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Disclaimer
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reliability of the interface, Cambridge Systems Technology
and Frocyon Research Limited cannot accept any
responsibility for any injury or damage arising from use of
the interface in a manner other than described in this
manual. Neither can any responsibility be held for the use
of the interface in life support or for failure in process
control applications, or consequential loss.

Important

Please note that neither Sinclair Research nor CST can
undertake any commitment to advise or assist users beyond
replacing faulty goods.

Users with specialised requirements are invited to contact
Cambridge Systems Technology or Frocyon Research Limited
directly for information on customised systems.
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KNOWN BUGS AND PROBLEMS

This section lists the known bugs which have come to light in
released versions of the Q-488 svstem. Please do not hesitate to
contact us with further problems you may come across. Wherever
possible, we have indicated methods of avoiding the bugs in such
a way that programs will still work with upgraded versions of ‘the
Q-488 system.

Version 1.00 Bugs

The BASIC function IB_SPOLL does not unaddress the polled
device after it has. been polled. Be careful always to.
explicitly unaddress the device with a call to IB_UNADDR
after performing a serial poll. This will still be
legitimate when the function has been corrected, the second
unaddress call will then -have no further effect.

The BASIC command IB_STERM ‘does not accept arguments as
indicated in the manual. It only takes a single argument
which is passed directly to the CM.STERM trap call and which
should contain four terminator characters packed into a long
word. It will not be possible to maintain compatibility
with an upgraded system for this command.

Note that the remaining output terminators are still saved
internally if you change the number of terminators, and by
default are set up to CR and LF.you will be able to choose
most combinations merely by changing the number of output
terminators.

Parallel polling is not implemented in Version 1.00.

The IO.SSTRG (Send String) trap call is incorrect in that it
takes a Long Word length in D2.L (rather than a 16-bit word,
D2.W). Therefore if the upper half of D2 is non-zero, the
wrong number of bytes will be output. Assembly language
programmers should take care to clear D2 before loading the
length, or to sign-extend it to a long word before calling
the trap.

This bug does not seem to cause any trouble with SuperBasic,
but other language systems may give problems. Please notify
us if you have any problems in this area.
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SECTIOM & — INTRODUCTION

This manval describes how to use the @-488 IEEE interface
for the Sinclair GL. Examples are given throughout the text
to help the user become familiar with this versatile piece
of equipment., Nowcomers to the IEEE bus are especially
recommended  to read the following section outlining the

concepts involved. Pecause of the particularly  full
implementation of the IEEE-482 1972 standard, the more
experienced  programmer  should be able to make good use of

the advanced features provided; and yet even with only a
limited knowledge, it is easy for the novice to make a
start.

A note about examples: items in bold type indicate the
uger ‘s input to the 0GL. It is assumed that lines are
terminated by <ENTER>. Hyphenation implies simultaneous
nperation, e.g. <CTRL>-<SFACE>.

Users with particular requirements or enquiries are referred
to the comment at the foot of the Acknowledgements.
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SECTION 2 - THE IEEE-4B8 STANDARD INSTRUMENT BLUC

2.1 INTRODUCTION
2.1.1 Benefits of a Standard Interface.

The IEEE--4B8 interface provides a standardised input/output
interface between a computer and up to 14 other instruments
and peripherals. It allows digital data to bhe transferred
between the instruments and the computer in any combination.
In addition, it 1is possible for computers with 1EEE-4Q0
interfaces to be connected to each other and the interface
then allows very rapid transfers of data betwesn the
computer Data transfer rates of ! million bytes per
second are feasible.

i

2.1.2 TIEEE- 408 Instruments Available,

The range of instruments available is wvery large, and
includes such diverse items as microwave signal generators,

modems, digital voltameters, disc drives, printers and
plotters. Any computer with an IEEE-48E interface can

connect  to  any of these pieces of equipment without any
problems of incompatibility.

2.1.72 Other Interfaces Closely Related to the IEER-488.

The IECE-4882 interface may also be known as the "BGeneral
Furpose  Interface Bus", G6GFIBR, or as the "Hewlett:
Instrument Rus", HFIB. Instruments with thes
are fully compatible with the IEEE-488 Interface.

Instruments  following the JEC-425 standard use a different
connector to the TEEE and ANSI standards, but are otherwise
the same. They rcan be used on an IEEE-188 system provided
that cuitable adaptors are used. These are available from

more specialiszed dealers.
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THE 1EEE--488 STANDARD

.1 Subsets of the Full IEEE--488 Standard.

The standard allows considerable freedom to the device
designer to implement subsets of the full standard. Thus
there is no guarantee that a particular device will
implement all the interface functions described in this
chapter. This is sensible in measuring devices where many
of  the features of the standard would be nonsensical, but
for controllers it is less so. Most controllers implement a
large proportion of the standard and are thus very versatile
in a large number of applications. The main areas where
subsets of the full standard occur in controllers are in the
multiple controller facilities. Many IEEE-488B controllers
insist on being the only controller in a system. The FET
and éApple interfaces, for example, must be the only
controller in the system. The (--488 IEEE interface is not
restricted in  this way and provides full support for
multiple controller systems.

2 The Signal Lines of the IEEE-4BE2 Interface.
The IEEE-488 interface bus uses eight date lines, eight
control  lines and eight ground lines. The ground lines
form twisted pairs with each of the control lines to
minimime radiated noise and cross—tallk between the
asynchronous lines., The bus connections are made in
parallel to every device on the system. The standard

specifies connectors which are stackable to allow many

5 to be connected at a given instrument. Standerd
7428 cvables with the correct connectors are  available
from many suppliers. We recommend that you uze only these
cabless,

When connecting the devices in a system together with the
standard cables it is important to avoid making loopsz with
the cables as this can cause interference problems. The
recommended cable configurations are:

Linear: Connect all the devices in a chain, one after
the other
Star: Connect all the devices directly to the

controller, one by one.
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Apart from this there are few constraints on the cable

layout. You must however sticl: to a maximum total cable
length of two metres times the number of devices you have,
or twenty metres overall, whichever is shortest. So if you

have 5§ devices you are limited to 10 mnetres overall and if
you have 13 devices you are limited to 20 metres. This will

ensure that the bus can run properly at full spesd. There
is no limit to the length of individual cables that you can
une s0 long as the total length is not exceeded. In
practice pre-made cables are only readily available up to 2
metres in length. Using longer cables than this is to be
avoided. Special devices are available to extend IEEE-408

cables if this distance ia insufficient.

2.2.7 Bus Commands and Controllers.

When  a data byte is being sent on the bus the byte travels
from a device described as the sgurce to a device (or
devices) described as the acceptors. A particular device
need not always be a souwrce or an acceptor., Handshaking is
used on all data bytes sent to ensure that all  acceptors
roceive the data properly. The details of handshaking are
described in a subsequent section.

AL any particular time there is a special device,
designated the active controller, which is allowed to issue
commands to the other devices on the bus. These commands

can tell other devices to become sources or acceptors
("talkers" or "listeners"), or to ignoare their front panel
controls; or may have a variety of other effects.

The commands consist of single bytes which are sent with

handshaking in the same way as data bytes. They are
distinguished from data bytes by the control line
"Attention" (ATNY  which is zet by the controller to

indicate that commands are being sent, Whenever ATN is

true all other devices on the bus must listen to the current
controller which will send commands to them. All devices in
a system except the active controller accept these commands.

8]
1'_:»1
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Nddressing Commands.

The most important commands are those known as "Addressing
Commands"., These are used by the controller to indicate
which devices are to take part in future data transfers.
Earh device is assigned a unique address in the range 0 to
20 which (usually) remains constant throughout operation of
the system. With most instruments, the assignment is made
by switches on their rear panel. Some devices may have
fixed addresses when they are switched on, but may bhe
changed by software intervention.

The addressing commands fall intn three groups: talker,
listener and secondary address. Each command is followed by
the onumber of the device which is being addressed. This
must lie between ¢ and 30 to be a valid address.

A talker address is a command to tell a device to becoms a

talker when the controller decides to release ATN. Only
one device may be a talker at any one time: it is said to be
"addressed to talk". If a talker address command is issued

for another device then the first device must be told to
stop talking: it is unaddressed.

The standard mnemonic for this command is "My Talk Address”
(MTAY . So the ghorthand for the command te tell device six
to talk is:

MTA &
MTA Z1 represents a special case. No device is allowed to
have thiz address and if it received it will cause all
talkers (there shouvld only be one!) to be unaddressed. It

is given a special name: Untallk (UNT).

A listener address is a command to tell devices to listen to
data that will be sent when the controller releases ATHN.
More than one device may be a listener at any one time so if
a device receives a listen address other than its own it

does not unaddress. The mnemonic is "My Listen Address"
(Ml.Aad, Again a listen address of 21 is a special case and
causes 2ll addressed listensrs to unaddress. This is called
"Unli "OCUNLY ., Using UML is the simplest way to cause a

i -t be unaddressed. If a device which has been

sed as & listenmer is subsequently addrezssd as a
talker then the listensr will (usually) unaddress and the
device will be addressed as a talker only. This prevents a
device {rom being asked to talk and listen simultaneously!
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secondary address may be sent immediately after a  talker
a listener address. They are used where a device has
vieral  possible internal functions which may be zselected

Vi g their secondary addresses. There is no difference
betwoen  secondary addresse=s for talkers and for  listeners.

They have values in the range O to IO, as before. Secondary
addrans T1 has no special functiorn, hut should ot be used.
A typical example of the use of secondary addresses ic shown
by CBM disc drives whrre they are uwsed to refer to
individual files on the disc when several are open
simul taneously.

The general format of a data transfer on the bus consists
of:

a group of addressing commands, which select which
device is to talk, and which are to listen,

a grouwp of data bytes sent by the source to the
scceptors, with the bus control line "End Qr Identify"
(EQI) set trus on the last byte.

a group of commands to unaddrezs talkers and listeners.

5 Other Bus Commands - Polling and Triggering.

Nz well  as the addressing commandzs there are a number of
other commands available on an IEEE Interface system. The
most  widely used are the commands relating to the gzserial
poll.

polling is a method wher=hy the controller on a bus
can  ask  a device itz current status.  This s
ished by a command called "Serial foll Epable" (SPE)Y.
reccived by all the devices and puts the bus  into
what is known as serial pell mode. In this state, individual
devices may he addressed as talkors and thoy will  zend a
single byte status word to the controller. lhen all  the
desired devices have been polled the controller i the
"Sorial Foll Risable" (SPD) command to put the bus back into
the normal operating mode.

Nt all devices are capabls of responding to a serial  poll
=0 you should check in the device manual before attempting
to use serial polls.

There is arnother form of polling used by a some IEEE devices

called the parallel poll. This is much faster than serial
polling and works by allowing devices to put one bit of
status  information onto a single data bus ling: different

c are told to use different data lines. Then the

controller can read bacl status information from up to eight
devicos  simultansously. Very few devices allow parallel
polling however, so its use is nobt very common.

In a =system with several measuring instruments it is often
desirable to  have them all take a reading simdtanesously.
The TEEE bus command "Group Exccute Trigger" (GETY  can
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be usrd to achieve this. The command causes all devices
which  have been addressed as listeners to he triggered
simul taneously. Devices which are not addressed as

listeners will not be triggered.

It is often desirable that a device which has finished doing
some  task should be able to interrupt the normal operation
of the controller. This is accomplished by the “"Service
Reguest" (SR function of the IEEE bus.

The bus line called "Service Request" (SRE) can be driven by
any device on the bus to indicate a request for some
attention from the controller. When it sees that the 5SRO
line has been activated, the controller executes a serial
poll of devices which may have caused the request. The
source of the request can be recognised as it will be the
only device polled to have bit & set in its status byte. The
IEEE standard defines bit 6 of the status word to have this
special significance. Reading the status normally causes the
device to clear the request.

"Sorvice tequest”  is often implemented as an interrupt  to
the controller so there can he a speedy response. However,
it iz perfectly admissible for the controller to ignore the
request altogether.

2.2.6 Other Commands - Transfer of Control.

In a bus system, it is useful to be able to specify which
devices may be controlled by their front panel controls and
which may not. This guards against accidentally disturbing
the settings of controls while measurements are in progress.

IEEE devices have two ztates of operation as far as  their
front panel controls are concerned: 1gcal and remote state.
A device which is in "lozal control state'" may be controaolled
by itz front pamel controls but not by the IEEE bus, and one
which is  in "remote control state" will ignore chaenges to
its front panel controls and only respond to the IECE bus.
There may also be controls to force a device to go  into
local control.

To put a device into remnte control state it iz simply

addressed as a listener. It will remain there cven after
it is unaddressed. It will enly go to local state when the
signal line "Remote Enabls" (REM) is de-activated. An

individual device may be put inte local state by addressing
it to listen and sending the "Go To Local" (GTL) command to
it. Devices often have an indicator on their front panels
which lights up when they are in the remnte state.
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There may he more than one device in a system capable of
being a controller but anly one device may be the controller
at aHy particular time. There is a command "Transfer
Control” (TCTY which allows the current controller to
nominate  another device as controller and allow it  to

control the bus thereafter. The system controller may
regain  contraol  of the bus at any time by activating the
"Interface Clear" (IFC) line. Only one device in a system

may be the gsystem controller. It is usuwally +he first
interface that powers up and asserts the "Remote Enable”
(RENDY line. More modern controllers can sense this line when
waking up, and avoid a clash if there already happrens to be
a (system) controller on the bus. Be wary of older IEEE
interfaces: they may only be capable of being the system
controller.

Control Lines and Handwhaking.

Out of the eight contrel lines in the interface, three are
used exclusively for handshaking. These are called "Ready
for Data" (RFD), "Data Valid" (DAV) and "Data Acceptsd"
(DACY . (RFD and DAC are properly called NRFD and NDAC to
indicate that they are in negative logic but we will
continue to call them RFD and DACY. The handshaking ensures
that data transfers take place at the speed of the slowest
device involwved in them, so that no data bytes are lo=zt.

The other lines are used for a varisty of functions, The
line Interface Clear (IFC) iz a genaral reset line which,
when activated, restores enuipment on the interface bus to

a standard gquiescent state. Only the system controller iz
allowed to use IFC.

Logic Levels and Open Collector drivers.

The sigrnal  lines on the IEESE bus are defined to be at  the
logic value TRUE when the voltage on them is less than about
0.5 Volts and FALSE when greater than about 2 Volt=: this is
negative logic. The circuits driving the bus lines are also

npen-collector drivers, This allows several "output” lines
to be connected together in a wired-OR configuration. Thus

if any device on the bus drives a signal line TRUE (to a LOW
voltage) then the signal line will immediately assume that
value whereas it requires all devices collected to the bus
to drive the line high before the line will go to a high
veoltage (or FALSE laogic value). This fact is crucial to the

operation of the IEEE bus. Some more modern drivers uze
i-state outputs which results in greater spoed at  the
of increased complexity, It is nece: y to switch

the tri-state drivers to open-collector operation  during
cartain bue operations, The Q-4R8 TECE interface uses tri-

state buffors, The owitching is handled antomatical ly.

