B:

— display modes 0 — 7;

— the BBC Basic interpreter;

— the machine code assembler;

— MOS commands and documented entry points;
— the Disc Filing System;

— peripheral interfacing.

In addition, display modes 128 — 135 (the shadow screen modes) are compatible
with those of the BBC Model B+.

However, the following components and facilities are entirely new or
significantly revised:

— more memory (RAM) available to the user (92.5 Kbytes independent of
display resolution and usually independent of filing systems);

— double density disc controller together with the Advanced Disc Filing System
(ADFS);

— animation facilities;

— cartridge ROM, RAM and hardware expansion capability;

— provision for internal expansions;

— expansion buffering;

— greatly extended graphics facilities;

— versatile system text editor with text formatter (EDIT);

— terminal emulation software;

— 65C12 microprocessor, with extra instructions and addressing modes;

— system calendar/clock;

— non-volatile storage of major system variables;

— sound output to domestic audio equipment;

— improved quality of black and white text on colour televisions.
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A.2 Standard software

The heart of the microcomputer’s software is the Machine Operating System
(MOS), which controls the hardware (keyboard, display, printers etc) and
provides a variety of commands to fine-tune its behaviour.

As well as the MOS, there is an extensive range of software supplied as
standard, including the following applications and languages:

BASIC — a BBC BASIC interpreter, including a 65C12
assembler;

EDIT — a powerful on-screen text editor/formatter;

TERMINAL — full screen terminal emulation program;

VIEW — a flexible word processor with on-screen formatting;

ViewSheet — a powerful spreadsheet.
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A.3 Optional software expansion

The following are among the many other languages and utilities which can be
used with the computer. They are supplied in a variety of forms (ROM,
cartridge, cassette, disc) and may require the connection of additional

hardware such as disc drives or second processors. Consult your dealer for
further details.

BCPL — a portable pseudocompiled language, suitable for
writing compilers and system software;

COMAL — similar to BBC BASIC;

FORTH — a fast mathematically-oriented interpreted language;

LISP — an artificial intelligence problem-solving language;

LOGO — an education-oriented interpreted language with
turtle graphics and list-processing;

MICRO-PROLOG — an artificial intelligence language;

ISO PASCAL — a block structured portable language;

ViewStore — an Integrated database package which 1s fully

compatible with both VIEW and ViewSheet.

Assembly Language development and debugging packages are also available,
together with an extensive range of additional software from third-parties.
Applications include:

— accountancy packages;

— educational software;

— databases;

— CAD (Computer Aided Design) packages;
— aids for the disabled;

— stock control packages;

— drawing aids;

— games.

A.3-1



A.4 Optional hardware expansion

A wide range of additional hardware components is available to enhance the
capabilities of the system. The following peripherals for the existing BBC
microcomputer system are essentially compatible with this computer:

— (external) 6502, Z80 and 32016 second processors;
— floppy disc drives;

— Winchester disc drives;

— monochrome and colour displays;
— Bitstik;

— games paddles and joysticks;

— cassette data recorders;

— IEEE adapter;

— Prestel adapters;

— Teletext adapters;

— printers.

Again, a wide variety of ‘third party’ peripheral units designed for use with
existing BBC Microcomputer Systems is available. The following peripherals
are new, designed specifically to make the best use of the additional facilities
provided by this computer:

— internal Econet module;
— internal 64k 65C102 Co-processor;
— internal 512k 32016 Co-processor;

— internal 512k 80186 Co-processor.

A parallel data bus and audio connections are provided in the computer for a
third-party modem, which may be fitted in the space provided inside the
computer’s case.

Note:

In use, the internal 65C102 Co-processor option effectively performs the same
function as an externally-connected BBC Microcomputer system 6502 Second
Processor, though the co-processor is much faster. Throughout this manual,
reference to a ‘co-processor’ applies equally to a co-processor or a Second
Processor.
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A.5 System organisation

At 1ts highest level, the computer is composed of system hardware and system
software contained in ROMs. The system software performs three types of task,
VIZ:

— controlling the computer hardware;
— managing information storage on external devices;
— helping the user to perform other useful tasks.

All modern microcomputers provide these facilities in some form, but in this
microcomputer, they are separated physically, as follows:

The Machine Operating System (MOS)

Control of, and access to, the computer hardware is provided by the MOS. The
MOS 1s an absolutely fundamental component of the system, providing a
hardware/software interface that is used by all the other system software to
access the hardware. The MOS also provides a wide variety of (software)
switches which are used to alter the behaviour of the hardware and of the
hardware/software interface.

Filing systems

The control of information storage on external devices is provided by Filing
Systems. They provide the ability to retrieve programs or data from the filing
system medium (cassette tape, floppy disc, ROM cartridge etc). You can also
use most of them to store programs and data prior to loading other programs or
data, or before you switch off the system. The standard filing systems are:

— the Cassette Filing System (CFS);

— the ROM (or cartridge) Filing System (RF'S);
— the Disc Filing System (DFS);

— the Advanced Disc Filing System (ADFS).

The Disc Filing System (DFS) is provided for compatibility with existing BBC
microcomputer systems and it is anticipated that most users will choose to
make use of the more sophisticated facilities provided by the ADFS.

Whenever the computer is switched on, it has a “current filing system”, selected
from one of those fitted. This is the filing system that will be used by the
majority of filing system commands. The current filing system is set by the user
and can be changed using certain commands.
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Languages

The user requests the computer to perform tasks by giving it commands.
Commands are either typed when you want them obeyed or stored in a
program and executed later as a résult of running the program. In either case,
commands are read by the current language, which can either obey them or
pass them on to be executed by the MOS or a filing system.

The current language is set by the user and can be changed using certain
commands. The languages supplied as standard are:

— BBC BASIC (*BASIC);

— the system editor (*EDIT);

— the terminal emulator (*TERMINAL);
— the VIEW wordprocessor (*WORD);
— the VIEW spreadsheet (*SHEET).

Note that a language may either be a programming language or a utility.
Utilities differ from programming languages mainly by not providing the
ability to run a stored sequence of commands (ie a program) and usually by
having fewer data manipulation and storage commands, but resemble

programming languages by obeying (typed) commands and in the way they are
handled by the MOS.

The main advantages of this separation of system software are:

— the availability of multiple languages and filing systems which can be
selected easily, even while a program is running;

— economy of memory usage (since part of the MOS, the languages and filing
systems are all addressed in the same locations in memory);

— economy of effort and code size for system software writers.

The filing systems are carefully designed to minimise the differences between
the filing devices perceived by the user, to make it easier to swap between
different filing systems.

In use, the system can thus be considered as a 3-tier structure, comprising the
user, the system software and the system/peripheral hardware.
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o
user commands (typed/programs) . USER
+ J
(current)
language
$ SYSTEM
SOFTWARE
the MOS (current) filing system
! _,
system hardware
i > HARDWARE
Y
peripherals filng system peripherals

(This is a considerable simplification. In particular, there is another class of
system software — service ROMs — which is dealt with in greater depth in later

sections.)
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B The Machine Operating
System (MOS)

B.1 Introduction to the MOS

In all modern computers, part of the software permanently residing in the
machine is dedicated to controlling and using the hardware components. In
microcomputers, this software is often combined with the language interpreter,
making user access difficult. The BBC microcomputer system differs in that the
software is provided as an entirely separate 35 Kbytes of ROM known as the
“Machine Operating System” or MOS. The BBC BASIC interpreter leaves
control of the hardware to the MOS and makes use of it through the routines
provided in the MOS.

This separation of MOS and languages in this microcomputer has a number of
advantages:

— in a system with more than one language, there is no unnecessary
duplication of software to support the hardware;

— languages need only translate hardware-dependent commands into the
corresponding MOS commands, so they are more compact and easier to
write;

— the behaviour of hardware-dependent commands is consistent across

languages;

— assembly language programs can use MOS routines (which will always be
present, unlike language routines), so reducing the size of the code, the effort
required to write it and the time taken to make it error-free;

— assembly language programs running in a second processor can use MOS
routines to access locations (eg memory-mapped devices) in the 1/0O
processor.
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B.2 The role of the v

1OS

The MOS is a large and very complex piece of machine code software, providing
support for the wide range of hardware components in the computer. Many of
the sophisticated features of the computer (such as sound queueing, keyboard
type-ahead, function keys, graphics primitives etc) are not features of the
hardware or languages but of MOS routines that are used to interface with the
hardware.

The MOS (unlike filing systems and languages which may be selected or
deselected) is always there as a ‘filter’ lying between other software and the
computer’s hardware. Languages, filing systems and good assembly language
programs make extensive use of MOS routines as a simpler and more efficient
alternative to controlling hardware directly.

The routines in the MOS have four main types of function:
— Integration of the system

The MOS takes control when the computer is first turned on or reset;
supervises the interaction of the software components of the system (filing
systems and languages); services interrupts from and provides constant
background processing for system and peripheral devices. Thus it functions
as a sort of “glue” to make the system work as a whole.

— 1nput and output routines

The MOS contains routines to handle data input from, and output to, the
computer’s input/output (I/0O) hardware. These are used by languages, filing
systems and machine code programs. The main I/O hardware interfaced in
this way is the keyboard, video display, printer, sound output, analogue
input and RS423 input/output. Input and output through filing system
hardware 1s largely controlled by the filing system software.

— MOS configuration

The MOS provides a wide range of commands to alter and inspect the
configuration of the hardware and the MOS routines used to service it. These
commands can be used to change settings like keyboard auto-repeat rate,
video interlace or current printer type. They are used by languages and filing
systems but may also be executed directly in the “command mode” of
languages.

— translation of filing system commands

Many filing system commands (eg *LOAD, *SAVE, *CAT) that are common to a
number of filing systems are translated by the MOS into a simpler form

B.2-1



before being passed to the current filing system for execution. This makes
the filing system code more compact and allows the MOS to extend the

facilities offered by existing filing systems.

Note that the MOS does not have control of the computer, except for brief
periods during power-on, resets and when servicing interrupts. At other times,
it is simply used by languages or applications software, as a collection of
routines to give them access to system hardware.
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B.3 How to use the MOS

Whenever the computer is switched on, the MOS is active, performing the
integrating functions described above. The MOS is also used constantly by the
current language, machine code program or filing system, to provide data
input/output. Thus, in a sense you are always using the MOS whenever the
system is turned on.

You can also use the MOS more deliberately to:

— change the behaviour of the system (eg alter key repeat rate, turn interlace
off, select a display mode);

— obtain data from the MOS (eg the current display mode, time and date from
the CMOS clock/calendar);

— input or output data (print to screen, read from the RS423 port or keyboard).

There are three basic ways of doing this:

— by executing MOS commands, either contained in a program or typed in
‘command mode’;

— by using MOS routines — in languages with assembler access;

— by sending VDU control codes to the screen, again, either contained in a
program or typed in ‘command mode’.

These three methods (executing- MOS commands, using MOS routines and
sending VDU control codes) are the subject of the next three sections: C, D and

E.

The MOS can be used most effectively from assembly language programs or
programming languages with assembly language support (eg BASIC’s CALL
statement and USR function). Applications programs such as the system text
editor, spreadsheet or terminal emulator do not provide direct access to MOS
routines. They may trap (effectively turn off) some or all of the VDU control
codes and may limit the use of MOS commands although they will often provide
access to these denied facilities through their own commands.

