
P&T-488 INTERFACE 
INSTRUCTION MANUAL 

Custom Software Package 

PICKLES & TROUT 
P. O. BOX 1206, GOLETA, CA 93116, (805) 685-4641 



P&T -488 INTERFACE 
INSTRUCTION MANUAL 

copyright 1981 by 

Pickles " Trout 
P.O. Box 1206 

Goleta, CA 93116 
All Rights Reserved 

WARRANTY 

This Pickles & Trout product is warranted against defects in materials and workmanship for 
90 days from the date of shipment. Pickles & Trout will, at its option, repair or replace 
products which prove to be defective within the warranty period provided they are returned 
to Pickles & Trout. Repairs necessitated by modification, alteration or misuse of this 
product are not covered by this warranty. 

NO OTHER WARRANTIES ARE EXPRESSED OR IMPLIED, INCLUDING, BUT NOT 
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTIBILITY AND FITNESS FOR A 
PARTICULAR PURPOSE. PICKLES" TROUT IS NOT LIABLE FOR CONSEQUENTIAL 
DAMAGES. 





P&T-488 

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 IEEE -488 bus (also known as the 
H P -IS. GPIS and ASCII bus) and the concepts of a Talker. Listener and Controller may 
skip to the chapter "Installation of the P&T -488". 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 software package 
consists of a single program named PNT488. Also included is a program named 488TEST 
which performs a complete functional test of the P&T -488 interface board. Additional 
programs are provided as examples of how one can use the P&T -488 interface to 
communicate with 488 devices. 
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An introduction to the three primary occupants of the 
IE E E -488 bus: the Talker J Listener and Controller. 
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P& T -488 The IEEE -488 Bus 

- CAST OF CHARACTERS -

The 488 bus is populated by three major types of devices. One is the Controller, 
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 Talker communicate with a handshake on each data transfer, and the communication 
proceeds at the maximum rate allowed by the Talker and the slowest Listener. This 
communication is completely asynchronous and may be interrupted at specific points in the 
handshake cycle without causing any loss of data. 

It can be useful to liken the bus to a meeting which has a chairman (Controller), 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 Idle), 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 
should be the chairman. The 488 bus specification allows the Controller to designate 
another device as his successor. 

It is the Controller1s 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 Untalk UNT command), everyone to go back to their desks (Interface Clear 
IFC), or listen to someone trying to gain the floor (Service Request SRQ). Even though 
the Controller has (in theory) complete command over everyone else, 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 results in sheer bedlam. Another way for the 
Controller to lose control of the situation is if a 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 does not concern itself with 
disputes over who has the right to be heard, and when. It only puts data on the bus, 
waits until the slowest listener indicates it is ready for data, says the data is valid, waits 
until 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 Talker is to find 
that no one is listening to him. Most get really upset and let the Controller know about 
this impolite 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 let the Talker know when they are 
ready for another word and when they have received it. Some also let the Controller 
know that they want some special attention. The Controller waits until the Talker can be 
interrupted so that no Listener is deprived of the latest bit of wisdom imparted by the 
Talker. 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 Poll, which allows several devices to simultaneously inform the Controller of 
their need by a bit pattern each puts onto the eight data lines. 
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- 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 communicate the data, and the remaining 
five are used for bus management. Since there are eight data lines, a full ei ght 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). 

Data Bus Data Byte General 
(8 Lines) Transfer Interface 
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Oavlcs 0 Able to Talk, Listen Able to Talk and Only Able to Only Able to Talk Listen and Control Listen (e.g •• (e.g., (e.g., counter) (e.g., P&T-4aSl digital multimeter) Signal generator) 

There are three basic concepts which are important to an understanding of how 
the hardware of the 488 bus works. The first is that only one of two voltages is 
allowed on each line, and the lower allowed voltage is ground. The second is that 
the 488 bus uses negative true logic, which means that the lower of the two voltage 
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 can be thought 
of as a switcoh with one terminal coonnecoted to the line and the other to ground. When 
the driver is ON, it is as if the switch is closed, and so connects 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 voltage on the line rises to the higher of the two allowed 
levels if the line is not grounded. Sincoe the 488 uses negative true logic, a line 
is given the value TRUE by turning the open-collecotor driver ON, or the value 
FALSE by turning the driver OFF. The phrases "active true ll and IIpassive 
false" 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 false because 
no action is needed (no connection is made) to make the value of the line false. 
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Each 488 device has one open-collector driver for each 488 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 false. 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 a "wire-or" system 
because the logical value of the line is the logical OR of the logical values impressed on it 
by the several open-collector drivers connected to it. Thus each 488 device sends a true 
to the line 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 0101 through 0108 (010 stands for Data 
Input/Output). The least significant bit appears on 0101, the most significant on 0108. 
One point of possible confusion is that the data bits in an S-llj}~ system are numbered ~ 

through 7, while the 488 data lines are numbered 1 through 8. Another is that S -1~~ 
systems assume positive true logic (high means TRUE, low means FALSE). Just remember 
that 5-199 data bit 7 appears on 0108, etc. and a 488 byte is the one's complement of 
an 5-1!P9 byte and everything should be all right. 

The proper IEEE title for the three handshake lines is "Dab. Byte Transfer Control" 
lines. They are individually known as follows: 
OA V (0 a t a Val i d ) - w hen t rue the d a tao nth e e i g h t d a t a lin e sis val i d • 
NRFD (Not Ready For Data) - when true the 488 devices are not ready to accept data. 
NDAC (Not Data Accepted) - when true the devices have not yet accepted the data. 

They 
IFC 
ATN 
SRQ 
REN 

EO! 

The remaining five lines are known as the II General Interface Management" lines. 
are as follows: 

(Interface Clear) place all 488 devices in their default state. 
(Attention) - used to distinguish between a Controller and a Talker. 
(Service Request) - indicates that a device needs attention. 
(Remote Enable) - allows 488 devices to be programmed either by their local 
controls (front panel switches, etc.), or by information sent over the 488 bus. 
(End or Identify) - indicates the end of a string if A TN is false, otherwise it 
indicates a Parallel Poll is in progress. 

- BYTE COMMUNICATION -

Byte communication requires that there be a device which is generating the byte to 
be communicated (the II source ") and one or more devices which receive the byte (the 
"acceptors"). The Source and Acceptors communicate by use of an interlocking handshake 
using the three Data Byte Transfer Control lines (DAV, NRFD and NDAC). The byte 
itself is sent on the eight data lines (0101 through 0108). The handshake is schematized 
in the following flow chart. 
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SOURCE 
(SH) 

Set DAV high (false) 

Are NRFD and NDAC both 
high (false)? 
YES - error: no Acceptors 

on bus 
NO - place the byte on 

D101-DI08 

Is NRFD false 
NO - goto B 
YE S - con tin u e 

Has it been at least 2 
microseconds since the 
byte was placed on the 
data bus? 
NO - goto C----~--------~ 
YES - assert DAV true 

(data avai lable) 

Is NDAC false 
NO - goto D 
YES - data has been accepted, 
so prepare to send next byte. 

* IMore data to send? 
YES - gotoA 
NO - con tin u e 

.J,. 
Warn that data wi I I change 
Ass e r t DA V f a I s e (h i g h ) 

Remove data 
Assert DI01 through DI08 
false (high) 

END 

The IEEE-488 Bus 

ACCEPTORS 
(AH) 

Initial ize handshake 
Set NRFD, NDAC 

Each Acceptor passively asserts 
NRFD false (high) as it becomes 
ready for data. The NRFD line 
goes high (false) when all are 
ready. 

lis DAV truejfow}? 
NO - goto U 
YES -
as e a c h Ac c e p tor fin ish e s 
getting the byte it passively 
asserts NDAC false and actively 
asserts NRFD true (low). When 
a I I h a v e a c c e pte d the by t e, NDAC 
finally goes false (high). 

I s DAY f a I s e (h i g h ) ? 
NO - goto V _______ --' 

YES - actively assert NDAC true 
(low), because the new byte which 
has not yet been sent is not 
accepted yet 

J, got 0 T ___________ ....J 
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- A More Detailed Look lit the 488 Inhabitllnts -

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 so it must be the only device which can talk. The other major type must be told 
when to talk (" addressed to tal Ie II). 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 
Handshake (SH) function to send a message over the 488 bus. 

A LISTENER is a device which receives data over the 488 interface. As with the 
Talker, there are two major types: Listen Only (Ion) and addressed Listener. A Listen 
Onl y devic e alwa ys listens to the 488 bus, while an addressed Li stener Ii sten s onl y when 
the Controller tells it to. The Listen Only device can operate in a 488 system which does 
not have a Controller 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 CONTROLLER is a device which issues commands on the 488 bus. These include 
commands which are used to reset all 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 Poll and Parallel Poll), and a myriad of other special 
functions. The commands fall into two general 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 (0101-0108) lines to issue the 
command. Examples of multiline messages include performing a Serial Poll and commanding 
488 devices to Talk or Listen. Multiline messages are sent using the Source Handshake 
(SH) function, just like a Talker. The way that a device determines whether it is hearing 
a Talker or the Controller is that the ATN (Attention) line is true (low) when the 
Controller is issuing a message, but false (high) when a Talker is saying something. The 
Controller is the device which controls the ATN line. Whenever ATN is true, all 
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 Talk Only device should be used only in a 488 system which has no Controller. 
Whenever the Controller passively asserts ATN false (lets it go high), the Talker (if any) 
begins to send its message. 

- MULTILINE COMMANDS -

Telling a 488 device to Listen is one example of a multiline command. The 
Controller places the Listen address of the selected device on the data lines (0101 through 
0108) and then performs the Source Handshake (SH) function. In other words, it "speaks" 
the address while ATN is true (lOW). Whenever the Controller is active (that is, whenever 
ATN is true), all devices on the 488 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 Acceptor Handshake function, without 
regard to whether they are normally a Talker, Listener or whatever. 
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Another example of a multiline command is the Serial Poll. The order of events is 
that the Controller sends out the Serial Poll Enable (SPE) command, which tells each 
device that when it is addres sed as a Talker that it is to sa y either SBN (S tatus 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 Poll, 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). Finally, the Controller performs 
whatever service is needed, which is device dependent. 

- UNlllNE COMMANDS 

An example of a uniline command is Parallel Poll. Parallel Poll is both simpler and 
more complicated than Serial Poll. It is simpler because only one command is given 
(Identify lOY: 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 to sort out which device wants 
service. Whenever a 488 device receives the lOY message, it immediately places its 
Parallel Poll Response byte on the eight data lines. For systems of eight devices or less, 
it is common for each device to be assigned a unique 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, otherwi se bit 1 is fal se, and bits 2 through 8 are alwa ys 
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 bytes (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 device sneed se rvice; 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 Poll, and use Serial Poll on 
the remaining devices. Another scheme would be to have several devices share the same 
Parallel 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 can be used to 
find which ones they are. 
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- OVERVIEW -

The P&T -488 has four read/write registers which appear as four input/output (I/O) 
ports to the S-1~1j) host machine. The ports are addressed as four consecutive I/O ports 
with the first port address an integral mUltiple of 4 (~, 4, 8, ~C, ••• , N*4, ••• , FC). 
For ease of description these registers will be referred to as registers ~ through 3, even 
though what is called register ~ may be Port ~, 4, 8, ••• , N*4, ••• , FC. 

The addresses used by the P&T-488 are set by means of a DIP switch on the upper 
left corner of the interface board. All boards are set at the factory for I/O ports 7C 
through 7F Hex, and all software supplied by Pickles & Trout assumes these addresses. 
T he 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 change the addresses used 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 tabl e: 

Address 
(He x) 

~~-~3 
~ 4-~7 

~8-~8 
~C-~F 
1 0-13 
1 4-1 7 
1 8 -18 
1 C-1 F 

20-23 
24-27 
28-28 
2C-2F 
3 ~-33 
34-37 
38-38 
3C-3F 
4~-43 

44-47 
48-48 
4C-4F 

50-53 
54-57 
58-58 
5C-SF 
6~-63 
64-67 

68-68 

A7 

ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 

A6 

ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 

AS 

ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 

ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 

-7-

A4 

ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 
OFF 

ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 
OFF 

ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 
OFF 

ON 
ON 
ON 

A3 

ON 
ON 

OFF 
OFF 

ON 
ON 

OFF 
OFF 

ON 
ON 

OFF 
OFF 

ON 
ON 

OFF 
OFF 

ON 
ON 

OFF 
OFF 

ON 
ON 

OFF 
OFF 

ON 
ON 

OFF 

A2 

ON 
OFF 

ON 
OFF 

ON 
OFF 

ON 
OFF 

ON 
OFF 

ON 
OFF 

ON 
OFF 

ON 
OFF 

ON 
OFF 

ON 
OFF 

ON 
OFF 

ON 
OFF 

ON 
OFF 

ON 
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Address 
(He x) 

6C-6F 
7f/J-73 
74-77 
78-7B 
7C-7F 
8f/J-83 
84-87 
88-8B 
8C-8F 
9f/J-93 
94-97 
98-9B 
9C-9F 
Af/J-A3 
A4-A7 
A8-AB 
AC-AF 
Bf/J-B3 
B4-B7 
B8-BB 
BC-BF 
C~-C3 
C4-C7 
C8-CB 
CC-CF 
Df/J-D3 
D4-D7 
D8-DB 
DC-DF 
Ef/J-E3 
E4-E7 
E8-EB 
EC-EF 
FrtJ-F3 
F4-F7 
F8-FB 
FC-FF 

A7 

ON 
ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 

A6 

OFF 
OFF 
OFF 
OFF 
OFF 

ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 

AS 

OFF 
OFF 
OFF 
OFF 
OFF 

ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 

ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 

A4 

ON 
OFF 
OFF 
OFF 
OFF 

ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 
OFF 

ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 
OFF 

ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 
OFF 

ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 
OFF 

Hardware Description 

A3 

OFF 
ON 
ON 

OFF 
OFF 

ON 
ON 

OFF 
OFF 

ON 
ON 

OFF 
OFF 

ON 
ON 

OFF 
OFF 

ON 
ON 

OFF 
OFF 

ON 
ON 

OFF 
OFF 

ON 
ON 

OFF 
OFF 

ON 
ON 

OFF 
OFF 

ON 
ON 

OFF 
OFF 

A2 

OFF 
ON 

OFF 
ON 

OFF 
ON 

OFF 
ON 

OFF 
ON 

OFF 
ON 

OFF 
ON 

OFF 
ON 

OFF 
ON 

OFF 
ON 

OFF 
ON 

OFF 
ON 

OFF 
ON 

OFF 
ON 

OFF 
ON 

OFF 
ON 

OFF 
ON 

OFF 
ON 

OFF 

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

The P&T-488 allows 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 
Control Bus and General Interface Management Bus (Register 1). In addition I a register is 
provided to allow a software settable response to a Parallel Poll (Register 3). Finally, a 
register is provided which indicates transitions occurring on the various 488 Control Bus 
and Management Bus lines (Register rtJ). Additional features of the P&T-488 include 
so ftware disable of interrupts from the P&T -488 (without having to disable all interrupts 
of the S-lrtJrtJ system) and immediate response of the interface to Attention (ATN), 
Interface Clear (IFe) and Parallel Poll without intervention of the S-lf/Jf/J system's CPU. 
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The data transfer rate is highly dependent on the software, CPU and system memory 
of the S-lQQ system, but with the supplied software, an 8080 running at 2.0 MHz and no 
memory wait states, the transfer rate is about 3 KBytes/sec. For applications requiring 
higher rates, the same S-lQ0 system can get data rates of over 9 KBytes/sec in the Talk 
Only mode. 

REGISTER FUNCTIONS 

No. FUNCTION 

Q Interrupt Status (read only) 
Q Interrupt Reset (write only) 

Command Line Register (read and write) 

2 Data Line Register (read and write) 

3 Parallel Poll Response (write only) 

REGISTER BIT MAP 

No. I/O D7 06 D5 D4 D3 D2 Dl 

() IN DAY NRFD NOAC XIFC XATN SRQ REN 
-+- -+ -+ -+- -+ 

OUT DAY NRFD NDAC XIFC XATN SRQ TALK/ 
LISTN 

I/O DAY NRFD NOAC IFC ATN SRQ REN 

D0 

POC 

D 1/ 
EI 

EOI 

2 I/O DI08 0107 DI06 DI05 DI04 DI03 0102 DIOl 

3 OUT 0108 DI07 DI06 DI05 DI04 DI03 DI02 DI.Ol 

NOTES: 
+ means the bit goes low on a LOW to HIG H transition 
- means the bit goes low on a HIGH to LOW transition 

DI means 488 interface interrupts are disabled 
EI means 488 interface interrupts are enabled 

The 488 data lines are numbered from 1 to 8, while the 
data lines on the S -1 QQ system are numbered Q to 7 

X as in XATN, XIFC signifies that some device other than 
the P&T -488 has made the level on the line (A TN or IFe) 
active true (low). 
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P&T -488 Hardware Description 

REGISTER 3 -

This register holds the Parallel 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 any bit that is low is asserted (or logically true). Also the 488 
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 Li stene r all bits 0 f Registe r 2 
should be written high (logic false) so that the data asserted by the Talker can be properly 
read. 

- REGISTER 1 -

This register allows direct setting and sensing of the 488 Control and Management 
bus lines. If the XIFC flag is set in Register f/J, the interface will not assert any of the 
lines, regardless of what was last written into Register 1. Similarly, if XA TN flag is set 
in Registe r f/J, the inter face will not assert any line except Not Ready For Data (N RFD) 
and 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 so that the System Controller will not send any 
commands until the S-ll,Jf/J 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 488 lines will be passive false. 

- REGISTER f/J -

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 int.errupt-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 DAV 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 I/J is set low, status Bits I/J (POC/RESET) and 1 (REN) will be cleared and 
the P&T -488 will be prevented from interrupting the S-l~f/J system (but the interrupt 
status bits will continue to respond to 488 Control and Management line activity). If Bit I/J 
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is set high the interface can interrupt the S-l~~ system. 

If Bit 4 (IFC) 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 to an external Controller. A similar argument is true for A TN and XA TN (Bit 3 of 
Registers 1 and ~). This is not a problem because the IEEE standard allows only the 
System Controller to assert IFC, and only the Controller-in-Charge may assert ATN. 
The standard further specifies that there may be no more than one System Controller and 
no more than one Controller-in-Charge. 
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P &T -488 Functional Test 

P&T -488 Functional Test 

The program 488T ST81 performs seven different kinds of tests on the P&T -488 
interface board and its 488 cable. The first group of four are done with no 488 device 
or test plug connected to the P&T -488. The last three are made with the special test 
plug connected to the P&T -488. 

The pro g ram s tar t s by p r i n tin g a me s sag e tot he 0 per a tor to dis con nee t a II 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 256 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 
a re no error s, no message is printed. 

In a similar manner, the second test checks the command line register (Register 1). 
I f 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 Parallel Poll Response register (Register 3) by firs.t making 
ATN and EOI true. Thus anything output to the Parallel Poll Response Register should 
appear on the 488 data lines. If the Command Line test failed with bits rfJ 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 rfJ). If the second 
test failed, this one will probably fail also. Errors are reported with the message 
"INTERRUPT SERVICE REGISTER ERROR - bits in error are ••• ". 

After these four tests have been made, (they take less than a tenth of a second), 
the operator is told to attach th.e 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 incorrect 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 error. If either the 
first (data line) or second (command line) tests failed, the results of this test wi" be 
meaningless. If the first four tests were passed without error, but this one shows errors, 
it means either the cable and/or test plug is open, shorted, miswired or improperly 
plugged. I f all bits are in error, the 488 cable is either not connected to the P & T -488 
interface board or the special test plug is not plugged into the cable. 
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The sixth test checks the response of the P&T-488 to an IFC (Interface Clear) 
presented by an external Controller. 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 
canlt tell the difference between this and an external Controller making IFC true. The 
results are meaningful only 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 tests were passed without any 
errors. 

After the seventh test has been completed, the message NO ERRORS is printed if 
all tests were passed without error. Then the message "P&T 488 func;tional test complete II 
is printed and the program jumps back to the monitor. 

WHAT TO DO IN CASE OF ERROR -

If any of the first four tests fail, check the following: 

1. The P&T -488 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 -488 
must be in loc;ation 1~3 Hex for CP/M systems, 3~~3 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 you are using the correct test routine. 
ONLY Revision 81 A boards (serial number 5~~~ and up). 
ONLY boards with serial numbers under 5q)~~. 

488T ST81 is to be used on 
488TEST is to be used on 

If 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 faulty and should be 
returned to Pickles & t rout for repair or replacement. Be sure to include a printout 0 f 
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 "Attac;h test plug ••• " message to the 
operator, the first four tests were passed without error. If the error message 
"EXTERNAL ATN ERROR - bits in error are 2ft is displayed, it is likely that you are 
using the wrong test routine. 488TEST is to be used on only boards with serial numbers 
under 5q)q)~; 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 

••• 11 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 replacement. 

RETURN POLICY -

The P&T -488 interface board, its 488 connecting cable and the special test plug are 
warranted to be free of defects in materials and workmanship for 90 days from the date 
of sale. If they should be found faulty within the warranty period, Pickles & Trout will 

-13-



P&T -488 Functio nal Te st 

(at its option) repair or replace them upon receipt of the defective pieces. Repairs 
necessitated by alteration, modification or misuse of these products are not covered by 
this warranty. Out 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 for 
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 
in formation: 

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. 
RESULTS IS REQUIRED. 

PRINTOUT OF THE TEST 

4 Description of the S- 100 machine and operating system. Include manufacturer and 
model name of 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 bill 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, $7.50 for Alaska and 
Hawaii. There is no shipping fee for foreign addresses because the equipment will be 
returned freight collect. 

The repairs/ replacements will be made within five business days and the equipment returned 
postage paid to US addresses, freight collect to foreign addreses. 
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INSTALLA TlON of the P&T -488 

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

When you are satisfied that there is no I/O port address conflict between the 
P&T -488 interface and other devices in your S-100 system, turn off the power to the 
S-100 system and wait at least twenty seconds (to allow sufficient time for the 5-100 
power supply to discharge) before installing the P&T -488 card. Attach the cable to 
the back panel of the 5-100 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 onto the top edge connector 
of the P&T -488 interface card. Note that the plug and edge connector are keyed. 

If the I/O port addresses of the board have been changed from 7C through 7F Hex, 
it will be necessary to modify 488TEST 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 Hex, you should change the value in the location BASPRT (103 Hex of 
488TE5T) to 60 Hex. 

The programs 488TEST and PNT488 should now be loaded so they can be modified (if 
n ec es sar y) and run. Programs supp lied on cassette tape are recorded in Kansas Cit y 
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 details) and then run the modified 
program. Refer to the chapter "Functional Test" for information about the meanings of 
the various messages. 

A fter the test has been completed with no errors, you are ready to use the 488 
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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P&T-488 

PAGE ROUTINE 
NAME 

CS-7 CNTRL 

CS-8 GIM 

CS-8 INIT 

CS-8 L I STN 

CS-9 PPIDL 

CS-9 PPQRY 

CS-9 PISTT 

CS-10 PISTF 

CS -11 SPIDL 

C S -11 SPQRY 

C5-12 SPSRQ 

CS-12 STADR 

C5-13 STATE 

CS-15 TALK 

CS-15 XCTRL 

Custom Package Routines 

FUNCTION 

Performs the Controller function (sends commands) 

AI lows direct control of the General Interface 
Management lines 

Clears the interface, leaves all 
passive false 

Performs the Listen-Only function 

i n e s 

Puts the Paral lei Pol I function in the Idle state 

Performs a Paral lei pol I 

Sets the "ist" (individual status) message true 

Sets the "ist" message false 

Puts the Service Request function in the Idle state 

Serial Pol I query routine (performs a Serial Pol I) 

Service Request routine 

Sets the talker, I istener addresses 

Passes information on the state of the interface 
to the user 

Performs the Talk-OnlY function 

Respond to an External Controller 

DESIGN PHILOSOPHY 

This software package was written with several objectives in mind. The first is 
that the routines should relieve 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 Ii. 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 lIsmart" controller sees that it is going to 
address itsel f 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. 
hold 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 -488 interface board allow it to act as a 
Controller, Talker or Listener, and provide the additional ability of conveniently 
handling commonly 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 Controller (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 S-100 system to 
execute P&T -488 routines in order to perform 488 bus functions. This includes not 
only the "assertive l' functions, such as Talk and Control, but also the "responsive" 
functions, which include responding to a Serial Poll, being addressed as a Talker or 
a 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 Poll. 

Communication between the S-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 subsequent versions of the interface software without changing his 
software in any way. 

P&T-488 Ver. 1.4 Jump Table 
Organization 

Routine Entry Point 
INIT ENTBL 
TALK ENTBL+3 
LISTN ENTBL+6 
STADR ENTBL+9 
CNTRL ENTBL+12 (decimal) 
GIM ENT8L+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 
PPIDL 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 table which points to these routines. The details of the jump table and the 
operation of the routines appears in the section User-Supplied Routines. 
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Many of the P&T -488 interface routines cause the 488 interface functions to 
change state. The routine 5T ATE allows the user to quickly determine the state of 
the more commonly desired interface functions. If the user needs additional detailed 
information about the states of the various interface functions he may look at the 
state table which is stored in memory starting at location T 5T AT. 

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 of the buffer by setting the register 
pair HL to the beginning address of the string and DE to the address of the end of 
the string before calling the P&T -488 routine. This technique allows 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 point to that string rather 
than copying it into an intermediate buffer 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 L15 TN. If a buffer is needed, the location of that 
buffer is passed to the routine by the HL and DE register pairs, just as was done for 
the Tal k and Control func tions. 

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

The IEEE -488 standard defines two general ways of addressing Talkers and 
Listeners. One way is by a single byte, and is called "single byte address" or 
IInon-extended address ll • In terms of function mnemonics, the Talker function is known 
as the T Interface function, and the Listener as the L Interface function. The other 
method of addressing is known as lIextended address ll 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 so that the P&T -488 may be 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 location. The memory 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 5 -100 system 
is monitoring activity of the 488 bus and printing the results on its printer. 
Assume al so that there are several different print formats possible and that the user 
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 other for passing characters 
to be printed. The two addresses must have the same primary address and so differ 
only 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 E. (62 Hex), while that for data to be printed is .! (61 Hex). Whenever the 
5-100 system calls the Listen function it first looks at the memory location L5TNS to 
see what the secondary Listen address is. If it finds the character b, it 
interprets the string that is heard as formatting information. If it finds the 
character .!' it prints the string, for it is data. And if it finds any other 
character it means that neither of these functions has been called 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 generally a good rule to assign a given 
primary Listen or Talk address to only one 488 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 used 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 known as SRQ. Anyone which needs special attention asserts an active true 
(connects the line to ground). It can be seen that the SRQ line is false (high) only 
when all the devices do not need service. Since several devices share the one line, 
the Controller must find which device(s) need attention before 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 each device as a Talker one at a time, and listening 
to its response. The response byte has a true (low) value on line 0107 if that 
device is requesting service, and that device also asserts a passive false (high) on 
the SRQ line as it sends the response byte. If the device is not requesting service, 
line 0107 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 Talker 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 Talker when the Controller commands it to be a Listener. 
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TE5 
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 Controller commands it to be a 
Listener. 

L3 
The device can operate as a Basic Listener, can be placed into a Listen Only mode of 
operation, and will unaddress 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 Talker. 

LE3 
The device can operate as a Basic Extended Listener, can be placed into a Listen Only 
mode of operation, and will unaddress 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 Talker. 

SR1 
The device has complete Service Request capability. 

RLO 
The device has no Remote-Local function capability. 

P P1 
The device has complete Parallel Poll response capability. This means that the 
Parallel 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 (assigned a Parallel Poll response 
message) by the Controller. 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 PPl and PP2 functions are mutually exclusive. The 
P&T -488 and its associated 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 488 bus, it is imperative that he use only one of the two functions in any 
particular bus configuration. 

DCl 
The device has complete Device Clear capability. 

DTl 
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 Parallel Poll 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 T5/TE5 pair, the L3/LE3 pair and the PP1/PP2 pair. It is the user1s 
obligation to pick at most only one function 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 Controller 

This routine is used to perform the various Controller functions, such as 
addressing Li steners, Talkers, sending Remote Enable, etc. It is important that this 
routine be called only when the user is sure that the DA V line is passive high, 
(i.e., take Control synchronously); otherwise there is the possibility of the current 
Talker being interrupted by the Controller while it is in the middie 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 become 
the ContrOller from time to time, one can use the non-buffered Listener function 
provided by the routine L1STN to insure that the P&T-488 will take control 
synchronously. Note that the routines TALK and L1STN either return to the user1s 
calling routine or call his routine BREAK at a point in the handshake cycle where a 
call to CNTRL will result in a synchronous assumption of the Controller function by 
the P&T -488. 

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 S-100 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 user1s 
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 perform 
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 
L1STN. Finally, the Controller 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. 

CS-7 



P&T-488 Custom Package Routines 

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 th eAr e g i s t e r • 

D7 
X 

D6 
X 

D5 
X 

D4 
IFC 

D3 
X 

D2 
SRQ 

D1 
REN 

DO 
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 could contain 09 
Hex, 21 Hex, etc. without changing the result.) GIM returns to the calling routine 
with all registers restored except the accumulator and flags. 

INIT 
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 to all lines passive false, and sets all 
functions (Talker, Controller, Listener, etc) to their idle states. If the B 
register is zero when INIT is called, an IFC (Interface Clear) pulse is also sent on 
the 488 bus to initialize all devices to a known state. Note that only the 
Con t roll e r is a 110 wed to sen d th elF C me s sag e, sot he use r s h 0 u Ids e t reg is t e r B 
non-zero if the P&T-488 is not the Controller. 

LlSTN 
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 information can be in any 
byte-oriented form: it may be ASCII characters with or without parity, it may be BCD 
values, binary values, etc. 

The accumulator (A register) determines which of four modes is selected: if Bit 
o of A is 0 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 0 is 1 when LlSTN 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 
L1STN 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 only 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 to LlSTN will continue the transfer of data. 
LlSTN returns to the calling routine when it senses EOI (End 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 
user has serviced the Service Request, he need onl y execute a RETurn to continue 
listening from where L1STN left off. 

This routine implements the Listen Only (Ion) function described in the IEEE -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 Idle 
(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 LlSTN 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 Ll5TN 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. 50 each time BREAK is called the 5-100 system determines whether it needs 
to become the 488 Controller: if so, it does so then, but if not it merely RETurns to 
the calling routine. Note that the routine BREAK is called AFTER each data byte has 
been communicated; this technique will lock up the 5-100 system 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 Idle 

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 "istll (individual status) 
message and the Sense bit of the most recent PPE (Parallel Poll Enable) message 
received by the P&T -488. 

PPQRY 
Parallel Poll 

This routine causes the P&T -488 to conduct a Parallel 
the Parallel Poll is returned in the accumulator and al so 
LBYTE. Note that the IEEE-488 standard specifies that only 
to conduct a Parallel Poll; it is up to the user to refrain 
unless the P&T -'-488 is the 488 Controller. 

PISTT 
Parallel Poll - ist True 

Poll. The response to 
in the memory location 
the Controll er is allowed 
from using thi s routine 

This routine sets the "ist" (individual status) message in the P&T -488 true. If 
the sense bit of the most recent PPE (Parallel 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 Poll response register of the 
P&T -488. Otherwise, the non-affirmative response byte is put into the Parallel 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 PPE message was false. 
This routine also places the Parallel Poll function in the Standby (PPSS) state. 
Note 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 - i.st 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 Parallel 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 called. Execution of this routine 
places the Parallel Poll function in the Standby (P PSS) state. 

Additional Comments 
Parallel Poll - How to use it 

There are several ways in which the Parallel Poll response function may be 
programmed using the P&T -488 and this interface software package. One way is for the 
488 Controller (which mayor 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 
(Parallel Poll Enable) message. This will put the Parallel Poll function of the 
P&T -488 into the Standby (PPSS) state and also define which one of the eight 488 data 
lines will be used by the P&T-488 when the Controller performs a Parallel Poll. 
Another method is to put the PPE byte into the memory location reserved for the 
Parallel Poll response byte. This can be done by defining a 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 "ist" message true, while PISTF will 
make it false. Since an affirmative Parallel Poll response is given only if the 
"ist" 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, I, n or o. 

By the use of the routines PISTT and PISTF one can readily cause the P&T -488 to 
give either a non-affirmative or an affirmative Parallel Poll response. One use of 
this ability would be to define an affirmative response as meaning that the S-100 
system wants the Controller to perform some special function (which could be 
something as simple as to alert the operator that the printer is out of paper), and a 
non-affirmative response means that the Controller is to continue with normal 
operation. For the sake of a concrete example, assume that the P&T -488's Listen 
address is the character! (21 Hex). Assume also that the Controller has sent the 
string ?!<PPC>h? where th; 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 bit 
of the PPE is true, and the P&T-488 is assigned to use data line 0101 for its 
Parallel Poll response. Now assume that the 5-100 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 printer1s status indicates 
that it is out of paper, the routine PISTT should be called, for it will set the 
Ilist il message true and cause the P&T -488 to respond affirmatively to a Parallel Poll. 
When the printer has been serviced, the routine PISTF should be called so that the 
P&T -488 1s 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 <P PC><P PE >. This can give rise to utter confusion when a 
Parallel Poll is actually executed, so it is wise to have the Controller explicitely 
unaddress all Listeners (with the Unlisten command, which is the character D, 
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 Parallel Poll 
(PP1) function as defined by the IEEE-488 standard. As such, the function may be put 
back into its Idle state (P PIS) by the Controller addressing the P&T -488 as a 
Listener and sending the PPC character followed by the PPD character, or by the 
Controller sending the PPU (Parallel Poll Unconfigure) message, or by calling the 
routine PPIDL, which implements the IIlocal poll not enabled ll message defined in the 
standard. 

SPIDL 
Service Request Idle 

This routine resets the Service Request function to the Idle state. As a 
consequence, it also insures that the P&T-488 is passively asserting SRQ false and 
that the Serial Poll response byte is non-affirmative. Thus execution of this 
routine is equivalent to the 5-100 system making the .local message rsv (request 
service) false. This routine is the complement of the routine 5PSRQ, 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 one 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 
Poll 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 a 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 that 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 possibility 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 aUNT (Untalk) command. When a Talker responds affirmatively to the 
Poll or when there are no more Talker addresses left in the buffer, this routine 
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issues a SPD (Serial Poll Disable) message and then returns to the calling program. 

To allow for the possibility of addressing both normal (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 looks to see if a secondary address is 
to be sent also. 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 calling program with 00 Hex in the accumulator, the Serial Poll response byte in 
register 8, and the register pair HL points to the buffer location that contains the 
Primary Address of that Talker. If no Talker responds affirmatively, the A register 
contains 40 Hex, register 8 contains the response of the last Talker, and HL points 
to the memory location holding the address of that last Talker. 

