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FOREWORD

This manual contains the information necessary to understand and use the
P&T -488 interface as well as provide instruction in the basic concepts of the
IEEE -488 bus.

Those who are already familiar with the JEEE -488 bus (alse known as the
HP-18, GPIB and ASCIlI bus) and the concepts of a Talker, Listemer and Controller may
skip to the chapter "installation of the P&T -4B8". It is recommended that those who
are not acquainted with Talkers, Listeners and Controllers read the chapter "The
IEEE —488 Bus" first.

The P&T-488 interface consists of two major components: the P&T -488 interface
board and the P&T -488 custom system interface software package. The saftware package
consists of a single program named PNT488, Also included is a program named 48BTEST
which performs a complete functional test of the P&T-488 interface beard. Additional
programs are provided as examples of how one c¢an use the P&T -488 interface to
cammunicate with 488 devices. '
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Description

An introduction to the three primary occupants of the
IEEE ~488 bus: the Talker, Listener and Controller.

A brief description of the P&T -488 interface board.
Instructions are included for changing the 1/O port addresses
used. The significance of each port is alsc explained.
Instruction on the use of the Functional test routine
(488TEST). This routine performs a compiete check of the
operation of the P&T -488 interface board and its 488 cable.

A step by step account of how to instail the P&T -488
interface board and test it.

A description of each of the routines in the Custom system
package, and how each is to be used.

An overview of the goals set for the design and use of the
Custom Software Package.

The organization and relative addresses of the various routines
in the Custom Software Package.

A description of the meaning of single and doubie byte 488
addresses, and a summary of how the P&T -488 uses them.

An explanation of the interaction of the Service Request and
Serial Poll functions.

A summary of the |[EEE—-488 functions provided by the Custom
Software Package,

The routine which makes the P&T —488 the Active Controller.

A routine which gives the user direct access to the IFC,
SRQ, REN and EOI lines.

A routine which initializes the P&T -488 interface and can
optionally send an IFC on the 488 bus.

The routine which causes the P&T -488 to become a Listener.

A routine which puts the P&7 ~488 Parallel Poll function into
the Idle (PPIS) state.

A routine which causes the P&T -488 to perform a Parallel
Poil.

Sets the Mist" (individual status) message of the P&T -488 true.
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Sets the "ist" message of the P&T -488 false.

A description of how the Parallel Pofl response function of the
P&T -438 may be used in an IEEE -488 system.

A routine which puts the P&T -488 Service Request function
into the idle (NPRS) state.

A routine which conducts a 488 Serial Poll.

A routine which places a Service Request on the 488 bus and
then responds to a Serial Poll.

A routine which sets the Listen and Talk addresses of the
P&T -488. it also sets the Parallel Poll Response byte and
the End—of-5tring (EOS) character.

The routine which summarizes the state of the P&T -488
interface.

A table showing how the states of the various 438 interface
functions are stored in memory.

The routine which makes the P&T -488 a2 Talker.

The routine which updates the state of the P&T -488 in
response to commands sent by an external Controller.

Brief descriptions of each of the routines the user must
supply to complete the integration of the P&T -488 into his
system.

The required organization of the jump table for the
user—supplied routines.

The routine which aillows the user to defer or interrupt 488
communication after each byte.

The routine which is called when the Listen buffer is full and
cannot accept more bytes.

A routine which is called whenever a Device Clear message is
detected.

A routine which is called when an IFC (sent by an external
Controller) is detected.

A routine which is called upon the discovery that there are no
Acceptors on the bus when the P&T -488 is trying to be a
Source (that is a Controller or Talker).

A routine which is cailed whenever an $~100 RESET or

Power=0On Clear has been detected.
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A routine which is called upon detection of a 488 device
requesiing service.

A routine which is called whenever the Group Execute Trigger
(GET} command is received from the Controlier.

A routine which is called whenever an external Controller is
attempting to issue commands.

A sample program which shows how to use the P&T -488 to
monitor communication on the 488 bus. The source listing (in
Intel mnemonics) is included.

A sample program which shows how to set up the P&T -488 as
a Controller to send out bus commands and then become a
Listener. The source listing (in Intel mnemonics) is included.

A sample program which allows the user to exercise most of
the functions provided by the Custom Software package.

A review of how the P&T -488 works and the consequences in
terms of communications on the IEEE -488 bus and the
operation of the S-100 computer, '

*s%  Appendices ***

A dictionary which expands the IEEE -488 Standard mnemonics
inte English, There are also some definitions, and many of
the mnemonics are cross—referenced to the pages in the
IEEE-~488 1975 Standard document which define their meaning
and use.

Comments on how to modify the Functional Test program so
that it can be used in any 8080 or Z-80 system. The source
listing is included.

Instructions on how to use the Audio Cassette input port of
the P&T -488 to read tapes recorded in Kansas City format.
The socurce listing of the Bitwiggler™ program is included.
(Provided only when the software is supplied on cassette.)

The source listing for the Custom Software Package Version
1.4.

A table giving the binary, Hex and ASCIl codes for the
commands sent by the 488 Controller.
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— CAST OF CHARACTERS -

The 483 bus is peopulated by three major types of devices. One is the Controiler,
which sends commands over the bus to other devices. Another is the Talker, which sends
data over the bus to one or more devices of the third kind: the Listeners. The Listeners
and Taiker communicate with a handshake on esach data transfer, and the communication
proceeds at the maxjmum rate zliowed by the Talker and the slowest Listener. This
communication is completely asynchromous and may be interrupted at specific points in the
handshake cycle without causing any loss of data.

It can be usefui to liken the bus to a meeting which has a chairman (Controiler), a
recognized speaker (Talker) and an audience (Listeners). As is true of most meetings,
some of the audience is paying no attention whatever to the proceedings (some of the
devices on the bus may be Idie), while some of those that are listening want to interrupt
the Talker. Sometimes a member of the audience is audacious enough to indicate that it
shouyld be the chairman. The 488 bus specification allows the Controller to designate
another device as his sucgessor.

It is the Controilerls responsibility to make sure that communication takes place in an
orderly manner: it is he that says who can talk and who should listen at any given time.
It is also the Controller that takes care of such matters as telling everyone to shut up
{Universal Untailk UNT command), everyone to go Back to their desks (Interface Clear
IFC), or listen to someone trying to gain the floor (Sarvice Request SRQ). Even though
the Contraoller has {in theory) complete command over sveryone eise, problems can arise.
One possible problem is that the Controller has made the unwise choice of telling more than
one device that it can be a Talker, which resuits in sheer bedlam. Another way far the
Controller to lose control of the situation is if 3 Talk Only (ton) device is placed on the
bus. Some Talk Only devices are notoriously deaf and don't pay any attention to
anybody, even the Controller!

A Talker, on the other hand, leads a simple life. It doess not concern itself with
disputes over who has the right to be heard, and when. It emly puts data oan the bus,
waits until the slowest listener indicates it is ready for data, says the data is valid, waits
uritil the slowest Listener says it has accepted the data, then says that it is removing the
data and follows up on its threat. About the only thing that bothers a Talkar is to find
that no one is listening to him. Most get really upset and let the Consroller know about
this impoiite state of affairs. Talkers that don't complain have a tendency to sit there
with their mouths open, caught in mid-word. Either way, no communication is taking place
and this is not considered a desirable state of affairs.

Listeners can be a little more complicated. They iet the Talker know when they are
ready faor ancther word and when they have received it. Some also let the Controller
know that they want some special attention. The Cantroller waits until the Talker can be
interrupted so that no Listener is deprived of the latest bit of wisdom imparted by the
Taiker. Then the Controller tries to find out which device wants the attention. Two
ways to do this are Serial Poll, in which each device is allowed to speak {(one at a time)
and Parallel Poil, which allows several devices to simultaneously inform the Controller of
their need by a bit pattern each puts onte the eight data lines.



P&T-488 The JEEE-488 Bus

~ HARDWARE OVERVIEW -

The 488 bus is made up of 16 signal lines: eight are used for data, three are
needed for the interlocking handshake used to ¢ommunicate the data, and the remaining
five are used for bus management. Since there are eight data lines, a full eight bit
byte can be communicated in each handshake cycle. This is what is meant by the
phrase "bit parallel - byte serial" transmission. It is an alternative to the
slower RS 232C standard, in which only one data line is used (and which is referred
to as being a "bit serial' interface standard).

Cata EBus Data Byta Genearal
{8 Linaes) Transfer Interfaces
Contral Management
<: DID 1...8
-~ DAY
L NRFD)
£ NDAC
S
IFC
ATN
SRQ
REN
+ EQT
- \ R ——
Pgvica B Devies O

Abla to Talk and
Listen {a.q.,
digital multimetar)

Cnly Able to

Cniy able to Talk
{a.g., counter)

and Contrai
(e‘go, P&T-488)

Listen (e.g.,
slgnal generator)

There are three basic concepts which are impartant to an understanding of haow
the hardware of the 438 bus works. The first is that only one of two voltages is
allowed on each line, and the iower allowed voltage is ground. The second is that
the 488 bus uses negative true logic, which means that the lower of the two valtage
levels has the value TRUE, while the higher voltage has the value FALSE. The third
is that the bus uses open-collector drivers. An open—collector driver c¢an be thought
of as a switch with one terminal connected to the line and the other to ground. When
the driver is ON, it is as if the switch is closed, and so connmects the line to
ground. if the driver is OFF, it is as if the switch is open, so no connection is
made between the line and ground. There is a resistor connecting the line to a
voltage supply, so the veltige on the line rises to the higher of the two allowed
levels if the line is not grounded. Since the 488 uses negative trye lagic, a line
is given the value TRUE by turning the open-coilector driver CN, or the value
FALSE by turning the driver OFF. Thea phrases "active true" and "passive
faise" are used to describe this system; active true because the line must be
actively connected to ground to impress a value of true on it, passive faise because
no action is needed {no connection is made} to make the vaiue of the line false.

-2~
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Each 488 device has one open-collector driver for each 433 line that it uses. More
than one open-collector driver (that is, more than one 488 device) can be connected to
each line. If all drivers are off the voltage on the line will be high, which means it has
the value faise. However, if one or more open-collector drivers are on, the line's
voltage will be low, and it will have the value true. This is called a2 "wire—or'" system
because the logical value of the line is the legicali OR of the logical values impressed on it
by the severai open-collector drivers connected to it. Thus each 488 device sends a true
to the iine by turning on its driver, or a false by turning the driver off. Note that if
any device asserts a particular line true, that line will have the value true. However, if
a device asserts a false (high) signal, it will be overridden by any device which asserts a
true.

The eight data lines are named D101 through 0DI08 ({D!O stands feor Data
Input{Qutput)s The least significant bit appears on DI0O1, the most significant on D108,
One point of possible confusion is that the data bits in an S-19@ system are numbered §
through 7, while the 488 data lines are numbered 1 through 8. Ancother is that 5-199
systems assume positive true logic (high means TRUE, low means FALSE). Just remember
that S-1¢0¢ data bit 7 appears on DIO8, etc. and a 438 byte is the one's complement of
an 5-10¢ byte and everything should be all right.

The proper IEEE title for the three handshake lines is "Data Byte Transfer Control"
lines, They are individually known as follows:

DAV (Data Valid) - when true the data on the eight data lines is valid.
NRFD (Not Ready For Data] - when true the 438 devices are not ready to accept data.
NDAC (Not Data Accepted) - when true the devices have not yet accepted the data.

The remaining five lines are known as the "General Interface Manmagement" fines.
They are as foilows:

iFC {Interface Clear) - place all 488 devices in their default state.
ATN (Attention} - used to distinguish between a Controller and a Talker.
SRQ (Service Request) - indicates that a device needs attention.

REN {(Remote Enabie) ~ allows 488 devices to be programmed either by their logal
controls {front panel switches, etec.), or by information sent over the 483 bus.

EON (End or ldentify) - indicates the end of a string if ATN is false, otherwise it
indicates a Paraflel Poll is in progress.

- BYTE COMMUNICATION -

Byte communication requires that there he a device which is generating the byte to
be communicated {the "source") and one ar more devices which receive the byte (the
"acceptors'}, The Source and Acceptors communicate by use aof an interlocking handshake
using the three Data Byte Transfer Control lines (DAY, NRFD and NDAC), The byte
itself is sent on the eight data lines (DIO1 through DIO8), The handshake is schematized
in the following flow chart.
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— A More Detailed Look at the 483 Inhabitants —

A TALKER is a device which sends data over the 488 interface to other devices.
There are two major types and various subtypes. One major type is the Talk Only (ton),
which may be used in a 488 system which has no Controller. This device always talks,
and 50 it must be the only device which can talk. The other major type must be toid
when to talk ["addressed to talk™. A Controller is needed because it is the only kind of
488 device that is allowed to address Talkers and Listeners. All Talkers use the Source
Mandshake (SH) function to send a message over the 488 bus.

A LISTENER is a device which receives data over the 438 interface. As with the
Talker, there are two major types: Listen Only (lon) and addressed Listener. A Listen
Only device always listens to the 438 bus, while an addressed Listener listens only when
the Controller tells it to. The Listen Only device can operate in a 488 system which does
not have a Controiler since it does not need to be told what to do and when to do it. All
Listeners use the Acceptor Handshake {AH) function to receive messages on the 488 bus.

A COMTROLLER is a device which issues commands on the 488 bus. These include
commands which are used to reset aii devices on the bus Interface Clear (IFC), indicate
which device is to Talk {when the Controller relinquishes the bus) and which devices are to
Listen {i.e. it sends the Talk and Listen addresses of those devices over the bus),
perform a Poll of 488 devices {Serial Poil and Parallel Poll), and a myriad of other special
functions. The c¢ommands fall into two genmeral classifications: Uniline and Multiline.
Each uniline command uses only one line out of the five General Interface Management
lines. Examples of uniline messages are Remote Enable (REN}), Interface Clear (IFC) and
Parallel Poll. Multiline messages use the eight data (DIO1-D108) lines to issue the
command. Examples of muiltiline messages include performing a Serial Poll and commanding
488 devices to Talk or Listen. Multiline messages are sent using the Source Handshake
(SH) fumction, just like a Taiker. The way that a device determines whether it is hearing
a Talker or the Controller is that the ATN (Attsntion} line is true {low) when the
Contrelier is issuing a message, but faise (high) when a Talker is saying something. The
Controller is the device which controls the ATN line. Whenever ATN is true, ail
addressed Talkers shut up so that the Controller can say its piece. However, some Talk
Only devices don't, and so they garble commands issued by the Controller. Generally
speaking, a Taik Only device should be used only in a 488 system which has ne Cantraller,
Whenever the Controller passively asserts ATN false {lets it go high), the Talker (if any)
begins to send its message.

— MULTILINE COMMANDS -

Teiling a 488 device to Listen is one example of a multiline command. The
Controiler places the Listen address of the selected device on the data lines (DIO1 through
D108) and then performs the Source Handshake {SH) function. In other woards, it "speaks"
the address while ATN is true {low). Whenever the Contreller is active (that is, whenever
ATN is true), all devices on the 483 bus interpret whatever is said [via the data lines and
the Source Handshake function) as a command rather than data. ALL devices hear what is
said by the Controller. They ALL execute the Acceptar Handshake function, without
regard to whether they are normally a Talker, Listener or whatever.
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Another example of a muitiline command is the Serial Poll. The order of events is
that the Controller sends out the Serial Pell Enable (SPE} command, which tells each
device that when it is addressed as a Talker that it is to say either SBN {Status Byte -
service Not requested) or SBA (Status Byte - service request Acknowledged). Those are
the only two messages that are allowed. Then the Controller addresses each device as a
Talker in turn and Listens to the response of each., To conclude a Serial Polf, the
Controller sends the Serial Poll Disable {SPD} command so that any device later addressed
as a Talker can speak data (instead of SBN or SBA). Finalty, the Controller performs
whatever service is needed, which is device dependent.

- UNILINE COMMANDS -

An example of a uniline command is Parallel Poll. FParallel Poll is both simpler and
more complicated than Serial Poll. It is simpler because only one command is given
(Identify IDY: the logical AND of ATN and EOI) and all devices respond at once. It is
possibly more complicated in that it may be more difficult te sort out which device wants
service. Whenever a 438 device receives the |DY message, it immediately places its
Parallel Poll Response byte on the eight data lines. For systems of eight devices or Jess,
it is common for each device to be assigned a unigue bit which it asserts true when it
needs service. For example, one device would have a Parallel Poll response byte in which
bit 1 is true if it needs service, otherwise bit 1 is false, and bits 2 through 8 are always
false. Another device would use bit 2 to indicate its need for service and all other bits
would always be false in its response byte. A third device would use bit 3. When a
Parallel Poll is performed, the response sensed by the Controller will be the logical OR of
all the Parallel Poll Response Dytes (due to the fact that the 488 bus is a wire-or
system). If the response has bits 1 and 3 true, and all other bits false, it means that
the first and third devices need service,' while the second does not.

If the 488 system uses more than eight devices, some alternate scheme must be used.
One would be to have only eight devices respond to a Parallel Poli, and use Serial Poll on
the remaining devices. Another scheme would be to have several devices share the same
Parailel Poll Response byte. |If the response to a Parallel Poll shows that at least one of
the devices that shares a common response needs service, a Serial Poll ¢an be used to
find which ones they are.

G-
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- OVERVIEW -~

The P&T-488 has four read/write registers which appear as four inputf/output {I/Q)
ports to the 3-~180 host machine, The ports are addressed as four consecutive /O ports
with the first port address an integral mwitiple of 4 (§, 4, 8, 8C, ..., N*4 ..., FC).
For ease of description these registers will be referred to as registers ¢ through 3, even
though what is called register 9 may be Port ¢, 4, 8, ..., N*4, 6 ,.,, FC.

The addresses used by the P&T—-488 are set by means of a DIP switch on the upper
teft carner of the interface board. All boards are set at the factory for 1/O ports 7C

through 7F Hex, and all software supplied by Pickles & Trout assumes these addresses.

The address used by both the board and the software can be changed by the user. The
addresses used by the software and the board must be the same. To change the addresses

assumed by the software, refer to the instructions given with the program,

To c¢hange the addresses uysed by the board, first note that the labels "A7" through
"A2" appear to the left of the switch. Switches A2 through A7 are set according to the
following table:

Address AT Ad AS Ad A3 A2

(Hex)

39-93 OoN ON ON ON ON ON
pa-p7 ON ON CN ON ON  QFF
@8-0B ON ON ON ONM  OFF ON
PC-9F ON ON ON ON OFF OFF
19-13 ON ON ON QFF ON ON
14=-17 ON ON ON OFF ON QFF
18-18 ON CN ON OFF OQFF ON
1C-1F ON ON ON OFF OFF OFF
2¢9-23 ON ON OFF ON oM ON
24-27 ON ON  OFF ON ON OFF
28-28 ON ON OFF ON OFF ON
2C-2F ON ON OFF ON OFF OFF
ig~33 ON ON OFF OFF ON ON
34-37 ON ON OFfF OFF ON  OFF
38-38 ON ON OFF OQFF OFF oN
3C-3F ON CN OFF OFF OCFF OQFF
49-43 CN OFF ON ON ON ON
44-47 ON OFF ON ON ON  OFF
43-4B ON OFF ON CN  OFF ON
4C-4F ON OFF ON ON OQFF OFF
59-53 ON  OFF ON QFF ON ON
54-57 ON  OFF ON OFF ON  OFF
58-58 ON OFF ON  OFF OFF ON
5C-5F ON OFF ON OFF QFF OFF
69-63 ON OFF OFF ON ON GON
64-67 ON OFF OFF ON ON  QOFF
68-68 ON OFF OFF ON  OFF ON
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Address AT Ab AL Ad A3 A2

(Hex)

6C-6F ON  OFF OFF ON OFF OFF
7¢-73 ON OFF OFF OFF ON ON
74-77 ON OFF OFF OFF ON  OFF
78-7B ON OFF OFF OFF OFF ON
TC-T7F ON OFF OfFF OFF OFF OFF

89-83 OFF ON ON ON ON  ON
84-87 OFF ON ON ON ON OFF
88-88 OFF ON ON ON OFF  ON
8C-8F OFF ON ON ON OFF OFF
99-93 OFF ON ON OFF ON  ON
94-97 OFF ON ON OFF ON OFF
98-98 OFF ON ON OFF OFF ON
9C-9F OFF ON ON OFF OFF OFF
AG-A3 OFF ON OFF ON ON  ON
A4-A7 OFF ON OFF ON  ON OFF
A8-AB OFF ON OFF ON OFF  ON
AC-AF OFF ON OFF ON OFF OFF
BP-B3 OFF ON OFF OFF ON ON
B4-B7 OFF ON OFF OFF ON OFF
B8-BB OFF ON OFF OFF OFF ON
BC-BF OFF ON OFF OFF OFF OFF
Cf-C3 OFF OFF ON ON ON ON
C1-C7 OFF OFF ON ON ON OFF
€3-C3 OFF OFF ON ON OFF  ON
CC-CF  OFF OFF ON ON OFF OFF
D9-D3 OFF OFF ON OFF ON  ON
D4-D7 OFF OFF ON OFF ON OFF
D8-DB  OFF OFF ON OFF OFF  ON
DC-DF  OFF OFF ON OFF OFF OFF
E¢-E3 OFF OFF OFF ON ON  ON
E4-E7 OFF OFF OFF ON ON OFF
E8-EB OFF OFF OFF ON OFF ON
EC-EF  OFF OFF OFF ON OFF OFF
FP-F3 OFF OFF OFF OQFF ON  ON
F4-F7 OFF OFF OFF OFF ON OFF
F8-FB  OFF OFF OFF OFF OFF  ON
FC-FF  OFF OFF OFF OFF OFF OFF

For example, to address the P&T -488 interface board to use 1/O ports 7C through
7F Hex, A7 must be ON and A2 through A6 OFF.

The P&T -488 allews direct access to the 8 signal lines of the IEEE 488-1978
(hereafter called 488) data bus (Register 2) and the 8 lines of the 488 Data Byte Transfer
Cantrol Bus and General Interface Management Bus [Register 1), In addition, a register is
provided to allow a software settable response to a Paraliel Poll (Register 3). Finally, a
register is provided which indicates transitions occurring on the various 488 Control Bus
and Management Bus lines (Register §). Additional features of the P&T -488 include
software disable of interrupts from the P&T-488 (without having to disable all interrupts
of the 5-10@ system) and immediate response of the interface to Attention [ATN)},
Interface Clear (IFC) and Parailel Poli without intervention of the 5-149 system's CPU,
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Hardware Description

The data transfer rate is highly dependent on the software, CPU and system memory
of the 5-1@% system, but with the supplied saftware, an 8989 running at 2.9 MHz and no
states, the transfer rate is about 3 KBytes/sec. For applications requiring
higher rates, the same S—100 system can get data rates of aver 9 KBytes/sec in the Talk

memory wait

Only mode.
REGISTER FUNCTIONS
No. FUNCTION
) Interrupt Status (read only)
] Interrupt Reset {write oniy}
1 Command Line Register {read and write)

2 Data Line Register {read and write)

3 Parallel Poll Response (write oniy)

No . 1/0Q
t] IN
¢ QuT
1 /0O
2z 110
3 ouT

NOQOTES:

REGISTER BIT MAP

D7 D6 D3 D4 D3 D2 o1
DAV NRFD NDAC X1FC XATN SRQ REN
+ - + + - + - - +
DAV NRFD NDAC X1FC XATN SRQ TALK/
LISTN
DAV NRFD NDAC 1FC ATN SRQ REN
DIOS8 DIOQ7 D106 DIOS 0104 DIO3 DIG2
DIC8 DIOT DIQs D105 C104 D103 plo2

+ means the bit goes low on a LOW to HIGH transition
~ means the bit goes low on a2 HIGH to LOW transition

Dl means 488 interface interrupts are disabled
E1 means 488 interface interrupts are enabled

The 488 data lines are numbered from 1 to 8, while the
data lines on the S~10Q¢ system are numbered @ to 7

X as in XATN, XIFC signifies that some device other than
the P&T -488 has made the level on the line {ATN or IFC)
active true {low).

09
POC
DIy
El
EDI
D101
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P&T -488 Hardware Description

- REGISTER 3 -

This register holds the Parzllel Poll Response byte. Whatever has been output to
Register 3 will appear on the 488 data lines in response to a Parallel Poll {ATN and EOI).

- REGISTER 2 -

This register is connected to the 488 data lines through bus transceivers, The state
of the data lines can be sensed by reading Register 2, and the P&T-488 will assert on the
data lines whatever was last written into Register 2. However, if either the XATN flag
or XIFC flag in Register @ is set, the output buffers to the 488 bus are disabled which
precludes assertion of what was last written into Register 2. Remember that the 488 bus
uses negative logic so that anmy bit that is low is asserted {or logically true}). Also the 483
bus is a wire=or system, so if any piece of equipment is asserting a particular line true,
that line will be a logical true. But if a device asserts a false (high) signal, it is
overridden by any device that asserts a true. Hence the terminology of active true and
passive false. Thus if the P&T-488 is being used as a Listener all bits of Register 2
should be written high {logic faise} so that the data asserted by the Talker can be properly
read.

- REGISTER 1 -

This register allows direct setting and sensing of the 488 Contral and Management
bus lines. If the XIFC flag is set in Register @, the interface will not assert any of the
lines, regardless of what was last written into Register 1. Similarly, if XATN flag is set
in Register @, the interface will not assert any line except Not Ready Fer Data (NRFD)
angd Service Request (SRQ}. SRQ will be asserted active true {low} only if the SRQ bit
{bit D2) of Register 1 was written low. NRFD will always be asserted active true (low).
The reason that NRFD is asserted true is s0 that the System Controller will not send any
commands until the $-19¢ CPU is ready to accept them. Note that XATN has precedence
over XIFC, so an externally applied IFC followed by an externally applied ATN will cause
NRFD to be active true, SRQ to be true if the SRQ bit in Register 1 was written low,
and all other 483 lines will be passive false.

- REGISTER @ -

This is the Interrupt Status/Reset Register. Since the P&T-488 uses only one
interrupt vector, one needs to be able to determine which condition caused the interrupt.
Each bit of this register is associated with an interrupt-causing condition. By writing a
low in the corresponding bits, one can individually reset the status bits associated with
Data Valid (DAV), Not Ready For Data [(NRFD), Not Data Accepted (NDAC), External
Interface Clear (XIFC}, External Attention (XATN) and Service Request {SRQ). If Bit 1 is
set low status bit 7 will ignore any activity on the DAY line, This is useful when the
interface is used as a Talker or Controller. If Bit 1 is set high, Bits 5 and 6 will ignore
any activity on the NDAC and NRFD lines, which is useful when the interface is used as a
Listener. If Bit @ is set low, status Bits @ (POC/RESET) and 1 (REN) will be cleared and
the P&T-488 will be prevented from interrupting the S-10¢ system ({but the interrupt
status bits will continue to respond to 488 Control and Maragement line activity). If Bit ¢
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is set high the interface can interrupt the $—109 system.

1f Bit 4 {{FC} of Register 1 is asserted there is no way of determining if an external
Controller is also asserting IFC, so interrupt status bit 4 (XIFC) will ignore any activity
due te an external Controller, A similar argument is true for ATN and XATN (Bit 3 of
Registers 1 and 9. This is not a problem because the IEEE standard allows only the
System Controller to assert IFC, and only the Controiler-in-Charge may assert ATN.
The standard further specifies that there may be no more than one System Controiler and
no more than one Controiler~in=-Charge.
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P&T -4838 Functional Test
P&T-488 Functional Test

The program 438TST81 performs seven different kinds of tests on the P&T-438
interface board and its 488 cable. The first group of four are done with ne 488 device
or test plug connected to the P&T-488, The last three are made with the special test
piug cornected to the P&T -488.

The program starts by printing a message to the operator to disconnect all 488
devices from the P&T-488. The operator signifies this has been done by pressing any key
on the keyboard. After a key has been pressed the program begins its tests.

NOTE: Any time a Control C is pressed, the program is aborted and control is returned to
the monitor {operating system).

The first test checks the data register (Register 2) by outputting a byte to the 488
data lines then reading the data lines to see if their state corresponds to the byte output
to them. Each of the 2586 possible bytes is tried in turn. |If any errors occur, a
message "DATA ERROR - bits in error are ..." with the bit names is printed. If there
are no errors, no message is printed.

In a similar manner, the second test checks the command line register (Register 1).
If there are any errors, the message "COMMAND LINE ERROR — bits in error are ..." is
printed. Again, if there is no error, no message is printed.

The third test checks the Paralle] Poll Response register (Register 3) by first making
ATN and EOQO! true. Thus anything output to the Parallel Poll Response Register should
appear on the 438 data lines. [f the Command Line test failed with bits @ and/or 3 in
error, the results of this third test are meaningless. As with the first two tests, each of
the 256 possible byte values is tried and any errors are reported: this time the error
message is "PARALLEL POLL ERROR - bits in error are ...".

The fourth test checks the Interrupt Service Register [Register #). If the second
test failed, this one will probably fail alse. Errors are reported with the message
FINTERRUPT SERVICE REGISTER ERROR - bits in error are ...".

After these four tests have been made, {[they take less than a tenth of a second),
the operater is told to attach the special test plug and then press any key on the keyboard
to continue the tests. The plug connects the eight data lines to the eight 488 command
lines, so that the 488 cable can be tested for continuity, shorts or incorract wiring. It
also allows testing the response of the P&T-488 board to ATN and IFC asserted true by
an external Controller.

The fifth test checks the 488 cable and reports any bits in errer, If either the
first {data line} or second {command line} tests failed, the results of this test will be
meaningless. If the first four tests were passed withaout error, but this one shows errors,
it means either the cable and/or test plug is open, shorted, miswired or improperly
plugged. If all bits are in error, the 488 cable is either not connected to the P&T -488
interface board or the speciat test plug is net plugged into the c¢able.
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The sixth test checks the response of the P&T -488 to an IFC {Interface Clear}
presented by an external Contreller. What is really done, of course, is to use the data
port to assert a true on the IFC line through the special shorting plug, but the P&T -488
can't tell the difference between this and an extermal Controiler making IFC true. The
results are meaningful oniy if the first five tests passed with no errors.

The seventh test checks the response of the P&T-488 to an ATN {Attention)
presented by an external Controller, The technique is the same as used in the sixth test.
Again, the results are meaningful only if the first five tesis weres passed without any
errors.

After the seventh test has been completed, the message NGO ERRORS is printad if
all tests were passed witheut error. Then the message "P&T 488 functional test complets!

is printed and the program jumps back to the moniter.

WHAT TO DO IN CASE OF ERROR -
If any of the first four tests fail, check the faollowing:

1. The P&T -4388 interface board must be addressed to the same ports that the test
routine tests. The base address (lowest address of the four) used by the P&T -483
must be in location 193 Hex for CP/M systems, 3003 Hex for North Star. The
program is supplied with the base address set to 7C Hex.

2. All 488 devices must be disconnected from the P&T -488.

3. Make sure vyou are using the correct test routine. 488TST81 is to be used on
ONLY Revision 81A boards (serial number 5098 and up). 488TEST is to be used on
ONLY boards with serial numbers under 5000.

¥ any of the first four tests fail, try disconnecting the 488 cable from the
P&T -488 interface board. if they STILL fail, the P&T-488 is fauity and should be
returned to Picklas & Trout for repair or replacement. Be sure to include a printout of
the test results, If the first four tests are passed without error after the cable has been
disconnected, the cable is defective (a short between lines or a short to ground).

If no error message is printed before the "Attach test plug..." message to the
operator, the first four tests were passed without error. If the esrror message
TEXTERNAL ATN ERROR - bits In error are 2" is displayed, it is likely that you are
using the wrong test routine. 438TEST is to be used on only boards with serial numbers
under 5P0@; 488TST81 is to be used only on boards with serial numbers over 4999, USE
THE CORRECT TEST., If the error message "EXTERNAL INTERFACE CLEAR ERROR
= «sa" is printed with no error message preceding it, the P&T-488 is faulty. If the
error message "EXTERNAL ATN ERROR - ..." is printed, and either there is no other
error message or only the EXTERNAL INTERFACE CLEAR ERROR message, the P&T -488
is faulty and should be returned for repair or replacemeant.

RETURN PQLICY -
The P&T-488 interface board, its 488 coanecting cable and the special test plug are

warranted to be free of defects in materials and workmanship far 90 days from the date
of sale. If they should be found faulty within the warranty period, Pickles & Trout will
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fat iits option) repair or replace them upon receipt of the defective pieces. Repairs
necessitated by aiteration, modification or misuse of these products are not covered by
this warranty. Qut of warranty interface boards which have not been modified or
otherwise tampered with will be repaired or replaced for a flat fee. As of January,
1981, the fee is $45.00.

NOTICE - A handling fee of $45.00 will be charged for any board that is returned far
repair because the wrong test routine was used, THIS INCLUDES BOARDS STILL IN
WARRANTY.

When returning equipment to Pickles & Trout, be sure to include the following
information:

1 NAME and ADDRESS of the owner.
2 NAME and PHONE NUMBER of the person who is using the P&T-488.

3 Description of the failure and how it was found. PRINTOUT OF THE TEST
RESULTS IS REQUIRED.

4  Description of the 5-100 machine and operating system. Include manufacturer and
model name af the CPU board, system clock rate, and the name of the organization
that authored the operating system, as well as any information on systemic
modifications made to it.

For example: IMSAI 8080 with Ithaca Audio Z-80 CPU board with a system clock of 4
MHz, North Star single density 5.25" floppy disk drive and controller, Digital
Research CP/M as modified by Lifeboat Associates for North Star disks.

5 If the equipment is still in warranty, enclose a copy of the Dilt of sale. Otherwise
enclose a check for the repair and shipping and handling fees. The shipping and
handling fee is $5.00 for addresses within the contiguous US, $7.30 for Alaska and
Hawaii. There is no shipping fee for foreign addresses because the equipment will be
returned freight collect.

The repairs/replacements wili be made within five business days and the equipment returned
postage paid to US addresses, freight collect to foreign addreses.

~14_



P&T-488 Installation

INSTALLATION of the P&T -488

The P&T-488 interface card uses four contiguous 1/Q ports, and is supplied
configured to use ports 7C through 7F Hex. Be sure there is no port address conflict
with other 1/Q boards in your $5-100 system BEFORE installing the P&T -488. If it is
necessary to change the 1/0 ports that the P&T -488 uscs, refer to the chapter
entitled "Hardware Description" for instructions.

When you are satisfied that there is no [/O port address conflict between the
P&T -488 interface and other devices in your 5~100 system, turn off the power to the
$-100 system and wait at least twenty seconds (to allow sufficient time for the $-100
power supply to discharge) before installing the P&T -488 card. Attach the cable to
the back pane! of the S5-100 system using the metric hardware supplied with the cable
(this hardware mates with the standard lockscrews used on 488 cables supplied by
Hewlett-Packard, Beldon and others), and plug the cable oanto the top edge connector
of the P&T -488 interface card. MNote that the plug and edge connector are keyed.

If the /O port addresses of the board have been changed from 7C through 7F Hex,
it will be necessary to modify 4838TEST and PNT488. The fourth byte in the program
488TEST is supposed to contain the lowest address of the four that is used by the
P&T -488 interface card. |If, for example, the card has been addressed to use ports 60
through 63 Mex, you should change the value in the location BASPRT (103 Hex of
483TEST) to 60 Hex.

The programs 488TEST and PNT488 should now be loaded so they can be medified (if
necessary} and run. Programs supplied on cassette tape are recorded in Kansas City
format and may be read by the BITWIGGLER™ {see Appendix C for the source listing) or
any other cassette interface which understands the Kansas City format.

Next the P&T -488 should be tested for proper operation. Make any necessary
modifications to 488TEST (see Appendix B for detaiis) and then run the modified
program. Refer to the chapter "Functional Test" for information about the meanings of
the varicus messages.

After the test has been completed with no errors, vyou are ready to use the 438
interface. You will have to write a set of short routines to complete the integration
of the P&T -488 with your particular system. The chapters "Custom Package Routines”
and "User —Supplied Routines" define the purpose of each of the routines, and the
chapters "488 Bus Monitor" and "Sample Program” each give examples of how the
routines can be written and used.
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PAGE ROUTINE FUNCTION
NAME

CS-7 CNTRL Performs the Controller function (sends commands)

C5-8 GIM Allows direct control of the General Interface
Management lines
C5-8 INIT Clears the interface, leaves alil lines

passive false
C5-8 LISTN Performs the Listen-Only function
CS5-9 PPIDL Puts the Parallel Poll function in the ldle state
CS-9 PPQRY Performs a Paraltel poll
CS-9 PISTT Sets the "ist" (individual status) message true
CS5-10 PISTF Sets the "ist" message false
C5-11 SPIDL Purs the Service Request function in the ldle state
C5-117 SPQRY Serial Po!l query routine {performs a Serial Poll)
C5-12 SPSRQ Service Requesi routine
CS5-12 STADR Sets the talker, listener addresses

C5-13 STATE Passes information on the state of the interface
to the user

CS-15 TALK Performs the Talk-Only function

CS5-15 XCTRL Respond to an Extermal Controller

DESIGN PHILOSOPHY

This software package was written with several objectives in mind. The first is
that the routines should retieve the user of as much of the burden of dealing with
the 488 bus protocol as possible. In place of having to test and respond to the
signals on the bus the user need only set up a buffer {when appropriate) for the
commands or data to be sent or received and then call a routine. The second is that
ALL commands actually appear on the bus: there is nothing more frustrating than
trying to debug a system in which a "smart" controller sees that it is going to
address itself as a Talker, and then does so without putting the Talk address on the
bus. The third consideration is that the design be closely identifiable with the
state—space representation of bus functions. The memory locations TSTAT, LSTAT, etc.
hoid the present state of the interface functions., The fourth consideration is that
the code for the interface routines be "pure" so that it can be put into ROM (Read
Only Memory).
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The routines supplied with the P&T -483 interface board allow it to act as a
Controller, Talker or Listener, and provide the additional ability of conveniently
handling commaonly encountered situations. These include requesting service, either
by means of the SRQ (Service Request) function or the PP {Parallel Poll) function,
ceasing to request service, performing a Parallel Poll, performing a Serial Poll and
responding to an external Controlier {i.e., a Controller that is not the P&T -488
itself).

The P&T -488 interface depends heavily on the support software in order to
communicate on the 488 bus. For this reason it is necessary for the 5-100 system to
execute P&T -488 routines in order to perform 488 bus functions. This includes not
only the "assertive! functions, such as Talk and Control, but also the "responsivel
functions, which include responding to a Serial Poll, being addressed as a2 Talker or
a2 Listener by the Controller, etc. The only 488 bus function which the P&T -488
interface board can complete without any software intervention is respond to a
Parallel Paoll.

Communication between the $-100 system and the P&T -488 takes place by means of
jump tables, state tables and string buffers. The user accesses routines within the
P&T -488 software package by means of a jump table that resides within it. The user
supplies several routines which are used by the P&T-488: these routines are accessed
by means of a jump table which the user also supplies. The jump table within the
P&T -488 interface software package Is near the beginning and starts at memory
location ENTBL., The user is expected to use it and it only as the means of calling
the various P&T -488 routines. The reason the jump table should be used instead of
going directly to the P&T -488 routine is that later versions of the interface
software may change the location of the routine, while the placement of the jump to
that routine in the jump table WILL NOT change. Thus if the user uses only the jump
table, he can use subseguent versions of the interface software without changing bhis
saftware in any way.

P&T -488 Ver. 1.4 Jump Table
Organization

Rautine Entry Point
ENIT ENTBL

TALK ENTBL+3
LISTN ENTBL+6
STADR ENTBL+9
CNTRL ENTBL+12 {(decimal)
GIM ENTBL+15
STATE ENTBL+18
XCTRL ENTBL+21
SPQRY ENTBL+24
SPSRQ ENTBL+27
SPIDL ENTBL+30
PPQRY ENTBL+33
PISTT ENTBL+36
PISTF ENTBL+39
PP{DL ENTBL+42

The P&T -488 interface software needs several user supplied routines in order to
complete the integration into his system. It is expected that the user will provide
a jump tabie which points to these routines. The details of the jump table and the
operation of the routines appears in the sectioa User—-5Supplied Routines.
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Many of the P&T -488 interface routines cause the 488 interface functions to
change state. The routine STATE allows the user to quickly determine the state of
the more comemonly desired interface functions. If the user nesds additional detailed
information about the states of the various interface functions he may look at the
state tabte which is stored in memory starting at location TSTAT,

The P&T ~488 routines which allow the 5-100 system to be the 488 bus Controller
or a Talker require strings which are stored in output string buffers. The user
informs the P&T -488 routines of the location aof the buffer by setting the register
pair HL to the heginning address of the string and DE to the address of the end of
the string before calling the P&T -488 routine. This technique ailows the user
flexibility in the definition of the strings and their length. For those strings
which are needed on a recurring basis, the user may just paint to that string rather
than copying it inta an intermediate dbuffer before calling the P&T -488 routine.