Soveral of +the signal lines on  the TEEE bus  have  an

additional level of dinversion present. Thezo  aro the
signalz where proper bus operation requires th 2 . wire-AND
operatinn he applied, In these cazes the signal level i

invarted  aord o wire-0ORed, Those lines are iddontified by

oy
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namon starting with the letter N, e.qg. "“Not Ready For Data”
(MIRFD) ., In this case the name RFD would be froguently used
to reofer to the signal "Ready For DRata”, although this
signal never appears as a physical signal on the bus lines.

2.9 Handshaking in Detail.

The three-wire handshaking on the ICEE-488 bus is applfed to

all data transfors and most command transfers. The only
suception iz in the parallel pell sequence which does not

5 handshaking. It is not vital to understand handshaking
in detail but the following section describes how it works.

Note that the diagram shows the logic values of the

handshaking signals and not the actual voltage levels on the
connector pins. The diagram for DAY should be inverted to
give the voltage levels prezent on the three handshaking
lines.

nnv / \ /
.......... _/ N /
DAL VAN .
/ \
) 2NN . . A )
4 \ /
a b ¢ d e a b
a. When  a byte is to be sent the source looks at the RFD
If this is true this means that the acceptor is
to accept some data. The logic of the line is

that if there is more than one acceptor at  any
time then the RFD signal wil) ornly become true when ALL
acceptors are ready.

b. When the scurce has found that RFD is true it can put a
byte nf data onto the data lines and then it will make
thn DAV gignal true to indicate that the data on the
data lines is & valid byte.

c. The acceptors respond to this by making RFD false. The
aource must now keep DAV and the data byte on the bus
while tho acceptors proress the byte.

. then the accoptors have all accepted the byte then they
make  the signal  DAC brue, Again thizs @ignal)l will
become true when ALL acceptors have accepted the byte.

e. Az soon as this happens the source may deassert DAV and
then change the data on the data lines.
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The acceptors respond by deasserting DAC, completing
the handshake sequence.

2.2.10 Fad Bus States.

Niite  that RFD and DAC are never simultaneously true  during
the handshake. The controller can use this fact tc test
for +hp prezence pf listeners on the bus., I1¥ a device is
ag a listener then it will make at least one of

2 3 r1gn11r fals If no device is listening at any time
then hoth of the signals will he frue. If RFD and DAC are

both true when ATN iz alsc true this means thet no TEEE-488
devices are connected to the rcontroller at all. The Q--488

IZEE  interface makes frequent checks on the bus state and
generates an error if it is found to he invalid.
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SECTION = — INSTALLATION

I.1  INSTALLING THE Q-488 BOARD
.11 Accessing the @L Expansion Fort.

Femove +the power supply from the OL:  the orange LED at the
bottom left corner of the keyboard should be unlit., Tha G-
14882 IEEE hardware is designed to plug into the expansion
port  under the lower left of the machine. The port iz
normally blanked nff with a piece of plastic. Unclip this to
gain ancess to the edge of the main QL circuit board. Insert
the (@-488 board into the 0L, chips uppermost. Carefully
apply firm presswe until the connecting pins are {21t to
engage. There should be no need to use excessive force, If
in doubt, re-check the alignment of the connectors.

T.1.2 Using a AL Expansion Unit.

If you have an QL Motherboard that allows you to plug in
several expansion boards at once, please refer to the
manufacturer s inztructions for information on inserting new
cards. The @-488 IEEFE interface has been designed to wark in
any slot number. In addition, it is possible to have more
than one 2-488 interface attached to the OL at a time! In
this instance, the user can distinguish between the
interfaces by referring to the appropriate sleot number when
opening DL TEEE channels.

T Fowering Up.

The interface takes its SV power supply from the unit  into
which it is plugged.

IMPORTANT: Ensure that the board is correctly fitted before
switching the power on as otherwise it may be damaged.

Feconnect  the power, remembering to remove any microdrive
cartridgoes frem  their slots and to open dise drive doors.
Amongst  the  "start-up" messages at the top of the screen
should appear something like:

CST @-488 Module PRL V m.nn (c) 1985

whers m.nn is the version number. This indicates the OL has
boen able to read the ROM firmware on the R-488 baard.
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4 In Case of Fault.
If no such message appears, or worse still the 0L does not
"hoot-up"  properly to display its initialisation ccreen,
remove the power rapidly. The most litely fault is that the
board is not plugged in properly. Remove it from the
expansion port and peer into the QL to verify that the pins
in the edge connector are undamaged. Try re—installing the
board and switching on. If the problem persists, check the
L still functions on its own and with any other oxpansion
boards that are to hand. Eeyond this, please return the
board to your dealer with a written description of the
symptoms.,
5] A Simple Tezt Example.

With no IFEE devices connected, boot the OL and type:
ANALYSE

A roctangular window will appear in the top  right hand
corner  of  the screen: thiz is the built-in 2488 Bus
Analyszser, described fully in Section 6. Its purpose is to
dizplay the status of the IEEE bus lines and it is wvery
useful in tracking down bus faults and problems. Note that
the REMN (Remote Enable) line is asserted: in the absence of
any external devices, the interface has taken on the role of
system controller,

Type in the following commands, watching their effect on the
bus lines:

OFEN #5,ieee_&
FRINT #5,"Anything"

Nothing happens directly after the OPEN #5, but the PRINT
#5, "Anything" causes items to appear in the bottom line.

Do not worry if you don't understand the details, but this
is what happens:

OFEN #5,ieee_6 opens a AL jinput/output channel labelled 5 to
an IEEE device at address é. (The numberzs are of no
particular significance.) This is remembered by the 6L unti)
the charnel is closed with a CLOSE #5. Mothing happens to
the bus linss at this stage.

FRINT #5,"Anything" attempts to send the string  "Anything
through the QL channel S, and hence to an ICER devico at bus
address 6. In the previous chapter, the protocol fo-  such
interchangess was described: first, the IEEE devicre must be
adriressed to listen (MLA ...); =ecand, the message is sent;
third, the device is told to unlisten (LINL Y . In this
particular euxhmple, there i35 no device 6 connectod and the
tranzaction is held up at the first stage.

Looking at the analyser window, the bottom line shows that
the byte $£26 (hexadecimal for "&") is currently on the bus
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data lines, along with the control line ATMN  (Attention).
These taken  together are interpreted as LAB 6 (Listener
Address Group 6) - the IEEE command to make device A listen.

Froceedings stop at this stage becauvse there are no devices
physically connected, The LAG 6 command bas to be
acknowledged by any devices by a procedure known as
handszhalking (mme Chapter 20 bhefore the neist byte can be
output.

To restore the bus to its quiescent state, type:
IB_RESET #S
The analyser reflects $00 NUL present on the data lines.

In case of difficulty, refer to Section 3.1.4.

- Added SuperBASIC Feywords.
The Q-1488 ards many SuperBNASIC keywords to the 0L ¥ the
system has heen booted with the QL Toolkit, typing

EXTRAS

will list what is available. Most of the &-488 keywords
begin IB_..... In addition, there are words to define the
logic states TRUE and FALSE.
The new words and their actions are fully described in the
Reforence Section.
CONNECTING THE INTERFACE T0 FERIFHERAL DEVICES

.1 Connecting Cables.

The bus lines are brought cut of the G488 expansion urit on
a Ta-way IDC plug. A screencd ribbon cable adaptor is
supplied to convert this to the 24-way JTEEE standard plug.
If an ITEC-425 type connection is required, use & special
adaptor or add this type of plug to the cable provided.

Note that IEEE bus connecting leads are not supplied as
these are normally supplied with the equipment intended to
he used with the interface. They may be ordered separately
from dealers.
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T.2.2 Setting Device Addresses.

You must choose a unique primary 2ddress in the range O to
70 for each and every device that is connected to the ICEE
bus. Most:  pieces of equipment have a dual-in-line (DIL)
switch on their back panel to set the address: refer to the
appropriate  inztruction manual on how to alter it. A few
devices may have their addresses set under software control.

Confusion will arise if more than one device sccidentally
same primary address, particularly if both become
addressed to talk!? It iz a gnod idea ~ once the address of
egach device has heen decided upon - to write the number on a
labrl  and stick this on the front pansl where it is easily
BEBM.

T.207 Connzcting Devices.

When  you have set up the addresses of all the devices, you
can  start  to connect them together with IEEE  cobles.  The
connectors on these cables may be stacked upon each other
and bnolted together for security.

The manuals for devices give hints on choosing cable rouvtess
basically you must avoid prnoducing loops with the cables,
which would be very prone to interference. To recap what
was said in Section 2, the recommended methods are:

Linpar: Connect all the devices one after another.

St ars Connect all the doevices to the controller
separately.

The ~ond method suffers from the disadvantage that if many
TEEE nnectors are stacked together, too much strain may be
applisd to the connector mountings causing them to bend.
You should avoid stacking more than three connectors at  any
point.

.,v-‘
o

TESTING THE BUS

You may conngct up to 195 devices at once to the IEED  bus.
(The limit is imposed for electrical reasons.) To check
that the hardware is working, try the following examples
with one device at first then more later.

You can use the interface itself to test that all the
addresses and connections are correct. If you try to address
a tevice and then send data, testing the IEEE bus lines will
tell you whether or not they were accepted.

The s=zimple way of doing this manually is to use the (-488
Bus Analyser' which will display the bus transactions on the

SCIEeen. Call up an analyser with:

ANALYSE
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For thiz example, we shall assume that we are testing the
connection to a device at address 5. First, open a G-488
channel to it:

OFEN #9,ieee_5

(The channel number @ is of no particular significance.)
Nothing will happen to the bus lines. All IEEE devices are
capable of accepting commands, so we shall test device 5 by
trying to address it to listen. Watch the analyser window

careful ly:
FRINT #9,"A"

A1l is well if the bus lines return to $£00 NUL: the command
and data byte were accepted. Alternatively, if the device
daoes not krnow how to listen (this is unusual), the
commands will go through and 1leave the byte
the data lines.

Something iz wrong if the display halts at the addressing
astage: $25 "A" LAG 5. Refer to the end of this section.

If anything remains on the bus other than 00 NUL, use:
IP_RESET #9

before retrying. Close the channel when you have finished:
CLOSE #9

The analyser can be removed by activating its input cursor
(type <CTRL>-C) then pressing <CTRL>-<ALT>-FS.
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The second approach is to run  the following SuperBASIC
program that makes use of some of the low-level 0-408
commands. It should tell you which devices are connected.
Do not worry aboul the details:  at this stage, it is merely
provided as a gquick test of the bus connections. Tt is quite
instructive to run an analyser at the same time.

100 REM +++ IEEE Bus Testing Frogram +++
110 OPEN #5,ieee_
-~ 120 IB_RESET #5 —
120 FOR dev=0 TO 30
140 IB_TCS #5
150 IF no_listener_present (#5) THEN
160 FRINT "No devices are present."
170 EXIT dev
180 END IF
190 IB_UNL #5
200 IB_LAG #S5,dev
210 IBR_GTS #5
220 IF no_listener_present (#5) THEN

2320 FRINT "Device"'dev!"is not present."
240 ELSE
250 FRINT "Device"'dev!'!"is present."”

260 END IF

270 END FOR dev

280 CLODSE #5

290 ¢

300 DEFine FuNction no_listener_present(chan)
310 LOCAL ndac

320 ndac=4096

330 PAUSE 50

40 RETURN (IB_LINES (#chan) %% ndac)) = 0O
350 END DEFine

After testing the bus for the presence of any devices at
2ll, the program will output a list of wvalid primary
addresses in  the range © to Z0 with a comment indicating
whothar  the device was found o not, Check that the 1list
agrens with what you expected.

If amnvy probhlems arose in the test you must check the device
in guoction tom sure its cable is comnected properly,
also  that L is switoched en, and that its address is sot
correctly. If the test still fails for all IEEE devices that
you attach, then it is likely that the 488 interface is at
fault: contact your supplier for advice.
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GECTION 4 - USING THE 0-488 INTERFACE

INTRODUCTIONM
1 The Scope of this Section.

This =ection of the manual is intended as an  introductory
guide to the use of the @-4B8 IEEE interface from
SuperBASIC. It contains explanations of how to perform the
most  likely tasks that you will need, with some sample
programs to illustrate.

There  are far too many JEEE devices commercially available
to give an extensive set of examples. In this section, they
have been written mainly for a Hewlett-Fackard HF7470A or
HF74750 pen plotter., This can perform most of the functions
of which the bus is capable. It should be easy to change
the examples for other devices.

.2 Setting Up the System.

A1l the eramples assume that the JEEE system has  been
connected up in  the renquired configuration, and the
connections have been tested following the procedurs given
I parlier.

note that the you should alter the cxamples where

2 ry when device addresses given are different from
those set on your own equipment. The HF plotter is normally
supplied with its address set to 3, so this is the value
asamumed in the programs.

FRINCIFLES OF OFERATION

2.1 SuperbBNSIC Extensions.

The firmwarc supplied with the 0--488 interface has the task
of decoding all the IEEE input/output calls (e2.g.
OPEN #n,ieee...; INFUT #n,a¥; LBYTES ieee_... etc.) passed
to it through the Ql.°'s operating system, QDOS.

In addition, a number of special commands have been added to
the list of keywords that SuperBASIC normally knows  about.
If the . Toolkit is loaded or the CST disc interface
attached, these oxtensions can be ligted with the EXTRAS
command. JTf not, you will have to refer to the list given in
the Reference Gection 7 of this manuwal.
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4,2.2 The JEEE Device.

To be of any practical use a computer must be capable of
processing input to produce output. On the 0L, this is done
through devices: these can be thought of as the physical

connection through which the computer communicates with the
cutside world. Some typical ODRDOS input and/or outpul devices

Aresx
con - the console (keyboard)
scr the VDU screen
ser2 -~ the second serial port
mdvi - the left-hand microdrive
flpt -~ the top floppy disc drive

When a @-488 interface is added to your @L, QGDOS will
recognise a new device:

ieea - the IEEE bus
q4.2.7 Opening and Closing Channels.

Many of the SuperBASIC keywords require you to supply a
channel number as an argument. A few familiar examples are:

OFEN # CLOSE #
INFUT # PRINT #
CLS # PAN #

PENS  uses  these channel numbers to identify where to  send
output and where to get input.