The three methods of using the MOS described above are not identical in scope.
MOS commands are mainly used to alter the behaviour of MOS routines and
computer hardware components, by selecting the desired configuration from a
group of allowed configurations. VDU control codes are used to control the
video display hardware and implement graphics and text display facilities.
Direct access to MOS routines using assembly language allows you to perform
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the same functions as the MOS commands and VDU control codes. You can
also obtain information from the MOS, use additional MOS facilities (such as
input/output) and change the behaviour of the MOS drastically by replacing
many of its routines with your own.
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B.4

Advantages of using the MOS

Using assembly language, it would be possible to replace virtually all the
functions of the MOS with your own routines. It is even possible to implement
alternatives to some MOS commands in high level languages (eg by direct
access to programmable devices). Although flexibility is a major feature of this
microcomputer system, this particular facility should not be used lightly. Using
the MOS facilities has many advantages:

— using the MOS allows it to do its housekeeping correctly, so you will not need
to understand the impact of your code on other parts of the MOS, allocate
memory space for your routines to use, etc;

— using the MOS to control devices means that your code will be shorter and
easier to write, the device drivers will not need debugging and you will not
need such an extensive understanding of the devices being used;

— using MOS routines correctly will also help to ensure that your programs will
work not just in your current configuration, but also across the Tube in a
(code-compatible) co-processor, with later revisions of the MOS and with
other compatible devices (eg filing systems) connected;

— using MOS commands will generally produce quicker programs than

implementing the same function in a high-level interpreted language such as
BASIC.

The MOS has been very carefully designed to simplify use of the computer
hardware, enhance its performance through intelligent use of buffering and
interrupts, and to cater for a wide variety of possible uses by providing software
switches. Since the facilities of the MOS are always available to user programs,
you are strongly recommended to use it wherever possible, rather than attempt
to control the hardware directly.
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C MOS commands B

C.1 Introduction to MOS
commands

MOS commands are commands of the form:
*<text> [<parameters> |

such as *TIME, *CONFIGURE QUIET, *FX5,2 etc. They are most often used in the
‘command mode’ of the current language, but may also be used by *EXECing a
file containing MOS commands, by running a program that contains MOS
commands, or by passing the text of the command to the Operating System
Command Line Interpreter (OSCLI) routine (see section D).

The MOS commands described in this section are those commands recognised
and obeyed in full by the MOS. Other *<text> commands are obeyed by
software such as filing systems or languages using the procedure described
below. Such commands are described under the appropriate section title.

The main function of MOS commands is to alter the behaviour of the MOS
and/or hardware components of the computer, by selecting one of a group of
pre-defined settings. The MOS has been designed so that when you change one
component’s behaviour in this way, any MOS routines that depend upon the
behaviour of that component will be adjusted accordingly.
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C.2 How MOS commands are
recognised

The MOS recognises two classes of command:

— commands that it executes itself;
— commands that are common to several filing systems, which it translates
into the appropriate filing system call.

Commands in the second classification are referred to as filing system
commands. They are interpreted in the MOS for economy of code in systems
with multiple filing systems and to extend the filing systems’ range of
commands.

If the MOS does not recognise the command as a MOS command, it offers the
command to each of the paged ROMs (filing systems, languages, service ROMs)
in turn as an ‘unrecognised MOS command’ service call until one of them
claims it. If none of the paged ROMs claims the command, the MOS finally
passes the command to the current filing system via the OSFSC entry point.
The filing system then either interprets it as a filing system command or
generates the error message Bad command. If the command starts with a
recognised command name it will be passed to the filing system only if the
remainder of the name is alphabetic and not a legal parameter for that
command.

Correct execution of MOS commands depends on the current language, which
must recognise them as MOS commands and pass them unchanged to the
MOS. Although commands must be spelt correctly, you can type them using
any combination of capital and lower case letters (so that *DIR, *Dir *diR, for
example, are exactly equivalent). You may also abbreviate commands by
typing the first few characters of the command name, terminated by a full stop.
Abbreviations should not be too short however, or they may be interpreted as a
command other than the one intended. Where appropriate, minimum
permissible abbreviations are shown for all commands described in this
manual.

BBC BASIC recognises any line starting with an asterisk as a command. If a
command is to be recognised by BBC BASIC, it must be at the start of a
statement, although it can include leading spaces. The whole of this statement,
from the initial * up to the carriage return, is sent to OSCLI. OSCLI recognises
and attempts to execute the command at the start of the line. You must not
include other commands on the same line, as they will be ignored by the
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language and could cause OSCLI to reject the whole line. Thus:
19 IF a=1 THEN *FX4,2

i1s a valid BASIC line, but

18 IF a=1 THEN *FX4,Z2 ELSE a=Z

and

10 *FX4,2:A=1

are not, because they include text after the command.

However, BBC BASIC also has an 0SCLI statement which enables commands
to be issued anywhere in a statement and, in addition, to contain variables as
well as constants. For example, if variable param’ contains 2, then the second
example above could be executed by the statement:

19 IF a=1 THEN OSCLI"FX4,"+STR$param’% ELSE a=2
See section K (in Part 2) for further informationr.

The applications programs VIEW, ViewSheet and EDIT all have command
modes 1n which MOS commands are recognised correctly.

You can also execute commands from assembly language programs, by using
the OSCLI entry point (see section D).

For details of how to use commands with another programming language or
applications, refer to the user information for that software.
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C.3 Command parameters

Command parameters are the data items included after the command name.
They must be numeric or alphanumeric constants (eg 26, 42, rulel), not
variables used in the current language, as OSCLI does not know anything
about the language from which the command came. As described above,
however, some languages provide a means of executing MOS commands with
variables as parameters, such as the BASIC keyword OSCLI.

String constants need not be surrounded by quotation marks and may contain
any combination of upper and lower case letters — they are equivalent.

Numeric constants are taken as decimal or hexadecimal depending on the
command; a parameter which is normally taken as decimal may be specified as
hexadecimal by preceding it with &. Note that the converse is not true —
required hexadecimal parameters (such as memory locations) cannot be
specified in decimal.

Parameters should be separated from the command and each other by one or
more spaces.
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C.4 MOS command sumi

nary

A complete list of MOS commands i1s given below in alphabetical order. The
column headed Executed by gives an indication of the component of the
system responsible for executing the command:

— commands marked MOS are related to the operation of the MOS and are
described in section C.5;

— commands marked Filing System are related to Filing System operations
and are described in section G.5.

The exception to this general rule is the group of *FX commands which are
implementations of a specific MOS routine called OSBYTE; these are fully
described in section D.

Command Description Executed by

*ADFS Make ADFS the current Filing System MOS
*APPEND Append lines of input to a file Filing System
*BUILD Create a file from lines of input Filing System
*CAT Display disc/directory catalogue Filing System
*CLOSE Close all sequential files Filing System
*CODE Run resident machine code program MOS
*CONFIGURE Define CMOS RAM configuration settings MOS
*CREATE Create a file of given size Filing System
*DELETE - Delete a named file or files Filing System
*DISC Make DFS the current Filing System MOS
*DUMP Display file in hexadecimal and ASCII Filing System
*EX Display file information Filing System
*EXEC Take subsequent input from a file Filing System
*FX Alter MOS/hardware characteristics O0S
*GO0 Execute machine code program MOS
*GOI0 Execute machine code program in I/O MOS
processor
*HELP Display ROM information MOS
*JGNORE Define printer ignore character MOS
*INFO Display file information Filing System
*INSERT Re-instate ‘unplugged’ ROM MOS
*KEY Define soft key string MOS
*_IBFS Define Library Filing System MOS
*IST Display file in GSREAD format with line Filing System
numbers
*LINE Run resident machine code program MOS
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*LOAD
*OPT
*PRINT
*MOTOR
*MOVE
*ROM
*ROMS
*RUN
*SAVE
*SHADOW
*SHOW
*SHUT
*SPOOL
*SPOOLON
*STATUS
*TAPE
*TIME
*TV
*TYPE

*UNPLUG
*X

Load file into memory

Select Filing System options

Display a pure ASCII dump of a file
Switch cassette motor relay ON/OFF
Move file(s) between Filing Systems

Make ROM Filing System current

Display ROM contents

Load and execute a machine code program
Save block of memory as a file

Define usage of Shadow memory

Display soft key string allocation

Close all files on all active Filing Systems
Send all output to a file

Append all output to a file

Display CMOS RAM configuration settings
Make CFS the current Filing System
Display date and time from CMOS clock
Adjust vertical screen alignment / interlace
Display file in GSREAD format without line
nos

Direct MOS to ignore specified ROM
Enable access to more than one external
second processor

Filing System
Filing System
Filing System
MOS

Filing System
MOS

MOS

Filing System
Filing System
MOS

MOS

Filing System(s)
Filing System
Filing System
MOS

MOS

MOS

MOS
Filing System

MOS
MOS

In addition to the commands above, the MOS also recognises the commands:

*SRDATA
*SRREAD
*SRROM
*SRWRITE

which are associated with the use of the computer’s sideways RAM. These
commands are described in section G.7.
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C.5 MOS command descriptions

The commands described below are those which are executed by the MOS itself
and which relate specifically to the operation of, or to elements of the system
controlled by, the MOS. They are presented in alphabetical order and the
syntax definitions make use of some or all of the following definitions:

<key number> a numeric constant which identifies one of the
user-programmable ‘soft’ keys. Normally, <key
number> will be in the range 0 — 10 with 0 identifying
soft key 0 and 10 identifying [sreak]. However, the four
cursor control keys and [copy] may also be used as soft
keys (see section D) with the following <key number>
assignments:

[copv] 11
[—] 12
[= ] 13
(1] 14
[T 115

<rom id> a constant in the range 0 — 15 (&00 — &0F) identifying
one of the sixteen ROM sockets containing (part of) the
MOS, filing systems, languages and service ROMS.

<param n> is a parameter specific to the command in question and
whose definition is included in the corresponding
description.

Where appropriate, the minimum permissible abbreviation is shown with each
command.

*ADFES *A.
Syntax

*ADFS

Purpose

To select the Advanced Disc Filing System.
Description

*ADFS 1s used to make the Advanced Disc Filing System the current filing
system (see section J).
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*CODE
Syntax

*CODE [<param 1> [<param 2>|]
Purpose

To run a resident machine code routine.
Description

*CODE enters a machine code routine with A=0, X=<param 1> and
Y=<param 2>. If either parameter is omitted, it is assumed to be 0.

The value of the USERYV vector must be changed to point to the entry address
of the routine before *CODE is executed (ie location &200 must contain the the
L.SB of the entry address and &201 the MSB), otherwise Bad Command will be

reported.

The user routine should exit with an RTS instruction.

*CONFIGURE *CO.
Syntax

*CONFIGURE [<param 1> [<param 2>]]
Purpose

To define the configuration settings held in the CMOS RAM and which are
made current on initial power-on and after a hard break.

*CONFIGURE with no parameters lists the available options.
Description

<param 1> identifies the setting to be changed, as defined below; where
necessary, <param 2> defines the value to be stored in the appropriate
location in the CMOS RAM. Note that the effect of *CONFIGURE is not
immediate; to bring any change(s) into effect you must either execute a hard
break or switch the computer OFF and ON again.
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Parameters

BAUD <0-8>

BOOT
CAPS
DATA <0-7>

DELAY <0-255>

DIR

EXTUBE

C.5-3

Description

sets the RS423 transmit and receive rate according
the specified value: -

value baud rate

9600
79
150
300
1200
2400
4800
9600
12000

0 30 Ttk W H-=O

reverses the actions of [sreak] and [suiFT]+][BRrREAK].

sets the keyboard caps lock (ie caps lock 1s ON).

specifies the data format used by the RS423
interface according to the specified value:

value word parity stop
length bits
0 7 even 2
1 7 odd 2
) 7| even 1
3 7 odd 1
4 8 none 2
5 8 none 1
6 8 even 1
7 8 odd 1

sets the keyboard auto-repeat delay to the specified
number of hundredths of a second.

causes ADFS to initialise with a directory selected
(either the root or, if ADFS has been used since
power-on, the previously selected directory).

causes an external co-processor to be used in
preference to an internal co-processor (if fitted).