One other P&T -488 interface function may require a string buffer. That function
is the 488 Listen routine. The conditions under which it needs a buffer are detailed
in the description of the routine LISTN. If a buffer is needed, the l!ocation of that
buffer is passed to the routine by the HL and DE register pairs, just as was done for
the Taik and Control functions.

Single and Doubie Byte Addresses
And How the P&T -488 Uses Them

The IEEE-488 standard defines two general ways of addressing Talkers and
Listeners. QOne way is by z single byte, and is called "single byte address" or
"mon-extended address’. In terms of function mnemonics, the Talker function is known
as the T Interfazce function, and the Listener as the L Interface function. The other
method ¢f addressing is known as "extended address" or "two byte address". The
corresponding function mnemonics are TE and LE for Extended Talker and Extended
Listener Interface functions, respectively. The P&T ~488 and this software package
are set up sa that the P&T -488 may bhe addressed either way. [If the Controller sends
the primary Listen address of the P&T-488 and follows it with a secondary address,
the secondary address is stored in the memory location LSTNS. If the primary address
was not followed by a secondary address, a dummy secondary address of 7F Hex (which
is an illegal secondary address) is stored in that iocation. The memaory location
TALKS is used in a similar manner to record the secondary address (or lack thereof)
sent by the Controller after the P&T -488's primary Talk address. The user can make
use of the optional secondary address for many different purposes. ©One example of a
use of multiple secondary addresses is the following: Assume that the S-100 system
is monitoring activity of the 488 bus and printing the results on its printer.
Assume also that there are several different print formats possible and that the wuser
wants the 488 Controller to be able to specify which format is to be used. One way
of accomplishing this goal is to assign two different Listen addresses to the
P&T -488: one for passing formatting information and the aother for passing characters
tec be printed. The two addresses must have the same primary address and so differ
anfy in the secondary address. Assume that the P&T -488 has been assigned the primary
Listen address of | {21 Hex), and the secondary address for formatting information
is b (62 Hex]}, while that for data to be printed is a (61 Hex). Whenever the
$-100 system calls the Listen function it first looks at the memory location LSTNS to
see what the secondary Listen address is. |If it finds the character b, it
interprets the string that is heard as formatting ianformation. If it finds the
character a, it prints the string, for it is data. And if it finds any other
character it means that neither of these functions has been catled for.
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This brings up a point that should be made about good practice concerning
configuration of the IEEE -488 bus. It is generaily a good rule to assign a given
primary Listen ar Talk address to only ane 438 device. This way if an address gets
garbled (the wrong secondary address sent with the proper primary address), it
becomes obvious that there is an error.

Serial Poll and Service Request
Overview

The two functions Serial Poll and Service Request are closely intertwined.
Basically, the Service Request function is wsed by a 488 device to tell the
Controller that it needs some special attention. The Serial Poll function is used by
the Controller to determine which one of the devices attached to the 488 bus is
calling for help.

All 488 devices which have the Service Request function share the single 488
line knmown as SRQ. Any one which needs special attention asserts an active true
{connects the line to groumd}. It can be seen that the SRQ line is false (high) only
when ail the devices do not need service. Since several devices share the one line,
the Controller must find which device(s) need attention befare it can service it
(them). This is done by performing a Serial Poll, which consists of first informing
all devices that a Serial Poll is going to begin {the Controller sends the Serial
Poll Enable message), addressing e¢ach device as a Talker one at a time, and listening
to its response. The response byte has a true (low) value on line DIO7 if that
device is requesting service, and that device zlso asserts a passive false (high) en
the SRQ line as it sends the response byte. [f the device is not requesting service,
line DIQ7 is false (high}. '

When the Controller has finished the Serial Poll, it informs all devices that
the function is finished by sending the SPD (Serial Poll Disable) message. This is
done so that any device which is subsequently addressed as a Tatker will speak normal
data instead of the Serial Poll response byte.

Summary of Functions
IEEE -488 Functions Implemented
The IEEE-488 standard assigns mnemonics to the allowed subsets of each interface
function, so a 488 device can be tersely but fully described by just a few words.
The following table indicates what interface functions are implemented by the P&T -488
and Ver 1.4 software, and includes a brief description of the meaning of the
mnemonics used.

AH1
Complete Acceptor Handshake capability

SH1
Complete Source Handshake capability

T5

The device can operate as a Basic Talker, respond to a Serial Poll, be placed into a
Talk Only mode of operation, and will unaddress itself as a Talker if the Controller
sends its Listen Address. This last operation means that the device will cease being
an addressed Taiker when the Controller commands it to be a Listener.
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TES '

The device can operate as a Basic Extended Talker, respond to a Serial Poll, be
placed into a Talk Only mode of operation, and will unaddress itself as a Talker if
the Controller sends its Listen Address. This last operation means that the device

will cease being an addressed Talker when the Controiler commands it to be a
Listener.
L3

The device c¢an operate as a Basic Listener, ¢an be placed into a Listen Only mode of
operation, and will unaddress itself as a Listener if the Controller sends its Talk
Address. This Jast operation means that the device will cease being an addressed
Listener when the Controller commands it to be a Talker.

LE3

The device can operate as a Basic Extended Listener, can be placed into a Listen Only
mode of operation, and will vnaddress itself as a Listener if the Controller sends

its Talk Address. This last operation means that the device will cease being an
addressed Listener when the Controller commands it to be a Taiker.

SR
The device has complete Service Request capability.

RLO
The device has no Remote~-Local function capability.

PP1

The device has compiete Paralie! Pegll response capability. This means that the
Paralle! Poll function can be configured by the Controller {which in turn means that

the Controller can assign a specific Parallel Poll response message to the device).

PP2

The device is not capable of being configured (assigmed a Paraliel Poll response
message] by the Controiler. The response is assigned by the local message Ipe,
which in this case is done by the S-100 system.

The user should note that the PP1 and PP2 functions are mutually exclusive. The
P&T -488 and its asscciated software package have been constructed so that the user
could pick whichever function is most suited to his needs. But for proper operation
of the 438 bus, it is imperative that he use only one of the two functions in any
particutar bus configuratjon.

oCi
The device has compiete Device Clear capability.

DT1
The device has complete Device Trigger capability.

C1
The device can operate as the System Controller.

c2
The device can send IFC and take charge of the 488 bus,

C3
The device can send the REN (Remote Enable} message.
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c4
The device can respond to the SRQ (Service Request) message.

C25

The device can send IF messages (e.g., Listen and Talk addresses, etc.), can perform
a Paraliel Poil and can Take Control Synchronously. However, the device can not pass
or receive control to or from another Controller.,

The user should be aware of the fact that these are capabilities offered by
the P&T -488 and that he does not have to use all of them. Indeed, some are
mutually contradictory so he must not use both. The mutually exclusive capabilities
offered are the TS5/TES5 pair, the L3/LE3 pair and the PP1/PP2 pair. It is the user's
obligation to pick at most only one fumnction capability out of each of these pairs.,
It is allowable for the user to pick neither, but it is not allowable for the user
to pick both,

CNTRL
Become the Controiler

This routine is used to perform the various Controller functions, such as
addressing Listeners, Talkers, sending Remote Enable, etc. It is important that this
routine be cailed only when the user is sure that the DAV line is passive high,
{i.e., take Control synchronously); otherwise there is the possibility of the current
Talker peing interrupted by the Controller while it is in the middle of transferring
a byte of data. This could result in a spurious command being sent over the 488 bus
and may destroy the data byte as well. |In those cases where the P&T -488 is not
participating in data transfer on the 488 bus but it is necessary for it to became
the Controller from time to time, one can use the non-buffered Listener function
provided by the routine LISTN to insure that the P&T -488 will take control
synchropously. Note that the routines TALK and LISTN either return to the user's
calling routine or call his routine BREAK at a point in the handshake c¢ycle where a
call to CNTRL will result in a synchronous assumption of the Controller function by
the P&T -483.

The register pair HL must contain the address of the first character of the
command string to be sent, DE contains the address of the last character of the
string, and BC contains the address of the beginning of the user-supplied jump table.
CNTRL calls the user routine BREAK after each character in the string has been sent
{this allows the user to interrupt or defer further commands while other devices on
the 5$-100C system are being serviced). If a Service Request [SRQ} is detected from
some 488 device, a call is made to the user-supplied routine SVCRQ,

When CNTRL has finished sending the string of commands, it returns to the user's
calling routine with the address of the last character sent in register pair HL, and
the 488 lines ATN and DAV are left passive false. (Thus the P&T-488 has relinquished
control of the bus.} If the P&T-488 has been selected as a Listener or is to perfarm
Listen Handshake, the 488 line NRFD is left active true. This prevents the Talker
from saying anything until the S-100 system has started execution of the routine
LISTN. Finally, the Controiler is left in STANDBY (CSBS in IEEE 488 notation). Thus
the P&T-488 is assumed by the other programs to be the Controller~in-Charge until
CSTAT (a memory location} is set to the Controller Idle State (CIDS) either directly
by the user, or by the user executing the routine INIT.
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GIM
General Interface Management

This routine allows the user to directly control several of the General
Interface Management lines. A call to GIM is made with the appropriate bit pattern
in the A register. '

D7 D6 D5 o4 o3 D2 D1 0o
X X X IFC X SRQ REN EOI

If a bit is high (positive logic 1), the corresponding line is made active true.
Those bits marked by an X are disregarded. For example, if it is desired to make EOI
active true, and IFC, SRQ and REN passive false, one would call GIM with 01 Hex in
the A register. ({Because of the disregarded bits, the A register coutd contain 09
Hex, 21 Hex, etc. without changing the result.) GIM returns to the calling routine
with all registers restored except the accumulater and flags.

NIT
Initialize Interface

A call to INIT clears the P&T -488 by setting all data and control lines passive
false, sets the Parallel Poll Response ta all tines passive false, and sets all
functions (Talker, Controller, Listener, et¢) to their idle states. |If the B
register is zero when INIT is calted, an IFC (Interface Clear) pulse is also sent on
the 488 bus to initialize all devices to a known state. Note that only the
Controller is allowed to send the IFC message, so the user shouid set register B
non-zero if the P&T -488 is not the Controiler.

LISTN
Listen-Only

This routine performs the Listen function, which allows another device on the
488 bus to send information to the S-100 computer. The infarmation can be in any
byte-oriented form: it may be ASCIl characters with or without parity, it may be BCD
values, binary values, et¢.

The accumulator {A register) determines which of four mades is selected: if Bit
O of A is O no buffer is used and the user must get the byte of data by looking at
the A register each time BREAK is called. |If the Bit O is 1 when LISTN is called,
the data is put into a buffer as well as appearing in the A register each time BREAK
is called. Bit 1 of the A register determines whether the Listen function will
terminate on a End Of String (EOS) byte. [If Bit 1 is 1, then an EOS will cause
LISTN to return to the calling program. The routine BREAK is called as each byte of
data is received, which allows the user to interrupt or defer further 488
transactions while he performs some other operation, or allows him to check each byte
for special information.

The register pair HL must contain the address of the beginning of the listen
buffer, and DE contain the address of the end of the buffer. Note that HL and DE

need to be defined oniy if a buffer is used. The register pair BC contains the
address of the beginning of the user—supplied jump table.

A jump is made to the user-supplied routine BUFUL when the buffer is filled, so
the user can then transfer or otherwise manipulate the data and clear the buffer.
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When the buffer is emptied, a call te LISTN will continue the transfer of data.
LISTN returns to the cailing routine when it senses EOQI {Ead Or Identify) true.

The SRQ ({Service Request) line is tested before each byte is received, and if it
is active true, the routine determines whether the P&T -488 is the Controller-In-
Charge. If it is, then a call is made to the user—supplied routine SVCRQ. After the
wser has serviced the Service Request, he need only execute 2 RETurn to continue
listening from where LISTN left off.

This routine implements the Listen Only (lon) function described in the JEEE -488
standard. Thus execution of this routine sets the Listen State byte to Listener

Addressed. Execution of this routine also resets the Talk State byte to the Ildle
(TIDS) State.

If the user wishes instead to implement the Addressed Listen function described
in the IEEE ~488 standard {i.e., the transition from LIDS to LADS should occur only if
the Controller has addressed the P&T ~488 as a Listener), he should call the routine
STATE and then call LISTN only if the Listen State byte shows that the P&T -488 is
addressed to Listen.

The non-buffered Listen function can be used for those cases where the P&T -488
is not the Talker or Listener but is expected to assume Control from time to time.
The technique is :~ use the LISTN routine but ignore the data. Each time BREAK is
called is a time that the P&T -488 can assume Controller status without garbling a
data byte. So each time BREAK is called the 5-100 system detarmines whether it needs
to become the 488 Contreller: if so, it does so then, but if not it merely RETurns to
the calling routine. Nate that the routine BREAK is called AFTER each data byte has
been communicated; this technique will lock up the 5-100 systerm until the Talker says
something. If it turns out that there is no Talker or the Talker never speaks, there
is no way for the 5-100 system to regain control.

PPIDL
Parallel Poll ldle

This routine puts the Parallel Poll response function in the Idle state. Thus,
whenever the Controller performs a Parallel Poll, the P&T —-488 will give a
non~affirmative response, regardless of the state of the "ist" (individual status)
message and the Sense bit of the most recent PPE (Paraliel Poll Enable) message
received by the P&T -488.

PPQRY
Parallel Poll

This routine causes the P&T -488 to conduct a Paraliel Poll. The response to
the Parallel Poll is returned in the accumuiator and also in the memory Jocation
LBYTE. Note that the I[EEE -488 standard specifies that only the Controller is aliowed

to conduct a Parallel Poll; it is up te the user to refrain from using this routine
unless the P&T -488 is the 488 Controller,

PISTT
Paraliel Pofl - ist True

This routine sets the "ist" (individual status) message in the P&T -488 true. If
the sense bit of the most recent PPE {Paraliel Poll Enable) message received by the
P&T -488 is the same as the value of the "ist" message, (in this case, true), the
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affirmative response byte is. put into the Parallel Poli response register of the
P&T -488. Otherwise, the non-affirmative response byte is put into the Paraile!l Poll
response register. What all this means is that when the 488 Controller conducts a
Parallel Poll, the P&T -488 will respond affirmatively if the sense bit of the PPE
message was true, non-affirmatively if the sense bit of the PPL message was false.
This routine alse places the Parallel Poll function in the Standby (PPS5S) state.
Nate that the Parallel Poll response will change if the routines PISTF or PPIDL are
called or if the 488 Controller sends another PPE to the P&T -488.

PISTF
Parallel Poll - ist False

This routine is the same as PISTT except that it sets the "ist" message false.
Thus if the sense bit of the most recent PPE message received by the P&T ~488 is
FALSE, the AFFIRMATIVE response is put into the Paralle! Poll Response register.
Otherwise the NON-AFFIRMATIVE response is put there. Note that this is just the
opposite of what happens when the routine PISTT is cailed. Execution of this routine
places the Parallel Poll function in the Standby (PPSS) state.

Additional Comments
Parallel Pall - How to use it

There are several ways in which the Parailel Po!l response function may be
programmed using the P&T -438 and this interface software package. One way is for the
488 Controller (which may or may not be the P&T ~488 itself) to address the P&T -488 as
a Listener, send the PPC (Parallel Poll Configure} message, then send the PPE
(Parailel Poll Enabie) message. This will put the Paraliei Poll function of the
P&T ~488 into the Standby (PP5S) state and aiso define which one of the eight 488 data
lines will be used by the P&T -483 when the Cantroller performs a Paralle! Paoll.
Another method is to put the PPE byte into the memory location reserved for the
Parailel Poll response byte, This can be done by defining a2 five byte string
consisting of the P&T -488's Primary Talk address, Primary Listen address, Serial Poll
Response byte, Parallel Poll response byte (the desired PPE message), and the EOS
(End Of String) byte, then calling the routine STADR. This method defines the
response byte, but the Parallel Poll response function of the P&T -488 still needs to
be enabled (put into the Standby state). Do do this, a call can be made to the
routine PISTT or PISTF. PISTT will make the f%ist" message true, while PISTF wil}
make it false. Since an affirmative Parallel Poll response is given only if the
"ijst" and sense bit of the PPE have the same logical value, one would call PISTT if
he wanted the P&T -488 to respond affirmatively to a Parallel Poll and the PPE message
was the character h, i, j, k, [, n or o.

By the use of the routines PISTT and PISTF one can readily cause the P&T -488 to
give either a mon-affirmative or an affirmative Parallel Poll response. One use of
this ability wouwld be to define an affirmative response as meaning that the $-100
system wants the Controller to perform some special function (which couid be
something as simple as to alert the operatar that the printer is out of paper), and a
non-affirmative response means that the Controfler is ta continue with normali
operation. For the sake of a2 concrete example, assume that the P&T -488's Listen
address is the character ! {21 Hex). Assume aiso that the Controller has sent the
string ?1<PPC>h? where the characters <PPC> mean that the PPC message (05 Hex) was
sent, not that the five characters <, P, P, C and » were sent., Thus the sense hit
of the PPE is true, and the P&T -488 is assigned to use data line DIO1 for its
Paraliel Poll response. MNow assume that the S-100 system is listening to
transactions on the 488 bus {via the Listen function of the P&T -488) and printing
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each character on a printer as it is heard. Whenever the printer's status indicates
that it is out of paper, the routine PISTT shouid be called, for it will set the
Mist! message true and ca2use the P&T =488 to respoad affirmatively to a Parallel Poll.
When the printer has been serviced, the routine PISTF should be called so that the
P&T -488's response to a Parallel Poll will be non-affirmative.

One thing that the user should be aware of is that all Listeners which are in
the addressed state will be assigned the same Parallel Poll response byte when the
Controller sends the string <PPC><PPE>. This can give rise to utter confusion when a
Parallel Poll is actually executed, so it is wise to have the Contreoller explicitely
unaddress all Listeners (with the Uniisten command, which is the character 2),
address the Listener that is to have its Parallel Poll response byte configured, then
send the PPC and PPE message, followed by another Unlisten.

The P&T -488 along with this software package implements the full Paralliel Poll
{PP1) function as defined by the IEEE -488 standard. As such, the function may be put
back into its Idle state {PPIS) by the Controller addressing the P&T -488 as a
Listener and sending the PPC character foliowed by the PPD character, or by the
Controller sending the PPU (Parallel Poll Unconfigure) message, or by cailing the
routine PPIDL, which implements the "local poll not enabled" message defined in the
standard.

SPIDL
Service Request idle

This routine resets the Service Request function to the ldle state. As a
¢onsequence, it also insures that the P&T -488 is passively asserting SRQ false and
that the 3erial Poll response byte is non-affirmative. Thus execution of this
routine is equivalent to the S-100 system making the local message rsv {request
service) false. This routine is the complement of the routine SPSRQ, which makes the
local message rsv true.

SPQRY
Serial Poll Query

This routine is called when the user wishes to determine (by means of Serial
Poll) which device is requesting service. The Talker addresses in the buffer are
sent out one by one and the response monitored to find which oae is requesting
service. The routine returns when the appropriate device is found or when the buffer
with the Talker addresses is emptied.

The register pair HL must contain the address of the first byte of the Serial
Poil Query buffer, DE must contain the address of the end of the buffer, and BC the
first address of the user-supplied jump table. The Serial Poll Query buffer must
contain a2 character string made up of the Talk or Talk Extended addresses {in any
order) of the devices to be tested for Service Request.

This routine causes the Controller function of the P&T -488 to enter the Active
state, issue a UNL (Unlisten) message so thar devices that had been addressed to
Listen will not hear the Serial Poll response bytes sent by each Talker, then issue a
SPE (Serial Poll Enable) message, and then send each Talk address in turn. As a
precaution against the peossibility of a device not unaddressing itself as a Talker
whenever another Talk address is sent over the 488 bus, each Talk address is
preceeded by a UNT (Untalk) command. When a Talker responds affirmatively to the
Pall or when there are no more Talker addresses left in the buffer, this routine
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issues a SPD {Serial Pali Disable) message and then returns to the calling praogram.

To allaw for the possibility of addressing both narmal {single address byte) and
extended address {two address bytes) Talkers [otherwise known as T and TE Talkers),
this routine sends the first address and then leoks to see if 3z secondary address is
to be sent alsa. |If not, it listens for the Talker's response. If there is a
secondary address to be sent, it sends it then listens to the Talker's response.

If a Talker responded affirmatively to the Serial Poll, the routine returns to
the ¢zlling program with 00 Hex in the accumulator, the Serial Poll response byte in
register B, and the register pair ML points to the buffer location that contains the
Primary Address of that Talker. If ne Talker responds affirmatively, the A register
contains 40 Hex, register B contains the responss of the last Talker, and HL points
te the memory location holding the address of that fast Tatker.

Note that the I[EEE -488 standard allows only the Controller to perform a Serial
Poli. It is up to the user to insure that this routine is cailled by his programs only
when the P&T -488 is the 438 Controller. Another point the user should be aware of is
that this routine does not check for valid Talk addresses, It is the user's
responsibility to put omly valid Talk addresses in the buffer. Since the P&T -488
must wait for the addressed Talker to respond to the Serial Poll, if 2 non-existant
Talk address is in the buffer, the P&T -438 will wait forever for the non-existant
Talker to speak its Serial Poll response byte.

SPSRQ
Service Request

A call to this routine causes the P&T-488 to make the SRQ (Service Request) line
active true and puts the Service Request function of the P&T -483 into the Service
Request (SRQS) state. Thus execution of this routine is equivalent to the 5-100
system making the local message rsv [request service} true. This routine then
tests the Controller State of the interface, |If it is Not Idle, a jump is made to
the user-supplied routine SVYCRQ. Qtherwise the routine waits until the Talker
address of the interface is sent out and responds properly te the Serial Poll
performed by an external controlier. After it has responded, the routine returns to
the calling program. The register pair 8C must contain the base address of the
user—supplied jump table befare this routine is called.

If the P&T -488 Controiler state is |dle, the P&7T -488 ignores all data
cammunication on the 483 bus untii it has been polied by the Controller. Thus if the
P&T ~-488 had been a Listener, it will miss everything the Talker says between the time
SPSRQ was called and a Serial Poll is conducted by the Controller.

STADR
Set Talker, Listener addresses

This routine copies the Talker and Listener addresses, Parallel Poll and Sertal
Poll Response bytes and the End OFf Strimg (EQOS) byte frem a table to the P&T -488
interface routines. The register pair HL must contain the address of the heginning
of this table. Note that the Parallel Poll response byte is not copied inta the
interface Parallel Poil Response register. The Paraliel Poll Response byte is
interpreted in the saime manner as the PPE/PPD (Paralle! Poll Enable/Paralliel Poll

Disable) messages reczived from the Controller during a Paraltel Poll Configure.
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STATE
Show the state of the P&T -488

This routine passes abbreviated state information to the user in the A register
and sets HL to the beginning of the State table. Thus the user can determine the
states of the various interface functions if the abbreviated information returned in
the A register is insufficient.

The states of various interface functions are mapped into the fellowing bit
positions of the A register:

cens 200 Both Talk and Listen functions are idle
srae .01 TiD5- (Not Talker ldle 5tate)

cene .a10 LIDS- (Not Listeper Jldle State)
PP + PPIS (Paratlel Poll Idle State)
eeoe 1. PPSS (Paratlel Poll Standby State)
e 0L. LOCS (Local State}

PR + I LWLS fLocal With Lockout State)
veel O REMS (Remote State)

eeedl Ta.. RWLS (Remote With Lockout State)
O s CIDS (Controller Idle State)

sTan vnas CIDS- (Not Controller idle State)

Example: If the Controller State is Not Idle, the Remote-Local 5State is LOCAL,
Parallel poll is Idle and Talker Not Idle, the A register would contain 41 Hex.

The state tabfe itself is comprised of six bytes, each one of which is
associated with one 488 interface function. The actual state of the function is
represented by the bit pattern of its associated state byte. Some states have the
same bit pattern and are distinguished oaly by what routine is being executed. For
example, if you leok at the encoding for the Talk states you will find that TADS,
TACS and SPAS are ail represented by the same bit pattern. However, the P&T -488
interface software can distinguish among them by the fact that if it is not running
either the Talk routine or the Serial Poll response routine, the state is TADS. If
it is ruaning the Talk routine, the state is TACS, and if it is running the Seria
Poll response routine, the state is SPAS. The user does not need to concern himself
with which one of the three states the Talk function is in because he enly needs to
know whether the Talk function has been addressed by a Controller, and he will make
the ingquiry at a time when neither the Talk nor the Serial Poll response routines are
being executed.

State Table
TSTAT Talk Interface Function State byte

“e e +2+0 TIDS Talk 1dle State

PR | TADS Talk Addressed State

. e eeol TACS Talk Active State

e veal SPAS Serial Pall Active State
P R 1 I SPIS Serial Pol] 1dle State

e R P SPMS  Serial Poll Mode State

“ea s Gs v TPIS Tatk Primary ldle State

s 1... TPAS Talk Primary Addressed State
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Custom Package Routines
Function State byte

Listen Ildle State

Listen Addressed State

Listen Active State

Listen Primary Ildle State
Listen Primary Addressed State
non=-buffered Listen function
buffered Listen function

do nmot return from Listen routine
upon receipt of EOS message
return from Listen routine upon
receipt of EOS message

interface Function State byte

Negative Poll Response State
Service Request State
Affirmative Poll Response State

Interface Function State byte

function is noet implemented, but these
will

LOCS
LWLS
REMS
RWLS

be used when it is.)

Local State
Local With Lockout State
Remote State
Remote With Lockout State

Interface Function State byte

PPIS

PPSS
PPAS

.6

PUCS
PACS

Parallel Pol!l Idle State

Paraltel Poll Standby State

Parallel Poll Active State

ist (individuatl status) message is false
ist message §i5 true

Paraile! Pol! Unaddressed to Configure
Parallel Polt Addressed to Configure

nterfacte Function State byte

CtDs
CADS
CTRS
CACS
CPWS
CPPS
CAWS

€S58S
CSWS
CSNS
CSRS

SNAS
SACS

Controller Idle State

Controller Addressed State

Controller Transfer State [(not yet implemented)
Controller Active State

Controlier Parzllel Poll Wait State
Controller Parallet Pol! State
Controiler Active Wait State
Controller Standby State

Contrelier Synchronous Wait State
Controller Service Not Requested State
Contraolier Service Requested State
System Control Not Active State

System Contro! Active State

C5-14



P&T-4838 Custom Package Routines

TALK
Talk -Oniy

This routine allows th'e user to send data from the 5-1030 system to other
devices on the 488 bus. The data may be in any byte oriented form: ASCH characters
(with or without parity), BCD, binary, etc. The information is put into a buffer in
memory before the routine is called.

The register pair HL must contain the address of the beginning of the buffer,
DE must contain the address of the end, and BC the address of the beginning of the
user-supplied jump table. If the accumulator (A register) contents are non-zero, the
last byte in the buffer will be sent with EOI! {End Or Identify) active true,
otherwise the last byte will be sent with EOIl passive false. All other bytes of the
string are sent with EQI passive false.

A call is made to the user-supplied routine BREAK after each byte is sent,
which allows the user (o interrupt or defer further 488 bus transactions while he
executes some other routine. To continue the Talk function, he need only execute a
RETurn. All registers may be changed between the time BREAK was entered and the
RETurn to the Talker routine was executed.

The SRQ (Service Request) line is checked after each byte is transmitted, and
if it is active true, the routine determines whether the P&T -488 is the
Controller ~In-Charge. ([Actually, CSTAT is tested to see if the Controller function is
in the non-ldie state.) I[f it is the Controller-in-Charge, then a call is made to
the user—supplied routine SVCRQ. After the user has serviced the Service Request, he
need only execute a RETurn to cantinue talking from where the routine [eft off.

This routine implements the Talk Only (ton) function described in the IEEE-488
standard. Thus execution of this routine sets the Talk State byte to Talker
Addressed. Execution of this routine also resets the Listen State byte to the Idle
(LIDS) State.

[¥f the user wishes instead to implement the Addressed Talker function described
in the IEEE -488 standard, (i.e., the transition from TIDS to TADS should occur onty
if the Controller has addressed the P&T -483 as a Talker), he should call the routine
STATE and then call TALK only if the Talk State byte shows that the P&T -488 is
addressed to Talk.

XCTRL
Respond to External Controller

Each command presented by an external Controller {some device other than the
P&T -488) is examined in turn and the states of the various interface functions are
modified as necessary. A return is made to the calling program when the external
Controller relinquishes the bus (asserts ATN passive false). An exception is made
when the extermal Controller is conducting a Serial Poll; in this c¢ase the routine
responds appropriately to the poll and returns to the calling program after the poll
is concluded (a Serial Poll Disable command has been received foilowed by ATN going
passive false).

This routine is to be called oniy upon ATN being made active true {low) by an

external Controller. Load the register pair BC with the base address of the
user—supplied jump table before calling XCTRL.
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Since the states of the interfagce functions may have changed (due to commands
from the external Controller), it may not be appropriate to return to the routine
that was interrupted by the external Controlier.
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PAGE ROUTINE FUNCT ION
NAME

CS~-17 BREAK Allows S-100 operations during buffered
488 communication

CS5-18 BUFUL Fixup for Listen Buffer full

CS~18 DVCLR Application dependent, A Device Clear {DCL)
was detected

CS~-18 IFCLR Re-initialize due to 488 Interface Clear (IFC)

C5-18 NOLSN No listeners an 488 bus - ERROR
CS-18 POC Re-initialize due ta S=100 Power-0On Clear or Reset

£5-18 SYCRQ The 488 Service Request line is active true
Find the device and service it

€C5-19 TRIGR Start whatever function that was waiting for
Group Execute Trigger (GET)

CS5=-19 XATN Some other device made the 488 ATN line truse

The P&T-4388 interface software uses a jump table to access the user-supplied
routines. [t is the user's responsibility to provide the jump table, and it must have
the form shown below. The user must set the register pair BC to the address of the
first entry of the user jump table before calling routines supplied in the P&T -488
sofware package.

User —~Supplied Jump Table
Organization

IMP TRIGR
Imp DVCLR
|me BUF UL
JMP [FCLR
JMP BREAK
|MP NOLSN
JMP SVCRQ
I MP POC

IMP XATN

BREAK

After each data byte or command is transferred on the 488 bus, a call is made
te BREAK. The accumulator (A register) contains the byte last communicated, and the
register pair HL points to the buffer location of the last byte sent or received.
This routine allows the user to interrupt or defer wuntil fater any further 488
transactions, so that he may perform other operations. Examples include polling the
keyboard for operator input, performing a background print routine, etc. It also
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gives the wser the opportunity to regain control of the 5-100 system short of
pushing RESET or turning off the power.

The BREAK routine is also useful for those cases in which the Talker does not
make EOI true on the last byte; since the routine LISTN does not return to the user's
calling routine until it sees an EOQI {or optionally an EOS), one can see there is a
fundamental problem. However, since a call is made to BREAX after each byte, the
user can test each byte and determine if it is the end of transmission.

The only register that needs to be preserved is the Stack Pointer (SP).
Transactions on the 488 bus may be resumed by executing 2 RETurn.

BUFUL
Listen Buffer Full

A jump is made to this routine when the Listen buffer is filleds The user
should empty or redefine the buffer, then continue Listening by reinitializing all
registers (A, BC, DE and HL)} and caiting LISTN.

DVCLR
Detected a Device Clear

A jump is executed to this routine whenever the Controller sends a Device Clear
command. The user should perform whatever function Device Clear means in his system.
(The proper response is device dependent.)

IFCLR
Detected an Interface Clear

A jump is made to this routine whenever an external Controller sends an
Interface Clear {IFC) command. The P&T -488 must be re-intialized (for example, use
INIT followed by STADR).

NOLSN
Nobody's Listening

A jump is made to this routine whenever the P&T -488 was to have said something
as a Talker but found that no one was Listening. This is an error condition: correct
it, reinitiatize the registers and then call TALK again. (The only time that Not
Ready For Data [NRFD} and Nat Data Accepted (NDAC) can both be false at the same time
is if there are no Listeners. It is this condition that causes a2 jump to NOLSN.)

POC
S~100 Power—0On Clear or Reset

A jump is made to this routine whenever the P&T -488 interface senses an 5-100
Reset or Power—On Clear. It will have to be re—~initialized {use INIT followed by
STADR).

SVCRQ
488 Service Request

This routine is CAlLLed whenever the 488 Service Request {SRQ) line is true and
the P&T -488 is the Controller-In~Charge. Find the device {(by using SPQRY), service
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it, then execute a RETurn to resume 488 transactions. The only register that needs
to be preserved is the Stack Pointer.

TRIGR
488 Group Execute Trigger

This routine is CALLed whenever the Group Execute Trigger (GET) command is
received. Start whatever function was waiting for the trigger, then RETurn to resume
488 transactions. The only register that needs to be preserved is the Stack Painter.

XATN
An External Controller wants Control

This routine is CALLed whenever some other device on the 438 bus has made ATN
active true (fow}), Caill STATE to get the present Talker, Listener, et¢c. state
information. Save this information, put the base address of the user—supplied jump
table in register pair BC and call XCTRL. Then call STATE again to find out if the
external Controller has changed the states of the Talk, Listen, etc. functions. I[f
not, just execute a RETurn to resume 488 transactions from where they were
interrupted by the external Controlier. If the states are changed, perform whatever
function the external Controller has commanded.
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488 Bus Monitor
Description

This program shows all data and all commands sent over the IEEE -488 bus. Common
noen-printing characters {space, horizontal tab, carriage return and line feed) are
shown as a message enclosed in angle brackets, As an example, "<HT>" is printed on
the console printer each time a horizontal tab is detected.

The program begins by placing dummy Listen and Talk addresses in the interface.
The parity bit is set {logic 1), so there is no way that the 488 interface can be
addressed as either a Listener or a Talker by the Controiler. (The parity bit of
each address sent by the Controller is set to zero before comparing it to the
interface Listen and Talk addresses.)

After the addresses are set up, the interface is cleared by a call to the
routine INIT, Note that the B register is non-zero because we do not want to sead an
IFC (interface clear) signal over the bus. Only the System Controller is allowed to
send IFC, and we are not he.

Then the interface is set to the Controller Standby state (at statement label
RS5T2) which causes the 488 routines to assume that we are the Contreller-in-Charge.
We are not, but this is done so that the Listen routine will branch to the
user-supplied routine SREQ each time a Service Request {SRQ] is detected. Otherwise
there is no easy way of making this program print a special message each time a
Service Request is pending.

Finally the Stack Pointer is reset, register pair BC is set pointing to the jump
table of user-supplied routines, and the Listen routine is called. No buffer is used
and the End-of-Siring {EOQS5) byte is ignored. The Listen routine will return each
time it receives an END byte (a2 data byte with the EQI line active true). A special
message is printed on the system console to show that an END byte was received and
then the program is restarted.

The user-supplied routine BRK is called each time a byte of data or command
appears on the 488 bus., All printing characters are sent to the conscle printer as
is and a RETurn is made to the calling routine. The non~-printing ¢haracters space
{20 Hex), Horizontal Tab (9) znd Line Feed (OA Hex) are replaced with the messages
<SPACE>, <HT> and <LF> respectively. The non-printing character Carriage Return (0D
Hex) causes the message <CR> to be printed followed by a carriage return and 2 fline
feed.

The user—-supplied routine XTN prints a message to show that a Controlier is
active (ATN active true) and then calls the routine XCTRL to listen to the commands
sent by the Controller. Each byte sent by the Controller is placed in lecation LBYTE
and a branch is made te the routine BRK,

Speciat Cases:

Each time the Contreller becomes active (asserts ATN active true), a carriage
return-line feed is sent to the console device, followed by the string "COMMAND:",
fellowed by another carriage return—line feed pair, Sitmilarly, each time the
Controiler becomes inactive (ATN is false), a carriage return, line feed, the string
"DATA:", carriage return and a line feed is sent to the console. All characters
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printed after "COMMAND:" and before "DATA:" are sent by the Controller, and are

instructions to the various 488 devices (for example, "?" means Unlisten, which means
that no device shouid be a Listener when the Controller relinquishes the bus).

All characters which are printed after "DATA:* and before "COMMAND:" are data

{otherwise known as device—dependent messages). They may be readings from a DVM
which has been commanded to be a Talker, etc.

488 BUS MONITCR PROGRAM

All activity on the 488 bus is shown by messages printed
on the consocle printer.

mp wE WE mg wE ma

ORG AB 730H
CSTAT EQU BAOAH ;controller state byte
ENTBL EQU 8924H ;memory addr of beginning of P&T-488
;  Jjump table
INIT EQU ENTSBL
LISTN EQU ENTBL+6
XCTRL EQU ENTBL+15H
STADR EQU ENTBL+%14H
MNITR EQU AAAAH ;system moniter entry address
PRT EQU AD10sH ;console print routine entry address

It is assumed that the routine PRT prints the character
held in the A register, then returns to the calling
routine. All registers (except the flags) are assumed
to be unmodified by PRT.

"
¥
-
f
=
i
-
r
-
¢
I

TART: LXI SP,STAK :initialize the stack pointer
LXI H,DUMAD ;set up dummy listen, talk addresses
CALL STADR

RSTRT: MVI B,2 ;clear 488 interface, but do not send IFC
CALL INIT

RST2: MVI A,6 ;set CSTAT to standby (thus fcoling the

:other routines into jumping to SVCRQ

STA CSTAT ;upon detection of a service raquest)
LXI SP,STAK ;initialize stack pointer
LXI 8,JTBL ;set up peinters
MVI a,9 ;non=-buffered listener, ignore EOS byte
CALL LISTN
LXI B,ENDMS ;show that an <END> message has been
CALL MSG ; received
JMP RET2

H USER-SUPPLIED JUMP TABLE
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i
JTBL: JMP TRGR

JMP DVCL
JMP BFL
JMP ICLR
JMP BRK
JM P NLS
JMP SREQ
JMP POCRST
JMPp XTHN
!
TRGR: LXI B, T™MS ;print trigger message
CALL MSGCR
RET
L4
DVCL: LXI B,DVMS ;print device clear message
CALL MSGCR
RET
BFL: LXI B,BMS ;we should never get this message
CALL MSGCR ;but if we do, print it snd go to monitor
JMP MNITR
!
ICLR: LXI B,IFMS ;print interface c¢lear message
CALL MSGCR
JMP RSTRT srestart (initialize 488 interface)
r
: LOOK AT THE LAST COMMUNITCATED CHARACTER
’
BRK Cp1 @DH :<CR>?
JZ CRMSG ;. .Print <CR> message
CPI 3AH ; <LF>?
JZ LFMSG ;..print <LF> message
CPI 9 ; <HORIZONTAL TAB>?
JZ HTMSG ;..print <HT> message
CPI 28H : <SPACE>?
JZ SBEMSG ;..print <SPACE> message
CALL PRT ;print char
RET
CRMSG: PUSH A ;save character for later
LXI B,CRMS ;print <CR> message
CALL MSG
POP A
CALL PRT sthen do the carriage return
MVI A,0AH ;finish with a line fe=d
CALL PRT
RET
!
LEFMSG: LXT B,LFMS iprint <LF> message
CALL MSG
RET
HTMSG: LXI B,HTMS ;print <HT> message

CALL MSG
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SPMSG:

*
NLS:
SREQ:

POCRST:

h
XTN:

MSGCR:

-
r
-
’
-
r
-
r
-
I

UMAD:

TMS
DVMS:
BMS:

RET

LXI
CALL
RET

LXI
CALL

JMP

LXI
CALL
RET

LXT
CALL
JMP

LXI
CALL
LXI
CALL

LAI
CALL
JMP

LDAX
CALL
ANI
INX
JZ
RET

CALL
MVI
CALL
MVI
CALL
RET

DUMMY LISTEN,

488 Bus Monitecr Program

B,SPMS ;print <SPACE> message
MSG

B,NLMS ;we should never reach this point

MSGCR ;but if we de, print message and
: go to the monitor

MNITR

B,SROMS ;print service request message

MSGCR
;let the controller-in-charge take care
; of the service request

B,POCMS ;print S-100 rsset message
MSGCR
RSTRT sre—-initialize the 488 interface

B,XTNMS ;print external ATN message

MSGCR

B,JTBL .