Bafors any SuperBASIC command  can  send (or receive)
m ges  to (from) a device, an association must bre made
batwern a channel! and a devics. This is the purpose of the
command OFEN #. The full syntax is:

OFEN #numeric_expression, device

The numeric_expression evaluates to an integer which hecnmes
the channel. When SuperBASIC makes subsegquent references to
this channel, the I/0 will automatically be associated with
the physical device stated in the OPEN statement.

D05 will remember the channel until a CLOSE # is execated.
The syntax is:

CLOSE #numeric_expression
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In the case of the 0-1408 interface, before attempting I1/0
youw first action must be to OPEN a channel to the IEEE bus.
Thizs i3 slightly more complicated ¢than for other 0QDOS
devizes as  the full syntax for the device npame is more
involved:

IEEELslot1#[_primary(Ssecondaryll##{_optionl#

(As usual, the [...]1 signify an optional item, and the *,,.»
he item is repeated as necessary. The alphabetic
can he in vpper or lower o .}

For the purposes of the examples, it is assumed that there
is only one @-1090 card attached to the L, so0 the slot part
iz irrelevant. The options part is not important  here,
either. A full description is given in the Reference Section
7.

The simplified syntax is:
IEEE+L_primarylSsecondaryl]+

Some examples of valid device names are:

ieee_5 to IEEE device §

IEEE_2_20 to IEEE devices 2 and 20

ieee_1s5 to IEEE device 1, secondary address
4.2.4 Choice of Channel Number.

An  important point to note iz that the channel numbers 0,1
and 2 have a cpecial significance to Supar-BASIC.  Under
normal circumstances, do not OPEN these channels to the ieee

device. (Try it if you like!)

You are unlikely to run out of chamnels: GDROS can cope with
a largs number, the precise amount being determined by the
memory available.

It you raopen an exiszting channel (i.e. one that has heen
opened, but not closed), anNs will replace the old
definitinon with the new. Threre is no simple way of closing
channel s whoze identification has been forgotten.

A suggestion  you may find helpful i3 to make the channel
numbor the same  a=z the the primary address of the IEEE
device. For evamplm:

OFEN #5, ieee_5
or OFEN #3X6, ieee_3X_6

(hut nct  OFEN #0, ieee_O)

a
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4.2.5 Addres=zing IFEE Devices.

Before  any data transfor can noote on the  ICRE bos,  the
devices involved must he addr ed. (If you are wnfamiliar
with the principles behind this, pleosze go hack and read
Section  2.) From the point of viow of & SuperDASIC program,
you o need  to be able to specify te which TEEE  device(s)
output iz to be sment, or from which IEEE device to obtain
some input. On its own, the ODOS device type leee is  not
cnough: you must supply the additional information of which
IEEE  devi to use. This is simply done by listing the
required  TEECE  device addrosses after the ieee when  the
channel ie OPENed (syntax as in the previous subsection).

Handling the IEEE addressing protocol is guite complicated.
Fortunately, the 0-488 interface firmware does all of thig
automatically for you. Uhaonever a SuperBAZIC command sends
output  to a particular {eee channel, all the TEEE devices
listed in the channel definition made upon OPENing will be
addressed to listen, the data is sent, ard then they are
told to unlisten, When input is requested, you must remember
than only one talker is allowed on the bus at a2 time. The
right-most ICEE  device listed in the channel definition
{thare is no confusion if there is only one davice
montioned) will be addresszed to tall, send its data, then
told to untall.,

¥ channel  may  be used for both input  and cutput: no
distinction iz made. The vse is determined by whateover ism

appropriate for the calling command.

fimmenber  that valid primary and secondary addresses lie in
the  range O to 70,

TRANSFERRING DATA OVER THE IEEE BUS

Cending Data to IECE Devices.

Onece an ieee channel has been  OPENed, sending data is
chieved by uwusing  SuperBASIC output commands. The most
vnaful is PRINT #; for s:ample:

FPRINT #5, "Hello"
or PRINT #3646, a#, PI

In general, the syntax is:

- FRINT %[0 #channel, *[expression]* I%

To illuastrate, in the cane of 2 MC71700 plottar o address
an moake it select pen numbor 1 by typings
,

Ty owe o

' OFEN #5, ieee_ 5
PRINT #5, "SP1;"

and we can draw a small square by typing
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PRINT #5, "PU0,0,PD100,0,100,100,0,100,0,0,FU;"

The -4E88 interface can send both strings and numerics using
FRINT #. Strings are sent character by character, starting
from the left; numerical wvalues f{e.g. PI} are AFfirst
converted by QDOS to a =string ("TO14189...") from the GlL°s
internal represzntation before being transmitted.

Nz a fuarther example, hore is a complete program to plot
data pointz on  the HR7A700, marking each  with a  small
Srpuare:

100 OFEN #5,ieee_5

110 REFeat plot_square

120 INPUT "Input point coordinates (x,y): ",%,y

130 PRINT #5, "PA,PU";x;","3ys";"

140 FRINT #35, "PR-60,-60,PD 120,0, 0,120, -120,0, 0,-120,PU;"
150 END REPeat plot_square

Line
Line

opens channel 5 to IEEE device S.

asts you to input the i,y coordinates of a data

point which is read into the variables % and vy.

Line 170 turns the i,y courdinate that you type into a
string like "PA,PU1024,14563" and this 1is then
sent to the plotter, moving the pen to the correct
position.

Line 140 draws a small sguare, 120 units (Zmm) on a side,
at the pen position.

Line 150 repeats the process until <CTRL>-<SPACE» is typed.

Romember that this will leave channel 95 open.

Whenever characters are sent from the 9L, they are plazed in
an internal output gueus which can hold about 520 bytes. The
transmission on the IEEE bus occocwrs as  and  when the
E ptors are ready. The buffer is managed asynchronously by
Gan0NT, 50 the calling program can continue uninterrupted
(unless the gqueuve has become full),

Most  other  SuperBASIC output commands are not relevant to
the ieee device. Examples are:

FAN # INK #
POINT # PAPER #

CLS # has been implemented to send the ASCII code 12  (“"Form
Feed” . The SuperBASIC extension BPUT # should work, if
loaded.
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4,32 Receiving DRata from IECE Devices.

TAking' input  from the bus is as easy as =zending oukput,
An  OPEN channel is used in cenjunction with a CuperBPASIC
input command. Uszually, this will be the INPUT # leyword.
For arample:

INFUT #5, bus_value
or INFUT #36, string_1#, string_2#, value

In general, the syntax is:
INPUT #channel, variable *[, variablel*

Input is handled slightly differently: the calling program
halts execution until the input termination condition (refer
tn Soction 7 for drtails of zsetiing terminators) is met.  As
a  consequence, the program will hang if the addressed ICEE
device is  not rea2dy (or unable) ko talk.,  Typing <CTRL>»~
<SPACE> at this point will ezcope.

The variable may be either a string or a numeric. A string
will retain the ASCII representation of the data received
(e.g. "Hzlle from device 5."), so should be used whenever
text  is  expected. If you use a numeric variable, then
SuperBASIC will  attempt to conyvert the ASCII dsta  (e.q.
TLAELRMY to a2 numerical value:  this can be convenient  if
ou are expecting purely numerical data.

If you give a list of variahles, then data will be read into
the first ountil a terminator is found, then into the se=cond,
and zo on wuntil the list is exbausted.

1ECE devices wsually need to be commanded beforehand to
output something. For erample, the HF7470A must be told what
string to return: this i35 done by using PRINT # to send one
af the HE74700 Output Commands:

FRINT #35, "0OI:*
INFUT #5, identification#

The OI (Dutput Identification) command tells the HR7470A to

send a string containing its model number. The INPUT #

statement than reads this string into a string variable.
PRINT identifications#

will cavse the computer to print

7470A

on the =screen,
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You may find it useful to set a timsout on input: this means
that you can write your program so that it can deal with
abzent talkers. The SuperBACIC keyword INKEY$ is a function
vwhich will return a gingle character input from a specified
channel with an optional waiting period. The syntax is:

INKEY# #channel [, timel

The time is a number from 1 teo 327468 measured in units of
1/50th  of a second. I{ time=0, then INKEY$ will return
immediately; if time=-1, it will wait indefinitely.

SuperBASIC extensions such as BGET # should also work.,

4.3.7 SuperBASIC Extensions Requiring Channels.

Several of the keywards added by the ©-480 interface must be
supplied with an ieee channel. Ferhaps the most useful

mple is  the command that flushes the output queue and
s the Q41068 hardware:

IB_RESET #channel
where channel can be any one that has been OPENed to an ieee
device. In thiz instance, the channel is a dummy argument

which is used to pass the command to the -488 firmware.

Refer to Szction 7 for a comprehensive list.

4.4 DTHER COMMAMNDS

commands  act on ODOS devices.  Some

copry MERGE
LBYTES SBYTES
LOAD SAVE

Theze may he very useful when used with the ieee device.
copy is especially powerful. To illustrate:

COFY con TO ieee 5

will allow you to send input typed on the 68L's Lkeyboard
directly to IEEE device 5;

COPY ieee_7 TO scr

u

will list the output from device 7 to the QL7 SCreen.
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SECTION 5 ADVANCED USE

5.1 ADVANCED USE FROM SUPERBASIC.

This section deals with the more advanced things you can do

with the Q-488 interface. Most of these will not be needed
in everyday use and this section may be omitted at a first
reading. Though most of the examples are specific to

Superbasic programs the principles discussed apply equally
to programs using the Q-488 interface from other languages.
A small number of examples are given using other QL language
systems.

5.1.1 Options in Q-488 Filenames.

A number of options may be set for each open channel in the
Q-488 system. The principal options control the use of
character translation on input and output. This allows you
to match the characteristics of the QL language system you
are using to the IEEE devices that you are controlling with
the Q-488 interface.

The options may be set individually for each channel that is
opened, or a default value may be set which will be used
where no explicit value is given. The option settings on a
particular channel may also be changed at any stage once the
channel has been opened.

The following methods are used :-
Setting Options:

The ‘options” field of the IEEE device name given to
the OPEN statement can be used to give initial values
for the options associated with that channel. These
options settings will not (usually.. see section 7 for
the exceptions to this) affect subsequently opened
channels. The range of options which can be chosen in
this way has been (deliberately) limited to the most
widely used alternatives.

Example:
OPEN £4,iecee _4_el

opens a channel to device 4 with EOI ignored on input
and output.
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Changing Options already set:

A special QDOS trap call to the IEEE system is
implemented which allows options on an existing channel
to be changed. This trap may be easily accessed from
Superbasic by means of a number of Q-488 extension
keywords which are provided in the Q-488 system. This
also allows you to set up combinations of options which
are not covered by the previous method.

Example:
IB_RAW £4,TRUE

switches off all character translation on the
previously opened channel.

Specifying default options:

A special type of device name is provided which
accesses the (Q-488 interface itself, rather than
individual channels. Any options set up in this way
will be treated as defaults for the whole system and
will apply to any subsequently opened channels.

Example:

OPEN €£99,ieee_
IB_RAW £99,TRUE
CLOSE £99

after these commands have been executed then all
subsequent channels opened will have character
translation switched off by default.

Options available with Q488 channels.

The full list of options associated with a Q-488 channel
will be detailed in section 7. In this section we will
explain in more detail the more generally useful options.

The options control three main areas of operation, the use
of the EOI line, output terminator characters and input
terminator characters. The qualifiers which may be added to
a Q488 device name select from the. most commonly used
settings for the option whilst less commonly used
combinations of settings must be selected by modifying the
options set on an already open channel as detailed in
section 7.
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The following qualifiers are provided (as well as some
others which are detailed in section 7):

R

" This qualifier indicates that the channel should be a

‘raw’ channel. This type of channel performs no
character translation either on input or output and
uses EOI only to terminate input. You should use raw
channels if you want to transfer binary data.

Example:
LBYTES ieee_4_ r,buffer

loads binary data from device 4 into the QL memory.
{Assuming that ‘buffer” has been set up to point to an
appropriately sized area of free memory).

This qualifier controls the use of the EOI line in data
transfers. It should be followed by a single digit
({which must be either 0 or 1). A value of zero
indicates that the channel should totally ignore the
EOI line, both on input and on output. Note that if
you try to use such a channel for input you must be
sure that you have set up an input terminator character
otherwise the string read operation will only terminate
when the input buffer fills up. This can be used to
perform a transfer of a fixed number of bytes of data
into the QL.

Example:
SBYTES ieee_5_e0,buffer,80

sends 80 characters from the QL memory to device 5,
without setting EOI on the last character.

This option controls the use of terminator characters,
both on input and output. It should be followed by a
single digit which must take one of the values 0,1 or
2. The options have the following interpretation:

0 No additional characters are added to output
strings, no characters are taken as input
terminators. If you are using this option on an
input channel make sure that EOI is set on the
last byte by the device sending data otherwise the
transfer will not be completed. (If EOI is
being ignored on the channel then the transfer
will only be completed when the input buffer fills
up).

This option is the one best suited for use between
two QLs connected to the same IEEE interface.
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5.1.3

1 No additional characters are added to output
strings, but the line feed character is used as an
additional input terminator. 1In other words, an
input string will be terminated if either EOI is
received with a character, or the Linefeed
character is received.

2 Whenever the line feed character is to be output,
it will be converted into a carriage return
followed by a linefeed. On input line feed is
still taken as a terminator, but any control
characters sent to the interface will be removed
from the string returned on the QL.

This option is the most suitable for general use
with ordinary IEEE devices. Strings sent by such
devices are normally terminated by a carriage
return/ line feed pair, with EOI set on the
linefeed. This option will accept both the CR
and the LF, but will remove both from the string
returned to the calling program.

Examples:

OPEN £4,ieee_4_el_t2
PRINT £4,"R3F3T"
INPUT £4,result

opens a channel to a ‘standard’ IEEE device, sends
the string R3F3T to it and then reads back a
numeric result.

OPEN £4,ieee_12 r e0
PRINT £4,"ABCDEFGHIJKLMNOPQRSTUVWXYZ"

opens a ‘raw’ channel to device 12 and then sends
the letters of the alphabet to it. EOI will not be
sent with the last character.

More about OPEN : Multiple and secondary addresses.

The channels discussed so far have been opened to single
devices with primary addressing only. The IEEE-488
standard allows for two further levels of sophistication
when addressing devices.
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Multiple Listener Addresses:

If you have are addressed a device as a listener, in
other words, if you have openied an output channel from
the QL, then it is possible to address additional
devices as listeners at the same time. When you send
the data itself then it will be received by all the
addressed devices. The handshaking lines on the IEEE
bus are designed to allow this mode of transfer. It
is not possible to have more than one device
simultaneously addressed as a talker however.