FDRIVE <0-7>

FILE <rom id>

FLOPPY

HARD

IGNORE <0-255>

INTUBE

LANG <rom 1d>

LOUD

MODE <mode no>

NOBOOT

The computer is fitted with either a WD1770 or a
WD1772 disc controller. FDRIVE defines the step
time and, for ADFS, use of precompensation:

value track to track precompensation
step time (ADF'S only)

WDI1770 WDI1772

0or4 6ms 6ms yes
lorb 6bms bms no
2o0r6 30ms 3ms yes
3 or 7 30ms 3Ims no

Most disc drives require a 6ms step time. Older
drives may need the 30ms step time; modern drives
may be able to operate at 3ms — consult your disc
drive documentation.

defines the default filing system by means of its
ROM socket number.

if the system has both floppy disc(s) and a
Winchester disc connected, *CONFIGURE FLOPPY
causes ADFS to initialise with drive 4 (floppy disc)
selected.

if the system has both floppy disc(s) and a
Winchester disc connected,*CONFIGURE HARD causes

ADFS to initialise with drive 0 (Winchester)
selected.

defines the ‘printer 1gnore character’ (ie the
character which is not to be directed to the printer),
by means of its ASCII code. If the character code is
omitted, all characters are sent to the printer when
enabled.

causes an Iinternal co-processor to be used in
preference to an external co-processor (if fitted).

defines the default language by means of its ROM
socket number.

sets full volume for the BELL (] ctaL |+ G) sound.

defines the default MODE setting. <mode no> may
be in the range 0 — 7 or 128 — 135.

assigns the mnormal functions to [sreak] and

[sHiFT |+ [ BREAK].
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NOCAPS
NODIR

NOSCROLL

NOTUBE

PRINT <0-4>

QUIET
REPEAT <0-255>

SCROLL
SHCAPS

TUBE

TV <0-255> [<0-1>]

C.5-5

resets the keyboard caps lock (ie caps lock is OFF).

causes ADFS to initialise with no directory selected
(see section J).

enables the scroll protect option (ie prevents hard
screen scrolling if a character is placed in the last
character position of the bottom screen line,
depending on the current mode).

causes both internal and external co-processors to be
ignored.

defines the printer driver according to the value
specified:

value printer driver type

sink (ie no output printed)

‘printer’ port (ie parallel, Centronics type)
RS423 port (ie serial)

user printer driver

network printer — handled through the
Econet vector

= Q0 DN = O

Values in the range 5 — 255 will be faulted.

sets half volume for the BELL (] ctaL |+ G) sound.

sets the keyboard auto-repeat rate to the specified
number of hundredths of a second.

disables the scroll protect option (see NOSCROLL).

sets the keyboard [shirr]+] @& | option in which
alphabetic keys produce upper case characters and
SHIFTed alphabetic keys produce lower case

characters.

check for the presence of an internal or external
co-processor and, if fitted, take the action specified
by either the INTUBE or EXTUBE option.

alter the vertical screen alignment and set or reset
the interlace option.

The first parameter is interpreted as a signed byte ie
1 means a movement of one line up and 255 (—1)
means a movement of one line down. If the first



parameter is 0 no adjustment is made to the vertical
screen alignment.

If the second parameter is 0 the screen interlace
option is switched ON; if it is 1, the screen interlace
is switched OFF. If the second parameter is omitted
the value zero is assumed.

*DISC *DI.
Syntax

*DISC

Purpose

To select the 1770 Disc Filing System.
Description

*DISC is used to make the Disc Filing System the current Filing System (see
section J)

*FX

Syntax

*FX<param 1> [<param 2> [<param 3>]]
Purpose

To alter MOS/hardware characteristics.
Description

Each *FX command is an implementation of a call to the MOS OSBYTE routine
using the parameters specified (see section D).

*GO

Syntax

*GO [<param 1>]
Purpose

To execute an assembly language program in a single processor system or in
the language processor of a system with an internal or external co-processor.

Description

If <param 1> is specified, *GO takes <param 1> to be the (hexadecimal)
address of the program’s entry point and starts execution of the routine. If
<param 1> is omitted, *GO selects OSCLI as the current language.
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*GOIO
Syntax

*GOI0O <param 1>
Purpose

To execute an assembly language program in the I/O processor of a system
equipped with an internal or external co-processor (ie across the Tube).

Description

*GOIO0 takes <param 1> as the (hexadecimal) address of the program’s entry
point and starts execution of the routine. Bad address is reported if <param
1> 1s missing or invalid.

*HELP *H.
Syntax

*HELP [<param 1>
Purpose

To display information about the MOS, Filing Systems and Languages
available.

Description

If <param 1> is omitted, *HELP displays the title string and a list of keywords
(possibly none) for each available ROM. If <param 1> is specified, each ROM
in turn attempts to match the string with one of its keywords and, if a match is
found, the corresponding expansion is displayed.

*IGNORE *1G.
Syntax

*IGNORE [<param 1>]
Purpose
To set the ‘printer ignore character’.

Description

It is sometimes necessary to prevent certain characters from being sent to the
printer. This facility is most commonly used to ‘filter out’ line feed characters
(ASCII 10) sent to printers which perform an automatic line feed (LF) when
sent a carriage return. <param 1> is the ASCII code of the character to be
ignored; if it is omitted, all characters are sent to the printer.
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*INSERT *INS.
Syntax

*INSERT <rom id>

Purpose

To re-instate an ‘unplugged’ ROM (see *UNPLUG below).
Description

*INSERT informs the MOS that the ROM in socket <rom id> 1s to be made
available for selection. Note that the *ROMS command (see below) will show the
effect of any *INSERT commands immediately although the ROM itself will not
be made available until after the next hard reset.

*KEY *K.
Syntax

*KEY <key number> [<text>]

Purpose

To assign a string to one of the user-programmable soft keys.

Description

The MOS allows you to define strings of text (each of up to 255 characters in
length) to the available soft keys. <text> (which may be the null string’) is
composed of ASCII characters obtained using the following conventions:

ASCII code symbols used

0 | (@
1 -26 | <letter>1e 1A (or ta)=ASCII1, tM(or im) =ASCII 13
etc
27 [
28 A\
29 ]
30 | " or |°
31 l—or I’ | |
32 — 126 keyboard character, except for " and ! which are denoted by
1" and 11 respectively
127 §?
128 — 255 | 1<coded symbol>1e ASCII 128 = i!i1@ ASCII 129 = i1 A
etc

To include leading spaces in a definition, you must enclose the string in quotes
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(*") which are not included in the definition. To include a single " character in
the string, use 1".

Soft key definitions are normally unaffected by a soft break but are lost
following a hard break or if [Break] is pressed while the soft key buffer is being
changed.

*LIBFS
Syntax

*—<filing system name>-LIBFS
Purpose

To define the ‘Library’ Filing System.
Description

Whilst *LIBFS is a MOS command, its syntax and use are closely linked with
the reference material associated with Filing Systems. A full description of this
command may therefore be found in section G.

*LINE
Syntax

*LINE <param 1>

Purpose

To run a resident machine code routine.
Description

<param 1> is a string of characters which must be terminated by a carriage
return character (ASCII 13).

*INE enters a machine code routine with A=1, X=<LSB of the string
address> and Y=<MSB of the string address>.

The value of the USERV vector must be changed to point to the entry address
of the routine before *LINE is executed (ie location &200 must contain the the
LLSB of the entry address and &201 the MSB), otherwise Bad Command will be

reported.

The user routine should exit with an RTS instruction.
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*MOTOR *M.
Syntax

*MOTOR <0-1>

Purpose

To switch the cassette motor relay ON or OFF.
Description

*MOTOR @ switches the cassette motor relay OFF; *MOTOR 1 switches the
cassette motor relay ON.

*ROM
Syntax

*ROM

Purpose

To select the ROM Filing System.
Description

*ROM is used to make the ROM Filing System the current Filing System.

*ROMS
Syntax

*ROMS

Purpose

To display a list of the paged ROMs occupying the available ROM sockets.
Description

*ROMS produces a list of the sixteen ROM positions together with the title string
and primary version number of the ROM occupying each socket. The display
format for each socket is:

ROM <rom id in hex.> <ROM title or ?> [unplugged]

The appearance of a ? in the ROM title field indicates that the socket is either
empty or that it contains a ROM whose header information does not conform to
that required for a paged ROM.

If the word unplugged appears at the end of a line it indicates that the paged
ROM in question has been the subject of a *UNPLUG command (see below). Note
however, that ROMs so marked will still be available for selection if the
computer has not been reset.
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*SHADOW *SH.
Syntax

*SHADOW [<<0-255>]

Purpose

To specify usage of Shadow memory.
Description

There are two areas of memory which can be selected for use as display
memory:

— from &3000 (variable) to &7FFF in the main memory map;
— a similar area outside the main memory map, known as the Shadow RAM.

Use of the first area produces a display mapping compatible with the BBC
Model B microcomputer; use of the second leaves more memory available for

the user (as in the BBC Model B+). By default, display modes 0 — 7 use the area
reserved in the main memory map and modes 128 — 135 use the shadow RAM.

*SHADOW 0 (or simply *SHADOW) selects ‘shadow mode’ in which the
MOS uses shadow RAM for the screen display on
subsequent mode changes, regardless of the mode
number used.

*SHADOW <1-255> switches shadow mode OFF — the MOS will select
either main or shadow memory according to the mode
number used in all subsequent mode changes.

*SHOW
Syntax

*SHOW <key number>

Purpose

To display the string assigned to a user-programmable soft key.
Description

*SHOW displays the string assigned to a soft key using *KEY (above). The string
itself will be enclosed in quotes (”) even if they were omitted from the original
definition.
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*STATUS *ST.
Syntax

*STATUS [<param 1>]

Purpose

To display CMOS RAM configuration setting(s).
Description

If <param 1> is omitted, *STATUS displays a full list of the default values held
in the CMOS RAM. IF <param 1> is present, it must be one of the settings
shown under *CONFIGURE (above) and only the corresponding value is
displayed.

Note that changes to the settings held in the CMOS RAM are implemented
only after a power-on or hard break. *STATUS displays the settings which will
come into effect when the machine is next switched on or subjected to
| ctrL |+[BReaK] (ie recent changes may be ‘pending’).

*TAPE gl |
Syntax

*TAPE or
*TAPES or
*TAPE12

Purpose
To select the Cassette Filing System (and baud rate).
Description

*TAPE or *TAPE12 makes the Cassette Filing System the current Filing System
and sets the default transfer rate of 1200 baud.

*TAPE3 is identical in effect except that the transfer rate is set to 300 baud —
provided for increased reliability when using poor quality cassette recorders /
tape.

*TIME *T1.
Syntax

*TIME

Purpose

To display the date and time from the CMOS RAM.
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Description

*TIME produces a standard display containing the day, date and time. The
format 1s:

<day> ,<date> . <time>

where <day> is a three character abbreviation for the day of the week;
<date> 1is of the form dd mmm yyyy, dd being the day number, mmm
being an abbreviation for the month name and yyyy being the
year
<time> 1is of the form Ah:mm:ss, the hours being specified in 24hr
clock notation.