XCTRL ;listen to the commands and update
; state of interface

B,DATMS ;print data message

MSGCR

RST2 :go back to listen-only function
B

PRT ;print message

8@H ;jsee if parity set

B

MSG ;..no0, so print some more

MSG ;print the message, terminate with CRLF
A, ODH ;joutput a carriage return

PRT

A,0AH ;then a line feed

PRT

TALK ADDRESSES-

The parity bit is set, preventing the 488 interface
from ever recognizing a talk or listen address

DB
DB
DB
DB
DB
DB
DB
DB

A LH ;dummy listen address

ACPH ;dummy talk address

AFFH ;parallel poll response byte (no response)
gFFH ;serial poll response byte (ne response)
gAH ;EOS CHARACTER (IGNORED IN THIS PROGRAM)

'DEVICE TRIGGE', @D2zH
'DEVICE CLEA', ADZH
'LISTEN BUFFER FUL', @CCH
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IFMS:
NLMS:
SROMS:
POCME:
XTNMS:
ENDMS :
CRMS:
LFMS:
HTMS :
SPMS:
DATMS ;

¥

STAK:

¥

DB
DB
DB
DB
DB
DB
e
DB
DB
CB
DB

DS

488 Bus Monitor

PDH, OPAH,  INTERFACE CLEA', #D24
'NO LISTENE', @D2H

ADH, BAH, 'SRQ ACTIVE TRU', @CSH
@DH, AAH, 'POC/RESET TRU', @CS5H
GDH, 9AH, ' COMMAND', UBAH
'<END',@BEH

'<CR',PBEH

'¢LF',@BEH

'¢HT',dBEH

'¢SPACE',PBEH

gDH, BAH, 'DATA',BAH

64D ;stack area
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488 Sample Program
Description

This program demaonstrates how to set up the P&T -488 as a Controller to send out
bus commands (in this case, the Talk and Listen addresses of two devices), then
become a Listener. It afso illustrates how to allow for an abert command {(by the use
of the routine BRK).

The program begins by setting up the S5tack Pointer and then sets the Listen and
Talk addresses of the P&T -488 interface. The 488 bus and interface are ¢leared by a
call 10 the routine INIT, which is followed by a call to CNTRL, which sends out the
contents of the buffer CMDSTR. These commands first teli all active Listeners to
stop Listening, then all active Talkers to stop Talking. Talker 3 is then told it is
the designated Talker, and Listenmer 3 (which in this case is the P&T -488) is told it
is the sole Listener.

The state of the interface is checked by a call to the routine STATE after the
commands are sent. If the Listen state is in the [DLE mode, a jump is made to the
routine NTLSN, which prints an error message on the printer and then jumps to the
system monitor. (Since the Listen address of the P&T 488 was sent as a command this
particular branch should never be executed.)

As preparation for the use of the routine LISTN, the mode switch {A register} is
set so that a buffer will be used and the EQS byte will not cause LISTN to RETurn to
the calling program. E£ach time the LISTN routine returns (due to an END byte; i.e.
a2 data byte sent with EQOl active true} or the buffer fills {i.e., a branch is made to
BFL), the contents of the buffer are printed, the buffer pointers are reset and the
LISTN routine is called again.

The user-supplied routine BRK jis used to allow the user to suspend 438
transactions and jump back to the system monitor by pressing Control C on the
keyboard. It is assumed that the keyboard status is available at Port 0, bit 2 is
Zero when a key has been depressed, and the keycode is avazilable at Port 1.

The skeleton of the user-supplied routine SREQ is shown, in which a Serial Poll
is made of 488 devices 1, 17, 7 and 3. The address of the first device to respond is
placed in the A register but the rest of the routine is device dependent. For
example, a printer may request service when it is out of paper, the ribbon iams, or
some other error condition. A reasonable response to a paper out condition would be
a2 message sent to the console [assuming it is not the printer needing service)
informing the operator of the printer's probiem.
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LSNLUP:

LSNPRT:

LSNPR1:

Sample Program

488 S5AMPLE PROGRAM

Assert control, send out the talk address of soms
other device, the listen address of the Ps&T-488,

and then listen to the talker

ORG gB 7008

EQU SA0AH saddr of controller state byte

EQU 89254 ;addr of beginning of PsT-488
¢ jump table

£Qu ENTBL

EQU ENTBL+4

EQU ENTBL+ACH

EQU ENTBL+12H

EQU ENTBL+15H

EQU ENTBL+18H

EQU ENTBL+51H

EQU gaogy ;system monitor entry address

EQU @D146H ;console print routine entry address

It is assumed that the routine PRT prints the character
held in the A register, then returns to the calling
routine. 2all registers (except the flags) are assumed
to be unmodified by PRT.

LXI SP,STAK ;initialize the stack pointer
LXI H,ADRTBIL ;set up P&T-488 listen, talk addresses
CALL STADR
MVI B, ;clear 488 interface and send IFC
CALL INIT
LXI H,CMDSTR ;load BL with beginning address
; of command string
LXI D,CMDEND ;locad DE with end addr of command string
LXI B,JTBL ;:;load BC with beginning addr of jump table
CALL CNTRL ;send the commands
CALL STATE ;find ocut what P&T-488 state is
ANI 2 skeep only listener bit
JZ NTLSN :..P&T-488 in listener idle mode
MVI A,l suse buffer, ignore EOS character
LXI H,LSNTBL
LXI D, LSNEND ;addr of last byte of listen buffer
LXI B,JTBL ;set up pointers
CALL LISTN
LXI D, LSNTBL ;now print the contents of the
: listen buffer
DCX D
INX D :;point to next byte in buffer
LDAX D
CaLL PRT
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L

LTI T

JTBL:

o IR L TR N

RGR:
5VCL:
iCLR:
;LS:

POCRST:

-

XTN:

NTLSN:

-~ ™

MOV
cMP
JNZ
MOV
cMp
JNZ
JMP

Sample Program

ALE ;have we done the last byte yet?

L

LSNPR1

A,D

H

LSNPR1

LSNLUP ;printed the last byte, so start
; listening again

USER-SUPPLIED JUMP TABLE

JMP
JMP
JMP
JMP
JMP
JMP
JMPp
JMP
JMP

TRGR
DVCL
BFL
ICLR
BRK
NLS
SREQ
POCRST
XTN

The following routines should not be entered in
this program. If they are, a message is printed

(Lo aid

in debugging) and then a jump is made to

the system monitor.

LXI
CALL
JMP

LXI
CALL
JMP

LXTI
CALL
JMP

LXI
CALL
JMP

LXI
CALL

JMP

LX1
CALL
JMP

LXI
CALL
JMP

B, TMS :print trigger message
MSGCR
MWVITR

B,DVMS ;print device clear message
MSGCR
MNITR

B,IFME ;print interface clear messaqge
MSGCR
MNITR

B,NIMS ;print no listener message
MSGCR
MNITR

B,POCMSE ;print S-144 reset/power-on clear
MSGCR

MNITR

B,XTNMS ;print external controller message
MSGCR :
MNITR

B,NTLMS ;get P&T not listening message
MSGCR ;print it
MNITR ;then go to the system monitor

hkxkkkkkkhkkkkkkkkk END OF ABNORMAL BRANCHES **kdkshkdkrhhrhrn®

cs=-27



P&T-488
BFL:

BRK:

éREQ:

MSGCR:

¥
ADRTBL:

CMDSTR:

CMDEND:

L
SPSTR:

SPEND:

T™MS:
DVMS

JMP

IN

ANI
RNZ
IN

ANT
CPI
RNZ
JMP

LXI

LXI
LXI
CALL
MOV

RET

LDAX
CALL
ANI
INX
J2
RET

CALL
MVI
CALL
MVI
CALL
RET

DB
DB
DB
b8
DB
DB
DB
DB
DB

DB
0B
DB
D)=

DB
DB

LSNPRT

MNITR
H,SPSTR

D,SPEND
8,JTBL
SPQRY
A, M

B
PRT
8¢H
B
MSG

MSG
A,ADH
PRT
A,7AH
PRT

|#'
ICI
JFFH
@FIrH
BAH

1o
I 1
1§r
l#l

1A!
IQI
IG!
T

'DEVICE
‘DEVICE

Sample Program

;erint the contents of the buffer
; then continue listening

;get kevhoard status

;lock at ready bit

1+ .nN0 kKey has been depressed

;get char from kevyboard

;strip parity bie

;<Control C>7

r..no, continue with 488 transactions
;juser pressed Control C. ABORT!!I1!1

;put beginning address of serial poll
; string in HL

;and end address in DE

juser jump table address in BC

:£ind out which device wants service
;put device's address in A register

THE REST IS DEPENDENT ON THE DEVICE

;Print message
;see if parity set

;..no, so print some more

;Print the message, terminate with CRLF
soutput & carriage return

sthen 2 line feed

;listen address 3

:talk address 3

;parallel poll response byte (no response)
;serial pell response byte (no response)
;EO0S character (ignored in this program)
suniversal unlisten

;universal untalk

;Primary talk address 5

;primary listen address 23 (PsT-4132)

;erimary talk address 1
sprimary talk address 17
sprimary talk address 7
;Primary talk address 3

TRIGGE', ADZH
CLEA'", 4D2H
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BMS: DB 'LISTEN BUFFER FUL', @CCH
IFMS: 3] ¢DH, @AH,'INTERFACE CLEA', #D2H
NLMS: DB 'NQ LISTENE', @DZH
POCMS: DB ADH, #AH, 'POC/RESET TRU', ACSH
XTNMS: DB ODH, #AH, 'EXTERNAL CONTROLLE',3D2H
NTLMS: DB #DH, BAB, 'P&T NOT ADDRESSED AS A LISTENE',AD2H
LSNTBL: DS 255 ;listen buffer
LSNEND: DS 1 :last byte of listen buffer
Ds 44D ;stack area
STAK:
END
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BINK

Description

The program DINK has been included for several reasons. The first is that it allows
the user to easjly exercise the functions provided by the P&T —488 Custom Software
package and interface card. Another is that it allows the user to easily experiment with a
488 device so that he can thoroughly understand what messages it needs before he writes
the assembly language code. Finally, by looking at how DINK is written, the user can see
how the P&T-488 Custom Software package can be used. It should be noted, however,
that not all functions provided by the P&T -488 software package are used in DINK. As
an example, DINK uses only the non-buffered Listen function, so one cannot learn from
DINK how to use the buffered Listen funmction. '

The routine DINK was written so that it is fairly easy to see what is going on. As
a consequence, the c¢ode is not optimal, either in execution speed or in the amount of
memory that it requires. One could shorten it considerably, but at the expense of
clarity.

In order to use DINK, the user must first add two routines: the first is for console
input {which is called KBIN] and the other is console output (called PRT), The routins
KBIN should get a character from the console keyboard and return with the character in
the accumulator. No other register (except the flags) may be changed. The routine PRT
should print the c¢haracter held in the accumulator on the console output device, and then
return. Again, no register {except the flags} may be altered. Examples of these routines
are given at the end of the listing of DINK. The examples shown use the console input
and output routines which are available in the CP/M operating system (CP/M is a product
of Digital Research). The console output routine of CP/M needs the character in register
C, and the CP/M input routine returns with the character in register A.

Once these two routines have been added to DINK, the user shouid modify (if
necessary) the EQUate for ENTBL and the ORG and then assemble DINK. (The EQUate
for ENTBL must be modified if the ORG of PNT4838 has been changed.) PNT488 shouid
also be assembied, then it and DINK shouid be loaded into memory. Finally the routine
DINK should be executed from the location START.

Now that DINK is running, what does one do with it? The first thing is to respond
to the message it sent out. Assuming that PRT was correctly written and DINK was
properly assembled, loaded and run, the user shoufd see the message
DINK 1-2-80
Enter P&T -488 Listen and Talk addresses, Parallel Poll response
Serial Poll status and the End-of-String (EOS) bytes
If this message did not appear on the c¢onsole, the subroutine PRT shouid be carefully
checked, and the steps of assembly, loading and executing DINK should be tried again.

Now that the message has appeared on the console answer it with the appropriate
characters. The computer will store the characters in a line buffer but will not act upon
them until the uyser indicates that he is finished with his responrse by pressing the <carriage
return> key. The line input routine incorporates several editing functions. Individual
characters may be "erased" from the line by pressing the <delete> (sometimes l|abelled
RUBOUT) key. The computer will "forget? the preceding character and the console output
device will print the character DELCHR in response. (This character can be changed by
the user to whatever code is appropriate for his console. The usual characters are 8
Hex (backspace) or 7F Hex {delete).) Multiple characters may be erased by pressing the
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delete key once for each character to be erased. The whole line can be erased by typing
a Caontrol X (press and hoid the CONTROL key, them press the X key, then release both
keys)e A F will be printed and the console will advance to the next line to show that the
line is being restarted.

The line input routine has one more specizl function key: ESCAPE. The line input
routine will not perform any special function associated with the first key depressed after
the ESCAPE key. Instead, it will put the key code into the l{ine buffer just as it does
for any normal character. Thus the ESCAPE key allows any key code to be placed into
the duffer, including the codes for <carriage return>, <ESCAPE>, <Control X> and
<delete>. For instance, if one types ABC<Control X>EF<c¢arriage return> the computer
accepts this as the same as EF<carriage return> (remember that Control X> erases
everything that was typed before it). However, if ABC<ESCAPE><Control X>EF<carriage
return> were typed, the computer remembers this as the key codes ABC<Control X>EF
because the ESCAPE caused the line input routine to place the key following the ESCAPE
into the buffer instead of performing the special function.

Valid Listen addresses are any single character from <space> through >, inclusive.
(See the table Code Assignments for "Comwnand Mode® of Operation for further details.)
Valid Talk addresses are any singie character @ through t, inclusive. The Parallel Poll
response byte should be one character selected from <accent grave> through o, inclusive.
This byte is really the same as a Parallel Poli Enable byte sent by the Controfler, in that
the three least significant bits of the byte indicate which data (DIO) line will be used by
the P&T -488 to respond to a Parallel Poll, and the fourth least significant bit is the
Sense bit which selects an affirmative poll response if it has the same logical value as the
ist {individual status) message. The Serial Poll status byte and the EOS byte may be set
to any character. (Remember that <delete>, <Control X>, <ESCAPE> or <carriage return>
must be preceded by <ESCAPE> to prevent the line input routine from deleting a
character, deleting the line or terminating the collection of the string, respectively).
These characters are used to set up the P&T -488's own Listen and Talk addresses as well
as the bytes it will respond with when it responds to a Parallel or Serial Poll. The EOS
byte may be used by the Listen function to detect the end of a string sent by the Talker.
[f it is desired to make the EOCS character a carriage return, remember to press the
<ESCAPE> key before the carriage return.

After the line has been entered DINK will print
Enter function code
on the console. The code is a single character, and the following table shows the codes
and their corresponding functions.

Code Function Performed
A Get new Listen, Talk addresses, Poll response bytes
C Become the 488 Controller
G Use function GIM to control 488 General Interface Management

lines manually
initialize the P&T -488 and optionaily send IFC true
Listen to the Talker and print what he says
Put the P&T -488 into the Parallel Poll Idle {PPIS) state
Make the local "ist" {individual status) message false
Make the local "ist" (individual status) message true
Do a Parallel Poll and print the response
Do a Serial Poll and print the response

OwWOoZxirm=
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R Put the P&T -488 into the active Service Reguest (SRQS) state
S Print a summary of the state of the P&T -488 and of the
488 Data and GIM lires (all numbers in Hex)
Talk on the 488 bus
Put the P&T -488 into the No Service Requested (NPRS} state

<

The foliowing paragraphs are expansions of the descriptions of each of the
functions.

Function A sets the Listen and Talk addresses, the Parallel and Serial Poll
responses, and the End-of-String bytes, just as was done when DINK was first started.
By use of this function one can change the addresses or the poll responses of the
P&T ~488. Mote that the Parallel Poll response can also be changed by the Controller. It
can send the Listen address of the P&T -488 followed by the PPC (Parallel Poll Configure)
byte, then the PPE (Parailel Poli Enable) byte. The PPE sets the Parallel Poll response
byte of the P&T -4838.

Function C causes the P&T-488 to become the 488 Controlier. Note that it asserts
control immediately, so the wuser must take care that he is not interrupting the current
Talker if it is desired to take c¢antrel synchronously. Then the routine asks for a string.
When the user has typed in the string and terminated it with a carriage return, the string
is sent over the bus. Remember that the characters of the string have special meaning,
as they are now commands. For example, the character _ (underscore) means UNTALK (all
talkers are to revert to the Talker Idle (TIDS) state).

This function will lock up the 5-100 system until all commands have been sent. If
one of ihe devices on the 488 bus is performing the Acceptor Handshake but does not
complete it, the S5-100 system will remain lecked up. [f there are not any devices
connected to the P&T -488, it will send the command string on the bus {even though no one
is there to hear it) because another section of the P&T -488 is performing the Acceptor
Handshake. It is doing this so that the state of the P&T -488 will be updated in response
to what the Controller says.

Function G allows one to manually set or reset selected General Interface
Management lines of the 488 bus. It is provided so that this software package is
compatible with programs written for an older package (Version 1.3). In generai, the user
should be discourzged from using the function GIM because most of the functions can be
better performed by calling other routines.

The lines that function G allows access to are IFC, SRQ, REN and EOIl. IFC is
better controlled from the routine INIT (function code !}, SRQ from the routines SPIDL
(function code V) and SPSRQ (functien code R), and EOl from TALK (function code T) or
PPQRY (function code P). The only line that is not accessible from a better routine is
REN.

One can set/reset these limes by typing in an appropriate character followed by a
carriage return. The character is placed in the A register and then the PNT4838 routine
GIM is called. By referring to the description of GIM, it is seen that the IFC, SRQ and
ECI lines can be made faise while REN can be made true by using any one of the
characters <Control 8>, ", B or b.

The user should be aware that the routines in PNT488 may not be aware of changes
made to the lines by use of this function, and things can get quite confused. The ONLY
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reason that this function should even be considered is to gain access to the REN line. |If
it is used, the user should note the state of the other three lines and preserve their state
while changing REN.

Function | causes all P&T-488 states to revert back to their idle state. The user is
asked whether an IFC {Interface Clear) is to be sent over the 488 bus also. If he answers
with a ¥ an IFC will be sent; this will cause all the other 488 devices to revert back to
their initialized states. if the answer is N then an [FC will not be sent and the 488
devices other than the P&T -488 will not be affected by this function. If any other
character is typed as the first character of the string a message is printed on the console
informing the user that only these twoe responses are allowed.

Function L sets up the P&T -488 as a non-buffered Listener. Each character heard
by the P&T -488 is printed on the c¢onsole as it is heard. Control (nen-printing)
characters are printed as two-character strings, the first being uparrow (%) and the
second being the c¢haracter with 40 Hex added to it to make it printable. For example, a
null will be printed as 1@, a <Control X> (otherwise known as CAN or CANCEL) as ¢X,
etc. The user is asked
Return upon receipt of EOS byte?

If the response is Y or y the function will terminate when a character matching the EQOS
byte is received. Upon termination of this function the user is asked to select the next
function. The function will always terminate upon receipt of an END message (the EOI
line made true by the Talker while speaking a byte). In this case the message <END> js
printed on the console and the user is asked to select the next function.

Function M causes the routine PPIDL in PNT488 to be called, which in turn places
the P&T-488 intc the Parailel Poll Idle (PPIS} state. All that this means is that the
P&T -488 will not participate in a Parallel Poll.

Function N causes the routine PISTF in PNT488 to be called. This routine sets the
ist (individual status) message false and then puts the appropriate response byte in the
Parallei Poll response register of the P&T ~488. It then puts the P&T ~488 into the
Parallei Poll Standby (PP55) state. See the description of PISTF for more details.

Function O causes the routine PISTT in PNT488 to be called. This routine sets the
ist message true then puts the appropriate response byte in the Parallel Poll response
register of the P&T -488. It then puts the P&T-488 into the Parallel Poll Standby (PPSS)
state. See the description of PISTT for more details.

Function P causes the routine PPQRY in PNT488 to be called, which in turn
executes a Parallel Poll. The response is then printed (in Hex) on the console.

Function Q sets up the P&T-488 to do a Serial Poll. The user is asked to enter a
string, which should be the Talk addresses of the devices to be polled. Then the routine
SPQRY in PNT488 is called, which actually performs the poll. SPQRY will return upon
receipt of ap affirmative response or after the string of talk addresses has been
exhausted, whichever occcurs first. The commands sent by the P&T -488 while it is
conducting the Serial Poll are echoed on the console. The string will appear as
X _...1Y
where the character ? means UNListen, $X is the command SPE (Serial Poil Enable), _ is
the command UNTalk, the ellipsis [+..) represents the Talk addresses that are sent by the
P&T ~488, and the tY is SPD (Serial Poll Disable). If an affirmative response has been
detected, DINK will print the Talk address of the device that responded affirmatively as
well as the response, and then ask for the next function code. If no device responded
affirmatively, DINK will print
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Me affirmative response to Serial Poll

Try another Serial Poll {Y/N)?

and then wait for the user to respond. If a string beginning with N is entered, DINK wil!
ask for the next function code. If a string beginning with Y is entered, DINK will ask
for another string of Talk addresses to be polled. It is important that only Talk
addresses of devices which are currently connected to the 488 bus and capable of
responding to a Serial Poll be entered in the string. The reason is that the P&T will send
out the address and then listen for the addressed Talker te speak its poll response. If
there is no Talker, there will never be a response, and the whole system will wait forever
for that response.

Function R causes the routine SPSRQ in PNT488 to be called, which in turn asserts
a true on the S5RQ line and places the P&T ~488 in the Service Request {SRQS) state. If
the P&T -488 is not the Controller, the 5-100 system will wait for an external Controlier
(i.e., some device other than the P&T -488) to assert Control and perfoerm a Serial Poll.
When the poll is made, the P&T -488 will respond affirmatively and then go into the
Affirmative Poll Response {APRS} state. Then the user will be asked to select the next
function.

If, on the other hand, the P&T -488 is the Controiler, it will assert Controi, then
ask the user to enter a string of the Talk addresses of the devices to be Serial Poiled.
After the string has been entered the P&T ~488 will poll each of these devices and then
return when it has found the one requesting service or has finished polling ali devices.
The commands sent by the P&T =488 while it is conducting the Serial Poll are echoed on
the console. The string will appear as
1% _...tY
where the character 7 means UNListen, tX is the command SPE (Serial Poll Enabte), _ is
the command WUNTalk, the eilipsis (.+.) represents the Talk addresses that are sent by the
P&T —-488, and the *Y is SPD (Serial Poll Disable)s If the user had inciuded the
P&T —-488's own Talk address in the string and no other device in the string before it has
responded affirmatively to the poll, the P&T -488 will respond affirmatively to the poll and
go intoe the Affirmative Poll Response [APRS) state, then return.

As in the case of function Q, it is important that only the Talk addresses of devices
actually connected to the bus and capable of responding to a Serial Poll be placed in the
poll string; otherwise the S$~100 system wil! wait forever for the response of a
non-existent device.

Function § will display the state of the P&T-488, the secondary Talk and Listen
addresses and the state of the 488 bus lines. All values displayed are in Hex, and the
user should refer to the function STATE for a description of the meaning of the various
states. The value shown on the line labelled "Abbtreviated State of P&T -488" is the value
that the routine STATE returned in the accumulator.

The secondary addresses shown for the Talk and Listen functions are 7F Hex if the
respective function has been addressed by the 488 Controller without a secondary address
(single byte addressing). Otherwise the secondary addresses shown are the characters sent
by the Controller as the secondary address when the Controller last addressed the Talk
and Listen functions.

The state of the eight data lines and eight command lines of the 488 bus is also
dispiaved. The values given are in Hex, which really has no particular meaning for the
eight command lines. However, the order (weighting) of the command lines is shown on the
same jine as a handy reminder. The weights of the command lines are shown in the
following tabie.
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Line  Weight Line  Weight
DAY 30H ATN 8
NRFD  40H SRQ 4
NDAC  20H REN 2
IFC 10H ECI 1

Function T sets up the P&T -488 as a Talker. The user is asked whether the END
message (EQI line true) is to be sent with the last character of the talk string. The only
responses allowed are strings beginning with Y or N. The user is then asked for the
string that the P&T -488 is to speak. Then the routine TALK of PNT488 is called and the
P&T -488 speaks the string on the bus. If there are no Listeners the P&T -488 recognizes
this as an error and prints a message on the console informing the user that there are no
Listeners on the 488 bus. Otherwise the whole string is said and then the user is asked
for the next function code.

Function V causes the routine SPIDL in PNT488 to be called, which in turn puts the
P&T -488 into the No¢ Service Requested {NPRS) state. This is equivalent to the $-100
making the local message rsv (request service) false. The P&T -488 is also ser to assert a
passive false on the SRQ line. Then the routine returns and the user is asked for the
next function code.

Special Considerations

The P&T -488 is heavily dependent upon the support software (in this case, PNTA488)
in order to communicate on the 488 bus. The 5-100 system must execute one of the
interface subroutines if the P&T -488 is to perform nearly any 488 bus function. This
includes not only the "assertive® functions, such as Talk and Control, but the "responsive!
functions, such as responding to a Serial Poll, being addressed as a Talker or Listener by
the Controller, etc. The oniy 488 function that the P&T -488 can perform without any
software support is respond to a Parailel Poll.

This limitation can create problems unless the user is aware of it and allows for it in
his configuration of the 483 bus and how he yses the P&T -488. For instance, assume
that some device other than the P&T-488 is the bus Controller and that it will pecrform a
Parallel Poll periodically. The P&T -488 will respond to the poll properly, but the
interface will lock up the 488 handshake function until the 5-100 system releases it. This
happens because the poll was done by an external Controller, so XATN was made true
while the poll was performed. The P&T-488 responds to XATN true by asserting NRFD
active true and by asserting all other command lines and all data lines passive false. The
P&T -488 remains in this state until the $-=100 system resets the XIFC bit in the ISR
register. Since NRFD is active true, no handshake can proceed. The reason the
P&T -488 behaves in this fashion is that if the external Controller wanted to issue
commands (instead of do a Parallel Poll}, it is necessary to keep it from saying anything
until the S-100 system is ready to respond. The $-100 system indicates its readiness by
resetting the XIFC bit in the ISR register of the P&T -488.

Ancther consequence of the need of the P&T-488 for software support in order to
perform 488 bus functions is that something may happen on the 488 bus and the 5-100
system will not find out about it until one of the PNT488 subroutines is called. For
example, some device may assert an active true on the SRQ line, indicating that it wants
service. The S-100 system will find out about it if any one of the routines TALK,
CNTRL or LISTN are executed, but not otherwise, The P&T -488 interface card can be
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sel up to issue an interrupt to the S5-100 system upon this and other conditions, but most
customers have stated very explicitly that they do net want an interrupt driven system.
Thus the P&T -488 has been strapped to defeat interrupts, and the routines in PNT488 poll
the P&T -488 to find out if anything interesting is happening.

There are several things which can happen which are not a direct response to the
function code the user selects. For instance, if the Listen function is selected and an
External Controller asserts Controi, DINK will print 2 message on the console informing
the user of this fact and will then call the routine XCTRL in PNT488. This routine will
get the commands from the External Controller and will update the states of the various
interface functions of the P&T -488 as necessary. When the External Controller releases
controf of the bus, XCTRL will return to DINK, which in turn will ask for the next
function code. At this paint the user should select the SHOW function (code = S} te find
out how the state of the P&T -488 has been changed by the External Controller.

Another response the user may get is that DINK informs him that either the $-100
PQC (Power-On Clear] ar the 5-100 Reset line has been {or is) true. Either of these
conditions has the effect of putting the P&T -488 interface into its idle mode, which means
that it has released all 488 data and control lines. The user should perform the Initialize
{code = 1} function to reset the P&T -488 to a known state.
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g1a9
ga7F

@a70
pa7E

geag
agze

8028
829
8gzc
8@2F
a@32
ag35
8038
8438
8@3E
ag41
adaa
8947
8@3A
8@40
5054

DAG9
DABC

2193
g1a3
#4196
g9
gi1gc
d1¢e

gt

a114
@115

ga118
giie
g iE
g1
@124
127
g12a
gizc
g12fF
#131
@134
2136
#139
g138
313E
d14¢
g1a3
#145
g1a8
F1aA
g140

483

UM oHoW BN H W NN W

31ECE8
210685
CD6704
CD79¢1
a601

C0268¢

3ECes

97
322808

AIAFES
CD&7¢4
COEC@3
CALIO
3A2A88
322998
FE4)
CA9gd
FE43
CA9ES1
FE47
CAATET
FE49
CAEGR1
FE4C
CACHI
FE4D
CAF6@1
FE4E
CAt1g2
FE4F

H
DELCHR

CMDPT
DATPT
BUFSIZ
ENTBL
(NET
TALK
LISTN
STADR
CNTRL
GIM
STATE
XCTRL
SPQRY
SPSRQ
SPREL,
PPORY
PPREQ
PPREL
PPIOL
CONIN
CoNOUT

START:

GETFN:

ORG
EQU

EQU
EQU

EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQUATES

EQU
EQU

LXI
Lxi
CALL
CALL
Myl
CALL

DINK

PROGRAM LISTING

196H
TFH

70H
JEH

128
BR26H
ENTBL

;CHARACTER TO BE ECHOED UPON RECEIFT
; OF A DELETE CODE (DELETE AND BACKSPACE
; ARE THE MOST COMMON CHOICES)

;PORT ADDR OF 488 COMMAND LINES
;PORT ADDR OF 488 DATA LINES

sNUMBER OF BYTES IN INPUT BUFFER M3229
;ADDRESS OF FIRST ENTRY IN PNT488 JUMP TABLE

ENTEL+A3H
ENTBLHI6H
ENTBL+@9H
ENTBLHICH
ENTBL+AFH
ENTBL+12H
ENTBL+315H
ENTBL+18H
ENTBL+18H
ENTBL+IEH
ENTBL+21H
ENTBL+24H
ENTBL+27H
ENTBL+2AH

FOR CP/M CBI0OS ROUTINES

BOAZGH
FDABCH

P, STAK
8, IDMS
MSG
ADRSET
B, 1
tNIT

GET FUNCTION TO

LxI

sy
STA

Lxl
CALL
CALL
JZ
LDA
STA
CPI
JZ
CcPl
JZ
CP!
JZ
CPI
JZ
CcPt
JZ
CP1
JZ
CPY
JZ
CPI

SP,STAK

A
ECHG

B, FONMS
MSG
FILBFR
GETFN
BUFBEG
FCN
TAY
SETADR
e
CONTRL
3t
GIMSET
Tty
INITL
R
LSN
Tyt
PiDL
Nt
PNSET
el

sCONSOLE iNPUT ROUTINE Ma229
;CONSOLE QUTPUT ROUTINE M8229
;INITIALIZE THE STACK POINTER

sPRINT 10 MESSAGE Maz29
H . M3229
;SET THE LISTEN, TALK ADDR, ETC Mg229

;CLEAR 488 INTERFACE 8UT DO NOT SEND IFC

BE PERFORMED

;RE-INITIALIZE STACK POINTER (STACK WILL BE LEFT IN

; DISARRAY [F TATN' IS MADE TRUE WHILE TALKING OR

; LISTENING) M1g2g
;CLEAR ECHO FLAG 30 THAT UNLESS THE FLAG

15 SET LATER, EACH CHAR COMMUNICATED

ON THE 488 BUS 15 NOT ECHOED TO THE

CONSOLE

$SEND "FUNCTIONT® MESSAGE

w4 we W

;GET OPERATOR'S RESPONSE

3+« NCTHING IN BUFFER MB229
;LOOK AT FIRST CHARACTER

;SAVE IT FOR LATER

5+« SET NEW P&T-488 ADDRESSES

;++SET GIM LINES

;..LISTEN

;+«PUT PP IN IDLE STATE

;#+5ET 15T=@
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Ar4F
@152
@154
3157
#159
@F15c
@15€
disi
g163
21686
@168
#168
g160
gi7a
g173
g176

ars
aiic
avE
a1s2
a183
g185
2188
a188
218k

2191
@194
8197

#1398
198

@19E
arat
gras

B1A7
F1AA
@1AD

g1eg
g183
2186
2189
2188
91BE
21Ca
aics

d1Cs
gi1ca
gice
g1cE
#1017
a104
@107
2109
¢10c
@1DF
@1E2
HIES

g1£8
g1EA
B1ED
GIFg
gIF3

diFs
giFe

488

CAgagz
FESG
CAFCA1
FE5!
CAABES
FES2
CA17d2
FES3
CAZ0802
FES4
CAATEZ
FES&
CAATE2
F1regs
ch7284
cing

g18294
CD6724
COECES
78
FEAS
F29181
21C3a5
cre7d4
c379dn

212708
CDZF2gd
co

co7ea
3

COF6@2
CO32808
C31igt

COBD@2
co358@
c3tigt

@1E8P5
Ch&e7g4
cocigz
2681

CACER
gegd

2688
C3ngn

3EFF

322808
F18EAS
CD67d4
CcDC182
cz2esd
1)

#11683
CozCad
318745
CD72p4
c3ig

3EP2

#1163
Ccbzcag
CD7504
C31481

CD5@8a
cziim

ADRSET:

i
SET1:

SETADR:

éONTRL:
GIMSET:

K
INITL:

NOIFC:

LSN:

i
LSM1:

;
PIOL:

JZ
CPI
JZ
CP1
JZ
CPI
JZ
CPI
JZ
CrP)
JZ
CPI
Nz
Lx|
CALL
JMP

Lxi
CALL
CALL
MY
CPt
JP
Xt
CALL
JMP

LX1
CALL
RET

CALL
JHP

Call
CALL
JMP

CALL
CALL
JMP

LxXi
CALL
CALL
My
JZ
My |
CALL
JMP

Myl
STA
(B g
CALL
CALL
JNZ
MVE
LX|I
CALL
LXI
CALL
JMP

MYl
LX!
CALL
CALL
JMP

CALL
JMP

PSET  ;..SET IST=!

IP'

PPOLL  ;..D0 A PARALLEL POLL
LFa Ll

QRY ;+.00 A SERIAL POLL QUERY

Rt

REGQ ;.-00 A SERVICE REQUEST

151

3HO ;««3HO THE STATE OF THE P&T-488
T

TALKR  ;..TALK
T V r

SREL ;. .RELEASE SRQ LINE

B,BAOMS ;PRINT "INVALID FCN™ MESSAGE
MSGCR

GETFN  ;GET FUNCTION AGAIN

B,ADRMS ;SEND "GET ADDRESSES™ MEISAGE

MSG

FILBFR ;GET RESPONSE AND PUT IN BUFFER

A,B :MAKE SURE THAT THERE ARE AT LEAST 5

5 ;  CHARACTERS IN THE RESPONSE

SET! ;a»3 OR MORE CHARS

B,FEWMS ;PRINT TOO FEW CHARS !N BUFFER MESSAGE
M3G ;

ADRSET ;AND GET THE INFO AGAIN

H,BUFBEG ;SET UP PAT 488 LISTEN, TALK ADDRESSES
STADR  ;PERFORM THE FUNCTION

¥

ADRSET ;SET THE LISTEM, TALK ADDR, ETC
GETFN

GETSTR ;FILL BUFFER AND SET POINTERS
CNTRL  ;PERFORM THE FUNCTION
GETFN  ;GET ANOTHER FUNCTION FROM OPERATOR

GETCHR ;GET THE CHARACTER

GIM

GETFN

B, IFCM3 ;ASK IF IFC TO BE SENT

MSG

YESNO  ;GET RESPONSE (ZERO FLAG SET IF NOJ
8,1 ;5ET UP FOR NO IFC

NO{FC  ;..MO, SO DO NOT SEND IFC
8,7 ;++YES, S0 SEND JFC

A,BFFH  ;SET ECHO FLAG SO THAT EACH CHARACTER 1S
ECHO  : SHOWN ON THE CONSOLE

B,EOSMS :PRINT "STOP ON E057"

MSG ;

YESNO  ;GET THE RESPONSE

LSN1 5.«STOP ON EQS BYTE

A2 ;NON-BUFFERED LISTENER, IGNORE £0S BYTE
B, TBL ;BC POINT TO USER JUMP TABLE

LiSTN

B,ENDMS ;SHOW THAT AN END MESSAGE HAS BEEN RECE{VED
MSGCR

GETFN

A,2 ;NON=BUFFERED LISTENER, STOP ON EOS BYTE
B,JTBL ;POINT BC TO USER JUMP TABLE

LISTN

CRLF

GETFN

PRIDL  ;PUT PP IN IOLE STATE
GETFN
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MB229

M8229
M8229
Ma229
ME229
M8229
MB229

M8229
MB229
M822%

MB229
Mg229
Ma229
M3z2z9

M8229
MB229
MB229
M8229
MB229
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@1FC
#1FF
@292

g2¢8

@208
#2gE

@211
g2z214

g217
B21A
@210

g22¢
@225
@226
@229
@22c
@220
2233
9233
#4236
@237
@238
az3a
@23
gz
2242
g243
B246
@249
@g24ac
@240
g24E
3251
9254
2257
@258
@259
@25C
@25F
@262
2263
2264
@267
B#26A
@260
B26E
@26F
@272
@273
@278
8279
227A
g270
g2eg
@283
2285
3286
a289

g2er
2291
9292
#9295
g29%8
@298
#2%E

438

co478@
Cha6d4
g175a6
Ch7224
c3t1at

Cch4A8d
c3nm

CD4Da@
c3ng

a11&8g3
CD4186
c311a1

D388
CD4604
210886
co7204
7E
Cco46@4
g1F5d6
Co72¢4
23

JE
Co4604
2195a7
CD7204
23

7E
co4604
gugr
CD72p4
23

7E
CD4634
213297
C07204
23

7E
CD46¢a
B14A97
Co7204
23

7t
CDA634
#6397
C07294
23

JE
Co4604
319906
CD7204
23

7E
CD46@4
B1FCE7
co72¢4
0870
2F
CDa6da
#137@5
CO72¢4
DB7E
2F
CD4624
N aCHs
CD7204
CO7534
C31181

PROLL: CALL
CALL
LXI
CALL
JMP

PSET:  CALL
IMP

PMSET: CALL
P

REQ:  IX1
CALL
JMP

SHO: CALL
CALL
LXI
CALL
MOY
CALL.
LX1
CALL
INX
MOV
CALL
LxI
CALL
INX
MOV
CALL
LXI
CALL
INX
MOY
CAaLL
LXI|
CALL
INX
MOY
CALL
LX|

CALL -

INX
MOV
CALL
LXI
CALL
1NX
MOV
CALL
Lxi
CALL
TNX
MOY
CALL
X1
CALL
IN
CMA
CALL
LX]
CALL
IN
CMA
CALL
LX1
CALL
CALL
JwP

PPQRY
HEXO
B,PPMS
MSGCR
GETFN

PPREQ
GETFN

PPREL
GETFN

8,JT8L
SPSRQ
GETFMN

STATE
HEX0Q

8, SaMSG
MSGCR

A M
HEXO
B,SIMSG
MSGCR

AM
HEXO
B,S2MSG
MSGCR

AM
HEXO
8, S3M5G
MSGCR

A,M
HEXO
B, S4MSG
MSGCR

ALM
HEXQ
B,55M5G
M5GCR

AM
HEXO
B, S6MSG
MSGCR

AM
HEXO
B,LSMSG
MSGCR

H

AM
HEXO
B, TSMSG
MSGCR
CMOPT

HEXO
B8,CLMS
MSGCR
DATPT

HEXD
B,0LMS
MSGCR
CRLF
GETFN

;PERFORM A PARALLEL POLL
;PRINT THE RESPONSE

;AND 1D
;SET "™ISTY TRUE AND UPDATE PARALLEL POLL
; RESPONSE REGISTER

;SET "IST™ FALSE AND UPDATE PARALLEL POLL
; RESPONSE REGISTER

;POINT TO USER JUMP TABLE
;PERFORM THE FUNCTION

;GET THE STATE OF THE PAT-488
;PRINT YALUE IN REG A IN HEX
;PRINT "ABBR. STATE" MESSAGE

sPRINT HEX VALUE OF THE STATE BYTE

;POENT TO THE NEXT STATE BYTE
;PRINT HEX YALUE OF THE STATE BYTE

;POINT TO THE NEXT STATE BYTE
;PRINT HEX VALUE OF THE STATE BYTE

sPOINT TO THE NEXT STATE BYTE
;PRINT HEX VALUE OF THE STATE BYTE

;POINT TO THE NEXT STATE BYTE
sPRINT HEX YALUE OF THE STATE BYTE

;POINT TO THE NEXT STATE BYTE

;PRINT HEX VALUE OF THE STATE BYTE

;POINT TO LISTEN SECOMDARY ADDRESS

sPOINT TO TALK SECONDARY ADDRESS

;SHOW WHAT'S ON THE 488 COMMAND LINES

;AND THEN WHAT'S ON THE 488 DATA LINES

;PUT IN AN EXTRA CARRIAGE RETURN-LINE FEED
sGET ANOTHER FUNCTION
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dg2Aal
J2A4

g2A7
A2AA
@240
9283
g282
@285
@286
Y-
B2BA
g2e8
g2BE

g2C1
@2C4e
g2c7
P2CA
a2ce
@2cF
g201
#2002
8205
2208

g208
#8200

g200
B2EF
@263
@2E6
B2E9
@2EC
@2EF

@2Fz
@2F5

@2re
@zF9
gzrFc
Qz2rr
@3a2
g325
23d8

@38
A38E
a>arF
@312
gs15

@316
g4319
@31c
B31F
@322
@325
@328
#8328
#32E

@331
8334
@337

488

Cco448¢
CIng

A1ABSF7
Coa7g4
cociaz
3EQ0
CABGE2
3C

F3
£Dreg2
F1
CD2983
C3tigt

CDECB3
CAD2@2
3A2AZ8
FE59
CAaDBBZ
FE4E
ca
@12D26
07294
C3C1g2

87
co

§12535
C067d4
COECE3
C2F292
B1C3a5
07294
Cc30D@2

3A2A08
co

g19ca7
CD7204
COECES
c2ase3
C3Es
Ch7284
C3F6d2

2AAAGB
23]
212A98
g11683
c9

C33143
C3388%
C33Fd3
C34893
C35193
C379@3
C3A203
C382@3
C388@3

AICFF7
CD7284
c9

SREL:

TALKR:

NOEQI:

YESNO:

GETCHI;

GETSTR:

TBL:

TRGR :

CALL
JMP

Xl
CALL
CALL
MY
JZ
THR
PUSH
CALL
POP
CALL
JMP

CALL
JZ
LDA
cei
JZ
cPl

LXI
CALL
JMP

CRA
RET

LXI
CALL
CALL
JNZ
£X1
CALL
Jmp

LDA
RET

LX1
CALL
CALL
JNZ
LX4
CALL
JMP

LHLD
XCHG
LxI
Lx1
RET

SFREL  ;RELEASE SRQ, PUT SR FCN IN NPRS
GETFN  ;GET ANOTHER FUNCTION

B,TLKMS ;PRINT TSEND END WITH LAST CHARY

YESNQ

A2 ;SEV FLAG FOR NOQ END

NOED!