An analogy to conversations between people should make
this point easy to remember, it is easy for several
people to listen to a single speaker, but much harder
for a single listener to understand what is being said
by several people talking at the same time.

To specify multiple device addresses in a Q-488 device
name you must put all the device addresses you want
into the device name, separated from each other by
underscore characters, immediately before any option
qualifiers in the name. (Note that the options apply
equally to all the devices in the transfer- you cannot
arrange to send the same strings, but with different
EOI options, to several devices at the same time).

Examples:

OPEN £4,ieee_1 2 3 4 5 6 7

OPEN £5,ieee_10_12 t2 el

Channel £4 could be used to send data to devices
1,2,3,4,5,6 and 7 simultaneocusly and Channel €5
could be used to send data to devices 10 and 12,
with conversion from the QL linefeed termination
to Carriage Return/Linefeed termination on the
IEEE bus, and ignoring the EOI line.

If you use such a channel to address an external
talker, i.e. as an input channel, then only the last
device in the last will actually be addressed to talk.
This is because the IEEE standard specifies that any
devices which have been addressed to talk should
automatically unaddress themselves if they notice that
another talker has been addressed. The Q-488 system
does not disallow such use at present, though it is
obviously bad practice to rely on this.
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Secondary Addressing:

The IEEE standard provides thirty one possible device
addresses, these are known as ‘primary’ addresses. 1In
addition each device may implement what are known as
‘secondary’ addresses. Secondary addresses may have
a value in the range zero to thirty. They are normally
used where a device may have a number of distinct
functions, and the secondary address can be used to
select which function of the device is being addressed.

A good example of this would be a (hypothetical) disc
drive which used secondary address zero as a control
channel to specify filenames on the disc to open, and
the other secondary addresses would be used to send
data to/from files opened on the disc.

Secondary addresses may be included in a Q-488 filename
after any primary address, separated by the character
‘S’ {or 's’). They can be combined with other primary
and secondary addresses in multiple listener lists.

Examples:
OPEN £4,ieee_ls4
opens a channel to device 1 secondary address 4.
OPEN £5,ieee_1_2s3_3 4s30_e0

opens a multiple listener channel to device 1,
device 2 secondary address 3, device 3 and device
4 secondary address 30.

5.1.4 Service Requests and Polling.

The IEEE standard provides two methods of polling devices in
the system to determine their status. Serial polling
provides a method of reading a byte of status information
from a single device. 1If you want to poll more than one
device then you must serial poll each device sequentially.
As an alternative to serial polling, parallel polling allows
up to 8 devices each to send a single bit of status
information to the bus controller simultanecusly.
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Serial polling is widely used by IEEE interfaced measurement
equipment in conjunction with the Service Request (SRQ)
function. A device can signal that it has completed making
a measurement by activating the SRQ signal. The controller
may then be interrupted and can read the status byte of the
device by means of a serial poll operation.

Parallel polling is less widely implemented but a few
devices allow it to be done. It is much faster than a
serial poll because no new devices need to be addressed: all
devices on the bus respond simultaneously. It is usually
necessary to configure the devices beforehand so that they
each use a different bit of the IEEE data bus on which to
reply.

The Q-488 system supports both serial and parallel polls by
means of additional Superbasic commands. Programmers not
using Basic may access the polling routines by means of
the additional QDOS Trap calls, detailed in chapter 7.
(Support for Parallel Polling is not implemented in early
versions of the Q-488 system).

Three functions are provided to:

i) test the state of the SRQ line
ii) perform a serial poll
iii) perform a parallel poll

Testing the state of SRQ:

The additional function IB_SRQ(£channel) is used to
test the state of the SRQ signal. It returns TRUE if
any devices are currently requesting service, FALSE if
there are none. The channel number should be an IEEE
channel, though the actual device addresses on the
channel are not important. It may be convenient to use
a ‘null’ channel, to avoid confusion with addressed
channels.
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Example:
10 OPEN £4, 'IEEE_~
20 OPEN £5, 'IEEE_12°
30 PRINT £5, ‘Trigger’
40 REPEAT polling_loop
50 IF IB _SRQ(£4) THEN EXIT polling_loop
60 PRINT ‘Waiting for measurement’
70 END REPEAT polling_loop
80 INPUT £5,result
20 PRINT °‘The result was “;result

This program assumes that a device 12 is available on
your system which can take a measurement when the
string Trigger’ is sent to it. It signals that it has
completed its measurement with SRQ. We also assume
that there are no other devices on the bus which could
use the SRQ line. This is important since the program
does not check to make sure that the SRQ signal is
really coming from device 12 before attempting to read
back the result of the measurement. We will see how to
do this in the next example.

Performing a Serial Poll Operation:

The additional Superbasic function IB_SPOLL(f£channel)
returns the Serial Poll status byte from the device
addressed by the channel. Note that the channel
should only have a single address on it.

N.B. There is a known bug in Version 1.0 of the
Q488 system. As a result of this it is
necessary to explicitly unaddress the serial
poll channel after using the IB_SPOLL
function. You can do this with the IB_UNADDR
command.

h = IB_SPOLL(£14)
IB_UNADDR £14

The result is returned as an integer in the range 0 to
255. If the device which is being polled was also
requesting service via the SRQ function then bit 6
(mask value 64) will be set, otherwise cleared.
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Example:

This is a somewhat extended example to illustrate
how to determine the source of a service request
in a system where more than one device may issue
one by means of serial polling.

We assume that there are two devices (device 1 and
device 2) which are each capable of taking
measurements independently of each other. They
may both be activated by sending the string “GO’.

When either device has made a reading it will
signal that it has done so with the SRQ line. The
controller can determine which of the devices was
responsible by reading their serial poll response.

There is an IEEE interfaced printer on the system
with address 7 which will be used to store a log
of the times at which readings were made by each
measuring device and a floppy disc drive which
will be used to obtain a machine readable record
of the experiment.

10 OPEN £4, ‘IEEE_°

20 OPEN £5, 'IEEE 1~

30 OPEN £6, 'IEEE 2°

40 OPEN £7, 'IEEE_1_2°

S0  OPEN £8, 'IEEE_7

60  OPEN €9, 'FLP1_LOG_FILE_DAT’

opens channels to various combinations of the
devices and to the printer and disc drives.

100 PRINT £8,"Run started : ";DATES$
110 PRINT £8

120 PRINT £9,"Run started : ";DATES
130 PRINT £9

140 PRINT £7,"GO"

prints a header message on the printer and
activates the devices.

200 REPEAT polling
210 IF IB_SRQ(£4) THEN poll_devices
220 END REPEAT polling

the polling loop
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1000 DEFine PROCedure poll_devices
1010 IF it _is(€5) THEN

1020 read_device £5

1030 ELSE

1040 IF it _is(£6) THEN

1050 read_device £6

1060 ELSE

1070 PRINT £8, "Unknown SRQ source"”:STOP
1080 END IF

1090 END IF
1100 END DEFine

a procedure to test each device in turn to
identify if it is the source of the service
request.

2000 DEFine FuNction it_is(£dev)

2010 LOCAL responses$

2020 response$ = IB SPOLL(£dev)
2030 1B_UNADDR £dev

2040 RETURN (64 && responset) = 64
2050 END DEFine

a function to test if a given device is requesting
service

3000 DEFine PROCedure read_device(gdev)

3010 LOCAL time$,reading$

3020 INPUT £dev,reading$

3030 time$=DATES

3040 time$=time$(13 TO)

3050 PRINT £8,"Channel ";dev;"™ at ";time$
3060 PRINT €8, "Reading ";reading$

3070 PRINT £8

3080 PRINT £9,"Channel ";dev;" at “";time$
3090 PRINT £9,"Reading ";reading$

3100 PRINT £9

3110 END DEFine

read back the reading from the device, and print
out a log of the event on the printer and the
floppy disc file.

Performing a parallel poll operation:

The additional Superbasic function IB_PPOLL{€channel) may be

used to perform a parallel poll operation. Since no
addressing is needed with a parallel poll it is unimportant
what sort of a channel is used with this call. It returns

an integer result in the range 0 to 255. The polling is
carried out immediately, without waiting for the Q-488
output queue to empty.
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Example:

1000 DEFine FuNction read_parallel_poll
1010 LOCAL result

1020 OPEN £99, "IEEE _

1030 result = IB_PPOLL(£99)

1040 CLOSE €99

1050 RETURN result

1060 END DEFine

this defines a convenient function which returns the
current parallel poll response on the bus. It opens a
channel, (number 99 is used to avoid clashes with
already opened channels), reads back the poll response,
and closes the channel again. This means that a
channel will be opened and closed each time the
function is called. For efficiency it would be better
to have a channel permanently open throughout your
program’s execution, and to poll this channel.

Note that the IB_PPOLL function is not implemented on early
versions of the Q-488 system.

Use from languages other than SuperBasic.

One of the strengths of the QL operating system is the ease
with whichnew I/0 devices may be added to the system. This
feature means that it is very easy to use the Q-488 system
from any of the other programming language systems available
for the QL. This section will take as examples the
following language systems:

GST QC C language system
Metacomco LISP

Metacomco Pascal

68000 Assembly Language

We shall give examples of the use of the Q-488 system from
each of these langquages.

The majority of interface operations will be accomplished
merely by opening ‘channels’” in exactly the same way as you
would with the disc or microdrive systems or with the serial
interface. The options available in Q-488 device names
should allow most IEEE bus operations to be performed.



Q-488 1EEE Interface Advanced Use.

Such operations as serial and parallel polling, or driving
the interface directly at a low level, cannot be performed
in the manner described above. These operations are
accessed from SuperBasic by means of additional keywords
provided by the Q-488 system. In other language systems the
corresponding functions will not in general be directly
available.

Access to these functions is provided by 4 special QDOS trap
calls which have been reserved for use by the (Q-488 system.
They are all calls to TRAP £3, the QDOS general I/0 trap.
These calls will be documented fully in section 7 of this
manual, we will describe only the principles here.
5.2.1 GST QC C Language System
As an example of the use of the Q-488 interface from C here
is a program which draws a square on an IEEE interfaced
Hewlett Packard plotter.
finclude <stdio.h>
main ()
int fd;
fd = fopen ( "IEEE 5", "w" );

fputs ( "IN; SPl; PU 100,100; \n", £fd);

fputs(“PD1000,100; \n", fd);
fputs("PD1000,1000; \n", fd);
fputs{"PD100,1000; \n", fd);
fputs("PD100,100; \n", fd);
fputs ("PUO,0; SP; \n", fd);

fclose ( fd );

The operation of this program should be straightforward: a
channel is opened to IEEE device 5 (assumed to be a Hewlett
Packard plotter). The plotter is initialised, pen 1l is
selected and a square is drawn on the paper. The pen is
then lifted and returned to its stall.
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5.2.2 Metacomco LISP

The example below performs exactly the same function as the
C program given above.

(SETQ plotter (OPEN °‘IEEE_5 ()))

(WRITE plotter “IN;SP1;PU100,100;)
(WRITE plotter “PD1000,100;)
(WRITE plotter “PD1000,1000;)
(WRITE plotter °PD100,1000;)
(WRITE plotter °‘PD100,100;)

(WRITE plotter “PU0,0;SP;)

(CLOSE plotter)

the operation is exactly the same as the previous program.

5.2.3 Metacomco Pascal
Yet again, the plotter draws a square!
PROGRAM squarebash (input, output);
VAR plotter : TEXT;

BEGIN
rewrite (plotter, "IEEE_S°);

writeln (plotter, °“IN; SPl; PU100,100;°);

writeln (plotter, “PD1000,100;°);

writeln (plotter, °“PD1000,1000;°);

writeln (plotter, “PD100,1000; );

writeln (plotter, “PD100,100;

writeln (plotter, °PU0,0; SP;
END.

)

)
)
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5.2.4 68000 Assembly Language
This time the plofter draws a right-angled triangle.
; Trap £1 calls...
mt.frjob EQU 5
; Trap £2 calls...

io.open EQU 1
io.close EQU 2

; Trap £3 calls...

io.sstrg EQU 7

triangle:
BSR open ; Open channel to plotter
; channel ID into AO.
TST.L DO ;: Test failure code
BNE failed

LEA tristring,Al
MOVE.W (Al)+,D2

String to send
get string length from
first word

e we we

EXT.L D2 ; Bug Fix (see text)
MOVEQ £-1,D3 : No timeout
MOVEQ fio.sstrg,D0
TRAP £3 ; Call 10 trap
TST.L DO ; Test failure code
BNE failed
BSR close

failed: ; If the 1/0 call failed

; return the error code.

MOVE.L DO,D3 ; return error code
MOVEQ £mt.frjob,DO ; Force remove job
MOVEQ £-1,D1 ; Myself!
TRAP £1



0-488 IEEE Interface Advanced Use.

open:
MOVEQ €-1,D1 ; Owner Job ID (=me!)
MOVEQ £0,D3 ; Access code (R/W)
LEA fname,A0
MOVEQ £io.open, D0
TRAP £2
RTS
fname:
DC.W fnameend-fname-2 ; Length of filename
DC.B “IEEE_5°
fnameend:
DS.W 0 ; ensure word aligned
close:
MOVEQ €io.close,DO ; Close file (ID in AO0)
TRAP £2
RTS
tristring:
DC.W strgend-tristring-2 ; length
DC.B “IN;SP1;PU100,100; °,10
DC.B “PD1000,100; °,10
DC.B ‘pD100,1000; ", 10
DC.B ‘pPD100,100; °,10
DC.B “PUO,0;SP; 7,10
strgend:
END

N.B. Note the use of the EXT.L instruction to extend the
word length for the IO.SSTRG call. This is to
circumvent a bug in Version 1.0 of the Q-488 system,
where the string length to send is taken to be a long
word, rather than a word, quantity. (See also the
separate section on known bugs and fixes).

Use of the Q-488 interface in "device" mode.
So far, all the examples of use of the Q-488 interface have

used the QL as a controller of devices on the IEEE bus.
This is likely to be the most commonly met situation in

real life. It is also possible, however, to use the Q-488
interface as an addressable device, just like any other
IEEE device. This can be useful in a number of

circumstances, for example:
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i. if you have an experimental setup with more than one
controlling computer it can be convenient to keep each
computer permanently connected to the same IEEE bus.
By using one or other of the computers as a controller
at any one time you can eliminate the need to swap the
IEEE cables around. The other computers can be put
into "device" mode so that they do not interfere with
the current controller.

ii. you may wish (as an OEM) to use the QL as a dedicated
intelligent controller for a large, complicated piece
of equipment (such as an electron microscope) but not
wish the user of the equipment to be able to access the
QL directly. You could provide an IEEE interface using
a Q-488 and a QL which behaves as an IEEE device which
can be controlled by an external computer but which can
perform complex control functions entirely within the
equipment.

iii. the IEEE interface provides a quick and trouble-free
method of communicating between two or more computers.
The Q-488 interface is a convenient {(and well
standardised) method of down loading data and programs
between two computers made by different manufacturers.