Note that the IEEE-488 standard allows only the Controller to perform a Serial 
Poll. It is up to the user to insure that this routine is called by his programs only 
when the P&T -488 is the 488 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 only valid Talk addresses in the buffer. Since the P&T -488 
must wait for the addressed Talker to respond to the Serial Poll, if a non-existant 
Talk address is in the buffer, the P&T -488 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 -488 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 SVCRQ. Otherwise the routine waits until the Talker 
address of the interface is sent out and respond s properl y to the Se rial Poll 
performed by an external controller. After it has responded, the routine returns to 
the calling program. The register pair BC must contain the base address of the 
user-supplied jump table before this routine is called. 

If the P&T -488 Controller state is Idle, the P&T -488 ignores all data 
communication on the 488 bus until it has been polled 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 

ThLs routine copies the Talker and Listener addresses, Parallel Poll and Serial 
Poll Response bytes and the End Of String (EOS) byte from a table to the P&T-488 
interface routines. The register pair HL must contain the address of the beginning 
of this table. Note that the Parallel Poll response byte is not copied into the 
interface Parallel Poll Response register. The Parallel Poll Response byte is 
interpreted in the same manner as the PPE/PPD (Parallel Poll Ena.ble/Parallel Poll 
Disable) messages received from the Controller during a Parallel 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 following bit 
positions of the A register: 

• .00 Both Talk and Listen functions are idle 
• .01 TIDS- (Not Talker Idle State) 

• • 1 0 LIDS- (Not Listener Idle State) 
.0 • . PPIS (Paral lei Pol I Idle State) 
• 1 •• PPSS (Paral lei Pol I Standby State) 

• •• 0 O ••• LOCS (Local State) 
• •• 0 1 ••• LWLS (Local With Lockout State) 

· • • 1 O ••• REMS (Remote State) 

• •• 1 1 ••• RWLS (Remote Wi th Lockout State) 
• O •• CIDS (Controller Idle State) 
• 1 •• CIDS- (Not Controller Idle State) 

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

The state table 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 only by what routine is being executed. For 
example, if you look at the encoding for the Talk states you will find that T ADS, 
T ACS and SPAS are all represented by the same bit pattern. However, the P&T -488 
interface so ftware can distingui sh among them by the fact that if it is not running 
either the Talk routine or the Serial Poll response routine, the state is TAOS. If 
it is running the Talk routine, the state is TACS, and if it is running the Serial 
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 only needs to 
know whether the Talk function has been addressed by a Controller, and he will make 
the inquiry at a time when neither the Talk nor the Serial Poll response routines are 
being executed. 

State Table 

TSTAT Talk Interface Function State byte 

• •• 0 TIDS Talk I die State 
• •• 1 TAOS Talk Addressed State · .. , TACS Talk Ac t i ve State 
• •• 1 SPAS Serial Po I I Ac t i ve State 
.0 •• SPIS Serial Po I I I die State 
• 1 •• SPMS Serial Po I I Mode State 
o ••• TPIS Talk Pr imary I die State 
1 ••• TPAS Talk Pr imary Addressed State 
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LSTAT 

SSTAT 

RSTAT 

PSTAT 

CSTAT 

Custom Package Routines 

Li sten Interface Function State byte 

• •• 0 
• •• 1 
• •• 1 
• O •• 
• 1 •• 
O ••• 
1 ••• 

• •• 0 · ... 
• •• 1 

LIDS 
LADS 
LACS 
LPIS 
LPAS 

Listen Idle State 
Lis ten Ad d res sed S tat e 
Listen Active State 
Listen Primary Idle State 
Lis ten P rim a r y Ad d- res sed S tat e 
non-buffered Li sten function 
buffered Listen function 
do not return from Li sten routine 
upon receipt of EOS message 
return from Listen routine upon 
receipt of EOS message 

Service Request Interface Function State byte 

• .00 
• • 01 
• • 1 0 

NPRS 
SRQS 
APRS 

Negative Pol I Response State 
Service Request State 
Affirmative Pol I Response State 

Remote-Local Interface Function State byte 
(Note: This function is not implemented, but these 
definitions will be used when it is.) 

• •• 0 
• •• 0 
• •• 1 

· . • 1 

O ••• , ... 
O ••• 
1 ••• 

LOCS 
LWLS 
REMS 
RWLS 

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

Paral lei Pol I Interface Function State byte 

... 0 PPIS 

... 1 PPSS 
••• 1 PPAS 
• .0. · . , . 
.0.. PUCS 
.1 .. PACS 

Parallel Poll Idle State 
Paral leI Pol I Standby State 
Paral lei Pol I Active State 
ist (individual status) message is false 
ist message is true 
Paral leI Pol I Unaddressed to Configure 
Parall el Pol I Addressed to Configure 

Controller Interfacte Function State byte 

• • • 0 
• •• 1 
• • O. 
• • 1 • 

0000 
0001 
0010 
0011 
0011 
0011 
0011 
011 0 
1000 

CIDS 
CADS 
CTRS 
CACS 
CPWS 
CPPS 
CAWS 
CSBS 
CSWS 
CSNS 
CSRS 
SNAS 
SACS 

Controller Idle State 
Controller Addressed State 
Controller Transfer State (not yet implemented) 
Controller Active State 
Co n t r 0 I I e r Par a I I e I Pol I Wa itS tat e 
Co n t r a I I e r Par a I I e I Pol 1St ate 
Controller Active Wait State 
Controller Standby State 
Contro I I er Synchronous Wa i t State 
Controller Service Not Requested State 
Controller Service Requested State 
System Control Not Active State 
System Control Active State 
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TALK 
Talk -Only 

Custom Package Rout ines 

This routine allows the user to send data from the S-100 system to other 
devices on the 488 bus. The data may be in any byte oriented form: ASCII 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 EOI passive false. All other bytes of the 
string are sent with EOI passive false. 

A call is made to the user-supplied routine BREAK after each byte is sent, 
which allows the user to 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-Idle state.) If 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 continue talking from where the routine left 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. 

If the user wishes instead to implement the Addressed Talker function described 
in the IEEE-488 standard, (i.e., the transition from TIDS to TAOS should occur only 
if the Controller has addressed the P&T -488 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 external Controller is conducting a Serial Poll: in this case 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 followed by ATN going 
passive fal se). 

This routine is to be called only 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 interface 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 Controller. 
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PAGE ROUTINE FUNCTION 
NAME 

CS-17 BREAK AI lows S-100 operations during buffered 
488 communication 

CS-18 BUFUL Fixup for Listen Buffer f u I I 

CS-18 DVCLR ApI' I i cat ion dependent. A De vic e C I ear (DCL) 
was detected 

CS-18 IFCLR Re-initialize due to 488 Interface C I ear ( I FC) 

CS-18 NOLSN No listeners on 488 bus - ERROR 

CS-18 POC Re-initialize due to S-100 Power-On Clear or Reset 

CS-18 SVCRQ The 488 Service Request I ine is active true 
Find the device and service it 

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

CS-19 XATN Some other device made the 488 ATN I ine true 

The P&T -488 interface software uses a jump table to access the user- supplied 
routines. It 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 

JMP TRIGR 
JMP DVCLR 
JMP BUFUL 
JMP I FCLR 
J MP BREAK 
JMP NOLSN 
jMP SVCRQ 
jMP POC 
JMP XATN 

BREAK 

A fter each data byte or command is transferred on the 488 bus, a call is made 
to 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 until later 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 user the opportunity to regain control of the S-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 L1STN does not return to the user's 
calling routine until it sees an EOI (or optionally an EOS), one can see there is a 
fundamental problem. However, since a call is made to BREA K a fter 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 (S Pl. 
Transactions on the 488 bus may be resumed by executing a RETurn. 

BUFUL 
Listen Buffer Full 

A jump is made to this routine when the Listen buffer is filled. The user 
s h 0 u Ide m p t y 0 r red e fin e the buff e r, th en con tin u e Li s ten i n g by rei nit i a liz i n g a II 
registers (A, BC, DE and H L) and call ing LIS TN. 

OVCLR 
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 
Interface Clear (IFC) command. 
INIT followed by STADR). 

routine whenever an external Controller sends an 
The P&T-488 must be re-intialized (for example, use 

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, reinitialize the registers and then call TALK again. (The only time that Not 
Ready For Data (NRFD) and Not Data Accepted (NDAC) can both be false at the same time 
is if there are no Listeners. It is this condition that causes a jump to NOLSN.) 

POC 
S-100 Power-On Clear or Reset 

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

SVCRQ 
488 Service Request 

This routin_e is CALLed 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 Pointer. 

XATN 
An External Controller wants Control 

This routine is CALLed whenever some other device on the 488 bus has made ATN 
active true (low). Call STATE to get the present Talker, Listener, etc. 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. If 
not, just execute a RETurn to resume 488 transactions from where they were 
interrupted by the external Controller. 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 
non-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 Controller. (The parity bit of 
each address sent by the Controller is set to zero before comparing it to the 
interface Listen and Talk addresses.) 

A fter the addresses are set up, the interface is cleared by a call to the 
routine INIT. Note that the 8 register is non-zero because we do not want to send 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 
RST2) which causes the 488 routines to assume that we are the Controller-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-String (EOS) byte is ignored. The Listen routine will return each 
time it receives an END byte (a data byte with the EOI 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 console printer as 
is and a RETurn is made to the calling routine. The non-printing characters space 
(20 Hex), Horizontal Tab (9) and Line Feed (OA Hex) are replaced with the messages 
<S PACE>, <HT> and <LF> respectively. The non-printing character Carriage Return (OD 
Hex) causes the message <CR> to be printed followed by a carriage return and a line 
feed. 

The user- supplied routine XTN prints a message to show that a Controller 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 location LBYTE 
and a branch is made to the routine BRK. 

Special Cases: 

Each time the Controller becomes active (asserts ATN active true), a carriage 
return-line feed is sent to the console device, 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 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 should be a Listener when the Controller relinquishes the bus). 

All characters which are printed after "DA TA:II 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. 

; 
CSTAT 
ENTBL 

INIT 
LISTN 
XCTRL 
STADR 

J'V\NITR 
PRT 

i 
START: 

RSTRT: 

RST2: 

488 BUS MONITOR PROGRAM 

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

ORG 

EQU 
EQU 

EQU 
EQU 
EQU 
EQU 

EQU 
EQU 

08700H 

800AH 
802liH 

icontroller state byte 
;memory addr of beginning of P&T-488 

jump table 

ENTBL 
ENTBL+6 
ENTBL+lSH 
ENTBL+SIH 

o Y'l12!!7JH 
0DIQJ6H 

;system monitor entry address 
iconsole 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. 

LXI 
LXI 
CALL 
MVI 
CALL 
MVI 

STA 
LXI 
LXI 
MVI 
CALL 
LXI 
CALL 
.]"1P 

S P, STAK 
H, DUMAD 
STADR 
B,2 
INIT 
A,!j 

CSTAT 
SP,STAK 
8,JTBL 
A,e! 
LISTN 
B,ENDMS 
MSG 
RST2 

iinitialize the stack pointer 
iset up dummy listen, talk addresses 

;clear 488 interface, but do not send IFC 

iset CSTAT to standby (thus fooling the 
iother routines into jumping to SVCRQ 
iupon detection of a service request) 
iinitialize stack pointer 
;set up pointers 
inon-buffered listener, ignore EOS byte 

;show that an <END> message has been 
r ecei ved 

USER-SUPPLIED JUMP TABLE 
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; 
JTBL: 

TRGR: 

i 
DVCL: 

; 
BFL: 

ICLR: 

. , 

JMP 
JMP 
J.MP 
JMP 
JMP 
JMP 
JMP 
JMP 
JMP 

LXI 
CALL 
RET 

LXI 
CALL 
RET 

LXI 
CALL 
JMP 

LXI 
CALL 
JMP 

TRGR 
DVCL 
8FL 
ICLR 
BRK 
NLS 
SREQ 
POCRST 
XTN 

B ,TMS 
MSGCR 

B , D'f1'-1 S 
MSGCR 

B,BMS 
.MSGCR 
MNITR 

B,IFMS 
MSGCR 
RSTRT 

488 Bus Monitor Program 

;print trigger message 

;print device clear message 

;we should never get this message 
;but if we do, print it and go to monitor 

;print interface clear message 

;restart (initialize 488 interface) 

LOOK AT THE LAST COMMUNICATED CHARACTER 
i 
BRK: CPI 

; 

JZ 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
CALL 
RET 

CRMSG: PUSH 

; 

LXI 
CALL 
POP 
CALL 
MVI 
CALL 
RET 

LFMSG: LXI 

; 

CALL 
RET 

HTMSG: LXI 
CALL 

0DH 
CRMSG 
0AH 
LFMSG 
9 
HTMSG 
20H 
SPMSG 
PRT 

A 
B,CRMS 
MSG 
A 
PRT 
A,0AH 
PRT 

B,LFMS 
MSG 

B, HTMS 
MSG 

;<CR>? 
; •• print <CR> message 
;<LF>? 
; •• print <LF> message 
;<HORIZONTAL TAB>? 
; •• print <HT> message 
; <SPACE>? 
; •• print <SPACE> message 
;print char 

;save character for later 
;print <CR> message 

;then do the carriage return 
ifinish with a line feed 

iprint <LF> message 

;print <HT> message 
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RET 

S PMSG: LXI 
CALL 
RET 

, 
NLS: LXI 

CALL 

488 Bus Monitor Program 

8,SPMS iprint <SPACE> message 
r'1SG 

B,NLMS iwe should never reach this point 
MSGCR ibut if we do, print message and 

go to the monitor 
JMP MNITR 

SREQ: 

i 

LXI 
CALL 
RET 

POCRST: LXI 

XTN: 

i 

CALL 
JMP 

LXI 
CALL 
LXI 
CALL 

LXI 
CALL 
JMP 

MSG: LDAX 
CALL 
ANI 
INX 
JZ 
RET 

MSGCR: CALL 
MVI 
CALL 
MVI 
CALL 
RET 

B,SRQMS iprint service request message 
MSGCR 

ilet the controller~in-charge take care 
of the service request 

B,POCMS iprint S-100 reset message 
MSGCR 
RSTRT ire-initialize the 488 interface 

B, XTNMS 
MSGCR 
B, JTB L 
XCTRL 

iprint external ATN message 

;listen to the commands and update 
i state of interface 

B,DATMS iprint data message 
MSGCR 
RST2 

B 
PRT 
80H 
B 
MSG 

MSG 
A,0DH 
PRT 
A,0AH 
PRT 

:go back to listen-only function 

iprint message 
isee if parity set 

i •• no, so print some more 

iprint the message, terminate with CRLF 
ioutput a carriage return 

ithen a line feed 

i DUMMY LISTEN, TALK ADDRESSES-

DU!'1AD: 

TMS: 
DVMS: 
BMS: 

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 

0A0H 
0C0H 
0FFH 
0FFH 
0AH 
'DEVICE 
'DEVICE 
'LISTEN 

idummy listen address 
idummy talk address 
iparallel poll response byte (no response) 
iserial poll response byte (no response) 
iEOS CHARACTER (IGNORED IN THIS PROGRAM) 
TRIGGE', 0D 2H 
CLEA', 0D2H 
BUFFER FUL', 0CCH 
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IFMS: 
NLMS: 
SRQMS: 
POCMS: 
XTNf'1S: 
ENDMS: 
CRMS: 
LFMS: 
HTMS: 
SPMS: 
DATMS: 

STAK: 
; 

DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

OS 

END 

488 Bus Monitor Program 

0DH, 0AH,'INTERFACE CLEA', 0D2H 
'NO LISTENE', 0D2H 
0DH,0AH,'SRQ ACTIVE TRU', 0C5H 
0DH,0AH,'POC/RESET TRU', 0C5H 
0DH,0AH,'COMMAND' ,0BAH 
'<END',0BEH 
'<CR' ,0BEH 
'<LF',0BEH 
'<HT' ,0BEH 
'<SPACE' ,0BEH 
0DH,0AH,'DATA',0BAH 

h4D istack area 
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488 Sample Program 

De sc ription 

This program demonstrates 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 also illustrates how to allow for an abort command (by the use 
of the routine BRK). 

The program begins by setting up the Stack Pointer and then sets the Listen and 
Talk addresses of the P&T -488 interface. The 488 bus and interface are cleared by a 
call to the routine INIT, which is followed by a call to CNTRL, which sends out the 
contents of the buffer CMDSTR. These commands first tell all active Listeners to 
stop Listening, then all active Talkers to stop Talking. Talker 5 is then told it is 
the designated Talker, and Listener 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 IDLE 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 E as byte will not cause LIS TN to RETurn to 
the calling program. Each time the L1STN routine returns (due to an END byte; i.e. 
a data byte sent with EOI 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 is used to allow the user to suspend 488 
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 available at Port 1. 

The skeleton of the user- supplied routine SRE Q 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 jams, or 
some other error condition. A reasonable response to a paper out condition would be 
a message sent to the console (assuming it is not the printer needing service) 
informing the operator of the printer's problem. 
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488 SAMPLE PROGRAM 

Assert control, send out the talk address of some 
other device, the listen address of the P&T-488, 
and then listen to the talker 

; 
CST,~T 

ENTBL 

INIT 
LISTN 
CNTRL 
ST.~TE 

XCTRL 
SPQRY 
STADR 

MNITR 
PRT 

ORG 

EQU 
EQU 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 

EQU 
EQU 

0B 700H 

800AH 
8026H 

iaddr of controller state byte 
iaddr of beginning of P&T-488 

jump table 

ENTBL 
ENTBL+6 
ENTB L+0CH 
ENTBL+12H 
ENTBL+lSH 
ENTBL+18H 
ENTBL+SIH 

0000H isystem monitor entry address 
0D10~H ;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. 

, 
START: LXI 

LXI 
CALL 
MVI 
CALL 
LXI 

LXI 
LXI 
CALL 
CALL 
ANI 
JZ 

LSNLUP: MVI 
LXI 
LXI 
LXI 
CALL 

LSNPRT: LXI 

DCX 
LSNPRl: INX 

LDAX 
CALL 

SP,STAK ;initialize the stack pointer 
H,ADRTBL iset up P&T-488 listen, talk addresses 
STADR 
B,0 iclear 488 interface and send IFC 
INIT 
H,CMDSTR iload HLwith beginning address 

of command string 
D,CMDEND iload DE with end addr of command string 
B,JTBL iload BC with beginning addr of jump table 
CNTRL isend the commands 
STATE ifind out what P&T-488 state is 
2 ikeep only listener bit 
NTLSN i • • P&T-488 in listener idle mode 
A,l iuse buffer, ignore EOS character 
H, LSNTBL 
D,LSNEND iaddr of last byte of listen buffer 
B,JTBL ;set up pointers 
LISTN 
D,LSNTBL ;now print the contents of the 

listen buffer 
D 
D 
D 
PRT 

;point to next byte in buffer 
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; 
; 
,JTBL: 

; 

; 

TRGR: 

DVCL: 

; 
ICLR: 

NLS: 

; 
POCRST: 

; 
XTN: 

. 
I 

NTLSN: 

; 

MOV 
CMP 
JNZ 
MOV 
CMP 
JNZ 
JMP 

A,E 
L 
LSNPRI 
A,D 
H 
LSNPRI 
LSNLUP 

Sample Program 

;have we done the last byte yet? 

;printed the last byte, so start 
1 istening again 

USER-SUPPLIED JU'-1P TABLE 

JMP TRGR 
JMP DVCL 
JMP BFL 
JMP ICLR 
JMP BRK 
JMP NLS 
JMP SREQ 
JMP POCRST 
JMP XTN 

The following routines should not be entered in 
this program. If they are, a message is printed 
(to aid in debugging) and then a jump is Jltade to 
the system monitor. 

LXI B,TMS ;print trigger message 
CALL MSGCR 
JMP MNITR 

LXI B ,DVMS ;print device clear message 
CALL MSGCR 
JMP MNITR 

LXI B,IFMS ;print interface clear message 
CALL MSGCR 
JMP MNITR 

LXI B, NLMS ;print no listener message 
CALL MSGCR 
JMP MNITR 

LXI B,POeMS iprint S-100 reset/power-on clear 
CALL MSGCR 
JMP MNITR 

LXI B,XTNMS ipr int external controller message 
CALL MSGCR 
JMP MNITR 

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

;****************** END OF ABNORMAL BRANCHES **************** 
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BFL: 

BRK: 

SREQ: 

aMP 

IN 
ANI 
RNZ 
IN 
ANI 
CPI 
RNZ 
aMP 

LXI 

LXI 
LXI 
CALL 
MOV 
* 
* 
* 

RET 

MSG: LDAX 
CALL 
ANI 
INX 
JZ 
RET 

MSGCR: CALL 
MVI 
CALL 
MVI 
CALL 
RET 

ADRTB L: DB 
DB 
DB 
DB 
DB 

CMDSTR: DB 
DB 
DB 

CMDEND: DB 

SPSTR: DB 
DB 
DB 

SPEND: DB 

TMS: 
DVMS: 

DB 
DB 

LSNPRT 

o 
2 

I 
7FH 
3 

MNITR 

H,SPSTR 

D,SPEND 
B,JTBL 
SPQRY 
A,M 

B 
PRT 
80H 
B 
MSG 

MSG 
A,0DH 
PRT 
A,0AH 
PRT 

, jf , 

'C' 
0FFH 
0FFH 
0AH 
'? ' 

'E' 
'# ' 

'A' 
'Q' 
'G' 
'C' 

Sample Program 

iprint the contents of the buffer 
then continue listening 

iget keyboard status 
ilook at ready bit 
i •• no key has been depressed 
iget char from keyboard 
istrip parity bit 
i<Control C>? 
i •• no, continue with 488 transactions 
;user pressed Control C. ABORT!! !!! 

iPut beginning address of serial poll 
i s t ri ng in H L 
iand end address in DE 
;user jump table address in BC 
ifind out which device wants service 
iPut device's address in A register 

THE REST IS DEPENDENT ON THE DEVICE 

iprint message 
isee if parity set 

; .. no, so print some more 

iprint the message, terminate with CRLF 
ioutput a carriage return 

ithen a line feed 

ilisten address 3 
italk address 3 
iparallel poll response byte (no response) 
iserial poll response byte (no response) 
iEOS character (ignored in this program) 
iuniversal unlisten 
iuniversal untalk 
iprimary talk address 5 
iprimary listen address 3 (P&T-488) 

iprimary talk address 1 
iprimary talk address 17 
iprimary talk address 7 
iprimary talk address 3 

'DEVICE TRIGGE', 0D2H 
'DEVICE CLEA', 0D2H 
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BMS: DB 
IFMS: DB 
NLMS: DB 
POCMS: DB 
XTNMS: DB 
NTLMS: DB 
i 
LSNTB L: DS 
LSNEND: DS 

DS 
STAK: 

END 

Sample Program 

'LISTEN BUFFER FUL', 0CCH 
0DH, 0AH, ' INTERFACE CLEA', 0D2H 
'NO LISTENE', 0D2H 
0DH,0AH,'POC/RESET TRU', 0C5H 
0DH,0AH,'EXTERNAL CONTROLLE' ,0D2H 
0DH,0AH,'P&T NOT ADDRESSED AS A LISTENE' ,0D2H 

255 ilisten buffer 
1 ;last byte of listen buffer 

~4D istack area 
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DINK 

Description 

The program DINK has been included for several reasons. The first is that it allows 
the user to easily 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 DIN K 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 function. 

The routine DINK was written so that it is fairly easy to see what is going on. As 
a consequence, the code 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 routine 
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 character 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 1M operating system (CP 1M is a product 
of Digital Research). The conso.le output routine of CP 1M 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 should 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 PNT488 has been changed.) PNT488 should 
also be assembled, then it and DINK should 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 should see the message 
DINK 1-2-80 
Enter PelT -488 listen and Talk addresses, Parallel Poll response 
Serial Poll status and the End-ot-String (EOS) bytes 
If this message did not appear on the console, the subroutine PRT should 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 user indicates that he is finished with his response 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 labelled 
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 Control X (press and hold the CONT ROL key, then press the X key, then release both 
keys). A # 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 special function key: ESCAPE. The line input 
routine will not perform any special function associated with the first key depressed after 
the E SCA PE ke y. Instead, it will put the ke y code into the line buffer just as it does 
for any normal character. Thus the ESCAPE key allows .!!!X. key code to be placed into 
the buffer, including the codes for <carriage return>, <E SCA PE >, <Control X> and 
<delete>. For instance, if one types ABC <Control X>EF <carriage 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 <E SCA PE ><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 IConwnand Model of Operation for further details.) 
Valid Talk addresses are any single character @ through ~,inclusive. The Parallel Poll 
response byte should be one character selected from <accent grave> through 0, inclusive. 
This byte is really the same as a Parallel Poll Enable byte sent by the Controller, in that 
the three least significant bits of the byte indicate which data (010) 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 logtcal 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 -488'5 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. 
If it is desired to make the EOS character a carriage return, remember to press the 
<ESCAPE> key before the carriage return. 

After the line has been entered DINK will print 
Enter fun~tion 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 

line s manuall y 
I Initialize the P&T -488 and optionally send IFC true 
L Listen to the Talker and print what he says 
M Put the P&T -488 into the Parallel Poll Idle (PPIS) state 
N Make the local "ist" (individual status) message false 
o Make the local "ist" (individual status) message true 
P Do a Parallel Poll and print the response 
Q Do a Serial Poll and print the response 

CS-31 



P&T -488 DINI( 

R Put the P&T -488 into the active Service Request (SRQS) state. 
S Print a summary of the state of the P&T -488 and of the 

488 Data and GIM lines (all numbers in Hex) 
T Talk on the 488 bus 
V Put the P&T -488 into the No Service Requested (NPRS) state 

The following 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. Note 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 (Parallel Poll Enable) byte. The PPE sets the Parallel Poll response 
byte of the P&T -488. 

Function C causes the P&T -488 to become the 488 Controller. Note that it asserts 
control immediately, so the user must take care that he is not interrupting the current 
Talker if it is desired to take control 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 UNT ALK (all 
talkers are to revert to the Talker Idle (TIDS) state). 

This function will lock up the S -100 system until all commands have been sent. If 
one of the devices on the 488 bus is performing the Acceptor Handshake but does not 
complete it, the 5-100 system will remain locked up. If 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 0 f 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 general, the user 
should be discouraged 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 IFe, SRQ, REN and EOI. IFC is 
better controlled from the routine INIT (function code I), SRQ from the routines S PIDL 
(function code V) and SPSRQ (function code R), and EOI from TALK (function code T) or 
PPQRY (function code Pl. The only line that is not accessible from a better routine is 
REN. 

One can set/reset these lines by typing in an appropriate character followed by a 
carriage return. The character is placed in the A register and then the PNT 488 routine 
GIrt1 is called. By referring to the description of GIM, it is seen that the IFC, SRQ and 
EOI lines can be made false while REN can be made true by using anyone of the 
character s <C ontrol B>, II, B or b. 

The user should be aware that the routines in PNT 488 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 I 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 Y 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 IFC 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 two 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 console as it is heard. Control (non-printing) 
characters are printed as two-character strings, the first being uparrow (f) and the 
second being the character with 40 Hex added to it to make it printable. For example, a 
null will be printed as f@, a <Control x> (otherwise known as CAN or CANCEL) as fX, 
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 EOS 
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> is 
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 into the Parallel Poll Idle (PPIS) state. All that this means is that the 
P&T -488 will not participate in a Parallel Poll. 

Function N cause s the routine PIS TF in PN T 488 to be called. Thi s routine sets the 
ist (individual status)' message false and 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 PISTF for more details. 

Function 0 causes the routine PISTT in PNT 488 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!. 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 2 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 an affirmative response or after the string of talk addresses has been 
exhausted, whichever occurs 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 
?fX_eeefY 
where the character? means UNListen, fX is the command SPE (Serial Poll Enable), _ is 
the command UNTalk, the ellipsis ( ••• ) represents the Talk addresses that are sent by the 
P&T -488, and the fY 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, DIN K will print 
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No affirmative response to Serial Poll 
Try another Serial Poll (YIN)? 

DINK 

and then wait for the user to respond. If a string beginning with N is entered, DINK will 
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 to 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 SRQ line and places the P&T -488 in the Service Request (SRQS) state. If 
the P & T -488 is not the Controller, the S -1 00 system will wait fo r an external Controll er 
(i.e., some device other than the P&T -488) to assert Control and perform 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 Controller, it will assert Control, then 
ask the user to enter a string of the Talk addresses of the devices to be Serial Polled. 
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 all 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 

?fX_"""fY 
where the character? means UNListen, fX is the command SPE (Serial Poll 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 the user had included 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 into 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 will wait forever for the response of a 
non-existent device. 

Function i 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 IIAbbreviated State of P&T -48811 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 
displayed. 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 line as a handy reminder. The weights of the command lines are shown in the 
following table. 
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Line Weight Line Weight 

DAV BOH ATN 8 
NRFD 40H SRQ 4 
NDAC 20H REN 2 
IFC 10H EOI 

Function T sets up the P&T -488 as a Talker. The user is asked whether the END 
message (EOI li;e 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 !: causes the routine SPIDL in PNT 488 to be called, which in turn puts the 
P&T -488 into the No Service Requested (NPRS) state. This is equivalent to the S -100 
making the local message rsv (request service) false. The P&T -488 is also set 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, PNT488) 
in order to communicate on the 488 bus. The S-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 only 488 function that the P&T -488 can perform without any 
software support is respond to a Parallel Poll. 

This limitation can create problems unless the user is aware of it and allows for it in 
his configuratio'n of the 488 bus and how he uses the P&T -488. For instance, assume 
that some device other than the P&T -488 is the bus Controller and that it will perform 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 XA TN 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 5-100 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 5-100 system indicates its readiness by 
resetting the XIFC bit in the 15R register of the P&T -488. 