A ;SET FLAG FOR END

PSW ;SAVE END FLAG

GETSTR ;FILL BUFFER AND SET POINTERS
PSwW ;GET END FLAG AGAIN

TALK ;PERFORM THE FUNCTION
GETFN  ;GET ANOTHER FUNCTICN FROM THE OPERATCR

FiLBFR
YESNT i »«BUFFER EMPTY = INVALID RESPONSE
BUFBEG ;GET THE FIRST CHARACTER

'y ;18 1T YES?
COK, 3+ «CHARACTER OK
'N! ;18 1T NOT

;CHARACTER OK
B,NOGUD ; INVALID RESPONSE
M3GCR
YESNG  TRY AGAIN

A sUNSET THE ZERD FLAG

B,CHRMS ;PRINT CHARACTER PROMPT

MSG

FILBFR ;GET THE CHARACTER

GETCH1 ;..AT LEAST ONE CHARACTER 15 IN THE BUFFER
B,FEWMS ;POINT TG 'TOO FEW' MSG

MSGCR ; THEN PRINT (T

GETCHR ;AND GET INFO FROM USER AGAIN

BUFBEG ;PUT FIRST CHARACTER IN REG A

8,5TRMS ;PRINT STRING PROMPT

MSGCR

FILBFR ;GET A CHAR STRING FRCM THE OPERATCR

GETS1 ; »«AT LEAST ONE CHARACTER 1§ IN THE BUFFER
8,FEWMS ;PCINT TQ fTOO FEW' MSG

MSGCR  ; THEN PRINT (T

GETSTR ;AND GET INFO FROM USER AGAIN

BUFFTR ;PUT ADOR OF LAST VALID CHAR N HL

;PUT ADDR OF LAST VALID CHAR IN DE
H,BUFBEG ;LCAD HL WITH ADDRESS OF FIRST CHAR
8,JTBL ;LOAD BC WITH BEGINNING ADDR OF JUMP TABLE

USER-SUPPLIED JUMP TABLE

JMP
JMP
JMP
JMe
JMP
JMe
JMP
JMP
JMP

LX1
CALL
RET

TRGR
DVCL
aFL
ICLR
BRK
NLS
SREQ
POCRST
XTN

B,TMS  ;PRINT TRIGGER ME3SAGE
MSGCR
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@338
9338
@33€

@33F
342
@345

g548
@348
g34E

@351
a352
355
@356
B357

@358
B835A
#4350
@35F
a362
3364
a3a7
@369
#36C
@36E
a36F
a371
g374
#3753
#3738

@379
a37c
a37F

g382
9385
@388

a588
a38E
2391
7393
@396
g399
@39c
a39f

@3a2
@3A5
23A8
B3AA
B3AD

B384
2383
#3B6
@s87
B38A
azen
#3CH
a3cs
@3Cs
a3co
@3CA

@3CD
@3CE
g3CF

488

2178g5
CD7204
c9

g11585
cD72g4
C31

d1FEaEs
Co7204
cing

47
3A2848
87
78
ca

FE2@
027533
FEG9
CATSE3
FEBA
CAT583
FEAD
CAT503
F64d
F5
3E5E
CDECP8

F1
CGDECHS
ce

a122¢6
CD7234
c31n

316586
CO7204
c3nm

&113¢8
CD72{4
3EFF

322898
#1643
ch3asd
CO7504
cznm

217997
CcD7204
3EFF

322808
COF6@2

CD3ES0
CO7504
B7

CACD@S
d13E06
Co72¢4
giooa7
cn72¢a
CDC192
cs

C3A283

Cs
ES
21836

DvCL:
éFL:

1CLR:

NOTCC:

i
NLS:

SREQ:
QRY:

¥
AFIRM:

LX1
CALL
RET

LXi
CALL
JMP

X1
CALL
JWP

MOV
LDA

MOV

CcPI
JNC
crPI
JZ

cri

CPt
JZ
RI
PUSH
My |
CALL
POP
CALL
RET
X1

CALL
JMP

LX1
CALL
JMP

LXI
CALL
MV
STA
X1
CALL
CALL
Jue

LXJ
CALL
MY
S5TA
CALL

CALL
CALL
ORA
JZ
LI
CALL

CALL
CALL

JMP
PUSH

PUSH
X1

B,0VMS PRINT DEVICE CLEAR ME3SAGE
MSGCR

8,BM5  ;WE SHOULD NEVER REACH THiS POINT, BUT
MSGCR ; F WE DO, PRINT MESSAGE
GETFN

8, IFM8 ;PRINT INTERFACE CLEAR MESSAGE
MSGCR
GETFN  ;ASK FOR NEW FUNCTION

8,A ;SAVE LAST CHAR COMMUNICATED ON 488 BUS
ECHO ;LOOK AT THE ECHO FLAG

AB ;GET THE LAST CHAR AGAIN
; +«ECHO FCN NOT EMABLED, SO DON'T PRINT
; THE CHARACTER

2¢H ;CONTROL CHARACTER?

NOTCC  ;..NO

goH ;TAB?

NOTCC ;++YES, 50 PRINT AS IS

@AH ;LINE FEED?

NOTCC

@0H ;CARRIAGE RETURN?

NOTCC

49H sMAKE THE CHAR INTO A PRINTING CHAR

PSW ;SAVE THE CHARACTER

A,'2'  ;PRINT UPARROW TO FLAG IT AS A
PRT ; CONTROL CHARACTER

PSW

PRT ;PRINT THE CHARACTER

B,MLMS ;PRINT NC LISTENER MESSAGE
MSGCR
GETFN  ;ASK FOR NEW FUNCTION

B,POCMS ;PRINT 5-1800 RESET/POWER-ON CLEAR
MSGCR
GETFN  ;ASK FOR NEW FUNCTION

B,XTNMS ;PRINT EXTERNAL CONTROLLER MESSAGE
M5GCR

A,@FFH ;SET ECHO FLAG SO THAT THE CONTROLLER'S
ECHO ;3 COMMANDS ARE SHOWN ON THE CONSOLE
B,JTBL ;PCINT TO USER JUMP TASLE

KCT?L ;00 WHATEVER THE CONTROLLER SAYS

CRL

GETFN  ;ASK FOR NEW FUNCTION

B,5ROMS ;PRINT "DEYVICE REQUESTING SERYICE™ MSG
MSGCR

A,BFFH ;SET ECHO S0 THAT THE SERIAL POLL IS
ECHO ; SHOWN ON THE CONSOLE

GETSTR ;GET STRING OF 488 DEVICES TO BE POLLED

SPQRY  ;FiND OUT WHICH DEVICE WANTS SERVICE
CRLF ; TERMINATE THE ECHOED POLL WITH CRLF
A ;SEE IF ANY AFFIRMATIYE RESPONSE
AFIRM ;. YES

B,NORSP ;PRINT “NO RESPONDING DEVICE"

MSGCR

B, TRTAGN ;ASK IF WANT TO TRY AGAIN
M5GCR

YESNO

SREQ i+.YES, 50 REDO SERIAL POLL
8 ;SAYE RESPONSE BYTE

H ;SAVE ADDR OF RESPONDING DEYICES TALK ADDR
8,RSPMS ;PRINT "REQUESTING DEVICE 15 v
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#3D2 CD6794
2305 €1
@306 TE
@307 CDECZ8
@30A CD7544
@300 @19186
@3E¢@ CO67¢4
#3E3 C1
B3E4 78
@3E5 CD46g4
#3E8 CD7584
@3EB C9

Q3EC 9641
@3EE 212A08
@3F1 CDFERB
a3r4 77
@3F5 FEGD
#3F7 CAZDg4
@3FA FE1B
A3FC CZ@8Ad4
@3FF 3E23
2441 CDECES
@434 CD7584
g4@7 CIECHES

gada FETF
£49C C22134
Jagr ZETF
@411 CDEC@S8
@414 28
@415 @5
g416 C2FIg3
@419 3E7

@478 CDECHS
@41E C3ECA3

gazi FEIB
@423 C23604
$426 CDFBEB
8429 77
@42A CI3604

g4az0 28
BAZE 22AAQ8
@431 CD75d4
@434 35
@435 C9

#4436 23
2437 4F
g438 P4
@439 3EGH
g43B 88
B43C 79
2430 CAZDMM
@449 CDECP8
@443 C3IF1Q3

d446 F5
g447 gF
ga4s gr
ga49 gr
g44a AF
{#44B CD53p4
B44E F1
@44F D584
452 ZE20
@454 COECDS
@457 Cc9

FILBFR:
FILT:

FiL2:

NOTX:

H
NOTD:

FILXIT:

NESC:

HEXO:

INX

MY)

MoV
JZ
CALL
JMP

PUSH

RRC
RRC
RRC
CALL

CALL
My
CALL
RET

M5G

H ;GET ADDR OF TALK ADDR AGAIN

AN ;PUT OEVICE'S ADDRESS |N A REGISTER
PRT ;PRINT THE DEYICE'S TALK ADDR

CRLF ;TERMINATE WITH A NEW LINE
B,R$BMS ;PRINT RESPONSE BYTE MESSAGE

;PRINT YALUE OF RESPONSE BYTE IN HEX

CRLF sFINISH WITH CRLF

2,1 ;RESET CHARACTER COUNT TOQ ZERO
H,BUFBEG ; AND POINTER TO BEGINNING OF BUFFER
KBIN ;GET A CHARACTER FROM THE XEYBOARD

M, A ;PUT T INTD THE BUFFER

@oH ;CARRIAGE RETURN?

FILXIT ;..YES, SO QUIT ALREADY

18H ;CONTROL X (CANCEL)?

NOTX

A,'#T ;PRINT OCTOTHORPE AS CANCEL CHARACTER

PRT
CRLF ;D0 A CARRIAGE RETURN AND LINE FEED

FILt ;RESTART BUFFER FILL PROCESS

7FH ;DELETE?

NOTD

A,DELCHR ;ECHO THE DELETE CHARACTER

PRT

H ;DECREMENT BUFFER POINTER (TO DELETE CHAR}

B ;DECREMENT CHARACTER COUNT

FILZ ;GET NEXT CHAR

A7 sDELETED MORE CHARS THAN [N BUFFER
80 RING BELL

PRT

F

ILt ;RE-START BUFFER FILL ROUTINE

1BH ;ESCAPE?
NESC  3.uNO
KBIN . ;GET ANOTHER CHARACTER AND PUT IT IN

M

A ; THE BUFFER IN PLACE OF THE ESCAPE

NESC ; WITHOUT REGARD TO WHAT THE CHAR IS

;POINT TO LAST VALID CHARACTER

H
BUFPTR ;UPDATE BUFFER POINTER
CRLF sOUTPUT A CARRIAGE RETURN AND LINE FEED

g

DrmoOx

;SET ZERO FLAG IF BUFFER EMPTY

; INCREMENT SUFFER POINTER
WA ; SAVE CHARACTER

; INCREMENT CHARACTER COUNT
LBUFSIZ ;3EE !F BUFFER QVERFLOWED

A,C JGET THE CHARACTER AGAIN

FILXIT ;..BUFFER FULL, 50 RETURN TO CALLER
PRT ;ECHO THE CHARACTER ON THE CONSOLE

F

2 sGET MEXT CHARACTER

PSW ;SAYE THE BYTE TO BE PRINTED N HEX

;GET HIGH NIBBLE INTC LOW NIBBLE

HEXL, ;PRINT THE NIBBLE (NOW LOW NIBBLE}

PSW ;GET THE BYTE AGAIN
HEXL ;PRINT THE LOW NIBBLE
Ayt ! ;PRINT A SPACE

PRT
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438

E6EAF HEXL:
F&3¢

FE3A

DAG394

ced7

CDECE8 NUM:
c9

gA MSG:
CDEC@3

E6EE

@3

CAG704

co

CD&6704 MSGCR:
F5 CRLF:
3EQD

CDECZ8

JEBA

CDECE8

Fl

ce
PDAASEETSADRMS ;
2958617261
5365726961
28454F5329
BDPA494ESEBADMS ;
AC4953544 5B8M5 ¢
456E746572CHRMS ;
343838294 5C1LMS :
3438382844D0LMS ;
4445564943DVMS
PODAICASAEENDMS «
S265747572E05MS ;
456ETAG5T2ZFONMS ¢
S46F 6F2@RGFEWMS :
IPAIA494E \DMS ;

536566420 FCMS:
POBAA94ESA | FMS:
4C6973T7465L M55 :
AEAF2BACAINLMS :
FOPA59ZA6FNOGUD :
AEEF 2006 1 66NORSP :
gDBASB4F43POCMS :
586172616CPPMS
5468652076RSBMS :
5468652054RSPMS
416262726558M5G
54616068225 1M5G:
4C5973746552M55:
536572766933M5G:
32656D6F7454MSG ¢
SP6172616C55MS5G :
436FGETAT2SEMSG
41203438385RQMS
456E7465T725TRMS:
53656E64 28TLKMS
44455649435TMS
5472792861 TRYAGN:
54616CEB2OTIMSG :
PDBA45TBSAXTNMS ¢

)
g

ECHO:
FCN:

BUFBEG:

2A088 BUFPTR:

ANI
ORI
cPi
Jc
AD!
CALL
RET

LDAX
CALL
AN
INX
JZ
RET

CALL
PUSH
MY
CALL
M1
CALL

RET

DINK

#FH

;STRIP HIGH NIBBLE
3@H ;CONVERT TO PRINTING CHARACTERS
it ;SEE {F VALUE GREATER THAN 9
MM iom
7 ;e«TES, SO ADD COFFSET TO GET A-F
PRT ;PRINT THE CHARACTER
B
PRT  ;PRINT MESSAGE
8gH ;SEE IF PARITY SET
a
MSG ;oeNO, SO PRINT SOME MORE
MSG ;PRINT THE MESSAGE, TERMINATE W1TH CRLF
PSW ;PRESERVE ALL REGISTERS
A, BDH ;OUTPUT A CARRIAGE RETURM
PRT
A,BAH  ;THEN A LINE FEED
PRT
PSW ;RESTORE ALL REGISTERS

G0H, PAH,'Enter PAT-488 Listen and Talk addresses,!

t Paraliel Poll responsa' ,@DH,8AH

'Sarial Poll status and the End-cf-5tring '

1{ECS) bytas,.' ,SAPH

g0H, SAH, "INYALID FUNCTION CODE',QAgH

TLISTEN BUFFER FUL', @CCH

'Enter a character!,@AgH

'488 Control |ines:DAV NRFD NDAC {FC ATN SRQ REN EQI',QAQH
'488 Data |inas!,BASH

'DEVICE CLEA', @D2H

#OH, BAH,'<END' OBEH

"Return upen receipt of €05 byte?! ,JASH
'Entar function code! BAQH

'Too few characters'’,dAgM ;
POH, QAH,TDINK 1-2-B@* ,20H, BAH H
tSend IFC (Y/N)?' ,dAGH

@OH, @AH,'INTERFACE CLEA', #02H

fListen Secondary Addraess',ZAfH

'NO LISTENE?, #D2H

POH,dAH,'Y or N ONLYI!!' ,dAGH

'No affirmative rasponse to Serial Poll! @A@GH
S0H ,BAH, 'POC/RESET TRUT, BC5H

'‘Paraliel Pol| Response byte! ,JAH

The value of The responsae byte is' ,JAGH
'"The 488 device requesting service is' ,BAgH
Abbreviated State of PAT-4887,@A%H

'"Talk State byte! ,dAGH

'Listen State byte! ,AAgH

'Service Request State byte' PAGH
'Remote~Local State byte! ,BAdH

"Paral lsl Poli State byte! ,JAGH

"Controller State byta' ,SAOH

'A 488 device is requesting service’ ,@AgH
tEnter a string’ ,BAZH

'Send END with last character (Y/N)?', $AGH
'DEVICE TRIGGE', #DZH

Try another Sariai Polt (Y/N}?',dAQH

'Talk Secondary Address',JAgH

POH , JAH , "EXTERNAL CONTROLLE',@D2H

MB229

MB229
M1g2@

T

a ;ECHO FLAG, 1F @ DO NOT PRINT CHAR EACH
3 TIME BRX 15 CALLED
g ;AREA TO SAVE FUNCTICN CODE

BUFS1Z
BUFBEG

;STRING BUFFER
;STRING BUFFER POINTER

M8229

C5-43
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@8AC 0s 84D ;STACK AREA
STAK :

IT IS ASSUMED THAT THE ROUTINE PRT PRINTS THE CHARACTER
HELD I8 THE A REGISTER, THEN RETURNS TQ THE CALLING
ROUTINE. ALL REGISTERS (EXCEPT THE FLAGS) ARE ASSUMED
TO BE UNMODIFIED BY FRT,

SIMILARY, IT 1S ASSUMED THAT THE ROUTINE KBIN GETS A
CHARACTER FROM THE KEYBOARD AND RETURNS WITH IT IN
THE A REGISTER. ALL OTHER REGISTERS ARE TO BE UMAFFECTED

AN EXAMPLE OF PRT WRITTEN TO USE CP/M'S
CONSOLE OUTPUT RGUTINE JN CBIOS

NOTE: THE STARTING ADDRESSES OF CONQUT AND CONIN CAN BE

FOUND IN THE FOLLOWING MAMNER:

1, GET THE ADDRESS STORED IN THE WORD AT LOCATION 23d1
(LOW BYTE OF ADDR IN 9@@1, HIGH BYTE IN @0@2)

2. ADD 6 TO THAT ADDRESS. THE RESULT 1S THE ADDRESS OF
A JUMP TO THE ROUTINE CONI!N.

3. ADD 3 TO THE ADDRESS CALCULATED FOR COMIN. THiIS 15
THE ADDRESS OF A JUMP TQ THE ROUTINE CONCUT.

Tma M wa mE ks s W W W we wh W W we wa RO W we Wi WS Ne wa

gaEC ES RT: PUSH H
BBED D5 PUSH D
@8EE C5 PUSH 2
A8EF F5 PUSH PSW ;SAVE ALL REGISTERS
@BFB ESTF ANI 7FH ;STRIP PARITY 81T MEZ229
g8FZ 4F MOV c,A ;PUT CHAR INTQO REG C AS NEEDED BY CB!OS
@8F3 COAC0A CALL CONOUT  ;OUTPUT THE CHARACTER
g8F6 Fi PoP PSW ;RESTORE REGISTERS
BBF7 C1 POP a
@8Fa8 D1 POP D
@8Fo £1 POP H
#gaFA C9 RET

: AN EXAMPLE OF KBIN WRITTEN TO USE CBI0S CONSOLE

3 INPUT ROUTINE
@#8FB ES KBiN: PUSH H ;SAYE REGISTERS
@8FC DS PLISH D
garFD cs5 PUSH 8
@8FE CDASDA CALL CONIN  ;GET THE CHAR (CP/M RETURNS WiTH CHAR

;. IN REG A)

@91 E&TF AN TFH ;STRIP PARITY BIT M8229
3943 Ci FOP B ;RESTORE REGISTERS
g9g2 DI PGP )
@995 El foP H
goge C9 RET
gog7 END 18@H
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@482
@513
@525
DAGY

@587
a45C3
@2F2
2035
2306
B>1e
@1ES
@379
@375
@211
A1FG
@208
2508
graA
8@3E
ar79
a79c
@s31
g813

ADRMS
BMS
CHRMS
CONIN
DELCHR
ENCMS
FEWMS
GETCHY
GIM
tOMS
JTBL
LSN1
NLS
NOTCC
PNSET
PPOLL
PSET
SIPMSG
S5M5G
SPGRY
SROMS
STRMS
TRGR
XTNMS

@179 ADRSET
g351 BRK
#537 CLMS
DABC CONOUT
#56C DLMS
8826 ENTBL
#3EC FILL
#200 GETCHR
B1A7 GIMSET
@SER 1FCMS
@8FB KBiN
B467 MSG
@286 NOEO|
3421 NOTD
@665 POCMS
8047 PPORY
g3A8 QRY
B6F5 SIMSG
F763 SEMSG
80144 SPREL
802F STADR
3029 TALK
@700 TRYAGN
§202 YESN!

SYMBOL TABLE

#3CD AF iRM
@82A BUFBEG
@70 CMDPT
B19€ CONTRL
@338 DVCL
@58E EQSMS
93F1 FIL2
@111 GETFN
458 HEXL
@5F8 |1 FMS
802C LISTN
9472 MSGCR
@620 NOGUD
P43A NOTX
#382 POCRST
8@4D PPREL
@217 REQ
@785 S2MSG
#1917 SET1
8041 SPSRQ
PBEC STAK
J2A7 TALKR
FTFC TSMSG
32C1 YESNO

C5-45

g4F8
FBAA
8032
@475
gs78
ge29
#3EC
@398
#4456
3926
2609
@436
gice
G463
8d5@
BB4A
2691
717
7198
g2A1
g10a
#7AB
8038

BADMS
BUFPTR
CNTRL
CRLF
D5

FILBFR
GETS)
HEXO
INIT
LSMSG
NESC
NOIFC
NUM
PPIDL
PPREQ
RSBMS
SIMSG
SETADR
SREL
START
TLKMS
XCTRL

@#33F
daag
2208
a7E
2828
g5aF
242D
gzre
@548
gipg
g1ce
@622
g63E
giFe
@675
gReC
@eB3
g7132
@229
g3A2
6038
#IcF
g388

DINK

BFL
BUF$1Z
COK
DATPT
ECHO
FCNMS
FILXIT
GETSTR
ICLR
INITL
LSN
NLMS
NORSP
PIDL
PPMS
PRT
RSPMS
SaMSG
SHO
SREQ
STATE
™S
XTN
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UNOFFICIAL PHRASEBOOK
IEEE 488 to ENGLISH

IEEE wused the following conventions when they assigned the names used in

the standard:

Lower Case names are associated with local messages {messages between a

device and its interface; they MIGHT NOT appear on the 488 bus).

Upper Case names are divided into three groups:
One or two letters name interface functions,

Three letter mnpemonics are remote messages (communications over the
438 bus from one interface to another) and

Four fetter names ending in "S! jdentify the state of an interface
function.

The numbers following an entry are the pages of the IEEE Standard {(Apr 4, 197535)
which give further information.

ACDS ACcept Data State
21,22

ACG Addressed Command Group - multiline messages (@P-0F Hex) which affect
only addressed devices. The messages GTL (Go To Local), SDC {Selective
Device Clear), PPC (Parallel Poll Configure} and GET {Group Execute
Trigger) operate only on devices in the LADS (Listener Addressed) state.
TCT (Take Coatrol) operates on the device in the TADS (Talk Addressed)
state. .
48,77

ACRS ACceptor Ready State
21,22

Addressed Commands - Commands belonging to the Addressed Command Group ({See
ACG)
43

AH Acceptor Handshake - the device function which allows proper reception of

data and commands appearing on the eight data lines of the 488 bus (i.e.,
multiiline messages). The DAYV (Data Available) line is sensed to determine
when the multiline message is valid, and the AH function indicates its
readiness for data by asserting a passive false on the NRFD {Not Ready For
Data) line, and that it has received the message by asserting a passive
fzlse on the NDAC (Not Data Accepted) line. Note that it is illegal for the
AH to assert both NDAC and NRFD passive false simulitaneously.

20
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Active

Active

AlDS

ANRS

APRS

ATN

AWNS

CACS

CADS

CAWS

CID5

CPPS

CPWS

False - an active false message asserted on the 488 bys is one in which it
is guaranteed that a false vaiue is received. it overrides a passive true.
The standard is constructed so that it is not possible for an active true and
an active false message to be asserted on the bus at the same time.
16

True - a message which when asserted on the 488 bus is guaranteed to be
received as true. It overrides a passive faise. The standard is

constructed so that it is not possible for an active true and an active false
message to be asserted on the bus at the same time.

16

ACceptor ldle State

20, 21

Acceptor Not Ready State

20,21

Affirmative Poll Response State

32

ATtentioN - a uniline remote message indicating that a Controller is sending

commands (as contrasted to a Talker sending data) over the eight data (DIO)
lines.
19,21,24,29,35,41,48,75-76

Acceptor Wait for New cyclie State
21,22

Controller interface function - the interface function which allows a device
to send device addresses, universal commands and addressed commands over

the 488 bus. 1t also allows the device to conduct a Parallel Poll to
determine which device needs service.
41

Controller ACtive State
47,432

Controller ADdressed State
41,42

Controller Active Wait State
41,43

Controller IDle State
41

Controller Parallel Poll State
41,43

Controller Parallel poll Wait State
41,43
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CSBS Controiler StandBy State
41,43

CSNS  Contrailer Service Not requested State
41,44 :

CSRS5S Controller Service Requestsd State
41,44

CSWS Contrailer Synchronous Wait State
41,43

CTRS Controller TRansfer State

41,44
DAB DAta Byte ~ a multiline sent by the Source Handshake (SH) over the eight

dgata (DIOQ) lines

25,48,75-76

DAC Data AC¢epted - the complement appears on the NDAC line, See AH, 5SH
for further information.
19,22,48,75-76

Data Byte Traasfer Control lines - the three lines (DAV, NRFD and NDAC) that
are used by the Source and Acceptor functions to perform the handshake
cycle.
12,18-22,67

DAY DAta Valid - a uniline message sent by the Source Handshake {(SH} function
over the DAV line. See SH.
48,75-76

oC Device Clear interface function - the interface function which ailows a
device to be cleared (initialized) either individually or as part of a group.
The group may be either part or all of the addressed devices in one
system.
37-38

DCAS Device Clear Active State
38

DCis Device Clear ldle State
37,38

oCcL Device Clear - a multiline message (14 Hex) sent by the Controiler over the
eight data lines indicating that all devices are to go into the Clear state.
The details are device dependent, but usually the device is left in the same
state as when its power is first turned on.
38,43,48,75-77

Dense Subset - A subset of the Primary Command Group, consisting of only the
Listen Address Group (LAG) and Talk Address Group {TAG). 150 codes
Space through Underline, inclusive. (Values 20 Hex through 5F Hex).
77
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BIOn Data Inpu:,fOutpuf: line n {n goes from 1 through B8)
54 ’

DT Device Trigger interface function - the interface function which allows a
device to start its basic operation started either individually or as part of a
group. This function may be used to start several devices simultaneously.
38-39

DTAS Device Trigger Active State
39

DTIS Device Trigger ldle State
39

END END - a uniline message sent by a Talker (EQI line active true) at the
same time a data byte is sent on the data (DIO) lines. The message
indicates that this is the last data byte to be sent. ({See EOS5 for an
alternate way of termimating a string sent by a Talker).
23,48,75-76

EQl End Or Identify - a uniline message which serves two purposes: if asserted
true by a Talker it indicates that the last byte of a string is being sent.
If asserted true by a Controller it initiates a Parallel Poll.

EQS End Of String -~ a multiline message sent by a Talker to indicate that the
last byte of a string has been seant. Its value (1SO code) is determined by
what the Listener(s) recognize.

48

General Interface Management lines - the five lines used to perform system
operations, such as Parallel Poll, Interface Clear, etc. Several of the
lines zare also used in data transactions: an example is EOI, which may be
used to signal the end of a multibyte tramsaction. The five lines are ATN,
EOQI, IFC, REN and S5RQ.

12

GET Group Execute Trigger - a multiline message (@8 Hex} sent by the
Controiler indicating that all devices addressed as Listeners are to start
performing their respective functions. This command is often used to start
several pieces of equipment in synchronism.
39,43,48,75-77

GTL Go To Local - a muftiline message (P11 Hex) sent by the Controller
indicating that all devices addressed as Listeners are to go to the Local
state: i.e., local controls on the front or back panel {instead of device
dependent messages on the 488 bus) control device operation. {See Local
Control)
33,43,48,75-77

gts go to standby - a local message sent by a device to its Controller interface

function telling it that it is finished sending commands. The response is
that the Controlier function releases the bus so that other operations (e.g.,
a Talker sending data to Listeners) may proceed.

41,75
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iDY IDentif¥Y -~ a uniline message sent by the Controller during a Parallel Poll
telling the other devices to assart their Parailel Poll responses on the data
bus.
35,48,75-76

tFC InterFace Clear - a uniline message sent by the System Controller telling
all other devices on the bus to go to the ldle state. This message is used
to place all devices in a known state. It should be used sparingly because
any bus transaction is jerminated by this function.
24,29,41-42,48,75=-76

ISO Code - a seven bit code equivaient to the American National Code for
Information Interchange, ANSI X3.4-1968 (often called ASCII.
46,50,77

isr individual service request - a focal message sent by a device to its Paraillel
Polt interface function. If the individual status {see "ist") message is ezqual
to the S5 (Sense) bit received as part of the most recently received PPE
(Farallei Poll Enable) command, the PFPR {(Parallel Poll Response) byte
specified by the three bits P1-P3 of the most recent PPE command must be
sent true upon receipt of an IDY (ldentify) command from the Controller.
Alternatety, if subset PP2 (Parallel Poll function cannot be configured by
the Controller} is used, local messages are substituted for S, P1-P3.
35-37,75

ist individual status - a local message used by the Parallel Poll function to
determine the proper response to an IDY {ldentify} command from the
Controller. See Fisr?,
35-36

L Listen interface function - the function which allows a device 1o receive
data from the 488 bus.
28

LACS Listener ACtive State
29-30

(LAD) the listen address of a specific device (received as MLA). See "MLAN,
43

LADS Listener ADdressed State
28-29

LAG Listen Address Group - a subset of the 150-7 codes, being characters
SPACE through ? ({20 Hex through 3F Hex).
48, 77

LE Listen Extended interface function - similar to the Listen function except
that a Secondary Address must be used as well as the Primary Address used
for the Listen function.
30 ’

LIDS Listener IDJe State

28-29
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LLO Local LockQut - a multiline command (11 Hex] sent by the Controller which
tells all devices with the RL [Remdte Local) interface function to obey
device dependent messages sent over the 438 bus instead of their local
controis (e.g., front panel},
33,43,48,75-77

LOCS LOCal State
33

local control - the device is programmed by its controls instead of by the 488
interface. An example is a digital multimeter; the range, function, sample
rate, etc. are set by front panel controls if it is under local control.

33

local message -~ a message sent between a device function and an interface
function. It may cause a remote message to be sent from the interface
function over the 488 bus.
15

lon listen only =~ a local message which causes the Listen function of the device
to act as if it had been addressed by the Controller.
29,75

LPAS Listener Primary Addressed State
29,30

Ipe local poll enabie - a local message which causes the Parallel Poll function

of the device to act as if it has received a PPE (Parallel Poll Enable) from
the Controller. When Ipe is faise, the device is to act as if it has
received a PPD (Paraliel Poil Disable) while in the PACS (Parallel Poll
Addressed to Configure state) or a PPU (Parallel Poll Unconfigure) command
from the Controller.

35,75
LPIS Listener Primary Idle State
29-30
Itn listen - a local message which when true and the Controller is in the active

state causes the L (Listen) or LE (Listen Extended) function te go from the
Idle {LIDS) to the Addressed {LADS) state.
29,75

lun iocal unlisten - a local message which when true and the Controlier is in
the active state (CACS) causes the L (Listen) or LE (Listen Extended)
function to go from the Addressed (LADS) to the Idle {(LIDS) state.
29,75

LWLS Local With Lockout State
33-34
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MLA

MSA

MTA

My Listen Address - the address which the L (Listen) or LE ({Listen
Extended] function will respond to. Note that the standard does not allow a
488 bus system to have both an L and an LE interface function which
respond to the same primary address. MLA must belong to the LAG (Listen
Address Groupj.

48,75-76

My Secondary Address - the secondary address which the TE (Talk
Extended) or LE (Listen Extended) functions will respond to if they are in
the Primary Addressed state (TPAS or LPAS, respectively). MSA must
belong to the SCG [Secondary Command Groupj.

24,48, 75-76

My Talk Address - the primary address which the T (Talk) or TE (Talk
Extended) function will respond to. Note that the standard does not allow a
488 bus system to have both a T and TE interface function simultaneacusly
with the same primary address. MTA must belong to the TAG (Talk Address
Group).

24,29,48,75-76

multiline message - a message that is sent over two or more lines of the 488 bus.

nba

NDAC

NPRS

NRFD

NUL

O5A

An example is Device Clear (DCL) (14 Hex sent out on the data (DIO1-D108)

lines by the Controller).
45

new byte available - a lacal message sent by a device to its Source
Handshake (5H) function to inform it that another byte is available for it to
place on the bus data {(DIO1-DIO8) lines.

19,75

Not Data ACcepted - one line of the 4838 bus which carries the complement
of the Data ACcepted [(DAC) message. It is one of the three Data Byte
Transfer Control lines. (See DAC).

Negative Poll Response State
32

Not Ready For Datz - one line of the 488 bus. It carries the complement
of the Ready For Data (RFD) message, and is one of the three Dara Byte
Transfer Control lines. (See RFD).

null byte: all eight bits are false.
23,42,48

QOther Secondary Address - a secondary address which is not the same as
the secondary address of the TE (Talk Extended) function while it is in the
TPAS {Talk Primary Addressed state), or of the LE (Listen Extended)
fumction while it is in the LPAS (Listen Primary Addressed state). OSA
must belong to the SCG (Secondary Command Group).

48,75-76



P&T —488 488 PHRASEBOCK

OTA

PACS

Passive

Passive

PCG

pon

PP

PPAS

PPC

PPD

PPE

Other Talk Address - an address other than a device's own talk address.
Some devices which are capable of talking unaddress themselves if they
sense that the Controller is addressing another Talker. This feature can be
convenient because an UNTalk (UNT} command is not needed. OTA must
belong to the TAG (Talk Address Group).

24, 48,75-76

Parallel poll Addressed to Configure State

35-36

False - a message which when asserted on the 488 bus is NOT guaranteed
te be received as false. It is overridden by an active true message.
16

True - a message which when asserted on the 488 bus is NOT guaranteed
to be received as true. It is overridden by an active false message.
16

Primary Command Group - a subset of the ISO-7 code. It consists of all

characters NUL through UNDERLINE (9@ Hex through 5F Hex). It includes
all of the ACG (Addressed Command Group), UCG (Uaiversal Command
Group), LAG (Listen Address Group) and TAG (Talk Address Group).
35,49,75-77

power on - a local message sent by the device to its own interface to
inform it that power has just been applied. The interface should reset all
functions (e.g., Listen, AH, Talk, etc.} to their Idle states.

75

Parallel Poll interface function - the function which allows a device to
respond to a Parallel Poll from the Controller.

35

Parallei Poll Active State

35-36

Parallel Poll Configure - a multiline message (§5 Hex) sent by the

Controller which causes the device presently addressed as a Listener (e.g.,
in the LADS state) to go into the PACS (Parallel Poll Addressed to
Configure} state. While in the PACS, the PP (Parallel Poll) function is to
obey the PPRE (Parallel Poll Enable) and PPD (Parallel Poll Disable) messages
sent by the Controller.

35,43,75-77

Parallel Poll Disable - a multiline message (7@ Hex) sent by the Controller
which will place all devices in the PACS (Parallel Poll Addressed to
Configure) state into the PPIS (Parallel Poll ldle) state.

35,43,49,75-76

Parallel Poll Enable - a multiline message {60-6F Hex) sent by the
Controller which will change all devices in the PPI5 (Paraliel Poll Idle) state
te the PPSS (Parallel Poll Standby) state. It also specifies the PPRn
{Parzflel Poli Response byte) to be used and the S {Sense) of the PPR.
The form of the message is (from meost significant bit o least)

A-8
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PP!S

PPRn

PPSS

PPY

PUCS

rdy

remote

REMS

REN

RFD

RL

X 1 1 @ S P3P2P
where X means don't care [may be either high or low), and the binary value
formed by P3-P1 indicates which PPRn is to be used. Note that n of PPRn
indicates which data line is to be made active true (i.e., DIO3 will be made
active true when PPR3 is placed on the bus}).
35,43,49,75-76

Parallei Poil [dle State

35-36

Parallel Poll Response n {See PPE}

35,49,75-76

Parallel Poll Standby State

35-36

Paraliel Poll Unconfigure - a multiline message (15 Hex) sent by the

Controller which takes all devices in the PPSS (Parallet Poll Standby) state
and puts them into the PPFIS (Parallel Poll ldie) state.
35,43,49,75-17

Parallel poll Unaddressed to Configure State
35-136

ready for next message - a local message sent by a device to its AH
(Acceptor Handshake) interface function to indicate it is ready for another
message byte from the 488 bus (i.e, another multiline remote message).
21,75

contral - a device is programmed by its 488 interface instead of by local
controls. An example is a2 DMM whose function, range selection, etc are
selected by messages sent to it over the 488 bus, See local control for
contrast.

33

REMote State

33-34

Remote ENable - one of the five General Interface Management lines,

Alsa, a uniline message sent by the Controlier to put devices addressed as
Listeners into the REMS (Remote) state. When the Controller makes the
REN message false, alfl devices are to go to the LOCS (Local) state.
33,42,49,75-76

Ready For Data - the complement appears on the NRFD line. This uniline
message is used by the AH (Acceptor Handshake) function te indicate that it
is ready to accept the next byte {multiline message). See AH for further
information.

19,22,49,75-76

Remote Local interface function - if present it allows a device to be
switched from locai to remote control and vice versa.
33
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rop

RQS

rsy

rtl

RWLS

5ACS

(SAD)

(SBA}

(SBN)

5CG

request parailel poll - a local message sent to the Controller interface
function when the device wants a Parallel Poll performed.

41,75

ReQuest Service - the byte sent by the current Talker in response to a
Serial Poll. Data bit 7 {DIO7) is true.

23,49,75-76

request system control - a local message sent to the Controlier interface

function by the device when it wants to go to the SACS (System Control
Active) state.
41,75

request service - a local message sent by a device to its Service Request
interface function to cause it te go to the SRQS (Service Request) state.
As a consequence, the uniline message SRGQ is sent active true untii either
rsv is sent false, or the Controller performs a Serial Poll of this device.
32,75

return to local - a local message sent by a device to its Remote/Local
interface function. The LOCS (Local) state is entered if neither LLO
{Local Lockout} nor ACDS (Accept Data State) are true.

33,75

Remote With Lockout State

33,34

System Control Active State

41,44

Secondary ADdress - the seconday address of a specific device, and is

received as either My Seconday Address (MSA) or Other Secondary Address
{OSA). Its value must lie in the range 6¢-7E Hex. (See SCG).
43

Status Byte, service request Acknowledged. A message sent over the 438
bus by the current Talker in response to a Serial Poll. This message
indicates that this device was requesting service. Data bit 7 (DIO7Y) is
true. ({See RQS)

62

Status Byte, service Not requested. Same as SBA but indicates that this
device does not need service. Data pit 7 (DIO7) is false.
62

Secandary Command Group. A subset of the I1S0-7 code consisting of
characters ACCENT GRAVE through TILDE {60 Hex through 7E Hex}.
Secondary Talk and Listen addresses must be selected from this group.
(Note that DEL is not allowed as a secondary address).

49, 77

A=10



P&T -4838 488 PHRASEBOOK

5D0C

Sbvys

Selected Device Clear - a multiline message {§4 Hex) sent by the Controller
indicating that all devices addressed as Listeners are to go inte the DCAS
(Device Clear Active) state. The details are device dependent, but usually
the device is left in the same state as when its power is first turned on.
38,43,49,75-77

Source DelaY State
18-19

Secondary Commands - the commands PPE, PPD and (SAD).