This section of the manual will give examples showing how to
implement each of the above three possibilities. For
further details of device mode operation see section 7.

5.3.1 Using more than one controller on the same IEEE bus

Most IEEE interfaces for computers have switches which are
used to set options for the interface, such as whether the
interface should be system controller, or what device
address it should take. The Q-488 interface differs from
this norm by having an automatic startup facility which
determines when the interface is first initialised whether

it should be the system controller. The same technique is
used by the Procyon IEEE interface for the BBC
Microcomputer.

The automatic startup causes the Q-488 interface to assume
that it should be system controller unless there is already
a controller on the bus. Therefore, if you have a number of
QLs {(and/or BBC machines with Procyon interfaces) connected
together by an IEEE-488 interface then the machine which is
first switched on will become the system controller, and all
the others will become devices.



Q-488 IEEE Interface Advanced Use.

The system determines if it should be system controller by
looking at the state of the REN bus line. If this is active
then there must be another system controller present (only
the system controller may drive REN).

To choose which computer should be system controller merely
switch that one on first! If you later change your mind
and want to make another computer into the system controller
you can do this easily by deasserting REN on the system
controller and then resetting the machine that you want to
become system controller. This machine will see that REN is
not asserted and will become system controller and assert
REN. You can then reset the original system controller,
which will now become a device.

Example:
Machine 1, originally system controller

OPEN £4, "IEEE_~
IB_REN £4,FALSE deassert REN

Machine 2, originally a device

OPEN £5, "IEEE_~
IB_RESET £5 reset interface

Machine 1
IB_RESET £4

at the end of this procedure, machine 2 will be the system
controller, and machine 1 will be a device.

Using a QL with Q-488 interface as an intelligent
controller.

A QL plus Q-488 interface could provide an excellent low
cost single board computer for use in measurement/control
equipment. The multi-tasking operating system is
ideally suited to a real-time control environment. There
are a large number of high and low level language systems
available whose object code, being re-entrant, position
independent and otherwise "nice" is well suited to being
programmed into EPROMs which can be permanently installed on
the circuit board.
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Such a piece of measurement equipment would almost certainly
be required to provide a external computer interface, with
the IEEE-488 interface being the obvious choice. Using the
Q-488 interface in device mode would provide the obvious way
of implementing the interface.

We will give a brief example of the firmware needed to drive
such a system, using SuperBasic as the implementation
language. In a real system, one would probably choose a
compiled language, possible C or Pascal, so that the object
code produced could be programmed directly into ROM. The
example is only intended as a rough sketch of the required
code and should not be taken literally.

The automatic startup feature of the Q-488 interface is
probably undesirable in this application and so we would
take care to avoid becoming system controller if no system
controller was on the bus. The easiest way to do this is
by deasserting REN on power up and by ‘unilaterally’
releasing control of the bus. We therefore have a startup
sequence like:

10 REM Startup sequence
20 OPEN fieee, "IEEE_~
30 IB_REN fieee,FALSE
40 IB_RLC fieee

50 IB_DEV fieee,5

after this code had been executed we would be in device
mode, regardless of what was on the bus when we were first
switched on. We have assumed a fixed device address of 5,
but we could obviously read an address switch or something
at this point to determine the desired address to take.

We can then open a device channel to read commands from the
IEEE bus which could be translated by some sort of lookup
table into an appropriate action. We will assume for the
sake of simplicity that only single letter commands are to
be decoded:

100 REM Command decoding
110 OPEN £cmd, "IEEE D
120 IB_SPR fieee,0

130 REPeat decode

140 c = CODE(INKEY$(£cmd,0))

150 SELect ON ¢

160 =CODE("X"): handle_x command
170 =CODE("V")}: handle_v_command
180 =CODE("?2"): handle_query

190 =REMAINDER: idle_loop routine
200 END SELect

210 END REPeat decode
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Note that the serial poll response is set to zero in line
120. At subsequent points in the program we can set it to
different values to indicate the instrument status. The
polling will be. carried out automatically.

Note also the use of INKEY$ to read a single character from
the IEEE interface, or to return if no character was
available. This allows the program to perform additional
functions in an ‘idle loop” while waiting for the input to
appear.

Using the IEEE interface to transfer data between
computers.

Because the IEEE-488 interface is well standardised between
manufacturers the interface can provide a very
straightforward and reliable means of transferring data
between two computers.

As an example of this we will consider the problem of
transferring data from a QL with Q-488 interface to a BBC
machine with a Procyon IEEE interface. We will assume that
the data to be transferred is contained in a binary file on
the BBC machine, with filename 'BINARY’, and that we wish to
transfer it to a QL floppy disc. We will further assume, to
keep the example simple, that the file is sufficiently small
to be read into the BBC machine in entirety. We will assume
that its length is &1000 bytes (4096 bytes).

Switch the BBC machine on first so that it becomes the
system controller, then the QL. Set the QL device address
to 1 by the commands

OPEN £4, "IEEE_"~
IB_DEV £4,1

then load the binary file into the BBC machine RAM
MODE 7
*DISC
*LOAD BINARY 2000

switch to the IEEE filing system on the BBC machine and send
the data over the IEEE bus

®IEEE
*SAVE 1 2000 +1000
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and receive the data on the QL and copy it onto a floppy
disk

COPY ieee_d TO flpl_binary

the data will then be stored in the file on the QL floppy
disc.

Text files present a few extra problems, one has to make
sure that appropriate line terminators are provided and
assumed by the different machines. The Q-488 terminator
options can be extremely useful in getting this right.
Note that the QL uses a single ASCII character 10 as a new
line character, this is more usually interpreted as the
Linefeed character and the Carriage Return/ Linefeed
combination taken as an end of line terminator.
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6.1.1

SECTION & - THE BUS ANALYSER

FURFOSE OF THE 2488 ANALYSER
Introduction.

A typical bus transaction starts with the GDOS recognising
the need to access the O-488 IEEE hardware. The firmware
supplied on the board interprets the commands and drives
the =zmpecialised ICEE hardware. This results in the bus state
bring altered or read, as required.

The physical description of the IEEE bus hazs  already been
detailed in Section 2. Fach of the bus lines can take the
logical  wvalues of true or falze, and these are representad
by the presence of different veltages on the wires.

Cometimes it im useful  te be able to woonitor what  igs
happoning on the bus Fror evample, bus transactiorns may not
e haprening asn supected o devices may mystorioesly "hang".
T'm principle, it is possible to monitor the bhus  lines
dir v with a voltmeter, oscilloscope or even a logic
anal It is possible to buy (expensivel! IEEE--4B8 bus
analys that take matters further by allowing the user to
step  through all the bus transactions slowly, decoding the
commands as they appear.

b6.1.2 ODutline of Operation.

The 0-A82 bas such a device built into it. The bus control
and data lines are monitored at a low level and are
dizplayed on the OL°'s screen. Thie is independent of the
internal  outpot queuwe and so represents what is being seen
by all the nther IECE dovic on the bus at that moment. It
oporates in one of three wa

(3 Free - The bus is read as frequently ag i
reasonable  without severely degrading the
performance of the €L,

(2 Step - Each bus fransaction is halted until a key is
pressed.

(Zy Slow - Similar to “Step", but with an  automatic
timoout  onto the next fbransaction after  a
short poriod,

The analyser  has already been mentioned in Section T as  a
maanz of checking the operation of the 8-208 interface after
ins lation. It is also a very good way of familiarising
youraelf{ with the operation of the IEEE bus az you can

monitor the effects of commands as you type.
.
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A Auicl: Demonstration.
Try tybing:
ANALYSE

and ynou will see a now window apprer at the top right of the
screen. The precise layout of the box will depend on the
scresn mode, but in the bottom right-hand corner there will
be a  suhsidiary box with the word “"Free" in it. Type
{CTRL>-C once, and a flashing red cursor should appear
there. This indicates that until another <CTRL>-C is typed,
any kayboard input will be sent to the analyser rather than
SuperbBASIC.

If your system has another device active on it, you could
try sending it the string "Hello" whilst watching the
analyser window., Assuming device address 3, type:

OPEN #5,ieee_5 .
PRINT #5, "Hello"

The string will be sent in the normal way, and in addition
the analysmr will show some of the bytes being transferred.
Since the analyser dizplay iz asynchronous, the exadt amount
that it will "see" will depend on the speed with which the
bvtes are accepted: a very slow device might allow the
analyser te show all the bytes, whilst a very fast ono might
accept  the whole message befors the amalyser has time to
update the screen.

If the transfar halts before completion, the byte that is
not acceptod will  be shown in kthe bhottom line of the
display. Tidy up by resztting the bus to its guieszcent state
withs

IB_RESET #5

To e every stage of the transaction, you should switch the
analyzer  from  "Free" to "Step"” or "Slow" operation (see

later)., Finally, tidy up with a

CLOSE #5

THE 2488 BUS ANALYSER
Activating the Analyser.

AN anal yser is activeated by the SuperPASIC command, ANALYSE.
The full syntax is:

ANALYSE [#channel,l ([x0 [,y0 [ ,model]l]
where: !
channel im an SuperBASIC zhannel numbar., This may he used

Lo attach  ar analysor e a particalar 2488
interface  if mor2 than nne are plugged inks  the
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AL at a time. If there iz only one interface, we
recommend that you do not use the channel option
since the analyser will be unable to read the bus
lings properly.

HOyy0 - can be wvsed to specify the initial coordinates of
the top left-hand corner of the analyser display
window on the screen. .

mode - indicates the initial mode of operation of the
analyser. Allowahle values are:

O - Free-running (the default)
1 - Single-«tep
=1 - Slow-motion

If you wish, you may have several analysers activated at the
same time. Try the following, for =rample:

100 FOR x=0 TD 256 STEP 256
110 FOR y=0 TO 200 STEP 35
120 ANALYSE x,y

130 END FOR vy

140 END FOR x

Each time an analyser is created, it spawns two jobs. This
places a limit on the maximum number yow can activate. 1€
you have the SuperBASIC EXTRAS loaded, vyou can list them
with the JOBS command, or alter their priority with SPJOB.

The Display Window.
The display window of the analyser is divided horizontally

into three boxes, the lowest of which is subdivided into
four compartments:

0408 Bus Analyoer () PRL % CST |
_ATMN_ DAV NDAC NRFD EQI SR IFC REN |
00 H ML} iFree! .

(The low-resolution display (mode 8) has a similar layout.)

The top line contains the copyright messages the middle, a
display of the current valuss of the IEEE contrnl and data
lines. The latter is maintained in real time as far a=s
possible.

Note that the bus line states seen by the £-488 interface
will not always match those actually on the bus because of
the open-collector drivers used. For example, if two devices
are engaged in a transfer in which the 0488 is not taking
part, then the analyser will not see the state of NDAC and
NRFD. ’

(&
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The bottom line decodes the bus lines into  IEEE  command
mnemanics  and the hesadecimal/ASCIT representation of bytes
on the data lines. The right-most box indicates the mode of
operation  selected and is the location of the analyser’'s
input cursor.

b6 Activating the Input Cursor.

ODOS indicates the channel from which it is currently taling
leyboard input by placing a red flashing cursor  there.
Normally, this i3 the SuperPNSIC command channel.

»
Analysers sometimes nesd keyboard input, too. Each analyser
window has an input cursor in the bottom right-hand corner
of the display. Before the analyszer can respond to any of
the commands listed in the next sections, this cursor must
be actiwvated.

When  ANALYSE iz executed, the display is put up  on  the
scroen  and  the input reverts to the calling SuporBASIC
channal . To activate the cursor in the analyser window, type
KCTRL»C. The cursor will start to flash, indicating that
the analyser is capable of accepting keyboard instructions.
When  youw wizh to return to SuperBASIC, simply type another
{CTRL>-C.

If there are soveral analysers active, then each <CTRL>-C
will cycle on to the next invocation, uwuntil eventually you
are returned to SuperBASIC.

H.2.1 Floving the Display Window.

Once the analyser has been activated, you can move it round
the screen using the four cursor keys. The input cursor must
be activated first.

17T you are listing SuperBASIC programs, it is a good idea to
mowve  the display out of the scrolling region to the bottom
right of the screen. N

6.2.5 The Function Keys.
The function keys F1 to F4 are set up to do the following:

F1 - Eclect single-step coporation. Once this has been
done, further presses of F1l step onto the nest
transaction.

F2 Solect freoe-running oporation, This ic the defanlt
option., Tha display monitors  the  bus lines
asyrchronously,

FZ - Celect slow-meotion opetation, This behaves 1ike
"Step” except that the next transaction goes ahead
automatically after ting about 1 second.
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Bus Analyser.

Fressing F3  during the delay cuts it short and
moves onto the next step.

F4 - Redraw the display window. O useful facility if
the analyser window has been over-written by some
other screen ouvtput. '

<ALT>-Cany keyl - Deactivate tho analyser. Removing the
analyzer has hesn made a2 multiple ley operation to
prewvent it happening accidentally.

Remember that thess actions orly affect the analyser if its
input cursor  in the bottom right of the display window is
active (i.e. flashing).

65
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7.2.1

SECTION 7 — REFERENCE

INTRODUCTION

This section describes in detail the facilities available
with the 0-488 Interface. Theze fall naturally into three
areas:

1z The standard system.
23 The low-level interface.
Y The bus analyser.

THE STANDARD SYSTEM.

The @ 488 interface is implemented as a standard QDOC device
driver. This means that  2ll  SupesrBASIC  input/output
statementz may be re-directed to use the IEEE interface,
instead of microdrive files, or the screen.

Syntax of @-188 Channel Mamesz.

To wune these calls it is necessary to open a channel to the
Q-AR2  IEEL system. This is done via the SuperPAGSIC OPEN
statement. This requires a file name to be given which
specifies the IEEE system. The syntax of the filename is:

IEEEl(slot_number]_x*[laddressesl#_*[qualifiersl*

The slot number need only be given if you have more than one
0488 interface (plugged into an expansion card for
examplel. If fhe slot number is not given then the
filename will refer to the @-4BB interface in the lowest
numbered expansion slot.