*TV

Syntax

*TV <0-255> [<0-255>]

Purpose

To specify the vertical screen alignment and interlace option
Description

The first parameter is interpreted as a signed byte ie 1 means a vertical
adjustment of one line up, 255 (—1) means a vertical adjustment of one line
down.

The second parameter controls the use of the screen interlace: 0 switches the
interlace ON, 1 switches the interlace OFF. If the second parameter is omitted
the current interlace setting 1s left unchanged.

*UNPLUG *UNP.
Syntax

*UNPLUG <rom id>

Purpose

To direct the MOS to ignore a specified ROM.
Description

By default, all ROMs resident in the machine are candidates for selection or
service calls and, in addition, they may use up RAAM for their own private
workspace. It is therefore possible that certain * commands are intercepted by
the wrong ROM or that the amount of main memory is reduced because the
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‘hidden RAM’ (see section F) is insufficient for the workspace requirements of
all active Filing Systems/languages.

*UNPLUG enables you to overcome problems of this type by making the MOS
‘pretend’ that a ROM has been removed from its socket. The single parameter
1s the ROM socket number which can be ascertained from the display produced
by *ROMS (above).

The effect of a *UNPLUG command comes into effect only after the next power-on
or hard break although any intervening *ROMS command will show the
specified ROM as unplugged.

*X

Syntax

*X

Purpose

To enable access to more than one external second processor.

Description

This command accesses hardware location &FEES8 (see section F) and then

waits for a reset, at which point another external second processor may be
selected (if suitable hardware is fitted).
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C.6 Error messages

The MOS generates the following error messages in response to invalid
commands.

Bad command (Error 254)

The command is not recognised by the MOS or any of the paged ROMS and is
not a file which the current filing system can *RUN or *EXEC.

This error is also generated if you issue a *CONFIGURE command with an illegal
parameter.

Bad key (Error 251)
The key number in a *KEY command is illegal (ie outside the range 0-15).

Bad name (Error 204)

The command 1s either in excess of 12 characters in length or contains illegal
characters.

Bad string (Error 253)

The string parameter associated with the command is invalid. The most
common cause of this error is the failure to match ” characters, especially with
*KEY .

I cannot run this code (Error 0)

An attempt has been made to select a paged ROM as a language when its
header indicates that it is designed for use with a different processor (eg a Z80
second processor).

Key in use (Error 250)

This error is generated if an attempt is made to program a soft key to
re-program itself, for example:

*KEYQ*KEYO*STATUS iM*TIME M

Note that it is permissible to program a soft key to re-program a different soft
key.

This is not a language (Error 0)

This message indicates an attempt to select a paged ROM as a language when
its header information indicates that it is not a language.
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D Using MOS routines

D.1 Introduction to MOS routines

Programs written in assembly language do not have access to the sophisticated
input and output commands available in higher level languages such as BASIC
or Pascal. In many microcomputers, the assembly language programmer is
forced to provide these functions by writing his or her own code but with this
computer the programmer is able to use the MOS routines described in this
chapter.

Using the MOS routines is strongly recommended, as it has many advantages:
— ease of programming
The MOS routines are efficient, documented and well-proven; using them
will reduce the effort required to produce a reliable, working program.
— compactness of code

Code to use existing MOS routines is usually more concise than code to
replace it and hence will run faster. Use of user code will use up RAM/ROM
space.

— independence of hardware revisions
MOS routines are designed to provide an interface to the hardware, which is
consistent (where possible) in later versions of the computer.

— preserving the integrity of the MOS and MOS variables
MOS routines can be relied upon whereas user code may have unforeseen

side-effects.

The documented MOS routines are listed overleaf. The routine names are not
known by the MOS or assembler; they are used solely for simplifying
documentation.
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Routine name Address Function

OSBYTE &FFF4  Perform MOS command requiring Dbyte
parameters

OSWORD &FFF1  Perform MOS command requiring parameter
block

OSCLI &EFFF7  Interpret *<text> command

OSRDCH &FFEO  Read character from input stream

OSRDSC &FFB9  Read byte from screen memory or paged ROM

OSWRCH &FFEE  Write character to output stream(s) |

OSNEWL &FFE7  Write LF+CR to output stream

OSASCI &FFE3  Write character to output stream(s), or LF+CR if
character is CR

OSWRSC &FFB3  Write a byte to screen

OSFIND &FFCE  Open or close a file

OSFILE &FFDD  Load or save a file

OSARGS &FFDA  Load or save data about a file

OSGBPB &FFD1  Load or save a part of a file

OSBPUT &FEFD4  Save a byte to a file

OSBGET &FFD7  Load a byte from a file

OSEVEN &FFBF  Generate an event

GSINIT &FFC2  Initialise GSREAD string

GSREAD &FFC5  Read a byte from string

MOS routines are executed by means of a technique referred to as indirection
whereby the actual addresses of the code to be executed are held in RAM in
memory locations called vectors. The addresses given in the table above merely
contain instructions which cause control to be passed to the address in the
corresponding entry in the vector. The vectors are initialised on reset.

The use of indirection means that programmers can rely on the fact that the
call addresses will always be the same in different versions of the MOS
although the routines themselves may occupy different locations. Direct access
to a MOS routine (through its address in the indirection vector) should
therefore be considered to be a very risky procedure.

The use of indirection also means that the user is able to intercept calls to MOS
routines by inserting the address of a user routine in the appropriate vector.
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D.2 Executing MOS commands
(OSBYTE)

OSBYTE is the routine used to read and set MOS variables and to invoke many
of the available operating system facilities. One important example of its use is
for executing the *FX commands mentioned in section C.

In fact, *FX commands and OSBYTE calls are (nearly) one and the same; the
former being the more common implementation in the ‘command mode’ of the
current language and the latter in assembly language programs. The most
significant difference between the two is the ability of some OSBYTE calls to
read and return values, as will be seen in the following sections.

Call address &EFFEF4
Indirected via &20A (BYTEV)

Parameters are passed to OSBYTE using the 656C12 accumulator (A), and the
X and Y registers:

— the accumulator contains the call number;
— the X register may contain a parameter;
— the Y register may contain a parameter.

using any of the methods below.

— In the command mode of the current language, OSBYTE calls are
implemented by means of *FX commands, ie:

*FX <call number>,<parameter 1>,<parameter 2>
Such commands may only write MOS data.

The parameters should be separated from the command and each other by
one or more spaces or commas. A parameter is taken to be zero if is is
expected but omitted.

— In assembly language, an OSBYTE call takes the form:

LDA #<call number>
LDX #<parameter 1>
LDY #<parameter 2>
JSR &FFF4

Such calls may either read, writé, or read/write MOS data and, where
appropriate, values are returned in the X and Y registers.
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— In the BASIC language, OSBYTE calls may be specified either as *FX
commands (for writing only), or using the USR function:

AZ=<call number>
X%=<parameter 1>
Y%=<parameter 2>
27%=USR(&FFF4)

After executing these statements, Z% will be a number representing the
contents of the status register, the Y register, the X register and the
accumulator on exit from the OSBYTE routine. Thus if 27=8&12345678:

the status register contained &12
the Y register contained &34

the X register contained &56
the accumulator contained &78.

OSBYTE parameter specification

As described above, the accumulator must always contain the required call
number when OSBYTE is entered. However, the choice of values in the X and
Y registers depends upon the purpose of the call.

A large number of these calls are for reading and writing certain MOS
variables and, when using these calls:

— to read a value, the X register should contain 0 and the Y register should
contain 255 (&FF);

— to write or read/write a value, the X register should contain the value and
the Y register should contain O.

_ to set or clear individual bits using OSBYTE, the Y register is used as a mask
and the X register contains the required settings:

action on bit bit setting in X bit setting in Y
set to 0 0 0
set to 1 1 0
nothing 0 1

So, for example, if:

X=00000011 (&02) and
Y=1111000 0 (&F0)

the effect is to set bits 0 and 1 (to 1), reset bits 2 and 3 (to 0) and leave bits
4,5,6 and 7 unchanged.
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The read and read/write functions behave as they do because the corresponding
calls perform the operation:

<new value> = (<old value> AND <Y>) EOR <X>

In the other OSBYTE calls, the meaning of X and Y depends upon the
particular call.

OSBYTE always preserves the accumulator.
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D.2.1 OSBYTE call summary

A full list of OSBYTE call numbers is given below, in ‘functional’ groups; the
availability of read, write or read/write functions is indicated in the command
description.

Descriptions of the OSBYTE calls are given in section D.2.2; those marked O
are either new calls or calls which have a new function in this computer.

Analogue to digital conversion

The analogue to digital converter (ADC) converts voltages (analogue data)
connected to the analogue input into a digital equivalent (a number) that can
then be manipulated by programs. Although the ADC can only convert a single
analogue input at a time, the MOS allows you to read up to four channels. It
does this by switching the ADC to sample each channel in turn, waiting for the
ADC interrupt which signifies that conversion is complete for that channel,
then reading and storing the data for that channel before switching to the next.
If all four channels are selected, they are sampled in the order 4, 3, 2, 1, 4, 3, 2,
1 etc.

When you ‘read’ an analogue channel using the appropriate MOS routine, you
are actually reading the result (stored by the MOS) of converting the last
sample from the channel in question. These readings have a range of 12 bits
and you can rely upon 10 bits (provided that you use a low-noise voltage
source). Sampling and conversion takes approximately 10 milliseconds per
channel. You can select a faster (4 millisecond), 8-bit resolution mode if
required.

OSBYTE calls relating to the operation of the analogue to digital converter are:

dec. hex. description

16 10  Write number of ADC channels

17 11  Write next ADC channel to be sampled
128 80 Read ADC channel/get buffer status
188 BC Read current ADC channel
189 BD Read maximum ADC channel number
190 BE Read/write ADC conversion type
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BREAK and associated effects

The [ereak] key is handled by the MOS in quite a different way from the rest of
the keys on the keyboard. It has two main effects:

— 1t applies a reset signal to the microprocessor and many of the other major
chips;

— 1t causes the MOS to execute a routine to service the BREAK (eg by
re-initialising chips).

[BrEak] on its own generates a ‘soft break’ which reinitialises the current
language and filing system.

[stiFrT]+-| BrEAK] also generates a ‘soft break’ and usually boots the current filing
system (but see *CONFIGURE BOOT).

[ ctrL |+[BREAK] generates a ‘hard break’ which selects the default filing system
and language, clears all the buffers and resets the machine to the state it is
normally in after initial power-on.

OSBYTE calls relating to the effect of the |Break] key are:

dec. hex. description

200 C8 Read/write |Break] and Jescare] effect

247 K7
248 F8 Intercept [Break] vector
249 F9

253 FD Read last [sreak] type
255 FF  Read/write start-up options

CMOS RAM

The computer has 50 bytes of battery-backed CMOS RAM that can be used to
store information which can be changed easily but that is not lost when the
computer is turned off. The CMOS RAM usage is:

bytes usage

0-19 20 bytes used by the MOS and other system software to store defaults
such as the printer driver type, keyboard repeat rate, editor display
mode etc.