SGNS

SH

SIAS

sic

SIDs
s51s

5INS
SIWS

SNAS

43

Source GeNerate State
18=-19

Source Handshake interface function. The function used by a Talker or
Controller to insure proper communication of multiline messages. The NRFD
and NDAC (ines are sensed to determine whether the AH (Acceptor
Handshake) function of some ‘device is active (if both NRFD and NDAC are
faise simuitanecously, there is no AH function on the bus, which is an
error). The multiline message is placed on the eight data lines (DIO1-DIO8)

-and a 2 microsecond timeout is started. When NRFD is sensed false and

the timeout has been completed (to insure the data lines have settled) DAV
is asserted true {to show that the data is available and settled). Upon
sensing NDAC false the SH asserts DAV false [to indicate that the data
may no longer be wvalid) then removes the data. The whale cycle is
repeated for subsequent bytes of data. (See AH for the other half of the
handshake cyecle).

18

System caontrol Interface clear Active State

41,44

send interface clear - a local message which causes the devices' Controller

interface function to enter the SIAS (System Control Interface Clear Active)
state if it is the System Controller (i.e., it is in the SACS {(System Control
Active) state). As a consequence, the IFC (inteface Clear) signal is sent
active true. {IFC is a uniline message sent on the IFC line),

41,75

Source iDle State
18-19

System control Interface clear idle State
41,44

System control [nterface clear Not active State
41,44

Source Idle Wait State
19-20

System contrel Not Active State
41,44

A-11
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SPAS

SPD

SPE

5P1S

SPMS

SR

SRAS

sre

SRIS

SRNS

SRQ

SRQS

5T8

Serial Poll Active State
24,26

Seriat Poll Disable - a multiline message {19 Hex) sent by the Contraller.
It informs all devices capable of being Taikers that they are to speak data
when they are addressed to talk. ({See SPE for contrast).

43,49,75-77

Serial Poll Enable - a mulitline message {18 Hex} sent by the Controller. It
informs all devices capable of being Talkers that they are to speak their
Serial Poll Status Byte (instead of data) when they are addressed to taik.
See SBA, SBN, STB for further information about the status byte.
43,49,75-77

Serial Poll ldle State
24,26

Serial Poll Mode State
24,26

Service Reguest interface function. This function allows a device to
asynchronously request service from the Controlier~In-Charge.
31

System contral Remote enable Active State
41,45

send remote enable - a local message sent by a2 device to its Control
interface function. It causes the function to enter the SRAS (System
Control Remete Enable Active) state only if it was already in the SACS
(System Control Active) state. The uniline message REN is sent active true
as long as the Controller remains in the SRAS state.

41,75

System control Remote enable Idie State

41,44

System contrel Remote enable Not active State

41,45

Service ReQuest - a uniline message sent on the SRQ line by the SR
{Service Request) interface function. 1t is the duty of the Controller to
provide the service needed.

49,75-76

Service ReQuest State
32

STatus Byte. Data bits 1 through & and bit 8 (DIO1-DI06, DIO8) sent in
response to a Serial Poll. STB is combined with RQS to form the complete
byte. (S5ee SBA, SBN]J.

25,49,75-76

A=12
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STRS

SWNS

TACS

(TAD)

TADS

TAG

tca

tes

TCT

Source TRansfer State
18-19%

Source Wait for New cycle State
18-19

Talk interface function. This function allews a device to send information
to other devices on the 488 bus. Only one byte (selected from the Talker
Address Group) need be sent to address the Talker.

23

Talker ACtive State
24,26

the Talkx ADdress of a specific device. It is received as either My Talk
Address (MTA) or Other Talk Address (OTA). It must be 2 member of the
TAG (Tatk Address Group).

43

Talkar ADdressed State
23-24

Talker Address Group. A subset of the 1SO~7 code consisting of all
characters from @ through UNDERLINE (49 Hex through 5F Hex). The
address of a Talker (or the primary address of an Extended Taiker) must be

.selected from this group. Note that UNDERLINE cannot be used as an

address, for it is reserved as the Universal Untalk command.
49, 77

take control asynchronously - a local message sent by a device to its
Controller interface function. [t causes the function to go from the CSBS
{Controtier Standby) state to the CTSWS (Controller Synchronous Wait) state,
where it waits for at least 500 nsec {to allow the other devices on the 483
bus to respond to the active true assertion of the uniline message ATN),
then procesed to the CAWS (Controller Active Wait) state. ATN is active
true in both CS5WS and CAWS.

41,75
take control synchronously - a local message sent by a device to its
Controller interface function. It operates the same as tca EXCEPT that

the function goes from CSBS to CSWS only when the AH (Acceptor
Handshake) function is in the ANRS (Acceptor Not Ready) state. The
effect is to insure that a message sent by a Talker is not garbled or
misinterpreted as a message sent by the Controller; ATN will not become
active true until the Source Handshake is complete (i.e., DAV is false,
showing that the message is no longer valid).

21,41,75

Take ConTrol - a2 multiline message ($9 Hex) sent by the Controller teo
inform the device currently addressed as a Talker that it is to become the
Controiler-in-Charge.

41,43,49,75-77

A-13
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TE

TIOS

ton

TPAS

TPIS

UCG

uniline

Talker Extended interface function. Similar to the Talker {T) function
except that this onme is addressed by two bytes. The first must be selected
from the Talker Address Group {TAG) and the second from the Secondary
Command Group (SCG).

23

Talker 1Dle State

23-24

talk only - a local message sent by a device to its Talk interface function.

If \IFC (interface Clear) is faise, the Talker function enters the TADS

(Talker Addressed) state. Remember that only ore Talker may be addressed
at a time, so0 as long as ton is true no other device may have ton true or

be addressed as a Talker by the Controlier.

24,75

Talker Primary Addressed State

24,26

Talker Primary ldle State

24,26

Universal Command Group - A subset of the 150-7 code consisting of ali

characters from DLE through US (1@ Hex through 1F Hex). These commands
operate upon all devices which are capable of responding to a Controller;
the devices are not individually addressed. For contrast see Addressed
Command Group {ACG).

43,49, 77

message — a message that uses only one line of the 488 bus. An example is
Service ReQuest (SRQ).

Universal Command Group - See UCG

UNL

UNT

UNListen - a multiline message (3F Hex or the character "I"! sent by the
Controller which forces the Listen fungtion of all devi¢es into the LIDS
(Listen Idle) state.

29,43,49,75-77

UNTalk = a multiline message (SF Hex or the character "_") sent by the
Controller which forces the Talk function of all devices inte the TIDS (Talk
Idle) state.

49,77

A-14
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Program Notes

The following listing of the P&T -488 Functional Test program is a version written

to run under CP/M (an operating system produced by Digital Research). Only these few
things need te be changed for it to run with any specific system:

1

2199

ool
gaas

@190

33" 5]
Pi1g4
a1gs
p1g6
g8
#130
#r32
gi34
g6z
@15d
g182
3100
@104
FIES
d1ED
287
#22€
#237
B24F
gz25e
9266
@288
F2A3

g2a5

MONITR (a name} - should be SET to the entry point of the user's monitor

PRINT (a routine at 03CA) The Functional test program CALLs the subroutine
PRINT with the character to be printed in register A. Register pair HL must be
preserved. All other registers may be trashed.

INSTAT (a routine at 0385) The Functional Test routine CALLs the subroutine
INSTAT. If ne key has been pressed on the keyboard, INSTAT is to RETurn
with the zero flag set. If a key has been pressed, INSTAT should check to see
if it is a Control C. If it is a Control C, INSTAT shouid jump to the user's
monitor, otherwise it is to RETurn to the calling program with the zero flag
cleared.

BASPRT (a byte at 0103} The third byte of the Functional Test nmmst contain the
jowest 1/C port address used by the P&T -488. If the address switch on the
P&T -488 interface board has been changed from 7C Hex, the value contained in
this location ‘must also be changed.

P&T 488 TEST ROUTINES
RUNS UNDER CP/M

- W omr w ws e

ORG #10aH
¥ MONITR  SET 2 :CPM RE-ENTRY POINT
7 om0 SET 5 ;CPM | /O RCUTINE ENTRY POINT
C3C582 ENTRY: JWF SELFCN ;GO TO SELECT FUNCTION ROUTINE
7c BASPRT: 0B TCH ;BASE ADDR OF PAT 488 [NTERFACE
gd ER8YT: DB ) sANY BIT SET TO 1 IS IN ERRCR
] ERFLG: D8 @ ;PRINT 'NO ERRORS' |F ZERD
a0aA STRTMS: 08 aoH , BAH
5326542934 o8 'PAT 488 Functional Test 12~2¢-78"1
dDBA oa @DH, BAH
godA o8 B#OH, BAH
446973636F oe 'Disconnect all 488 davices from PAT 488 +then' ,80H,0AH
2070726573 o ' press any key to begin test!,fOH,PAH
2854686528 o2} t{The powar does nat have to be Turned off bafore' @0H,JAH
646973636F oB Tdisconnecting 488 devices)' ,ZDH,FAM,B0H,8AH
444154C1 DATMS: D8 TOAT! , 'AY+8PH
434F404D41CMOMS: DB 'COMMAND L IN','E'+8QH
5@4152413CPOLMS: DB YPARALLEL POLY, TLT+80H
494E354455215RMS; DB Y INTERRUPT SERYICE REG1STE', 'RY+8@H
B0BAL1T4T4PLUGMS: DB @0H,PAH, 'Attach test plug then press any key',POH,S8AH
3430382043C8LMS: 08 1488 CABL' ,'ET4+80H
4558544552XIFM5: D8 VEXTERNAL INTERFACE CLEAT,'R'+8§H
4558544 552XATMS: DB TEXTERNAL ATY, 'N'+B3H
AE4F2Q4552ZN0ERR: DB TNO ERRCRS! ,0DH,BAH
5@26542@034T5TDUN: DB 'PAT 488 functional test complete’ ,BOH,8AH
284552524FBITER: DB ' ERROR = biTs In error are',' '+BEH
go8A CRLF: ulth PDH , 8AH

DS 20H ;STACK AREA

STAK:
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H
o I A A IS I TR I 96 I I T I
; TEST EACH FUNCTION IN TURN

¥
¥’
’
: R R R T TR AT R N

@205 310582 SELFCN: LXI SP,STAK ;SET STACK POINTER

g2c8 97 sue A

g2co 3295 5TA ERFLG  ;RESET ERROR FLAG

g2ce CD39gs CALL SETUP  ;SET UP 488 PORT ROUTINES

@g2cF 219681 LX! H,S5TRTMS ;PRINT STARTUP MESSAGE

@202 CO7EAD CALL PRNTS

@205 CoBsdE3 STRTWG: CALL INSTAT ;SEE IF A KEY MAS BEEN PUSHED
@208 CAD5@2 Jz STRTWE ;..NOQ, SO WAIT UNTIL ONE IS

@208 CDE3@3 CALL DATA 5 «+CHECK DATA PORT OPERATION
@20€ 210881 LXI H,DATMS

@21 CO72¢3 CALL ERTEST ;..PRINT ANY NEEDED ERROR MESSAGE
@g2t4 CDOEZA CALL CMND 5 ««CHECK COMMAND FORT OPERATION
@287 210481 X! H, CMOMS

@2EA CD7293 CALL ERTEST

#2ED CD10Q4 CALL PPR ; »«GHECK PARALLEL POLL RESPONSE
B2F3 Z2ieE@A LX H,POLMS

@2F3 CD7293 CALL ERTEST

#2r6 CD3704 CALL 15RY : »«CHECK INTERRUPT SERVICE REGISTER
#2F9 21EDd Lx1 H, | SRMS

g2FC CD72o3 CALL ERTEST

@2FF 210792 13 H,PLUGMS ;TELL OPERATOR TO ATTACH PLUG
#3902 COT7EDS CALL PRNTS

@3@5 Coesa3 PLUGWE: CALL INSTAT ;SEE IF A XEY HAS BEEN PRESSED
23d8 CAgS@3 JZ PLUGWE ;..NO, SO WAIT UNTIL ONE HAS BEEN
#3808 CDAZ04 CALL CALTST ;CHECK CONTINUITY QF 488 CABLE
@30E 212E92 Lxi H,CBLMS

#3171 CD7293 CALL ERTEST

#314 CDCI04 CALL XIFC ;CHECK RESPONSE TO EXTERNAL IFC
@317 213742 LXI H,XIFMS

F31a CD7293 CALL ERTEST

B31D COF734 CALL XATN ;CHECK RESPONSE TO EXTERNAL ATH
@320 214F@2 Lxl1 H, XATMS

g323 C07283 CALL ERTEST

@326 3ABSE1 LDA ERFLG  ;HAVE ANY ERRORS QCCURRED?

9329 215802 LXI H,NOERR

a32c 87 ORa A

@320 CC7EQ3 cz PRNTE  ;..NO, S0 PRINT 'NO ERRORS!

@33¢ 216682 LxI H,TSTDUN .

#3533 CD7E@3 CALL PRNT8  ;PRINT 'TEST COMPLETE!

g336 C3geoe JWP MONITR

@339 3Ag3@) SETUP: LDA BASPRT ;GET PORT ADDRESS

#33C E6FC ANI gFcH ;MAKE SURE IT IS A VALID 1SR PORT ADDR
@33E 325B@3 STA 1SRRIt

#341 325693 STA 1SRG

@344 3C INR A sCALCULATE COMMAND LINE PORT ADDR
8345 326193 STA cHD1 1

B348 326403 STA CMDO1

g348 3C INR A ;CALCULATE DATA LINE PORT ADDR
@34C 326783 STA DATIN

d34F 326A83 STA DATON

@352 3 IhR A ;CALCULATE PARALLEL POLL RESPONSE ADOR
#353 326003 STA PPIt

@356 327803 STA PPOT

@359 Cg RET

@35 0B {SRi: DB 8D8H ;1IN ISR

@358 g¢ 1SRi1: DB g

B35C C9 RET

@350 D3 ISRO: DB #O3 ;0UT ISR

B35 B0 ISRO1: OB g

#35F C9 RET
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@360 0B cMol: o8 @DEBH  ;IN CMDPORT
7361 99 cMO11: DB g

7362 C9 RET

4363 D3 CMDO: DB @D3H  ;OUT CMDPORT
7364 0@ cMOO1: OB g

g365 C9 RET

g366 0B DATI: DB @DBH  :IN DATPORT
g367 30 DATHI: DB ]

§368 C9 RET

#369 03 DATO: DB GO3H  ;OUT DATPORT
g36A 08 0ATO1: DB ]

g368 C9 RET

@36C 08 BP1: DB @BH ;!N PARPOLL
#360 80 PPIT: DB g

§36E C9 RET

g36F D3 PPO: DB @D3H  ;OUT PARPOLL
g37g 0@ PPO1: OB )

g371 ¢ RET

@372 SAgad ERTEST: LDA ERBYT  ;GET CUMULATIYE ERRORS FOR THIS TEST
a375 87 ORA A

8376 C8 RZ «NO ERRORS

8377 320531 STA ERFLG  ;SET ERROR FLAG SO 'MO ERRORS! MESSAGE
: WILL NOT BE PRINTED AT END OF TEST

@37A COBAES CALL  ERPRNT ;PRINT ERROR MESSAGE

@370 C9 RET

g37€ 7€ PRNTS: MOV AM ;GET THE CHAR TO BE PRINTED

g37F COCAS3 CALL  PRINT  ;PRINT IT ON CONSOLE DEVICE

g382 7€ MoV AM ;GET THE CHAR AGAIN

g383 23 INX H ;POINT TO NEXT CHAR

@384 E6ad ANI 80H :SEE IF CARRY SET

@386 CATESS 3z PRNTS  ;..NO, SO PRINT NEXT CHARACTER

g389 C9 RET

@38A CDTEBS  ERPRNT: CALL  PRNTS  ;PRINT MESSAGE POINTED TO BY HL

g380 213802 LI H,BITER ;PRINT "8ITS IN ERROR' MESSAGE

#39¢ CDYEDS CALL  PRNT8

@393 2539 MY | L,'@  ;PUT ASCIY @ IN L

#395 3agag LDA ERBYT

a398 BF BITLP: RRC ;PUT BIT IN CARRY

@399 67 MOV H A ;SAVE ROTATED VALUE (N HW

#39A D2A6ES ING NOBIT

@390 70 MOV AL :PRINT ASCII CHAR IN L

@39E COCATS CALL  PRINT

@3A1 3E29 MY 1 A,' ' ;FOLLOW WITH A SPACE

@3A3 COCAPS CALL  PRINT

g3a6 2C NOBIT: INR L ;ADVANCE BIT NUMBER

g3A7 3E38 MY | A, 18!

g3AS 8D oM L :HAVE WE FINISHED?

g3aa 70 MOY A,H ;GET BITS AGAIN

@3A8 29803 JNZ - BITLP  ;..NO, MORE BITS TO TEST

@3AE 21A382 LX1 H,CRLF  ;FINISH WITH <CR><LF>

g3B1 COTESS CALL  PRNTS

g384 C% RET

@385 9EOB INSTAT: MYI C,110 ;DO CPM CONSOLE READY FUNCT|ON

8387 COUSAY CALL  CPMIO

g38A E6Q1 ANI 1 ;LOOK AT ONLY LSB

g3eC ca RZ ;NO CHARACTER READY

@380 BES! MY I c,! ;GET THE CHARACTER

@3BF COWSER CALL  CPMI10

@3c2 EGTF ANY 7FH

@3C4 FEG3 P! 3 ;CONTROL, C?

g3C6 CAZIEE 32 MONITR ;..YES, SO ABORT

#3c9 €9 RET
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83CA ES PRINT: PUSH H ;PRESERVE HL (OMLY REGISTERS THAT
;NEED TQ BE PRESERVED)

asc8 5F MOV E,A ;PUT CHAR $N £, AS NEEDED BY CPM

a3cc Qeaz MY | c,2 ;WRITE TO CONSCLE DEVICE

@#3CE CDE589 CALL CPMIQO  ;CPM 1 /0 ENTRY POINT

#3301 £l POP H

4302 C9 RET

o HRAE R R AR R T TR RN BT T T TR 00 A

'; CLEAR THE INTERRUPT SERYICE REGISTER AND RELEASE
i ALL COMMAND LINES AT THE PORTS CORRESPONDING TO
H THE FIRST ENTRY IN BASPRT

o AT I T e 0 R 0 S 3

@303 3EFF RELCLR: M¥{ A,=1

@305 COB3E3 CALL CMDO ;RELEASE ALL COMMAND LINES

a308 CDeSd3> CALL DATO ;RELEASE ALL DATA LINES

g>DB COGFJS CALL PPO ;RELEASE ALL PARALLEL POLL LENES
@3DE 97 sug A ;ZERO A REGISTER

@30F CD5D@3 CALL 1SRO ;CLEAR ISR

@3E2 C9 RET

-

o BT D 300 T TR T S T I 0 0 A

CHECK DATA REGISTER FOR PROPER OFERATION

THE DATA REGISTER CORRESPONDING TQ THE FIRST ADDRESS
IN BASPRT 'S WRITTEN TO AND READ FROM. ALL BITS WHICH
ARE IN ERROR SHOW UP AS 173 IN ERBYT (THE ERRORS ARE
CUMULATIVE) AND ARE ALSO SHOWN AS LIT BITS ON THE
PROGRAMMED CUTPUT DISPLAY

e owr e M wa wa Wa o wr

.’liQiilﬂ*’i!*’*ﬁ‘il*l*ﬁﬂ*!****Il*{llﬁlﬁl!’lﬁ‘ii{i{lli*ﬁi*l*l*l

@3E3 CDO3@3  DATA: CALL  RELCIR ;CLEAR COMMAND, ISR
: ;  (TO INSURE THAT WE ARE NOT LOCKED
; OUT OR SEEING PARALLEL POLL REGiSTER)
8366 3A0381 LDA  BASPRT ;GET PORT BASE ADDRESS
G3E9 ESFC ANI BFCH  ;MAKE SURE THE ADDRESS 1S A VALID
§3EB F602 OR1 2 ; DATA PORT ADDRESS
@3ED SF MOV E,A ;SET UP QUTPUT PORT
@3EE 57 MOV D,A i AND INPUT PORT
@3EF C3F203 JMP  PORTST ;GO TO COMMON PORT TEST ROUTINE
;I******i****I*il*i'II*l*****iII*I*Iil*lﬁ'iil*!ﬁi*il*l*li******
; PORTST PORT TEST ROUTINE
; QUTPUTS @,1,2,...254,255 TO PORT WHOSE ADDRESS IS IN
; THE E REGISTER, AND READS PORT WHOSE ADDRESS IS IN THE
; D REGISTER. ANY BITS WHICH DO NOT MATCH ARE ACCUMULATED
; AS CORRESPONDING 1'S IN THE C REGISTER AND N MEMORY
; LOCATION ERBYT.
;*l*i**l*l*ﬁ***I***I*’*********************!!*’ﬂii*l**********I
@3F2 78 PORTST: MOY  A,E ;SET UP QUTPUT PORT NUMBER
g3F3 320004 STA  OUTOR
g3F6 7A MOV A,D SAND (NPUT PORT
3F7 320204 STA (NDR
@3FA BECE MY | c,2 ;INITIALIZE BIT £RROR REGISTER
G3FC 9690 MY 8,0 ; INITIALIZE BYTE TEST REGISTER

B-4
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g3FE 78 DATLUP: MOV A,B ;OUTPUT TEST BYTE

@3FF D3 08 @0 3H

2403 @@ QUTDR: DB a

gad1 DB ng g0aH ;READ PORT

gad2 o INCR: DB ]

dg4@3 A8 XRA B ;DETERMINE WHICH BITS ARE [N ERROR
g4@4 B1 ORA c ;ADD [N PREVIOUS ERRORS

g4as 4F MOY C,A ;AND SAVE UPDATED ERRORS

9406 322491 5TA EREYT

g4@9 o4 MR a8 ; INCREMENT TEST BYTE

gaga C8 RZ ;esIF HAVE DONE ALL 256 POSSIBLE TESTS
2438 C3FE@3 JMP DATLUP

o BTSRRI 3 22 A R R
H

CHECK COMMAND REGISTER

i THE COMMAND REGISTER CORRESPONDING TQ THE FIRST ADDRESS
; IN BASPRT 15 WRITTEN TO AND READ FROM. ALL BITS WHICH
; ARE |N ERROR SHOW UP AS 1'S IN MEMORY LOCATION ERBYT

3 AND ARE ALSC SHOWN ON THE PROGRAMMED CUTPUT,

0TS I I S S R R R R R R R E A E RN

S43E COO3ES CMMD:  CALL RELCLR ;CLEAR COMMAND, 1SR

B411 3AQ301 LDA BASPRT ;GET PORT NUMBER

gata E6FC ANI PFCH  ;MAKE IT INTO A YALID COMMAND PORT
@416 F&B1 OR? 1

@418 SF - MOV E,A ;SET P OUTPUT PORT

2419 57 MOV 0,A ; AND INPUT PORT

@41A C3IF293 P BORTST ;G0 TO GOMMON PORT TEST ROUTINE

-

o TR A T T A A BT TR IR T 2N B

CHECK PARALLEL POLL RESPONSE

THE ECI1 AND ATN LINES OF THE COMMAND PORT ARE PULLED
LOW (ASSERTED TRUE) TO GET THE PARALLEL POLL RESPONSE
ONTO THE DATA BUS, THEN TEST BYTES ARE WRITTEN INTO:
THE PARALLEL POLL RESPONSE REGISTER AND THE DATA
REGISTER IS READ. ANY BITS WHICH ARE 1N ERROR ARE
SAYED IN MEMORY LOCATION ERBYT AND SHOWN ON THE
PROGRAMMED QUTPUT.

o ST 0 A AR A R R AR RN R R R AR AT

LI TR O TR TR T Y

§410 COD3@3  PPR:  CALL  RELCLR ;CLEAR COMMAND, ISR
Ba20 3AQ3Q1 LDA BASPRT ;GET PORT NUMBER
8423 E6FC AN BFCH  CHANGE IT INTO A COMMAND PORT
3425 F601 oR| 1
@427 323304 STA PPOUT  ;STORE IT AS OPERAND OF OUTPUT INSTRUCTION
B42A F6d2 ORI 2 iCHANGE IT INTO A PARALLEL POLL PORT
@azc 5F MOV E,A SET UP AS OUTPUT PORT
@420 E6FE AN GFEM  CHANGE IT INTO A DATA PORT
@42F 57 MOV D,A sSET UP AS AN INPUT PORT
2438 3EF6 MY A,@F6H ;ASSERT ATN, EO1 TRUE
3432 D3 o8 @34 38Y QUTPUTTING TO COMMAND PORT
2433 99 PPOUT: D8 ]
§434 C3F283 v PORTST ;THEN JUMP TO COMMON PORT TEST ROUTINE
: A T A T T A T S R
: CHECK INTERRUPT SERVICE REGISTER
; WIGGLE EACH COMMAND LINE IN TURN AND CHECX
; FOR PROPER !SR RESPONSE
i e A 2 TR S AT W T 0 R -
B437 COD3@3  ISRV: CALL  RELCLR ;CLEAR COMMAND, ISR
B43A BEQE MY c,B JINITIALIZE ERROR REGHSTER
$43C \EGG MY E,B ; AND ISR RESET BYTE

B-5
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943E 217094 e H,TSTBL1 ;POINT TO TALK TEST TABLE
dadl 46 ISTST: MOV B,M ;GET NUMBER OF TESTS TO BE PERFORMED
@442 78 MOV A,E ;RESET ISR
@443 COS0E3 CALL  I3R0
8446 23 ISPAS:  HX H ;POINT TO COMMAND TO BE SENT
Pa47 1682 MY | D,2 :INITIALIZE ASSERT COMMAND FLAG
; (D=1 TO RELEASE COMMAND)
daay 7€ MOV AM ;GET COMMAND
@43A CO63F3  RELES: CALL  CMDO  ;AND OUTPUT IT
B44D CDSAZS CALL  ISRI ;READ 15R
9458 23 INX H ;POINT TO EXPECTED RESPONSE
Bas51 AE XRA M ;3ET BITS IN ERROR
@452 81 ORA c ;UPDATE ERROR BYTE
@453 AF MOV C,A
P454 320451 STA ERBYT  ;AND ERROR MEMORY LOCATION
3457 7B MOV AE
$458 CDSOF3 CALL  ISRO  ;RESET ALL ISR LATCHES
@458 3EFF MV A,=1  ;SET UP TO RELEASE ALL COMMAND LINES
@450 15 DR D ;CHECK RELEASE/DONE FLAG
FASE C24A04 JINZ RELES  ;,.PERFORM RELEASE FUNCTION
@461 35 DCR B ;DECREMENT COUNT OF TESTS TO BE PEFORMED
g462 C24604 INZ ISPAS  ;..IF MORE TESTS ARE TO 8E DONE
2465 1D OCR €
@466 1C INR £ ;DID WE JUST DO TALK OR LISTEN?
B467 CO ANZ .e|F LISTEN (SECOND SET OF TESTS)
g468 1E62 MVl E,2 ;FROM NOW ON PUT ISR IN LiSTEN MCDE
BAEA 215994 LX| H,TSTBL2Z ;POINT TD LISTEN TEST TABLE
BAGD C34194 e ISTST  ;AND PERFORM (T$ TESTS

o AT A R A R R TR R R SR SRR NN R

INTERRUPT SERVICE REGISTER TEST TABLE

TABLE OF COMMANDS AND CORRESPONDING ISR CONTENTS FOR
THE ASSERTION AND THEN THE RELEASE OF THE COMMANDS.

THE FIRST BYTE IS THE NUMBER OF TESTS TO 8E PERFORMED

L TR T R S N T Y

o SN T AT 20 T S S T I I R

H TESTS FOR TALK MOOE
8476 g8 TSTBL1: OB ab ;8 TESTS ARE TO BE PERFORMED
#471 7F 08 gIFH ;ASSERT DAY
3472 FFFF Dw -1 ;LOW BYTE=RESPONSE OF ISR TO ASSERTION
; OF DAY, HIGH BYTE=RESPONSE TO RELEASE
; OF DAV
g474 BF ne #BFH ;ASSERT NRFD
P475 FFBF Ow @8FFFH
pa7? OF 0B @DFH s NDAC
@478 FFDF Ow FOFFFH
Fa7A EF D8 GEFH  ;IFC
@478 FFFF oW -1
2470 F7 08 BFTH  ;ATN
@47E FFFF DW -1
2488 FB 1] SFBH 1 5RQ
@481 FBFF W BFFFEH
8483 FD 08 BFDH  ;REN
484 FFFD OW @FDFFH
8486 FE 08 BFEH  ;POC/RESET
3487 FFFF oW -1
B LISTEN MODE
@489 g8 TSTBL2: 0B ap ;8 TESTS
@48a 7 og FFH DAY
@488 TFIF Ow TFIFH
#4830 BF c8 BBFH sNRFD
BAQE FFFF Dw -1
B4sg DF 8- @OFH ;NDAC
@491 FFFF Ow -1
@493 EF D8 BEFH s IFC
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g494 FFFF oW -1

9496 F7 0B gFMH AN

$497 FFFF oW -

@499 FB 0B #FBH ;5RO

BASA FOFF DW @FFFBH

9a5C FO DB 9FDH  REN

gasn FFFD oW @FDFFH

@49F FE DB @FEH  ;POC/RESET
@aAd FFFF oW -1

-

o W RN R R R R RR ARG R R

CHECK CABLE BY BRINGING EACH CCMMAND LINE LOW
ONE AT A TIME AND OBSERVING WHETHER THE CORRESPOND ING
DATA LINE 15 ALSO BROUGHT LOW

e WL W ome e W

AR EERERER SRR LSRR R ER SRR RN SRR AR AR B R BRI

.

@4aA2 CDD3E3 EJBLTST: CALL RELCLR ;RELEASE ALL DATA, COMMAND LINES

g4A5 pEGD MY | c,2 sCLEAR CUMULATIVE ERROR REGISTER

@aA? 1EFE MY E,BFEH ;MAKE ONLY ONE SIT TRUE IN TEST BYTE

@aAe 21C194 LX| H,CBLTBL ;POINT TO EXPECTED RESPOMSES

@44c 78 CBLUP: MOV A,E ;PUT TEST BYTE IN ACCUMULATOR

g4AD CO63E3 CALL  CMDO  ; AND THEN ON 483 COMMAND LINES

¢ap@ CDBEE3 CALL  DATI ;GET BYTE FROM 488 DATA LINE PORT

2483 AE XRA " ;SET ANY BITS WHICH DISAGREE WITH
;EXPECTED RESPONSE

g484 B1 ORA c ;ADD TO CUMULATIVE ERRORS

9485 4F MOV C,A

@486 320441 STA ERBYT

@4p9 23 ENX H ;POINT TO NEXT EXPECTED RESPONSE

@4Ba 78 MOV A,E ;GET TEST BYTE AGAIN

gapa g7 RLC ;PREPARE TO CHECK NEXT LINE OF CABLE

@4BC 5F MOY E.A :SAVE TEST BYTE

@4BD DAACS4 Jic CBLUP  ;..CARRY SET IF THERE ARE MORE LINES TO TEST

gace Co RET

gact OF ¢BLTBL: o8 gOFH ;D106 CORRESPONDS TO £0I

#4C2 EF ce gEFH  ;DIOS .. REN

#4C3 FB 0B #FBH ;D103 ,. SRQ

gaca £7 o8 BF7H ;DI04 .. ATN

#4C5 FD e gFOH ;D102 .., IFC

24C5 FE 0B BFEH ;D101 ., NOAD

B4CT TF 08 g7FH  ;DIDS .. NRFD

@4C8 BF DB #BF4  ;DIO7 .. DAV

o WA AR SR AR AR R EEAR R ERE SRR HERER AR AR ERERE

CHECK RESPONSE TO XIFC

P T

(D102 15 CONNECTED TO XIFC BY SHORTING PLUG)

; S T T T T T T T R AR A T R R T 2 T
B4C9 3EBA XIFC:  MV1 A,BAH  ;MAKE ALL DATA LINES (EXCEPT DI02,4} TRUE
#4088 COESE3 CALL DATO
PACE 3E18 MY A,18H  ;MAKE ALL COMMAND LINES (EXCEPT IFC AND
;ATN) TRUE
#40@ CDL3D3 CALL oMo
@403 97 SUB A
@4AD4 COSDES CALL 1SRG ;CLEAR ISR
@407 BERS MY C,# sCLEAR CUMULATIVE ERROR REGISTER
$4aDg 3E£88 MV 1 A,8 ;NOW PULL DOWN Di0Z AS WELL

; (THIS APPLIES XIFC)

B-7
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g40s
@40E
@4E1
@4E3
B4E4
B4ES
P4E8
JAEA
B4EB
BAEC
gaEF
g4F1
PaAF2
@aF3
gars

PAFT
P4F9
BaFC

Q4FE

asé1 &

25e2
@585
a5e7

2509
a5gc

g5t
ps12
@513
8516
@518
2519
@51A
@s1c

#51F
@529
@521
a5z4

4525

a3

488

CD6983
CDSAB3
EE8D
81

4F
Co6093
EEFF
B1

AF
CO66@3
EEFF
B1

4F
320441
o

3EBA
693
3E58

CD6333
7

CO5DA3
BERD
3E@2

06903
COSAR3
EED5
81

4F
CDEGUS
EEBF
8!

aF
cD66d3
EETF

Bt
4F
32840
c9

BASPRT

#4A2 CBLTST
@364 CMDOI
9367 DATI
@359 DATO

@372
a35A
gad1
@385
@370
B37€
@205
9266

ERTEST
ISR
ISTST
PLUGWS
PPO1
PRNTS
5TAK
TSTDUN

Functional Test Program

CALL DATO

CALL 1SR ;LOOK AT ISR

XRI 8DH ;COMPARE TO EXPECTED VALUE

ORA C :UPDATE CUMULAT!VE ERROR REGISTER
Moy C.A

CALL  cMDI ;LOOK AT COMMAND LINES

XRI SFFH  ;COMPARE TO EXPECTED VALUE

ORA ¢ SUPDATE CUMULATIVE ERROR REG!STER
MOV C,A

CALL  DAT)

XRI BFFH

ORA c

MOV LA

STA ERBYT

RET

SN 2 T TN RN R

CHECK RESPONSE TO XATH
(DI04 |S CONNECTED TO XATN 8Y THE SHORTING PLUG)

b mE s W o WE oW w

HEAERAEEEA SRR E S IR AR NSRS E BRI RFEERERERERR AR E AL R AERERE RN

KATN: MY A, dAH sMAKE ALL DATA LINES {EXCEFT DIO2,4) TRUE
CALL  DATO
M¥i A,5BH  ;MAKE ALL COMMAND LINES (EXCEPT MRFD,
;ATN AND IFC) TRUE
CALL OO0
SUB A
CALL  ISRG  ;CLEAR ISR
" C.8 :CLEAR CUMULATIVE ERROR REGISTER
MY A,2 SNOW PULL DOWN DIO4 AS WELL
: (THIS APPLIES XATN)
CALL  DATO
CALL  ISRF  ;LOOK AT ISR
XRI @O5H  ;COMPARE TO EXPECTED VALUE
ORA c ;UPDATE CUMULATIVE ERROR REGISTER
MOV C,A ,
CALL  CMDI ;LOOK AT COMMAND LINES
xR} @BFH  ;COMPARE TO EXPECTED VALUE
ORA c ;UPDATE CUMULATIVE ERROR REGISTER
MOV C,A
CALL  DATI
xR TFH ;DATA LINES ARE FF, BUT NRFD 1S CONNECTED
; TO DIO8 BY THE SHORTING PLUG
ORA c
MOV C,A
STA ERBYT
RET
END
@285 BITER @398 BITLP #22E CBLMS @4C1 CBLTBL
@4AC CBLUP #361 CMDI'} B36@ CMDI @104 CMOMS
#363 CMDO 240E CMND @2A3 CRLF @3E3 DATA
#366 DAT) @3FE DATLUP 2108 DATMS 836A DATO1
#1908 ENTRY 2104 ERBYT #1#5 ERFLG @38A ERPRNT
24@2 INDR @385 INSTAT #4456 ISPAS $358 ISR1}
Z1ED ISRMS @35E 15RO @350 [SRO @437 |SRY
g3A6 NOBIT 9258 NOERR 348@ OUTDR 8287 PLUGMS
B1EF POLMS @3F2 PORTST @360 PPII g36C PP
BI6F PPO $433 PPOUT ga1D PRR F3CA PRINT
@303 RELCLR 944A RELES @205 SELFCN @339 SETUP
@186 STRIMS @205 STRIWG #478 TSTBLS #4589 TSTBL2
G24F XATMS $4F7 XATN $4C9 XIFC @237 XIFMS
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1 GNTRL

; THIS ROUTINE S USED TO SEND COMMANDS TO THE 488 BUS

; 8Y MEANS OF THE P&T 488, TO USE, POINT HL TO THE FIRST
; BYTE QF THE STRING TO BE SENT, DE TO THE LAST BYTE, AND
; BC TO THE USER-SUPPLIED JUMP TABLE., THEN CALL CNTRL;

; THE ROUTINE RETURNS WITH HiL POINTING TGO THE LAST BYTE

; SENT, ATMN AMD DAY FALSE. |Ff THE PAT 488 HAS BEENM

; EITHER SELECTED AS A LISTENER R 15 TO PERFORM L!STENER

: HANDEHAKE, THE ROUTINE RETURNS WITH NRFD TRUE, OTHERWISE
H IT RETURNS WITH tRFD FALSE.

;  NOTE: THIS ROUTINE CAUSES THE PAT 488 TO EXERCISE CONTROL

; IMMEDIATELY. IT IS UP TO THE USER TO INSURE THAT

; CONTROL !S5 ASSUMED SYNCHRONCUSLY (THE INITIALIZE,

H TALK AND LISTEN ROUTIMES ALL RETURN OR BREAK AT

H POINTS WHICH WiILL GUARANTEE SYNCHRONIZATION). ALSO,

; THE CONTROLLER STATE REGISTER 1S LEFT IN THE STANDBY

H STATE - THUS THE PAT 488 1S ASSUMED TO BE THE CONTROLLER
; IN CHARGE UNTIL E{THER INIT 1S CALLED, (R CSTAT IS

; CLEARED BY THE USER.

; GIM  (GENERAL INTERFACE MANAGEMENT}

; A ROUTINE WHICH ALLOWS THE USER TO CONTROL THE STATE OF
; THE FC, SR, REN AND EQI LINES. CALL GIM WITH THE

: APPROPRIATE BIT PATTERN IN THE A REGISTER.

; D7 Dé 05 04 D3I 02 D1 0@

; X X X IFC X  SRO REN EDI

; X MEANS DON'T CARE.

; IF THE BIT CORRESFONDING TO A PARTICULAR LINE IS HIGH (1}

; THAT LINE 1S ASSERTED TRUE ON THE 488 BUS. EG, TGO SEND

; OUT REN AND ECI, THE A REGISTER WOULD CONTAIN @3H (OR dE3H,
H @63H, ETC). T 1S UP TO THE USER TQ RELEASE THE LINES.

F FOR INSTANCE, TO CLEAR (INITIALIZE) THE 4B8 BUS, ONE

; WOULD CALL GIM WITH A=1@H (ASSERT |FC TRUE) AMD THEN
; CALL GIM WITH A=@dH, MNOTE THAT THE 488 STANDARD REQUIRES
; THAT | FC MUST BE ACTIYE NO LESS THAN 186 MICROSECONDS,

; S0 BE SURE TO WAIT BETWEEN THE TWO CALL GIM INSTRUCTIONS.
;o INIT

B CALL INIT TO CLEAR THE P&T 488 INTERFACE. ALL 488

; DATA LINES AND CONTROL LINES ARE LEFT IN THE PASSIVE

; FALSE STATE, AND THE PARALLEL POLL RESPONSE |5 SET TO

H ALL LIMES PASSIVE FALSE.