The addresses indicate the addreszes of the IEEC devices

which are to be addreszed when the channel iz used. 2]
maximum of 15 addresses may be quonted for an output channel,

an  input  channel @may only use 2 single address. If a
channel with multiple addresses iz used for input then only
the last addressed device will ke sddressed to tall.

z imts of a primary address (in  the range
and an optional sccondery address f{also in the rangs
If the seccondary address is given then it should be
from  the primary address by  an 65’ character.

addresses should be separated by underscore
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0 addraosses are quoted whatsoever then a ‘)l chennel
be opened, Thia typr of channel is naot intended Lo be

forr @mtraight date trantfer, rather to allow the
facnm to be driven directly from low level  commands.
3z advigable to avoid uaing this sort of channel unlenss
2ally know what you ars doing!)

the addresses have beoen spocified you may optionally
de  a number of qualifiers at the end of the filename.

are  used to control a number  of  optional  channel
hutes.

nualifiers are:

This qualifier indicates that the interface zhould ect

as  an IEEE device, rather than a controller. This
mode  of operation will be described fully in a

subhsogquent section.

This indicates that the channel should be a ‘raw’
channel, in other words, that it should transmit the

characters sent through it literally,. without
tranclation. The normal channels transzlate the @DOS
Mewline character  CHRFE(I0Y ) into ASCII. carriage
return/linefeed combinations. If you want o  send

binary data over a channel you should use this type of
channel.

This contraols  the wuse of the EQ] line in data
sfers. It iz followed by a single digit (which
be either © or 1). If the digit is zero then EOI
is never set on outpebt and is always ignnred on input.,
If the digit is one then EOI will be st on the last
character of each output string, and will be taken as a
tarminator if an inpot character is received with EOQOI
sk, The default action on a channel is equivalent to
the option "EL1°.

Thi=z opticon controls the uvse of terminator characters
on  input  and  output. The following options are
available:

o No characters are added to output strings or taken
am terminators on input. (E0I must be present to

terminate an input string).

1 No characters are added on output, but the line
ferd character (CHR$F(10)) is used as an additional
input terminator.

~
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2 All line feeds in output strings are converted to
CR LF combinations. On input line faed ias still

used as a terminator but any other control

characters sent  to the channel will be removed
from the string read.

les of valid IEEE file names:

1EEE A ‘null ’ channel.

IEEE_S A channel to IECE device 5.

IEEEZ_554 A channgl teo device %, secondary address

4, using the interface in slot 7.

IEEE_1_2S17_4 A channel  to device 1, device 2
(secondary address 17) and  device 4
uging the interface in  the lowes
numbered slo*.

y
t
IEEE_D A ‘device’ channel.

IEEE_S_R N ‘raw’ channel to device 5.

SuperpBASIC Commands used by the Standard System.

SuperBASIC statements INPUTH#H and PRINT# provide the
method of transferring data on the IEEE bus. All

values will be transferred as printable ASCII character

strin

gs, which is the format expected by most I1EEE devices.
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7.3 LOW LEVEL COMMANDS.

7.7,

1

1/0 Trap for lLow Level Commands.

The low level interface to the IEEE system is accessed  via
the special TRAP #3 call, IR.CMND. This trap call uses DILR
to indicate a subsidiary function rode, and where necessary,
vunes D2 for additional arguments:

TRAP #3 DO=#40 IB.CMND

Issue a low level IEEE command

Call parameters Return parameters
D1.BR function code D1 result or 7?77
D2 parameter D2 result or ?7?77?
DI. W timeout D3.L. preserved

AD channel id AO praeserved

Al Al 277

A2 A2 preserved

Error returns:

NC not complete
NO channel not open
NI not implemented (IB.PPOLL in early versions)

trap calls may be accessed from SuperBASIC by

Mnst of the
additional SuperBASIC bteywords provided in the TEEE

me2ans of
RO,
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Inter face

TEEE

Summary of Low Level Commands.

Function codes values:-

CM. TCE
CH.TCA
CHM.GTS
CM.ROC
CHM.RLE
CH.EOT
CM, UNT
CM.UML
CHM.BET
M. TCE
CM.TCT
CHM.GTL
CH. pCL
CHM.LLO
CH.FPPC

CM.FFU
CM.OFE
CH. 8FD

CH. REN
CM.LOM
CH. TON

CM. TAG
CH.LAG
CM.E0H
M. FRE

CM.ADRT
CM. ADRL
CM.BGET.
CH. BPUT Y
CHM.DEY
CM. PR
CM. UNARD
M. CMTRL.
M. SYSEM
CM.RESET
CM. STERM
CH.NSTER
CM. RTERM
CM. NRTER
M. SEDT
CH.REQT

CHMLRCC
CM. IFC

CM.ADDRT
M. ADDIRL.

F00

£20

P
£54
]

56

o

+

i

Fis f - BRER.

SuperBASIC equivalent:-

flag
flang
flag

address
address
address
sense2/bit

grminators
number

= term

HE|

number
flag
fl=g

flag
11 ag

response
regponse

IR_TCE #channel
IE_TCA #ohannel
IE_GTS #channel
IB_ROC #channel
IB_R.C #channel
IE_ENI #channel
TE_UNT ftchannel
IR LML #ohannel
IE_GET #channel
IP_TCS #channel
IB_TCT #channel
IB_GTL #channel
IE_DCL #channel
IE_L L0 #channel
IE_FPFPC #channel

IB_FPFU #channel
IE_SFE #channel
IB_SFD #channel

IB_REN #channel,flag
IB_ILON #channel,flag
IBE_TON #channel,flag

IB_TAG #channel address
IE_LAG #channel address
IR _SCE #channel jaddress
IB_FFE #channel ,sense,bit

IR_ADRT #channel
IR_ADRL #channel

2 LTED = 1P _RGEY (#channel) . -
T IE_PFUT #channel ,byte :
= IB_PEV. #channel ,address

Ip_Corr #chEnnelﬁrespcnse
IR_UNADDR #channel

flag = IBE_CNTRL (#channel)?
flag = IB_GZYSCN (#channel)
IB_RESET #channel .
IBR_STERM #channel ,¥ltermlx*
IE_MSTER #channel number
IB_RTERM #channel ,{terml
IBE_NRTER #channel ,number
IP_SEOI #Hchannel,flag
IBE_REQI #channel,flag

IB_RCC #channel ,address
IE_IFC #channel

IB_CCST #channel ,flag
response = IR_SFPOLL (#channel)
response = IB_FFPOLL (#channesl)
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Low Level Command Definitions.

TAKE CONTROL SYNCHRONOUSLY (queued)
SuperBASIC:
IB_TCS #chapnel .
Trap call:
D1 = #00 CHM. TCS
Description:
Queuves a command to take control of the bus. Thizs is
done synchronously, i.2, without interrupting any byte
transfers currently taking place. The interface muszt
he the active controller.
TAEE COMTROL ASYMCHRONOUSLY (queuved)
SuperPASIC:
IB_TCA #channel
Trap call:
D1 = $01 CM. TCA
Dazcription:
Queues a command to tale control of the bus. This is
done asynchronously, and =0 data transfers may be
interrupted. The interface must be the active
contraller., .
G50 TO STANDRY (queued)
SuperBASIC:
IB_GTS #channel
Trap call:
Pt = $O3 CM.GTS
Description:

Releoases control of the bus (sets ATN false). The
interface remains the current contrnller. .
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REQUECST COMNTROL (queucd)
SdperEASIC:
IB_RQC #channel
Trap call:
D1 = $£04 CM.RDC
Descriphion: -
Take control of the bus after control has be
from annther controller by means of the
control command. Thi=s command will not no
nerded since  the 0-488 interface handles
Control command sequence automatically.
RELENSE COMTROL (queued)
cuperBASIC:
IB_RLC #channel
Trap calls:
D1 = #05 CM.RLC
Description:
felease control  of the bus after haviog t
control to another device by momans of the TCT
This command will not normally be needed sin
4282 interface handles the FPass Control comman
automatically.
SEMD EOI ON NEXT BYTE (queued)
SuperBASIC:
IB_EOI #channel
Trap call:
D1 = 06 CM.EDI

Description:

Force End or Identify (E0QI) on the next date
output.

en passed
transfer
rmally be
the Fass

ransferred

command .
ce the O-
d sequence

byte to be



2428 IEEE Interface Reference.

UNTALE (queued, takes contraol?

SuperBASIC:
IB_UNT #channel
Trap call:
D1 = *0O7 CM. UNT

Description:

Send the Untallk command (£5F) on the bus. Th
will take control of the bus if it is not al
control .

UNLISTEN (queued, takes c
CuparBASIC:

IB_UNL #channel
Trap call:
ni = %08 oM. UML.

Description:

e =—ommand
ready in

ontrol)

Send  the Unlisten command (¥2FY  on  the bus. The
comnand will take control of the bus if neccesary.

BROUF EXECUTE TRIGGER (queuved, addressed, takes
SuperPASIC:

IB_GET #channel
Trrap call:
DI = *09 CHM.BET
Description:
Send  the Group Evecute Trigger command (202)
bus, The command will take contral of the

address the devices on the channel (if any
s=onding the command.

control)

on the
bum, and

-} hefore
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SELECTIVE DEVICE CLEAR (queued, addressed, takes control?
CuperBASIC:
IB_TCS #channel
Trap call:
D1 = *0A CM. TS
Description:
Send  the Selective Dovice Clear command ($04) on  the
hus. The command will take control of the bus, and
address  the devices on the channel (if any) before
sending the command.
TRANGFER CONTROL (queued, addressed)
SuperPAaSIC:
IB_TCT #channel
Trap call:
DI = FOP CM. TCT
RDescription:
Transfer Control of the bus to  another device. The
command tales control of the bus, addressss the device
nn the channel as a talker, sends the Transfer Control
command ($0%2) to the new oontroller then releases
control of the bus. This command handles automatically
the entire Transfer Contral protocol.
G0 TOo LOCAL CONTROL (queued, addressed, takes control)
SuperBAGIC:
IB_GTL #channel
Trap call:
D1 = #0C CHM.GTL.
Description:
Sends the Go To Locael command ($01) to a device or
group of devices. The command will take control of the

bus  1If necessary, and address the devices on  the
channel az listensrs.
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DEVICE CLEAR (queued, talies control)
éuperBASIC:
IB_DCL #channel
Trap c?ll:
N1 = FOD CM.DCL
Descriphtion:
Cendz the Device Clzar cemmand ($#14) over the bus. The

command will take control of the bus if necegsary.

LOCAL LOCEOUT (queued, takes control?
SuperBAGSIC:
IB_tLLO #channel
Trap call:
D1 = %0OE CM.LLD
Description:
Sends  the Ilocal Lockout command ($#11) over the bus.
The command will take control of the bus if necessary.
PARALLEL FOLL CONFIGURE (nqueued, addressed, takes caontrol)
SuparRAGIC:
IB_FPC #channel
Trap call:
D1 = £OF CH. PRl
Description:
Sands  the Farallel Foll Configure command (305) over

the bus. The command will take control of the bus if
NECESHArY.
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FARALLEL FOLL UNCONF IGURE (queued, takes control)
SuperBASIC:
IB_FPU #channel
Trap call:
01 = #10 CM. FFU
Description:
Sends the Farallel Fpll Unconfigure command (#15) over
the bus. The command will take control of the bus {f
Necessary.
SERINL FOLL ENAPLE (queued, takes control)
SuperBASIC: ‘
IB_SPE #channel
Trap call:
D1 = #11 CM. SFPE
Description:
Cends the Serial Foll Enable command ($1B) over the
bus. The cammand takes control of the bus if
necessary.
CERIAL FOLL DISARLE (queued, takes control)

SuperBASIC:
IB_SPD #channel

Trap call:

Description:

Sends the Serial Foll Disable command ($£1%) over the
bus. The command takes coantreol of the bus if
necessary.
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SET/CLEAR REMOTE ENARLE (queued, system controller)
duperBﬁSIC:
IB_REN #channel,flag
Trap call:

D1 o= 70 CM. REM
DZ = flag

Description:

Spts or clears the Remote Enable line on the bus. This
cammand may only be executed by the System Controller.

SET/CLEAR LISTEN ONLY (queued)
SuperBASIC:
IB_LON #channel,flag

Trap call:

D1 = 71 CHM.LON
D2 = flag

Dezcription:
Sets  or clears listen only mode in  the 9914, This
command should be used with great caution (if at all)!
SET/CLEAR TALk NMNLY (queued)
GuperBASIC:
IB_TON #channel,flag
Trap call:s

D1 = F22 CM. TON
D2 = flag

Dezcription:

Sets or clears talk only mode in the 9914, This command
should he used with great caution (if at all)!
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TALHER ADDRESS GROUF (queued, takes control)
guperBASIC: |
IB_TAG #channel ,address
Trap call:

D1 = %30 CM. TAG
D2 = address

Description:
Sends a Talker Address Group command over the bus.

The actual command byte sent is (40 DR address). The
command takes control if necessary.

LISTENER ADDREES GROUF (queusd, takes control)
SuperBPBASIC:
IB_LAG #channel,address

Trap call:

D1 = +£31 CHM.LAG
D2 = address

Description:
Sends a Listener Address Group command over. the bus.
The actual command byte sent is (£20 OR address). The
command takes control if necessary.

SECONDARY COMMAND GROUF (queued, takes control)
SuperBASIC:

IB_SCG #channel ,address

Trap call:

ni = £3I2 CHM. 8C6
D2 = address

Description:
Cends  a Secondary Command Group command over the bus.

The actual command byte sent is (£60 OR address). The
command takes control if necessary.

7-1Z
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PA&QLLEL FOLL ENABRLE (queuad)
SuperBASIC:
IBR_PFE #channel,sense,bit
Trap call:

Dl = #77 CM. FFPE
N2 = senseXB+bit

Description:

Sends  the Farallel Foll Eneble command (#46X) over the
bus, The sense bit indicates the sense of «+the desired
parallel poll response, and the response indicates the
bit numher on which a parallel poll respense is
required.

ANDRESE AS A TALKER (quened, takes control)

SuperBASIC:

IB_ADRT #channel

Trap call:

*
D1 = £10 CM. NDRT
Doz=cription:
Addresses the dovice on the channel os a  talker. The
command takesm control of the bhus if necessary.

ADDRESS AS A LISTENER (queued)
SuperBASIC:
IBR_ADRL #channel
Trap call:
DY = *41 CM. ADRL
Dezcription:

Addrezcses the device(s) orn the channel as listensr (s),
The command takes control of the bus i pecessary.
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GET BYTE ' (flushes queue)
SuperPASIC:
res = IB_BGET (#channel)
Trap call:

D1 = %42 CM . BeeET
result returned in RILVB

Peszcription:

Reads a byte from the bus. The command will, as a side
effect, also cause the output gqusue to be emptied.

PUT BYTE (queued)
SuperBASIC:
IB_BPUT #channel ,byte
Trap call:

m
D2

$473 CH. BPUT
byte

Description:

Dutputs a byte onto the bus.