Another 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 PNT 488 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 anyone of the routines TALK, 
CNTRL or LlSTN are executed, but not otherwise. The P&T -488 interface card can be 
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se t up to issue an inter rupt to the 5 -100 s ys tem upon thi sand othe r condition s, but mo st 
customers have stated very explicitly that they do not 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 Control, DINK will print a message on the console informing 
the use r 0 f thi s fac t and will then call the routine XC T R L in P NT 488. T hi s 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 
control of the bus, XCTRL will return to DINK, which in turn will ask for the next 
function code. At this point the user should select the 5HOW function (code = 5) to 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 DIN K informs him that either the 5 -100 
POC (Power-On Clear) or 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 = I) function to reset the P&T -488 to a known state. 
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(lITlD = 
(lS7E = 

(116816 = 

81126 = 

8026 = 
8029 == 
802C == 

8S2F = 
8032 = 
8035 = 
8038 == 
8(13B = 
803E = 
8041 = 
8044 = 
8047 = 
804A = 
81640 == 
8050 = 

DAS9 = 
DASC = 

0100 3IEC08 
SHn 0106165 
0106 C067S4 
01169 C079S1 
010C (1601 
SISE C02680 

0111 31EC08 

0114 97 
0115 322808 

0118 01AF05 
011B C067S4 
011E CDEC03 
16121 CAI101 
0124 3A2A08 
(1127 322908 
01lA FE41 
(l12C CA9801 
012F FE43 
(1131 CA9E01 
(1134 FE47 
16136 CAA7S1 
0139 FE49 
(l13B CAB0" 1 
(l13E FE4C 
1614(1 CAC601 
0143 FE40 
(1145 CAF601 
(1148 FE4E 
014A CA1102 
0140 FE4F 

DINK 

PROGRAM LISTING 

ORG HiJ0H 

DELCHR EQU 7FH iCHARACTER TO BE ECHOED UPON RECEIPT 
i OF A DELETE CODE (DELETE AND BACKSPACE 
i ARE THE MOST COMMON CHOICES) 

i 
CMOPT EQU 70H iPORT ADDR OF 488 COMMAND LINES 
DATPT EQU 7EH iPORT ADDR OF 488 DATA LINES . 
BUFSIZ EQU 128 iNUMBER OF BYTES IN INPUT BUFFER M8229 
i 
ENTBL EQU 8S26H jADoRESS OF FIRST ENTRY IN PNT488 JUMP TABLE 
j 

INIT EQU ENTBL 
TALK EQU ENTBL+S3H 
LlSTN EQU ENTBL+06H 
STADR EQU ENTBL+S9H 
CNTRL EQU ENTBL+0CH 
GIM EQU ENTBL+SFH 
STATE EQU ENTBL+12H 
XCTRL EQU ENTBL+15H 
SPQRY EQU ENTBL+18H 
SPSRQ EQU ENTBL+IBH 
SPREL EQU ENTBL+IEH 
PPQRY EQU ENTBL+21H 
PPREQ EQU ENTBL+24H 
PPREL EQU ENTBL+27H 
PPIDL EQU ENTBL+2AH 

EQUATES FOR CP/M CBIOS ROUTINES 
; 
CONIN EQU 
CONOUT EQU 
; 
START: LXI 

LXI 
CALL 
CALL 
MVI 
CALL 

0oA09H ;CONSOLE INPUT ROUTINE 
(loA0CH iCONSOLE OUTPUT ROUTINE 

SP,STAK ;INITIALIZE THE STACK POINTER 
B,IDMS ;PRINT 10 MESSAGE 
MSG ; 
ADRSET i SET THE LISTEN, TALK AOoR, ETC 
B,I iCLEAR 488 INTERFACE BUT DO NOT SEND IFC 
INIT 

M8229 
M8229 

M8229 
M8229 
M8229 

GET FUNCTION TO BE PERFORMED 
, 
GETFN: LXI SP,STAK iRE-INITIALIZE STACK POINTER (STACK WILL BE LEFT IN 

i DISARRAY IF 'ATN' IS MADE TRUE WHILE TALKING OR 
i LISTENING) MI020 

SUB A iCLEAR ECHO FLAG SO THAT UNLESS THE FLAG 
STA ECHO i I S SET LATER, EACH CHAR COMMUN I CATEo 

i ON THE 488 BUS IS NOT ECHOED TO THE 
i CONSOLE 

LXI B,FCNMS iSEND "FUNCTION?" MESSAGE 
CALL MSG 
CALL FILBFR iGET OPERATOR'S RESPONSE 
JZ GETFN i •• NOTHING IN BUFFER M8229 
LOA BUFBEG iLOOK AT FIRST CHARACTER 
STA FCN iSAVE IT FOR LATER 
CPI 'A' 
JZ SETAoR i •• SET NEW P&T-488 ADDRESSES 
CPI 'C' 
JZ CONTRL i •• CONTROLLER 
CPI 'G' 
JZ GIMSET i •• SET GIM LINES 
CPI 'I' 
JZ INITL i •• INITIALIZE 
CPI 'L' 
JZ LSN i •• L1 STEN 
CPI 'M' 
JZ PIDL i •• PUT PP IN IDLE STATE 
CPI 'N' 
JZ PNSET i •• SET 1ST,"" 
CPI '0' 
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"14F CA"B"2 
"152 FE5(1 
"154 CAFC"I 
"157 FE51 
"159 CAA8"3 
"15C FE52 
"15E CAI7(12 
"161 FE53 
"163 CA2""2 
"166 FE54 
"168 CAA7"2 
"16B FE56 
(1160 CAAI"2 
"17" "I FB"4 
"173 CD72"4 
"176 C311 "I 

(1179 "182"4 
"17C CD67"4 
"17F CDEC"3 
"182 78 
"183 FE"5 
"185 F291"1 
"188 "IC305 
018B CD67"4 
018E C3790' 1 

(1191 212A08 
"194 CD2F8" 
0197 C9 

"198 CD790'1 
019B C311"1 

019E CDF6"2 
"IAI CD3280 
"1M C31101 

01A7 CDDD02 
"1M CD358" 
"lAD C311"1 

(lIB" fl1E80'5 
"IB3 CD67"4 "1 B6 CDC HJ2 
" 1 B9 "6" I 
"IBB CACOOI 
"lBE "6"0' 
"IC" CD268" 
"IC3 C311"1 

"lC6 3EFF 
"lC8 3228"8 
"ICB "18E"5 
"ICE CD67"4 "10 1 CDC1"2 
0'104 C2E80'1 
"107 3EOO 
"109 "1160'3 
"lDC CD2C8f1 
"lDF "187"5 
"IE2 CD720'4 
fllE5 C311"1 

"1 Ea 3E"2 
"1 EA "116"3 
"1 EO CD2C8f1 
0'IF" CD75"4 
"IF3 C311"1 

"1 F6 CD5"8f1 
"lF9 C311"1 

i 

JZ 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
LXI 
CALL 
JMP 

ADRSET: LXI 
CALL 
CALL 
MaV 
CPI 
JP 
LXI 
CALL 
JMP 

; 
SET1: LXI 

CALL 
RET 

SETADR: CALL 
Jf.P 

; 
CONTRL: CALL 

CALL 
JMP 

; 
G I MSET: CALL 

CALL 
JMP 

; 
INITL: 

NOIFC: 

; 
LSN: 

; 

LXI 
CALL 
CALL 
MVI 
JZ 
MYI 
CALL 
Jf.P 

MYI 
STA 
LXI 
CALL 
CALL 
JNZ 
MYI 
LXI 
CALL 
LXI 
CALL 
JMP 

LSN1: MYI 

; 

LXI 
CALL 
CALL 
JMP 

PIDL: CALL 
JMP 

PSET i •• SET IST=1 
'PI 
PPOLL ; •• DO A PARALLEL POLL 
'Q' 
QRY ; •• DO A SERIAL POLL QUERY 
'R' 
REQ ; •• 00 A SERVICE REQUEST 
IS' 
SHO ; •• SHO THE STATE OF THE P&T-488 
'T' 
TALKR ; •• TALK 
'V' 
SREL ; •• RELEASE SRQ LINE 
B,BADMS ;PRINT "INVALID FCN" MESSAGE 
MSGCR 
GETFN ;GET FUNCTION AGAIN 

B,ADRMS ;SEND "GET ADDRESSES" MESSAGE 
MSG 
FILBFR ;GET RESPONSE AND PUT IN BUFFER 
A,B ;MAKE SURE THAT THERE ARE AT LEAST 5 
5 ; CHARACTERS IN THE RESPONSE 
SETI ; •• 5 OR MORE CHARS 
B,FEWMS ;PRINT TOO FEW CHARS IN BUFFER MESSAGE 
MSG ; 
ADRSET ;AND GET THE INFO AGAIN 

H,BUFBEG ;SET UP P&T 488 LISTEN, TALK ADDRESSES 
STADR ;PERFORM THE FUNCTION 

ADRSET ;SET THE LISTEN; TALK ADOR, ETC 
GETFN 

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

GETCHR ;GET THE OiARACTER 
GIM 
GETFN 

B,IFCMS 
MSG 
YESNO 
B,1 
NOIFC 
B," 
INIT 
GETFN 

A,raFFH 
ECHO 
B,EOSMS 
MSG 
YESNO 
LSNI 
A," 
B,JTBL 
LISTN 

;ASK IF IFC TO BE SENT 

;GET RESPONSE (ZERO FLAG SET IF NO) 
;SET UP FOR NO IFC 
; •• NO, SO DO NOT SEND IFC 
; •• YES, SO SEND IFC 

; SET ECHO FLAG SO THAT EACH CHARACTER I S 
; SHOWN ON THE CONSOLE 
;PRINT "STOP ON EOS?" 
; 
;GET THE RESPONSE 
; •• STOP ON EOS BYTE 
;NON-BUFFERED LISTENER, IGNORE EOS BYTE 
;8C POINT TO USER JUMP TABLE 

B,ENOMS ;SHOW THAT AN END MESSAGE HAS BEEN RECEIVED 
MSGCR 
GETFN 

A,2 iNON-BUFFERED LISTENER, STOP ON EOS BYTE 
B,JTBL ;POINT BC TO USER JUMP TABLE 
LISTN 
CRLF 
GETFN 

PPIDL ;PUT PP IN IDLE STATE 
GETFN 
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; 
{llFC C0478{1 PPOLL: CALL PPQRY iPERFORM A PARALLEL POLL 
{llFF C046/i14 CALL HEXO ;PRINT THE RESPONSE 
{l2{12 {l175/i16 LXI B,PPMS 
{l2{15 C072{14 CALL MSGCR iAND 10 
{l2{18 C311 {II JMP GETFN 

; 
{l2{1B C04A8{I PSET: CALL PPREQ iSET"IST" TRUE AND UPDATE PARALLEL POLL 
(l2{1E C31 H" JMP GETFN ; RESPONSE REGISTER 

; 
{l211 C04D8{I PNSET: CALL PPREL iSET "1ST" FALSE AND UPDATE PARALLEL POLL 
{l214 C31 HJ1 JMP GETFN j RESPONSE REGISTER 

j 

{l21 7 {Ill 6!13 REQ: LXI B,JTBL jPOINT TO USER JUMP TABLE 
{l21A C0418(1 CALL SPSRQ jPERFORM THE FUNCTION 
(1210 C311{11 JMP GETFN 

j 

{l22{1 CD388(1 SHQ: CALL STATE iGET THE STATE OF THE P&T-488 
{l223 C046/i14 CALL HEXO jPRINT VALUE IN REG A IN HEX 
{l226 01D8/i16 LXI B,S/ilMSG jPRINT "ABBR. STATE" MESSAGE 
{l229 C07204 CALL MSGCR 
{l22C 7E MeV A,M 
{l22D C046/i14 CALL HEXO jPRINT HEX VALUE OF THE STATE BYTE 
023(1 01F5{16 LXI B,SlMSG 
!l233 CD7204 CALL MSGCR 
0236 23 INX H jPOINT TO THE NEXT STATE BYTE 
{l237 7E MaV A,M 
{l238 CD46/i14 CALL HEXO jPRINT HEX VALUE OF THE STATE BYTE 
{l23B 0105{tJ7 LXI B,S2MSG 
(l23E C072/i14 CALL MSGCR 
0241 23 INX H jPOINT TO THE NEXT STATE BYTE 
{l242 7E MeV A,M 
0243 CD46/i14 CALL HEXO ;PRINT HEX VALUE OF THE STATE BYTE 
0246 /iI 117{tJ7 LXI B,S3MSG 
{l249 C072r14 CALL MSGCR 
024C 23 INX H ;POINT TO THE NEXT STATE BYTE 
{l24D 7E MeV A,M 
{l24E CD4604 CALL HEXO iPRINT HEX' VALUE OF THE STATE BYTE 
0251 /il132(17 LXI B,S4MSG 
{l254 CD72(14 CALL MSGCR 
(1257 23 INX H jPOINT TO THE NEXT STATE BYTE 
{l258 7E MeV A,M 
(1259 CD46/i14 CALL HEXO jPRINT HEX VALUE OF THE STATE BYTE 
{l25C /il14A{tJ7 LXI B,SSMSG 
{l25F C072{14 CALL' MSGCR 
{l262 23 INX H j PO I NT TO THE NEXT STATE BYTE 
{l263 7E MeV A,M 
{l264 CD46r14 CALL HEXO jPRINT HEX VALUE OF THE STATE BYTE 
{l267 {l163{tJ7 LXI B,S6MSG 
{l26A C072/i14 CALL MSGCR 
{l26D 23 INX H ;POINT TO LISTEN SECONDARY ADDRESS 
{l26E 7E MeV A,M 
{l26F C046/i14 CALL HEXO 
{l272 {II {I9/i16 LXI B,LSMSG 
{l275 CD72/i14 CALL MSGCR 
{l278 23 INX H jPOINT TO TALK SECONDARY ADDRESS 
(1279 7E MeV A,M 
/il27A CD46/i14 CALL HEXO 
/il27D {llFC{tJ7 LXI B,TSMSG 
{l28(1 C072/i14 CALL MSGCR 
{l283 DB7D IN CMDPT jSHOW WHAT'S ON THE 488 COMMAND LINES 
(1285 2F CMA 
(1286 CD46/i14 CALL HEXO 
{l289 /il137(15 LXI B,CLMS 
{l28C C072/i14 CALL MSGCR 
{l28F DB7E IN DATPT iAND THEN WHAT'S ON THE 488 DATA LINES 
{l291 2F CMA 
{l292 CD46/i14 CALL HEXO 
{l295 (l16C{i5 LXI B,DLMS 
{l298 CD72/i14 CALL MSGCR 
{l29B CD751i14 CALL CRLF iPUT IN AN EXTRA CARRIAGE RETURN-LINE FEED 
(l29E C311 /ill JMP GETFN ;GET ANOTHER FUNCTION 
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; 
02Al C044S'" SREL: CALL SPREL ;RELEASE SRQ, PUT SR FCN IN NPRS 
"'2A4 C311"'1 JMP GETFN ;GET ANOTHER FUNCTION 

; 
02A7 01AB"'7 TALKR: LXI B,TLKMS ;PRINT "SEND END WITH LAST CHAR" 
"'2M C067"'4 CALL MSG 
"'2AD CDC 1 "'2 CALL YESNO 
"'2B0 3E0'" MVI A,'" ; SET FLAG FOR NO END 
"'2B2 CAB6"'2 JZ NOEOI 
"'2B5 3C INR A ;SET FLAG FOR END 
02B6 F5 NOEOI: PUSH PSW ;SAVE END FLAG 
"'2B7 COF6"'2 CALL GETSTR ;FILL BUFFER AND SET POINTERS 
02BA Fl pop PSW ;GET END FLAG AGAIN 
02BB C02980 CALL TALK ;PERFORM THE FUNCTION 
02BE C311"'1 JMP GETFN ;GET ANOTHER FUNCTION FROM THE OPERATOR 

; 
f32Cl COEC"'3 YESNO: CALL FILBFR 
02C4 CAD2"'2 JZ YESNI ; •• BUFFER EMPTY - INVALID RESPONSE M8229 
"'2C7 3A2A"'S LOA BUFBEG ;GET THE FIRST CHARACTER 
02CA FE59 CPI 'V' ; IS IT YES? 
"'2CC CADB"'2 JZ COK ; •• CHARACTER OK 
02CF FE4E CPt 'N' ; IS IT NO? 
"'201 C8 RZ ; CHARACTER OK 
0202 012000 YESN1: LXI B,NOGUD ;INVALID RESPONSE MS229 
0205 C072"'4 CALL MSGCR 
0208 C3C102 JMP YESNO ;TRY AGAIN 

; 
02DB B7 COK: ~A A ;UNSET THE ZERO FLAG 
"'2DC C9 RET 

; 
0200 0125"'5 GETCHR: LXI B,CHRMS ;PRINT CHARACTER PROMPT 
"'2E'" C067"'4 CALL MSG 
02E3 COEC03 CALL FILBFR ;GET THE CHARACTER 
02E6 C2F2"'2 JNZ GETCHI ; •• AT LEAST ONE CHARACTER IS IN THE BUFFER M8229 
02E9 "lC3VJ5 LXI B,FEWMS ;POINT TO 'TOO FEW' MSG M8229 
"'2EC C072VJ4 CALL MSGCR ; THEN PRINT IT M8229 
02EF C3DD02 JMP GETCHR ;AND GET INFO FROM USER AGAIN M8229 

; 
02F2 3A2A08 GETCH1: LDA BUFBEG ;PUT FIRST CHARACTER IN REG A M8229 
02F5 C9 RET 

; 
VJ2F6 VJI9Cf/J7 GETSTR: LXI B,STRMS ;PRINT STRING PROMPT 
02F9 C07204 CALL MSGCR 
VJ2FC COEC"'3 CALL F1.LBFR ;GET A CHAR STRING FROM THE OPERATOR 
f/J2FF C20B"'3 JNZ GETS 1 ; •• AT LEAST ONE CHARACTER IS IN THE BUFFER M8229 
"3VJ2 01C3"5 LXI B,FEWMS ;POINT TO 'TOO FEW' MSG M8229 
03f/J5 C07204 CALL MSGCR ; THEN PRINT IT M8229 
"3VJ8 C3F6"2 JMP GETSTR ;AND GET INFO FROM USER AGAIN M8229 

; 
f33f/JB 2AAA"'8 GETS1: LHLD BUFPTR ;PUT ADDR OF LAST VALID CHAR IN HL M8229 
f/J30E EB XCHG ;PUT ADOR OF LAST VALID CHAR IN DE 
03"F 212A08 LXI H,BUFBEG ;LOAD HL WITH ADDRESS OF FIRST CHAR 
f/J312 f/J116f/J3 LXI B,JTBL ; LOAD BC WITH BEG I NN I NG ADOR OF JUMP TABLE 
0315 C9 RET 

USER-SUPPLIED JUMP TABLE 
; 

"316 C331"3 JTBL: JMP TRGR 
"'319 C338f/J3 JMP DVCL 
"31C C33F03 JMP BFL 
031F C34803 Jt4=' ICLR 
"322 C35103 JMP BRK 
f/J325 C37903 JMP NLS 
f/J328 C3A203 JMP SREQ 
"'32B C38203 JMP POCRST 
032E C38BI:l3 JMP XTN 

; 
0331 01CFf7 TRGR: LXI B,TMS ;PRINT TRIGGER MESSAGE 
f/J334 C072f/J4 CALL MSGCR 
0337 C9 RET 
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lif338 lif17BfiJ5 DVCL: LXI B,DVMS ;PRINT DEVICE CLEAR MESSAGE 
fiJ33B CD72(64 CALL MSGCR 
1if33E C9 RET 

; 
lif33F fiJ 113"5 9FL: LXI 9,eMS ;WE SHOULD NEVER REACH THIS POINT, BUT 
(6342 CD72fiJ4 CALL MSGCR IF WE DO, PRINT MESSAGE 
"345 C311 "1 JMP GETFN 

; 
"348 (61F8"5 ICLR: LXI B,IFMS ;PRINT INTERFACE CLEAR MESSAGE 
(634B CD72fiJ4 CALL MSGCR 
1if34E C311 "1 Jt-P GETFN ;ASK FOR NEW FUNCTION 

; 
"351 47 BRK: MaV B,A ;SAVE LAST CHAR COMMUNICATED ON 488 BUS 
fiJ352 3A28fiJ8 LOA ECHO ;LOOK AT THE ECHO FLAG 
"355 B7 ORA A 
fiJ356 78 MaV A,B ;GET THE LAST CHAR AGAIN 
fiJ357 C8 RZ ; •• ECHO FCN NOT ENABLED, SO DON'T PRINT 

; THE CHARACTER 
fiJ358 FE2" CPI 2r.JH ;CONTROL CHARACTER? 
"35A 0275"3 JNC Noree ; •• NO 
fiJ350 FE"9 CPI (69H ;TAB? 
"35F CA751if3 JZ Noree ; •• YES, SO PRINT AS IS 
"362 FE"A CPI "AH ;LINE FEED? 
"364 CA75"3 JZ NOTCC 
"367 FEIifD CPI IifDH ;CARRIAGE RETURN? 
"369 CA751if3 JZ NOTCC 
"36C F64" ORI 4"H ; MAKE THE CHAR I NTO A PR I NT I NG CHAR 
"36E F5 PUSH PSW ;SAVE THE CHARACTER 
1if36F 3E5E MVI A, 't' ;PRINT UPARROW TO FLAG IT AS A 
"371 COEC08 CALL PRT ; CONTROL CHARACTER 
1if374 F 1 POP PSW 
"375 COEC(18 NOTCC: CALL PRT ; PR I NT THE CHARACTER 
1if378 C9 RET 

; 
"379 "1221if6 NLS: LXI B,Nt.MS ;PRINT NO LISTENER MESSAGE 
"37C CD721if4 CALL MSGCR 
1if37F C31l'" JMP GETFN ;ASK FOR NEW FUNCTION 

; 
"382 RJ1651if6 POCRST: LXI 8,POCMS ;PRINT S-lRJ1if RESET!POWER-oN ClEAR 
1if385 CD 72fiJ4 CALL MSGCR 
"388 C311 "1 JMP GETFN ;ASK FOR NEW FUNCTION 

; 
"388 IiJ 113fiJ8 XTN: LXI B ,XTNMS ;PR I NT EXTERNAL CONTROLLER MESSAGE 
fiJ38E CD72"4 CALL MSGCR 
1if391 3EFF MYI A,"FFH ; SET ECHO FLAG SO THAT THE CONTROLLER'S 
1if393 32281if8 STA ECHO : COMMANDS ARE SHOWN ON THE CONSOLE 
1if396 fiJ1161if3 LXI B,JTBL ;POINT TO USER JUMP TABLE 
"399 CD3B8" CALL XCTRL ;00 WHATEVER THE CONTROLLER SAYS 
"39C CD75"4 CALL CRLF 
1if39F C311 fiJI JMP GETFN ; ASK FOR NEW FUNCT I ON 

; 
"3A2 fiJ179(17 SREQ: LXI 9,SRQMS ;PRINT "DEVICE REQUESTING SERVICE" MSG 
fiJ3A5 C072fiJ4 CALL MSGCR 
Iif3A8 3EFF QRY: MYI A,"FFH ;SET ECHO SO THAT THE SERIAL POLL IS 
"3M 3228"8 STA ECHO ; SHOWN ON THE CONSOLE 
"3AD COF61if2 CALL GETSTR ;GET STRING OF 488 DEVICES TO BE POLLED 

"3B" CD3E8" CALL SPQRY ,FINO OUT WHICH DEVICE WANTS SERVICE 
1if383 C0751if4 CALL CRLF ,TERMINATE THE ECHOED POLL WITH CRLF 
"386 B7 ORA A ;SEE IF ANY AFFIRMATIVE RESPONSE 
Iif3B7 CACDfJ3 JZ AFIRM ; •• YES 
fiJ38A "13EIif6 LXI B,NORS? ;PRINT "NO RESPONDING DEVICE" 
Iif3BD CD72fiJ4 CALL MSGCR 
"3CfiJ "10087 LXI B,TRYAGN ;ASK IF WANT TO TRY AGAIN 
fiJ3C3 C0721if4 CALL MSGCR 
1if3C6 COC11if2 CALL YESNO 
fiJ3C9 C8 RZ 
"3CA C3A21if3 JMP SREQ , •• YES, SO REDO SERIAL POLL 

; 
"3CO C5 AFIRM: PUSH B ;SAVE RESPONSE BYTE 
fiJ3CE E5 PUSH H ,SAVE ADOR OF RESPONDING DEVICES TALK ADOR 
Iif3CF 01B3"6 LXI 8,RSPMS ;PRINT "REQUESTING DEVICE IS " 
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~3D2 a:l67~4 CALL MSG 
~3D5 El POP H ;GET ADDR OF TALK ADDR AGAIN 
~3D6 7E MOV A,M ;PUT DEVICE'S ADDRESS IN A REGISTER 
0'307 CDEC"a CALL PRT ;PRINT THE DEVICE'S TALK ADDR . 
~3DA a:l75~4 CALL CRLF ;TERMINATE WITH A NEW LINE 
"300 "191~6 LXI B,RSBMS ;PRINT RESPONSE BYTE MESSAGE 
~3E~ a:l67~4 CALL MSG 
03E3 Cl POP B ;PRINT VALUE OF RESPONSE BYTE IN HEX 
~3E4 78 MOV A,B 
03E5 CD46~4 CALL HEXO 
~3E8 a:l75"4 CALL CRLF ;FINISH WITH CRLF 
03EB C9 RET 

; 
FILBFR: 

13lEC ~6"1 FILl: MVI B,1 ;RESET CHARACTER COUNT TO ZERO 
~3EE 212A"8 LXI H,BUFBEG ; AND POINTER TO BEGINNING OF BUFFER 
03Fl CDFB~ FIL2: CALL KBIN ;GET A CHARACTER FROM THE KEYBOARD 
"3F4 77 MOV M,A ;PUT IT INTO THE BUFFER 
13lF5 FEOO CPI OOH ;CARRIAGE RETURN? 
0'3F7 CA2D0'4 JZ FILXIT ; •• YES, SO QUIT ALREADY 
133FA FEI8 CPI 18H ;CONTROL X (CANCEL)? 
~3FC C2~A0'4 JNZ NOTX 
~3FF 3E23 MVI A, 'I' ;PRINT OCTOTHORPE AS CANCEL CHARACTER 
~~1 CDEC~a CALL PRT 
"4"4 CD75"4 CALL CRLF ;00 A CARRIAGE RETURN AND LINE FEED 
~"7 C3EC0'3 JMP FILl ;RESTART BUFFER FILL PROCESS 

; 
,,4"A FE7F NOTX: CPI 7FH ;DELETE? 
~OC C2210'4 JNZ NOTO 
"413F 3E7F MVI A,DELCHR ;ECHO THE DELETE CHARACTER 
~4 II CDEC"8 CALL PRT 
0'414 2B DCX H ;DECREMENT BUFFER POINTeR (TO DELETE CHAR) 
"415 0'5 OCR B ;DECREMENT CHARACTER COUNT 
0'416 C2Fl"3 JNZ FIL2 ;GET NEXT CHAR 
~419 3E"7 MVI A,7 ;DELETED MORE CHARS THAN IN BUFFER 

; SO RING BELL 
"41B CDE~a CALL PRT 
0'4 I E C3EC"3 JMP FILl ;RE-START BUFFER FILL ROUTINE 

; 
0'421 FEIB NOTD: CPI IBH ; ESCAPE? 
"423 C236~ JNZ NESC ; •• NO 
0'426 CDFB0a CALL KBIN ;GET ANOTHER CHARACTER AND PUT IT IN M8229 
0'429 77 MaV M,A ; THE BUFFER IN PLACE OF THE ESCAPE M8229 
"42A C336"4 JMP NESC ; WITHOUT REGARD TO WHAT THE CHAR IS M8229 

; 
"420 2B FILXIT: OCX H ;POINT TO LAST VALID CHARACTER 
~42E 22AA"a SHLD BUFPTR ;UPDATE BUFFER POINTER 
0'431 CD7504 CALL CRLF ;OUTPUT A CARRIAGE RETURNANO LINE FEED MS229 
0'434 0'5 OCR B ; SET ZERO FLAG I F BUFFER EMPTY M8229 
"435 C9 RET 

; 
0'436 23 NESC: INX H ; I NCREMENT BUFFER PO INTER 
"437 4F MaV C,A ; SAVE CHARACTER MS229 
"438 04 Iffi B ; INCREMENT CHARACTER COUNT 
"439 3ES13 MVI A,BUFSIZ ;SEE IF BUFFER OVERFLOWED MS229 
0'43B BS CMP B ; M8229 
0'43C 79 MaV A,C ; GET THE CHARACTER AGA I N MS229 
0'430 CA2D94 JZ FILXIT ; •• BUFFER FULL, SO RETURN TO CALLER 
0'440' CDEC0'S CALL PRT ; ECHO THE CHARACTER ON THE CONSOLE 
0'443 C3FI03 JMP FIL2 ;GET NEXT CHARACTER 

; 
0'446 F5 HEXO: PUSH PSW ;SAVE THE BYTE TO BE PRINTED IN HEX 
"447 0'F RRc ;GET HIGH NIBBLE INTO LOW NIBBLE 
044S 0'F RRC 
"449 0F RRC 
0'44A 0F RRC 
0'44B a:l5S04 CALL HEXL ;PRINT THE NIBBLE (NOW LOW NIBBLE) 
044E FI POP PSW ; GET THE BYTE AGA I N 
1344F a:l5804 CALL HEXL ;PRINT THE LOW NIBBLE 
0'452 3E20' MVI A,' , ;PRINT A SPACE 
0'454 CDEC0'S CALL PRT 
0457 C9 RET 
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; 
0458 E60F HEXL: ANI 
045A F630 ORI 
045C FE3A CPI 
045E DA6304 JC 
0461 C6117 ADI 
0463 CDECS8 NUM: CALL 
0466 C9 RET 

; 
0467 0A MSG: LDAX 
S468 CDEC08 CALL 
046B E680 ANI 
0460 03 INX 
046E CA671iJ4 JZ 
0471 C9 RET 

; 
0472 CD671iJ4 MSGCR: CALL 
0475 F5 CRLF: PUSH 
0476 3EOO MVI 
0478 COEC08 CALL 
047B 3ESA MYI 
0470 CDECS8 CALL 
0480 FI POP 
0481 C9 RET 

0482 SDSA456E74ADRMS: DB 
04AC 2iJ50617261 DB 
04C5 5365726961 DB 
S4EE 28454F5329 DB 
04FB 00"A494E56BADMS: DB 
"513 4C49535445BMS: DB 
0525 456E746572CHRMS: DB 
0537 3438382S43CLMS: DB 
056C 3438382044DLMS: DB 
057B 4445564943DVMS: DB 
0587 00"A3C454EENDMS: DB 
858E 5265747572EOSMS: DB 
85AF 456E746572FCNMS: DB 
85C3 546F6F2066FEWMS: DB 
0506 008A44494EIDMS: DB 
85E8 53656E64281FCMS: DB 
85F8 008A494E54I FMS: DB 
8689 4C69737465LSMSG: DB 
0622 4E4F2IiJ4C49NLMS: DB 
8620 OO"A592"6FNQGUD: DB 
063E 4E6F286166NORSP: DB 
0665 008A5"4F43POCMS: DB 
11675 5116172616CPPMS: DB 
11691 5468652876RSBMS: DB 
06B3 54686521134RSPMS: DB 
0608 4162627265SSMSG: DB 
06F5 54616C6B211S1MSG: DB 
11705 4C69737465S2MSG: DB 
11717 5365727669S3MSG: DB 
0732 52656D6F74S4MSG: DB 
1174A 5116J72616CS5MSG: DB 
8763 436F6E7472S6MSG: DB 
11779 41211343838SRQMS: DB 
079C 456E746572STRMS: DB 
I17AB 53656E642I1TLKMS: DB 
~7CF 4445564943TMS: DB 
11700 54727921161TRYAGN: DB 
~7FC 54616C6B28TSMSG: DB 
~813 OO"A455854XTNMS: DB 

; 
11828 SII ECHO: DB 

0829 'III FeN: DB 
; 

'1S2A BUFBEG: OS 
SBAA 2AS8 BUFPTR: OW 

~FH ;STRIP HIGH NIBBLE 
30H ;CONVERT TO PRINTING CHARACTERS 
': ' ;SEE IF VALUE GREATER THAN 9 
NUM ; •• NO 
7 ; •• YES, SO ADD OFFSET TO GET A-F 
PRT ;PRINT THE CHARACTER 

B 
PRT ;PRINT MESSAGE 
811H ;SEE IF PARITY SET 
B 
MSG ; •• NO, SO PRINT SOME M<RE 

MSG ;PRINT THE MESSAGE, TERMINATE WITH CRLF 
PSW ;PRESERVE ALL REGISTERS 
A,OOH ;OUTPUT A CARRIAGE RETURN 
PRT 
A,SAH ;THEN A LINE FEED 
PRT 
PSW ;RESTORE ALL REGISTERS 

OOH, 0AH,'Enter P&T-488 Listen and Talk addresses,' 
, Parallel Poll response' ,OOH,SAH 
'Serial Poll status and the End-of-Strlng , 
'(EOS) bytes.' ,"ASH 
OOH, "AH, 'INVALID FUNCTION COOE',"ASH 
, LISTEN BUFFER FUL', IICCH 
'Enter a character',~ASH 
'488 Control Ilnes:DAV NRFD NDAC IFC ATN SRQ REN EOI' ,SA"H 
'488 Data Ilnes',~ASH 
'DEV ICE CLEA', 002H 
OOH, "AH.'<END'.8BEH 

DINK 

'Return upon receipt of EOS byte?' ,SASH M8229 
'Enter function code' ,"A8H 
'Too few characters' ."ASH M8229 
OOH. "AM, 'DINK 1-2-88' ,OOH,8AH M18211 
'Send IFC (Y/N)?',SASH 
OOH, "AM,' I NTERF ACE CLEA'. 002H 
'Listen Secondary Address' ,0A8H 
'NO LISTENE', 002H 
OOH,~AH,'Y or N ONLYII!',~A0H 
'NO affirmative response to Serial Poll' ,~ASH 
OOH,SAH, 'POC/RESET lRU', rlJC5H 
'Paral lei Poll Response byte' ,~A"H 
'The value of the response byte Is' ,~A"H 
'The 488 device requesting service Is' ,SA8H 
'Abbreviated State of P&T-488',~A8H 
'Talk State byte' ,8A"H 
'Listen State byte',SASH 
'Service Request State byte',~A8H 
'Remote-Local State byte',SASH 
'Parallel Poll State byte',SA"H 
'Controller State byte' ,SA0H 
'A 488 device Is requesting service',~ASH 
'Enter a strlng',SASH 
'Send END with last character (YIN)?', SA8H 
'DEV ICE lRIGGE', rm2H 
'Try another Serial Pol I (Y/N)?',SA8H 
'Talk Secondary Address' ,"ASH 
I3DH,SAM,'EXTERNAL CONTROLLE' ,802H 

S ;ECHO FLAG. I F II DO NOT PR I NT CHAR EACH 
; TIME BRK IS CALLED 

~ ;AREA TO SAVE FUNCTION CODE 

BUFSIZ ; STR I NG BUFFER 
BUFBEG ; STR I NG BUFFER PO 1 NTER 
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!IlSAC 

gaEC E5 
liJaED 05 
gaEE C5 
liJaEF F5 
!Il8F!Il E67F 
!IlaF2 4F 
gaF3 CDliJCDA 
!IlSF6 FI 
gaF7 CI 
liJaF8 01 
!IlaF9 EI 
gaFA C9 

gSFB E5 
gaFC 05 
!Il8FD C5 
gaFE CD09DA 

g9111 E67F 
liJ9g3 CI 
g9lJ4 01 
g9liJ5 EI 
g9g6 C9 

G9g'7 

os 640 ;STACK AREA 
STAK: 

; 

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. 

SIMILARY, IT IS 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 UNAFFECTED 

AN EXAMPLE OF PRT WRITTEN TO USE CP/M'S 
CONSOLE OUTPUT ROUTINE IN CBIOS 

NOTE: THE STARTING ADDRESSES OF CONOUT AND CONIN CAN BE 
FOUND IN THE FOLLOWING MANNER: 
I. GET THE ADDRESS STORED IN THE WORD AT LOCATION 0!IlGl 

(LOW BYTE OF ADDR IN GG!IlI, HIGH BYTE IN ggg2) 
2. ADD 6 TO THAT ADDRESS. THE RESULT IS THE ADDRESS OF 

A JUMP TO THE ROUTINE CONIN. 
3. ADD 3 TO THE ADDRESS CALCULATED FOR CONIN. THIS IS 

THE ADDRESS OF A JUMP TO THE ROUTINE CONCUT. 

PRT: PUSH H 
PUSH 0 
PUSH B 
PUSH PSW ;SAVE ALL REGISTERS 
ANI 7FH ;STRIP PARITY BIT 
MeV C,A ; PUT CHAR I NTO REG C AS NEEDED BY CBIOS 
CALL CONOUT ;OUTPUT THE CHARACTER 
POP PSW ;RESTORE REGISTERS 
POP B 
POP 0 
Pop H 
RET 

AN EXAMPLE OF KBIN WRITTEN TO USE CBIOS CONSOLE 
INPUT ROUTINE 

; 
KBIN: PUSH H ;SAVE REGISTERS 

PUSH 0 
PUSH B 
CALL CONIN ;GET THE CHAR (CP/M RETURNS WITH CHAR 

; IN REG Al 
ANI 7FH ;STRIP PARITY BIT 
POP B ;RESTORE REGISTERS 
POP 0 
POP H 
RET 

END IliJGH 
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SYMBOL TABLE 

"482 ADRMS "179 AORSET "3CO AFIRM "4FB BAOMS 1133F BFL 
"513 BMS "351 8RK "82A BUFBEG "8AA BUFPTR ""8" BUFSIZ 
"525 CI-RMS "537 CLMS "1110 CMOPT 8!132 CNTRL "2DB COl< 
DA"9 CONIN DAIiJC CONOUT "19E CONlRL "475 mLF !l"7E DATPT 
!IITlF DELCI-R !l56C OLMS 11338 OVCL "57B OVMS "828 ECHO 
"587 ENDMS 8"26 ENTBL "58E EOSMS !l829 FCN !l5AF FCr-MS 
!l5C3 FEWMS 113EC FILl 113Fl FIL2 "3EC F I LBFR 11420 FILXIT 
"2F2 GETOf 1 "200 GETCHR "111 GETFN "3iJB GETS 1 !l2F6 GETSTR 
8!135 GIM "IA7 GIMSET "458 HEXL 11446 HEXO 11348 ICLR 
"506 IOMS "5E8 IFCMS !l5F8 IFMS 8"26 INIT !lIB" INITL 
11316 JTBL "8FB KBIN 8112C LISTN 116"9 LSMSG "lC6 LSN 
1/J1E8 LSNI "467 MSG 11472 MSGCR 11436 NESC 11622 NLMS 
11379 NLS I12B6 NOEOI "620 NOGUO "IC" NOIFC "63E N<RSP 
"375 NOTCC 11421 NOTO II4IM NOTX 11463 NUM 1I1F6 PloL 
11211 PNSET 11665 POCMS 11382 POCRST 8115" PP I OL 11675 PPMS 
1I1FC PPOLL 81/J47 PPQRY 8"4D PPREL 8114A PPREQ !l8EC PRT 
I12!lB PSET 113A8 QRY 11217 REQ 1/J691 RSBMS 11683 RSPMS 
"608 SaMSG 116F5 SIMSG 117115 S2MSG 11717 S:3MSG 11132 S4MSG 
1174A SSMSG 11763 S6MSG "191 SETI 11198 SETAOR 1122" SHO 
8"3E SPQRY 8"44 SPREL 8"41 SPSRQ "2Al SREL "3A2 SREQ 
11779 SRf1<4S 8112F STADR !l8EC STAK "1"" START 81138 STATE 
"79C STRMS 81129 TALK "2A7 TALKR "7AB TLKMS "7CF lMS 
11331 lRGR 11700 lRYAGN I17FC TSMSG 8"3B XClRL 11388 XTN 
"813 XTNMS "202 YESNI "2Cl YESNO 
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UNOFFICIAL PHRASEBOOK 
IEEE 488 to ENGLISH 

488 PH RASE BOO K 

IE E E used the following conventions when they assigned the names used in 
the standard: 

Lower Case 
device and 

names are associated 
its interface; they 

with local messages (messages between a 
MIGHT NOT appear on the 488 bus). 