20-29  reserved for future expansion

30-39 reserved for use by commercial third parties
40-49  available for use by the user

The CMOS RAM also maintains the computer’s clock and calendar (see *TIME).
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OSBYTE calls are provided to both read from and write to locations in the
CMOS RAM.

dec. hex. description

161 0 Al Read from CMOS RAM
162 0O A2 Write to CMOS RAM

Econet

After adding an internal Econet module and the Advanced Network Filing
System (ANFS) ROM to the computer, it can be used as a station in an Acorn
Econet network.

Three OSBYTE calls relate to the use of Econet. Whilst brief details are
provided in the following OSBYTE call descriptions, further information will be
found in the Advanced Econet User Guide.

dec. hex. description

206 CE Read/write Econet OS call interpretation status
207 CF Read/write Econet input interpretation status
208 DO  Read/write Econet output interpretation status

ESCAPE and escape effects

[escare ] (ASCII 27) is referred to as the ‘escape character’ and its depression
causes the MOS to set the top bit of location &00FF, thereby generating an
‘escape condition’. The escape character and the actions to be taken on the
occurence of an escape condition are set by default but may be changed by the
user.

The generation of escape conditions from RS423 is normally disabled but may
be enabled if required (see under Serial (RS423) interface, below).

The OSBYTE calls associated with [escape] and escape effects are:

dec. hex. description

124 7C  Clear escape condition

125 7D Set escape condition

126 K Acknowledge escape condition with side effects
220 DC Read/write [escape] character

229 E5  Read/write |escare] key status

230 E6  Read/write [escape] effects
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Filing System operations

The OSBYTE calls listed below are associated with Filing System operations.
Some are directly equivalent to MOS commands described in section C, others
provide a means of accessing, and changing, variables maintained by the MOS
on behalf of the current filing system.

dec. hex. description

109 6D Make temporary filing system permanent
119 77  Close all *SPOOL/*SPOOLON or *EXEC files
127 7F  Check for end-of-file on an opened file
137 89  Switch cassette motor relay

139 8B  Write filing system options

140 8C  Select Cassette Filing System

141 8D  Select ROM Filing System

164 A4  Check processor type

176 B0 Read/write CFS timeout counter

183 B7 Read/write Cassette/ROM filing system switch
198 C6  Read/write *EXEC file handle

199 C7 Read/write *SPOOL file handle

Input and output

The OSBYTE calls below are associated with general input/output operations —
1e those which apply to more than one I/O route. Calls specific to a single input

or output (ie ADC, keyboard, printer RS423 etc) are described under the
appropriate heading. I/O via Filing Systems is described in sections G — J.

Characters are input (read) from two main sources:
— the keyboard;

— RS423 port;

using the Operating System Read Character routine (OSRDCH) — see section
D.5.

Characters are output (written) to one or more of four main destinations:
— the screen;

— parallel printers (via the printer port);

— serial devices (via the RS423 port);

— a spodl file (via some filing system);

using the Operating System Write Character routine (OSWRCH) — see section
D.7.
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The MOS uses dedicated areas of memory (buffers) to store data input from the
keyboard and RS423 interface and to queue data for output to the R5423
interface, printer and sound synthesiser. Buffers increase the efficiency of the
system by reducing the amount of waiting that data-providing and
data-removing routines have to do. The various buffers are addressed using
buffer numbers which are given in the full description of the appropriate calls.

OSBYTE calls associated with general-purpose input-output operations are:

dec. hex. description
2 2  Specify input stream
3 3  Specify output streams
15 F  Flush buffer
21 15  Flush selected buffer
138 90 Insert character code into buffer
145 91 Get character from buffer
152 98 Examine buffer status
153 99 Insert character code into buffer checking for ESCAPE
177 Bl Read input source
236 EC Read character destination status

Interpretation of characters

Characters are stored in input buffers as single bytes, with values ranging from
0 — 255. These values may be placed in the buffer in a number of ways:

— from the keyboard;
— from the R5S423 input (if selected for input);
— directly (see OSBYTE calls 138 and 153).

The way in which characters are subsequently interpreted is set by default but
may be changed using the following OSBYTE calls:

dec. hex. description

4 4  Enable/disable cursor editing
219 DB Read/write TAB key code
221 DD Read/write interpretation of input values 192-207
222 DE Read/write interpretation of input values 208-223
223 DF Read/write interpretation of input values 224-239
224 EO Read/write interpretation of input values 240-255
225 E1l Read/write soft key interpretation
226 E2  Read/write [sHiFT]+soft key interpretation
227 E3  Read/write [ ctaL |+soft key interpretation
228 E4  Read/write [shirT]+] cTrL |+soft key interpretation
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237 ED Read/write cursor editing status
238 0 EE Read/write numeric keypad interpretation
264 0 FE  Set effect of on numeric keypad

Interrupts and events

An interrupt i1s a hardware signal which makes the processor stop what it is
doing and execute a particular MOS routine. The routine (referred to as an
‘interrupt service routine’) determines the source of the interrupt, performs the
appropriate actions then returns control to the task that was interrupted.

Interrupts are generated by a variety of devices. For example, when a key is
pressed on the keyboard, the keyboard circuitry generates an interrupt which
causes the MOS to scan the keyboard matrix to detect which key has been
pressed, store this information and set a flag so that the other keyboard input
routines are activated.

The processor used in this computer recognises two types of interrupt:
— Non-maskable interrupts (NMls)

which are generated by the disc controller and the Econet interface;
— Interrupt requests (IRQs)

which are used by devices such as the keyboard, ADC, RS423 and cassette
interfaces.

An NMI always causes the MOS to execute its NMI service routine but the
processor can be instructed to ‘ignore’ IRQs by setting its interrupt disable flag
with an SEI instruction (see section P).

The MOS makes extensive use of interrupts to increase its flexibility and speed.
Before you interfere with the interupt system, you must have a good
understanding of the system and of assembly language programming.
Facilities are provided for you to handle given interrupts yourself or to disable
them entirely.

A safer alternative to changing interrupt handling is to use the OSBYTE calls
below which are associated with the handling of ‘events’ — important changes
detected by the MOS during normal interrupt handling. If the MOS detects an
event, it checks whether that event has been enabled by the user and, if it has,
jumps to the user-supplied event-handling code pointed to by the EVNTV
vector (&0220).

Each event is assigned a number which is given in the full description of each
corresponding call.
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dec. hex. description

13 D  Disable event

14 E  Enable event
231 E7  Read/write IRQ bit mask for user 6522
232 E8 Read/write IRQ bit mask for 6850 (RS423)
233 E9  Read/write interrupt bit mask for system 6522

The keyboard

The keyboard is the main source of user input. When a character is typed, the
code it represents is placed in the keyboard input buffer from where it is
accessed by OSRDCH. The actual procedure is fairly complex but it is
summarised below.

Pressing a key that produces a character (ie not [ @& 1, [ 38& |, [swrr]or [ctrL )
generates an IRQ that calls the keyboard interrupt service routine. This
routine then:

— scans the keyboard matrix to read which key(s) are pressed;

— stores the ‘internal key number’ of the of the key(s) as the ‘current keys
pressed information’;

— sets the ‘keydown flag’, indicating that a key has been pressed;

— 1initialises the ‘keydown counter’.

The keydown flag is checked every 10 milliseconds during the regular
housekeeping performed by the MOS. When the flag is set, the MOS checks the
‘current keys pressed information’ to see which key is meant to be pressed and
scans the keyboard to see if it is still pressed.

If the current key is still pressed, the MOS decrements the keydown counter to
see 1f it 1s time to insert the corresponding code into the keyboard buffer. When
the counter reaches zero the MOS checks if either SHIFT or CTRL are
depressed, checks the state of both shift lock and caps lock and translates the
internal key number into the appropriate character code. At this stage, the
code is placed in the keyboard buffer and the keydown counter is reset.

If the key has been released, the MOS changes the current keys pressed
information accordingly and resets the keydown flag.

The OSBYTE calls below are associated with keyboard input characteristics:

dec. hex. description

11 B  Write keyboard auto-repeat delay
12 C  Write keyboard auto-repeat rate
18 12  Reset soft keys
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118 76  Reflect keyboard status in keyboard LEDs
120 78  Write keys pressed information

121 79  Keyboard scan

122 7A  Keyboard scan from 16 decimal

129 81  Read key with time limit

172 AC Read address of keyboard translation table
178 B2  Read/write keyboard semaphore

196 C4 Read keyboard auto-repeat delay

197 C5 Read keyboard auto-repeat rate

201 C9 Read/write keyboard status

202 CA Read/write keyboard status byte

216 D8  Read/write length of soft key string
Memory-mapped I/0

The main system components are controlled and used by reading and writing
addresses in the range &FC00 — &FEFF in the I/O processor. For

documentation purposes, these pages of memory are assigned names:

Page Address range Name

&FC &FCO0-&FCFF FRED

&FD
&FE &K

&EFD00-&FDFF JIM
L00-&FEFF

SHEILA

The use of these locations is described in section F. However, by using the
OSBYTE calls below you can make sure that your programs will work with a

CO-Processor.

dec.

146
147
148
149
150
151

hex. description

92
93
94
95
96
97

Read from 1/O area FRED
Write to I/0 area FRED
Read from I/O area JIM
Write to 1/0 area JIM

Read from /O area SHEILA
Write to I/O area SHEILA

D.2-11



Miscellaneous functions

The OSBYTE calls below are those which provide functions which do not fit
sensibly into any other category.

dec. hex. description

0 0 Display MOS version
1 1  Write user flag
107 6B Write 1IMHz bus selection status
108 6C  Write usage of main/shadow memory
130 82  Read machine high order address
131 83  Read Operating System High Water Mark (OSHWM)
132 0 84  Read top of user RAM
133 0 85  Read top of user RAM for given mode
136 88  Execute user code
164 0 A4 Read processor type
166 A6 Read start address of MOS variables
180 B4 Read/write Operating System High Water Mark (OSHWM)
215 D7 Read/write start-up message suppression status
239 0 EF Read/write #*SHADOW state
240 0 FO  Read country flag
241 F1  Read/write user flag
243 F3  Read timer switch state
244 F4  Read/write soft key consistency flag

O O

Paged ROMS

Paged ROMs are ROM or KPROM chips inserted into particular sockets on the
computer’s printed circuit board. In the standard machine, they are used to
hold all the standard system software other than the MOS.

Paged ROMS may also be used to hold other languages, utilities, filing system
software and data and may be plugged directly into the main board (as for
standard system software) or mounted in ROM cartridges for insertion into the
cartridge ROM sockets.

All ROMs are addressed in the same memory range ie &8000-&BFFF.

When the computer is turned on or subjected to a hard break, the MOS scans
the paged ROMS fitted, stores information about them (the ROM types) and
attempts to select a current language and filing system.
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Code 1n paged ROMs is executed under the control of the MOS, immediately
after one of the following:

— the MOS 1ssues a service call;

the MOS issues service calls for a variety of reasons, such as when the
computer is reset, when 1t executes a BRK instruction or when it receives a
MOS command that it does not recognise;

— a call is made which indirects through an extended vector;

calls of this nature are normally used in response to filing system commands,
to access routines in paged filing system ROMs. However, the user can also
change MOS vectors to extended vectors so that calls through that vector are
passed to a paged ROM.

— a call is made to a language entry point;

the MOS calls the language entry point as the last action in selecting a
language, as a result of a soft or hard break, a language selection command
(eg *EDIT) or execution of an OSBYTE 142 (see below).

Note that as far as the MOS is concerned, a paged ROM will only exist if it has
not been ‘unplugged’ (see *UNPLUG).