SET DEVICE ADDRESS (queued,device)
SuperBASIC:
IB_DEV #channel ,address
Trap call:

D1
n2

44 oM, DEY
addroess

4 i

Description:

Sets the primary address of the 8-488 interface. This
is only important when the interface is no longer the
active controller and can be addressed as a device.
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SET SERIAL FOLL RESFOMSE (queued ,device)
SuperBASIC: )

IB_SPR #channel,response
Trap callz:

D1 = %45 CM. SFR
D2 = response

Description:

Sets the Serial Foll Respeonse of the interfacw. This
is .returned wvhen the interface is serial polled. If
bit. & of the response iz set then the interface will
assert the SRE line to reguent service. The 5R2 line

iz deasserted auntomatically when the interface has been
serial polled,
LINADDRESS CHAMNNEL (queved, talkes control?
SuperRBASIC:
IB_UNADDR #channel

Trap call

D1 = %46 CM. UNADD
Description:
Sentdds an Unlisten or Untalk command (as appropriate) to
unaddress any addressed devices on  the bus. The
command takes control of the bus if necessary.
RETURN CONTROLLER STATUS (immediate?
SuperBASIC:
flag = IB_CNTRL (#channel)
Trap call:

D1~ %47 CM. CMTRL
result returned in D)

Dezcription:

This Afunction reads the current controller status  of
thesinterface. The walun TRUE (1) is returned if the
interface is the currently active controller, or FALSE
(O if it is nohk. The controller status changes during
the Transfor Control soguence.

714
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RETURN SYSTEM CONTROLLER STATUS (immediate)
SﬁperBASIC:
flag = IB_SYSCN (#channel)
Trap =all:

D1 ~ #4€ CHM.SYEON
result returned in D1

Description:

This function reads the system controller status

interface. The wvalue TRUE (1) is returned

of the

if the
interface is the system controller, or FALSE ()

if it

is  not. The system controller status is determined

when the 6L is first booted (or when an

IB_RESET

command  is executed). The state of the REN line ig
tested, if it is false then the interface will consider

itzelf to be the system controller.

RESET INTERFACE (clears queue)
SuperBASIC:
IB_RESET #channel
Trap call:
D1 = %49 CM.RESET
Description:

Fo-initialise the interface. The output

queue is
cleared and the controller and system controller

status

is roset. The default terminator charocters are reset

to their default values. The command does not

close

any channels which are open, nor does it change the

terminator characters of these channels.
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SET BEND TERMINATORS (immediate)
SuperBAGIC:
IB_STERM #channel ,*[termls (up to 4 terminators)
Trap call:

m = F40 CM. STERM
DZ2.L = terminators

Description:

Set  the terminator charocters which are to be appended
to output strings. The characters should be packed
into the thigh order end of The number of
terminater characters is set  separately. If the
channel iz opensd to a null channel then the default
terminators  for  the interface will be changed rather
than theose for the particular channel.

SET MUMBER OF SEND TERMINATORS (immediate)
SuperBASIC:
IB_NSTER #channel ,number
Trap call:

D1 = F4E CM.NSTER
D2 = number

Poscription:

Indicatez the number of termipator characters to append

to output strings (max = 4)., The default number of
terminator characters fror the interface may be set by
sending  this  command to a null channel. Note that

mozt  of  the widely used input and output terminator
character combinations may be selected in the when
opening a channel by means of the "'T° option.

10

~}
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SET RECEIVE TERMIMATOR CHARNDTER

SuperBnGIC:
IB_RTERM #channell,terml
Trap call:

D1 ~ f¥4C CHM.RTERM
D2 = term

Description:

Indicates the receive terminator character.
or 1 terminator characters may be selected for
may be set using a null

Default input terminators
channel.

SET MUMBER OF RECEIVE TERMINATORS

SEND

SuperBASIC:
IB_NRTER #channel ,number
Trap call:

D1 = #£4D CHM. NRTER
P2 = number

Descripticn:
Indicates the numbeor of input
or 1),
EOI CONTROL
SuperBASIC:

IB_SEOI #channel,flag
Trap call:

D1 = *f4E CM.S5EDI
D2 = flag

Pescription:

Reference.

(immediate)

(immediate)

terminator characters

(immediate)

Controls whether EOT is sent on the last byte of
output string. A flag value of TRUE (1) means that EOI
will be set, a value of FALSE that it will not.

Either O
input.

(qa)

an
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RE&EIVE EOI CONTROL (immediate)
SuperBASIC:
.IB_REOI #channel,flag
Trap call:

Ny = $4AF CM. REDT
D2 = flag

Pescription:

Controls whather EOI is ignored on input. A f

of TRUE (1) means that ECQI {is  talken as

terminator, a value of FALSE that it will not.
Rl CHANNEL CONTROL. (immediate)

SuperBATGIC:

IB_RCC #channel,address
Trap call:

D1 50 CM.RCC
D2 = flag

i}

Description:

Yag valus
an  innut

Controls  whether @L newline characters (CHR¥E(1IO)) are

converted +to ASCITI Carriage Return-Linefeed i
strings. A flag value of TRUE (1) mpans

n  output
that the

translation is performed, a value of FALSE (OY that it

iz not,

CEND INTERFACE CLEAR (queund, system controller?

Gup=rBASGIc:
IB_IFC #channel
Téap call:
Dt = 51 CM, IFC
Description:
Cends an interface clear message over the bus.

line is asserted f«
devices will wvnaddress and the syetem controd

The IFC

about 1o microseconds, A1l

lor  will

regain control. This command may only be nuecotod  hy

the evatem controller.

700
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F\TE.’.(\D SRE LINE
ﬁyntau:
flag = IB_SR@(#channel)
Nescription:

Returns  the current state (TRUE or FALSE) of the SRO

line. This call 1is 2 special case of the preceding

IR_LINES call anmd so0 no trap call is provided.

LOGICAL VALUES

Syntas:

logical TRUE
logical = FALSE

Description:

Twno  convenient functions returning the values !

and &
respectivealy.
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CONTROL, CHARNCTER STRIFPFING Cimmediate)
SuperBASIC:
IB_CCST #channel,flag
Trap call:
N1 = 352 CM. CCST
D2 = flag
Deascription:
Controls the stripping of contro! characters on input.
If the flag value is TRUE (1) then all input characters
with ASCII values less than 32 (i.e. the control
characterz) will be removed from the input string. If
a terminatnr character is set it will, however be
returned as the last character of the string read. If
the flag value iz FALSE () then no characters will  be
removed from input string=s.
EXECUTE SERIAL FOLL (flushes quoue, takes control)

CuperBASIC:
response = IB_SPOLL (#channel)
Trap call:

D1 -~ #53 CM. SFoLL
response returned in D1

Description:

Addresses the device on the channel and performs a
serial poll sequence and returns the poll response.
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EX&CUTE FARMALLEL FOLL (immediate, takes control)
SuperPASIC:
response = IB_PFOLL (#channel)
Trap call:

D1 = 254 CM.FPOLL
responze returned in DL

Description:

Exccutes a parallel poll zequence and returns  the

result., The polling takes place immediately,
temporarily suspending any bus transacticns in

pragress,

(Mot implemented before V1.0Q0)

ADDRESS A5 A TALEER (NO GTS) (queued, takes control)
SuperBAGIC:
nnt provided
Trap call:
D1 = *¥55 CHM. ADDRT
Description:
Addresses a channel as a talter but doez not then go to
standby.
ANDRESS AS A LISTENER (NO GTS) (queued)
SuperbBaGIC:
rot provided
Trap call:
D1 = *¥56 CM. ADRDRL
Description:

Addre=sses a channel a= a listener but does not then go
to standby.

722
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7.4 BUS ANALYSETS FUNCTIONS,

ACTIVATE BUS ANALYSER

RENAD

Syntar:
ANALYSE [#channel,] [x0,[y0,[model]l]
Description:
If the channel number is

attached to that
opened.

Activate a bus analyser.
given  then the analyser will be
channel, otherwise a private channel will be

Q0 and Cy0', if given, specify the initial  pixel
coordinates of the top left corner of the analyser
windows ‘mode:” spasifies ths initial wmode of

operation of the analysor. A mode of 1 indicates
Single-Step operatinon, 0 indicates free-running and -1
indicates  slow-motion operation. This command is
described more fully in chapter 6.
BUS LINES
SGyntan:

lines = IB_LINES (#channel) (Word result)
Trap Call:

IR.LINES po = #5452

Returns current bus lines in Di.L

Description:

Returns the current state of the 1EEE bus lines. The
lines are returned in the following bits of the result:

Bit 15 . Bit @
ATH DAY NDAC  MRFD £0x CRI IFC REN
Bit 7 D it O
D108 nIgz “ e D102 DIOM

The upper word of D1 in the trap call will retwrn  the
internal @-428 ceode for the operation currently at the
hoad of the output queue. This is usced internally by
the bus analyser but it ig not expected to be of use to
the ordinary user.

F_m



ACCEPEOrS . v erevsnvnsonnsosnsnnns
Active Controller........ ...
Bddress as a listener (no GTS)
Address as Listener......sss.-
Address as Talker...
(No GTS)...v.v.s
Addressing Commands.
Advanced Use.....
ANALYSE......cuen

ATN

Example......
Activating...

Activating Input Cursor.

..

.

“n

-

.

.

.

.

-

-

Channel...oveennenenans
Deactivating..........
Demonstration.........
Display Window Layout.
Free~running Mode.....
Mode of Operation.
Moving the Window.
Multiple..........
Operation Modes .
Redraw Display...
Single-step Mode.
Slow-motion Mode.
SyntaX..oesnenens
the Function Keys.
Window Origin....
ANSI. . v
Apple.c...vvieennnnn
Assembly Language...

{see

"Attention"

Attention {ATN).....

Bad Bus States......
BGET £..vercrcnoners
Block Transfers....c..cava.
Bold Type; Use in Examples.
BPUT €. .o vervecnvenncnsanns
Analyser.......s..
AnalyserS...cevsa.
CommandsS. .ooeveess

Bus
Bus
Bus
Bus
Bus
Bus

Transactions; Hanging....
Transactions; Monitoring.
Transactions; Typical....

-

.

.

«

-

.

.

.

.

.

.

.

I3

e

* e e

“a s

.

..3-2

.
.

»
.
i

»
.
]

.
.
i

Y
« .
' ot

G G b D = e A8 Had U U O B Lo U0 W Y 0 B N e e

.
.
t

.
.

.
.
i

.
.
i

.
1

.
.
i

.
.
i

.
]

.

PR .
.« ne .

NN T RN NMNRAOAR RO ON
1 ] i

.
.
1

.
.

»
.
i

. e
s i

BRI | el b
s

Pt Bt B0 b bt ) QN b G S D

i

.
.
]
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Cable Adaptor....uveeeirtecierennnsencnnans
Carriage Return Character..............
Changing Default Options..............
Changing Options.......veeeneenen.

Channel Number...
Channel Numbers......
Character Translation....
CLOSE £....
CLS Eivivvnnnn
CM.ADDRL. ... cceuenoesan
CM.ADDRT...
CM.ADRL.....
CM.ADRT .. .. cvevoosonnacess
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CM.CCST e e it iinienennsnnnnn
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CM.DCL. .. cveanvensncacns

CM.DEV..
CMJEOIL....covcevnvenncnns
CM.GET.........

s e e v e e es es e e

P R R

CM.GTS...... P S
CM.IFC...iivveinnnnas AN

CM.LAG.........
CM.LLO..
CM.LON.....
CM.NRTER.......
CM.NSTER....
CM.PPC.....

e s e e
es e s e
c e

CM.PPU..
CM.RCC......
CM.REN..
CM.REOI.......co0c0venns
CM.RESET..
CM.RLC. ..
CM.ROC....cvcevenncnn
CM.RTERM.....
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..... 7-9
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CM.SPR. .t it ittt eetesenestosenaosnsoenanannas 7-16
CM.STERM. ...... f s st eeee it Cheesearen 7-18
CM.SYSCN....... Cecres e T 7-117
CM.TAG......... tesscernescsenens veveeen B A
CM.TCA......... Cetteeeieteeesenaan T i8]
CM.TCS. vttt vieennsnnnnne ceenan et [ S P 7-6
CM.TCT....ce0een.n ot teec et et ettt a et e e 7-9



CM.TON.....c.u. cecreene crecenacen ceccverrseane P e V4
CM.UNADD. ...ttt eecsceceanancencn J Y s
CM.UNL......i0eevennn ceesae Y
CM.UNT. ... eraaa e asac s e eareeers st sesssenssnsans .7-8
Connecting Cab1e~ 0-488......... terecareaensscenan v..3-3
Connecting Leads; IEEE.....ccvveesn. T £
Connectors; Stacking IEEE.......cceeeunn N
Control Character Stripping.......cccceecevenen. veea7-21
Control Lines....... T ]
Control of EOI LiN€....eerieeeennnncasnnssaensassnsnesd=3
Controller......... chesceneean crecscesensscessa2=-3, 5-15
COPY........ Y N
CST DisSC INterface.....ceeeeeesnssessacesonsaneooasand=l
Customised SystemS......vvvevenconnns o £ |

DAC (see "Data Accepted”).....iiviiriieinresnnrncnceeal=T?
Data Accepted (DAC) ... ..ttt iirnncenennsesnscannscanens=?
Data BytesS...eiieiiieereeeeneneosscocncasossnseannsecannad—3
bata Lines........... N
Data Transfer between ComputersS.....ccseveeensoeesesd-19
Data Valid.....ieeiiiiiiiniennennncsessasnscassonnoae2=T
DAV (see "Data Valid")....eceernevrancananse ceserseenal=T
Default Options...... Ceeccetreecsenesnonnenann ceseses5—2
Device AdAreSSeS..ceeveeseececceaconns veeeess2~4, 3-4, 4-4
Device Characteristics.......cvevevn ceccesatseseans ..5-1
Device Clear......oeeuiroecrsvcecscnsanas [ A 1
Device Mode Channels.........cccu.. T, 7-2
Device Mode Operation.....eveevessecsssesasosssnnessd=15
Device Name Syntax....... e e |

NN
[}

End Or Identify (EOI).......... N N
EOI (see "End Or Identify").......c.iiiienirnnreesea.2-5
EOI COontrol...ieeeeerinieeenoesascneosascsnasonaasnasl=2

ON FeCRIVE. ..t iiieenassnrsnsasnsnsssssnssnsansesl=20

[0 4 T - =3 T P B
EOI Lin@.uiseueeoeensonsosnssoassnsesssosssonnsnsnesead=3
Execute Serial Poll.......iiiieitirinennnvoacnnnnsnesl=21
Expansion Units.....coccuuu.. R |
EXTRAS. ....vvvnnn ceesestsesens cececssesseses s enasnn 3-3