Upper Case names are divided into three groups: 

One or two letters name interface functions, 

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

Four letter names ·ending in "5" identify the state of an interface 
function. 

The numbers following an entry are the pages of the IEEE Standard (Apr 4,1975) 
which give further information. 

ACDS ACcept Data State 
21,22 

ACG Addressed Command Group - multiline messages (1I11-IIF Hex) which affect 
only addressed devices. The messages GTL (Go To Local), SOC (Selective 
Device Clear), PPC (Parallel Poll Configure) and GET (Group Execute 
T rigger) operate only on devices in the LADS (Listener Addressed) state. 
TCT (Take Control) operates on the device in the TAOS (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 appea.ring on the eight data lines of the 188 bus (i.e., 
multiline messages). The DAY (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 
Oat a) lin e, and t h at it has r e c e i v edt hem e s s age b y ass e r t in g a I' ass i v e 
fal se on the NDAC (Not Data Accepted) line. Note that it is illegal for the 
AH to assert both NDAC and NRFD passive false simultaneously. 
20 
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Active False - an active false message asserted on the 488 bus is one in which it 
is guaranteed that a false value 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 

Active True - a message which when asserted on the 488 bus is guaranteed to be 
received as true. It overrides a passive fal se. The standard is 
constructed so that it is not possible for an active true and an active fal se 
me ssage to be asse rted on the bus at the same time. 
16 

AIDS ACceptor Idle State 
20, 21 

ANRS Acceptor Not Ready State 
20,21 

APRS Affirmative Poll Response State 
32 

ATN ATtentioN a uniline remote message indicating that a Controller is sending 
commands (as contrasted to a Ta.lker sending da.ta) over the eight data (010) 
lines. 
19,21,24,29,35,41,48,75-76 

AWNS Acceptor Wait for New cycle State 
21,22 

. C Controller interface function - the interface function which allows a device 
to send device addresses, universal commands and addressed commands over 
the 488 bus. It also allows the device to conduct a Parallel Poll to 
determine which device needs service. 
41 

CACS Controller ACtive State 
41,42 

CADS Controller ADdressed State 
41,42 

CAWS Controller Active Wait State 
41,43 

CIDS Controller IDle State 
41 

CPPS Controller Pa.rallel Poll State 
41,43 

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

CSNS Controller Service Not requested State 
41,44 

CSRS Controller Service Requested State 
41,44 

CSWS Controller 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 
data (DIO) lines 

DAC 

25,48,75-76 

Data ACcepted - the complement appears on the NDAC line. 
for further information. 
19,22,48,75-76 

See AH, SH 

Data Byte Transfer 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 

DAV DAta Valid - a uniline message sent by the Source Handshake (SH) function 

DC 

DCAS 

DCIS 

over the DAV line. See SHe 
48,75-76 

Device Clear interface function 
device to be cleared (initialized) 
The gro up may be either part 
system. 
37 -38 

Device Clear Active State 
38 

Device Clear Idle State 
37,38 

the interface function which allows a 
either individually or as part of a group. 
or all of the addressed devices in one 

DCL Device CLear - a multiline message (14 Hex) sent by the Controller 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). ISO codes 
Space through Underline, inclusive. (Values 20 Hex through SF Hex). 
77 
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DIOn Data Input/Output line n (n goes from 1 through 8) 
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 Idle State 
39 

END END - a uniline message sent by a Talker (EOI 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 EOS for an 
alternate way of terminating a string sent by a Talker). 
Z3,48,75-76 

EOI 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. 

EOS End Of String - a multiline messa.ge 
last byte of a string has been sent. 
what the Listener(s) recognize. 
48 

sent by a Talker to indicate that the 
Its value (ISO code) is determined by 

G en era I In t e r f ace Management lin e s - the f i v e lin e s u sed to perf 0 r m s y s t e in 
operations, such as Parallel Poll, Interface Clear, etc. Several of the 
lines are also used in data transactions: an example is EOI, which may be 
used to signal the end of a multibyte transaction. The five lines are ATN, 
EOI, IFC, REN and SRQ. 
12 

GET Group Execute Trigger a multiline message (~8 Hex) sent by the 
Controller 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 multiline message (~1 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 Controller function releases the bus so that other operations (e.g., 
a Talker sending data to Listeners) may proceed. 
41,75 
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lOY IDentifY - a uniline message sent by the Controller during a Parallel ·Poll 
telling the other devices to assert their Parallel Poll responses on the data 
bus. 
35,48,75-76 

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

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

isr individual service request - a local message sent by a device to its Parallel 
Poll interface function. If the individual status (see Distil) message is equal 
to the S (Sense) bit received as part of the most recently received PPE 
(Parallel Poll Enable) command, the PPR (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 lOY (Identify) command from the Controller. 
Alternately, 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 lOY (Identify) command from the 
Controller. See "isr". 
35-36 

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

LACS Listener ACtive State 
29-30 

(L AD) the list e n a.d d res S 0 f asp e c i f i c de vic e (r e c e i v e d a s M LA) • See II M LAn. 
43 

LADS Listener ADdressed State 
28-29 

LAG Listen Address Group - a subset of the ISO-7 codes, being characters 
S PAC E through? (2~ Hex through 3F Hex). 

LE 

LIDS 

48, 77 

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 I 

Li stener IDle State 
28-29 
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LLO Local LockOut. - a multiline command (11 Hex) sent by the Controller which 
tells all devices with the RL (Remote Local) interface function to obey 
device dependent messages sent over the 488 bus instead of their local 
controls (e.g., front panel). 
33,43,48,75-77 

LOC 5 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 

Ion 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 enable - 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 false, the device is to act as if it has 
received a PPD (Parallel Poll Disable) while in the PACS (Parallel Poll 
Addressed to Configure state) or a P PU (P arallel 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 to go from the 
Idle (LIDS) to the Addressed (LAOS) state. 
29,75 

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

L W LS Local With Lockout State 
33-34 
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MLA 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 ha.ve both an L and an LE interface function which 
respond to the same primary address. MLA must belong to the LAG (Listen 
Address Group). 
48,75-76 

MSA 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 Group). 
24,48,75-76 

MTA 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 simultaneaously 
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. 
An example is Device Clear (DCL) (14 Hex sent out on the data (0101-0108) 
lines by the Controller). 
45 

nba new byte available - a local message sent by a device to its Source 
Handshake (SH) function to inform it that another byte is available for it to 
place on the bus data (0101-0108) lines. 
19,75 

NDAC Not Data ACcepted - one line of the 488 bus which carries the complement 
of the Data ACcepted (DAC) message. It is one of the three Data Byte 
Transfer Control lines. (See DAC). 

NPRS Negative Poll Response State 
32 

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

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

OSA Other 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) 
function while it is in the LPAS (Listen Primary Addressed state). OSA 
must belong to the SCG (Secondary Command Group). 
48,75-76 
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OTA 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 

PACS Parallel poll Addressed to Configure State 
35 -36 

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

Passive 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 

PCG Primary Command Group - a subset of the ISO-7 code. It consists of all 
characters NUL through UNDERLINE (r;Jr;J Hex through 5F Hex). It includes 
all of the ACG (Addressed Command Group), UCG (Universal Command 
G r 0 up) , LAG ( Lis ten Add res s G r 0 up) and TAG (T a I k. Add res s G r 0 up) • 
35,49,75-77 

pon 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 

PP Parallel Poll interface function the function which allows a device to 
respond to a Parallel Poll from the Controller. 
35 

PPAS Parallel Poll Active State 
35-36 

PPC Parallel Poll Configure a multiline message (r;J5 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 PP.E (Parallel Poll Enable) and PPD (Parallel Poll Disable) messages 
sent by the Controller. 
35,43,75-77 

PPD Parallel Poll Disable - a multiline message (7r;J Hex) sent by the Controller 
which will place all devices in the PACS (Parallel Poll Addressed to 
Configure) state into the PPIS (Parallel Poll Idle) state. 
35,43,49,75-76 

PPE Parallel Poll Enable a multiline message (6r;J-6F Hex) sent by the 
Controller which will change all devices in the PPIS (Parallel Poll Idle) state 
to the PPSS (Parallel Poll Standby) state. It also specifies the PPRn 
(Parallel Poll Response byte) to be used and the S (Sense) of the PPR. 
The form of the message is (from most significant bit to least) 
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x f1J S P3 P2 Pl 
where X means donlt care (may be either high or low), and the binary value 
formed by P3-Pl indicates which PPRn is to be used. Note that n of PPRn 
indicates which data line is to be made active true (i.e., 0103 will be made 
active true when P PR3 is placed on the bus). 
35,43,49,75-76 

P PIS Parallel Poll Idle State 
35-36 

P PRn Parallel Poll Response n (See PPE) 
35,49,75-76 

PPSS Parallel Poll Standby State 
35 -36 

PPU Parallel Poll Unconfigure - a multiline message (15 Hex) sent by the 
Controller which takes all devices in the PPSS (Parallel Poll Standby) state 
and puts them into the PPIS (Parallel Poll Idle) state. 
35,43,49,75-77 

PUCS Parallel poll Unaddressed to Configure State 
35 -36 

rdy 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 

remote control - a device is programmed by its 488 in.terface instead of by local 
controls. An example is a DMM whose function, range selection, etc are 
selected by messages sent to it over the 488 bus. See local control for 
contrast. 
33 

REM S REMote State 
33-34 

REN Remote ENable - one of the five General Interface Management lines. 
Also, a uniline message sent by the Controller to put devices addressed as 
Listeners into the REMS (Remote) state. When the Controller makes the 
REN message false, all devices are to go to the LOCS (Local) state. 
33,42,49,75-76 

RFD Ready For Data - the complement appears on the NRFD line. This uniline 
message is used by the AH (Acceptor Handshake) function to indicate that it 
is ready to accept the next byte (multiline message). See AH for further 
information. 
19,22,49,75-76 

RL Remote Local interface function - if present it allows a device to be 
switched from local to remote control and vice versa. 
33 
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rpp request parallel poll - a local message sent to the Controller interface 
function when the device wants a Parallel Poll performed. 
41,75 

RQS ReQuest Service - the byte sent by the current Talker in response to a 
Serial Poll. Data bit 7 (0107) is true. 
23,49, 75 -76 

rsc request system control - a local message sent to the Controller interface 
function by the device when it wants to go to the SACS (System Control 
Ac ti vel state. 
41,75 

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

rtl 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 

RWLS Remote With Lockout State 
33,34 

SACS System Control Active State 
41,44 

(SAD) 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/J-7E Hex. (See SCG). 
43 

(S6A) Status Byte, service request Acknowledged. A message sent over the 488 
bus by the current Talker in response to a Serial Poll. This message 
indicates that this device was requesting service. Data bit 7 (0107) is 
true. (See RQS) 
62 

(S6N) Status Byte, service Not requested. Same as SBA but indicates that this 
device does not need service. Data bit 7 (0107) is false. 
62 

SCG Secondary Command Group. A subset of the 150-7 code consisting of 
characters ACCENT GRAVE through TILDE (6/J Hex through 7E Hex). 
Secondary Talk and Listen addresses must be selected from this group. 
(Note that DE L is not allowed as a secondary address). 
49, 77 
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SDC Selected Device Clear - a multiline message (~4 Hex) sent by the Controller 
indicating that all devices addressed as Listeners are to go into 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 

SDYS Source DelaY State 
18-19 

Secondary Commands - the commands PPE, PPD and (SAD). 
43 

SGNS Source GeNerate State 
18 -1 9 

SH Source Handshake interface function. The function used by a Talker or 
Controller to insure proper communication of multiline messages. The NRFD 
and NDAC lines are sensed to determine whether the AH (Acceptor 
Handshake) function of some "device is active (if both NRFD and NDAC are 
false simultaneously, there is no AH function on the bus, which is an 
error). The multiline message is placed on the eight data lines (0101 -DIOS) 

·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) DA V 
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 valid) then removes the data. The whole cycle is 
repeated for subsequent bytes of data. (See AH for the other half of the 
handshake cycle). 
1S 

SIAS System control Interface clear Active State 
41,44 

sic 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 
Ac tiv e) 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 

SIOS Source IDle State 
18 -1 9 

SIIS System control Interface clear Idle State 
41,44 

SINS System control Interface clear Not active State 
41,44 

SIWS Source Idle Wait State 
19-20 

SNAS System control Not Active State 
41,44 
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SPAS Serial Poll Active State 
24,26 

488 PHRASESOOK 

S PD Serial Poll Di sable - a multiline message (19 Hex) sent by the Controller. 
It informs all devices capable of being Talkers that they are to speak data 
when they are addressed to talk. (See SPE for contrast). 
43,49,75-77 

S PE 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 talk. 
See SBA, SBN, STB for further information about the status byte. 
43,49,75-77 

S PIS Serial Poll Idle State 
24,26 

5 PMS Serial Poll Mode State 
24,26 

SR Service Request interface function. This function allows a device to 
asynchronously request service from the Controller-In-Charge. 
31 

SRAS System control Remote enable Active State 
41,45 

sre send remote enable - a local message sent by a device to its Control 
interface function. It causes the function to enter the SRAS (System 
Control Remote Enable AGtive) 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 

SRIS System control Remote enable Idle State 
41,44 

SRNS System control Remote enable Not active State 
41,45 

SRQ Service ReQuest - a uniline message sent on the SRQ line by the SR 
(ServiGe Request) interface function. It is the duty of the Controller to 
provide the service needed. 
49,75-76 

SRQS ServiGe ReQuest State 
32 

STS STatus Byte. Data bits 1 through 6 and bit 8 (DI01-DI06, DI08) sent in 
response to a Serial Poll. STB is combined with RQS to form the complete 
b yt e • (S e e S B A, S B N) • 
25,49,75-76 
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STRS Source TRansfer State 
18-19 

SWNS Source Wait for New cycle State 
18 -19 

488 PHRASEBOOK 

T Talk interface function. This function allows 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 

TACS Talker ACtive State 
24,26 

(T AD) the Talk ADdress of a specific device. It is received as either My Talk 
Address (MT A) or Other Talk Address (OTA). It must be a member of the 
TAG (Talk Address Group). 
43 

T ADS Talker ADdressed State 
23-24 

TAG Talker Address Group. A subset of the '150-7 code consisting of all 
characters from @ through UNDERLINE (4~ Hex through SF Hex). The 
address ofa Talker (or the primary address of an Extended Talker) must be 

,selected from this group. Note that UNDERLINE cannot be used as an 
address J for it is reserved as the Universal Untalk command. 
49, 77 

tca take control asynchronously - a local message sent by a device to its 
Controller interface function. It causes the function to go from the CSBS 
(Controller Standby) state to the CSW 5 (Controller Synchronous Wait) state, 
where it waits for at least 500 nsec (to allow the other devices on the 488 
bus to respond to the active true assertion of the uniline message ATN), 
then proceed to the CAWS (Controller Active Wait) state. ATN is active 
true in both CSWS and CAWS. 
41,75 

tcs 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 

TCT Take ConTrol - a multiline message (1J9 Hex) sent by the Controller to 
inform the device currently addressed as a Talker that it is to become the 
Controll er - in -C harg e. 
41,43,49,75-77 
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TE Talker Extended interface function. Similar to the Talker (T) function 
except that this one 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 

TID S Talker IDle State 
23-24 

ton talk only - a local message sent by a device to its Talk interface function. 
I f IF C (In t e r fa c e C I ear) i s fal s e, the T a Ike r fun c t ion en t e r 5 the TAD S 
(Talker Addressed) state. Remember that only one Talker may be addressed 
at a time, so as long as ton is true no other device may have ton true or 
be addressed as a Talker by the Controller. 
24,75 

T PAS Talker Primary Addressed State 
24,26 

T PIS Talker Primary Idle State 
24,26 

UCG Universal Command Group - A subset of the 150-7 code consisting of all 
characters from DLE through US {1\J Hex through IF Hex). These commands 
operate upon all devices which are capable of respondin, to a Co.ntroller; 
the d e vic e s are not i n d i v i d u a II y ad d res sed. For c; 0 n t r a st see Add res 50 d 
Command Group {ACG). 
43,49,77 

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

Universal Command Group - See UC G 

UNL UNListen - a multiline message {3F Hex or the character "?") sent by the 
Controller which forces the Listen function of all devices into the LIDS 
(Listen Idle) state. 
29,43,49,75-77 

UNT UNTalk a multiline message (SF Hex or the character "_n) sent by the 
Controller which forces the Talk function of all devices into the TIDS (Talk 
Idle) state. 
49,77 
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P&T -488 Functional Test Program 

Program Notes 

The following listing of the P&T -488 Functional Test program is a version written 
to run under CP 1M (an operating system produced by Digital Research). Only these few 
things need to be changed for it to run with any specific system: 

MONITR (a name) - should be SET to the entry point of the user1s monitor 

2 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. 

3 INST AT (a routine at 03B5) The Functional Test routine CALLs the subroutine 
INSTAT. If no key has been pressed on the keyboard, INSTAT is to RETurn 
with the zero flag set. If a key has been pressed, INST AT should "check to see 
if it is a Control C. If it is a Control C, INSTAT should jump to the user1s 
monitor, otherwise it is to RETurn to the calling program with the zero flag 
cleared. 

4 BASPRT (a byte at 0103) The third byte of the Functional Test must contain the 
lowest 1/0 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 

(11(111 

(1111111 # 
(111115 I 

1111111 C3C51o!2 

ORG 

MONITR SET 
CPMIO SET 

ENTRY: J/of' 
i 

1o!1(13 7C BASPRT: DB 
111(14 (1(1 ERBYT: DB 
II 1 fiJ5 ell ERFLG: DB 
111116 (1DSA STRTMS: DB 
SI118 5S26542S34 DB 
(113(1 (1oSA DB 
(1132 0Q(1A DB 
(1134 446973636F DB 
(1162 2(17(1726513 DB 
(118(1 285468652(1 DB 
(11B2 646973636F DB 
(110(1 444154Cl DATMS: DB 
(1104 434F404041CMDMS: DB 
(11EfiJ 5(14152414CPOLMS: DB 
II1ED 494E5445521SRMS: DB 
(12(17 0DSA417474PLUGMS: DB 
(122E 3438382S43C8LMS: DB 
(1237 4558544552XIFMS: DB 
(l24F 4558544552XATMS: 08 
(1258 4E4F2(14552NOERR: 08 
fiJ266 511265421134TSTOUN: 08 
11288 2fiJ4552524F81TER: 08 
112A3 008A CRLF: 08 

(12A5 os 
STAK: 

"'(111H , iCPM RE-ENTRY POINT 
5 i CPM I /0 ROUT I NE ENTRY PO I NT 

SELFCN i GO TO SELECT FUNCT I ON ROUT I NE 

7CH 
fiJ 
fiJ 
fiJDH,SAH 

iBASE ADDR OF P&T 488 INTERFACE 
iANY BIT SET TO 1 IS IN ERROR 
;PRINT 'NO ERRORS' IF ZERO 

'P&T 488 FuncTional Test 
fiJDH,SAH 

12-211-78' 

OOH,fiJAH 
'DisconnecT al I 488 devices from P&T 488 then' ,OOH,fiJAH 
, press any key to begin tesT',lo!oH,fiJAH 
'(The power does not have to be turned off before' ,OOH,fiJAH 
'disconnecting 488 devices)' ,OOH,SAH,OOH,8AH 
'OAT' " A '+811H 
'COMMAND LIN' ,'E'+8fiJH 
'PARALLEL POL','L'+811H 
'INTERRUPT SERVICE REGISTE' ,'R'+811H 
OOH,SAH,'ATtach test plug then press any key',0DH,8AH 
'488 CABL' ,'E'+88H 
'EXTERNAL INTERFACE CLEA','R'+811H 
'EXTERNAL AT' ,'Nt+811H 
'NO ERRORS',OOH,8AH 
'P&T 488 functional test complete' ,fiJoH,8AH 
tERROR - bits in error are l ,' '+8(1H 
OOH,8AH 

2(1H ,STACK AREA 
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P&T -488 Functional Test Program 

" , 
.************************************************************* , 

; TEST EACH FUNCTION IN TURN 
; 
.************************************************************* , 
; 

!rJ2C5 31C5!rJ2 SEl.FCN: LXI SP,STAK ;SET STACK POINTER 
!rJ2C8 97 SUB A 
!rJ2C9 32~5~1 STA ERFLG ;RESET ERROR FLAG 
~2CC C039113 CAl.l. SETUP ;sET UP 488 PORT ROUTINES 
!rJ2CF 21f16!rJ 1 LXI H.STRTMs ;PRINT STARTUP MESSAGE 
!rJ2D2 C07EII3 CAl.l. PRNT8 
~D5 CDB51l3 STRTW8: CAl.l. I NsTAT ;SEE IF A KEY HAS BEEN PUSHED 
~2D8 CAD5~2 JZ STRTW8 ; •• NO, SO WAIT UNTIl. ONE IS 
~2DB COE3~3 CAl.l. DATA ; •• CHECK DATA PORT OPERATION 
~2DE 210(1(11 LXI H.DATMS 
~El COn(l3 CAl.l. ERTEST ; •• PRINT ANY NEEDED ERROR MESSAGE 
~2E4 CO(lE~4 CAl.l. CMND ; •• CHECK C(Mo1AN) PORT OPERATION 
(l2E7 2104'" LXI H.CMOMs 
rl2EA COn(l3 CAl.l. ERTEST 
~2ED C01D1fJ4 CAl.l. ?PR ; •• CHECK PARAl.l.El. POl.l. RESPONSE 
(l2FrI 21 ErI(ll LXI H.POl.MS 
"2F3 C072113 CALl. ERTEST 
rl2F6 CD37r14 CAl.l. ISRV ; •• CHECK INTERRUPT SERVICE REGISTER 
~2F9 21ED"1 l.XI H.lsRMS 
rl2FC C072~3 CAl.l. ERTEST 

~2FF 21(17112 LXI H.Pl.UGMS ;TEl.l. OPERATOR TO ATTACH Pl.UG 
1l3r12 C07E(l3 CAl.l. PRNTS 
(13"5 COB5r13 Pl.UGW8: CALl. I NSTAT ;SEE IF A KEY HAS BEEN PRESSED 
"3(18 CA!rJ5"3 JZ Pl.UGWS ; •• NO, SO WAIT UNTIl. ONE HAS BEEN 
Il3"B COA2"4 CAl.l. CBlTST ; CHECK CONT I NU I TY OF 488 CABLE 
~3(IE 212E92 LXI H.CBl.MS 
1fJ311 C0721fJ3 CALl. ERTEST 
"314 COC91fJ4 CAl.l. XIFC ;CHECK RESPONSE TO EXTERNAl. IFC 
11317 2137~ LXI H,XIFMS 
~31 A C072(13 CAl.L ERTEST 
"310 COF7(14 CALL XATN ;CHECK RESPONSE TO EXTERNAL ATN 
"329 214F~ LXI H,XATMS 
11323 CD721l3 CAll. ERTEST 
11326 3A"5(11 LOA ERFlG ;HAVE ANY ERRORS OCCURRED? 
"329 215B"2 LXI H,NOERR 
~32C B7 ORA A 
1l32D CC7E1fJ3 CZ PRNT8 ; •• NO, SO PRINT 'NO ERRORS' 
1fJ33(1 2166112 LXI H,TSTDUN 
"333 CD7E93 CAll. PRNT8 ;PRINT 'TEST COMPLETE' 
~336 C31fJ1fJ1fJ1fJ JMP MONITR 

; 
"339 3Ai3'" SETUP: LOA BASPRT ;GET PORT ADDRESS 
rl33C E6FC ANI IIFCH ;MAKE SURE IT IS A VAl.ID I SR PORT AODR 
1fJ33E 325B"3 STA ISRll 
IfJ34 1 325E1fJ3 STA IsROl 
1fJ344 3C I~ A ,CALCULATE COMMAND LINE PORT ADDR 
~345 32611fJ3 STA CM:)ll 
"348 3264113 STA CMOOI 
1fJ34B 3C INR A ;CAl.CULATE DATA liNE PORT AODR 
fl34C 32671fJ3 STA DATil 
1fJ34F 326A!rJ3 STA DATOl 
11352 3C INR A ;CAlCULATE PARALLEL POLl. RESPONSE ADDR 
1fJ353" 3260"3 STA ?PI 1 
1fJ356 327m STA PPOl 
1fJ359 C9 RET 

; 
lfJ3'A DB ISRI: DB IfJDBH ; IN ISR 
IfJ3'B (Ii ISRll: DB " 1fJ35C C9 RET 

"350 03 
; 
ISRO: DB iD3H ;OUT ISR 

1fJ35E "" I SROl: DB " 1fJ35F C9 RET 
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. ~36~ DB CMDI: DB OOBH ; IN CMDPORT 
~361 II~ 04011: DB ~ 
11362 C9 RET 

; 
~363 03 CMDO: DB 003H ; OUT O4OPORT 
~364 1111 04001: DB ~ 
11365 C9 RET 

; 
~366 DB DATI: DB IIDBH ; IN DATPORT 
11367 II~ DATIl: DB II 
~368 C9 RET 

; 
11369 03 DATO: DB 003H ;OUT DATPORT 
~36A II~ DATOI: DB II 
1136B C9 RET 

; 
~36C DB PPI: DB OOBH ; IN PARPOLL 
11360 1111 PPII: DB II 
1136E C9 RET 

; 
1136F 03 ?PO: DB 003H JOUT PARPOLL 
113711 1111 PPOI: DB II 
i371 C9 RET 

; 
i372 3AMili ERTEST: LDA ERBYT ;GET CUMULATI VE ERRORS FOR TH I S TEST 
i375 B7 ORA A 
11376 C8 RZ ; •• NO ERRORS 
i377 32115~1 STA ERFLG ; SET ERROR FLAG SO 'NO ERRORS' MESSAGE 

; WILL NOT BE PRINTED AT END OF TEST 
i37A C08~3 CALL ERPRNT ;PRINT ERROR MESSAGE 
11370 C9 RET 

i 
1137E 7E PRNT8: MaV A,M ;GET THE CHAR TO BE PRINTED 
i37F COCAII3 CALL PRINT ; PR I NT I T ON CONSOLE DEV ICE 
11382 7E MaV A,M ;GET THE CHAR AGA IN 
i383 23 INX H ; PO I NT TO NEXT CHAR 
i384 E6811 ANI 811H ;SEE IF CARRY SET 
i386 CA7W JZ PRNT8 , •• NO, SO PR I NT NEXT CHARACTER 
i389 C9 RET 

i 
i38A C07Ei3 ERPRNT: CALL PRNT8 ,PRINT MESSAGE POINTED TO BY HL 
i380 2188112 LXI H,BITER ,PRINT 'BITS IN ERROR' MESSAGE 
113911 C07EII3 CALL PRNT8 
"93 2£311 MVI L, 'II' ;PUT ASCII II IN L 
11395 3AMili LDA ERBYT 
11398 IIF BITL?: RRC ,PUT BIT IN CARRY 
i399 67 MaV H,A ;SAVE ROTATED VALUE IN H 
i39A D2A6113 JNC NOBIT 
11390 7D MaV A,L ;PRINT ASCII CHAR IN L 
i39E COCAII3 CALL PRINT 
i3Al 3E211 MYI A, t , ;FOLLOW WITH A SPACE 
113A3 CDCAII3 CALL PRINT 
i3A6 2C NOB IT: INR L i ADVANCE BIT NUMBER 
i3A7 3£38 MYI A, '8' 
i3A9 BD CfJP L ;HAVE WE FINISHED? 
i3M 7C MOV A,H iGET BITS AGAIN 
113AB C298i3 JNZ BITL? ; •• NO, MCRE BITS TO TEST 
i3AE 21A3112 LXI H,CRLF ;FINISH WITH <CR><LF> 
i3B I CD7EII3 CALL PRNT8 
i3B4 C9 RET 

i3B5 llEiS 
; 
I NSTAT: MVI C,llD ;00 CPM CONSOLE READY FUNCTION 

i3B7 COIl51111 CALL CPMIO 
i3BA E6111 ANI I ;LOOK AT ONLY LSB 
i3BC C8 RZ iNO CHARACTER READY 
i3BD iEil MVI C,l ; GET THE CHARACTER 
i3BF COll511i CALL CPMIO 
113C2 E67F ANI 7FH 
i3C4 FW CPI 3 ;CONTROL C? 
i3C6 CA0IIII11 JZ MONITR i •• YES, SO ABORT 
113C9 C9 RET 
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~3CA E5 

~3ca 5F 
~3CC ~E~2 
~3CE CO~5~ 
~3DI EI 
~302 C9 

~3D3 3EFF 
~3D5 C063~3 
~3D8 CD6993 
~3DB C06F~3 
~3DE 97 
~3DF C05D~3 
~3E2 C9 

~3E3 CDD3S3 

1iJ3E6 3AliJ31iJ1 
1iJ3E9 E6FC 
1iJ3EB F61iJ2 
~ED 5F 
1iJ3EE 57 
~EF C3F2~3 

rl3F2 7B 
1iJ3F3 321iJgliJ4 
1iJ3F6 7A 
1iJ3F7 32g214 
1iJ3FA rlEmI.J 
~3FC f6~ 

Functional Test Program 

PRINT: PUSH H .PRESERVE HL (ONLY REGISTERS THAT 
.NEED TO BE PRESERVED> 

MOV 
MVI 
CALL 
POP 
RET 

E,A 
C,2 
Cf'M10 
H 

.PUT CHAR IN E, AS NEEDED BY CPM 

.WRITE TO CONSOLE DEVICE 

.Cf'M I/O ENTRY POINT 

:************************************************************** , 

CLEAR THE INTERRlPT SERVICE REGISTER AND RELEASE 
ALL COMMAND LINES AT THE PORTS CORRESPONDING TO 
THE FIRST ENTRY I N BASPRT 

; 
.************************************************************** , 
; 
RELCLR:. MVI 

CALL 
CALL 
CALL 
SUB 
CALL 
RET 

A,-I 
CMDO 
OATO 
PPO 
A 
ISRO 

.RELEASE ALL COMMAND LINES 

.RELEASE ALL DATA LINES 

.RELEASE ALL PARALLEL POLL LINES 

.ZERO A REGISTER 

.CLEAR ISR 

:************************************************************** , 

CHECK DATA REGISTER FOR PROPER OPERATION 

THE DATA REGISTER CORRESPONDING TO THE FIRST ADDRESS 
IN BASPRT IS ~ITTEN TO AND READ FROM. ALL BITS WHICH 
ARE IN ERROR SHOW UP AS 1 'S IN ERBYT (THE ERRORS ARE 
CUMULATI VE> AND ARE ALSO SHOWN AS LIT BITS ON THE 
PROGRAMMED OUTPUT DISPLAY 

; 
.************************************************************** , 
; 
DATA: CALL 

LDA 
ANI 
ORI 
MaY 
I40V 
JMP 

RELCLR 

BASPRT 
IiJFCH 
2 
E,A 
D,A 
PORTST 

.CLEAR CCM4AN:>, ISR 
; eTO I NSURE THAT WE ARE ~T LOCKED . 
• OUT OR SEEING PARALLEL POLL REGISTER) 
.GET PORT BASE ADDRESS 
; MAKE SURE THE ADDRESS I S A VAL I D 
; DATA PORT ADDRESS 
; SET UP OUTPUT PORT 
; AND I NPUT PORT 
;GO TO COMMON PORT TEST ROUTINE 

; 
.************************************************************** , 

PORTST PORT TEST ROUTINE 

OUTPUTS liJ,l,2, ••• 254,255 TO PORT WHOSE ADDRESS IS IN 
THE E REGISTER, AND READS PORT WHOSE ADDRESS IS IN THE 
o REGISTER. ANY BITS WHICH DO NOT MATCH ARE ACCUMULATED 
AS CORRESPOND I NG l' SIN THE C REG I STER AN) I N MEMORY 
LOCATION ERBYT. 

~************************************************************** , 
• PORTST: MaY A,E ; SET UP OUTPUT PORT NUMBER 

STA OUTDR 
MaY A,D ;AND INPUT PORT 
STA INDR 
MYI C,S ;INITIALIZE BIT ERROR REGISTER 
MVI B,1iJ • I N I TI AL I ZE BYTE TEST REG I STER 
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113FE 78 
113FF 03 
1141111 1111 
114"1 DB 
114112 "" 
114113 A8 
114114 BI 
IMII5 4F 
114116 3211411 1 
114119 rI4 
114aA C8 
IM"B C3FEr1:3 

114"E COD3r1:3 
114 11 3A"3" 1 
IM14 E6FC 
11416 F6al 
IM18 5F . 
11419 57 
1141A C3F2113 

"410 COO3S:3 
IM2r1 3Ar13r11 
IM23 E6FC 
IM25 F6r11 
IM27 3233IM 
1142A F6r12 
IM2C 5F 
11420 E6FE 
IM2F 57 
1143r1 3EF6 
IM32 03 
(1433 "a 
IM34 C3F2r1:3 

IM37 COO:3S3 
1143A fJErlrI 
IM3C lErIS 

Functional Test Program 

DATLUP: MOV A,B iOUTPUT TEST BYTE 
DB !m3H 

OUTDR: DB II 
DB II0SH iREAD PORT 

INOR: DB II 
XRA B iDETERMINE WHICH BITS ARE IN ERROR 
ORA C iAOO IN PREVIOUS ERRORS 
MaV C,A iANO SAVE UPDATED ERRORS 
STA ERBYT 
INR B i I NCREMENT TEST BYTE 
RZ i •• IF HAVE DONE ALL 256 POSSIBLE TESTS 
JMP OATLUP 

i 
.************************************************************** , 

CHECK COMMAND REGISTER 

THE COMMAND REGISTER CORRESPONDING TO THE FIRST ADDRESS 
IN BASPRT IS WR I TTEN TO AND READ FROM. ALL BITS WH I CH 
ARE IN ERROR SHOW UP AS I'S IN MEMORY LOCATION ERBYT 
AND ARE ALSO SHOWN ON THE PROGRAMMED OUTPUT. 

i 
.************************************************************** , 
; 
CMN>: CALL 

LOA 
ANI 
ORI 
MaV 
fo4OV 
JMP 

RELCLR 
BASPRT 
fJFCH 
1 
E,A 
D,A 
PORTST 

iCLEAR COMMAND, ISR 
; GET PORT NUMBER 
;MAKE IT INTO A VALID COMMAND PORT 

; SET UP OUTPUT PORT 
; AN) I NPUT PORT 
;GO TO COMMON PORT TEST ROUTINE 

~************************************************************** , 

CHEO< PARALLEL POLL RESPONSE 

THE EOI AND ATN LINES OF THE C(M4AN> 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 AN) THE DATA 
REGISTER IS READ. ANY BITS WHICH ARE IN ERROR ARE 
SAVED IN MEMORY LOCATION ERBYT AND SHOWN ON THE 
PROGRAMMED OUTPUT. 