: TO CLEAR THE 488 8US, SET REGISTER B TO 2¢ BEFCRE

; CALLING INIT. AN (NTERFACE CLEAR (IFC} WILL BE SENT

H OUT ON THE 488 BUS AMD PUT ALL DEVICES IN A KNOWN STATE.
; LISTN

H TO RECEIVE DEVICE-DEPENDANT MESSAGES FROM THE 488 BUS,

; POINT HL TO THE BEGINNING OF A MEMORY BUFFER, DE TO |75

; END, AND BC TO THE USER-SUPSLIED JUMP TABLE, AND THEN

; CALL LISTN, TWO BITS OF THE A REGISTER ARE USED AS FLAGS
: FOR SPECIAL OPTIONS, 1F BIT @ (THE LEAST SIGHIF [CANT

; BIT) IS ZERQO, THE LISTEN HANDSHAKE FUNCTION t$ PERFORMED:

D=1
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M) BUFFER 15 USED AMD THE PAT 488 PARTICIPATES [N THE
HANDSHAKE PROCESS. THUIS FUNCTION {3 PRIMARILY TO ALLOW
THE P&T TG ASSUME CONTROL SYNCHRONQUSLY, BUT CAN ALSO
BE USED AS A SYTE-AT-A-TIME LISTENER, WITHOUT REQUIRING
A BUFFER, F BIT @ OF THE A REGISTER |5 MNON=ZERQ, THE
MORMAL BUFFERED LISTENER FUNCTION 1S PERFCRMED. IF
81T t OF THE A REGISTER IS 1 THEN THE ROUTINE RETURNS
WHEN EITHER END (EQ! AND DAY TRUE, ATN FALSE) OR THE
E0S BYTE IS SEMSED. {F BIT 1 1S @ THEN A RETURN 1S
MADE ONLY UPON DETECTION OF ENMD., THE ROUTINE RETURNS
WITH HL POINTING TO THE LAST BYTE RECEIVED AND NRFD I3
LEFT ASSERTED TRUE.

NOTE: THIS ROUTINE PERFCRMS THE LISTEN-ONLY FUNCTION, IT
SETS THE LISTEMER STATE TO ACTIVE wWHEN CALLED, AND
WHEN IT RETURNS IT LEAVES THE LISTENER STATE REGISTER
IN THE LISTENER ADDRESSED STATE. WUSE THE ROUTINE
"STATE"™ FIRST IF YOU WANT TO EXECUTE THE P4&T 488
LISTEN FUNCTION ONLY IF THE CONTROLLER HAS ADDRESSED
IT AS A LISTEMER,

FISTF SET "15T" FALSE
A ROUT INE WHICH SETS THE ™IST» {INDIVIDUAL STATUS) MESSAGE
FALSE, iF THE SENSE BIT OF THE MOST RECENT PARALLEL POLL
ENABLE COMMAND WAS TRUE, THE PARALLEL POLL RESPONSE BYTE IS
SET TO A NON-AFFIRMATIVE RESPONSE, THE PPR (PARALLEL POLL
RESPONSE} MESSAGE |5 DETERMINED BY THE LOW CRDER FOUR
BITS OF THE BYTE STORED AT PPRSP, THE PARALLEL POLL
FUNCTION IS PUT INTG THE FPSS (STANDBY)} STATE.

PISTT SET ™isT" TRUE
A ROUTINE WHICH SETS THE "IST" (INDIVIDUAL STATUS) MESSAGE
TRUE, |IF THE SENSE BIT OF THE MOQST RECENT PARALLEL POLL
ENABLE COMMAND WAS TRUE, THE PARALLEL POLL RESPONSE BYTE
1S SET TO AM AFFIRMATIVE RESPONSE, THE PPR (PARALLEL POLL
RESPONSE) MESSAGE 1S DETERMINED BY THE LOW CRDER FCOUR
BiTS OF THE BYTE STORED AT PPRSFP, THE PARALLEL POLL
FINCTION {5 PUT INTQ THE PPSS (STANDBY) STATE,

PPIDL CLEAR PARALLEL POLL RESPONSE BYTE
A ROUTINE WHICH CLEARS THE PARALLEL POLL RESPONSE BYTE
TG ALL ZEROQS, THUS PREVENTING THE PAT-438 FROM RESPONDING
TO A PARALLEL POLL., THE PARALLEL POLL FUNCTION 1S PUT
INTO THE PP{5 (IDLE) STATE. EXECUTION OF THIS ROUTINE
IS EQUIVALENT TO THE SENDING THE LOCAL MESSAGE "LPE™
FALSE.

PPORY PARALLEL POLL
A ROUTINE WHICH PERFORMS A PARALLEL POLL AND RETURNS
THE RESPONSE IN THE ACCUMULATOR. NOTE THAT NO CHECK
IS MADE TO SEE IF THE PAT-488 IS THE CONTROLLER-IN-CHARGE,
SO IT IS UP TO THE USER TCG USE THIS ROUTINE ONLY WHEN
THE P&T-488 (AND NOT SOME OTHER CONTROLLER) IS IN CHARGE,
THE CONTROLLER S LEFT IN THE STANDBY (CSBS) STATE,

SPIOL RESET SERVICE REQUEST (SR) FCM TO IDLE
A ROUTINE WHICH PLACES A PASSIVE FALSE ON THE SERVICE
REQUEST (SR} LINE AND PLACES THE SERVICE REQUEST FCN
IN THE I1DLE {NPRS} STATE,

SPORY
SERIAL POLL QUERY: THIS ROUTINE SENDS OUT THE COMMANDS
UNL (UNIVERSAL UNLISTEN) AND SPE (SERIAL POLL ENABLE).
IT THEN CALLS ONTRL WITH THE TALK ADDRESSES IN TS BUFFER
CNTRL RETURNS EITHER WHEN A DEVICE RESPONDS THAT IT 18

0D=-2
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H THE ONE DESIRING SERVICE, CR WHEN THE END OF BUFFER
; 1S REACHED., THEN SPQRY SENOS THE COMMAND SPD (SERIAL
; POLL DISABLE), POINTS HL TO THE PRIMARY (AS CONTRASTED

; TO SECOMDARY) TALK ACDRESS OF THE LAST DEVICE POLLED AND 3ETS
; WP THE ACCUMULATOR WITH 4@ HEX If NO DEVICE RESPONDED

; TO THE POLL, OR @0 HEX IF A DEVICE DID RESPOND, THE

; SERIAL POLL RESPONSE BYTE SENT BY THE RESPONDING DEVICE
i I3 RETURNED IN REGISTER B. (NOTE THAT THE CONTENTS OF
i REGISTER B ARE MEANINGLESS |F NO DEVICE RESPONDED

F AFFIRMATIVELY TO THE SERIAL POLL,}

;5 SPSRQ SERIAL POLL SERVICE REQUEST

H A RQUTINE WHICH SETS THE SERVICE REQUEST (SRQ) LINE

; TRUE THEM DETERMINES WHETHER THE PAT 488 |S THE CONTROLLER-
; IN CHARGE. {F 50, !T JUMPS TO THE USER ROUTINE SVCRQ.
H OTHERWISE |IT WAITS FOR AN EXTERNAL CONTROLLER TO DO

; A SERIAL POLL, TO WHICH {T RESPONDS THEM RETURNS TO THE
i CALLING PROGRAM,

. STADR

H CALL STADR TO SET TALKER, LISTEMER ADDRESSES, SERIAL

; POLL STATUS AMD EMD-QF-STRING (ED3) BYTES., HL MUST

; POINT TO ADORESS OF FIRST OF FIVE BYTES.

H EXAMPLE -

; ACDRS: 0B 4 sPRIMARY LISTENER ADDRESS = %

H o8 B ;PRIMARY TALKER ADDRESS =B

; [B] 7FH sPARALLEL POLL RESPONSE BYTE

H 0B AFFH ;SERIAL POLL STATUS BYTE

; DB ZAH ;END OF STRING BYTE = LINE FEED
H -

; LX1 H,ADDRS ;POINT HL TO BEGINMING OF ADDRESSES
; CALL STADR ; TRANSFER THEM TO 488 HANDLERS
H -

H

; TALK

; TO SEND CEVICE-DEPENDANT MESSAGES ON THE 488 BUS, POINT
H HL TO THE BEGINNING OF THE STRING OF BYTES TG BE SENT,

; POINT DE TO THE LAST BYTE OF THE STRING, AND POINT BC

; TO THE BEGINNING QF THE USER-SUPPLIED JUMP TABLE.

; CALL TALK; THE ROUTINE RETURNS WITH DAY FALSE, |F THERE
; IS NO INTERRUPTION, HL WILL POINT TO LAST BYTE OF STRING,
H BUT IF AN INTERRUPTION OCCLRRED (SUCH AS SOME DEVICE

; REQUESTING SERVICE AND THE PAT 488 15 CONFIGURED AS THE

; SYSTEM CONTROLLER (R MO LISTENERS ON THE BUS), HL POINTS

; TO THE LAST BYTE SENT. |IF THE A REGISTER IS NON-ZERG

H WHEN THE ROUTIME 15 CALLED, THE LAST BYTE IN THE BUFFER

; WILL BE SENT WITH EOI ACTIVE TRUE,

; MNOTE: THIS ROUTINE PERFCRMS THE TALK-ONLY FUNCTION (IT DOES

; NOT CHECK TO SEE WHETHER THE PAT 488 HAS BEEN ADDREESSED

; AS A TAILKER BY THE CONTROLLER). EXECUTION OF THIS ROUTINE
; AUTOMATICALLY SETS THE TALK STATUS REGISTER TQO ADDRESSED,
; AND WHEN THE BUFFER IS EMPTIED THE TALK STATUS REGISTER

; 1S LEFT SET TO TALKER ADDRESSED. (F YQU WANT TO GO TD THE
H TALK MODE WLy IF THE CONTROLLER RAS AODRESSED THE

; PET 488 AS A TALKER, USE THE ROUTINE "STATE™ TO DETERMINE
; WHETHER THE TALK FUNCTION HAS BEEN ADDRESSED.
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3 XCTRL EXTERNAL CONTROLLER RESPONSE ROUTINE
; THIS ROUTINE ACCEPTS THE COMMANDS PRESEMTED OM THE 488
H BUS BY AN EXTERMNAL CONTROLLER (THAT |3, SOME DEVICE

; OTHER THAN THE PAT 488 153 THE CONTROLLER) AND UPDATES
; THE VARIOUS STATE REGISTERS AS NECESSARY, IT RETURNS TO

H THE CALLING PROGRAM WHEN THE EXTERNAL CONTROLLER CEASES
; SENDING COMMANDS (WHEN ATN BECOMES FALSE}. BOTH NRFD

; AND NDAC ARE LEFT TRUE (LOW) TO PREVENT THE TALKER

; FROM SAYING ANYTHING UNTIL THE S-149@ SYSTEM 1S READY

: TQ LISTEN.

3 USER SUPPLIED JUMP TABLE
; THiS TABLE PROVIDES THE ENTRY POINTS TO SPECIAL ROUTINES

R REQUIRED BY THE PAT 488 INTERFACE, T iS5 THE USER'S

H RESPONSIBILITY TQ PURGE THE STACK |F HE DOES MNOT TERMINATE
: AMY OF THESE ROUTIMES WITH A RETURN, THE TABLE MUST

H BE ORGAMIZED IN THE CORDER SHOWN, THE USER MEED NOT RESTORE
; ANY COF THE REGISTERS BEFORE RETURNING,

H EXAMPLE ;

; JMTBL: JMP TRIGR ;DETECTED DEVICE TRIGGER

; JMp DVCLR ;DETECTED DEVICE CLEAR

; JMP BUFUL sLISTEN BUFFER IS FULL

; JMP |FCLR ;OETECTED INTERFACE CLEAR

; 488 BUS, A CALL 1S MADE TO BREAK.

; JMP BREAK ;AFTER EACH BYTE TRANIFER ON THE
i
; 3 THIS ALLOWS THE USER TO REGAIM

i ; CONTROL OF THE $-14@ SYSTEM BEFORE
i ; A COMPLETE BUFFERFUL OF BYTES
; ; HAS BEEN SENT OVER THE 488 BUS.

H ; IF THE USER DOES NOT WANT TO
; ;  INTERRUPT 488 OFPERATION, HE MERELY

; ; EXECUTES A RETURN. THE A REGISTER
; ; CONTAINS THE LAST BYTE COMMUNICATED
; ; OVER THE 483 BUS, AND HL POINT

; ; TO THE BUFFER ADDRESS CONTAINING

; ; THAT BYTE, THUS THE USER CAN

5 ; TERMINATE LISTENING ON A PARTICULAR
; ; ASCII CODE OR NUMBER OF CHARACTERS
; ;  COMMUNICATED,

; JMP NOLSN  ;NOBCDY'S LISTENING!

; JMP SYORQ  ;DETECTED SERVICE REQUEST AND P&T 488

; ; IS THE CONTROLLER, HL POINTS
; ; TO THE LAST BYTE IN THE BUFFER THAT

; . HAS BEEN INPUT/OUTRUT,

; IMP POC ;DETECTED S-109 RESET/POWER-ON-CLEAR
; JMP XATN  ;SOMEBODY ELSE ASSERTED ATN TRUE!
;. STATE

; THIS ROUTINE PASSES INFORMATION TO THE USER ABOUT THE

; STATE OF THE 488 INTERFACE, AFTER A 'CALL STATE' THE

; BIT PATTERN IN THE A REGISTER HAS THE FOLLOWING MEANING:
; veee oa0F BOTH TALK AND LISTEN ARE IDLE

; veee ool TIDS- (NOT TALKER 1DLE STATE)

; veer ool L1DS= (NOT LISTENER IDLE STATE)

; veee ofee PEIS (PARALLEL POLL IDLE STATE)

; ceen olus PPSS  (PARALLEL POLL STANDBY STATE)

; coell Boes LOCS (LOCAL STATE)

; PO I LWLS  (LOCAL WiTH LOCKOUT}

; veel Be.. REMS (REMOTE STATE)

; S T T RWLS (REMOTE WITH LOCKOUT)

; Boe vens CI1DS (CONTROLLER 1DLE STATE)

; lee eree CIDS- (CONTROLLER NOT !OLE STATE)

0 -4
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H THE HL REGISTER PAIR IS LEFT POINTING TO THE FIRST
ENTRY OF THE STATE TARLE, THUS THE USER MAY GET MORE
DETAILED STATE INFORMATION BY ACCESSING THE TABLE

e we me s

HIMSELF,
SguE ORG BaYIH
agIc = FSRPT EQU FCH ;ADDR OF 488 INTERRUPT STATUS PORT
gam = a0PT  EQU TOH ; wee OF COMMAND PORT
B97E = DATPT EQU TEH ; oss OF DATA PORT
JaIF = PPORT EQU TFH 3 ews OF PARALLEL POLL RESPONSE PORT
g = GTL EQU 1 ; 150=7 BIT CCOE FOR "GO TO LOCAL™ COMMAND
Jaae = S0C EQU 4 ; e« SELECTIVE DEVICE CLEAR
2ges = FPC EQU 5 iewsPARALLEL POLL CONFIGURE
gaes = GET EQU 8 ; +«2GROUP EXECUTE TRIGGER
qgge = TCT EQU 9 ;wee TAKE CONTROL
ggn = LLO EQU TTH i »ea LOCAL LOCKOUT
gg1d = DCL EQU 14H ;e=«DEVICE CLEAR
2@13 = PPRU ECU 15H s eesPARALLEL POLL UNCONFIGURE
gmes = SPE EQU 18H ;o SERTAL POLL EMABLE
gp19 = SPD EQ 1oH ; +weSERIAL POLL DISABLE
GUsF = UNL EQU 3FH ;awe NI VERSAL UNLISTEN
gasF = UNT EQU SFH ; ve+ UNI YERSAL UNTALK
; VARIABLE AREA
8gEe 21 LSTRP: 08 th ;PRIMARY LISTEN ADDRESS
8gal M TALKP: 08 AL ;PRIMARY TALK ADDRESS
8€02 FF PPRSP: OB dFFH sPARALLEL POLL RESPONSE
8043 FF SPSTS: DB PFFH ;SERIAL POLL STATUS BYTE
8@@4 da £058: #:) FAH ;END OF STRING CHARACTER
8gds od TSTAT: I8 ] ;TALK STATE C(INITIALIZE TO TiID3%)
H eese saold TIDS TALK [DLE STATE
H avna wesl TACS TALKER ACTIVE STATE*
H vess seul SPAS SERIAL POLL ACT!VYE STATE*
H eens of.. SPIS SERIAL POLL IDLE STATE
H PP SPMS SERIAL POLL MODE STATE
H esee Bous TPIS TALKER PRIMARY IDLE STATE
H ceee Jone TPAS TALKER PRIMARY ADDRESSED STATE
8¢gs ga LSTAT: OB ') ;LISTEN STATE
; rena saall LIDS LISTENER IDLE STATE
H P LADS LI STENER ADDRESSED STATE
; - LACS LISTENER ACTIVE STATE*
H seen sBee LPIS LISTENER PRIMARY I0LE STATE
; eses +lna LPAS LISTENER PRIMARY ADDRESSED STATE
H een Buna een LISTEN HANDSHAKE ~ PARTICIPATES
; IN 488 COMMUNICATIONS BUT DOES
H NOT PLACE BYTE INTO BUFFER.
; MAINLY USED TO ALLOW SYNCHRONIZATION
; OF ASSUMPTION OF CONTROL BY THE
H P&T 488. MAY ALSO BE USED TO
; READ A BYTE AT A TIME {A CALL
; TQ THE USER SUPPLIED ROUTINE
; "BREAK" 15 EXECUTED AFTER EACH
H BYTE 15 HEARD),



PAT-458 Custom Softwars Package
Version 1.4

H esne laaa vaes SUFFER ORIENTED LISTENER

; S BN cane IGNORE EQS

; cenl aues reve RETURN UPOW RECEIPT OF E03S
8QE7 @ S5TAT: 08 2 ;SERVICE REQUEST STATE

; . S NPRS MEGATIVE POLL RESPONSE STATE

; S A RQ5 SERVICE REQUEST STATE

H R 1 BN APRS AFF IRMATIVE POLL RESPONSE STATE
3ges 9@ - RSTAT: 08 2 ;REMOTE-LOCAL STATE

H P N LOCS LOCAL STATE

; enesld Tiaa LWLS LOCAL WiTH LOCKOUT STATE

H weel Baue REMS REMOTE STATE

H el loaa RWLS REMQTE Wi1TH LOCKOUT STATE

L4
38g9 9¢ PSTAT: DB %] ;PARALLEL POLL STATE

3 caen swal PPSS PARALLEL POLL STANDBY STATE

; P BRAS PARALIEL POLL ACTIVE STATE®

H sawn Ilﬂc 'EET] 15T=¢

H sees wele seaw 15T=1

H vose eles PUCS PARALLEL POLL UNADDRESSED TQ CONFIGURE

; anna wlua PACS PARALLEL POLL ADDRESSED TO CONFIGURE
B@aA £@ CSTAT: DB g ;CONTROLLER STATE

L4

; cess BOUY cios CONTROLLER {DLE STATE

; eees OO CAQDS +» ADDRESSED STATE

; vees HG CTRS »+ TRANSFER STATE

H v Gﬂ'” CACS e ACTIVE STATE

; ween BTN CPYWS es PARALLEL POLL WAIT STATE®

; cens FOT CPPS »a PARALLEL POLL STATE*

; sees B CsSBS «s STANDBY STATE

; sees FE11 CHAS «e ACTIVE WAIT STATE*

; cess 90T CSWS e SYNCHRONOUS WA|T STATE

; veell aeen CSNS «o SERVICE NOT REQUESTED STATE

H S CSRS ++ SERVICE REQUESTED STATE

; velle baue SNAS SYSTEM CONTROL NOT ACTIVE STATE

H cele snee SACS SYSTEM CONTROL ACTIVE STATE

L4

; DEVICE CLEAR

; NO STATES PRESERVED iN MEMCRY: CALLS DYCLR (A

; USER SUPPLIED ROUTINE, WHICH IS TG END WITH A RET?

; DEVICE TRIGGER

H NO STATES PRESERVED IN MEMCRY: CALLS DTRGR (A

H USER SUPPLIED ROUTINE, WHICH MUST END WITH A RET)

;> NOTES <<

; * = THE STATE ($ NOT PRESERVED !N MEMORY, THE STATE IS

; KNOWN IMPLICITELY BY THE FACT THAT A PARTICULAR

; ROUT INE 15 SEING EXECUTED.
8¢as 7F LSTNS: DB JFH ;STORAGE AREA FOR SECONDARY LISTEN ADDRESS
8GRAC IF TALKS: DB 7FH seee FOR SECONDARY TALK ADDRESS
8gdn 1F GIMTC: 08 1FH JMOST RECENT OUTPUT TO COMMAMD LINES
SBQaE GP0d JMPAD: DW a sBEGINNING ADDRESS OF USER JUMP TABLE
edia Jege 8PTR: Dw 3 ;POINTER OF BUFFER PRESENTLY IN USE
8p12 goeg TBPTR: DWW %] ; TALK BUFFER POINTER
@14 PUGa TBEND: [Dw 2 ;ADDRESS OF END OF TALK 3SUFFER
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8@16
ags
BotA
sgc
881E
BY2G
8gzz
@23
8224
BE23

8@26
8@a29
8@zc
802F
8032
8g35
8g38
@8
B@3E
8g41
8¢44
8247
Bgaa
8540
8@s0

8033
8p54
B@53
3356

8457
@59
8858
3¢5E
3@6d
8@61

2463
3966
869

sielnlo]
ggay
geaa
ruelelr]
il
rinleir]
a9

2]

2a

35784
C3988¢
C35381
£38780
C37082
C36FB4
C3F684
C32985
30886
C33187
C36F87
c3vca7
C3A087
C3e987
£37484

3F
18
19
5F

3EFF
D37E
CD3B82
037F
97
D37C

320688
329584
3297808

LBPTR:
LBEND:
(BPTR:
CHEND:
SBPTR:
SBEND :
SPRSP:
LBYTE :
TEC!:

XSPRS:

D

O

OwW

oe

o8
e

| EmRRRwRR ™R
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; LISTEN BUFFER POINTER

;ADDRESS OF LISTEN BUFFER END

;CONTROLLER BUFFER PDINTER

;ADDRESS OF CONTROLLER BUFFER EMD

;SERTAL POLL BUFFER POINTER

;ADDRESS OF SERIAL POLL BUFFER END

s SERTAL POLL RESPONSE BYTE

;CONTA INS BYTE MOST RECENTLY COMMUNICATED
;MAKE ECQl TRUE ON LAST TALKER BYTE IF «<>@
;BUFFER FOR SERIAL POLL RESPONSE TO

;AN EXTERMAL CONTROLLER

FIXED AREA - PROMMABLE

;*li**ii*lli*!441i*i*******i*i*i*********i!liii***lii*********i

+’
il

»

JUMP TABLE OF ENTRY POINTS

o T 0 Ik E BTN A T U B 0 A 33 N
[

ENTBL:

»

JMP
JMP
MP
JMP
JuP
JMP
MR
Jip
IMP
JMP
JMP
JMP
JMP
MR
JMP

INIT
TALK
LiSTN
STALR
CNTRL
GIM
STATE
XCTRL
SPORY
SPSRQ
SPIDL
PRORY
PISTT
PISTF
PPIDL

;CLEAR P&T 488 (SEND IFC 1F B=)
; TALK ONLY ROUTINE

;LISTEN ONLY ROUTINE

:COPY LISTEN, TALK ADORESSES
;CONTROLLER FUNCT [ON

";SET IFC, RO, REN, EOI

;OETERMINE THE STATE OF THE INTERFACE
;EXTERNAL CONTROLLER SERVICE ROUTINE
;SERIAL POLL QUERY ROUTINE

;SERIAL POLL REQUEST ROUTINE

;PUT SERVICE REQUEST FCN IN {DLE STATE
;PARALLEL POLL ROUTINE

;3ET THE "|5T" MESSAGE TRUE

;SET THE "1STH MESSAGE FALSE

;OISABLE PARALLEL POLL RESFONSE

;ii***ill**ii***i*i**ii**!!!**i**i***i******i***!**************

»

CONSTANTS

*
;*i**********i******i*i****i*****i*******ii**ii*i**i***i*******

4
B3PE:

g83FPD:
BUNT:

x

(0]
oic}
0B
o8

UNL
SPE
SPD
UNT

;COMMANDS UNLISTEN, SERIAL POLL EMABLE

;COMMAND SERIAL POLL DISABLE
;COMMAND ANY TALKER TO UNADDRESS 1TSELF

o 3 B 6 b N DR 0 6N W IR Wb NG I 3 I N
x

»
'

’

INIT = INITIALIZE PAT 488 AND 488 BUS

;i********l*i********!i!*****************i**i*****i***i&i******

INIT:

My
our
CALL
ouT
sUB
ouT

STA
3TA
STA

A, BFFH

OATPT
COMND
PECRT
A

ISRPT

LSTAT
TSTAT
SSTAT

;CLEAR ALL DATA, CONTROL LINMES

;CLEAR PARALLEL POLL RESPONSE PORT
;ZERO A REGISTER

;CLEAR ALL (NTERRUPT LATCHES, SET

; P&T 488 TO MON=-INTERRUPT MODE
sUNADDRESS LISTEN FUNCT!ON

;UNADORESS TALK FUNCTION

s NEGATIVE POLL RESPONSE (SERVICE REQUEST)
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8PEC 320854 STA RSTAT  ;LOCAL STATE (REMOTE-LGCAL)

BE6F 326980 STA PSTAT  ;PARALLEL POLL IDLE STATE

8972 320A8¢ STA CSTAT  ;CONTROLLER IDLE STATE

8¢75 84 cHP 8 ;B=g?  (IF S0, 0O INTERFACE CLEAR}
3@76 9 ANZ

8977 3EEF v #,BEFH ;NOW D0 A INTERFAGE CLEAR

8@79 D370 ouT CMOPT

8078 €3 TWIDL: XTHL sTWIDDLE THUMBS FOR AWHILE

8R7C E3 XTHL ;TO ALLOW OTHER DEVICES TO RESPOND
8970 30 DCR A

B@7E C27B80 Nz TWIOL

8081 3EFF MY A,BFFH ;REMOVE |FC

8683 CD3B82 CALL  COMND  ;OUTPUT NEW COMMAND

8086 C9 RET

i
;ii*********l****************i********}**********i************

; STORE ADODRESSES = SETS TALKER, LISTENER ADDRESSES,

H PARALLEL POLL AND SERJAL POLL RESPONSE
; BYTES AND THE END=OF=STRING BYTE TO

i USER DEF INED VALUES

o N T 66 T 6 R U6 3 3 R E I 3 IEOF I
H

BUBT 1EE5 STADR: MV E,S ;SET BYTE COUNTER TQO 5

3089 21@@sd LXi B,LSTMP ;POINT TO CONTROLLER ADDRESS TABLE

8@8C 7€ NXTAD: MOV AM ;GET USER-3UPPLIED ADDRESS

8g8D 42 STAX B ;SAYE IT IN CONTROLLER ADDRESS TABLE

3@8E 23 INX H sPOINT TO NEXT USER-SUPPLIED ACDR LOCATION
BEBF @3 INX B ; AND TO NEXT CONTROLLER ADDR LCCATICN
8@gsg 1D DCR £ sDECREMENT BYTE COUNT '

8891 C2808¢@ JNZ NXTAD ;o THERE'S MORE TO TRAMSFER

8¢94 CDC387 CALL PPNBL  ;UPOATE PARALLEL POLL RESPONSE

3897 C9 RET

;

R Ty Y e T T a2 2 )
’

i

; TALK-ONLY FINCTION

»
o O AE e U TE 30 R 0 6 b 3663 06 3 MR KN
x

8098 322488  TALK:  STA TEO | ;SAVE EO1 FLAG

8G9 3ABS8Y LDA TSTAT  ;GET TALK STATUS

BOSE E6@4 AN 4 ;KEEP ONLY SERIAL POLL MCDE STATE
8PAZ 3C INR A ;SHOW TALKER IS ADDRESSED

30A1 3208560 STA TSTAT

80A4 97 3UB A ;CLEAR A REGISTER

BOAS 320689 STA LSTAT  ;UNACDRESS LISTENER

BPAS 22128F SHLD  8PTR  ;INITIALIZE BUFFER POINTER

8O 221280 SHLD  TBPTR  ; AS WELL AS TALK BUFFER FOINTER
BPAE £B XCHG

BPAF 22148% SHLD  TBEND  ;STORE END ACDRESS OF TALK BUFFER
8ge2 63 MOY H,8

8UB3 69 MOV L,C

8gB4 220E8¢ SHLD  JMPAD  ;STORE USER JUMP TABLE ADDRESS

8087 3AGDED LOA GIMTC  ;GET |FC, ATN, SRQ, REN AND EQI STATE
2UBA FSER R BEFH  ;MAKE DAV, MRFD, NDAC PASS!VE FALSE
BEBC D370 out CMOPT  ;OUTPUT COMMAND

BOBE 320080 STA GIMTC  ;UPDATE MEMCRY IMAGE OF MOST RECENT COMMAND
80C1 DBTC TALK1:  IN 1SRPT  ;CHECK FOR POC, ATN AND 1FC

8@C3 2F oA

3004 E619 ANI 19H

BPCS 44182 ONZ PAI

8GCS DE7D IN CMOPT  ;FIRST SEE IF THERE ARE ANY L!STENERS

2-8
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8@CE 2F CMA ;488 USES NEGATIVE LOGIC

BOCC E66d ANI BH :KEEP ONLY RFD, 0AC

8@CE CB8A4 tord UNLSN  ;..MO LISTENERS, | REFUSE TO TALK TO MYSELF,
8gD1 E64g ANl 4gH JWAIT UNTIL READY FCR DATA IS TRUE

BED3 C2C18@ INE TALKI

8006 2A128¢ LHLD TBPTR  :GET THE DATA BYTE

s@09 7E MoV A M

8@DA 322388 STA LBYTE  ;UPDATE MOST RECENT BYTE REGISTER

3000 2F focMa ;488 HAS MEGATIVE TRUE LOGIC

8@0E D37E ouT CATPT

SUE@ 2A148Q LHLD TBEND 15 THIS THE LAST BYTE IN THE TALK BUFFER?
3PE3 B XCHG

8@E4 21280 LHLD TBETR

8gE7 7C MOV AH

3@ES BA CMP ]

8@E9 C20281 T INZ NTLST  ;..NO

8QEC 7D MOV AL

SPED BB oMP E

8PEE C2u281 JNZ NTLST ;.. HO

8OF1 3A2430 DA TEO! ;1S EQI SUPPOSED TO BE TRUE?

8gF4 BY ORA A

BEFS CAQ2Z81 32z NTLST  ;..NO

80F8 3AG08¢ LDA GIMTC

3PFB C&FE ANI IFEH ;FORCE €00 ACTIVE TRUE

8@FD D370 QuT CMDPT  ;OUTAUT COMMAND

3PFF 320080 STA GIMTC  ;UPDATE MEMCRY [MAGE OF MOST RECENT COMMAND
81g2 3ABDSE  NTLST: LDA GIMIC  ;NOW SET DAV ACTIVE TRUE

8145 E67F AN 7FH

8137 F663 ORI &FH ;BUT SET MNRFD, NDAC PASSIVE FALSE

8189 D370 oyT CMDFT  ; OUTPUT COMMAND

8198 320060 STA GIMTC  ;UPDATE MEMORY 1MAGE OF MOST RECENT COMMAND
81gE DBTC TALKZ: IM [SRPT  ;CHECK FCR POC, ATN, IFC

811g 2F CMA

8111 E619 AN 1 GH

8113 C44182 cNZ PAl

8116 DB7D IN CMDPT  ;WAIT FOR DATA ACCEPTED

8118 £62¢ AN 20H ;LOOK AT DAC BIT

811A CAZERI &z TALK2  ;..DATA NOT ACCESTED YET

8110 3A2D8G LOA GIMIC  ;GET STATE OF IFC, ATN, SRQ, REN, EOI

8128 F6E! RI BE 1H ;MAKE DAV, NRFD, NDAC, EOQ! PASSIVE FALSE
8122 037D ouT QMDPT  ;OUTPUT COMMAND

3124 32dD89 STA GIMTC  ;UPDATE MEMCRY IMAGE OF MOST RECENT COMMAND
8127 3EFF MY A,BFFH ;REMOVE DATA FROM LINES

8129 D37C ouT DATPT

8178 21288! TONTU:  LXi H,TCNTU ;GET TALK CONTINUATION ENTRY ADDRESS

812E COD184 CALL SRYIS

8131 COC184 CALL UBRAK  ;SEE IF THE USER WANTS CONTROL OF S-100@
8134 281430 LHLD TBEND  :SEE IF LAST BYTE WAS SENT

8137 EB XCHG

8138 2A1280 LHLD T8PTR

8138 7C MOV ALH

813C BA oMP 0

813D C24681 INZ NTEND  ;..NOT TALK BUFFER END

8146 7D MOY AL

8141 88 oMP E

8142 C24681 INZ NTEND  ;..HAVE MOT FINISHED TALK BUFFER

8145 9 RET

8146 2A128¢  NTEND: LHLD TBPTR  ;GET TALK BUFFER POINTER

8149 23 INX H JPOINT TO MEXT BYTE

B1d4A 221280 SHLD TBPTR

8140 221080 SHLD BPTR :UPDATE TALK BUFFER AND GOMMCN BUEFER POINTER
8158 30180 JMP TALKT  KEEP TALKING UNTIL |NTERRUPTED OR F (N!SHED
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E

PRt e L
;

; LISTEN=0ONLY FUNCTION

H

R I T E T T T e e LI
¥

8133 C5 L1STH: PUSH B ;SAVE BC FCR LATER

8154 IF RAR JSEE IFBIT @ OF A REG 15 @

8155 025081 INC BYTL :+.YES, S0 SET UP BYTE LISTENER

8156 060A MY B,18D  ;SET LSTAT TO ACTiVE, BUFFERED

B15A C36281 IMP EOST

8150 211880  BYTL: LX) H,LBEND ;USE THIS LOCATION AS THE "BUFFER™

816@ 2641 MY B, | ;3ET LSTAT TO ADDRESSED/ACT!VE, MON-BUFFERED

3162 1IF EOST:  RAR ;TEST FOR EOS OPTION

8163 78 MOV AB

8164 026981 INC SET  ;..LEAVE OPTION FLAG CLEARED

B167 F618 CR1 191 ;SET OPTION FLAG IN LSTAT

8169 320680  LSET: 5TA LSTAT  AMD STORE IN LISTENER STATE BYTE

816C Gl PoP B ;RESTORE B0 REGISTERS

816D 3EFF My A,BFFH  ;ASSERT DATA LINES PASSIVE FALSE

816F D3TE our DATPT

8171 3agnad LDA GIMTC  GET STATE OF IFC, ATN, SRQ, REN AND EOI

5174 E69F AN 9FH {MAKE NRFD ACTIVE TRUE

8176 F6AD oR1 @ABH  ;MAKE DAV, NDAC PASSIVE FALSE

8178 D370 out CMDPT  ; QUTPUT COMMAND

8174 320084 STA GIMIC  ;UPDATE MEMCRY IMAGE OF MOST RECENT COMMAND

8170 3A8580 LDA TSTAT  ;UNADDRESS TALKER, BUT LEAVE SERIAL POLL

8168 E604 AN 4 ; MODE STATE ALONE

8182 320580 5TA TSTAT

8185 221980 : SHLD  BPTR ;INITIALIZE BUFFER POINTER TO BEGINNING
; OF BUFFER

8188 221684 SHLD  LBPTR ;D0 THE SAME FCR THE LISTEN BUFFER -

3188 EB XCHG

818C 221880 SHLD  LBEND  ;STORE ACORESS OF LISTEN BUFFER END

816F 60 MOV H,8

8199 69 MOV L,C

8191 22gE8g SHLD  JMPAD  ;STORE USER JUMP TABLE ADDRESS

8194 DBC DAVH:  IN IRPT  ;CHECK FCR POC, ATN AND |FC

8196 2F CMA

B197 E619 AN 19H

8199 C45682 CNZ LPAI

819C DB LSHT:  IN CMOPT  ;WAIT UNTIL DAV IS HIGH (PASSIVE FALSE)

B819E E6Bd AN S

81AZ CA948! Jz DAVH

81A3 3APDAP LDA GIMTC  ;SET NDAC, NRFD LOW

81A6 EGYF AN 9FH

81A8 Foed oR1 80H ;SET DAV PASSIVE FALSE (HIGH)

81AA D370 ouT OMDPT  :OUTPUT COMMAND

BIAC 320080 STA GIMTC  ;UPDATE MEMCRY IMAGE OF MOST RECENT COMMAND

B1AF 21AES1 LONTU:  LXI H,LCNTU ;GET LISTEN CONTINUATION ADORESS

8182 COD184 CALL  SRVIS

8185 3AMDEE DA GIMTC  ;GET LOW BITS OF CONTROL WORD

81B8 FECO oR1 @CPH  ;SET "NDAC® LOW, "NRFU" HIGH

81BA ESDF ANI gOFH

B1BC D370 ouT CMOPT  ;OUTPUT COMMAND

81BE 320080 STA GIMTC  ;UPDATE MEMCRY IMAGE OF MOST RECENT COMMAND

81C1 DBTC DAVL:  IN ISRET  ;CHECK FCR ATN, POC CR IFC

BIC3 2F CMA

81C4 E£619 AN 19H

31C6 £45882 ChZ LPA{

81C9 DB7D N CMDPT  ;NOW WALIT FOR "DAV" LOW (ASSERTED TRUE)

8108 E£680 AN 88H

8100 C20181 JNZ DANL

31D@ 3AZDAG LDA GIMTC  ;SET ONLY NOAC, NFRD LOW

o-1¢



P4T-488 Custom Software Package
Yersion 1.4

B1D3 EBYF AN 9FH
8105 037D ouT CMOPT  ;OUTPUT COMMAND
81D7 320080 STA GIMTC  ;UPDATE MEMCRY IMAGE OF MOST RECENT COMMAND
8104 OBYE IN DATPT  ;GET THE DATA
810C oF CMA ;488 USES ACTIWE LOW LOGIC
310D 2A 1680 LHLD  LBPTR  ;STORE BYTE IN BUFFER
BIEG 77 MOV M, A
81E1 322384 STA LBYTE  ;AND IN FIXED MEMORY LOCATION (FCR
; BYTE ORIENTED LISTENER)
81E4 DBTD IN OMOPT
BIES FS PUSH  PSW ;KEEP IMAGE OF 485 CMD LINES SO CAN CHECK
; FOR END
81E7 3AZ08Y LDA GIMTC
BIEA F6AD OR1 BABH  ;ASSERT ONLY MMNRFO" (NDAC SET HIGH)
81EC D370 ouT CMOPT  ;OUTPUT COMMAND
BIEE 32008¢ 3TA GIMTC  ;UPDATE MEMCRY IMAGE OF MOST RECENT COMMAND
B1F1 CDC184 CALL  UBRAK  ;SEE IF USER WANTS CONTROL OF $-13@
81F4 FI FOP PSW ;CHECK FOR EOI ACTIVE TRUE
81F5 E5M ANI |
8IF7 CA1282 iz LOUN s+.LAST BYTE HAS EOI TRUE.
81FA 3ADE3A LDA LSTAT  ;TERMINATE ON EOS?
BIFD E61Y AN 1aH
81FF CARCH2 JZ NEQS 5 weNO
8202 3Apasd LDA €0SB  ;GET END-QF-STRING BYTE
8205 2A168@ LHD  1BPTR
8208 9t CMP M ;COMPARE TO BYTE JUST RECEIVED-ARE THEY
;i THE SAME?
8209 CA1282 iz LD ;e YES
820C CDICB2  MEDS: CALL  BFCHK  ;CHECK FOR FULL BUFFER
828F C39481 JMP DAVH  ;REPEAT LOOP FOREVER
»
8212 3AP680  LDUN:  LOA LSTAT
8215 £618 AN 18H ;KEEP HANDSHAKE AND EOS FLAGS
8217 3 INR A ;SHOW LISTEN STATE 1S ADDRESSED (NOT ACTIVE)
8218 320688 STA LSTAT
8218 C9 RET
821C 2A1880  BFCHK: LHLD  LBEND  ;PUT BUFFER END ADDRESS IN DE
az1f @B XCHG ; POINTER IN HL
8220 2A1680 LHLD  LBPTR
8223 3A@68¢ LDA LSTAT  ;DETERMINE IF BYTE OR BUFFER ORIENTED LISTENER
8226 E698 ANI 8
8228 (8 RZ ;++BYTE CRIENTED
’
8229 7D MOV AL ;CHECK FCR END OF BUFFER
822A BB P E
8228 C23382 JNZ NOFLO  ;..MORE BUFFER AVAILABLE
8228 IC MOV A,H
822F BA P D
B23@ CAB284 Jz UBFUL  :..BUFFER FULL, GO TO USER FOR INSTRUCTIONS
8233 23 NOFLO:  INX H ;POINT TO NEXT BUFFER LOCATION
8234 221980 SHLD  BPTR ;UPDATE BUFFER POINTER
8237 221688 SHLD LBPTR
823A 09 RET

L]
; T IS T AT I G JE I 6 I E T IR I R O N M

; COMND ROUTINE TG QUTPUT BYTE IN A REGISTER
: TO GEMERAL [INTERFACE MANAGEMENT AND
DATA TRANSFER CONTROL PORT. IT ALSO
UPDATES GIMTC, A MEMCRY IMAGE OF THE
MOST RECENT COMMAND PLACED ON THE
GIM & TC LINES.