FALSE . teuiiereeenonesosassssseccsosccsssssancneaseld—3, 2-7
Fault Finding.......v0c0.. Ceeean T 1
File Name SyntaX.......... cesressesscsaaaeran ceesasesl-l
Filename OptionS....ceevceceasos ceecnsrasnsencsneasasd—]
Filename Qualifiers.......cceeeusueee F Y ]
Front Panel Controls........cviveuneasenns -



General Purpose Interface Bus (GPIB).....ceeeevoecses2-1
GET (see "Group Execute Trigger")........eceeveveee..2-6
Get BYLE...vviereeeroseaonnscassssasasasasseseenasensl—lb
Go To Local (GTL)........ D
Go to Local Control............... P

7-6
GPIB.......... st s eescasassesenestesseness et teanane Le2-1
Group Execute Trigger......vevceceecersscreccssnsassesl=8
Group Execute Trigger (GET).....coeeeescrosecsacenecesl=b
GTL (see "Go To Local").....cveueen sereraesseanas vese2-6

Handshaking........ N e T

Diagram..... e st e ateessseetsecasass et o0 s nesnn 2
Hewlett-Packard Interface Bus (HPIB)...veeevennoacnan
Hewlett-Packard Plotter; Address.....c.ceeesveccecsas
Hewlett-Packard Plotters......ceeeevivnnacecnnns e
High (Voltage Level)....cieiietiernocnsrsennveannncnss
HPIB. .. oooevineennnseas cseseasss s s s esssas et s s ases s an

Hyphenation; Use in Examples........... Ce et eceaesenans 1-

IB.CMND Trap.cecesceescesssss e
IB ADRL.t s sienancncnaannsacoacacassrosnsnsnseannsesl=1l4
IB ADRT.....onun. T S
IB BGET. . oovnivnrnernonnnoasoncnnnanns Y b £
IB_BPUT...... et B e 1
-3 o 3 P e |
IB_CNTRL..... e O R L
IB DCL. e tnvsnsnsoeneeasonsensncasasssassascnsasasss?=10
IB DEV...ivienennenn s aaceacecense S e &
IB EOI...... ceserecetensenaceens teereerestaaessann cees 17

IB GTS.euuunn... P B
IB IFCuureeennoenaanennnnnnn B B!
IB LAG. tuuuceouuunseeonnnannnenssssnnnneassaaneaenaad13
IB LINES.......... R PP X
IB_LLO....... e R 1)
IB LON.wceeeeeennnanennnns
IB NRTER: c.vveuncnnnnnnn
IB NSTER:«.eiveennnnnnnn
IB PPC.vcvuannn. et et raiaaaas 7-10
e, B S T
IB PPOLL:eccvevnnennennns I Y
IB PPU...ovu... et et ..7-11
IB_RCCovvvrvenennnnnnn e, P B 1
IB RENe:uvueneenoaanannnans
IB REOI. ctuieeunnseeecnnaseonnsasossnnnssonnsananesda?=20
IB RESET. . .uueneeseennneasenneansannnnneaad=3, 4=-7, 7-17
IB RLC.evvunn. e, A B
IB_RQC...... e e teete e, 7-7
IB_RTERM. ......... e, S B )
IB_SCG...... ettt P c..7-13

B A Y

Y A ¥



IB_SDC..vvvunenn. Y
IB SEOI....conuun. ceeeees A S -
IB SPD.eueuennsoncasnsasnsaasnsacansasaansaasseesesd=ll
IB SPE...cvneuenonssasassosoassasaassscsnnsscaseasasl=ll
IB. SPOLL. s tvetrnseannsaassseanonseacanassnnasssad-8, 7-21
IB SPR....vuuen. R PP 1
IB SRO. citutneennenoossnnocananconssnnsenanaasadT, 7-24
IB_STERM........ et Ceeereeeaa e e 7-18
IB SYSCN. .ttt rrereennnacncenonssaceannanasananenssal=l?
89: 75 U-Ve S R Ceeeeeeaaaas O e I
IB TCA: vt veraornoncneancannns B
IB TCS. v unevnensncneonaennnanns O
IB TCT. . ovenerncanns ceersesces checececeaan R |
IB_TON....... P 2 )
IB UNADDR. ..t coenveocevssossoansssansansnsasnnsensssl=l6
IR UNL. et veeeeuenenonneneneneasnonsensusennanannennns 7-8
IB UNT.eovrnennanannns Cheeaen ceeaaen Y A
JEC-625. et innceonnncns cseessssesnas P |

Adaptors....eceeeneeas Cecensecenanns - |
IEEE Connecting LeadS....ceeeserveesrtoecnscnesanssseel—id
IEEE Device AdAresSsSeS.....ceeceeceorsssesecsossssoesad—d
IEEE Devices Available........ i ittt nnenand-1
IEEE-488...... teeee st esesasenetsstacansan s aanaceesd

ConnectorsS...eeeeesas ceeessesaesasesesasenrcesnneld

Interface..c.ciiieeneeevanscesascesnsossannnns eeres2
IFC (see "Interface Clear")..iciiieeeerasesnosnsssoeeslm
INKEYS........ R e T
INPUT £............ s stecscessscsarrsssrsscenanssd=6, 7
Input Terminator Characters.....vceeeessescesesed=3, 7
Installation of Q-488....ccitvectieececsrsocccenseancens 3-
Instruments Available.....cvieoieiirrersnaersnnsnnasaa2-1l
Intelligent Controller......cuiieeeeeeenernacecnneeas5-17
Interface Clear (IFC)..... P cereesnaes2=7, 2=7, 7-20
Interference.....ivirienrecccanacns T ]
Interrupt on SRO. .. iverinnteessesnnnanans cesessress2—6

1
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LBYTES...... s eesssesnsanns ceesessscsnsasan Y £ |
Line Feed Character.....veveveeeencnns ceessesesnasasaS—4
Line Terminators............ cheeesesseescnsasennn e ee.5-20
Linear Wiring.......ieeeennnneescocssnsnsnoneeess2=2, 3-4
LISP. civeserennaans teeresssesstsnconnanne P T B
Listen Only....ciiieeeeeneceennnncsesereosnnonnoansaal=l2
Listener AdAresSS....csevetssecncacacseencsccenaeessssl-13
Listener AAAreSSeS....c.oereercnsoecsssssononnens ceee2-4
Listener Addressing.......... ceeean cereeesresasaennan 2-4
Listeners.....ccee.. et eecereassaessenssesssessaraensd=3
LLO (see "Local Lock Out")....cvveeeunnn ceerert e 2-6
Local Control State.....c.cvveerencenn cetssecenanasns 2-6
Local Lock Out (LLO)........ seeerececenassnennn cesese2-6
Local Lockout....c.venneesoan Ceaseseenasssansaens ... 710
Logic LevelS..ceeesrenensas ceeesn cersssereearsrssennael=T
Low (Voltage Level).... vt rennnsncnnnaas ceresenese2=7
Low Level CommandsS.....covosvesesaasesasnans P



Maximum Cable Length......ccveeceeecenerancccensennes
MLA (see "My Listen AdAress").....ccceeenccnccvonanes
MTA (see "My Talk Address").......ceeeeireeaceccaaans
Multiple Controller Systems...............2-2, 2-7, 5-1
Multiple Listener AddreSSeS.....cccceeevscnsococcaasad=
Multiple Q-488 Interfaces......ceeoeeereeevecoacssnnsald™
My Listen Address (MLA)......ccvvreceacnsnoocacnnsasnsal™
My Talk ARAAress (MTA).....veeeeescacossocscsosnnsnanelr
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Negative LOgiC...uicieenreenscssccncnraseanasesanansel?
New Line Character........cotiitiernereaneneansanceaas—4
Not Ready FOY Data...cceesesececresssoncsnssransansesd?
NRFD (see "Not Ready For Data")....cevivecevcevvenneno2=7
Null Channels.....i.ieieeriieenenencansncnsassncnnsnseal=2

OPEN £..cviveereenncncesesoacscnsnsssoanenancaseasld—=2, 4-2
Open CollectOr DrivVerS...c.sssevesacsassccossvasnnsnselT
Options...... s ecessecesssssseensesasasaassd=l, 5-2, 7-2
Other LanguagesS....ccesesesscressescssanssaasasd=l, 5-11
Output QUEUE. ...t eveeenceeteesensesnssssnssssencrensssd=5
Output Terminator Characters................ ce.s5-3, 7-2

Parallel Poll....i.ovievenrenocensrsasas2=5, 2-5, 5-7, 7-22
CONfiguUre. . vt eeeeasssennanancansnnssnsensssesl=1l0

S UNCONfigQUIE. . iivrcrerosconsassscnsessracsossasasd-ll
Pascal......... . e T B |
20 3 I
Polling....oveenennneenannns )
Powering Up..... e
PRINT £.vveeeneensoencnnoeonnanasaveannannaad~2, 4-4, 7-3
PUt Byte@...veiveiiieeeeeennnncessnncassoassnesaasassal—lb

Q-488 Connecting Cable.....ueeerienieeersenaerenenessd-3
0-488 Installation.....ceeieeceenirnsceasnsenncenasnaid—l
Q-488 Multiple Interfaces........cveeieneesnsocaneeasid-l
QL Device; IEEE Syntax........ s reeccsasscvsnvssassessd3
QL TOOlKit..eeeereeeeeeeooenocasocansssnnncsssencsessd=l
Qualifiers........ Leeacescsenstsesessssessncecesd=2, 7-2
Queue; OULPUL. . .vieereeeriennerasesnsvnsnsanassa.d4-5, 6-1

Raw Channel Control.....eiiieneernsncronssacsossaassl=20
Raw Channels..... cees e st ieans cesees ceeacsann .5-3, 7-2
Read SRQ Line.....cvveees tieseseenenccstasassscconesl=24
Ready For Data (RFD)......ccvvveunnnnn cesenecenas N
Rear Panel Address SwitcheS........cieneivnnereoacens
Receiving Data..... N teeereceessessenanss .4
Release Control.....coeveenreeenn Ceresenes [
Remote Control State.....c.ieeetnoenescasssonccoannans?
Remote Enable (REN)....ccccieeeennanes teeseneees2-6, 2



REN (see "Remote Enable”)...ccccctiereeveonasesl~b, 2=7
REN Control...... Y A ¥
Request Control......ivivensccnanncesnseccscsnosnsasal=T
Reset Interface....cvseeeveavarnacsocsoascans Y e Y/
Return .....ceeeeevceccans P ke ¥
Return Controller StatuUS.....ccceeveasosccscsnsosassl=1l6
RFD (see "Ready For Data")........ Ceeeran et ceeeass2-T

SBYTES...... Y A |
Secondary AddresS.......eccceeseee...2-4, 2-5, 5-4, 7-13
Selective Device Clear.....ceeceeereecencnccacenannsal=9
Send EOI on Next Byt@.....seceeeencnnsccncecnscsseaasl=?
Send Interface Clear...... seeseeenenns cecereneenassesl—20
Sending Data.....ceeveeinen.. teveernetanecssesaanasacd-d
Serial Poll...... Ceescssseenaseeseressannnann eee2-5, 5-17
Serial Poll Disable (SPD)..:veeevceeccecaesense.2=5, 7-11
Serial Poll Enable (SPE)......coveeecesnaseesa.2-5, 711
Serial Poll MOQ€......ivnerereeencnesaannscnsesceaanaB
Serial POll RESPONSE.civeicenesscesssssssncssssssassl=lb
Service Request (SRQ).....vievsonsssvessasecsenss2=6, 5-6
Set Device AdAreSS.....ceeeevecsosscasccansassssacnsal=lb
Set Number of Receive Terminators........esceeeeese.7-19
Set Number of Send TerminatorS....scecseeseccsnseses?—18
Set Receive TerminatoOr......:cceeetvesveccerscscsceanssl=1l9
Set Send TerminatorsS.....cceveeececscescssanccnnesseasl=18B
Setting OptioNS...eiveevivseesnessessssesnssssaassnsaesd~l
Signal LiNeS...ceeeesersaasoasssocssosensesosssasaneeal2
Single Byte TransferS......ceeceeeecccnceccscnconcessaal=3
Slot NUMbEr .. .. ovtiiteieeaeenosaasnsasoeaconosssssasnssl"l
Sources...... L
SPD (see "Serial Poll Disable™)........ovceeveeneees2=5
SPE (see "Serial Poll Enable").....ccvivuvrccnnaennes2=5
Specialised RequirementsS.....cceeeeuusnceessosancesaaal-l
SRQ (see "Service RequUeSt").....ieeeceeecsccnccaneses2=6
SRQ (Service ReqUESt)....veeresnerssconcosnsassacsenesead=b
Stacking IEEE CONNECLOrS...ceesteesosceecasssceanaessead—d
Star Wiring...e.euiiieiniianesseanansscannsansss2=2, 3-4
Start-Up MessSage.....ceveeeeveeoncaacnccasssnsansnnaaid=l
Status Byte....ieeiieiiiiiiineeenansessncssasosncneees=D

Bit 6...triniiiiiiiiitesncessssssacnsosssscannseel—6
Status Word. ... veiirierrnncscsssssnnsnsesessnssaseseel=D
SUbSEtS. ...ttt iiiias ettt anrcstsenanea2=2
SuperBASIC EXtensSionS.....eeseccocecssacecncscsancasad=l
SuperBASIC KeyWordS..eeeesseeassosssssessssssconsssasld=3
System Controller.......cvevivnnennsncesaa2=7, 2=7, 5-16
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Take Control Synchronously........ciieeeeecceveneasnsal-b
TalKk ONly...iiieeieieencneneensesoscnseassnnnansananal=l2
Talker AdAresS....eocesessecess certeveecesonsnsl2=4, 7-13
TAalKerS.:ieveeeroeretesarseseciossassancessnnssenceanss23
TCT.{(see "Transfer Control™)....cecciiinitinenrenasa2-7
Terminator CharacterS....cc.eeeveerenneeanna 53, 5-20, 7-2
Text Files........ B 1
Transfer Control ITCT).........;................2—7, 7-9
Transfer RAateS....ciceeeisoresnrontsansnsonsasssnsass2l
Transferring Binary Data....... ceesieversaseenns cevaa5-3

Transferring Text Files..........c .. iiveruienenea..5-20
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UNL {see "Unlisten”).i..cuiuieeeessnnnonsesncsaorsanses2—d
Unlisten (UNL) ..o inuinieinoenncssnsanennannnannsa2-4, 7-8
UNT (see "Untalk™).ieuieiereesnscennrsneasocanvonnseaas2—4d
Untalk (UNT).....veeereirnonnasonnccnccsasasseaal~4, 7-8
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