; 
.************************************************************** , 
, 
PPR: 

PPOUT: 

CALL 
LOA 
ANI 
ORI 
STA 
ORI 
MaV 
ANI 
MaV 
MYI 
DB 
DB 
JMP 

RELCLR 
BASPRT 
iFCH 
1 
PPOUT 
2 
E,A 
fJFEH 
D,A 
A.JF6H 
!m3H 
II 
PORTST 

;CLEAR COMMAND, ISR 
; GET PORT NtJeER 
;CHANGE IT I NTO A CQMMAN> PORT 

;STORE IT AS OPERAND OF OUTPUT INSTRUCTION 
;CHANGE IT INTO A PARALLEL POll PORT 
; SET UP AS OUTPUT PORT 
;CHANGE IT INTO A DATA PORT 
; SET UP AS AN I NPUT PORT 
;ASSERT ATN, EOI TRUE 
; BY OUTPUTT I NG TO COMMAND PORT 

; THEN JUMP TO CCMoION PORT TEST ROUT I NE 

:************************************************************* . 
CHECK INTERRUPT SERV I CE REG I STER 

WIGGLE EACH COMMAND LINE I N TURN AN> CHECK 
FOR PROPER I SR RESPONSE 

; 
.************************************************************** • 
; 
ISRV: CALL 

MVI 
MVI 

RELCLR ;CLEAR COMMAND, ISR 
C,II ; INITIALIZE ERROR REGISTER 
E,rI AND ISR RESET BYTE 
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043E 217004 
0441 46 
0442 7B 
0443 C05D"'3 
"'446 23 
(3447 1602 

"'449 7E 
044A CD6303 
"'44D C05~3 
(3450 23 
"'451 AE 
0452 Bl 
0453 4F 
(3454 320401 
0457 7B 
0458 C05D03 
045B 3EFF 
0450 15 
045E C24A04 
0461 05 
0462 C24604 
0465 lD 
0466 lC 
0467 CIoJ 
0468 lE02 
046A 218904 
(346D C34104 

(3470 "8 
(3471 7F 
(3472 FFFF 

0474 BF 
(3475 FFBF 
0477 OF 
0478 FFDF 
"'47A EF 
1J47B FFFF 
0470 F7 
1J47E FFFF 
048'" FB 
0481 FBFF 
0483 FD 
(3484 FFFD 
0486 FE 
0487 FFFF 

0489 08 
048A 7F 
1J48B 7F7F 
0480 BF 
048E FFFF 
0490 OF 
0491 FFFF 
(3493 EF 

LXI 
ISTST: MOV 

MOV 
CALL 

ISPAS: INX 
MVI 

MOV 
RELES: CALL 

CALL 
INX 

XRA 
ORA 
MOV 
STA 
MOV 
CALL 
MVI 
OCR 
JNZ 
OCR 
JNZ 
OCR 
INR 
RNZ 
MVI 
LXI 
JMP 

Functional Test Program 

H,TSTBLI iPOINT TO TALK TEST TABLE 
B,M iGET NUMBER OF TESTS TO BE PERFORMED 
A,E iRESET ISR 
ISRO 
H 
0,2 

A,M 
000 
ISRI 
H 
M 
C 
C,A 
ERBYT 
A,E 
ISRO 
A,-1 
D 
RELES 
B 
ISPAS 
E 
E 

;POINT TO COMMAND TO BE SENT 
;INITIALIZE ASSERT COMMAND FLAG 
i (0=1 TO RELEASE COMMAND) 
i GET COMMAND 
;AND OUTPUT IT 
;READ ISR 
;POINT TO EXPECTED RESPONSE 
;SET BITS IN ERROR 
iUPOATE ERROR BYTE 

;ANO ERROR MEMORY LOCATION 

;RESET ALL ISR LATCHES 
;SET UP TO RELEASE ALL COMMAND LINES 
;CHECK RELEASE/DONE FLAG 
; •• PERFORM RELEASE FUNCTION 
;DECREMENT COUNT OF TESTS TO BE PEFORMED 
; •• IF MORE TESTS ARE TO BE DONE 

;DID WE JUST DO TALK OR LISTEN? 
; •• IF LISTEN (SECOND SET OF TESTS) 

E,2 ;FROM NOW ON PUT ISR IN LISTEN MODE 
H, TSTBL2 ; PO I NT TO LISTEN TEST TABLE 
I STST ; AND PERFORM I TS TESTS 

; 
.************************************************************** , 

INTERRUPT SERVICE REGISTER TEST TABLE 

TABLE OF COMMANDS AND CORRESPOND I NG ISR CONTENTS FOR 
THE ASSERTION AND THEN THE RELEASE OF THE COMMANDS. 

THE FIRST BYTE I S THE NUMBER OF TESTS TO BE PERFORMED . . 
.************************************************************* , 

TESTS FOR TALK MODE 
; 
TSTBLI : DB 80 ;8 TESTS ARE TO BE PERFORMED 

DB 07FH ;ASSERT DAV 
OW -1 ;LOW BYTE=RESPONSE OF ISR TO ASSERTION 

; OF DAV, HIGH BYTE=RESPONSE TO RELEASE 
; OF DAV 

DB IJBFH ;ASSERT NRFO 
OW 0BFFFH 
DB 0DFH ; NOAC 
OW ftJDFFFH 
DB 0EFH ; I FC 
OW -1 
DB SF7H ;ATN 
OW -1 
DB 0FBH ;SRQ 
OW "'FFFBH 
DB 0FDH ;REN 
OW 0FDFFH 
DB 0FEH ;POC/RESET 
OW -1 

LISTEN MODE 
; 
TSTBL2: DB 80 ;8 TESTS 

DB 7FH ;OAV 
OW 7F7FH 
DB 0BFH ;NRFO 
OW -1 
DB 0DFH ;NDAC 
OW -1 
DB IJEFH ; I FC 
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~494 FFFF 
0496 F7 
~497 FFFF 
~499 F8 
1649A FBFF 
1649C FD 
0490 FFFo 
049F FE 
04A0 FFFF 

04A2 c00303 
04A5 0Egg 
04A7 lEFE 
04A9 21C104 
04AC 7B 
04AD 006303 
04B0 C06603 
04B3 AE 

04B4 Bl 
04B5 4F 
04B6 320401 
04B9 23 
04BA 7B 
04BB 17 
04BC 5F 
04BO OAAC04 
04C0 C9 

04Cl OF 
04C2 EF 
04C3 F8 
04C4 F7 
04C5 FD 
04C6 FE 
04C7 7F 
04C8 BF 

04C9 3EIIIA 
04CB 006903 
04CE 3E18 

11140111 CD6303 
0403 97 
0404 005003 
0407 0EOO 
0409 3Eg8 

Functional Test Program 

OW -1 
DB ~F7H ;ATN 
OW -1 
DB 16F8H ;SRQ 
OW 16FFFBH 
DB 16FoH ;REN 
OW ~FDFFH 
DB 0FEH ;POC/RESET 
OW -1 

; 
.************************************************************* , 

CHECK CABLE BY BRINGING EACH COMMAND LINE LOW 
ONE AT A TIME AND OBSERVING WHETHER THE CORRESPONDING 
DATA LINE IS ALSO BROUGHT LOW 

:************************************************************* , 
; 
CBLTST: CALL RELCLR ;RELEASE ALL DATA, COMMAND LINES 

MVI C,g ;CLEAR CUMULATIVE ERROR REGISTER 
MVI E,SFEH ;MAKE ONLY ONE BIT TRUE IN TEST BYTE 
LXI H,CBLTBL ;POINT TO EXPECTED RESPONSES 

CBLUP: MaV A,E ;PUT TEST BYTE I N ACCUMULATOR 
CALL ~OO ; AND THEN CM 488 COf.'MAND LI NES 
CALL DATI ; GET BYTE FROM 488 DATA LINE PORT 
XRA M ;SET ANY BITS WHIDi DISAGREE WI TH 

;EXPECTED RESPONSE 
ORA C ;ADO TO CUMULATI VE ERRORS 
MaV C,A 
STA ERBYT 
INX H ;POINT TO NEXT EXPECTED RESPONSE 

MOV A,E ;GET TEST BYTE AGAIN 
RLC ;PREPARE TO CHECK NEXT LINE OF CABLE 
MOV E,A ;SAVE TEST BYTE 
JC CBLUP ; •• CARRY SET IF THERE ARE MORE LINES TO TEST 
RET 

; 
CBLTBL: DB 00FH ;0106 CORRESPONDS TO EOI 

DB 0EFH ;0105 .. REN 
DB 0FBH ;0103 SRQ 
DB SF7H ;0104 ATN 
DB 0FDH ;0102 IFC 
DB 0FEH ;0101 NOAC 
DB I7FH ;0108 ~FD 
DB IIIBFH ;0107 OAV 

; 
.************************************************************* , 

DiECK RESPONSE TO XIFC 

(0102 IS CONNECTED TO XIFC BY SHORTING PLUG) 
; 
.************************************************************** , 
; 
XIFC: MVI A,IIIAH ;MAKE ALL DATA LINES (EXCEPT 0102,4) TRUE 

CALL OATO 
MVI A,18H ;MAKE ALL COMMAND LINES (EXCEPT IFC AND 

;ATN) TRUE 
CALL ~O 
SUB A 
CALL ISRO CLEAR ISR 
MVI C,0 CLEAR CUMULATIVE ERROR REGISTER 
MVI A,8 NOW PULL DOWN 0102 AS WELL 

(THIS APPLIES XIFC) 
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11408 C069113 
1140E C05AII3 
114El EE80 
114E3 61 
114E4 4F 
(J4E5 C06I1"3 
114E8 EEFF 
"4EA 61 
114E6 4F 
"4EC C066113 
114EF EEFF 
"4Fl 61 
114F2 4F 
(J4F3 32"4111 
114F6 C9 

(J4F7 3EIIA 
94F9 C069"3 
(J4FC 3E58 

114FE C063113 
"5111 97 
115112 C05DII3 
"5115 liEN 
115117 3EII2 

"5119 C069113 
"5"C C05AII3 
9511F EED5 
"511 Bl 
"512 4F 
"513 C06N3 
"516 EEBF 
"518 Bl 
9519 4F 
"51A C066113 
11510 EE7F 

1151F Bl 
115211 4F 
11521 321M" 1 
"524 C9 

11525 

111113 BASPRT 
114A2 CBLTST 
11364 CMOOI 
11367 OATIl 
11369 DATO 
11372 ERTEST 
1135A ISRI 
11441 ISTST 
11385 PLUGW8 
"378 PPOI 
1137E PRNT8 
112C5 STAK 
8266 TSTOUN 

CALL 
CALL 
XRI 
ORA 
J«)V 
CALL 
XRI 
ORA 
J«)V 
CALL 
XRI 
ORA 
J«)V 
STA 
RET 

DAro 
ISRI 
80H 
C 
C,A 
CMDI 
IIFFH 
C 
C,A 
DATI 
9FFH 
C 
C.A 
ERBYT 

Functional Test Program 

;LooK AT ISR 
;COMPARE TO EXPECTED VALUE 
; UPDATE CUMULAT I VE ERROR REG I STER 

;LOOK AT COMMAND LINES 
;COMPARE TO EXPECTED VALUE 
;UPDATE CUMULATIVE ERROR REGISTER 

~************************************************************** , 
; 

CHECK RESPONSE TO XATN 

(0104 IS CONNECTED TO XATN BY THE SHORTING PLUG) 
; 
.************************************************************** , 
; 
XATN: MVI A,9AH ;MAKE ALL DATA LINES (EXCEPT 0102,4) TRUE 

CALL DATO 
MYI A,58H ;MAKE ALL COMMAND LINES (EXCEPT I'RFO, 

;ATN AND I Fe) TRUE 
CALL CXlO 
SUB A 
CALL ISRO ;CLEAR ISR 
MYI C,9 ;CLEAR CUMULATIVE ERROR REGISTER 
MVI A,2 ;NOW PULL DOWN 0104 AS WELL 

(TH I S APPL I ES XATN) 
CALL DATO 
CALL ISRI jLOOK AT ISR 
XRI SD5H ; COMPARE TO EXPECTED VALUE 
ORA C ;UPDATE CUMULATIVE ERROR REGISTER 
MOV C,A 
CALL CMDI ;LOOK AT COMMANO LINES 
XRI IIBFH ;COMPARE TO EXPECTED VALUE 
ORA C ; UPDATE CUMULAT I VE ERROR REG I STER 
J«)V C,A 
CALL DATI 
XRI 7FH ;DATA LINES ARE FF, BUT I'RFO IS CONNECTED 

; TO 0108 BY THE SHORTING PLUG 
ORA C 
MOV C,A 
STA ERBYT 
RET 

END 

11288 BITER 11398 SITL? 1J22E CBLMS IMCI CBLTBL 
114AC CBLUP 11361 CMDll 11368 CMlI 9104 CMlMS 
11363 CMDO IM"E CMNO IJ2A3 CRLF 113E3 DATA 
11366 DATI 93FE DATLUP 11108 DAlMS 1136A DATOI 
911J9 ENTRY 111M ERBYT 111"5 ERFLG 1138A ERPRNT 
IM82 INDR 93B5 I.NSTAT 8446 ISPAS 1135B ISRII 
1I1EO ISRMS 1135E ISROI 11350 ISRO IM37 ISRV 
113A6 NOBIT 825S NOERR IM'8 OUTPR 82117 PLUGMS 
81Ee POLMS 113F2 PORTST 11360 ?PI 1 1136C ?PI 
836F PPO IM33 PPOUT (J41D PPR 83CA PRINT 
11303 RELCLR IM4A RELES IJ2C5 SELFCN 11339 SETUP 
81"6 STR1MS "205 STRTWB IM7" TSTBL 1 IM89 TSTBL2 
1J24F XATMS fMF7 XATN IMC9 XIFC 8237 XIFMS 
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.************************************************************** , 

P&T-488 CUSTOM SOFTWARE PACKAGE VERSION 1.4 

COPYRIGHT 1979 PICKLES & TROUT 

CNTRL 
TH I S ROUT I NE I S USED TO SEND COMt~ANDS TO THE 488 BUS 
BY MEANS OF THE P&T 488. TO USE, POINT HL TO THE FIRST 
BYTE OF THE STR I NG TO BE SENT, DE TO THE LAST BYTE, i\ND 
OC TO THE USER-SUPPLI ED JUMP TABLE. THEN CALL CNTRL; 
THE ROUTINE RETURNS WITH HL POINTING TO THE LAST BYTE 
SENT, ATN AND DAV FALSE. IF THE P&T 488 HAS BEEN 
EITHER SELECTED AS A LISTENER OR IS TO PERFORM LISTENER 
HANDSHAKE, THE ROUT I NE RETURNS WITH NRFD TRUE, OTHERW I SE 
IT RETURNS WITH t--RFD FALSE. 

NOTE: TH I S ROUT I NE CAUSES THE P&T 488 TO EXERC I SE COtHROL 
IMMEDIATELY. IT IS UP TO THE USER TO INSURE THAT 
CONTROL IS ASSUMED SYNCHRONOUSLY (THE INITIALIZE, 
TALK AND LI STEN ROUT I NES ALL RETURN OR BREAK AT 
POINTS WHICH WILL GUARANTEE SYNCHRONIZATION). ALSO, 
THE CONTROLLER STATE REGISTER IS LEFT IN THE STANDBY 
STATE - THUS THE P&T 488 IS ASSUMED TO BE THE CONTROLLER 
IN CHARGE UNTIL EITHER INIT IS CALLED, OR CSTAT IS 
CLEARED BY THE USER. 

GIM (GENERAL INTERFACE MANAGEMENT) 

INIT 

A ROUTINE WHICH ALLOWS THE USER TO CONTROL THE STATE OF 
THE IFC, SRO, REN AND EOI LINES. CALL GIM WITH THE 
APPROPRIATE BIT PATTERN IN THE A REGISTER. 

D7 06 D5 04 03 D2 01 013 
X X X I Fe X SRO REN EO I 

X MEANS DON'T CARE. 

IF THE BIT CORRESPONDING TO A PARTICULAR LINE IS HIGH (1) 
THAT LINE IS ASSERTED TRUE ON THE 488 BUS. EG, TO SEND 
OUT REN AND EOI, THE A REGISTER WOULD CONTAIN 133H (OR 13E3H, 
1363H, ETC). IT IS UP TO THE USER TO RELEASE THE LINES. 
FOR INSTANCE, TO CLEAR (INITIALIZE) THE 488 BUS, ONE 
WOULD CALL GIM WITH A=113H (ASSERT IFC TRUE) AND THEN 
CALL GIM WITH A=0GH. NOTE THAT THE 488 STANDARD REQUIRES 
THAT I FC MUST BE ACTI VE NO LESS THAN 1013 MICROSECONDS, 
SO BE SURE TO WAIT BETWEEN THE TWO CALL GIM INSTRUCTIONS. 

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 IS SET TO 
ALL LINES PASSIVE FALSE. 

TO CLEAR THE 488 BUS, SET REGISTER B TO 130 BEFORE 
CALLING INIT. AN INTERFACE CLEAR (IFC) WILL BE SENT 
OUT ON THE 488 BUS AND PUT ALL DEVICES IN A KNOWN STATE. 

LISTN 
TO RECEI VE DEVICE-DEPENDANT ~4ESSAGES FROM THE 488 BUS, 
POINT HL TO THE BEGINNING OF A MEMORY BUFFER, DE TO ITS 
END, AND BC TO THE USER-SUPPLIED JUMP TABLE, AND THEN 
CALL LISTN. TWO BITS OF THE A REGISTER ARE USED AS FLAGS 
FOR SPECIAL OPTIONS. IF BIT 13 (THE LEAST SIGNIFICANT 
BIT) IS ZERO, THE LISTEN HANDSHAKE FUNCTION IS PERFORMED: 
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NO BUFFER IS USED AND THE P&T 488 PARTICIPATES IN THE 
HANDSHAKE PROCE SS. TH I S FUNCT ION IS PR I MAR I L Y TO ALLOW 
THE P&T TO ASSUME CONTROL SYNCHRONOUSLY, BUT CAN ALSO 
BE USED AS A BYTE-AT-A-TIME LISTENER, WITHOUT REQUIRING 
A BUFFER. IF BIT ~ OF THE A REGISTER IS NON-ZERO, THE 
NORMAL BUFFERED LISTENER FUNCTION IS PERFORMED. IF 
BIT 1 OF THE A REGI STER IS 1 THEN THE ROUTINE RETURNS 
WHEN EITHER END (EOI AND DAV TRUE, ATN FALSE) OR THE 
EOS BYTE IS SENSED. IF BIT 1 IS ~ THEN A RETURN IS 
MADE ONLY UPON DETECTION OF END. THE ROUTINE RETURNS 
WITH HL POINTING TO THE LAST BYTE RECEIVED AND NRFD IS 
LEFT ASSERTED TRUE. 

NOTE: THIS ROUTINE PERFORMS THE LISTEN-DNLY FUNCTION. IT 
SETS THE LISTENER STATE TO ACTIVE WHEN CALLED, AND 
WHEN IT RETURNS IT LEAVES THE LISTENER STATE REGISTER 
IN THE LISTENER ADDRESSED STATE. USE THE ROUTINE 
"STATE" FIRST IF YOU WANT TO EXECUTE THE P&T 488 
LISTEN FUNCTION ONLY IF THE CONTROLLER HAS ADDRESSED 
IT AS A LISTENER. 

PI STF SET "1ST" FALSE 
A ROUTINE WHICH SETS THE "1ST" (INDI VIDUAL STATUS) MESSAGE 
FALSE. IF THE SENSE BIT OF THE MOST RECE~IT PARALLEL POLL 
ENABLE COMMAND .WAS TRUE, THE PARALLEL POLL RESPONSE BYTE IS 
SET TO A NON-AFFIRMATIVE RESPONSE. THE PPR (PARALLEL POLL 
RESPONSE) MESSAGE IS DETERMINED BY THE LOW ORDER FOUR 
BITS OF THE BYTE STORED AT PPRSP. THE PARALLEL POLL 
FUNCTION IS PUT INTO THE PPSS (STANDBY) STATE. 

PI STT SET" I ST" TRUE 
A ROUTINE WHICH SETS THE "1ST" (INDIVIDUAL STATUS) MESSAGE 
TRUE. IF THE SENSE BIT OF THE MOST RECENT PARALLEL POLL 
ENABLE COMMAND WAS TRUE, THE PARALLEL POLL RESPONSE BYTE 
IS SET TO AN AFF I RMATI VE RESPONSE. THE PPR (PARALLEL POLL 
RESPONSE) MESSAGE IS DETERMINED BY THE LOW ORDER FOUR 
BITS OF THE BYTE STORED AT PPRSP. THE PARALLEL POLL 
FUNCTION IS PUT INTO THE PPSS (STANDBY) STATE. 

PPIDL CLEAR PARALLEL POLL RESPONSE BYTE 
A ROUTINE WHICH CLEARS THE PARALLEL POLL RESPONSE BYTE 
TO ALL ZEROS, THUS PREVENTING THE P&T-488 FROM RESPONDING 
TO A PARALLEL POLL. THE PARALLEL POLL FUNCTION IS PUT 
INTO THE PP1S (IDLE) STATE. EXECUTION OF THIS ROUTINE 
IS EQUIVALENT TO THE SENDING THE LOCAL MESSAGE "LPE" 
FALSE. 

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

SPIDL RESET SERVICE REQUEST (SR) FeN TO IDLE 
A ROUTINE WHICH PLACES A PASSIVE FALSE ON THE SERVICE 
REQUEST (SRQ) LINE AND PLACES THE SERVICE REQUEST FCN 
IN THE IDLE (NPRS) STATE. 

SPQRY 
SER I AL POLL QUERY: TH I S ROUT I NE SENDS OUT THE COMMANDS 
UNL (UNIVERSAL UNLISTEN) AND SPE (SERIAL POLL ENABLE). 
IT THEN CALLS CNTRL WITH THE TALK ADDRESSES IN ITS BUFFER 
CNTRL RETURNS EITHER WHEN A DEVICE RESPONDS THAT IT IS 
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THE ONE DES I RING SERV I CE, ~ WHEN THE END OF BUFFER 
IS REACHED. THEN SPQRY SENDS THE COMMAND SPD (SERIAL 
POLL DISABLE), POINTS HL TO THE PRIMARY (AS CONTRASTED 
TO SECONDARY) TALK ADDRESS OF THE LAST DEVICE POLLED AND SETS 
UP THE Aa:UMULAT~ WITH 413 HEX IF ~ DEVICE RESPONDED 
TO THE POLL, OR 0G HEX IF A DEVICE DID RESPOND. THE 
SERIAL POLL RESPONSE BYTE SENT BY THE RESPONDING DEVICE 
IS RETURNED IN REGISTER B. (NOTE THAT THE CONTENTS OF 
REGISTER B ARE MEANINGLESS IF NO DEVICE RESPONDED 
AFFIRMATIVELY TO THE SERIAL POLL.) 

SPSRQ SERIAL POLL SERVICE REQUEST 
A ROUTINE WHICH SETS THE SERVICE REQUEST (SRQ) LINE 
TRUE THEN DETERMINES WHETHER THE P&T 488 IS THE CONTROLLER
IN CHARGE. IF SO, IT JUMPS TO THE USER ROUTINE SVCRQ. 

OTHERWISE IT WAITS FOR AN EXTERNAL CONTROLLER TO DO 
A SERIAL POLL, TO WHICH IT RESPONDS THEN RETURNS TO THE 
CALLING PROGRAM. 

STAOR 
CALL STAOR TO SET TALKER, LISTENER ADDRESSES, SERIAL 
POLL STATUS AND ENO-OF-STRING (EOS) BYTES. HL MUST 
POINT TO ADDRESS OF FIRST OF FIVE BYTES. 

EXAMPLE: 

TALK 

ADDRS: DB 
DB 
D8 
08 
08 

'%' 
'B' 
7FH 
!3FFH 
!3AH 

;PRIMARY LISTENER ADDRESS = % 
;PRII~ARY TALKER ADDRESS = B 
;PARALLEL POLL RESPONSE BYTE 
;SERIAL POLL STATUS BYTE 
;END OF STRING BYTE = LINE FEED 

LXI H,ADDRS ;POINT HL TO BEGINNING OF ADDRESSES 
CALL STADR ;TRANSFER THEM TO 488 HANDLERS 

TO SEND DEVICE-DEPENDANT MESSAGES ON THE 488 BUS, POINT 
HL TO THE BEGINNING OF THE STRING OF BYTES TO BE SENT, 
PO I NT DE TO THE LAST BYTE OF THE STR I NG, AND PO I NT BC 
TO THE BEGINNING OF THE USER-SUPPLIED JUMP TABLE. 
CALL TALK; THE ROUTINE RETURNS WITH DAV FALSE. IF THERE 
IS ~ INTERRUPTION, HL WILL POINT TO LAST BYTE OF STRING, 

BUT IF AN INTERRUPTION OCCURRED (SUCH AS SOME DEVICE 
REQUESTING SERVICE AND THE P&T 488 IS CONFIGURED AS THE 
SYSTEM CONTROLLER OR ~ LI STENERS ON THE BUS), HL PO I NTS 
TO THE LAST BYTE SENT. I F THE A REG I STER I S NON-ZERO 
WHEN THE ROUT I NE IS CALLED, THE LAST BYTE I N THE BUFFER 
WILL BE SENT WITH EOI ACTIVE TRUE. 

NOTE: THIS ROUTINE PERFORMS THE TALK-ONLY FUNCTION (IT DOES 
NOT CHECK TO SEE WHETHER THE P&T 488 HAS BEEN ADDREESSED 
AS A TALKER BY THE CONTROLLER). EXECUTION OF THIS ROUTINE 
AUTOMATICALLY SETS THE TALK STATUS REGISTER TO ADDRESSED, 
AND WHEN THE BUFFER IS EMPTI ED THE TALK STATUS REGI STER 
I S LEFT SET TO TALKER ADDRESSED. I F YOU WANT TO GO TO THE 

TALK MOOE ONLY I F THE CONTROLLER HAS ADDRESSED THE 
P&T 488 AS A TALKER, USE THE ROUTINE "STATE" TO DETERMINE 
WHETHER THE TALK FUNCTION HAS BEEN ADDRESSED. 
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XCTRL EXTER~~L CONTROLLER RESPONSE ROUTINE 
THIS ROUTINE ACCEPTS THE CO~4ANDS PRESENTED ON THE 488 
BUS BY AN EXTERNAL CONTROLLER (THAT IS, SOME DEVICE 
OTHER THAN THE P&T 488 IS THE CONTROLLER) AND UPDATES 
THE VARIOUS STATE REGISTERS AS NECESSARY. IT RETURNS TO 
THE CALLING PROGRAM WHEN THE EXTERNAL CONTROLLER CEASES 
SENDING Cm4MANDS (WHEN ATN BECOMES FALSE). BOTH NRFD 
AND NDAC ARE LEFT TRUE (LOW) TO PREVENT THE TALKER 
FROM SAYING ANYTHING UNTIL THE S-100 SYSTEM IS READY 
TO LI STEN. 

USER SUPPL I ED JUMP TABLE 
THIS TABLE PROVIDES THE ENTRY POINTS TO SPECIAL ROUTINES 
REQUIRED BY THE P&T 488 INTERFACE. IT IS THE USER'S 
RESPONSIBILITY TO PURGE THE STACK IF HE DOES NOT TER~1INATE 

ANY OF THESE ROUTINES WITH A RETURN. THE TABLE MUST 
BE ORGANIZED IN THE ORDER SHOWN. THE USER NEED NOT RESTORE 
ANY OF THE REGISTERS BEFORE RETURNING. 

EXAMPLE: 
JMTBL: 

STATE 

JMP 
JMP 
JMP 
JMP 
JMP 

JMP 
JMP 

JMP 
JMP 

TRIGR 
DVCLR 
BUFUL 
I FCLR 
BREAK 

NOLSN 
SVCRQ 

POC 
XATN 

jDETECTED DEVICE TRIGGER 
jDETECTED DEVICE CLEAR 
jLISTEN BUFFER IS FULL 
jDETECTED INTERFACE CLEAR 
jAFTER EACH BYTE TRANSFER ON THE 

488 BUS, A CALL IS MADE TO BREAK. 
THIS ALLOWS THE USER TO REGAIN 
CONTROL OF THE S-100 SYSTEM BEFORE 
A COMPLETE BUFFERFUL OF BYTES 
HAS BEEN SENT OVER THE 488 BUS. 
IF THE USER DOES NOT WANT TO 
INTERRUPT 488 OPERATION, HE MERELY 
EXECUTES A RETURN. THE A REGISTER 
CONTAINS THE LAST BYTE COMMUNICATED 
OVER THE 488 BUS, AND HL POINT 
TO THE BUFFER ADDRESS CONTAINING 
THA T BYTE. THUS THE USER CAN 
TERMINATE LISTENING ON A PARTICULAR 
ASCII CODE OR NUMBER OF CHARACTERS 

j COMMUN I CATED. 
jNOBODY'S LISTENING! 
jDETECTED SERVICE REQUEST AND P&T 488 

IS THE CONTROLLER. HL POINTS 
TO THE LAST BYTE IN THE BUFFER THAT 
HAS BEEN INPUT/OUTPUT. 

jDETECTED S-100 RESET/POWER-ON-GLEAR 
jSOMEBODY ELSE ASSERTED ATN TRUE! 

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: 

•• 00 BaTH TALK AND LI STEN .ARE IDLE 
•• 01 TlDS- (NOT TALKER IDLE STATE) 
•• 10 LIDS- (NOT LISTENER IDLE STATE) 
.0 .• PPIS (PARALLEL POLL I DLE STATE) 
.1 •• PPSS (PARALLEL POLL STANDBY STATE) 

... " .0 ••• LOCS (LOCAL STATE) 
••• " 1 ••• LWLS (LOCAL WITH LOCKOUT) 
••• 1 0" ••• REMS (REMOTE STATE) 
••• 1 1 ••• RWLS (REMOTE \11 TH LOCKOUT) 
• .0 •• CIDS (CONTROLLER IDLE STATE) 
.1 •• CIDS- (CONTROLLER NOT IDLE STATE) 
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tJq?C '" 
0070 = 
tJ(l7E = 
(l07F = 

0(1(11 
0(104 = 
tJ(l(l5 
tJ(100 
tJ(l(l9 = 
0011 = 
01114 = 
0015 = 
0(l18 = 
0019 = 
0(13F = 
005F = 

811(1(1 21 
8001 41 
8(1(12 FF 
8(103 FF 
8(1(14 0A 

8(1(l5 0(1 

Custom Software Package 
Version 1.4 

THE HL REGISTER PAIR IS LEFT POINTING TO THE FIRST 
EN1RY OF THE STATE TABLE, THUS THE USER MAY GET MORE 
DETAILED STATE INFORMATION BY ACCESSING THE TABLE 
HIt~SELF. 

ORG 

I SRPT EQU 
O~DPT EQU 
DATPT EQU 
PPORT EQU 
, 
GTL 
SOC 
PPC 
GET 
TCT 
LLO 
DCL 
PPU 
SPE 
SPO 
UNL 
UNT 

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

7CH 
7DH 
7EH 
7FH 

1 
4 
5 
8 
9 
llH 
14H 
ISH 
18H 
19H 
3FH 
SFH 

VARIABLE AREA 

LSTNP: DB 
TALKP: DB 
PPRSP: DB 
SPSTS: DB 
EOSB: DB 

TSTAT: DB 

LSTAT: DB 

, !' 