[

T

o B A b0 3 036 e O 06O 300 6 A E O LI 6 W 06 0 LI R S
F]
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8238 0370 COMND:  OUT MOPT JOUTPUT COMMAND

8230 320080 STA GIMTC ;UPDATE MBMCRY [MAGE OF MOST RECENT COMMAND
3249 C9 RET

x
o 00 W I e 63 R 3 B W R 9 36 R R

; PAl CHECK F{R P&T 488 LOCKOUT DUE TG S5-ig0 RESET

; (R 488 EXTERNAL CONTROLLER ASSERTING ATN

; OR IFC TRUE. EXTERNAL ATTENTION 5 TO BE SERVICED
: ONLY IF THE INTERFACE 1S NOT LOCKED QUT DUE TO AN S-19Q POC

; OR 488 IFC (INTERFACE CLEAR),

;**i**iiii*****i*****}******ii*ilil*****i*i*!i******k**********
H

8241 214182 PAL: LXI| H,PAI ;RE-ENTER TH!S ROUTINE UNTIL EACH OF

8244 ES Palt: PUSH H ; POC, ATN AND IFC HAVE BEEN CLEARED

3245 D8YC IN IS5RPT

3247 IF RAR ;EUT POC BIT IN CARRY

3248 DZBEB4 JNC UROC ;aoIF POC ACTIVE TRUE

8248 iF RAR. ;REN > CARRY

824c 1F RAR 35RG > CARRY

8240 1F RAR sXATH > CARRY

824 1F RAR sXIFC > CARRY

824F D29F24 JNC UIFC ;«oXIFC 1S ACTIVE TRUE

8252 17 RAL ;XATN > CARRY

8253 D2gF82 MG PUATN s+ XATN HAS CHANGED STATES

8236 BT POP H ;CLEAR RE-ENTRY ADDRESS ON STACK

8257 C% RET

8238 219C81 LPAL: Lxi H,LSNT ;PUT COMMON LISTEM RETURN ACCRESS IN HL
3 IN CASE ATN (S ACTIVE TRUE

8238 B3 XTHL

825C 0B7C iN o ISRPT

825t 1F RAR

825F DZBEB4 JNG URQC

8262 F RAR

8263 1F RAR

8264 1IF RAR

8265 IF RAR

8266 DZ29F84 JNC UIFC

8269 17 RAL

826A D26F8Z JNC PUATN

8260 E3 XTHL ;RETURN TQ CALLING PROGRAM

BZ26E C9 RET

826F DBTD PUATN: IN CMDPT ;SEE IF ATN HAS 8EEN ASSERTED OR RELEASED

8271 E608 ANI 8

8273 CABS84 JZ UATN ; «+ASSERTED, KEEP RETURN ADDRESS

9276 3EF7 Myt ALOF7H ;. RELEASED, 50 RESET XATN BIT IN ISR

8278 D37C ot ISRPT

827A E3 XTHL ;PUT NORMAL RETURN ADDR BACK ON STACK

§278 (9 RET
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PAT-488

827C
827F
8282
8284
8286
3289
828C
823E
8291

8292
8295
8298
8299
gz9c
8290
B29€
8281
B2A4
8246
8248
g82A8
82AE
8289
8282
82B5
8287
82BA
8280
828F

cng2s2
3ARASE
EGF @
FEP6
320A80
3A0039
FEQB
CD3B82
cs

221088
221488

69
229E3¢
JAQASH
EE&F @
F&EE3
32ga80
3Ap080
E69F
rosg
chiBs2
E6F7
Co3eaz
3AB058E
F64@
CD3B82

Custom Software Package

Version 1.4

LR R ORI AN R I KA R A
x

; YES:

CLUP;

CHMTRL
QUTLINE OF OPERATION:

SET MRFD, NDAC LOW (TRUE)

SET DAY HIGH, ATN LOW

SET MRFD HIGH

WAIT UNTIL NRFD HIGH

PLACE BYTE ON DATA LINES

SET DAV LOW

SET MRFD LOW

READ THE DATA LINES

SET NDAC HIGH

SET UP APPROPRLATE STATES

WAIT FCOR NDAC HIGH

SET DAY HIGH

END OF CONTROLLER BUFFER?

SET ALL DATA LINES HIGH

SET NRFD LOW IF PAT I35 A
LISTENER

SET ATN HIGH

RETURN TO CALLER

CALL BREAK

ADYANCE BUFFER POINTER

JMP CLUP

TAKE CONTROL OF THE 438 BuyS

SET WP AH (ACCEPTOR HAMDSHAKE)

TAKE CONTROL OF THE BUS

AH READY

WAIT FOR OTHER DEVICES

CONTROLLER TELLS IT LIKE IT IS

AND CLAIMS THE DATA LINES ARE VALID
AH PREPARES TO GET BYTE

AH GOT THE BYTE AND CHEWS T

CONTROLLER WAITS FCR (THER DEVICES
CONTROLLER PLANS TO CHANGE DATA LINES

CLEAR DATA LINES
LOCK UP UNTIL LISTEM FUNCTION READY

RELINQUISH CONTROL
SEE IF USER WANTS SOMETHING

SEND NEXT BYTE

; B0 W A 0 A M N AE WAE S RN 3 0 N6 I HE R R

L]
CNTRL:

i
CTRL:

CLUP:

;00 THE CONTROLLER THING
;PUT CONTROLLER tNTO STANDBY (CSBS)
;BUT KEEP OTHER STATE INFQ

sINITHALLZE COMMON BUFFER POINTER
AS WELL AS CONTROLLER BUFFER PQINTER

;STORE THD ADODRESS OF CONTROLLER BUFFER
;STORE USER JUMP TABLE BASE ACDRESS
; TAKE CONTROLLER OUT OF |DLE STATE

[T ACTIVE
SGET IFC, ATN, SRQ, REN, EOI STATE

;PULL NRFD, NDAC LOW (ACTIVE TRLE)
sMAKE DAV HIGH (PASSIVE FALSE}

; SHOW ACCEPTCR HANDSHAKE READY

CALL  CTRL

LDA CSTAT

ANI @Fan

R | 6

5TA CSTAT

LDA GIMTC  ;RELEASE ATN LINE
OR { 8

CALL  COMND

RET

SHLD  BPTR

SHDO  CBPR

XCHG

SHLD  CBEND

MOV H,8

MOV L,C

SHLD  JMPAD

LDA CSTAT

AN BFOH

R} 3 sAND MAKE
3TA CSTAT

LDA GIMTC

ANI 9FH

OR 1 B8FH

CALL  COMND

AN aFH ;ASSERT ATN TRUE (LOW)
CALL  COMND

LDA GIMTC

R | agy

CALL  COMND

0 - 13
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8202 Co04182 CTRL1T: CALL PAL ;CHECK FCR PAT 488 LOCKOUT DUE TO
;5 EXTERMAL IFC (R 5-14@ PCC
;> NOTE << THE ATH WE ARE ASSERTING MASKS
;ANY EXTERNAL APPLICATION OF ATH, S50 WE
;MEED NOT WORRY ABOUT SOME OTHER CONTROLLER
;SEMDING ATN ACTIVE TRUE.

82C5 D37D IN CMDPT  ;SEE IF ALL DEVICES READY FCR BYTE

82C7 E64G AN agH

8209 CAC282 Jz CTRL1  ;,.NOT READY YET

B2CC 2A1ABG LHLD  CBPTR  ;GET THE 8YTE

32CF 7E MOV AM

8209 2F MA ;488 HAS NEGATIVE LOGIC

8201 D37E ouT DATPT

8203 IAQDSE LDA GIMTC

8206 E67F AN 7FH {MAKE DAY ACTIVE TRUE (LOW)

8208 CD3BS2 CALL  COMND

8208 E6BF AN PBFH  ;MAKE NRFD TRUE (LOW)

8200 CO3882 CALL  COMND

82E@ DBYE IN DATPT  ;READ THE BYTE

82E2 2F CMA ;488 USES MEGATIVE LOGIC

B2E3 47 MOV 8,A JSAVE T FOR NOW

B2E4 322330 $TA LBYTE  ;SAVE IT (N THE LAST BYTE REGISTER

82E7 3AMDSY LOA GIMTC

82EA F620 R 204 :SHOW CONTROLLER WE GOT T
: (MAKE NDAC PASSIVE FALSE)

82EC CD3B82 CALL  COMND

82EF CD7383 CALL  UPD8  ;LOOK THIS COMMAND OVER AND SEE |F ANY
. OF THE INTERFACE FUNCTIONS ARE
. AFFECTED, LUPDATE THE FUNCT!OM STATES
;  AS NECESSARY, THE COMMAND IS IN REG 8,

82F2 C04182  CTRL2: CALL  PAl ;CHECK FOR LOCKOUT DUE TO POGC, XATN OR XIFC

82F5 DBTD IN CMDPT  ;WAIT FOR NDAC HIGH (FALSE)

82F7 £62¢0 ANI 20H

82F9 CAF282 74 CTRLZ  ;..NDAC LOW (TRUE)

82FC 3AZDE LDA GIMTC  ;SET DAV HIGH (FALSE)

82FF F&8@ RI 8 M

83¢1 C03B82 CALL  COMND

8384 3EFF MV ABEFH  RELEASE THE 488 DATA LINES

8306 D37E our DATPT

B398 218883  CCNTU: LXI H,0CNTU ;SET UP SRQ RE-ENTRY ADDRESS

8398 COD184 CALL  SRVIS  ;CHECK FCR SRQ (SERVICE REQUEST)

830E COCT84  CTRLG: CALL  UBRAK  ;SEE IF USER WANTS CONTROL OF 3-100

8311 2A1C8d LHLD  CBEND  ;GET CONTROLLER BUFFER END ADDRESS

8314 EB XCHG

8315 2A1A8¢ LHLD  CBPTR  ;AND POINTER ADDRESS

8318 7C MOV AH

8319 BA CMP D

831A C225683 INZ NCEMD  ;..NOT AT END OF CONTROLLER BUFFER

8310 70 MOV AL

a31E B8 oMP £

831F (22683 INZ NCEND  ;,.NOT AT END OF CONTROLLER BUFFER

8322 CD3383 CALL  ADDRES ;FINISH ADDRESSING OF TALK, LISTEM
;. OF PaT-488

8325 C9 RET

8326 2A1A84  NCEND: LHLD  CBPTR  ;GET CONTROLLER BUFFER FOINTER

8329 23 INX H JPOTNT TO NEXT EMTRY IN BUFFER

8324 221AB¢ SHLD  CBPTR

8320 221¢8¢ SHLD  BPTR  ;UPDATE COMMON BUFFER PDINTER

833§ C3BAS2 JMP CLUP  ;AND SEMD NEXT BYTE
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: PE LTI T EE e e e e S e P AR S E RS L LSS S A b A
; THIS ROUTINE CHECKS TQ SEE IF THE TALK CR LISTEN FUNCTION
;1S IN THE PRIMARY ADDRESSED STATE. F 1T (5, THIS ROUTINE

3 CHAMGES THE STATE TO ACDDRESSED AND PUTS A DUMMY SECONDARY

; ADDRESS IN THE SECONDARY ADDRESS STORAGE LOCATION,

; AN NI R I I I I I 06 069000 0 06 30 0I5 T 6

H

B333 3ApQ580@ ACORES: LDA TSTAT ;SEE IF TALKER IN PRIMARY ADDRESSED STATE
8356 E6P8 ANI 8

3338 CAS383 JZ NTPR! ;esNO, S0 LEAVE |T ALCONE

8338 3AQ589 LDA TSTAT ;GET TALKER STATE AGAIN

833 F&d1 OR1 1 ;SHOW 1T AS ADDRESSED

8348 E&F7 AN AF7H ;AND NO LONGER PRIMARY ADDRESSED
8342 32@58¢ STA TSTAT

B34S 3ETF Myl A, 7FH ;PUT IN QUMMY SECONDARY ADDRESS
8347 320C8¢ STA TALKS ;  TO SHOW NON-EXTENDED TALKER

834A 3AD68Y LNADR:  LDA LSTAT ;KEEP THE HAMDSHAKE AND E0S FLAGS,
334D E&18 ANT 18H 3 BUT UNACDRESS THE LISTEN FUNCTION

834F 320680 STA LSTAT ; SINCE THE TALK FUNCTICN |S ADDRESSED
3352 C9 RET

8353 3A@684  NTPRI: LDA LSTAT  ;NOW CHECK LISTENER STATE

8356 £604 AN 4 ; TO SEE IF IN PRIMARY ADORESSED STATE
8358 CA7283 2 NLPRI  ;..MO, @ ON TO NEXT FUNGTION

8358 3AZ660 L0A LSTAT  ;GET LISTEN STATE AGAIN

B3SE Fo@ R ! ;SHOW IT AS ADDRESSED

836@ E6FB ANL greH  ;BUT NOT PRIMARY ADDRESSED

8362 320689 STA LSTAT

8365 3ETF MV 1 A,7FH  ;AND FUT DUMMY SECONDARY ADDRESS TO
8367 320830 STA LSTMS  ; SHOW NON-EXTENDED LISTENER

836A 3AG580  TNADR: LDA TSTAT  ;KEEP THE SERIAL POLL STATE BUT _
8360 E604 AN 4 ;  UNADDRESS THE TALK FUNCTION SINCE THE
836F 320580 $TA TSTAT  ; LISTEN FUNCTION IS ADDRESSED

8372 C9 NLPRI: RET

’
o T IE T T T A AR G T AN N A I 3
r

H UrD3 THE COMMAND FROM THE CONTROLLER=-IN-CHARGE

; : 15 IN THE B REGISTER. LOOK AT THE COMMAND
; AND UPDATE THE FUNCTIONAL STATE GF THE
; INTERFACE AS 1S NECESSARY,

o IR AT T A6 T A TP 3 e W 2R AW 36 JE KRR
*

8373 78 UpbDg:  MOv A,B ;PUT THE COMMAND IN REGISTER A

B374 EGTF ANI TFH ;STRIP THE PARITY BIT
3376 47 MOV 8,A ;SAVE 1T IN B FCR LATER USE
8377 FEGQ CPI 64
8379 F2C683 JP RSCG 3w «BELONGS TO SECONDARY COMMAND GROUP
; (SECONDARY ADDRESS, ETC)
837C CD3383 . CALL ADDRES ;IF TALK (R LISTEN IS PRIMARY ADDRESSED

; CHANGE IT TO ADORESSED AND PUT IN
; DUMMY SECONDARY ADDRESS

; bt PRIMARY COMMAND GROUP  <<<x<
837F 78 MY A,B ;GET COMMAND AGA [N
8338 FedS CP1 PRC ;1S 1T PARALLEL POLL CONFIGURE?
8382 CAS784 JZ RPPC 72« YES, 30 UPDATE THE PP STATE
8385 3Ap98Q LA PSTAT ;= MNO, S0 PUT PP STATE INTO PUCS
8588 eofg AN| @FEH

0 - 15
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8384 320980 STA PSTAT
8380 78 MOV ALB :GET THE COMMAMD AGAIN
838t FEs@ cPl 4 H
835¢ F28F04 JP RTAG ;e TALK ADDRESS GROUP
8393 FE2d CPI 23
8395 F22884 JP RLAG ;eeLISTEN ADDRESS GROUP
8398 FE@! CPi GTL
839A CA4DE4 JZ RGTL ;+«@ TO LOCAL
8390 FEB4 CPi 50C
835F CA4ESS JZ RSDC ;2= SELECTIVE DEVICE CLEAR
8342 FEZB CPi GET
B3A4 CAB6B4 JZ RGET 5o« GROUP EXECUTE TRIGGER
83A7 FEZ9 CPI TCT
83A9 CAGF34 JZ RTCT ;+ TAKE CONTROL
43AC FEIT CPI LLO
83AE CA7J84 JZ RLLO ; -« LOCAL LOCKOUT
8381 FET4 crl oCL
B3B3 CA7184 42 ROCL ;.o UNIVERSAL DEVICE CLEAR
8iB6 FE13 CP1 PPU
8388 CA7434 1Z RPPY ;oo PARALLEL POLL UNCONF IGURE
8388 FE18 CPt SPE
83BD CAJDS4 JZ RSPE P+« SERIAL POLL ENABLE
B3C@ FE19 CPI SPD
83C2 CA3684 J2 RSFO ;=»3ERIAL POLL DISABLE
83C5 29 RET ;00N'T RECOGNIZE THE COMMAND
83C6 3AQ584Q RSCG: DA TSTAT ;SEE IF IN TALKER PRIMARY ADDRESS STATE
83C9 ES@8 ANI 8
83CB CADF83 JZ RSCGI ;aeNO
83CE 78 MOY AB ;GET SECONDARY ADDRESS AGAIN
83CF 3z2gCay 3TA TALKS ;AND SHOW 1T AS TALK SECCNDARY ADDRESS
8302 3AgS3@ LDA TSTAT ;GET TALKER STATE AGAIN
8305 tods ANI 4 ;KEEP ONLY SERIAL POLL MODE STATE
8307 X I NR A ;SHOW TALKER {5 ADDRESSED
8308 32¢58¢ STA TSTAT
8308 CD4AB3 CALL LNALR ;UNADDRESS DUE TO MY TALK ADDRESS
830E C9 RET ;O0NE INTERPRETING THE COMMAND
*
830F 3A068U RSCGT: (DA LSTAT  ;SEE IF IN LISTENER PRIMARY ADDRESSED STATE
83E2 E644 AN{ 4
83E4 CAF883 3z RSCGZ  ;..ND
83E7 78 MoV A,B ;SAYE L1ISTENER SECONDARY ADDRESS
B3E8 320884 STA LSTNS
83EB 3Ad68Y LDA LSTAT ;GET LISTENER STATE AGAIN
83EE E618 ANI 18H ;KEEP LISTEN HANDSHAKE AND EOS FLAGS
a3Fg 3C IR A ;SHOW STATE AS ADDRESSED LISTENER
33F1 32¢eag STA LSTAT
83F4 CD6AB3 CALL TNACR ;UNACORESSED BUE TO MY LISTEN ADORESS
83F7 C9 RET ;DONE INTERPRETING COMMAND
83F8 3Ag987 R3CGZ: DA PSTAT ;5EE 1F PARALLEL POLL IS TO BEE CONFIGURED
83F8 E6d4 AN! 4 ;PARALLEL POLL (N PACS?
83F0 CAZED4 JZ RSCG3  ;..NO
8409 78 MOV AB JGET THE COMMAND AGAIN
8491 EB1G AN 1gH ;15 IT PPD (PARALLEL POLL DISABLE)?
8493 C27484 JNZ PPIDL i+« YES, S0 PUT PP INTD PPIS
8496 78 MOY A,B ;.aNO, S0 SAVE PPE MESSAGE
8497 329289 STA FPRSP
B4gA COCS87 CALL PPNBL  ;PUT THE APPROPRIATE PPR MESSAGE [N
; THE PARALLEL POLL RESPONSE REGISTER
8400 €9 RET
B4gE C9 RECG3: RET 3NO COTHER FUNCTIONS DECCDED YET+H+++
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849F 3APSSE  RTAG:  LDA TSTAT  ;GET TALK STATUS

8412 €604 AN 4 ;KEEP SER{AL POLL MODE STATE

8414 4F MOV C,A SSAVE IT IN REGISTER C

8415 3AQI8¢ LDA TALKP  ;GET PRIMARY TALK ADDRESS

8418 B8 ouP 8

8419 (22384 INZ NTLK  ;..COMMAND DOES MOT MATCH PRIMARY TALK
; ADDRESS

841c 79 MOV AC ;GET TALK STATE AGAIN

8410 F6U8 R 8 ;SHOW PRIMARY ADDRESSED STATE

841F 320588 STA TSTAT

8422 09 RET ;DONE INTERPRETING THE COMMAND

8423 79 NTLK: MOV A,C ;GET TALK STATE AGAIN

8424 320580 STA TSTAT  ;SHOW IT AS UMADDRESSED (BECAUSE THIS

;  COMMAND WAS EITHER UNIYERSAL UNTALK
; OR OTHER TALK ADDRESS}

8427 €9 RET ;DONE INTERPRETING THE COMMAND
8428 IA@680  RLAG:  LDA LSTAT  ;GET LISTEN STATE

8428 E6I18 ANI 18H JKEEP ONLY HANDSHAKE AND EOS FLAGS
8420 4f MOV C,A ;SAVE (T IN REGISTER C FOR LATER
B42E 3AQESE LOA LSTN®  ;GET PRIMARY LISTEN ADDRESS

8431 88 CMP B

8432 (23084 INZ NLSN  ;..D0ES NOT MATCH COMMAND

8435 79 MOV AL ;GET UNADDRESSED LISTEN AGA N
3436 F604 oR! 4 ;SHOW T AS PRIMARY ADDRESS STATE
8435 328680 STA LSTAT

8438 C9 RET

843C 3AP680  MLSN: DA LSTAT  ;THIS IS NOT MY LISTEN ADDRESS, SO
843F E&FB ANI BFBH  ; INSURE THAT PAT-488 1S IN LPIS STATE
8441 320680 3TA LSTAT

8444 78 MOV A,B ;GET COMMAND

8445 FE3F CP! 3FH ;UNTVERSAL UNLISTEN?

3447 ¥ RNZ ;OTHER LISTEN ADDRESS, SO LEAVE LSTAT ALONE
8448 79 MOV A,C ;GET UNADDRESSED LISTEN STATE

8449 320680 STA LSTAT  ;DUE TO UNJYERSAL UNLISTEN COMMAND
844C 9 RET

844D C9 RGTL: RET ;60 TO LOCAL FUNCTION NOT IMPLEMENTED
844E 3Ag68F  RSOC: (DA LSTAT  ;SELECTIVE DEVICE CLEAR

8451 E683 AN) 3 ;15 THE LISTEN MODE ADDRESSED?
8453 08 RZ 2o MO

8454 C3AFB4 NP UDYCL  ;YES, SO CLEAR THE DEVICE

8457 3AG68¢  RPPC: DA LSTAT  ;PARALLEL POLL CONF IGURE

8454 E6H ANI 1 SSEE IF LISTEN FCN IN LADS

845C C8 RZ 3eeNO, SO IGNORE PPC COMMAND

8450 3A@98F LDA PSTAT  ;..YES, 50 PUT PP INTO PACS

8467 FHF4 OR | 4

8462 329980 STA PSTAT

8465 C9 RET

8466 IAgs8Y RGET : LDOA LSTAT JGROUP EXECUTE TRIGGER

8469 E683 ANY 3 ;SEE IF LISTEN FUNCTION ADDRESSED
8468 C8 ]2 3 4e MO

B46C C3ACE4 JMP UTRGR  ;YES, SO PERFORM DEVICE TR1GBER
846F C9 RTCT: RET ;TAKE CONTROL - NOT IMPLEMENTED
8470 C9 RLLO:  RET ;LOGAL LOCKOUT - NOT IMPLEMENTED
B471 C3AFB4  RDCL: JMP UDVCL  ;UNIVERSAL DEVICE CLEAR
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RPSU:

8474 97 PPIDL: SUB A ;PARALLEL POLL UNCONF IGURE
8475 32¢esy STA PSTAT :PUT PP INTO PPIS/PUCS

8478 3EFF MY A BFFH CLEAR RESPONSE BYTE REGISTER
B47A D3TF our PPORT

B47C C9 RET

8470 3A@58¢ RSPE: LDA TSTAT ;SET SERIAL PQOLL MCDE BIT N TALKER
2428 FoEd CR1 4 ;  STATE REGISTER

8482 3295840 STA TSTAT

8485 C9 RET

8486 3AP5849 RSPD: LDA TSTAT ;CLEAR SERIAL POLL MCOE 21T IN
3489 EGFB ANI fFeH ;  TALKER STATE REGISTER

8488 32589 STA TSTAT

348E C9 RET

- owe

o A A E 3 I E T T JE I 3 A X

e ow

; GIM - GENERAL INTERFACE MANAGEMENT
; A ROUTINE WHICH ALLOWS THE USER TO SET THE
; STATE OF THE 'FC, SRQ, REMN AND EO! LINES

o TP O B T T A 30 E 6303 36N M I 6 b I 6 R
>

848F C5 GIM:  PUSH B ; IMMEDIATELY SET IFC, SRQ, REN AMD EO! LINES
8499 €517 ANL 17H ;STRIP OUT DON'T CARES

8492 2F CHn ;488 USES NEGATIVE LOGIC

8493 47 MOV B,A

8494 3AZDSE LOoA GIMTE  ;GET STATE OF LOCAL ATN, ETC

8497 F617 R 174 ;STRIP OUT IFC, RQ, ETC

8499 Ag ANA B ;COMBINE INTQ NEW COMMAND

849A CD3BE2 CALL  COMID  ;OUTPUT NEW COMMAND

8490 C) Pop B ;RESTORE BC

349E C9 RET

;i**i*i!*******i*****i***ﬁ***i**!***i**ii*i*ii*i*iii**ii*******
H

; CALCULATE AND JUMP TO APPROPRIATE ENTRY 1IN
USER-SUPPLIED JUMP TABLE

H
H
;*****i*****iii****il**i**i***********ﬂ*ii*l*i*****iili**i*i***

849F 97 MIFC: 5UB A ;ZERQ REG A

84Ag 329589 STA LSTAT ;PUT LISTEN FCM IN IDLE

84A3 320587 5TA TSTAT JPUT TALK FCN IN IDLE

84A6 320A80 STA CSTAT ;PUT CONTROLLER FCN IN 1DLE

B4A9 1EZ9 MY I E,9

84AB A1 0B 1

34AC 1EQQ UTRGR: MV E.B ;E=DIFFERENCE BETWEEN USER JUMP TABLE
84AE M1 DB 1 ; BASE ADDRESS AND DESIRED ENTRY PQINT
B4AF 1E@3 UDvcL: Mvi E,3 ; BC=GARBAGE

8481 @1 525} 1

84B2 1EQ6 UBFUL: MV £,6

8484 &1 08 1

84B5 1£18 UATN: MYV £,24D

3487 A1 o8 1

B4BB 1EQF UNLSN: My E,150

B4gA 21 CB 1

84BB TE1Z YSRG: MV £,18D
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B4BD
84BE
Bacy
a4ct
84C3
B4CS
gacs
Bace
84CA
84ChH
8404

8401
8403
84D5
8408
84D8
8400
BAER

847
. B4E4
84E6

B4E7
84EA
B4EC
B4EF
84F 1

84F2
84F3

B4F 6
84r7
84FA
84FC
84FD
B850
8502
8585

N

1E15
]

1E8C
169
2AEBE
19

ES
IA2389
281884
c9

oe7b
E624
CAE184
3ADASE
EGEF
320A8¢
C9

3AQAST
EGIE
ce

IAZALH
Fold
320480
EGOF
s

E3
c38884

cs
3A@58Y
E&N
47
3AB680
E6A3
CAd785
3E82

Custom Software Package
Yersion 1,4

D8 1
UPOC: vl £,21D
0B 1
UBRAK: MV €,120
MV o,e
LHLD  JMPAD  ;GET BASE ADDRESS OF USER JUMP TABLE
DAD D ;CALCULATE ACTUAL ADDRESS
PUSH H ;AND PUT IT ON THE STACK
LDA LBYTE  ;PUT LAST BYTE HEARD IN A REG
LHLD  BPTR  ;AMD POINTER OF CLRRENT BUFFER IN HL
RET ;THEN YRET" TO USER JUMP TABLE

’
;l**i*!l*l*i***l***i*****l*ii*%**i*****!***i***i*******i*******

; SRVIS -~ CHECK FOR SERVICE REQUEST, IF SRQ 1S TRUE,

; THE STATE TABLE IS CHECKED TO DETERMINE IF

; THE PET 488 1S THE CONTROLLER-1N-CHRRGE, IF

; IT 15, THE ADDRESS [N REGISTERS HL 15 $SUBSTITUTED

; F(R THE RETURN ADDRESS AND A BRAMCH (S MADE TO

; THE USER-SUPPL!ED ROUTINE SVCRQ. IF THE CONDITIONS

; ARE NOT MET, A RETURN 15 MADE TO THE CALLING ROUTINE,

;!*l***ii*i*****!**i*lii***i*l***lifi*i***i*****ii**i*****l*iii

SRVIS: N CMDPT  ;CHECK FOR SRQ TRUE (LOW)
AN 4
JZ SRV s eeSRQ TRUE: SHOULD WE IGNORE |T?
LDA CSTAT
ANI PEFH  ;PUT CONTROLLER INTQ CSNS STATE
$TA CSTAT
RET
SRY1: DA GSTAT  ;IGNORE SRQ LINE IF T HAS ALREADY BEEN
ANI 184 ;  DETECTED
RNZ
LDA CSTAT  ;SET CSRS STATE IN COMTROLLER STATE
CRI 1 BH
STA CSTAT
AN aFH ;SEE IF PAT 488 CONTROLLER FUNCTION IS IDLE
RZ ;CONTROLLER FUNGTION IN [DLE STATE -
; SOMEBCDY ELSE 1S TO TAKE CARE OF THE SRQ
XTHL :SUBSTITUE CONTENTS OF HL FOR RETURN ADDRESS
JMP USRQ  ;AND @ TO USER=SUPPLIED SRQ ROUTINE

H
;*!**l*******l**i**i***ii******i*i**********ﬁi**&ii******i***

; STATE - RETURNS WiTH ABBREVIATED STATE INFORMATION

: N THE A REGISTER, AND HL POINTING TO THE

; FIRST ENTRY OF THE STATE TABLE. THUS IF

; THE USER REQUIRES DETAILED STATE INFORMATION,

; HE CAN LOOK INTQ THE STATE TABLE,

;******l**************{i*i*i***************i*l*i**************

STATE: PUSH 8 ;PRESERVE BC REGISTERS
LDA TSTAT  GET TALKER STATE
AN 1 ;SEE IF ADORESSED
TIDL: MOV B,A
LDA LSTAT  ;GET LISTENER STATE
ANI 3 ;SEE |F ADDRESSED CR ACTIVE
iz LioL s o LISTENER 1DLE
MY | A2 sPUT LISTENER NOT-IDLE STATE INBIT 1
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8547 B9 LIDL:  ORA B ;R IN TALKER STATE AT 81T ¢

8598 47 oV B,A SSAVE |T (M B.

9589 3AQ950 LDA PSTAT  ;GET PARALLEL POLL STATE

859C E£6¢1 ANI 1

8SgE @7 RLC

859F &7 RLC

8519 8¢ ORA 8

8511 47 MOV B,A

8512 3A988¢ LDA RSTAT  ;GET REMOTE-LOCAL STATE

8515 E618 AN 18H

8517 8@ ORA B

8518 47 MOV B,A

85319 3AQASQ DA CSTAT  ;GET CONTROLLER STATE

851C E6QF AN BFH

851E CA2385 4z CIDL  ;CONTROLLER IS IN IDLE STATE

8521 €4 MY) A,40H  ;SHOW CONTROLLER NOT 10LE

3523 8P CIOL:  C(RA 8 ;GET THE REST OF THE STATE INFCRMATION
8524 Ci POP B ;RESTORE BC

8525 219569 LXI H,TSTAT ;POINT HL TO FIRST STATE TABLE ENTRY
8528 C9 RET

H .
LS RS PSR EAELERE SRR SR LS SRS ST EEEEELEL ST L]
»

; XCTRL  EXTERMAL CONTROLLER RESPONSE ROUTINE
; THIS ROUTINE LOOKS AT THE COMMANDS PRESENTED
; BY AN EXTERNAL CONTROLLER AND UPDATES THE

; STATE OF THE INTERFACE AS NECESSARY,

oW NI WA T NN A I A I E
¥

»
8529 £5 XCTRL: PUSH  H ;SAVE USER JUMP TABLE ADDRESS
8574 60 MOV H,B
8528 69 MOV L,C
852C 220€3¢ SHLD  JMPAD
852F Et POP H
B53¢ 3AMDGY  XCTL@: LDA GIMTC  ;SET UP ACCEPTOR HAMDSHAKE
8533 £69F AN OFH ;BY SETTING NRFD, NDAC LOW (TRUE)
8535 Fé6ay ORI 8aH JAND DAV HIGH (PASSIVE FALSE)
8537 CO3B82 CALL  COMND
853A 3EFF MV A,BFFH ;CLEAR DATA LINES
853C D37E ouT DATPT
853E 3EF6 MY A,BF6H CLEAR XATN BIT IN ISR, LEAVE |NTERRUPTS
8544 D37C our ISRPT  ; DISABLED
8542 COF985  XCTL!: CALL P! ;CHECK FOR LOCKUP OUE TO POC CR I1FC
8545 DBTOD IN QMDPT  ;NOW CHECK FCR ATN
3547 £608 ANI ]
8549 C2A085 INZ XCOUN
854C 0BTD IN CMOPT  :WAIT UNTIL DAV 1S HIGH (PASSIVE FALSE)
854E E658 AN 8gH
8550 CA4285 )z XCTL
8553 ZAQPDAE LDA GIMTC  ;NOW SET ARFD HIGH (WE'RE READY)
8556 F649 RI B
8558 CO3BS2 CALL  COMND
855 CDF98S  DAVT: CALL Pl SWAIT FCR DAY LOW (TRUE)
a55E 0B7D IN CMDPT
8569 E608 AN 8 ;XATN TRUE?
8562 C2Ad85 INZ XCOUN  ;,.M0, SO QUIT THIS ROUTINE
8565 DBTD IN CHMDPT
8567 E680 AN 8gH
8569 225885 INZ DAVT
856C 3APDEG LA GIMTC  ;SET SRFD, NDAC LOW (TRUE)
856F E69F ANI 9FH
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8571 CD3B82 CALL  COMMND

8574 DBTE IN DATPT  GET THE COMMAND FROM THE EXTERNAL CONTROLLER

8576 2F CHA ;THE 488 BUS USES NEGATIVE LOGIC

8577 E67F ANI 7FH ;STRIP PARITY BIT :

8579 47 MOV B,A ;SAVE THE COMMANMD IN REGISTER B

8574 322380 STA LBYTE  :AMD IM LAST BYTE REGISTER

8570 3AD80 LDA GIMTC  ;TELL THE CONTROLLER WE GOT IT

8580 F&620 ORI 20H :BY SETTING NDAC HIGH (FALSE)

8582 CD3R82 CALL  COMMND

8585 COF985  DAVF:  CALL P ;HOW WAIT FOR DAV FALSE (HANDSHAKE COMPLETE)

8588 DB7D IN CMDPT

858A E68U ANI 8@H

858C CAB585 74 DAVF

858F 3ADDAG LDA GIMTC  ;COMPLETE HANDSHAKE BY SETTING NDAC LOW

8592 EG9F ANI 9FH

8594 CD3B82 CALL  COMND

8597 CDT383 CALL UPDB ;FIGURE OUT WHAT THE COMMAND MEANS

859A CDC184 CALL UBRAK  :SEE IF USER WANTS CONTROL OF 5-10@

8590 C34285 JMP XCTL1  ;GET THE NEXT COMMAND

85A8 CO3383 XCOUM:  CALL ACORES ;FINISH ADDRESSING TALK/LISTEN FCNMS
; OF PAT=-488

85A3 3EF6 MV A,BF6H CLEAR THE XATN 8IT IN THE ISR

85A5 037C ouT ISRPT

8SAT 3A@580 LDA TSTAT  ;CHECK TO SEE IF IN SERIAL POLL MODE

85AA E6B4 ANI 4

85AC CB Rz ;.aND, G0 BACK TO CALLING ROUTINE

85AD 3APS8H LDA TSTAT  ;ARE WE ADDRESSED AS THE TALKER?

8589 E6E AN| 1

8582 CAE485 iz NTLKR  ;..MO, WAIT FCR MEXT COMMAND

B5B5 ZAPEBG LHLD JMPAD  ;PUT USER JUMP TABLE ADDRESS IN BC

8588 44 MOV 8,H

8589 4D MOY c,L

858A 212580 LXI H,XSPRS ;POINT TO EXTERNAL CONTROLLER SERIAL
;  POLL RESPONSE BYTE QUFFER

8580 3AP380 LDA SPSTS  ;GET SERIAL POLL STATUS BYTE

35CP EEBF AN1 #8FH sMAKE 1T SERVICE MOT REQUESTED

85C2 77 MOV M, A ;AND PUT INTO BUFFER

85C3 3AA78¢ LOA SSTAT  ;ARE WE REQUESTING SERVICE?

85C6 £630 ANI I

85C8 CADF8S 4z SRSP PR YS!

85C8 3AQDSE LDA GIMTC  ;CLEAR SRQ LINE

85CE Fé04 OR| 4

85008 CD3B82 CALL  COMND

8503 3E20 M| A,2¥H  ;AND PUT INTO THE AFFIRMATIVE POLL
; RESPONSE [APRS) STATE

35 329738 3TA SSTAT

8508 3E4¢ MV A,4@H  3SET SERIAL RESPONSE TO SERVICE REQUEST
;  ACKNOWLEDGED

85DA B6 ORA M

8508 77 MOV M, A

850C C3DFBS JvP SRSP

850F 54 SRSP: MOV D,H sMESSAGE 1S ONLY THE ONE BYTE

85EY SO MOV E,L

85E1 CO988H CALL TALK ;SAY THE RESPONSE MESSAGE

8554 3AMDEH NTLKR: LDA GIMTC ;RELEASE NRFD, NDAC SO THE THE ADDRESSED

35E7 F660 2RI 60H . TALKER CAN RESPOND WITH ITS SERIAL POLL
8SEQ CD3BE2 CALL  COMMD  ; RESPONSE BYTE
8SEC CDF985  NTLK1: CALL P ;CHECK FOR IFC (R POC
85EF 0B7D IN QMDPT  ;WA{T FCR RE-APPLICATION OF EXTERNAL ATN
85F1 €608 AN 3 :LOOK AT ONLY XATN
B5F3 CA3@8S 2 XCTLE  ;..XATN TRUE, SO 6O TO EXTERNAL
;  CONTROLLER ROUTINE
85F6 C3ECES JMP NTLK1  sREPEAT LOOP UNTIL NEXT COMMAND COMES
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85F9
d3F8
35F0
g60d
4892
g6 @4
8647

8695
sege
86dcC
26F
36149
asn
8614
8617
a618
8619
8614

8610
8620
8621
8622
B625
8626
8627
862A
862D
862E
g62f
8632
3633

8636
8637
8638
8638
B63C
8630

6640
8641

pgic
E6
CABES4
oB7c
E6IY
CASFB4
co

22tesd
32
222980
68
&9
2Z0EBG
21538d
34
sD
13
cbozaz

ZAQESY
44
4D
215680
54
S0
cD9282
2APESY
44
40
282087
EB

2ATERY

e
BA
C24086
o
ge
CA4BSE

23
7E

Custom Software Package
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B 1 ISRPT ;CHECK FOR FOC (R IFC
ANI 1 sLOOK AT ONLY POC
Jz . UPOC
I 1SRPT
AN 194 ;LO0K AT ONLY [FC
JZ UIFC
RET

i
o B I I TR NI T 3 R I U O0 06 U 30 RN

; SPQRY  SERTAL POLL QUERY

; SENDS OUT THE COMMANDS UNL (UMIVERSAL UNLISTENY,

; SPE (SERIAL POLL ENABLE), THEN THE TALK ADDRESSES

; THAT ARE IN IT5 BUFFER (BY CALLING CNTRL), UPON

; RETURN TO SPRY, THE COMMAND SPD (SER!AL POLL

; DISABLE} 1S SENT, THEN RETURNS TO THE CALLING PROGRAM

;****}i**i*i*******************ﬁ*i*i**************i**i**i**i!**

SPQRY: SHLD SBPTR ;INITIALIZE SER{AL POLL BUFFER POINTER

XCHG

SHLD  SBEND  ;STORE END ADDRESS OF SERIAL POLL BUFFER
MOV H,B

MOY L,C

SHLD JMPAD  ;STORE USER JUMP TABLE ADDRESS

LX1 H,85PE  ;POINT TO UNL, SPE MESSAGE

MOV D,H

MOY E,L

INX s ;MESSAGE IS ONLY THE TWO BYTES

CALL  CTRL  ;SEND THE TWO COMMANDS BUT DO NOT
: RELEASE THE ATN LINE
SPQI:  LHLD  JMPAD  ;GET ADDRESS OF USER'S JUMP TABLE

MOV B,H

MOY c,L SAND PUT INTQ BC

Lxt H,BUNT :POINT TO “UNT" MESSAGE
MOV 0,H

MOV E,L

CALL CTRL ;AND SEND IT BEFCRE THE TALK ADOR
LHLD JMPAD ;GET THE ADODR OF THE USER'S JUMP TABLE

MOV 8,H

MOV c,L

LHLD SBEND

XCHG ;POINT TQ SERIAL POLL BUFFER

LHLD SBPTR ; (TALK ADDRESSES) AND SEND THEM

; OME BY ONE

; SEE IF THERE 15 AMNOTHER ADDRESS IN THE SER1AL POLL BUFFER

MOY ALH

P D

INZ NSPEND ;..NOT END OF BUFFER

MOV A,L

CMP E

Jz NSPSEC ;..END OF BUFFER, THUS THERE IS MO

;  SECONDARY ADDRESS

;  THERE IS AMOTHER ADORESS: NOW SEE IF IT IS A SECONDARY ADDR

MSPEND: INX H
MOY AM
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3642 FEGH Cel 68+

8644 DAMBBE JC NSPSEC  ;..NOT A SECONDARY ALDRESS

BG47 EB XCHG ;ee T IS A SECONDARY ADOR, SO SEND IT ALSO
8648 C24F86 JMP SENDSP

8648 ZA1EEE NSPSEC: LHLD SBPTR ;SEND ONLY THE OME BYTE

BBAE EB XCHG

864F D5 SENDSP: PSH 0 ;SAVE ADDR OF LAST BYTE SENT

B65@ 2A1E89 LHLD BPTR ;POINT TO FIRST BYTE TQ BE SENT

8653 CDYC82 CALL CNTRL JACTUALLY SEND THE ADDRESS{ES)

; NOW LISTEN TO THE RESPONSE SENT BY THE ADDRESSEC TALKER

»

8656 3A@584 LDA TSTAT ;ARE WE ADDRESSED TO TALK?