OSBYTE calls associated with paged ROM operations are:

dec. hex. description

22 O 16  Increment ROM polling semaphore
23 0 17  Decrement ROM polling semaphore
142 S8E  Enter language ROM
143 8F  Issue paged ROM service request
168 A8 Read address of ROM pointer table
170 AA Read address of ROM information table
179 © B3 Read/write ROM polling semaphore
186 BA Read ROM number active on last BRK
187 BB Read ROM number of socket containing BASIC

252 FC Read/write current language ROM number

Printers

The vast majority of printers use one of two standard hardware interfaces:

— Centronics compatible (parallel);
— RS423/R5232 compatible (serial).

The computer provides both interfaces, together with the software routines
required to use printers attached to them.
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Printed text is output via OSWRCH after enabling printer output with
OSBYTE 3 (see above, under ‘Input and output’) and/or sending ASCII 2 to the
VDU driver (see section E).

The OSBTYE calls directly concerned with printer handling are:

dec. hex. description
5 5  Write printer driver type
6 6  Write printer ignore character

123 7B Inform MOS of printer driver going dormant
182 0 B6 Read/write NOIGNORE state

245 F5 Read printer driver type

246 F6  Read/write printer ignore character

Serial (RS423) interface

The serial interface allows you to send data to and receive data from devices
equipped with an RS423 interface. It is mainly used for terminal emulation,
and for connecting serial printers. Note that RS423 is fully compatible with the
specification for RS232.

dec. hex. description

7 7  Write RS423 receive rate

8 8  Write R5423 transmit rate
156 9C  Write serial ACIA control register and copy
181 B5 Read/write RS423 input interpretation status
191 BF Read/write RS423 busy flag
192 CO Read serial ACIA control register copy
203 CB Read/write RS423 input buffer minimum space
204 CC Read/write RS423 input ignore flag
205 CD Read/write RS423 destination
242 F2  Read copy of serial processor ULA register

Sideways RAM

Two calls are provided for determining information relating to the 64K of
sideways RAM fitted in the computer.

dec. hex description
68 44  Test RAM presence
69 45  Test pseudo/absolute use of bank
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Sound

The sound synthesiser is mainly controlled using OSWORD calls (see section
D.3) because of the number of parameters involved. However, the following

OSBYTE calls are available:

dec. hex. description

210 D2 Read/write sound suppression status
211 D3 Read/write BELL channel

212 D4  Read/write BELL sound information
213 D5 Read/write BELL frequency

214 D6 Read/write BELL duration

The Tube

The Tube is a high-speed asynchronous interface between the microcomputer
and a co-processor. The Tube and its operating system function almost
automatically and are designed to be ‘transparent’ so that programs that work
in the standard computer will also work correctly with, for example, a 65C102
co-processor. Note, however, that this will be the case only if you use the MOS
commands, routines and techniques described in this manual.

dec. hex. description

157 9D Write byte across Tube
234 EA Read flag indicating Tube presence

Video display

The video display is mainly used and controlled by sending ASCII codes to the
character output routine (OSWRCH) under the control of the VDU driver. The

VDU driver is described in section E, but the following OSBYTE calls are
available:

dec. hex. description

9 9 Write duration of first colour
10 A  Write duration of second colour
19 13  Wait for vertical sync

20 0 14  Restore default font definitions

25 0O 19  Restore a group of font definitions
112 0 70  Select main/shadow memory for VDU driver access
113 0 71  Select main/shadow memory for display
114 0 72  Write usage of shadow memory

117 75 Read VDU status
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134 86
135 87
144 90
154 9A
155 9B
160 A0
165 Ab
174 AE
184 B8
185 B9
193 C1
194 C2
195 C3
217 D9
218 DA
250 0 FA
251 0o FB
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Read text cursor position

Read character at text cursor position/screen mode
Set vertical screen shift and interlace option
Write video ULA control register and copy
Write video ULA palette register and copy
Read VDU variable value

Read output cursor position

Read VDU variables origin

Read OS copy of video ULA control register
Read OS copy of video ULA palette register
Read/write flash counter

Read/write count for duration of first colour
Read/write count for duration of second colour
Read/write paged mode line count

Read/write bytes in VDU queue

Read memory accessed VDU driver

Read memory displayed



D.2.2 OSBYTE call descriptions

Each OSBYTE call is described below, the sequence being numerical order of
call number. Refer to the functional listing in section D.2.1 for information on
the calls related to specific topics.

The information provided for each call i1s presented as follows:
— call number and function

The call number is specified in decimal (and hexadecimal); the function is a
brief statement which indicates the availability of read, write and read/write
functions;

— Description
A description of the effect of the call is given if necessary;
— KEntry parameters

Listed under ‘Entry parameters’ are the permissible contents of the X and Y
registers — the accumulator must always contain the call number;

Assembly language programmers will load the appropriate values explicitly
before calhing &FFF4;

BASIC programmers calling OSBYTE via the USR function will load the
appropriate values into X%, Y% and A% before evaluating USR(&FFF4) ;

— *FX equivalent

If it is appropriate to issue the OSBYTE call as a *FX command, the syntax of
the command is given under this heading;

— Conditions on exit

This entry defines the content of the registers on exit from the call. Note that
this information is irrelevant if the call is implemented by means of its *FX
equivalent because there is nowhere for the returned values to be stored.

If necessary, any additional information is provided under the heading Notes.
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OSBYTE 0 (&00) Display MOS version

OSBYTE 0 has the effect of performing a BRK instruction and displaying the
MOS version number.

Entry parameters : X=0 executes a BRK and displays the OS
version
X=1 executes an RTS and returns the

Operating system version

*FX equivalent :  *FXO@
On exit : X=<O0OS version>
OSBYTE 1 (&01) Write user flag

This call provides a means of writing data to the user flag (location &281). The
flag is zero by default

Entry parameters : X=<new value>
Y=0

*FX equivalent :  *FX1,<0-255>

On exit :  X=<old value>

Note:

This call uses OSBYTE 241 and is left free for user applications.

OSBYTE 2 (&02) Specify input stream

Input may be taken from either the keyboard (by default) or the RS423 port.
This call specifies the selection for all subsequent input.

Entry parameters : X=0 selects keyboard input and disables RS423
X =1 selects and enables RS423 input
X =2 selects keyboard input and enables RS423

Y=0
*FX equivalent :  *FX2,<0-2>
On exit : X=01ndicates previous input was from the keyboard

X =1 indicates previous input was from RS423
Y is undefined
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OSBYTE 3 (&03) Specify output stream

Output may be directed to one or more of the display, printer port, R5423 port
and a file opened by *SPOOL. This call specifies the selection for subsequent
output.

Entry parameters : X determines the output stream(s) according to its
bit settings:

bit effect if set

0 Enables R5423 driver

1 Disables VDU driver

2 Disables printer driver

3 Enables printer (independent of

lcrL [+B or | ctrL |+ C)

4 Enables spooled output
5 Not used
6 Disables printer driver (unless the
character is preceded by a VDU 1 or
equivalent)
7 Not used
Y=0
*FX equivalent :  *FX3,<0-127>
On exit : X=<old stream specification>

Y is undefined

OSBYTE 4 (&04) Enable/disable cursor editing
This command defines the effect of the four cursor control keys and COPY.
Entry parameters : X=0 enables cursor editing
X=1 disables cursor editing and assigns ASCII

codes:

key ASCII code

[ copyl 135

136

137

138

139
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X=2 disables cursor editing and assigns soft key

numbers:
key soft key number
11
12
13
14
15
Y=0
*FX equivalent :  *FX4,<0-2>
On exit :  X=<old effect>
Y 1s undefined
OSBYTE 5 (&05) Write printer driver type

This call selects the printer driver type (and hence the printer port) for
subsequent printer output.

Entry parameters : X=0 selects printer sink
X =1 selects parallel (Centronics) printer driver
X =2 selects RS423 output (see note)
X =3 selects user printer driver
X =4 selects network printer driver

*FX equivalent :  *FX5,<0-4>

On exit : X=<old driver type>
Y is undefined

Notes:

1. If X=2 on entry and RS423 output has been enabled using OSBYTE 3, this
call will act as a printer sink.

2. Interrupts are enabled by this call.

3. Output stream selections are not reset by a soft break.

4. This call waits for the printer buffer to empty before selecting the new
printer driver.
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OSBYTE 6 (&06) Write printer ignore character

This call sets the ‘printer ignore character’ (ie the character which is not to be
sent to the printer unless preceded by ASCII 1). It is almost equivalent in effect
to *IGNORE (see note).

Entry parameters : X contains the character code to be ignored
Y=0

*FX equivalent :  *FX6,<<0-255>

On exit : X=<old ignore character>

Y is undefined

Note:

*FX6,n is exactly equivalent to *IGNOREn. *FX6 (with no parameter) sets the
printer ignore character to ASCII 0, whereas *IGNORE (with no parameter) does
not set a printer ignore character ie all characters are sent to the printer.

OSBYTE 7 (&07) Write RS423 receive rate

This call sets the RS423 baud rate for receiving data. The actual format of the
data is set using OSBYTE 156 (see below).

Entry parameters : X=0 selects 9600 baud
X =1 selects 75 baud
X=2 selects 150 baud
X=3 selects 300 baud
X=4 selects 1200 baud
X=5 selects 2400 baud
X=6 selects 4800 baud
X=7 selects 9600 baud
X =8 selects 19200 baud

Y=0
*FX equivalent :  *FX7,<0-8>
On exit : X=Y=<old serial ACIA control register contents>
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OSBYTE 8 (&08) Write RS423 transmit rate

This call sets the RS423 baud rate for transmitting data. The actual format of
the data 1s set using OSBYTE 156 (see below).

Entry parameters : as for OSBYTE 7

*FX equivalent :  *FX8,<0-8>

On exit : as for OSBYTE 7

OSBYTE 9 (&09) Write duration of first colour

Actual colours 8 to 15 are displayed as a sequence of two alternating colours.
By default, each colour is displayed for 0.5 seconds at a time. This command
allows you to alter the duration for which the first colour is displayed.

Entry parameters : X=0 sets an infinite duration and forces the mark
state

X=n sets the duration to n vsync units (ie fiftieths
of a second in the UK)

Y=0
*FX equivalent :  *FX9,<0-255>
On exit : X returns the old setting

Y is undefined

OSBYTE 10 (&0A) Write duration of second colour
As for OSBYTE 9, but with reference to the second colour.

Entry parameters : as for OSBYTE 9

*FX equivalent . *FX10,<0-255>
On exit : as for OSBYTE 9
OSBYTE 11 (&0B) Write keyboard auto-repeat delay

Each key on the keyboard must be held down for a number of hundredths of a
second (50 by default, or as reset by *CONFIGURE DELAY) before it will begin to
auto-repeat. This call enables this initial delay to be reset (until the next break

or power-off).
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Entry parameters : X=0 disables auto-repeat
X=n sets the auto-repeat delay to n hundredths of

a second
Y=0
*FX equivalent : *FX11,<0-255>
On exit : X=<old delay>

Y 1s undefined

OSBYTE 12 (&0C) Write keyboard auto-repeat rate

Unless auto-repeat has been disabled, each key on the keyboard will
auto-repeat (after the auto-repeat delay has elapsed, see above) at either the
default rate of 8 hundredths of a second or at the rate specified by
*CONFIGURE REPEAT. This call enables the auto-repeat rate to be reset (until
the next hard break or power off).