'A' 
0FFH 
ilFFH 
tJAH 

il 

••• {.J 

••• 1 
••• 1 
••• 1 
." .. 
.1 •• 
~ ... 
1 ••• 

0 

... " 
••• 1 
••• 1 . ., .. 
.1 •• 

•••• RJ ••• 

;AOOR OF 488 I NTERRUPT STATUS PORT 
OF COMMAt-D PORT 

, ... OF DATA PORT 
I ••• OF PARALLEL POLL RESPONSE PORT 

; ISO-7 B IT CODE FOR "GO TO LOCAL" COMMAND 
j ••• SELECTIVE DEVICE C~AR 
; ••• PARALLEL POLL CONFIGURE 
j ••• GROUP EXECUTE TR I GGER 
j ••• TAKE CONTROL 
j ••• LOCAL LOCKOUT 
j •• • DEVI CE CLEAR 
j ••• PARALLEL POLL UNCONFIGURE 
; ••• SERIAL POLL ENABLE 
j ••• SERIAL POLL DISABLE 
; ••• UNIVERSAL UNLISTEN 
; ••• UNIVERSAL UNTALK 

;PRIMARY LISTEN AODRESS 
;PRIMARY TALK ADDRESS 
;PARALLEL POLL RESPONSE 
j SER I AL POLL STATUS BYTE 
;END OF STRING CHARACTER 

;TALK STATE (INITIALIZE TO TIDS) 

TlDS 
TADS 
TACS 
SPAS 
SPIS 
SPMS 
TPIS 
TPAS 

; LI STEN 

LIDS 
LADS 
LACS 
LPIS 
LPAS 

TALK IDLE STATE 
TALKER ADDRESSED STATE 
TALKER ACTIVE STATE* 
SERIAL. POLL ACTIVE STATE* 
SERIAL POLL IDLE STATE 
SERIAL POLL MODE STATE 
TALKER PRIMARY IDLE STATE 
TALKER PR"~ARY ADDRESSED STATE 

STATE 

LISTENER IDLE STATE 
LISTENER ADDRESSED STATE 
LISTENER ACTIVE STATE* 
LISTENER PRIMARY IDLE STATE 
LISTENER PRIMARY AOORESSED STATE 
LISTEN HANDSHAKE - PARTICIPATES 
IN 488 COMMUNICATIONS BUT DOES 
NOT PLACE BYTE INTO BUFFER. 
MAINLY USED TO ALLOW SYNCHRONIZATION 
OF ASSUMPTION OF CONTROL BY THE 
P&T 488. MAY ALSO BE USED TO 
READ A BYTE AT A TIME (A CALL 
TO THE USER SUPPL I ED ROUT I NE 
"BREAK" I S EXECUTED AFTER EACH 
BYTE I SHEARD) • 
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8(JIJ7 (O(J 

8(J08 00 

8009 00 

800A 00 

800B 7F 
800C 7F 
8(J0D 1F 
800E 000'0' 
8010' 00IJIJ 
8012 0000' 
8014 000IJ 

1 ••• 
••• 0 
••• 1 

SSTAT: DB .0 

•• 00 
.. 01 
.. 1rJ 

RSTAT: DB 0 

••• 0 0' ••• 
••. a 1 ••• 
•• • 1 0 ••• 
••• 1 1 ••• 

PSTAT: DB 0 

••• 0 
••• 1 
••• 1 
•• .0. 
•• 1 • 
.0 .• 
.1 •• 

CSTAT: DB 0 

0000 
0001 
0010 

.... 0011 
0011 

.... 0011 

.... 0110 
•••• 0011 

1000 
••• .0 
••• 1 .. ~ . 
•• 1 • 

BUFFER ORIENTED LISTENER 
IGNORE EOS 

Custom SoftWare Package 
Vers ion 1.4 

RETURN UPON RECE I PT OF EOS 

;SERVICE REQUEST STATE 

NPRS NEGATIVE POLL RESPONSE STATE 
SRQS SERVICE REQUEST STATE 
APRS AFFIRMATIVE POLL RESPONSE STATE 

;REMOTE-LOCAL STATE 

LOCS LOCA L STATE 
LWLS LOCAL WITH LOCKOUT STATE 
REMS REMOTE STATE 
RWLS REMOTE WITH LOCKOUT STATE 

;PARALLEL POLL STATE 

PPIS PARALLEL POLL IDLE STATE 
PPSS PARALLEL POLL STAND8Y STATE 
PPAS PARALLEL POLL ACTI VE STATE * 

IST=0 
IST=1 

PUCS PARALLEL POLL UNADDRESSED TO CONFIGURE 
PACS PARALLEL POLL ADDRESSED TO CONFIGURE 

;CONTROLLER STATE 

CIOS CONTROLLER IDLE STATE 
CADS ADDRESSED STATE 
CTRS TRANSFER STATE 
CACS ACTI VE STATE 
CPWS PARALLEL POLL WAIT STATE* 
CPPS PARALLEL POLL STATE* 
CSBS STANDBY STATE 
CAWS ACTI VE WA IT STATE* 
CSWS SYNCHRONOUS WAIT STATE 
CSNS SERVICE NOT REQUESTED STATE 
CSRS SERVICE REQUESTED STATE 
SNAS SYSTEM CONTROL NOT ACTIVE STATE 
SACS SYSTEM CONTROL ACTIVE STATE 

DE V I CE CLEAR 
NO STATES PRESERVED IN MEMORY: CALLS DVCLR (A 
USER SUPPLIED ROUTINE, WHICH IS TO END WITH A RET) 

[EVI CE TR IGGER 
NO STATES PRESERVED IN MEMORY: CALLS DTRGR (A 
USER SUPPLIED ROUTINE, WHICH MUST END WITH A RET) 

» NOTES « 

LSTNS: 
TALKS: 
GIMTC: 
JMPAD: 
BPTR: 
TBPTR: 
TEEND: 

* - THE STATE IS NOT PRESERVED IN MEMORY. THE STATE IS 
KNOWN IMPLICITELY BY THE FACT THAT A PARTICULAR 
ROUTINE IS BEING EXECUTED. 

D8 
DB 
DB 
DW 
DW 
DW 
DW 

7FH 
7FH 
1FH 
0' 
o 
o 
o 

;STORAGE AREA FOR SECONDARY 1I STEN ADDRESS 
;'" FOR SECONDARY TALK ADDRESS 
;MOST RECENT OUTPUT TO Cm4MAND LINES 
;BEGINNING ADDRESS OF USER JUMP TABLE 
;POtNTER OF BUFFER PRESENTLY IN USE 
; TALK BUFFER PO INTER 
; ADDRESS OF END OF TA LK BUFFER 
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P&T-488 

8016 rJrJrJ~ 

8.018 .0fJfJfJ 
8~IA .0fJ~fJ 
8fJ1C OOfJfJ 
801E .0~fJfJ 

8~2fJ rJfJfJfJ 
8.022 rJfJ 
8fJ23 ~a 

8.024 fJfJ 
8fJ25 ~(1 

8fJ26 C3578a 
8~29 C39880 
8fJ2C C35381 
8.02F C3878fJ 
8032 C37C82 
8.035 C38F84 
8038 C3F684 
8~3B C32985 
8fJ3E C3fJ886 
8041 C33187 
8~44 C36F87 
8.047 C37C87 
804A C3AD87 
8040 C3B987 
8050 C37484 

8(153 3F 
8~54 18 
8fJ55 19 
8~56 5F 

8fJ57 3EFF 
8.059 D37E 
8a5B CD3B82 
8fJ5E D37F 
8.06fJ 97 
8fJ61 D37C 

8.063 32.068a 
afJ66 32fJ580 
8.069 32.0780 

LBPTR: OW 
LBEND: OW 
CBPTR: OW 
CBEND: OW 
SBPTR: OW 
SBEND: OW 
SPRSP: DB 
LBYTE: DB 
TEOI: DB 
XSPRS: DB 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 
0 
.0 

; LISTEN BUFFER PO INTER 

Custom Software Package 
Version 1.4 

;ADDRESS OF LISTEN BUFFER END 
;CONTROLLER BUFFER POINTER 
;ADDRESS OF CONTROLLER BUFFER END 
;SERIAL POLL BUFFER POINTER 
;ADDRESS OF SERIAL POLL BUFFER END 
;SERIAL POLL RESPONSE BYTE 
;CONTAINS BYTE MOST RECENTLY COMMUNICATED 
;MAKE EOI TRUE ON LAST TALKER BYTE IF <>~ 
;BUFFER FOR SERIAL POLL RESPONSE TO 

AN EXTERNAL CONTROLLER 

FIXED AREA - PROMMABLE 

.************************************************************** , 

JUMP TABLE OF ENTRY PO I NTS 

.************************************************************** , 

ENTBL: JMP INIT ;CLEAR P&T 488 (SEND IFC IF B=fJ) 
JMP TALK ;TALK ONLY ROUTINE 
JMP LISTN ;LISTEN ONLY ROUTINE 
JMP STArR ;COPY LISTEN, TALK ADDRESSES 
JMP CNTRL ; CONTROLLER FUNCT I ON 
JMP GIM ;SET IFC, SRQ, REN, EOI 
JMP STATE ;DETERMINE THE STATE OF THE INTERFACE 
JMP XCTRL ;EXTERNAL CONTROLLER SERV I CE ROUT I NE 
JMP SPQRY ;SERIAL POLL QUERY ROUTINE 
JMP SPSRQ ;SERIAL POLL REQUEST ROUTINE 
JMP SPIDL ;PUT SERVICE REQUEST feN IN IDLE STATE 
JMP PPQRY ;PARALLEL POLL ROUTINE 
JMP PISTT ;SET THE "1ST" MESSAGE "TRUE 
JMP PISlF ; SET THE" I ST" MESSAGE FALSE 
JMP PPIDL ;DISABLE PARALLEL POLL RESPONSE 

.************************************************************** , 

CONSTANTS 
; 
.************************************************************** , 

BSPE: DB 
DB 

BSPD: DB 
BUNT: DB 

UNL 
SPE 
SPD 
UNT 

;COMMANDS UNLISTEN, SERIAL POLL ENABLE 

;COMMAND SERIAL POLL DISABLE 
;COMMAND ANY TALKER TO UNADDRESS ITSELF 

; 
.************************************************************** , 

INIT - INITIALIZE P&T 488 AND 488 BUS 
, 
.************************************************************** , 

INIT: MVI A,.0FFH ;CLEAR ALL DATA, CONTROL LINES 
OUT DATPT 
CALL COMND 
OUT PPORT ;CLEAR PARALLEL POLL RESPONSE PORT 
SUB A ;ZERO A REG! STER 
OUT ISRPT ;CLEAR ALL INTERRUPT LATCHES, SET 

P&T 488 TO NON-INTERRUPT MODE 
STA LSTAT ;UNADDRESS LISTEN FUNCTION 
STA TSTAT ;UNADDRESS TALK FUNCTION 
STA SSTAT ;NEGATIVE POLL RESPONSE (SERVICE REQUEST) 
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P&T-488 

806C 320880 
80'6F 320'980' 
8072 320A80' 
80'75 B8 
8076 Cf3 

80'77 3EEF 
8079 0370 
80'7B E3 
807C E3 
80'70 3D 
807E C27B80' 
80'81 3EFF 
8083 CD3B82 
80'86 C9 

80'87 1 E05 
8089 01 0'080' 
80'8C 7E 
8080 02 
80'8E 23 
808F 03 
80'90' 1 D 
8091 C28C80 
80'94 CDC587 
8097 C9 

80'98 322480' 
8098 3A0580' 
809E E60'4 
80A0 3C 
30'Al 320'580' 
80A4 97 
80'A5 320'680' 
80A8 221080' 
80'AB 221280' 
80AE EB 
80'AF 221 480' 
8082 60' 
80'83 69 
80'B4 220'E80' 
80B7 3A0D80 
80'BA F6E0 
80BC D37D 
80'BE 320'080' 
8OC1 OB7C 
80C3 2F 
80C4 E619 
80'C6 C44182 
80'C9 DB70 

STA RSTAT 
STA PSTAT 
STA CSTAT 
CMP B 
RNZ 
r4VI A,0EFH 
OUT (MDPT 

TWIDL: XTHL 
XTHL 
OCR A 
JNZ TWIDL 
MVI A,0FFH 
CALL CCMtD 
RET 

; LOCAL STATE (REMOTE-LOCAL) 
;PARALLEL POLL IDLE STATE 
;CONTROLLER IDLE STATE 
;B=0'? (IF SO, DO INTERFACE 

;NOW DO A INTERFACE CLEAR 

; TI'II DOLE THUMBS FeR AWHILE 

Custom Software Package 
Version 1.4 

CLEAR) 

; TO ALLOW OTHER DEVICES TO RESPOND 

;REMOVE IFC 
; OUTPUT NEW COMMAND 

;************************************************************* 

STORE ADDRESSES - SETS TALKER, LISTENER ADDRESSES, 
PARALLEL POLL AND SERIAL POLL RESPONSE 
BYTES Am THE END-OF-STR ING BYTE TO 
USER DEF I NED VALUES 

.************************************************************* , 

STADR: r4V I E,5 ;SET BYTE COUNTER TO 5 
LXI B,LSTNP ;POI NT TO CONTROLLER ADDRESS TABLE 

NXTAD: MOV A,M ;GET USER-S UPPLI ED ADDRESS 
STAX B ;SAVE IT IN CONTROLLER ADDRESS TABLE 
INX H ;POINT TO NEXT USER-SUPPLIED ADDR LOCATION 
INX B AND TO NEXT CONTROLLER ADDR LOCATION 

DCR E ;DECREMENT BYTE COUNT 
JNZ NXTAD ; •• THERE'S MORE TO TRANSFER 
CALL PPNBL ;UPDATE PARALLEL POLL RESPONSE 
RET 

, 
.************************************************************** , 

TALK-0NLY FUNCTION 

.************************************************************** , 

TALK: STA TEO I ;SAVE EOI FLAG 
LOA TSTAT ;GET TALK STATUS 
ANI 4 ;KEEP ONLY SERIAL POLL MODE STATE 
INR A ;SHOW TALKER IS ADDRESSED 
STA TSTAT 
SUB A ;CLEAA A REGISTER 
STA LSTAT ;UNADDRESS LI STENER 
SHLO BPTR ;INITIALIZE BUFFER POINTER 
SHLD TBPTR AS WELL AS TA LK BUFFER PO INTER 
XCHG 
SHLD TSEND ;STORE END AOORESS OF TALK BUFFER 
MaV H,B 
MOV L,C 
SHLD JMPAD ;STORE USER JUMP TABLE ADDRESS 
LDA GIMIC ;GET IFC, ATN, SRO, REN AND EOI STATE 
ORI 0'E0H ;MAKE DAV, r-RFD, NDAC PASS I VE FALSE 
OUT (MOPT ; OUTPUT COMMAND 
STA GIMIC ;UPOATE MEMCRY I MAGE OF MOST RECENT Cm·1MAND 

TALK1 : IN I SRPT ;CHECK FeR POC, ATN AND IFC 
(MA 
ANI 19H 
CNZ PAl 
IN 04DPT ;FIRST SEE IF THERE ARE ANY LISTENERS 
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PH-488 

80C8 2F 
8GCC E66G 
80CE CCB884 
80'01 E64G 
8003 C2C180 
8006 2A 1280' 
8009 7E 
800A 32238(1 
8000 2F 
800E 037E 
8(1E02AI48(1 
80E3 EE 
80E4 2A 128(1 
80E7 7C 
80E8 BA 
80E9 C20281 
80EC 70 
30EO BB 
80EE C2(1281 
80Fl 3A2480 
80F4 B7 
80F5 CA0281 
80F8 3A0D8G 
30FB E6FE 
80FD 0370 
80FF 320080 
81\12 3A0D80 
8105 E67F 
81(17 F660 
8109 0370 
81(1B 32(108(1 
810E OB7C 
81102F 
8111 E619 
8113 C44182 
8116 0870 
8118 E62(1 
811A CA0E81 
8110 3A0D80 
8120 F6El 
8122 0370 
8124 32008(1 
8127 3EFF 
8129 037E 
812B 212881 
81ZE CDD184 
8131 CDC184 
8134 2A 148(1 
8137 E8 
8138 2A 128(1 
8138 7C 
813C BA 
8130 C24681 
814(1 70 
8141 B8 
8142 C24681 
8145 C9 
8146 2A 128(1 
8149 23 
814A 22128(1 
8140 221(18(1 
8150 C3C180 

CI·1A 
ANI 
CZ 
ANI 
JNZ 
LHLD 
MOV 
STA 
CMA 
OUT 
LHLD 
XCHG 

LHLD 
MOV 
CMP 
JNZ 
MOV 
O~P 

JNZ 
lOA 
r::F.A 
JZ 
LOA 
ANI 
OUT 
STA 

NTLST: lOA 
ANI 
r::F.1 
OUT 
STA 

TALK2: IN 
CMA 
ANI 
CNZ 
IN 
ANI 
JZ 
LOA 
r::F.1 
OUT 
STA 
MVI 
OUT 

TCNTU: LXI 
CALL 
CALL 
LHlO 
XCHG 
LHLD 
MOV 
CMP 
JNZ 
MaV 
CMP 
JNZ 
RET 

NTEND: LHLD 
INX 
SHLD 
SHLO 
JMP 

;488 USES NEGATIVE LOGIC 

Custom Software Package 
Vers ion 1.4 

6(i1H ;KEEP ONLY RFD, OAC 
UNLSN ; •• N) LISTENERS. I REFUSE TO TALK TO MYSELF. 
4(1H ;WAIT UNTIL READY Fr::F. DATA IS TRUE 
TALKI 
TBPTR ;GET THE DATA BYTE 
A,M 
LBYTE ;UPDATE MOST RECENT BYTE REGISTER 

;488 HAS NEGATI VE TRUE LOGIC 
DATPT 
TBEND ; IS TH I S THE LAST BYTE I N THE TALK BUFFER? 

TBPTR 
A,H 
o 
NTLST 
A,L 
E 
NTLST 
TEOI 
A 
NTLST 
GIMTC 
0FEH 
CMCf'T 
GIMTC 
GIMTC 
7FH 
6Q'H 
CMDPT 
GII~TC 

I SRPT 

19H 
PAl 
04 OPT 
2aH 
TALK2 
GIMTC 
0E1H 
CMOPT 
GIMTC 
A,0FFH 
DATPT 

; •• NO 

; •• f\() 

; IS EOI SUPPOSED TO BE TRUE? 

; •• NO 

;FORCE EOI ACTIVE TRUE 
;OUTAJT COMMAND 
;UPDATE MEMORY IMAGE OF MOST RECENT COMMAND 
;NOW SET DAV ACTIVE TRUE 

;BUT SET NRFD, ~AC PASS I VE FALSE 
; OUTPUT COMMAND 
;UPDATE t4EMr::F.Y I MAGE OF I~OST RECENT CO~1MAND 

;CHECK FOR POC, ATN, I FC 

;WAIT Fr::F. DATA ACCEPTED 
; LOOK AT DAC 8 IT 
; •• DATA NOT ACCEPTED YET 
;GET STATE OF IFC, ATN, SRQ, REN, EOI 
;MAKE DAV, NRFD, NDAC, EOI PASSIVE FALSE 
;OUTAJT COMMAND 
;UPDATE MEMORY IMAGE OF t~OST RECENT COMMAND 
;REMOVE DATA FROM LINES 

H,TCNTU ;GET TALK CONTINUATION ENTRY ADDRESS 
SRV IS 
U8RAK ;SEE IF THE USER WANTS CONTROL OF S-l(1(1 
TBEND iSEE IF LAST BYTE WAS SENT 

TBPTR 
A,H 
o 
NTEND i •• N)T TALK BUFFER END 
A,L 
E 
NTEND ; •• HA VE N)T FIN I SHED TA LK BUFFER 

TBPTR ;GET TA LK BUFFER PO INTER 
H ;PO I NT TO NEXT BYTE 
TBPTR 
BPTR ; UPDATE TA LK BUFFER AND COfvt.1ON BUFFER PO INTER 
TALK1 ;KEEP TALKING UNTIL INTERRUPTED OR FINISHED 
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8153 C5 
8154 IF 
8155 025081 
8158060A 
815A C36281 
8150211880' 
81611 0601 
8162 IF 
8163 78 
8164 026981 
8167 F610 
8169 320680 
816C Cl 
8160 3EFF 
816F 037E 
8171 3A0D80 
8174 E69F 
8176 F6A0 
8178 0370 
817A 3211080 
8170 3A0580 
8180 E604 
8182 320580 
8185 221080' 

8188 221680 
818B EB 
818C 221880' 
818F 60 
8190' 69 
8191 220E8a 
8194 DB7C 
8196 2F 
8197 E619 
8199 C45882 
819C OB7D 
819E E680 
81A0 CA9481 
81A3 3A0080 
81A6 E69F 
81A8 F68a 
81M 0370 
81AC 320080' 
81AF 21AF81 
81B2 CDD184 
8185 3A0080 
81B8 F6C0 
81BA E6DF 
81BC 0370 
81BE 320080 
81Cl OB7C 
81C3 2F 
81C4 E619 
81C6 C45882 
81C9 OB7D 
81GB E680 
81CD C2C181 
8100 3A0080 

Custom Software Package 
Version 1.4 

, 
;************************************************************** 

L I STEN-ONL Y FUNCT I ON 

.************************************************************** , 

LlSTN: PUSH 
RAA 
JNC 
MVI 
J~1P 

BYTL: LXI 
MVI 

EOST: RAR 
MOV 
JNC 
CRI 

LSET: STA 
POP 
MVI 
OUT 
LOA 
ANI 
ORI 
OUT 
STA 
LOA 
ANI 
STA 
SHLD 

SHLO 
XCHG 
SHLD 
MOV 
MOV 
SHLD 

DAVH: IN 
CMA 
ANI 
CNZ 

LSN1: IN 
ANI 

JZ 
LOA 
ANI 
ORI 
OUT 
STA 

LCNTU: LXI 
CALL 
LOA 
ffil 
ANI 
OUT 
STA 

OAVL: IN 
CMA 
ANI 
CNZ 
IN 
ANI 
JNZ 
LOA 

B ;SAVE BC FCR LATER 
;SEE IF BIT 0 OF A REG IS 0 

BYTL ; •• YES, SO SET UP BYTE LI STENER 
B,l00 ;SET LSTAT TO ACTIVE, BUFFERED 
EOST 
H,LBEND ;USE THIS LOCATION AS Tl-IE "BUFFER" 
B,l ;SET LSTAT TO ADDRESSED/ACTI VE, NON-BUFFERED 

;TEST FCR EOS OPTION 
A,B 
LSET 
10H 
LSTAT 
B 
A,0FFH 
DATPT 
GIMTC 
9FH 
0A0H 
Q.1DPT 
GI MTC 
TSTAT 
4 
TSTAT 
BPTR 

LBPTR 

LBEND 
H,B 
L,C 
JMPAD 
I SRPT 

19H 
LPAI 
CMDPT 
80:-1 
DAVH 
GI MTI: 
9FH 
8Q'H 
Q.1DPT 
GIMTC 
H, LCNTU 
SRVIS 
GI MTI: 
0C0H 
0DFH 
CMDPT 
GIMTC 
ISRPT 

19H 
LPAI 
Q.1OPT 
80H 
DAVL 
GIMTC 

; •• LEAVE OPTION FLAG CLEARED 
;SET OPTION FLAG IN LSTAT 
;AND STORE IN LISTENER STATE BYTE 
;RESTORE Be REGISTERS 
;ASSERT DATA LINES PASSIVE FALSE 

;GET STATE OF IFC, ATN, SRQ, REN AND EOI 
;MAKE NRFD ACTIVE TRUE 
;MAKE DAV, NDAC PASSIVE FALSE 
;OUTPUT COMMAND 
;UPDATE MEMCRY IMAGE OF MOST RECENT COMMAND 
jUNADDRESS TALKER, BUT LEAVE SERIAL POLL 

MCDE STATE ALONE 

;INITIALIZE BUFFER POINTER TO BEGINNING 
; OF BUFFER 
JDD THE SAME FCR THE LISTEN BUFFER· 

;STORE ADDRESS OF LISTEN BUFFER END 

;STORE USER JUMP TABLE ADDRESS 
;CHECK FCR POC, ATN AND I FC 

jWAIT UNTIL DAV IS HIGH (PASSIVE FALSE) 

j SET NDAC, NRFD LOW 

;SET DAV PASSIVE FALSE (HIGH) 
j OUTPUT COMMAND 
jUPDATE MEMCRY IMAGE OF MOST RECENT CO~1AND 
;GET LISTEN CONTINUATION ADDRESS 

;GET LOW BITS OF CONTROL WCRD 
;SET "NOAC" LOW, "NRFD" HIGH 

;OUTPUT COMMAND 
;UPDATE MEMORY IMAGE OF MOST RECENT COMMAND 
;CHECK FCR ATN, POC ffi IFC 

;NOW WAIT FCR "DAV" LOW (ASSERTED TRUE) 

; SET ONLY NDAC, NFRD LDI"/ 
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81D3 E69F 
81D5 D37D 
8107 32ID8!i1 
81DA DB7E 
810C 2F 
81DD 2A 168(1 
81E!i1 77 
81El 32238(1 

81E4 DB7D 
81E6 F5 

81E7 3AffD8!i1 
81EA F6A0 
81EC D37D 
81EE 320080' 
81Fl CDC184 
81F4 Fl 
81F5 E601 
81F7 CA1282 
81FA 3A068!i1 
81 FD E61(1 
81 FF CAOC82 
820'2 3A0480' 
8205 2A 168" 
82"8 BE 

8209 CA 1282 
82!i1C C01C82 
820F C39481 

8212 3A!i168(il' 
8215 E618 
8217 3C 
8218 32068!i1 
821B C9 

821C 2A 188" 
821F EB 
822" 2A 168(1 
8223 3A!i168" 
8226 E608 
8228 C8 

8229 7D 
822A BB 
822B C23382 
822E 7C 
822F BA 
823" CAB284 
8233 23 
8234 221!i18!i1 
8237 22168" 
823A C9 

ANI 
OUT 
STA 
IN 
CI~A 

LHLD 
MOV 
STA 

IN 
PUSH 

LOA 
ORI 
OUT 
STA 
CALL 
pop 

ANI 
JZ 
LOA 
ANI 
JZ 
LOA 
LHLO 
CMP 

JZ 
NEOS: CALL 

JMP 

LOUN: LOA 
ANI 
1f'R 
STA 
RET 

BFCHK: LHLD 
XCHG 
LHLD 
LOA 
ANI 
RZ 

MOV 
o-1P 
JNZ 
MOV 
o-1P 
JZ 

NOFLO: INX 
SHLO 
SHLO 
RET 

9FH 
Cr-1DPT 
GIMTC 
DATPT 

LBPTR 
M,A 
LBYTE 

().1DPT 
PSW 

GIMTC 
21A0H 
0-1 OPT 
GIMTC 
UBRAK 
PSW 
1 

LDUN 
LSTAT 
l!i1H 
NEOS 
EOSB 
LBPlR 
M 

iOUTPUT COMr~AND 

Custom Software Package 
Version 1.4 

iUPDATE MEMORY IMAGE OF MOST RECENT COMMAND 
iGET THE DATA 
i488 USES ACTI VE LOW LOGIC 
iSTORE BYTE IN BUFFER 

iAND IN FIXED MEMORY LOCATION (FOR 
i BYTE ORIENTED LISTENER) 

iKEEP IMAGE OF 488 CMD LINES SO CAN CHECK 
FOR END 

iASSERT ONLY "NRFD" (NOAC SET HIGH) 
i OUTPUT COMMAND 
iUPDATE MEt-lORY IMAGE OF MOST RECENT COMMAND 
iSEE IF USER WANTS CONTROL OF S-I!i1" 
iCHECK FOR EOI ACTIVE TRUE 

i •• LAST BYTE HAS EO I TRUE. 
iTERMINATE ON EOS? 

i •• NO 
iGET END-QF-STRING BYTE 

iCOMPARE TO BYTE JUST RECEIVED-ARE THEY 
THE SJlME? 

LDLr-l i •• YES 
BFCHK iCHECK FOR FULL BUFFER 
DAVH jREPEAT LOOP FOREVER 

LSTAT 
ISH jKEEP HANDSHAKE AND EOS FLAGS 
A iSHOW LISTEN STATE IS AOORESSEO (NOT ACT I VEl 
LSTAT 

LBEND 

LBPlR 
LSTAT 
8 

A,L 
E 
NOFLO 
A,H 
D 
UBFUL 
H 

BPTR 
LBPlR 

;PUT BUFFER END AIDRESS I N DE 
POINTER ,IN HL 

iDETERMINE IF BYTE OR BUFFER ORIENTED LISTENER 

; •• BYTE OR I ENTED 

iCHECK FOR END OF BUFFER 

i •• MORE BUFFER AVAILABLE 

i •• BUFFER FULL, GO TO USER FOR INSTRUCTIONS 
iPO I NT TO NEXT BUFFER LOCAT I ON 
iUPDATE BUFFER FO INTER 

; 
.************************************************************** , 

CQMN:J ROUT I NE TO OUTPUT BYTE I N A REG I STER 
TO GENERAL I NTERFACE r~ANAGEMENT AND 
DATA lRANSFER CONlROL FORT. IT ALSO 
UPDATES GIMTC, A MEMORY IMAGE OF THE 
MOST RECENT COMMAND PLACED ON THE 
GIM & TC LINES. 

i 
.************************************************************* , 
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823B 0370 
8230 320080 
824(;1 C9 

8241 214182 
8244 E5 
13245 DB7C 
8247 IF 
8248 D2BE84 
824B IF 
824C IF 
8240 IF 
824E IF 
824F D29F84 
8252 17 
8253 D26F82 
8256 E 1 
8257 C9 

8258219C81 

8258 E3 
825C DB7C 
825E IF 
825F D2BE84 
8262 IF 
8263 IF 
8264 IF 
8265 IF 
8266 D29F84 
8269 17 
826A D26F82 
8260 E3 
826E C9 

826F DB7D 
8271 E608 
8273 CAB584 
13276 3EF7 
8278 D37C 
827A E3 
827B C9 

Custom Software Package 
Vers ion 1.4 

CO~1ND: OUT 
STA 
RET 

Q.1DPT 
GIMTC 

;OUTPUT COMMAND 
;UPDATE I~EMCRY I MAGE OF MOST RECENT COMMAND 

, 
.************************************************************** , 

PAl CHECK FCR P&T 488 LOCKOUT DUE TO S-I(;1(;1 RESET 
CR 488 EXTERNAL CONTROLLER ASSERTING ATN 
OR IFC TRUE. EXTERNAL ATTENTION IS TO BE SERVICED 

ONLY IF THE INTERFACE IS NOT LOCKED OUT DUE TO AN S-100 POC 
OR 488 IFC (INTERFACE CLEAR) • 

. ************************************************************** , 

PAl :. 
PAl I: 

LPAI: 

LXI 
PUSH 
IN 
RAR 
JNC 
RAR 
RAR 
RAA 
RAR 
JNC 
RAL 
JNC 
pop 
RET 

LXI 

XTHL 
IN 
RAR 
JNC 
RAA 
RAR 
RAR 
RAR 
JNC 
RAL 
JNC 
XTHL 
RET 

PUATN: IN 
ANI 
JZ 
MVI 
OUT 
Xl11L 
RET 

H,PAI 
H 
ISRPT 

UPOC 

UI FC 

PUATN 
H 

H ,LSN 1 

ISRPT 

UPOC 

UI FC 

PUATN 

CMDPT 
8 
UATN 
A,0F7H 
ISRPT 

;RE-ENTER THIS ROUTINE UNTIL EACH OF 
POC, ATN AND IFC HAVE BEEN CLEARED 

;PUT POC BIT IN CARRY 
; •• IF POC ACTIVE TRUE 
;REN > CARRY 
;SRQ > CARRY 
;XATN > CARRY 
;X I FC > CARRY 
; •• XIFC IS ACTIVE TRUE 
;XATN > CARRY 
; •• XATN HAS CHANGED STATES 
;CLEAR RE-ENTRY AOORESS ON STACK 

;PUT COMMON LISTEN RETURN AOORESS IN HL 
IN CASE ATN IS ACTIVE TRUE 

;RETURN TO CALLING PROGRAM 

;SEE IF ATN HAS BEEN ASSERTED OR RELEASED 

; •• ASSERTED, KEEP RETURN ADDRESS 
; •• RELEASED, SO RESET XATN BIT IN ISR 

;PUT NORMAL RETURN AOOR BACK ON STACK 
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827C CD9282 
827F 3AIIJA811J 
8282 E6FIIJ 
8284 F611J6 
8286 3211JA8(1 
8289 3A!lDSIIJ 
828C F6(18 
828E CD3B82 
8291 C9 

Custom Software Package 
Version 1.4 

.************************************************************** , 

CNTRL TAKE CONTROL OF THE 488 BUS 

OUTLINE OF OPERATION: 

SET NRFD, NDAC LOW (TRUE) 
SET DAV HIGH, ATN LOW 

CLUP: SET NRFD HIGH 
WAIT UNTIL NRFD HIGH 
PLACE BYTE ON DATA LINES 
SET DAV LOW 
SET NRFD LOW 
READ THE DATA LINES 
SET NDAC HIGH 
SET UP APPROPRIATE STATES 
WAIT FOR NDAC HIGH 
SET DAV HIGH 
END OF CONTROLLER BUFFER? 

YES: SET ALL DATA LINES HIGH 
SET NRFD LOW IF P&T IS A 

LI STENER 
SET ATN HIGH 
RETURN TO CALLER 

NO: CALL BREAK 
ADVANCE BUFFER PO INTER 
JMP CLUP 

SET UP AH (ACCEPTOR HANDSHAKE) 
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 CHE'liS IT 

CONTROLLER WAITS FOR OTHER DEVICES 
CONTROLLER PLANS TO CHANGE DATA LI NES 

CLEAR DATA LINES 
LOCK UP UNT I L LI STEN FUNCT I ON REA DY 

RELINQUISH CONTROL 

SEE I F USER WANTS SOMETH I NG 

SEND NEXT BYTE 

.************************************************************** , 

CNTRL: CALL CTRL JDO THE CONTROLLER TH I NG 
LOA CSTAT jPUT CONTROLLER I NTO STANDBY (CSBS) 
ANI IIJFIIJH jBUT KEEP OTHER STATE INFO 
ORI 6 
STA CSTAT 
LOA GIM1C jRELEASE ATN LINE 
ORI 8 
CALL COMND 
RET 

8292 22111J811J CTRL: SHLD BPTR jlNITIALIZE COMMON BUFFER POINTER 
8295 221A811J SHLO CBPTR AS WELL AS CONTROLLER BUFFER POINTER 
8298 EB XCHG 
8299 221COO SHLD CBEND j5TORE END ADDRESS OF CONTROLLER BUFFER 
829C 611J MaV H,B 
8290 69 MOV L,C 
829E 2211JE811J SHLD JMPAD jSTORE USER JUMP TABLE BASE ADDRESS 
82Al 3AIIJA811J LOA CSTAT jTAKE CONTROLLER OUT OF IDLE STATE 
82A4 E6FIIJ ANI IIJFIIJH 
82A6 F611J3 ORI 3 jAND MAKE IT ACTI VE 
82A8 3211JA8(1 STA CSTAT 
82AB 3A1IJD8(1 LOA GIM1C jGET IFC, ATN, SRQ, REN, EOI STATE 
82AE E69F ANI 9FH jPULL NRFD, NDAC LOW (ACTIVE TRUE) 
82BIIJ F6811J ORI 811JH jMAKE DAV HIGH (PASSIVE FALSE) 
82B2 CD3B82 CALL CQMND 
82B5 E6F7 ANI IIJF7H jASSERT ATN TRUE (LOW) 
8287 CD3B82 CALL COMND 
82BA 3AIIJD811J CLUP: LOA GIM1C 
82BD F6411J ORI 4mi j SHOW ACCEPTOR HANDSHAKE READY 
82BF CD3B82 CALL COMND 

o - 13 



P&T-488 

82C2 CD4182 

82C5 DB7D 
82C7 E64i3 
82C9 CAC282 
82CC 2A 1 A8i3 
82CF 7E 
82D0 2F 
8201 D37E 
82D3 3A0D8i3 
8206 E67F 
8208 CD3B82 
82DB E6BF 
82DD CD3B82 
82E0 DB7E 
82E2 2F 
82E3 47 
82E4 32238C1 
82E7 3AOO80 
82EA F62i3 

82EC CD3B82 
82EF CD7383 

82F2 C04182 
82F5 DB7D 
82F7 E62C1 
82F9 CAF282 
82FC 3AOO8i3 
82FF F680 
83C11 CD3B82 
8304 3EFF 
8306 D37E 
8308 210883 
830B COO 184 
830E CDCl84 
8311 2A lC8C1 
8314 EB 
8315 2A1A8C1 
8318 7C 
8319 BA 
831A C22683 
8310 7D 
831E BB 
831F C22683 
8322 C03383 

8325 C9 

8326 2A1A80 
8329 23 
832A 221A8C1 
8320 221 080 
83313 C3BA82 

CTRL 1: CALL 

IN 
ANI 
JZ 
LHLD 
r~ov 

04A 
OUT 
LDA 
ANI 
CALL 
ANI 
CALL 
IN 

CMA 
MOV 
STA 
LOA 
rnl 

CALL 
CALL 

CTRL2: CALL 
IN 
ANI 
JZ 
LOA 
rnl 
CALL 
MVI 
OUT 

CCNTU: LXI 
CALL 

CTRL6: CALL 
LHLD 
XCHG 
LHLD 
MOV 
04P 
JNZ 
MaV 
CMP 
JNZ 
CALL 

RET 

NCEND: LHLD 
INX 
SHLD 
SHLD 
JMP 

PAl 

()~DPT 

4C1H 
CTRLl 
CBPTR 
A,M 

DATPT 
GI Mlt: 
7FH 
COMND 
0BFH 
COMND 
DATPT 

B,A 
LBYTE 
GIMTI:: 
213H 

COM NO 
UPD8 

PAl 
04 OPT 
21J'H 
CTRL2 
G I r~lt: 
80H 
Cm1ND 
A,0FFH 
DATPT 
H,CCNTU 
SRVIS 
UBRAK 
C8END 

CBPTR 
A,H 
D 
NCENO 
A,L 
E 
NCEND 
ADDRES 

C8PTR 
H 
CBPTR 
BPTR 
CLUP 

Custom Software Package 
Version 1.4 

;CHECK Frn P&T 488 LOCKOUT DUE TO 
; EXTERNA L I FC rn S-l i3i3 POC 
;» NOTE « THE ATN 'liE ARE ASSERT I NG MASKS 
;ANY EXTERNAL APPLICATION OF ATN, SO WE 
;NEED NOT WORRY ABOUT SOME OTHER CONTROLLER 
;SENDING ATN ACTI VE TRUE. 
;SEE IF ALL DEVICES READY Frn BYTE 

; •• NOT READY YET 
;GET THE BYTE 

;488 HAS NEGATI VE LOGIC 

;MAKE DAV ACTIVE TRUE (LOW) 

;MAKE NRFD TRUE (LOW) 

; READ THE BYTE 
;488 USES NEGATI VE LOGIC 
;SAVE IT FOR NOW 
;SAVE IT IN THE LAST BYTE REGISTER 

;SHOW CONTROLLER WE GOT IT 
(MAKE NOPe PASSIVE FALSE) 

;LOOK THIS COMMAND OVER AND SEE IF ANY 
OF THE INTERFACE FUNCTIONS ARE 
AFFECTED. UPDATE THE FUNCTION STATES 
AS NECESSPRY. THE Cm~MAND IS IN REG B. 