8659 E6@1 AN 1

8658 C29586 JNZ WET LK ;e YES

865 3ADDSY LDA GIMTC ;4=NO, SO BECOME A LISTENER

8661 FE08 ORA @D8H ;SET DAV, MRFD, IFC, ATN FALSE

3663 E6DF AN BOFH ;AND NDAC TRUE (LOW)

8665 CD3882 CALL COMND

8gc68 Ch4182 SPQ2Z: CALL PAT ;WAIT UNTIL DAV |5 TRUE (LOW)

8668 087D IN CMOPT

866D E£6803 ANI ggH

B66F C26886 JNZ SPQ2

8672 3AM08Y LDA GIMTC ;RESFOND TO TALKER WITH NRFD

8675 EGHF ANI SFH

8677 CD3BEZ CALL COMND

867A DBTE IN DATPT  ;GET THE SERIAL POLL STATUS BYTE

867C 2F CHA ;488 USES MNEGATIVE LOGIC

867D 32228(¢ STA SPRSP  ;AND SAVE 1T FR LATER USE

8680 3APD59 LDA GIMTC

8683 Fozd CRI 20H ;NOW MAKE MDAC FALSE (HIGH)

8685 CD3B82 CALL COMKD

8688 Cp4182 SPR3: CALL PAI sWAIT FOR DAV FALSE (HIGH)

8683 DBYD IN MOPT

868D E68d AN! B@H

B68F CAB8B6 JZ SPQ3

8692 C3F286 JMP SPQ7

B695 3Ag724@ WETLK: LDA SSTAT ;ARE WE THE ONE REQUESTING SERYICE?

8698 E639 ANI 3

869A CAB3E6 JZ NSPRQ  ;..NO, WE'RE NOT IT

8690 3AMEGd LDA GIMTC ;CLEAR THE SRQ BIT

36A0 F604 OR} 4

86A2 CD3B&Z CALL COMND

BBAS 3E2d Myl A,20H  ;AND PUT INTO THE AFFIRMATIVE POLL
; RESPONSE (APRS) STATE

86A7 328784 S5TA SSTAT :

86AA 3AQ380 LDA 5PSTS ;GET THE SERIAL POLL STATUS BYTE

B86AD 2F CMA ;488 USES NEGATIVE LOGIC

36AE REBF ANI @BFH ;ZERO BIT 6 (DIO7 ON 488 BUS)

36B8 C38986 JMP WTLK]

8683 3AP3EQ NSPRGQ: LDA SPSTS ;GET SERIAL POLL STATUS BYTE

8686 2F CMA ;488 USES NEGATIVE LOGIC

8687 FH4d R A4gH ;MAKE 81T 6 NON-ZERG (WE DON'T NEED SERVICE)

4689 D37E WTLK1:  OUT DATPT ;PUT MESSAGE ON DATA LINES

86BE CBVE IN DATPT  ;GET SER!AL POLL RESPONSE FROM 483 BUS

3680 2F CMA ;488 USES NEGATIVE LOGIC

geBt 322280 STA SPRSF  ;AND SAVE SERIAL POLL RESPONSE

B6C1 3AMDSQ LoA GIMTC

86C4 FEDB ORI @o8H ;5HOW LISTEMER READY, TALKER NOT

86C6 CDlB82 CALL COMND
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86C9 CD4182 WTLKZ: CALL PAI ;CHECK FOR POC/IFC

8ecc DB7D iN cMoPT JHAIT UNTIL NRFD FALSE

86CE E64Q ANI 4PH

86D@ CACS386 JZ WTLKZ ;SOMEBODY ELSE (S SLOWING US DOWN
BED3 3AQDAJ LDA SIMTC

aehe E67F ANY TFH sMAKE DAY TRUE (TALKER SAYING [T}
8608 CDIB8B2 CALL COMKD

8608 E6BF ANI FBFH sTHEM NRFD TRUE (LISTENER GETTING IT)
8600 CD3B82 CALL COMMND

B&ER F629 R 20H ;MDAC FALSE (LISTEMNER GOT 1T)

86EZ CO3B82 CALL COMND

86E5 CD4182 WTLK3: CALL P&l ;CHECK FCR POC/IFC

86ES DBYD IN CMOPT JWAIT UNTIL NDAC FALSE

86EA E62U ANI 28H

86EC CAES86 JZ WTLK3

86EF 3ALDEE LDA GIMTC

86F2 F58Q R 3aH ;DAY FALSE (TALKER REMOVING DATA)
36F4 CD3Ba2 CALL COMND

86F7 3EFF MV A,@FFH RELEASE THE 488 DATA LINES

36F9 D37E ouT DATHT

86FE D1 $PQ7:  PCP D ;GET BFR ADDR OF LAST BYTE SENT
B6FC 3AZ280 LA PRSP JHAVE WE FOUND THE NEEDY DEVICE YET?
86FF £a4d ANI 43H

8741 C21987 JNZ SFO9 ;+=TES, SO TERMINATE POLL

87g4 ZAZ08d LHLD SBEND JANYTHING LEFT IN THE BUFFER?

8747 TA MOV AD

8748 BC cMP H

8799 canar JNZ P8 ;= YES, 50 CONTINUE THE POLL

878C 18 MOV AE

87g0 B0 P L

B7UE CA1987 JZ SP9 ;o«NO, SO TERMINATE POLL

8711 13 5PR8: INX o ;POINT TGO NEXT ENTRY IN BUFFER

8712 EB XCHG

B713 221E8G SHLD SBPTR ;AND UPDATE THE BUFFER FQINTER .
8716 C31086 JmpP SPY ;THEN POLL NEXT DEVICE '

8719 ZAPERY 3PQ9:  LHLD JMPAD  GET ADDRESS OF USER'S JUMP TABLE
8710 44 MOV g, H

871D 4D MOV C,L ;AND PUT INTOQ BC

871E 215584 LXI H,85FD ;POINT TO  3PD MESSAGE

8721 54 MOV O,H

a2z o MOY E,L ;COMMAND 15 ONLY ONE BYTE

8723 CD7Caz CALL CNTRL

8726 ZAER@ LHLD SBPTR ;POINT TO WINNING ENTRY IN SERIAL POLL 8FR
8729 3A228¢ LDA SPRSP ;GET RESPONSE TC SER!AL POLL

872C 47 MOY B,A ;AND SAVE IN REG B FOR THE USER

87D zfF CMA

B72E fo4d ANY 4%H ;SET A REGISTER

8738 C9 RET ;G0 BACK TO CALLING PROGRAM

’
o AT NI TN R TN AT AE TN TR AN TN

; SPSRQ  SERIAL POLL REQUEST

; SET THE SRO (SERVICE REQUEST) LINE TRUE (LOW)
; THEN DETERMINE IF P&T 488 15 THE CONTROLLER-IN-CHARGE,
; IF SO, JMP TO SVCRQ.

; IF NOT, WAIT UNTIL EXTERNAL CONTROLLER RESPONDS WITH

A SERIAL POLL. AMNSWER THE POLL, THEN RETURN TO THE
CALLING PROGRAM,

- s s

o FH I I I I 36 963606 06 T 26 0366 0 I 66 T 3 R AR 36 36 3R 6 E

o
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8731 6@ SPSRO: MOV H,B

8732 69 MOV L,C ;SAVE USER JUMP TABLE ADDRESS

8733 220£38 SHLD  JMPAD

8736 3E1Q My I A,1@H  ;UPDATE SERVICE REQUEST STATE BYTE TO

8738 320780 STA SSTAT  ; THE SERVICE REQUEST (SRQS) STATE

8738 3AQABH LDA CSTAT  ;PUT THE CONTROLLER IN THE CSRS STATE

373 E62F AN 2FH ; IF THE PAT-488 IS THE CONTROLLER

8748 CA4887 )z NCTRL

8743 F61Q ORI 184

8745 520A8¢ STA CSTAT

8748 DB7C NCTRL: IN ISRPT  ;SEE IF LOCKED UP DUE TO CHANGE IN XATN

874A £608 AN 8

874C C25087 INZ NLOK  ;..NOT LOCKED

874F 3EFF MY A,BFFH  ;PRESERVE HANDSHAKE LOCK, BUT RELEASE

8751 £03B82 CALL  COMNG  ; XATN BIT IN ISR

8754 3EBF MY A,BBFH ;MAKE ONLY NRFO TRUE

8756 D370 out CMOPT

8756 3EF7 MV A,BF7TH  RELEASE XATN BIT IN ISR

8754 D37C ouT ISRPT

875C 3A@MBE  NLOK:  LDA SIMTC

875F E6FB ANI BFBH  ;MAKE SRQ TRUE (LOW)

8761 CO3882 © CALL  COMND

8764 3APASY LDA CSTAT  ;CONTROLLER IN IDLE STATE AND NOT SYSTEM
;  SYSTEM CONTROL ACT!VE?

8767 €62F AN 2FH

8769 C20884 NZ USRQ  ;..NO, LET THE USER SERVICE THIS

876G C3E485 P NTLKR  ;..YES, SO WAIT FOR CONTROLLER TO 0O

. A SERIAL POLL

r
;l***l***li*****il}*l*li**i****l*lii****ii***i**i*ii*i**i****
'

; SPIDL PUT SRQ FCN IN |DLE STATE

’
;******I******ili**l***i*i*****l*l**i**i***i*l*l**ii*i***i***

B75F SAQDBE SPIDL: DA GIMTL  ;RELEASE SRQ LINE

8772 F6da ORI 4

8774 CD3B82 CALL COMND

8777 97 suB A sPUT SRQ FCN IN |DLE MODE
8778 32973@ STA SSTAT

8778 C9 RET

*
;ﬂ***li**Ii**l*i**il*!i****ﬁ*i******li********lli**i*******i**

»

; PPORY PERFCRM A PARALLEL POLL
;*************************************i*i*******l**********ii*
§77C CD41&2  PPGRY: CALL  PAI ;CHECK FOR POC, XIFC, XATN
; RESET XATN {F ATN NO LONGER TRUE
877F 3AEDSH LOA GIMTC  ;GET IMAGE OF WHAT'S ON COMMAND LINES
8782 E&F7 AN @FTH  MAKE ATN TRUE
8784 CD3882 CALL  COMND ;00 IT
3787 £6F6 AN BF6H  ;NOW MAKE EOI TRUE ALSO
8789 £03882 CALL  COMND
878C DR7E IN DATPT  ;GET THE RESPONSE TO THE PARALLEL POLL
8786 2F CMA ;488 USES NEGATIVE LOGIC
878F 322387 STA LBYTE  ;SAVE THE RESPONSE
8792 3A@0S0 LDA GIMTC
8795 Fe6dt R | ;MAKE EO1 FALSE
8797 CD3B62 CALL  COMND
8794 F6UB ORI 3 {MAKE ATN FALSE
875C CD3882 CALL  COMND
879F 3APASY LDA CSTAT  ;PUT CONTROLLER IN STANDBY
87A2 E6FY ANI PFH KEEP SYSTEM CONTROL/SRQ STATES
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8744 Fo6U6 ORI 6

87A6 3Z¢ABY STA CSTAT

B7A9 3A2388 LDA LBYTE ;GET THE RESPONSE AGA TN
87AC C9 RET

;*i*ii**i!ii*!i**i*!*!i******i*******i****i*i********i*******
H PISTT SET ™IST" MESSAGE TRUE AND PUT THE

v PROPER PARALLEL POLL RESPONSE MESSAGE
; IN THE PARALLEL POLL RESPONSE REGISTER
H

;ﬂ***i**lii********i**l***!**i****!**l**i****i*ii*ii*i**iii*i

87AD ZAQ98F S13TT:  LWDA PSTAT ;SET IST BIT TO 1 (TRUE)

8780 F502 _ ORI 2

8782 32098d STA PSTAT

8785 COC587 CALL  PPNBL  ;CALCULATE THE RESPONSE BYTE (PPR)
; AND PUT FCN INTO STANDBY (PPSS)

8788 C9 RET

L4
o B A T 6 W U I I 3030 I 30 A
*

¥

H PASTF SET ™I|ST™ MESSAGE FALSE AMD PUT THE
; PROPER PARALLEL POLL RESPONSE ME3SAGE

; IN THE PARALLEL POLL RESPONSE REGISTER

H
;*********i**iii***ii!i*i**i**ﬁ**i***!i*****i****!******!**li

8789 3A@98¢  PISTF: LDA PSTAT  ;SET IST BIT TO § (FALSE)

87BC E6FD ANI AFOH '

87BE 320988 5TA PSTAT

87C1 CDCS87 CALL PPNBL  ;CALCULATE THE RESPONSE BYTE (PPR)

;  AND PUT FCN [NTC STANDBY (PPS3)
87C4 9 RET

»
A2t R Rl Al it bl el ial sl oot sl s sl
]

; PPNBL

;  THIS ROUT INE CALCULATES THE PARALLEL POLL RESPONSE WHICH

; CORRESPONDS TO THE FOUR LOW-CRDER BITS OF PPRSP, IT THEN

; CETERMINES WHETHER THE PARALLEL POLL RESPONSE {S TG BE TRUE

; OR FALSE ON THE BASIS OF THE I5T BIT OF PSTAT. THE PROPER

; RESPONSE 8YTE IS PLACED IN THE PARALLEL FOLL RESPONSE REGISTER
; OF THE P&AT-488, AND THE PP FUNCTION 15 PUT INTO THE STANDBY

;  (PPS5) STATE,

o T2 T I A ST 0 A A8 SN T 0

8705 3A@98U PENEL: DA PSTAT PUT PPOINTO PARALLEL POLL STANDBY (PPS3)
87C8 F&dI R 1

87CA 320930 STA PSTAT

87CD E6@2 ANI 2 ;LOOK AT THE IST BIT

BICF 17 RAL ;AND PUT RESULT [N FCURTH BIT POSITION
8709 17 RAL

8701 4F MOV C,A ;AND SAVE RESULT IN REG C

8702 3A@28Q LDA PPRSP ;GET THE FPE BYTE

8705 E6@8 AN g8 ;KEEP ONLY THE SENSE BIT

8707 A9 XRA c ;COMPARE SENSE B1T AND IST BIT

4708 C2EB47 INZ PPCILR ;ee 13T<>5, THUS PPR MESSAGE 1S FALSE
8708 3AD28¢ LDA BPRSP ;GET THE PPE BYTE

a70E E&l7 ANI ¥ ;KEEP THE LOW THREE BITS

3787 4F MOy CLA

g87E1 3EN My ALl ;CALCULATE THE PPR MESSAGE
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87E3 {D PPRCAL: DCR c ; DECREMENT SHIFT COUNT

87E4 FAECAY JM FPROUN  ;DOME SHIFTING

87e7 &7 ACD A ;LEFT SHIFT ONCE MORE

a7es CIE387 JMP PRPRCAL ;00 UNTIL DONME

87eEB 97 PPCLR: SUB A ;ZERD A REGISTER

87EC 2ZF PPROUN; CMA ;PUT INTO PPR PCRT (REMEMBER 4388 USES

;NEGATIVE LOGIC, 50 THE VALUE WE PUT
; IN THE PPR PCRT 15 THE COMPLEMENT OF
JWHAT THE CONTROLLER WILL SEE WHEN T
;D0ES A PARALLEL POLL.)

B7ED D37F ouT PPORT ;PUT BYTE (N PARALLEL RESPONSE PORT
A7EF C9 RET

B7FH END

bod-dd S3YMBOL TABLE ceces

8333 ADDRES 821C BFCHK g@14g 8PTR 2@55 BSPD 8¢53 BSPE
B8@56 BUNT 8150 BYTL 8@F1C CBEND 8@1A CBPTR 833 CCNTU
8523 CI1DL B2BA CLUP ga@70 CMOPT 827C CNTRL 8238 COMND
B@FA CSTAT 8292 CTRL 82CZ CTRL! 82F2 CTRLZ 83@gE CTRLE
JA7E DATPT B585 DAVF 5194 DAYH §1C1 DAVL 8558 DAYT
gg4 DCL 8026 ENTBL 8934 ECSB 8162 EQST goFs GET
848F GIM 8UAS GIMTC gEar GTL 8057 INIT @@IC 1 RPT
AQPE JMPAD 818 LBEND 8314 LAPTR 8¥23 LBYTE 81AF LCNTU
8212 LDUN 85@7 LIDL B153 LISTN gan LLo 834A LNADR
8258 LPAl 8169 LSET 819C LSNt 8206 LSTAT 8gUY LSTHP
2@/ LSTNS 8326 NCEMND 2743 NCTRL 829C NEOS 875C NLOK
8372 NLPRI 843C NLSN 8233 NOFLO 864F NSPEND 86B3 MSPRQ
8648 NSPSEC 8146 NTEND ' 8423 NTLK 3SEC NTLK1 §9E4 NTLKR
B1@2 NTLST 8353 NTPRI 88C MNXTAD 8241 PA! 8244 PAII
8789 PISTF 87AD PISTT BSF9 P ggpgs PPC 87EB PPCLR
8474 PPIDL BYCS PPNBL #a7F PPORT 8770 PPORY 87E3 PPRCAL
87EC PPROWN 8002 PPRSP @315 PPU 5389 PSTAT 826F PUATN
8471 ROCL 84656 RGET 8440 ROGTL 8428 RLAG 8470 RLLO
2457 RPPC 8474 RPFY 83C6 RECG B83DF R3CGHY 83F8 RSCG2
840BE R3CG3 B44E RSOC 8486 RSFD B470 RSPE 8098 RSTAT
B40F RTAG 846F RTCT 89200 SBEMD 801 SBPTR Fa@4 5DC
864F SENDSP P19 SPD gaig SPE 876F SPIDL 861D 3P
8668 5PQ2 8688 sSPQ3 B6FB SPQ7 8711 sPl8 8719 SPQ9
86@8 SPQRY 8@22 SPRSP 8731 SPSRQ 30@3 SPSTS 85DF SRSP
B4E1 SR¥1 8401 VIS 8Qg7 SSTAT 8d87 STADR 84F6 STATE
8098 TALK ag@c1 TALKI S810E TALKZ2 8@ TALKP 8PPC TALKS
84814 TBEND 3912 TBPTR 8128 TUNTUY FeE9 1CT 8824 TEDI
B4FC TiDL 836A THADR aFgs TSTAT 8278 TWIDL 84B5 UJATN
84832 UBFUL B4C1 UBRAK 844F IDVCL 84G9F UIFC Jd3F UNL
8488 LNLSN PISF UNT 8373 UPD8 84BE UPOC B84BB USRD
844 UTRGR 8695 WETLK 8689 WTLKI B6CY WTLK2 BBES WTLK3
B5A9 XCDUN 3530 XCTL@ 8542 XCTL1 8529 XCTRL BEZ25 XSPRS
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Code Assigniments for “Command Mode'’ of Operation.

{SENT AND RECEIVED WITH ATN TRLIE)

;

by = DIOY...by = DIO?
REQUIRES SECONDARY COMMAND

DENSE SUBSET {COLUMN 2 THROUGH B). ALL CHARACTERS USED IN BOTH COMMAND & DATA MODES,

0 ®], ) o 1 ! }
o | msa o |wms6 1 MSG ! MSG o | Mmsa o MSG 1 MSG 1 MSG
0 ] o ! 0 1 o '
bg[b,|b; |6, |coLme =
P10 Yrowy | @ 1 2 3 a 5 6 7
oloflolol o NUL DLE P ) 0 [ ) ) P [ ) 3 P L)
oflofla] soH |.ate |[pcy 1o ) 1 A a ’ | a w
alo|fa] 2 STX DC2 - 2 ] ] b a ’ o
w W o u—|
oloj1 | 3 ETX DCc3 # w 3 u c w 5 ‘;’ c o s >
o|1{o[ol 4 EOT | sbc |oce |oct | s 5 4 a D 5 T i a g 1 G|
a[1]aft]| s ena | rec(d)| Nak | Pru % a 5 o £ a u o s a u ,:
o] ]o] & ACK SYN & 0 6 ¥ F o v - ! @ v -
o[+ ] 7 BEL ETH : a 7 2 G a w 2 P o ™ %
ilaolo]|o]| & BS GET | CAN [ SPE i w 8 S H 4 X z h z x :
8 Q w |
1Jofalr] o HT | T1cT [em  [seo ) 9 9 8 ] Q Y & i & v a
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1to[1|of 10 LF sug . 2 : > i , ] p i o : Q
1{o] 1] n vT €5C + q : 3 K « 1 k K z { z_ |
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i 7Jeda ] 1a CR GS - - " ] m S p) =
1] sfof 14 50 RS > 4 N K ) n L ~ v
[T s 51 us i v ? uNL o - _ | unt w0 v DEL
" T i ® v’ J
v Vv Vj j
ADDRESSED UNIVERSAL LISTEN TALK
COMMAND COMMAND ADDAESS ADDAESS
GROUP GROUP GROUP GROUP
IACG) 1UCG) LAG) {TAG)
' Vv
PRIMARY COMMAND GROUP {PCG} SECONDARY
COMMAND
M5G = INTERFACE MESSAGE GROUP
{SCG)

Courntesy of Hewlen-Packasd Ca.






P&T ~438 Auxilliary Programs for CP/M +

The program BUSMON rmonitors and reports all transactions on the IEEE ~488 bus.
4887 ODSK records data sent over the 488 bus into a disk file. DSKTO488 sends the
contents of a disk file over the bus as data. HANDSHAK.ASM contains the source code
for routines which perform the Scurce and Acceptor Handshake functions. An example
of how to use HANDSHAK.ASM is given in the pragram SAMPLHS.ASM.

BUSMON

The program BUSMON monitors and reports ail transactions which occur on the
IEEE -488 bus. The operator can choose two different forms for the report. The
normal form displays the transactions without any special handling. The other form is
expanded, which means that non-printing characters are replaced with strings of printable
characters. This form is especially useful for those cases where one js trying to
distinguish between tabs and spaces, or determine whether line feed precedes carriage
return, etc. The form of the report can be selected by typing a character on the
console keyboard while the program is running. Once the form has been selected, its
action may be repeated by typing any key on the keyboard.

The operator can set BUSMON to stop on one of three different conditions: on
each carriage return, line feed, or each c¢haracter, The condition is selected by using
one of the four stop code keys. The stop code can be changed at any time by typing
the appropriate stop code key., The stop code keys and the corresponding stop conditions
are shown in the following table, Note that typing a stop code key will NOT cause a
repeat of the previous stop condition, but will invoke a new stop c¢ondition. The program
starts in the Carriage Return mode,

Expand/Normal Option

N or n Show characters normally

X or x Expand the non-printing characters., Space (20 Hex), Horizontal Tab (9) and
Line Feed {0A Hex) are replaced by the strings <SPACE>, <HT> and <LF>
respectively. The non-printing character Carriage Return (0D Hex) causes the
message <CR> to be printed followed by a carriage return and a line feed. All
otheér non-printing characters are replaced with the two character string of an
up arrow followed by a capital letter., Thus the non-priating character 07 Hex
is replaced by the string *A, while the character 1A Hex is printed as tZ.

Stop Codes
Carriage Return Display all transactions up to and including the next carriage return.
tine Feed Display all transactions up to and including the next line feed,
Space Display the next transaction (allows stepping one byte at a time).
Gorg Go. Display all transactions continuously without stopping on Line

Feed, Carriage Return or next bvte.

t CP/M is a trademark of Digitali Research
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Abort
Control C Abort. Go back to the CP/M command mode.

ConsolefPrinter Switch
Direct all output to the console.
1-9 Direct all output to the system printer.

NOTE: to direct output to both the cpnsole and printer, select the conscle and then
press Conirol P, :
IEEE -488 Functions

| or i Assert IFC {perform an Interface Clear).

R or r Make REN true (assert Remote Enable}.
L or I Make REN false (all instruments will go to Local mode},

Q of g Make SRQ true (request service}.
W or w Make SRQ false (cease requesting service},

P or p Perform a Parailel Poll and report the resuits.
S or s Show the state of the I[EEE -488 lines.

T or t Talk - collect a string of characters from the operator then send it over the
bus as a Talker.

Corc Control - colle¢t a string and send it over the bus as a Contreller,
NOTE: While collecting a string for Talk or Gontrol the following keys have special
meaning:

Control X Delete the string and restart collection., This allows errors to be corrected.

RETURN Terminate the collection of the string, The carriage return is not included
in the string.

ESCAPE Put the next character into the string. This allows ESCAPE, RETURN and
Controal X to be put into the string, For instance, to get the string
TAKE SCAPE>I2<RETURN><LINE FEED>, you would type
TACESCAPE><ESCAPE>12<ESCAPE><RETURN><LINE FEED><RETURN>. In
this example, the string <ESCAPE> means that the ESCAPE key is pressed,
not that the 8 keys <, E, 5, C, A, P, E and > are pressed. Similarly,
<RETURN> and <LINE FEED> mean that the RETURN and LINE FEED keys
are used.

Each time the Controller becomes active {asserts ATN active true), a carriage
return-line feed is sent te the console, followed by the string COMMAND:, followed by
another carriage return-line feed pair. Similarly, each time the Controller becomes
inactive [ATN is false), a carriage return, line feed, the string DATA:, carriage return
and a line feed is sent to the conscle, Thus all characters printed after COMMAND:
and before DATA: are instructions seat by the Controller, {for exampie, "™ means
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UNLISTEN]). All characters printed after DATA: and before COMMAND: are data
{otherwise known as device-dependant. messages). Examples are readings from a DVM
which has been commanded to be a Talker, etc. :

Messages are also printed on the console to indicate occurances of IFC (lnterface
Clear), indicate a change of the state of the REN (Remote Enable} line, and of the SRQ
(Service Regquest) line. The message >»> S-109 POC/RESET TRUE <<« is printed
whenever the Power On Clear or the RESET line of the S$-1¢@¢ system becomes true.

Whenever the Controller is active, a descriptive string is substituted for special
non-printing messages, For example, > GO TO LOCAL << is printed when @1 Hex is
received and ATN is true. The list of messages and the corresponding non-printing
characters is as follows:

Character Message
Hex
M >> GO TO LOCAL <<
P4 >> SELECTIVE DEVICE CLEAR <<
g5 > PARALLEL POLL CONFIGURE <<
¢8 >» GROUP EXECUTE TRIGGER <«
29 >> TAKE CONTROL <«
11 >» LOCAL LOCKOUT <<
14 >> UNIVERSAL DEVICE CLEAR <<
15 >> PARALLEL POLL UNCONFIGURE <<
18 >> SERIAL POLL ENABLE <<
19 >> SERJAL POLL DISABLE <<

The results of this program can be misieading for the following reasons:

1. This program functions as a Listener on the 488 bus. If there were no Listeners
on the bus before this routine was run, any Talker would have been unable to say
a thing. However, when this routine is run, the Talker has someone to talk to.
Thus the operation of the 488 system may be changed by the fact that the Bus
Monitor routine is run.

2. This routine is slow compared to the speed that communication on the 488 bus is
capable of attaining, Thus 488 throughput may be drastically slowed by using the
bus menitor.

3. This routine is incapable of sensing a Parallel Poll jssued by another controller, or
the response to that Parallel Poll, If it happens that this routine tests the EOI

line at the time of a Paralie! Poll, it will show the message <END>, even though
ATN is true.

488TODSK

The program 483TODSK is used to record all data transactions directly into a
CP/M disk file., To use the program type
488TODSK filename.ext x<CR>
where filename.ext is the file name and extension of the file into which the data is to
be recorded, and x is the option code., MNote that there must be one and only cne space
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between 488TODSK and the file name, and also one and only one space between the file
name and the option code, The characters <CR> mean that the Carriage Return key is
pressed, mot that the four keys <, C, R and > are pressed.

Three different options are available: none, Z and E. The optien E means that
the file will be closed and control passed back to the console upen receipt of the 488
END message., The option Z means that the file will be closed and control passed back
to the cansole upon receipt of a Control Z in the data stream (the Control Z is also
placed in the filej. This option can be useful because CP/M text files are terminated by
a Control Z. |If no option is selected (that is, a Carriage Return follows the file name),
the file can be closed only by pressing Control C on the consocle. NMNote that Control C
¢an be uysed at any time to abort the program: all data received up te the time the
Control C was pressed is saved in the file. Some garbage will also appear at the end of
the file because the whole buffer is saved in the disk file, and the buffer probably was
not filled at the time Control C is pressed.

Error messages are printed on the conscle if the disk directory is full, the data
area is full, or any other disk write error occurs. In each case the function is aborted,
If the name of the file is the same as one which is already on the disk, the operator is
asked if it is OX to replace the old file., {f the operator responds by typing any
character other than "Y" or "y", the functien is aborted and the old file is left
untouched. If the operator responds with either "Y" or "y", the old file is erased and
the new one takes its place.

DSKT0488

The program DSKTO488 sends the contents of a CP/M disk file over the 488 bus,
The program is called by the string
DSKT0O488 filename.ext x
where filename.ext is the name of the file that is to be sent and x is the option code.
Only two options are available: none and Z. The Z option causes the Control Z to be
sent with the 488 END message when a Control Z is found in the file, then the program
returns control to the console. This can be useful for text files that are terminated by
a Contrel Z. If no option -code is selected, the entire file is sent followed by a nuil
with the 488 END message, then control is returned to the console. The program may
be aborted at any time by typing Control C on the console.

Error messages are printed on the console if there is no Listener on the bus, if
the file is not on the disk, or if an invalid option code is selected. In each case the
pregram js aborted and control is returned to the console.

If you have two systems and want to send a file from one to the other via the

488 bus, you would type

488TODSK filepame.ext E<CR>
on the system which is to receive the file, and

DS5KTO488 filename.ext<CR>
on the one which is sending the file. (It is not necessary to use the same file name or
extension,}) Note that the system receiving the file must be started first, otherwise the
first byte of the file will be lost or the sending system will complain that there are no
listeners,
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HAND SHAK

The source file HANDSHAK.ASM is actually twoe subroutines: a routine for Securce
handshake and a routine for Acceptor handshake. These routines can be useful in special
applications where it is desired to use the $-108 system as a Talk Only or Listen Cnly
device, or where increased data rate on the 488 bus is needed., These routines are
capable of running much faster than the larger Custom System, CPWM488 or 488BAS
reutines because the larger routines check for the existance of another Controller on the
bus, c¢heck for excessive time in the handshake cycle, and many other things.

Refer to the chapter titled Hardware Description in the P&T-488 manual for
information about the bit mapping of the ports and the 488 bus lines.
SAMPLHS

This file contains the source code for a routine which uses the Source, Acceptor

and Initialization subroutines in HANDSHAK to take data from the JEEE-488 bus and
display it on the console.
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LEE L RS RS R EEELEEL RS SR EES SRS SRR EEEERREEEREEEESESEEEE]

Source and Acceptor Handshake listings

T LT

(2 A S SRR ERE RS R LT EEREREEESERERLEEEEESESERESESERESERESESERERES]

ISRET EQU 7CH
CMDPT EQU ISRPT+2
DATPT EQU ISRPT+2
PPORT EQU ISRPT+3 *
MONITR SET @ ;CP/M warmstart entry
CPMIO SET 5 ;CP/M I/0 entry point
CR SET ADH ;ASCII carriage return
LF SET @AH ASCII line feed
ES SET 's ;CP/M buffered print string terminator
BUFPRN SET 9 :CP/M fen. number for buffered print
: TALK
TLKT: LDa GIMTC ;get the image of the byte last sent
; to the command line port
ORI 8 ;make sure that ATN is false (high)
STA GIMTC ; when do socurce handshake

SRR EE R R R R P R R R R R g L 2
SOURCE HANDSHAKE

; This routine takes the byte in memory location CHAR and says
: it on the 488 bus as a Talker. 1If either the 8-198 RESET

; ©Or Power On Clear line is or has been true, or if the

; 488 ATN or IFC lines are or have been true, then an error

: message is printed and the routine jumps to the system

+ monitor.

BEALEEL SRS FERSEEESEESEESEREER YRS RS ES RS RS ERLIEE RS EEEREER LR

SRCHS: LDA GIMTC ;get 488 command line image
ORI 60H ;Set NRFD, NDAC high {(false)
CALL COMND

SRC1: CALL INTRPT :check for POC, ATN or IFC
JNZ BYE ;..abort if POC, ATN or IFC true
IN CMDPT ;see 1f there are any listeners
CMA
ANT a@dH ;check only NRFD, NDAC
J2 NOLSN ;..N0 listeners error
ANI 4¢H ;wait until NRFD is high (false)
JNZ SRC1
Loa CHAR ;get the data byte
CMA ;488 uses negative logic
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ouT
LDA
ANI
CALL
SRC2: CALL
JNZ
IN
ANI
JZ
LDA
ORI
CALL
MVI
ouT
RET

.

DATPT
GIMTC
7FH
COMND
INTRPT
BYE
CMDPT
28H
SRC2
GIMTC
31H
COMND
A,QFFH
DATPT

CP/M Auxilliary Software

:make DAV true (low)

:check for POC, ATN or IFC
+..abort if POC, ATN or IFC true

rlook at NDAC line
i...data not accepted yet

rmake DAV & EQI false {(high}

:make all data lines passive false

EE:2Z2 2R3 ER R LR RS RS RES SRR RS RERREREERERREREREEERESRSSS;

WA WA B RS WE WE RA RMA A wg W

ACEPTR: LDA
ORI
ANI
CALL
Loa
ORI
CALL

ACEPT1: CALL
JNZ
IN
ANI
JNZ
IN
CMA
Mov
LDaAa
ORI
ANT
CALL

ACEPT2: CALL
JINZ
IN
ANI
J2
LDA
ANI

it in register A,

GIMTC
8

9FH
COMND
GIMTC
498
COMND
INTRPT
BYE
CMDPT
§aén
ACEPT1
CATPT

D,A
GIMTC
20H
ABFH
COMND
INTRPT
BYE
CMDPT
864
ACEPT2
GIMTC
SFH

ACCEPTOR HANDSHAKE

This routine gets one byte from the 488 bus and returns with
If either the $-100 RESET or Power On
Clear line is or has been true, or 1if the 488 ATN or IFC

lines are or have been true, then an error message is printed
and the routine jumps to the system menitor.

d v e de ok e g de e de R b d e kA de e e ok g v e de e e e de e e vk e ok e ek e ke kg ke e v e e e e e e e e de e ke e ke e ke e e e

rmake ATN false

: and NRFD true, NDAC true
:now make NRFD falsze

t1see if received POC, ATN or IFC
;. .abort

;look at DAV

:..DAV still false

;get the data

;488 uses negative logic
:keep the data in register D
1 NDAC false

:NRFD true

:..abort
rwalt for DAV false

$t...DAV still true

;NRFD true, NDAC true

CP/M AUX-7



P&T-488 CP/M auxilliary Software

CALL COMND
MOV A,D sput the data back in register A
RET
: Initialize 488 board
: This routine should be called after every S-1£0 RESET or
: Power On Clear
INIT:  MVI A,@FFH
QuT PPORT sclear parallel pell response port
ouT DATPT : and 488 data port
CALL COMND : and 488 control lines and image byte
SUB A
QUT ISRPT ;sclear Interrupt Service Register
STa RETCOD : <c¢lear return code
STA CHAR + and CHAR
RET

; TOMND keeps track of the last byte that was cutput to the
; command port. It is necessary to keep track of what the
; P&T-488 interface board is asserting on the bus because

; the 488 bus is an open-collector wire-or system, 3o it is
:+ not possible to determine what the P&T-488 is asserting

; on the 488 bus by merely sensing the 488 lines.
C

OMND: STA GIMTC ;update the 488 command line image
ouT CMDPT ;put it on the command lines
RET
; Check for interrupt due to ATN, IFC or POC
; NOTE: This function does not reset the interrupts in the
H Interrupt Service Register (ISR)
INTRPT: IN ISRPT ;look at the interrupt service register
RAR ;put POC bit in carry
CNC IP0OC 1..8et POC bit in return code byte if
! no carry
RAR :REN > CARRY
RAR :SRQ > CARRY
RAR +ATN > CARRY
CHNC IATN ;..5et the XATN bit
RAR :IFC > CARRY
CNC IIFPC ;..8et the XIFC bit
LDA RETCOD :
ANI AF98 ;look at only PQC, IFC and ATN
RET
IPQOC: PUSH A
LDA RETCQD
ORI 89H
ICOM: STA RETCQOD
PCP A ;restore reg A and carry

CP/M AUX-8
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IATN:

IIFC:

LR = == e

YE:

OLSN:

[T =4 ~¢ =+ 7 ma me ap ma

'RROR :

g o=r e e

RINT:

-
F

GIMTC:
CHAR:
RETCOD:

MS1l:
MS52:
MS3:
MS4a:

RET

PUSH
LDA
ORI
JMP

PUSH
LDA
ORI
JMP

CP/M Auxilliary Software

A
RETCOD
204
ICOM

A
RETCCD
40H
ICOM

Print the reason for aborting then jump to the monitor

PUSH
LXI
ANT
CNZ
POP
PUSH
LXI
ANI
CN2Z
POP
LXI
ANT
CNZ
JMP

PSW :Save the error code
D,M52 ;power on clear

80H

PRINT

PSW iget the error code again
PSW

D,MS3 1 XIFC

404

PRINT

PSW

D,M54 + XATN

20H

PRINT

MONITR

No listeners present - print error message then
jump to the monitor

LXI

D,MS1 1Print no listener msg

Print error message and return to monitor

CALL
JMP

PRINT
MONITR

print the line pointed to by DE

MVI
CALL
RET

DB
DB
DB

DB
DB
DB
0B

C ,BUFPRN

CPMIO

a ;image of last byte sent to CMDPT
)

g ;a2 byte containing the error code

'No listeners on the bus',CR,LF,ES

's-19@ POWER OMN CLEAR or RESET',CR,LF,ES

'Another 488 Controller is asserting IFC true',CR,LF,ES
'Another 488 Controller is asserting ATN true',CR,LF,ES

CP/M AUX-9
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CP/M Auxilliary Software

;**************************************************************

»
!

mE ma W mE mE ma R oy

ORG

MONITR SET
CPMIO SET

GETCHR SET
PUTCHR SET
CONSTAT SET

LXI
CALL
LOCP: CALL
MOV
MV
CALL
MVI
CALL
ANZ
Jz
MVI
CALL
CPI
JINZ

JMP

MR ma ™R R

END

SAMPLHS .ASM

1004
g
5

1
2
11
Sp,20004
INIT
ACEPTR
E,A
C,PUTCHR
CPMIO

1 CP/M
;CP/M

1CP/M
1CBP/M
1 CP/M

C,CONSTAT

CPMIO

1

LOOP
C,GETCHR
CEMIO

3

LOOP

MONITR

This program uses the Acceptor handsahke routine to get a
data byte from the IEEE-488 bus and display it on the
system console.

(R 2 EEEEERSEFEESEELS SRS R RS SR SRS SRR EE SRR RS RS RS RE SR

warmstart entry point
I/0 routine entry

function code
function code
function code

;initialize
;initialize
;get a byte

for
for
for

point

console input
console output
console status

stack pointer

the

P&T-488 card

from the 488 bus
:;put it in register E for CP/M
;function to print on console
;CP/M 1/0 routine entry point
;look to see if a key is pressed

$..N0 key pressed

;get the key

;CONTROL C?

;-.Nn0, so continue getting data

from the

uy W

Insert the Handshake routines here

CP/M AUX-140

bus

..yes, so do a warmstart

LESEES AR ER SRR SRS SRR ERR RS RS RXESRR SRR ERE R ]

* R R M H koRoR ok ok ok ke ko ke ok ke ok b vk ot b ok e % e ok e ok e o R de v e b ok o e e ok e b etk e e ok e e ke e ke vk e e e ek
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J >3446 > 139 > 387
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