Entry parameters : X=0 resets the auto-repeat delay and rate to their
default settings
X=n sets the auto-repeat rate to n hundredths of a

second
Y=0
*FX equivalent :  *xFX12,<0-255>
On exit : X=<old rate>

Y 1s undefined

OSBYTE 13 (&0D) Disable event

All events are assigned a unique number and this call provides a means of
disabling specific events.

Entry parameters : X=<event number> as given below:
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event number event

0 output buffer empty

1 input buffer full

2 character entering buffer

3 ADC conversion complete

4 start of vertical sync

5 imterval timer crossing zero

6 escape pressed

7 RS423 error

8 network error

9 user

Y=0
*FX equivalent . *FX13,<0-9>
On exit : X =Y = <old enable state> (0=disabled)
OSBYTE 14 (&0E) Enable event
This call provides a means of enabling specific events.
Entry parameters : asfor OSBYTE 13
*FX equivalent . *FX14,<0-9>
On exit : X = Y =<old enable state> (>0=enabled)
OSBYTE 15 (&0F) Flush buffer

This call is a general purpose input buffer flush which can be applied either to
all buffers or just the current input buffer. See also OSBYTE 21.

Entry parameters : X=0 flushes all buffers
X =1 flushes the current input buffer

Y=0
*FX equivalent :  *FX15,<0-1>
On exit : X and Y are undefined

Note

The current buffer content 1s discarded.
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OSBYTE 16 (&10) Write number of ADC channels

By default, each of the four ADC channels is sampled and converted in turn so
that each reading is updated every 40 milliseconds. This call enables the
number of channels to be changed so that if, for example, only two channels are
required, each will be updated every 20 milliseconds.

Entry parameters : X=0 disables ADC sampling
X=n selects n channels

Y=0
*FX equivalent :  *FX16,<0-4>
On exit : X=<o0ld number of channels>>

Notes

1. If n exceeds four, four is assumed.
2. Switching off all sampling marginally increases the processor’s speed.

OSBYTE 17 (&11) Write next ADC channel to be sampled

This call aborts the current ADC conversion and starts sampling again from
the channel specified, ie sampling and conversion then continues down to
channel 1 in the normal manner.

Entry parameters : X=<ADC channel number>
Y=0
*FX equivalent . *FX17,<1-4>
On exit : X 1is preserved (or reset to 4 — see note under
OSBYTE 16)

Y is undefined

Note:

OSBYTE 17 can be used to take a single sample from a channel which has been
disabled (using OSBYTE 16).
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OSBYTE 18 (&12) Reset soft keys

Soft key assignments are normally maintained other than after a hard reset or
power off. This call allows the soft-key buffer to be cleared if necessary.

Entry parameters : none
*FX eguivalent :  *FX18
On exit : X is undefined

Y is preserved

OSBYTE 19 (&13) Wait for vertical sync

This call is used to synchronise a program with the signal produced at the start
of each video frame (which is 50 times per second in the UK). It is particularly
useful in animation routines.

Entry parameters : none

*FX equivalent :  *FX19

On exit : X and Y are undefined

OSBYTE 20 (&14) Restore default font definitions

The shape of the character displayed when printing ASCII codes 32 — 255 may
be redefined using the VDU driver (see section E). Any such changes remain in
force until the computer is subjected to a hard break or power off and this
command may be used to restore the default character definitions for ASCII
codes in the range 32 — 126 (see OSBYTE 25 for redefining the remaining
characters).

Entry parameters : none

*FX equivalent :  *FX20

On exit : X and Y are undefined
Note

On the BBC Model B microcomputer, OSBYTE/*FX 20 was used to explode the
soft character RAM allocation, according to the value of the parameter
supplied. Software designed to run on both the Master Series and BBC Model B
microcomputers should use this call with X=6 (1e *FX20,6). This parameter

will be ignored in Master Series computers and will fully explode the font in the
BBC Model B.
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OSBYTE 21 (&15) Flush selected buffer

Whereas OSBYTE 15 may be used to flush all buffers (or the current input
buffer), OSBYTE 21 is used to flush an individual buffer, specified by its buffer

number.
Entry parameters : X=<buffer number> as given below:

buffer number buffer

0 Keyboard
1 RS423 (input)
2 RS423 (output)
3 Printer
4 Sound channel 0
5 Sound channel 1
6 Sound channel 2
7 Sound channel 3
*FX equivalent : *xFX21,<0-7>
On exit : X is preserved

Y is undefined

OSBYTE 22 (&16) Increment ROM polling semaphore

This call increments the semaphore which, when non-zero, makes the MOS
issue a ROM service call (reason code &15) at centisecond intervals. See section
I for further information.

Entry parameters : none
*FX equivalent :  *FX22

On exit : X is preserved
Y is undefined

OSBYTE 23 (&17) Decrement ROM polling semaphore
See also OSBYTE 22.

Entry parameters : none
*FX equivalent :  *FX23
On exit : X is preserved

Y is undefined
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OSBYTE 24 (&18) isreserved

OSBYTE 25 (&19) Restore a group of font definitions
Entry parameters : X=<group identifier> as given below:
identifier group of character codes
0 32 — 255
1 32 — 63
2 64 — 95
3 96 — 127
4 128 — 159
5 160 — 191
6 192 — 223
7 224 — 255
Y=0
*FX equivalent :  *FX25, <group identifier>
On exit : X and Y are undefined

OSBYTE calls 26 (&1A) — 67 (&43) are currently unused

OSBYTE 68 (&44) Test RAM presence

This call enables the presence or absence of each of the four banks of sideways
RAM to be tested.

Entry parameters : none

*¥FX equivalent :  none

On exit : X contains a byte in which the least significant four
bits indicate the presence or absence of a 16K bank

of sideways RAM:

bit bank
0 4
1 5
2 6
3 7

Bits set indicate the presence of the corresponding

bank; bits clear indicate their absence.
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Note

In the standard machine, this call will always return the value &OF, indicating
the presence of all four banks of sideways RAM. Changes to the PCB links (see
section F) will, however, affect this value.

OSBYTE 69 (&45) Test pseudo/absolute use of bank

This call enables the current use of each of the four banks of sideways RAM to
be determined.

Entry parameters : none
*FX equivalent :  none
On exit : X contains a byte in which the least significant four

bits indicate the current use (ie pseudo or absolute
addressing) of a 16K bank of sideways RAM:

bit bank
0 4
1 5)
2 6
3 fl

Bits set indicate the use of pseudo addressing; bits
clear indicate the use of absolute addressing

Note

The value returned for this call will be zero on power-up but any change
depending upon the use of *SRROM and *SRDATA commands (see section G.7).

OSBYTE calls 70 (&45) - 106 (&GA) are currently unused
OSBYTE 107 (&6B) Write 1MHz bus selection status

The computer provides two groups of signal and data lines referred to as the
‘1MHz buses’. These can be used to connect a variety of devices to the
computer, such as a Teletext adapter or music synthesiser.

The external ‘1MHz bus’ runs at 1Mhz and is accessed via the external 1MHz
bus connector.

The internal ‘1MHz bus’ runs at 2MHz and is accessed via the cartridge
interface. This is a new facility which should be used for devices which are able
to run at the full 2MHz clock speed used by the computer.
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Only one of the two buses may be selected at a time and this call provides a
means of selecting or switching between the two.

Entry parameters : X=0 selects the external bus
X =1 selects the internal bus
Y=0

*FX equivalent :  *FX107,<0-1>

On exit : X is preserved

Y i1s undefined

OSBYTE 108 (&6C) Write usage of main/shadow memory

The shadow memory is a 20K section of RAM which can be paged into memory
locations &3000-&7FFF, displacing the main memory which would normally
be addressed there. Shadow memory is used to implement the ‘shadow display

modes’ in which it serves as the display RAM, allowing the user to use the
whole of RAM from OSHWM to &7FFF.

This call provides one means of paging the shadow RAM into and out of the
malin map.

Entry parameters : X=0 pages main memory into the main map

(immediate)
X=1 pages shadow memory into the main map
(immediate)
Y=0
*FX equivalent :  *FX108,<0-1>
On exit : X 1s preserved

Y i1s undefined

OSBYTE 109 (&6D) Make temporary Filing System
permanent

Section G describes a means of including a filing system name in various
commands, ie it is possible to instruct a filing system other than the current
filing system to carry out some specified action. For example:

*—-DISC-CAT

would cause the Disc Filing System to display a catalogue of the current
directory regardless of the current filing system. This call has the effect of
making the temporary filing system (DFS in the example) the current filing
system.
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Entry parameters : none
*FX equivalent :  none

On exit : X and Y are undefined

OSBYTE calls 110 (&6E) and 111 (&6F) are currently unused.

OSBYTE 112 (&70) Select main/shadow memory for VDU
access

This call specifies which of main or shadow memory will be updated by the
VDU driver (regardless of the memory currently being displayed) until the
next mode change. Used in conjunction with OSBYTE 113 (below) this facility

allows rapid screen switching such as might be required in animation routines.

Entry parameters : X=0 sets writing to main or shadow memory
| according to the mode in use (immediate)
X=1 sets writing to the memory in the main map

(immediate)
X=2 sets writing to the shadow memory
(immediate)
Y=0
*FX equivalent . *FX112,<0-2>
On exit :  X=<old setting>
Y is undefined
OSBYTE 113 (&71) Select main/shadow memory for
display

This call specifies which of main or shadow memory will be displayed
(regardless of the memory currently being updated by the VDU driver) until
the next mode change.

Entry parameters X=0 sets display to main or shadow memory
depending upon the mode in use (immediate)
X=1 sets display to memory in the main map
(immediate)
X=2 sets display to shadow memory (immediate)
Y=0
*FX equivalent . *FX113,<0-2>
On exit : X=<old setting>

Y i1s undefined
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OSBYTE 114 (&72) Write usage of shadow memory
Equivalent to *SHADOW

Entry parameters : X=0 selects shadow  memory on
subsequent mode changes,
regardless of the mode selected

X=<1-255>  selects main or shadow memory on

subsequent mode changes

depending on the mode selected
Y=0

*FX equivalent :  *FX114,<<0-255>

On exit :  X=<0ld usage>
Y is undefined

OSBYTE calls 115 (&73)—- 116 (&74) are currently unused

OSBYTE 117 (&75) Read VDU status
This call returns the contents of the VDU status byte.

Entry parameters : none
*FX equivalent :  none

On exit : X=<VDU status> with set bits indicating the
following:

bit status when set

Printer output enabled by VDU2

Scrolling disabled

Paged scrolling selected

Text window in force

Currently in a shadow mode

Printing at graphics cursor enabled by VDUS
Cursor editing in progress

Screen disabled with VDU21

~1 O Tt WO N = O

Y is preserved
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OSBYTE 118 (&76) Reflect keyboard status in keyboard
LEDs

The settings of caps lock and shift lock are held in a location referred to as the
keyboard status byte and, under normal circumstances, will be shown by the

keyboard LEDs. However, it is possible to write to the keyboard status byte
directly (see OSBYTE 202) although the LEDs will not be changed accordingly.

This call ensures that the current contents of the keyboard status byte are
reflected in the LEDs

Entry parameters : none
*FX equivalent . *FX118
On exit : X 1s preserved

Y is undefined

OSBYTE 119 (&77) Close all *SPOOL/*SPOOLON or
*EXEC files

Entry parameters : none

*FX equivalent . *FX119
On exit : X and Y are undefined
OSBYTE 120 (&78) Write keys pressed information

When a key is pressed, the MOS stores a number representing it in location
&OOEC of the I/O processor. If another key is depressed before the first is
released, the first number is transferred to &00ED and a number representing
the second keystroke is placed in &00EC. These locations are referred to as the

keys pressed information and the numbers used are the internal key numbers
(see table) plus 128.