; CHECK Frn LOCKOUT DUE TO POC, XA TN OR X I FC 
iWAIT Frn NDAC HIGH (FALSE) 

; •• NDAC LOW (TRUE) 
;SET DAV HIGH (FALSE) 

;RELEASE THE 488 DATA LINES 

; SET UP SRQ RE-ENTRY ADDRESS 
iCHECK Frn SRQ (SERV I CE REQUEST) 
;SEE IF USER WANTS CONTROL OF S-1130 
;GET CONTROLLER BUFFER END AooRESS 

iA/I[) POI NTER AOORESS 

i •• NOT AT END OF CONTROLLER BUFFER 

; •• NOT AT END OF CONTROLLER BUFFER 
;FINISH ADDRESSING OF TALK, LISTEN 
; OF P&T-488 

;GET CONTROLLER BUFFER POINTER 
;POINT TO NEXT ENTRY IN BUFFER 

;UPDATE COMMON BUFFER POINTER 
JAND SEND NEXT BYTE 
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8333 3A058(1 
8336 E608 
8338 CA5383 
833B 3A0580 
833E F601 
8340 E6F7 
8342 32058(1 
8345 3E7F 
8347 320C8(1 
834A 3A0680 
8340 E618 
834F 32068(1 
8352 C9 

8353 3A068(1 
8356 E604 
8358 CA7283 
8358 3A068!3 
835E F601 
83613 E6FB 
8362 32(1680 
8365 3E7F 
8367 320B3!3 
836A 3A058(1 
8360 E6!34 
836F 320'580 
8372 C9 

8373 78 
8374 E67F 
8376 47 
8377 FE6!3 
8379 F2C683 

837C CD3383 

837F 78 
8330 FE05 
8382 CA5784 
8385 3AIil980 
8388 E6FB 

Custom Software Package 
Vers ion 1.4 

.************************************************************** , 

THIS ROUTINE CHECKS TO SEE IF THE TALK OR LISTEN FUNCTION 
IS IN THE PRIMARY ADDRESSED STATE. IF IT IS, THIS ROUTINE 

CHANGES THE STATE TO ADDRESSED AND PUTS A DUMMY SECONDARY 
ADDRESS IN THE SECONDARY ADDRESS STORAGE LOCATION. 

, 
.************************************************************** . 
ADDRES: LOA 

ANI 
JZ 
LOA 
ORI 
ANI 
STA 
MYI 
STA 

LNADR: LOA 
ANI 
STA 
RET 

NTPRI: LOA 
ANI 
JZ 
LDA 
ORI 
ANI 
STA 
MYI 
STA 

TNADR: LOA 
ANI 
STA 

NLPRI: RET 

TSTAT 
8 
NTPRI 
TSTAT 
1 
!3F7H 
TSTAT 
A,7FH 
TALKS 
LSTAT 
18H 
LSTAT 

LSTAT 
4 
NLPRI 
LSTAT 
1 
0F8H 
LSTAT 
A,7FH 
LSTNS 
TSTAT 
4 
TSTAT 

;SEE IF TALKER IN PRIMARY ADDRESSED STATE 

; •• NO, SO LEAYE IT ALONE 
;GET TALKER STATE AGA IN 
;SHOW IT AS ADDRESSED 
;AND NO LONGER PRIMARY ADDRESSED 

;PUT IN DUMMY SECONDARY ADDRESS 
; TO SHOW NON-EXTENDED TALKER 
;KEEP THE HANDSHAKE AND EOS FLAGS, 

BUT UNAOORESS THE LI STEN FUNCTION 
SINCE THE TALK FUNCTION IS ADDRESSED 

;NOW CHECK LISTENER STATE 
TO SEE IF IN PRIMARY ADDRESSED STATE 

; •• NO, ro ON TO NEXT FUNCTION 
;GET LISTEN STATE AGAIN 
;SHOW IT AS ADDRESSED 
;BUT NOT PRIMARY ADDRESSED 

;AND PUT DUMMY SECONDARY ADDRESS TO 
; SHOW NON-EXTENDED LISTENER 
;KEEP THE SERIAL POLL STATE BUT 

UNADDRESS THE TALK FUNCTION SINCE THE 
LISTEN FUNCTION IS ADDRESSED 

, 
.************************************************************** , 

UPD8 THE CO~t.1AND FROM THE CONTROLLER-I N-GHARGE 
I S IN THE B REG I STER. LDDK AT THE COMMAND 

AND UPDATE THE FUNCTIONAL STATE OF THE 
INTERFACE AS IS NECESSARY. 

, 
.************************************************************** , 

UPD8: MOV 
ANI 
MOY 
CPI 
JP 

CALL 

»> 

MOY 
CPI 
JZ 
LOA 
ANI 

A,B ;PUT THE COMMAND IN REGISTER A 
7FH ;STRIP THE PARITY BIT 
B,A ;SAVE IT IN B FOR LATER USE 
61ilH 
RSCG ; •• BELONGS TO SECONDARY COM~4AND GROUP 

; (SECONDARY ADDRESS, ETC) 
ADORES ;IF TALK OR LISTEN IS PRIMARY ADDRESSED 

CHANGE IT TO ADDRESSED AND PUT IN 
DUMMY SECONDARY ADDRESS 

PR I MARY COMMAND GROUP ««< 

A,B 
PPC 
RPPC 
PSTAT 
0F8H 

;GET COMMAND AGAIN 
; IS IT PARALLEL POLL CONFIGURE? 
; •• YES, SO UPDATE THE PP STATE 
; •• NO, SO PUT PP STATE INTO PUCS 
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838A 320980 
8380 78 
838E FE40 
839f1 F20F84 
8393 FE20 
8395 F22884 
8398 FE01 
839A CA4D84 
8390 FE04 
839F CA4E84 
83A2 FE08 
83A4 CA6684 
83A7 FE09 
83A9 CA6F84 
83AC FE 11 
83AE CA7084 
83B1 FE14 
83B3 CA7184 
83B6 FE15 
83B8 CA7484 
8388 FE 18 
83BD CA7D84 
83C0 FE19 
83C2 CA8684 
83C5 C9 

83C6 3A0580 
83C9 E608 
83CB CADF83 
83CE 78 
83CF 320C8f1 
8302 3A0580 
8305 E604 
8307 3C 
8308 320580 
83DB CD4A83 
83DE C9 

83DF 3A068f1 
83E2 E604 
83E4 CAF883 
83E7 78 
83E8 320B80' 
83EB 3A0680 
83EE E618 
83F0 3C 
83F1 32068f1 
83F4 CD6A83 
83F7 C9 
83F8 3A098<O 
83FB E604 
83FD CA0E84 
84<00 78 
8401 E610' 
8403 C27484 
84f16 78 
8407 320280 
840'A COC587 

8400 C9 

840'E C9 

STA 
MOV 
CPI 
JP 
CPI 
JP 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
RET 

RSCG: LOA 

, 

ANI 
JZ 
MaV 
STA 
LOA 
ANI 
INR 
STA 
CALL 
RET 

RSCG1: LOA 
ANI 
JZ 
MOV 
STA 
LOA 
ANI 
INR 
STA 
CALL 
RET 

RSCG2: LOA 

, 

ANI 
JZ 
MOV 
ANI 
JNZ 
MOV 
STA 
CALL 

RET 

RSCG3: RET 

PSTAT 

Custom Software Package 
Version 1.4 

A, B iGET mE Cm4MAND AGA IN 
401-1 
RTAG i •• TALK AOORESS GROUP 
201-1 
RLAG i •• LI STEN ADDRESS GROUP 
GTL 
RGTL i •• OO TO LOCAL 
SOC 
RSDC i •• SELECTIVE DEVICE CLEAR 
GET 
RGET i •• GROUP EXECUTE TRIGGER 
TCT 
RTCT i •• TAKE CONTROL 
LLO 
RLLO i •• LOCAL LOCKOUT 
OCL 
RDCL i •• UNIVERSAL DEVICE CLEAR 
PPU 
RPPU i • • PARALLEL POLL UNCO'lF IGURE 
SPE 
RSPE i •• SERIAL POLL ENABLE 
SPO 
RSPD i •• SERIAL POLL DISABLE 

TSTAT 
8 
RSCG1 
A,B 
TALKS 
TSTAT 
4 
A 
TSTAT 
LNACR 

LSTAT 
4 
RSCG2 
A,B 
LSTNS 
LSTAT 
18H 
A 
LSTAT 
TNACR 

PSTAT 
4 
RSCG3 
A,B 
11m 
PPIDL 
A,B 
PPRSP 
PPNBL 

iDON'T RECOGNIZE THE COMMAND 

iSEE IF IN TALKER PRIMARY ADDRESS STATE 

; •• NO 
iGET SECONDARY ADDRESS AGAIN 
iAND SHOW IT AS TALK SECO'JDARY ADDRESS 
iGET TALKER STATE AGAIN 
jKEEP ONLY SERIAL POLL MODE STATE 
iSHOW TALKER IS ADDRESSED 

iUNAOORESS DUE TO .MY TALK ADDRESS 
iDONE INTERPRETING THE COMMAND 

iSEE IF IN LISTENER PRIMARY ADDRESSED STATE 

; •• NO 
i SAVE LISTENER SECONDARY ADDRESS 

jGET LISTENER STATE AGAIN 
iKEEP LI STEN HANDSHAKE AND EOS fLAGS 
iSHOW STATE AS ADDRESSED LISTENER 

iUNAOORESSED DUE TO MY LISTEN ADDRESS 
iDONE INTERPRETING COMMAND 
iSEE IF PARALLEL POLL IS TO BE CONFIGURED 
jPARALLEL POLL IN PACS? 
; •• NO 
iGET THE COMMAND AGAIN 
jlS IT PPD (PARALLEL POLL DISABLE)? 
i •• YES, so PUT PP INTO PPIS 
i •• NO, so SAVE PPE MESSAGE 

iPUT THE APPROPRIATE PPR MESSAGE IN 
THE PARALLEL POLL RESPONSE REGISTER 

jNO OTHER FUNCTIONS DECODED YET++++ 
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840F 3A058(1 
8412 E6(14 
8414 4F 
8415 3A018(1 
8418 88 
8419 C22384 

841C 79 
841D F6(18 
841F 32058(1 
8422 C9 

8423 79 
8424 32058(;3 

8427 C9 

8428 3A068(1 
8428 E618 
842D 4F 
842E 3A(1(;38(1 
8431 88 
8432 C23C84 
8435 79 
8436 F6(14 
8438 3206811 
8438 C9 

843C 3A(;J68(1 
843F E6FB 
8441 32(168(1 
8444 78 
8445 FE3F 
8447 ca 
8448 79 
8449 32(;368(1 
844C C9 

844D C9 

844E 3A(;368(1 
8451 E6(;33 
8453 C8 
8454 C3AF84 

8457 3A068(1 
845A E601 
845C C8 
8450 3A098(;3 
846(1 11"6(14 
8462 32098(;3 
8465 C9 

8466 3A(;368(1 
8469 E603 
8468 C8 
846C C3AC84 

846F C9 

847(1 C9 

8471 C3AF84 

RTAG: LDA 
ANI 
MeV 
LDA 
().1P 

JNZ 

MOV 
ORI 
STA 
RET 

NTLK: MOV 
STA 

RET 

RLAG: LOA 
ANI 
MOV 
LOA 
CMP 
JNZ 
MeV 
ORI 
STA 
RET 

NLSN: LOA 

j 

ANI 
STA 
MOV 
CPI 
RNZ 
MOV 
STA 
RET 

RGT"L: RET 

RSDC: LOA 

, 

ANI 
RZ 
JMP 

RPPC: LOA 
ANI 
RZ 
LOA 
ORI 
STA 
RET 

RtX:T: LOA 
ANI 
RZ 
JMP 

RTCT: RET 

RLLO: RET 

RDCL: JMP 

TSTAT 
4 
C,A 
TALKP 
8 
NTLK 

A,C 
8 
TSTAT 

A,C 
TSTAT 

LSTAT 
ISH 
C,A 
LSTNP 
B 
NLSN 
A,C 
4 
LSTAT 

LSTAT 
0FBH 
LSTAT 
A,B 
3FH 

A,C 
LSTAT 

iGET TALK STATUS 
iKEEP SERIAL POLL MODE STATE 
jSAVE IT IN REGISTER C 
jGET PRIMARY TALK ADDRESS 

Custom Software Package 
Version 1.4 

i •• COMMAND DOES NOT MATCH PRIMARY TALK 
j ADDRESS 
iGET TALK STATE AGAIN 
j SHOW PR I MARY ADDRESSED STATE 

jDONE INTERPRETING THE COMMAND 

jGET TALK STATE AGAIN 
iSHOW IT AS UNADDRESSED (BECAUSE THIS 
j COMMAND WAS EITHER UNIVERSAL.UNTALK 
j CR OTHER TALK ADDRESS) 
jDONE INTERPRETING THE COMMAND 

jGET LI STEN STATE 
jKEEP ONLY HANDSHAKE AND EOS FLAGS 
jSAVE IT IN REGISTER C FCR LATER 
jGET PRIMARY LISTEN ADDRESS 

j •• DDES ~T MATCH COMMAND 
jGET UNADDRESSED LISTEN AGAIN 
jSHOW IT AS PRIMARY ADDRESS STATE 

jTHIS IS ~T MY LISTEN ADDRESS, SO 
INSURE THAT P&T-488 IS IN LPIS STATE 

jGET COMMAND 
jUNIVERSAL UNLISTEN? 
jOTHER LISTEN ADDRESS, SO LEAVE LSTAT ALONE 
jGET UNADDRESSED LISTEN STATE 
jDUE TO UNIVERSAL UNLISTEN COMMAND 

jGO TO LOCAL FUNCTION NOT IMPLEMENTED 

LSTAT jSELECTI VE DEVICE CLEAR 
3 j I S THE LISTEN MODE ADDRESSED? 

; •• NO 
UDVCL jYES, SO CLEAR THE DEVICE 

LSTAT jPARALLEL POLL CONFIGURE 
1 j SEE IF LISTEN FCN I N LAOS 

j •• NO, SO IGNORE PPC COMMAND 
PSTAT j •• YES, SO PUT PP INTO PACS 
4 
PSTAT 

LSTAT jGROU? EXECUTE TRIGGER 
3 jSEE IF LISTEN FUNCTION ADDRESSED 

; •• NO 
UTRGR jYES, SO PERFOR-1 DEVICE TRIGGER 

jTAKE CONTROL - NOT IMPLEMENTED 

jLOCAL LOCKOUT - NOT IMPLEMENTED 

UDVCL jUNIVERSAL DEVICE CLEAR 
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8474 97 
8475 320981il 
8478 3EFF 
847A D37F 
847C C9 

8470 3A1358!il 
84813 F604 
8482 32!il58!il 
8485 C9 

8486 3A1358!il 
8489 E6FB 
848B 32!il58!il 
848E C9 

848F C5 
8490 E617 
8492 2F 
8493 47 
8494 3A!ilD8!il 
8497 F617 
8499 Ml 
849A CD3B82 
8490 Cl 
849E C9 

849F 97 
84AIil 320680 
84A3 321il581il 
84A6 3213A80 
84A9 1 E!il9 
84AB !ill 
84AC lEOO 
84AE 01 
84AF lE03 
8481 !ill 
8482 lE06 
84B4 131 
8485 lE18 
8487 131 
84B8 lE0F 
848A 01 
84BB lE12 

; 
RPPU: 
PPIDL: SUB A 

STA PSTAT 
r~vl A,!ilFFH 
OUT PPORT 
RET 

RSPE: LDA TSTAT 
CRI 4 
STA TSTAT 
RET 

RSPO: LDA TSTAT 
ANI !ilFBH 
STA TSTAT 
RET 

;PARALLEL POLL UNCONFIGURE 
; PUT PP INTO PP I S/PUCS 
;CLEAR RESPONSE BYTE REGISTER 

Custom Software Package 
Version 1.4 

;SET SERIAL POLL MODE BIT IN TALKER 
STA TE REG I STER 

;CLEAR SERIAL POLL MOOE BIT IN 
TALKER STATE REGI STER 

; 
.************************************************************** , 

GIM - GENERAL INTERFACE MANAGEMENT 

A ROUTINE WHICH ALLOWS THE USER TO SET THE 
STATE OF THE IFC, SRO, REN AND EOI LINES 

; 
.************************************************************** , 

GIM: PUSH B ;IMMEDIATELY SET IFC, SRO, REN AND EO I LI NES 
ANI 17H iSTRIP OUT DON'T CARES 
CMA i488 USES NEGATIVE LOGIC 
MOV B,A 
LOA GIM1t: iGET STATE OF LOCAL ATN, ETC 
CRI 17H ;STRIPOUT IFC, SRO, ETC 
ANA B iCOMBINE INTO NEW COMMAND 
CALL COMND ;OUTPUT NEW COMMAND 
POP B ;RESTORE BC 
RET 

; 
.************************************************************** , 

CALCULATE AND JUMP TO APPROPRIATE ENTRY IN 
USER-SUPPLIED JlJ.1P T~LE 

; 
.************************************************************** , 

UIFC: SUB A ;ZERO REG A 
STA LSTAT iPUT LISTEN FCN IN IDLE 
STA TSTAT iPUT TALK FCN IN IDLE 
STA CSTAT iPUT CONTROLLER FCN IN IDLE 
MVI E,9 
DB 1 

UTRGR: MVI E,!il ;E=DIFFERENCE BETWEEN USER JUMP TABLE 
DB 1 BASE ADDRESS AND DESIRED ENTRY POINT 

UDVCL: MVI E,3 BC=GARBAGE 
DB 1 

UBFUL: MYI E,6 
08 1 

UATN: MVI E,24D 
DB 1 

UNLSN: r~vl E,15D 
DB 1 

USRO: MVI E,18D 

o - 18 



P&T-488 

8480 ~1 

84BE lE15 
84CIiJ' 01 
84Cl lE0C 
84C3 161iJ'0 
84C5 2A0E81iJ' 
84C8 19 
84C9 E5 
84CA 3A2381iJ' 
84CD 2A l1iJ'8(1 
8400 C9 

84Dl DB7D 
8403 E604 
8405 CAE184 
8408 3A0A8(1 
84DB E6EF 
8400 320A8(1 
84E0 C9 

84El 3A0A81iJ' 
. 84E4 E61(l 

84E6 C0 

84E7 3A0A8(1 
84EA F61(l 
84EC 32(1A8(1 
84EF E6(1F 
84Fl C8 

84F2 E3 
84F3 C3BB84 

84F6 C5 
84F7 3A058(l 
84FA E6(11 
84FC 47 
84FD 3A068(l 
85(l(l E603 
85(12 CA0785 
8505 3E02 

DB 
UPOC: MVI 

DB 
UBRAK: MVI 

MVI 
LHLD 
DAD 
PUSH 
LDA 
LHLD 
RET 

, 

E,21D 
1 
E,12D 
0,0 
JMPAD 
0 
H 
LBYTE 
BPTR 

Custom Software Package 
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;GET BASE ADDRESS OF USER JUMP TABLE 
;CALCULATE ACTUAL ADDRESS 
;AND PUT IT ON THE STACK 
;PUT LAST BYTE HEARD I N A REG 
;AND PO I NTER OF CLRRENT BUFFER IN HL 
; THEN "RET" TO USER JUMP T.4B LE 

.************************************************************** , 

SRVIS - CHECK F<R SERVICE REQUEST. IF SRQ IS TRUE, 
THE STATE TABLE IS CHECKED TO DETERMINE IF 
THE P&T 488 I S THE CONTROLLER-I N-GHARGE. IF 
IT IS, THE ADDRESS IN REGISTERS HL IS SUBSTITUTED 
F<R THE RETURN ADDRESS AND A BRANCH I S ~~ADE TO 
THE USER-SUPPLIED ROUTINE SVCRQ. IF THE CONDITIONS 
ARE NOT MET, A RETURN IS MADE TO THE CALLING ROUTINE. 

; 
.************************************************************** , 

SRVIS: IN CMOPT ;CHECK F<R SRQ TRUE (LOW) 
ANI 4 
JZ SRVI ; •• SRQ TRUE: SHOULD WE IGNORE IT? 
LDA CSTAT 
ANI 0EFH ;PUT CONTROLLER INTO CSNS STATE 
STA CSTAT 
RET 

SRVI : LOA CSTAT ;IGNORE SRQ LINE IF IT HAS ALREADY BEEN 
ANI 101-1 DETECTED 
RNZ 

LOA CSTAT ;SET CSRS STATE IN CONTROLLER STATE 
CRI 10H 
STA CSTAT 
ANI 0FH ;SEE IF P&T 488 CONTROLLER FUNCTION IS IDLE 
RZ ;CONTROLLER FUNCTION IN IDLE STATE -

; SOMEBOOY ELSE IS TO TAKE CARE OF THE SRQ 
XTHL ;SU8STITUE CONTENTS OF HL FCR RETURN ADDRESS 
JMP USRQ ;AfIO ro TO USER-SUPPLIED SRQ ROUTINE 

; 
.************************************************************ , 

STATE - RETURNS WITH ABBREVIATED STATE INFCRMATION 
IN 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 INTO THE STATE TABLE • 

. ************************************************************* , 

STATE: PUSH B ;PRESERVE BC REGISTERS 
LOA TSTAT ;GET TALKER STATE 
ANI 1 ;SEE IF AooRESSED 

TIDL: MOV B,A 
LOA LSTAT ;GET LI STENER STATE 
ANI 3 ;SEE IF ADDRESSED CR ACTIVE 
JZ LlDL ; •• LI STENER IDLE 
MVI A,2 ;PUT LISTENER NOT-IDLE STATE IN BIT 1 
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8507 8G 
8508 47 
8509 3A098G 
85GC E6Gl 
850E 07 
85(1F 07 
8510 8G 
8511 47 
8512 3A0880 
8515 E618 
8517 00 
8518 47 
8519 3A0A80 
851C EWF 
851E CA2385 
8521 3E4(.J 
8523 80 
8524 Cl 
8525 21058G 
8528 C9 

8529 E5 
852A 6G 
852B 69 
852C 220E80 
852F El 
853a 3AOO8G 
8533 E69F 
8535 F68G 
8537 CD3B82 
853A 3EFF 
853C D37E 
853E 3EF6 
8540 D37C 
8542 CDF985 
8545 DB7D 
8547 E608 
8549 C2A'085 
854C DB70 
854E E680 
855G CA4285 
8553 3AOOsa 
8556 F640 
8558 CD3B82 
8559 CDF985 
855E DB7D 
8560 E608 
8562 C2A085 
8565 DB7D 
8567 E68a 
8569 C25B85 
856C 3AOO8G 
856F E69F 

LI DL: 

CIDL: 

ORA 
MOV 
LDA 
ANI 
RLC 
RLC 
ORA 
MOV 
LOA 
ANI 
ORA 
MOV 
LOA 
ANI 
JZ 
MVI 
CRA 
pop 

LXI 
RET 

B 
B,A 
PSTAT 
1 

B 
B,A 
RSTAT 
18H 
B 
B,A 
CSTAT 
0FH 
CIDL 
A,40H 
B 
B 
H, TSTAT 

;CR IN TALKER STATE AT BIT G 
;SAVE IT IN 8. 
;GET PARALLEL POLL STATE 

;GET REMOTE-LOCAL STATE 

;GET CONTROLLER STATE 

;CONTROLLER IS IN IDLE STATE 
;SHOW CONTROLLER NOT IDLE 

Custom So ftware Package 
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;GET THE REST OF THE STATE INFCRMATION 
;RESTORE OC 
;POINT HL TO FIRST STATE TABLE ENTRY 

, 
.************************************************************** , 

XCTRL EXTERNA L CONTROLLER RESPONSE ROUT I NE 

THIS ROUTINE LOOKS AT THE COMMANDS PRESENTED 
BY AN EXTERNAL CONTROLLER A/'(l UPDATES THE 
STATE OF THE INTERFACE AS NECESSARY • 

. ************************************************************** , 

XCTRL: PUSH 
~V 

MOV 
SHLO 
POP 

XCTL0: LOA 
ANI 
ORI 
CALL 
MVI 
OUT 
MVI 
OUT 

XCTL I: CALL 
IN 
ANI 
JNZ 
IN 
ANI 
JZ 
LOA 
CRI 
CALL 

DAVT: CALL 
IN 
ANI 
JNZ 
IN 
ANI 
JNZ 
LOA 
ANI 

H 
H,B 
L,C 
JMPAD 
H 
GIMTC 
9FH 
8aH 
C().1ND 

A,0FFH 
DATPT 
A,0F6H 
I S:<PT 
PI 
Q.10PT 
8 
XCOUN, 
CMIFT 
80H 
XCTLI 
GIMTC 
4ta-l 
COMND 
PI 
Q.1IFT 
8 
XCOUN 
Q·lOPT 
80H 
DAVT 
GIMTC 
9FH 

;SAVE USER JUMP TABLE ADDRESS 

;SET UP ACCEPTOR HANDSHAKE 
;BY SETTING NRFD, NOAC LOW (TRUE) 
JAND DAV HIGH (PASSIVE FALSE) 

;CLEAR DATA LI NES 

jCLEAR XATN BIT IN ISR, LEAVE INTERRUPTS 
j DISABLED 
;CHECK FCR LOCKUP DUE TO POC CR I FC 
j NOW CHECK F CR A TN 

;WAIT UNTIL DAV IS HIGH (PASSI VE FALSE) 

;NOW SET NRFD HIGH (WE'RE READY) 

jWAIT FCR DAV LOW (TRUE) 

jXATN TRUE? 
; •• NO, SO QUIT THIS ROUTINE 

;SET NRFD, NDAC LOW (TRUE) 
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8571 CD3B82 CALL C(J.1 t-O 
8574 DB7E IN DATPT iGET THE COMMAND FROM THE EXTERNAL CONTROLLER 
8576 2F ClM ;THE 488 BUS USES NEGATIVE LOGIC 
8577 E67F ANI 7FH iSTRIP PARITY BIT 
8579 47 MOV B,A ; SAVE THE COMrMND I N REG I STER B 
857A 3223811 STA LBYTE iAND IN LAST BYTE REGISTER 
8570 3MDSI1 LOA GIMlC iTELL THE CONTROLLER WE GOT IT 
8580' F620' ORI 211H ;BY SETT I NG NDAC HI GH (FALSE) 
8582 CD3B82 CALL C(J.1ND 
8585 CDF985 DAVF: CALL PI iNOW WAIT FOR DAV FALSE (HANDSHAKE COMPLETE) 
8588 DB7D IN O~DPT 

858A E6811 ANI 811H 
858C CA8585 JZ DAVF 
858F 3AOO81'oJ LDA G I M1t: iCOMPLETE HANDSHAKE BY SETTING NDAC LOW 
8592 E69F ANI 9FH 
8594 CD3B82 CALL COMND 
8597 CD7383 CALL UPD8 iFIGURE OUT WHAT THE COMr~AND MEANS 
859A CDC184 CALL UBRAK ;SEE IF USER WANTS CONTROL OF S-1111'oJ 
8590 C34285 JMP XCTL 1 iGET THE NEXT COMMAND 

85M' CD3383 XCDUN: CALL ADDRES iFINISH ADDRESSING TALK/LISTEN FCNS 
i OF P&T-488 

85A3 3EF6 MVI A,I'oJF6H ;CLEAR THE XATN BIT IN THE ISR 
85A5 D37C OUT ISRPT 
85A7 3A1'oJ580' LOA TSTAT ;CHECK TO SEE IF IN SER I A L POLL MOOE 
85M E604 ANI 4 
85AC C8 RZ ; •• NO, GO BACK TO CALLING ROUTINE 
85AD 3AI'oJ581'oJ LOA TSTAT iARE WE ADDRESSED AS THE TALKER? 
85BI'oJ E6al ANI 1 
85B2 CAE485 JZ NTLKR ; •• NO, WA IT FOR NEXT COfJf~AND 

8585 2AI'oJE81'oJ LHLO JMPAD ;PUT USER JUMP T,4SLE ADDRESS IN BC 
85B8 44 MOV B,H 
8589 40 MOV C,L 
85BA 2125811 LXI H,XSPRS ;PO I NT TO EXTERNA L CONTROLLER SER I A L 

; POLL RESPONSE BYTE BUFFER 
85BD 3AI'oJ381'oJ LOA SPSTS ;GET SERIAL POLL STATUS BYTE 
85CI'oJ E6BF ANI I'oJBFH ;MAKE IT SERVICE NOT REQUESTED 
85C2 77 MaV M,A ;AND PUT INTO BUFFER 
85C3 3AI'oJ7811 LDA SSTAT ;ARE WE REQUESTING SERVICE? 
85C6 E63a ANI 3"" 
85C8 CADF85 JZ SRSP ; •• 00 
85GB 3MD81'oJ LOA GIM1t: ;CLEAR SRQ LINE 
85CE F60'4 ORI 4 
85DI'oJ CD3B82 CALL Ca.1ND 
8503 3E211 MVI A,2I]H ;AND PUT INTO THE AFFIRMATI VE POLL 

; RESPONSE .(APRS) STATE 
8~5 321'oJ781'oJ STA SSTAT 
8508 3E40' MVI A,4I1H ;SET SERIAL RESPONSE TO SERVICE REQUEST 

; ACKNOWLEDGED 
85DA B6 ORA M 
85DB 77 MOV M,A 
85DC C3DF85 JMP SRSP 

85DF 54 SRSP: MOV D,H iMESSAGE IS ONLY THE ONE BYTE 
85E0' 5D MaV E,L 
85El CD9880' CALL TALK ;SAY THE RESPONSE MESSAGE 
85E4 3AOO81'oJ NTLKR: LOA GIMTC ;RELEASE NRFD, NDAC SO THE THE ADDRESSED 
85E7 F660' ORI 611H ; TALKER CAN RESPOND WITH ITS SERIAL POLL 
85E9 CD3B82 CALL Ca.1ND ; RESPONSE BYTE 
85EC CDF985 NTLKI : CALL PI iCHECK FOR I FC OR POC 
85EF DB7D IN 04DPT iWAIT FOR RE-APPLICATION OF EXTERNAL ATN 
85Fl E61'oJ8 ANI 8 ;LOOK AT ONLY XATN 
85F3 CA31'oJ85 JZ XCTLa ; •• XATN TRUE, SO GO TO EXTERNAL 

; CONTROLLER ROUTINE 
85F6 C3EC85 JMP NTLKI iREPEAT LOOP UNTIL NEXT COMMAND COMES 
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85F9 DB7C 
85F8 E601 
85FD CABE84 
86(J0 DB7C 
86\12 E61\1 
8604 CA9F84 
86\17 C9 

86(J8 221E8\1 
860B EB 
86\1C 222\18\1 
860F 60 
861\1 69 
8611 22\1E8\1 
8614 21538\1 
8617 54 
8618 50 
8619 13 
861A CD9282 

8610 2A0E8\1 
862\1 44 
8621 40 
8622 21 568\1 
8625 54 
8626 50 
8627 CD9282 
862A 2A0E8\1 
8620 44 
862E 40 
862F 2A2\18\1 
8632 EB 
8633 2A1E8(1 

8636 7C 
8637 BA 
8638 C24(186 
8638 70 
863C BB 
8630 CA4B86 

864\1 23 
8641 7E 

PI: IN 
ANI 
JZ 
IN 
ANI 
JZ 
RET 

ISRPT 
1 
UPOC 
I SRPT 
l\1H 
UI FC 

;CHECK FeR FDC ffi 
; LOOK AT ONLY POC 

;LOOK AT ONLY IFC 

IFC 

Custom Software Package 
Version 1.4 

;************************************************************** 

SPQRY SERIAL POLL QUERY 

SENDS OUT THE cor~MANDS UNL <UN I VERSAL UNlISTENl, 
SPE (SERIAL POLL ENABLE), THEN THE TALK ADDRESSES 
THAT ARE IN ITS BUFFER (BY CALLING CNTRLl. UPON 
RETURN TO SPQRY, THE COMMAND SPO (SERIAL POLL 
D I SAB LE liS SENT, THEN RETURNS TO THE CA LL I NG PROGRAM 