This call enables you to mimic the depression of keys from software by writing
internal key numbers to the keys pressed locations.
Entry parameters : X=<first internal key number> (see table)

Y =<second internal key number> (see table)

*FX equivalent :  *FX120,<first internal key number>[<second
internal key number>]

On exit : X and Y are preserved
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Notes

1. OSBYTE 120 will not normally cause keystrokes to be placed in the input
buffer because it does not set the keydown flag — see OSBYTE 138 below.

2. The and [ ctrL | keys are not stored as keys pressed information but
merely change the bit settings in the keyboard status byte — see OSBYTE
202.

Key internal Key internal
key number key number
SHIFT 0 P 55
| ctrL | 1 [ 56
0 16 57
3 17 keypad + 58
b 18 keypad - 59
5 19 keypad |[return] 60
4 20 64
8 21 A 65
7 22 X 66
- 23 F 67
) 24 Y 68
25 J 69
keypad 6 26 K 70
keypad 7 21 a 71
0 32 - 72
W 33 [reTurn|] 73
E 34 keypad / 74
T 35 keypad [pELETE] 5
[4 36 | S5&¢ ] 80
9 38 S 81
39 C 82
- 40 G 83
41 H 84
keypad 8 42 N 85
keypad 9 43 L 86
1 48 2 87
2 49 ] 88
D 50 [oELETE] 89
R 51 keypad # 90
6 92 keypad * 91
U 53 keypad , 92
0 54 TAB 96
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Key internal Key internal
key number key number

Z 97 f1 113

Ispace] 98 f2 114

V 99 £3 115

B 100 5 116

M 101 6 117

7 102 (8 118

. 103 9 119

/ 104 120

105 121

keypad 0 106 122

keypad 1 107 123

keypad 3 108 124

lescare] 112

OSBYTE 121 (&79) Keyboard scan

This call provides a means of checking whether a particular key or one of a
range of keys is depressed.

Entry parameters

*FX equivalent

On exit

Notes

X=<internal key number EOR &80> (for a single
key)

X=<lowest internal key number> (for a range of
keys)

Y=0

none

for a single key:
X<0 (e top bit set) indicates that the key is
depressed

for a range of keys:

X =255 indicates that no key in the given range is
depressed otherwise

X=<internal key number of key depressed>

1. If two (or more) keys are depressed when checking for a range of key
depressions, the lowest internal key number is returned in X.
2. Any key depressions are entered into the input buffer during execution of

this call.

3. As with OSBYTE 120, the and [ ctrL | keys ﬁlay not be scanned with

this call.
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OSBYTE 122 (&7A) Keyboard scan from 16 decimal
Equivalent to OSBYTE 121 with X=16.

Entry parameters : none
*FX equivalent :  none
On exit : as for OSBYTE 121 with a range of keys

OSBYTE 123 (&7B) Inform MOS of printer driver going
dormant

This call is only of interest to users writing their own (user) printer drivers.

Entry parameters : X=3 (ie printer buffer number)

*FX equivalent :  none

On exit : X and Y are preserved

OSBYTE 124 (&7C) Clear escape condition

This call clears any escape condition without further action other than
informing the Tube, if active.

Entry parameters : none

*FX equivalent . *FX124

On exit : X and Y are preserved

OSBYTE 125 (&7D) Set escape condition

This call simulates depression of the current escape character. The Tube is
informed, if active, although an escape event is not generated.

Entry parameters : none
*FX equivalent :  *FX125
On exit : X and Y are preserved
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OSBYTE 126 (&7E) Acknowledge escape condition

This call attempts to clear an escape condition.

Entry parameters : none
*FX equivalent :  none
On exit :  X=255 i1ndicates that the escape condition has been

cleared
X=0 indicates that the escape condition has not
been cleared

Note

The actions necessary to clear an escape condition will depend upon whether
escape condition side effects have been enabled or disabled — see OSBYTE 230.

OSBYTE 127 (&7F) Check for end of file on an opened file

This call provides a means of ascertaining whether the end of an open file has
been reached.

Entry parameters : X=<file handle>
Y=0
*FX equivalent : none
On exit : X=0 if end of file has not been reached

X< >0 if end of file has been reached
Y is preserved

OSBYTE 128 (8A) Read ADC channel or get buffer status

This is a multi-purpose call with the action specified by the value of the X
register.

Entry
parameters: On exit:

X=0 Y contains the channel number (1-4) of the channel number
last used for an ADC conversion. A value of zero indicates that
no conversion has been completed. Bits 0 and 1 indicate the
status of the two ‘fire’ buttons.

X=<]1-4> X and Y contain the 16 bit value (X=LSB, Y=MSB) read from
the channel specified in X.
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X<0 X gives the status of various buffers:

Y=255

X =255 X contains the number of bytes in the keyboard buffer
X=254 X contains the number of bytes in the RS423 input buffer
X=253 X contains the number of bytes free in the RS423 output buifer
X=252 X contains the number of bytes free in the printer buffer
X=251 X contains the number of bytes free in sound channel 0O

X =250 X contains the number of bytes free in sound channel 1

X =249 X contains the number of bytes free in sound channel 2

X =248 X contains the number of bytes free in sound channel 3
OSBYTE 129 (&81) Read key with time limit

This call may be used to read a key from the keyboard subject to a specified
time limit or to perform a keyboard scan for a specified key depression.

To read a key within a specified time limit.:

Entry parameters

*FX equivalent

On exit

X and Y contain the time limit in hundredths of a
second.

If a time limit of n hundredths of a second is
required, then

X = n AND &FF
Y = n DIV &100

none

If a character is detected within the time limit;

X=<ASCII value of key detected>
Y=0

If no character is detected within the time limit:

Y =&FF (or &1B if ESCAPE was pressed)

To perform a keyboard scan for a particular character:

Entry parameters

*FX equivalent

On exit
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INKEY number

—33
—114
—115
—116
—21
—117
—118
—23
—~J1.9
—120
—b66
—101
—83
—ol
—39
—638
—34
—85
—70
—71
—387
—102
—86
—99
—56
—17
—92
—382
—36
—54
—100
—34
—067
—69
—98
—40
—49
—o0
—1 8

key

O 00 ~N O U1 &

|~

) Ld o N

INKEY number

=19
—20
—33
—37
=22
—39
—103
—24
—104
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key INKEY number key INKEY number

keypad —28 keypad / —75
keypad 8 —43 keypad £ —-91
keypad 9 —44 keypad * —-92
keypad + —59 keypad , —93
keypad - —60 keypad [retuanj -61

keypad [pELETE] =210
OSBYTE 130 (&82) Read machine high order address

This call provides a 16-bit high order address for filing system addresses which
require 32 bits.

Entry parameters : none
*FX equivalent . none
On exit : X and Y contain the high order address (X=MSB,

OSBYTE 131 (&83) Read Operating System High Water
Mark (OSHWM)

This call is used to return the OSHWM address, which is normally &E00 but
may be changed if, for example, the ‘hidden RAM’ is insufficient for the needs of
all active filing systems and languages.

OSBYTE 131 is used by BASIC to initialise the value of pseudo-variable PAGE.

Entry parameters : none

*FX equivalent : none

On exit : X and Y contain the OSHWM address (X=LSB,
Y=MSB)

OSBYTE 132 (&84) Read top of user RAM

This call returns the lowest address used by the VDU driver to store the screen
display.

Entry parameters : none
*FX equivalent :  none
On exit : X and Y contain the address (X=LSB, Y=MSB)
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Note

If the VDU driver is writing to shadow memory, the address returned in X and
Y will be &8000.

OSBYTE 133 (&85) Read top of user RAM for given mode

Whereas OSBYTE 132 returns the top of user RAM for the current mode,
OSBYTE 133 returns the top of user RAM for a specified mode change.

Entry parameters : X=<mode number>

*FX equivalent : none
On exit : X and Y contain the address (X=LSB, Y=MSB)
Note

If the specified mode change would cause the VDU driver to write to shadow
memory, the address returned in X and Y will be &8000.

OSBYTE 134 (&86) Read text cursor position

Under normal circumstances, this call returns the current text cursor position.
However, if cursor editing is in progress, the position returned is that of the
input cursor.

Entry parameters : none

*FX equivalent :  none

On exit : X=<horizontal position>
Y =<vertical position>

Notes

1. This call should not be used inside an interrupt service routine.

2. If there 1s a scroll ‘pending’, ie the scroll protect option is enabled and active,
the horizontal position returned will be one greater than the displayed
position.

3. See OSBYTE 165 for reading the position of the output cursor in cursor
editing mode.
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OSBYTE 135 (&87) Read screen mode and character at
text cursor position

This call returns the screen mode and, under normal circumstances, the ASCII
code of the character at the text cursor position. However, if cursor editing is in
progress, the character code returned is that of the character at the input
cursor position.

Entry parameters : none

*FX equivalent :  none

On exit : X=<ASCII code> (or zero if unknown)
Y=<screen mode> (ie 0-7 regardless of usage of
shadow memory)

OSBYTE 136 (&88) Execute user code
Equivalent to *CODE.

Entry parameters : X=<parameter to be passed to user routine>
Y =<para.neter to be passed to user routine>

*FX equivalent :  *FX136, <param 1>,<param 2>

Note

The address of the routine must first be stored in the user vector (USERYV,
&200-&201).

OSBYTE 137 (&89) Switch cassette motor relay
Equivalent to *MOTOR.

Entry parameters : X=0 switches relay OFF
X =1 switches relay ON

Y=0
*FX equivalent . *FX137,<0-1>
On exit : X and Y are undefined
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OSBYTE 138 (&8A) Insert character code into buffer

This call inserts a specified value into a specified buffer.

Entry parameters : X=<buffer number> (see OSBYTE 21)
Y=<value>

*FX equivalent :  *FX138 , <buffer number>,<value>

On exit : X and Y are preserved

OSBYTE 139 (&8B) Write Filing System options

Equivalent to *0PT.

Entry parameters : X=<option number>
Y =<option value>

*FX equivalent :  *FX139, <option number>,<option value>
On exit : X and Y are preserved
OSBYTE 140 (&8C) Select Cassette Filing System

Equivalent to *TAPE.

Entry parameters X=0 selects the default baud rate (1200)
X=3 selects 300 baud
X=12  selects 1200 baud
*FX equivalent . *FX140,<0/3/12>
On exit : X and Y are preserved
OSBYTE 141 (&8D) Select ROM Filing System
Equivalent to *ROM.
Entry parameters : none
*FX equivalent : *FX141
On exit : X and Y are undefined
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OSBYTE 142 (&8E) Enter language ROM
This call enters a language ROM referenced by its ROM socket number.

Entry parameters : X=<socket number>
*X equivalent :  *FX142,<socket number>
Notes

1. This call provides a means of entering language ROMs whose names clash
with other ROM names or MOS commands (eg a language called *FX@).

2. ROMs which have been ‘unplugged’ cannot be selected by this call.

3. If a co-processor is available, the designated language will be copied across.

OSBYTE 143 (&8F) Issue paged ROM service request

The MOS requests paged ROMs to perform various functions such as claiming
workspace, executing unrecognised MOS commands or responding to BRK
instructions. These functions are referred to as services and are requested by
paging each ROM in turn and calling its ‘service entry point’ with a specified
‘service type’.

Calls of this nature are mainly of interest to authors of paged <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>