.************************************************************** , 

SPQRY: SHLD SBPTR ;INITIALIZE SERIAL POLL BUFFER POINTER 
XCHG 
SHLD SBEND ;STORE END ADDRESS OF SERIAL PO.LL BUFFER 
MOV H,B 
MOV L,C 
SHLD JMPAD ;STORE USER JUMP TABLE ADDRESS 
LXI H,BSPE ;POINT TO UNL, SPE MESSAGE 
r~ov D,H 
MOV E,L 
INX D jMESSAGE IS ONLY THE TWO BYTES 
CALL CTRL j SEt-!) THE TWO COMMANDS BUT 00 NOT 

j RELEASE THE ATN 1I NE 
SPQ1 : LHLD Jr~PAD jGET ADDRESS OF USER'S JUMP TABLE 

MOV B,H 
MOV C,L jAND PUT INTO BC 
LXI H,BUNT ;POI NT TO "UNTil MESSAGE 
MOV D,H 
MOV E,L 
CALL CTRL jAND SEND IT BEFffiE THE TALK ADDR 
LHLD JMPAD jGET THE ADDR OF THE USER 'S Jur~p TABLE 
MOV B,H 
MOV C,L 
LHLD SBEND 
XCHG jPOINT TO SERIAL POLL BUFFER 
LHLD SBPTR eTA LK ADDRESSES) At'-{) SEND THEM 

ONE BY ONE 

SEE IF THERE IS ANOTHER ADDRESS IN THE SERIAL POLL BUFFER 

MOV 
CMP 
JNZ 
MOV 
CMP 
JZ 

A,H 
D 
NSPEND j •• NOT END OF BUFFER 
A,L 
E 
NSPSEC j •• END OF BUFFER, THUS THERE IS NO 

SECONDARY ADDRESS 

THERE IS ANOTHER ADDRESS: NOW SEE IF IT IS A SECONDARY ADDR 

NSPEND: INX 
MOV 

H 
A,M 
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8642 FE6f/1 CPI 6~ 

8644 DA4B86 JC NSPSEC i •• NOT A SECONDARY AOORESS 
8647 EB XCHG i •• IT IS A SECONDARY ADDR, SO SEND IT ALSO 
8648 C34F86 Jr~p SENDSP 

864B 2A 1 E8f/1 NSPSEC: LHLD S8PTR iSEND ONLY THE ONE BYTE 
864E EB XCHG 
864F 05 SENDSP: PUSH 0 i SAVE ADDR OF LAST BYTE SENT 
865f/1 2A 1 EBI/1 LHLO SBPTR iPOINT TO FIRST BYTE TO BE SENT 
8653 CD7C82 CALL CNTRL iACTUALLY SEND THE ADDRESS(ES) 

NOW LISTEN TO THE RESPONSE SENT BY THE ADDRESSED TALKER 

8656 3Af/158f/1 LOA TSTAT iARE WE ADDRESSED TO TALK? 
8659 E61/11 ANI 1 

865B C29586 JNZ WETLK i •• YES 
86SE 3AfiD8f/1 LOA GIMTC i •• NO, SO BECOME A LISTENER 
8661 F6D8 ORI 008H iSET DAV, NRFD, IFC, ATN FALSE 
8663 E6DF ANI I/1DFH iAND NDAC TRUE (LOW) 
8665 CD3B82 CALL COMNO 
8668 CD4182 SPQ2: CALL PAl iWAIT UNTIL DAV IS TRUE (LOW) 

866B DB7D IN CMDPT 
8660 E68f/1 ANI 81/1H 
866F C26886 JNZ SPQ2 
8672 3AfiD8f/1 LOA GIMTC iRESPONO TO TALKER WITH NRFD 
8675 E69F ANI 9FH 
8677 CD3882 CALL COMND 
867A D87E IN DATPT iGET THE SERIAL POLL STATUS BYTE 
867C 2F CMA i488 USES NEGATIVE LOGIC 
8670 32228(1 STA SPRSP iAND SAVE IT FCR LATER USE 
86811 3AfiD81/1 LOA GIMTC 
8683 F6211 ORI 2!lH iNOW MAKE NDAC FALSE (HIGH) 
8685 CD3882 CALL COMND 
8688 C04182 SPQ3: CALL PAl iWAIT FOR DAV FALSE (HIGH) 
8688 DB70 IN CMOPT 
8680 E68!l ANI 8!lH 
868F CA8886 JZ SPQ3 
8692 C3FB86 JMP SPQ7 

8695 3A1/178!l WETLK: LOA SSTAT iARE WE THE ONE REQ,JEST I NG SERVICE? 
8698 E63!l ANI 3kJi 
869A CAB386 JZ NSPRQ ; •• NO, WE'RE NOT IT 
8690 3AfiD8!l LOA GIMTC iCLEAR THE ~Q 8 IT 
86AI/1 F6114 ORI 4 
86A2 C03B82 CALL Ca.1NO 
86A5 3E2!l MVI A,2aH iAND PUT INTO THE AFFIRMATIVE POLL 

i RES.PONSE (APRS) STATE 
86A7 321/17811 STA SSTAT 
86AA 3A1/13811 LDA SPSTS ;GET THE SERIAL POLL STATUS BYTE 
86AD 2F CMA i488 USES NEGATIVE LOGIC 
86AE E6BF ANI "'BFH iZERO BIT 6 (0107 ON 488 BUS) 
8681/1 C3B986 JMP WTLKl 

8683 3Af/13811 NSPRQ: LOA SPSTS iGET SERIAL POLL STATUS BYTE 
8686 2F CMA ;488 USES NEGATIVE LOGIC 
86B7 F64!l ORI 4(1H iMAKE BIT 6 NON-ZERO (WE DON'T NEED SERVICE) 
86B9 D37E WTLKI : OUT DATPT i PUT MESSAGE ON DATA LINES 
86BB DB7E IN DATPT iGET SERIAL POLL RESPONSE FROM 488 BUS 
868D 2F CMA i488 USES NEGATIVE LOGIC 
86BE 32228(1 STA SPRSP iAI\O SAVE SERIAL POLL RESPONSE 
86Cl 3AfiD811 LOA GIMTC 
86C4 F6D8 ORI 008H i SHOW II STENER READY, TA LKER NOT 
86C6 CD3B82 CALL Ca.1ND 
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86C9 CD4182 
86CC OS70 
86CE E640 
8600 CAC986 
8603 3A0D80 
8606 E67F 
8608 C03B82 
860B E6BF 
8600 C03B82 
86E0 F620 
86E2 C03B82 
86E5 C04182 
86E8 OB70 
86EA E620 
86EC CAE586 
86EF 3Aooa(l 
86F2 F680 
86F4 CD3B82 
86F7 3EFF 
86F9 037E 
86FB 01 
86FC 3A228fl 
86FF E64(l 
8701 C21987 
87a4 2A2fl8fl 
8707 7A 
87(l8 BC 
8709 C21187 
870C 78 
87aD BO 
87aE CA1987 
8711 13 
8712 EB 
8713 221E8a 
8716 C31086 

8719 2A0E8a 
871C 44 
8710 40 
871E 21558fl 
8721 54 
8722 50 
8723 C07C82 
8726 2A1E80 
8729 3A2280 
872C 47 
8720 2F 
872E E64(l 
8730 C9 
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WTLK2: CALL PAl 
01DPT 
40H 
WTLK2 
GIMiC 
7FH 
COMJID 
0BFH 
C(J.1JID 

;CHECK FOR POC/IFC 
IN 
ANI 
JZ 
LOA 
ANI 
CALL 
ANI 
CALL 
ORI 
CALL 

2aH 
COMJID 

;WA IT UNTI L f\RFO FALSE 

;SOMEBODY ELSE IS SLOWING US DOWN 

;MAKE OAV TRUE (TALKER SAYING IT) 

;THEN NRFO TRUE (LISTENER GETTING IT) 

;NDAC FALSE (LISTENER ooT IT> 

WTLK3: CALL PAl 
O~OPT 

2(lH 
WTLK3 
GIMTC 
8aH 
C(MJID 

,CHECK FOR POC/ I FC 
;WAIT UNTIL NDAC FALSE IN 

ANI 
JZ 
LOA 
ORI 
CALL 
MVI 
OUT 

;OAV FALSE (TALKER REMOVING DATA) 

;RELEASE THE 488 DATA LINES 

SPQ7: pop 

A,0FFH 
OATPT 
o 
SPRSP 
4(lH 
SPQ9 
SBENO 
A,O 

;GET BFR AOOR OF LAST BYTE SENT 
LOA 
ANI 
JNZ 
LHLO 
MaV 
CMP 
JNZ 
MeV 
CMP 
JZ 

H 
SPQ8 
A,E 
L 
SPQ9 

; HAVE WE FOUND THE NEEDY DEV I CE YET? 

; •• YES, SO TERMINATE POLL 
;ANYTHING LEFT IN THE BUFFER? 

; •• YES, SO CONT I NUE THE POLL 

; •• NO, SO TERMINATE POLL 
SPQ8: INX o ;POINT TO NEXT ENTRY IN SUFFER 

SPQ9: 

XCHG 
SHLO 
JMP 

LHLO 
MeV 
MOV 
LXI 
MOV 
MaV 
CALL 
LHLO 
LOA 
MOV 
CMA 
ANI 
RET 

SBPTR 
SPQl 

JMPAO 
B,H 
C,L 
H,BSPO 
O,H 
E,L 
CNTRL 
SBPTR 
SPRSP 
B,A 

;AJID UPDATE THE BUFFER PO INTER 
; THEN POLL NEXT DEV I CE 

;GET ADDRESS OF USER'S JUMP TABLE 

;AJID PUT INTO BC 
,POINT TO'SPD MESSAGE 

;COMMAND IS ONLY ONE BYTE 

;p,OINT TO WINNING ENTRY IN SERIAL POLL BFR 
;GET RESPONSE TO SERIAL POLL 
,AND SAVE IN REG B FOR THE USER 

;SET A REGI STER 
;GO BACK TO CALLING PROGRAM , 

.************************************************************* , 

SPSRQ SERIAL POLL REQUEST 

SET THE SRQ (SERVICE REQUEST> LINE TRUE (LOW·) 
THEN DETERMINE IF P&T 488 IS THE CONTROLLER-IN-CHARGE. 
I F SO, JMP TO SVCRQ. 
I F NOT, WA IT UNT I L EXTERNA L CONTROLLER RESPONDS WITH 
A SERIAL POLL. ANSWER THE POLL, THEN RETURN TO THE 
CALLING PROGRAM. , 

.************************************************************* , 
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8731 60 
8732 69 
8733 220E80 
8736 3E10 
8738 32.0780 
873B 3A0A811 
373E E62F 
8740 CA4887 
8743 F610 
8745 320A811 
8748 DB7C 
874A E608 
874C C25C87 
874F 3EFF 
8751 CD3B82 
8754 3EBF 
8756 D37D 
8758 3EF7 
875A D37C 
875C 3Aro80 
875F E6FB 
8761 C03B82 
8764 3A!3A811 

8767 E62F 
8769 C2BB84 
876C C3E485 

876F 3A!lD811 
8772 F6liJ4 
8774 C03B82 
8777 97 
8778 3213780 
877B C9 

877C CD4182 

877F 3A0D811 
8782 E6F7 
8784 CD3B82 
8787 E6F6 
8789 CD3B82 
878C DB7E 
878E 2F 
878F 3223811 
8792 3Aro80 
8795 F6111 
8797 CD3B82 
879A F6118 
879C CD3B82 
879F 3A0A811 
87A2 E6FI2I 

SPSRQ: MOV 
MOV 
SHLO 
MVI 
STA 
LDA 
ANI 
JZ 
ffil 
STA 

NCTRL: IN 
ANI 
JNZ 
MVI 
CALL 
MVI 
OUT 
MVI 
OUT 

NLOK: LOA 
ANI 
CALL 
LOA 

ANI 
JNZ 
JMP 

H,B 
L,C 
JMPAD 
A,lI{l'H 
SSTAT 
CSTAT 
2FH 
NCTRL 
1121H 
CSTAT 
ISRPT 
8 
NLOK 
A,I2IFFH 
COM NO 
A,I2IBFH 
CMDPT 
A,.0F7H 
ISRPT 
GIMTC 
I2IFBH 
COMND 
CSTAT 

2FH 
USRQ 
NTLKR 

j SA VE USER JUMP TAB LE ADDRESS 

Custom Software Package 
Vers i on 1.4 

jUPDATE SERVICE REQUEST STATE BYTE TO 
THE SERVICE REQUEST (SRQS) STATE 

jPUT THE CONTROLLER IN THE CSRS STATE 
IF THE P&T-488 IS THE CONTROLLER 

jSEE IF LOCKED UP DUE TO CHANGE IN XATN 

j •• t\OT LOCKED 
jPRESERVE HANDSf4AKE LOCK, BUT RELEASE 
j XATN BIT IN ISR 
jMAKE ONLY NRFD TRUE 

jRELEASE XATN BIT IN ISR 

jMAKE SRQ TRUE (LOW) 

jCONTROLLER IN IDLE STATE AND NOT SYSTEM 
SYSTEM CONTROL ACTIVE? 

j •• NO, LET THE USER SER V I CE TH I S 
j •• YES, SO WAIT Fffi CONTROLLER TO DO 

A SERIAL POLL 
, 
j************************************************************ 

SPIDL PUT SRQ FCN IN IDLE STATE 
, 
.************************************************************ , 
SPIDL: LOA 

ORI 
CALL 
SUB 
STA 
RET 

GIMTC iRELEASE SRQ LINE 
4 
CCMND 
A iPUT SRQ FCN IN IDLE MODE 
SSTAT 

, 
.************************************************************* , 

PPQRY PERFffiM A PARA LLE L POLL 
, 
i************************************************************* 
PP<;:RY: CALL PAl jCHECK FOR POC, XIFC, XATN 

RESET XATN IF ATN NO LONGER TRUE 
LOA GIMTC iGET IMAGE OF WHAT'S ON COMMAND LINES 
ANI I2IF7H iMAKE ATN TRUE 
CALL CCMND joo IT 
ANI I2IF6H iNOW MAKE EOI TRUE ALSO 
CALL CQMIIO 
IN DATPT iGET THE RESPONSE TO THE PARALLEL POLL 
CMA j488 USES NEGATIVE LOGIC 
STA LBYTE jSAVE THE RESPONSE 
LOA GIMTC 
ORI 1 jMAKE EO I FALSE 
CALL ca~NO 

ORI 8 jMAKE ATN FALSE 
CALL CCMND 
LOA CSTAT jPUT CONTROLLER IN STANDBY 
ANI 0F0H iKEEP SYSTEM CONTROL/SRQ STATES 
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87A4 F606 
87A6 320A813 
87A9 3A2380 
87AC C9 

87AD 3A09813 
87B0 F602 
87B2 3209813 
87B5 CDC587 

87B8 C9 

87B9 3A09813 
87BC E6FD 
87BE 320'9813 
87C1 CDC587 

87C4 C9 

87C5 3A098(1 
87C8 F601 
87CA 320980' 
87CD E602 
87CF 17 
8700 17 
8701 4F 
8702 3A0280 
8705 E60'8 
8707 A9 
8708 C2E887 
8708 3A0280 
870E E60'7 
87E0' 4F 
87E 1 3E01 

ORI 
STA 
LOA 
RET 

6 
CSTAT 
L8Yl'E ;GET THE RESPONSE AGA I N 

Custom Software Package 
Version 1.4 

, 
.************************************************************ , 

PISTT SET "I ST" MESSAGE TRUE AND PUT THE 
PROPER PARALLEL POLL RESPONSE MESSAGE 
IN THE PARALLEL POLL RESPONSE REGISTER 

.************************************************************ , 

PISTT: LOA PSTAT ;SET 1ST BIT TO 1 (TRUE) 
ORI 2 
STA PSTAT 
CALL PPNBL ;CALCULATE THE RESPONSE BYTE (PPR) 

AND PUT FCN INTO STANDBY (PPSS) 
RET 

, 
.************************************************************ , 

PISTF SET "1ST" MESSAGE FALSE AND PUT THE 
PROPER PARALLEL POLL RESPONSE MESSAGE 
IN THE PARALLEL POLL RESPONSE REGISTER 

;************************************************************ 

PI STF: LOA PSTAT ;SET 1ST BIT TO 0 (FALSE) 
ANI 0Frl1 
STA PSTAT 
CALL PPNBL ;CALCULATE THE RESPONSE BYTE (PPR) 

AND PUT FCN INTO STANDBY (PPSS) 
RET 

.************************************************************ , 

PPNBL 
THIS ROUTINE CALCULATES THE PARALLEL POLL RESPONSE WHICH 
CORRESPONDS TO THE FOUR LOW-ORDER BITS OF PPRSP. IT THEN 
DETERMINES WHETHER THE PARALLEL POLL RESPONSE IS TO BE TRUE 
OR FALSE ON THE BASIS OF THE 1ST BIT OF PSTAT. THE PROPER 
RESPONSE BYTE IS PLACED IN THE PARALLEL POLL RESPONSE REGISTER 
OF THE P&T-488, AND THE PP FUNCTION IS PUT INTO THE STANDBY 
(PPSS) STATE. 

, 
;************************************************************ 

PPNBL: LOA PSTAT ;PUT PP INTO PARALLEL POLL STANDBY (PPSS) 
ORI 1 
STA PSTAT 
ANI 2 ; LOOK AT THE 1ST BIT 
RAL ;AND PUT RESULT IN FOURTH BIT POSITION 
RAL 
MOV C,A ;AND SAVE RESULT IN REG C 
LOA PPRSP ;GET THE PPE BYTE 
ANI 8 ;KEEP ONLY THE SENSE BIT 
XRA C ;COMPARE SENSE BIT AND 1ST BIT 
JNZ PPCLR ; •• IST<>S, THUS PPR MESSAGE IS FALSE 
LOA PPRSP ;GET THE PPE BYTE 
ANI 7 ;KEEP THE LOW THREE BITS 
MOV C,A 
MVI A,I ;CALCULATE THE PPR MESSAGE 
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87E3 lID 
87E4 FAEC87 
87E7 87 
87E8 C3E387 

87EB 97 
87EC 2F 

87ED D37F 
87EF C9 

87F~ 

8333 ADORES 
8r.J56 BUNT 
8523 CIDL 
8r.Jr.JA CSTAT 
a137E DATPT 
l3a14 OCL 
848F GIM 
8aaE JMPAD 
8212 LOUN 
8258 LPA I 
8aee LSTNS 
8372 NLPRI 
8648 NSPSEC 
81r.J2 NTLST 
8789 PISTF 
8474 PPIOL 
87EC PPROUN 
8471 ROCL 
8457 RPPC 
84aE RSCG3 
84iJF RTAG 
864F SENOSP 
8668 SPQ2 
86a8 SPQRY 
84E I SRVI 
8a98 TALK 
8iJI4 TBEND 
84FC TIOL 
8482 UBFUL 
8488 UNLSN 
84PC UTRGR 
85A0 XCDUN 

PPRCAL: 

PPC~: 

PPRDUN: 

»»> 

Dm 
JM 
ADD 
JMP 

SUB 
CMA 

OUT 
RET 

Et-ll 

821C BFCHK 
8150 BYTL 
82BA CLUP 
8292 CTRL 
8585 DAVF 
8r.J26 ENTBL 
8r.J00 GIMTC 
80'18 LBENO 
85~7 LIDL 
8169 LSET 
8326 NCEt-ll 
843C NLSN 
8146 NTEND 
8353 NTPRI 
87AO PI STT 
87C5 PPN8L 
8r.JiJ2 PPRSP 
8466 RGET 
8474 RPPU 
844E RSDC 
846F RTCT 
0019 SPD 
8688 SPQ3 
8(122 SPRSP 
8401 SRVIS 
8aCl TALKI 
8iJI2 TBPTR 
836A TNACR 
84Cl U8RAK 
oo5F UNT 
8695 WETLK 
853!i XCTL2I 

C 
PPRDUN 
A 
PPRCAL 

iDECREMENT SHIFT COUNT 
iDONE SH I FTI NG 
iLEFT SHIFT ONCE MORE 
iDa UNT I L DONE 

A iZERO A REGI STER 

Custom Software Package 
Vers ion 1.4 

iPUT INTO PPR PORT (REMEMBER 488 USES 
iNEGATIVE LOGIC, SO THE VALUE WE PUT 
i I N THE PPR PORT I S THE COMPLEMENT OF 
i WHA T THE CONTROLLER WILL SEE WHEN IT 
iDOES A PARALLEL POLL.) 

PPORT iPUT BYTE IN PARALLEL RESPONSE PORT 

SYMBOL TABLE <<<<< 

8iJl~ 8PTR 8ra55 BSPD 8iJ53 BSPE 
8ale CBENO 8(11A CBPTR 83a8 CCNTU 
ara70 Q.1OPT 827C CNTRL 823B COM NO 
82C2 CTRL 1 82F2 CTRL2 83aE CTRL6 
8194 OAVH 81Cl OAVL 8559 OAVT 
aaa4 EOSB 8162 EOST ~aa8 GET 
r.Jaral GTL 8~57 INIT a~7C I SRPT 
8(116 L8PTR 80'23 L8YTE 8lAF LCNTU 
8153 LISTN aiJ 11 LLO 834A LNADR 
819C LSNI 8r.Ja6 LSTAT 8O'aa LSTNP 
8748 NCTRL 82iJC NEOS 875C NLOK 
8233 NQFLO 864a NSPENO 86B3 NSPRQ 
8423 NTLK 85EC NTLKI 85E4 NTLKR 
8a8C NXTAO 8241 PAl 8244 PAil 
85F9 PI aaiJ5 PPC 87EB PPCLR 
W7F PPORT 877C FPQRY 87E3 PPRCAL 
aiJlS PPU 8a09 PSTAT 826F PUATN 
8440 RGTL 8428 RLAG 847r.J RLLO 
83C6 Rs:G 830F RSCGl 83F8 RSCG2 
8486 RSPD 8470 RSPE aw8 RSTAT 
8iJ2r.J SBEt-ll 801E SBPTR aa04 SOC 
(6(118 SPE 876F SPIDL 8610 SPQl 
86FB SPQ7 8711 SPQ8 8719 SPQ9 
8731 SPSRQ 8aa3 SPSTS 85DF SRSP 
8aiJ7 SSTAT 8087 STADR 84F6 STATE 
81aE TALK2 8O'al TALK? 8aac TALKS 
8129 TCNTU aa09 TCT 8iJ24 TEOI 
80'115 TSTAT 81178 TWIOL 8485 UATN 
84.AF UDVCL 849F UI FC a2l3F UNL 
8373 UPD8 848E UPOC 8488 USRQ 
86B9 WTLKI 86C9 WTLK2 86E5 WTLK3 
8542 XCTLI 8529 XCTRL 8a25 XSPRS 
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P&T -488 Auxilliary Programs for CP/M t 

The program SUSMON monitors and reports all transactions on the IEEE -488 bus. 
488TODSK records data sent over the 488 bus into a disk file. DSKT0488 sends the 
contents of a disk file over the bus as data. HANDSHAK.AS\1 contains the source code 
for routines which perform the Source and Acceptor Handshake functions. An example 
of how to use HANDSHAK.ASM is given in the program SAMPLHS.ASM • 

• SUSMON 

The program SUSMON monitors and reports all 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 is 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 SUSMON to stop on one of three different conditions: on 
each carriage return, line feed, or each character. The condition is selected by using 
one of the four stop code ke ys. 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 condition. The program 
starts in the Carriage Return mode. 

N or n 
X or x 

Expand/Normal Option 
Show characters normally 
Expand the non-printing characters. Space (20 Hex), Horizontal Tab (9) and 
Line Feed (OA Hex) are replaced by the strings <SPACE>, <HT> and <LF> 
respectivel y. The non- printing character Carriage Return (OD Hex) causes the 
message <CR> to be printed followed by a carriage return and a line feed. All 
other non- printing characters are replaced with the two character string of an 
up arrow followed by a capital letter. Thus the non-printing character 01 Hex 
is replaced by the string fA, while the character 1 A Hex is printed as f Z. 

Stop Codes 
Carriage Return Display all transactions up to and including the next carriage return. 

Line Feed Display all transactions up to and including the next line feed. 

Space Display the next transaction (allows stepping one byte at a time). 

G or g Go. 0 ispla y all tran sac tions continuou sl y \V ithout stopping on Line 
Feed, Carriage Return or next byte. 

t CP /M is a trademark of Digital Research 

CP/M AUX-l 



P&T -488 CP 1M Auxilliary Software 

Abort 
Control C Abort. Go back to the C P I j\A command mode. 

NOTE: 

I or i 

R or r 
L or I 

Q or q 
W or w 

P or p 

S or s 

Console/Printer Switch 
Direct all output to the console. 
Direct all output to the system printer. 

to direct output to both the <;pnsole and printer, select the console and then 
pre ss Control P. 

IEEE-488 Functions 
Assert IFC (perform an Interface Clear). 

Make REN true (assert Remote Enable). 
Make REN false (all instruments will go to Local mode). 

Make SRQ true (request service). 
Make SRQ false (cease requesting service) • 

Perform a Parallel Poll and report the results. 

Show the state of the IE E E -488 lines. 

T or t Talk - collect a string of characters from the operator then send it over the 
bus as a Talker. 

C or c Control - collect a string and send it over the bus as a Controller. 

NOTE: While collecting a string for Talk or 4ontrol the following keys have special 
meaning: 

Control X 

RETURN 

ESCAPE 

Delete the string and restart collection. This allows error's to be corrected. 

Terminate the collection of the string. The carriage return is ~ included 
in the string. 

Put the next character into the string. This allows ESCAPE, RETURN and 
Control X to be put into the string. For instance, to get the string 
?A<ESCAPE>12<RETURN><LlNE FEED>, you would type 
?A <E SCAPE><E SCAPE>12<E SCAPE><RETURN><L1NE FEED><RETURN>. In 
this example, the string <E SCAPE > means that the E SCA PE ke y is pre ssed, 
not that the 8 keys <, E, S, 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 to 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 console. Thus all characters printed after COMMAND: 
and before DATA: are instructions sent by the Controller, (for example, "?" 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. 

Me ssages are also 
Clear}, indicate a change 
(Service Request) line. 
whenever the Power On 

printed on the console to indicate occurances of IFC (Interface 
of the state of the REN (Remote Enable) line, and of the SRQ 

The message >>> S-l<JO POC/RESET TRUE <<< is printed 
Clear or the RESET line of the S-1<J0 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 01 Hex is 
received and A TN is true. The list of messages and the corresponding non- printing 
characters is as follows: 

Character Message 
Hex 
01 » GO TO LOCAL « 
<J4 » SELECTIVE DEVICE CLEAR « 
<J5 » PARALLEL POLL CONFIGURE « 
<J8 » GROUP EXECUTE TRIGGER « 
09 » TAKE CONTROL « 
11 » LOCAL LOCKOUT « 
14 » UNIVE RSAL DEVICE CLEAR « 
15 » PARALLEL POLL UNCONFIGURE « 
18 » SERIAL POLL ENABLE « 
19 » SERIAL POLL DISABLE « 

The results of this program can be misleading for the following reasons: 

1. This program functions as a Listener on the 488 bus. If there were no Listeners 
on the bus be fore 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 monitor. 

3. This routine is incapable of sensing a Parallel Poll issued by another controller, or 
the re sponse to that Parallel Poll. If it happens that this routine te s15 the EO I 
line at the time of a Parallel Poll, it will show the message <END>, even though 
ATN is true. 

488TODSK 

The program 488TODSJ( 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. Note that there must be one and onl y one space 
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betwee n 488T OD S K and the file name, and al so one and onl y one space between the file 
name and the option code. The characters <CR> mean that the Carriage Return key is 
pressed, not that the four keys <, C, Rand> are pressed. 

Three different options are available: none, Z and E. The option E means that 
the file will be closed and control passed back to the console upon receipt of the 488 
END message. The option Z means that the file will be closed and control passed back 
to the console upon receipt of a Control Z in the data stream (the Control Z is also 
placed in the file). 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 console. Note that Control C 
can be used at any time to abort the program: all data received up to 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 console 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 OK to replace the old file. If the operator responds by typing any 
character other than lIyll or lIyll, the function is aborted and the old file is left 
untouched. If the operator responds with either lIyll or lIyll, the old file is erased and 
the new one takes its place. 

DSKT0488 

The program DSKT0488 sends the contents of a CP /M disk file over the 488 bus. 
The program is called by the string 

DSKT0488 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 Control Z. If no option ·code is selected, the entire file is sent followed by a null 
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 
program is 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 filename.ext E<CR> 
on the system which is to receive the file, and 

OS KT 0488 filename .ext<CR> 
on the one which is send ing the file. (It is not nece s sar y to use the same file name 0 r 
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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HANDSHAK 

The source file HANDSHAK.ASM is actually two subroutines: a routine for Source 
handshake and a routine for Acceptor handshake. These routines can be useful in special 
applications where it is desired to use the S-H,J0 system as a Talk Only or Listen Only 
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, CPM488 or 488BAS 
routines because the larger routines check for the existance of another Controller on the 
bus, check 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 HAND SHAK to take data from the IE E E -488 bus and 
display it on the console. 
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.************************************************************** , 

Source and Acceptor Handshake listings . , 
.************************************************************** , 

ISRPT EOU 7CH 
CMOPT EOU ISRPT+1 
DATPT EOU ISRPT+2 
PPORT EOU ISRPT+3 

MONITR SET \3 :CP/M warmstart entry 
CPMIO SET 5 :CP/M I/O entry point 

CR SET \3DH :ASCII carriage return 
LF SET 0AH :ASCII 1 ine feed 
ES SET I $ I :CP/M buffered print string terminator 

BUFPRN SET 9 ;CP/M fcn. 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 source handshake 

: 
.************************************************************** , 

SOURCE HANDSHAKE 

This routine takes the byte in memory location CHAR and says 
it on the 488 bus as a Talker. If either the S-100 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. 

i 
.************************************************************** , 

SRCHS: LOA 
ORI 
CALL 

SRC1: CALL 
JNZ 
IN 
CMA 
ANI 
JZ 
ANI 
JNZ 
LOA 
CMA 

GIMTC 
608 
COMNO 
INTRPT 
BYE 
CMOPT 

60H 
NOLSN 
40H 
SRC1 
CHAR 

:get 488 command line image 
:set NRFO, NOAC high (false) 

:check for pac, ATN or IFC 
: •. abort if pac, ATN or IFC true 
:see if there are any listeners 

:check only NRFO, NOAC 
: •• no listeners error 
:wait until NRFO is high (false) 

:get the data byte 
:488 uses negative logic 
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OUT DATPT 
LDA GIMTC 
ANI 7FH ;make DAV true ( low) 
CALL COMND 

SRC2 : CALL INTRPT ;check for POC, ATN or IFC 
JNZ BYE ; .. abort if POC, ATN or IFC true 
IN CMDPT 
ANI 20H ;look at NDAC line 
JZ SRC2 ; •.. data not accepted yet 
LDA GIMTC 
ORI 8lH imake DAV & EOI false (high) 
CALL COMND 
MVI A,0FFH 
OUT DATPT ;make all data lines passive false 
RET . , 

.************************************************************** , 

ACCEPTOR HANDSHAKE 

This routine gets one byte from the 488 bus and returns with 
it in register A. If either the S-100 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. 

i 
.************************************************************** , 

ACEPTR: LDA GIMTC 
ORI 8 imake ATN false 
ANI 9FH and NRFD true, NDAC true 
CALL COMND 
LDA GIMTC 
ORI 40H inow make NRFD false 
CALL COMND 

ACEPTl: CALL INTRPT jsee if received poe, ATN or IFC 
JNZ BYE i •• abort 
IN CMDPT ;look at DAV 
ANI 80H 
JNZ ACEPTI ; .. DAV still false 
IN DATPT iget the data 
CMA ;488 uses negative logic 
MOV D,A ikeep the data in register D 
LDA GIMTC 
ORI 20H iNDAC false 
ANI 0BFH iNRFD true 
CALL COMND 

ACEPT2 : CALL INTRPT 
JNZ BYE i .. abort 
IN CMDPT iwait for DAV false 
ANI 80H 
JZ ACEPT2 ; ... DAV still true 
LDA GIMTC 
ANI 9FH iNRFD true, NDAC true 
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CALL 
MOV 
RET 

COMND 
A,D iPut the data back in register A 

Initialize 488 board 

This routine should be called after every S-100 RESET or 
Power On Clear 

i 
INIT: MVI 

OUT 
OUT 
CALL 
SUB 
OUT 
STA 
STA 
RET 

A,0FFH 
PPORT 
DATPT 
COMND 
A 
ISRPT 
RETCOD 
CHAR 

. , 

iclear parallel poll response port 
and 488 data port 
and 488 control lines and image byte 

iclear Interrupt Service Register 
clear return code 
and CHAR 

COMND keeps track of the last byte that was output 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, so it is 
not possible to determine what the P&T-488 is asserting 
on the 488 bus.by merely sensing the 488 lines • 

COMND: STA GIMTC 
CMDPT 

iupdate the 488 command line image 
iPut it on the command lines OUT 

RET 

Check for interrupt due to ATN, IFC or POC 

NOTE: This function does not reset the interrupts in the 
Interrupt Service Register (ISR) 

INTRPT: IN ISRPT ilook at the interrupt service register 
RAR iPut POC bit in carry 
CNC IPOC i •. set POC bit in return code byte if . no carry , 
RAR iREN > CARRY 
RAR iSRQ > CARRY 
RAR ;ATN > CARRY 
CNC IATN ; .. set the XATN bit 
RAR ;IFC > CARRY 
CNC IIFC ; •. set the XIFC bit 
LOA RETCOD 
ANI eJF0H ;look at only POC, IFC and ATN 
RET . , 

IPOC: PUSH A 
LOA RETCOD 
ORI 80H 

rCOM: STA RETCOD 
POP A ;restore reg A and carry 
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; 
IATN: 

; 
IIFC: 

RET 

PUSH 
LOA 
ORI 
JMP 

PUSH 
LOA 
ORI 
JMP 

CP/M Auxilliary Software 

A 
RETCOD 
20H 
ICOM 

A 
RETCOD 
40H 
ICOM 

Print the reason for aborting then jump to the monitor 

BYE: 

· I 

PUSH 
LXI 
ANI 
CNZ 
POP 
PUSH 
LXI 
ANI 
CNZ 
POP 
LXI 
ANI 
CNZ 
JMP 

PSW 
D,MS2 
80H 
PRINT 
PSW 
PSW 
D,MS3 
40H 
PRINT 
PSW 
D,MS4 
20H 
PRINT 
MONITR 

isave the error code 
iPower on clear 

iget the error code again 

iXIFC 

iXATN 

No listeners present - print error message then 
jump to the monitor 

NOLSN: LXI D,MSl iprint no listener msg 

Print error message and return to monitor 
· I 

ERROR: CALL 
JMP 

PRINT 
MONITR 

print the line pointed to by DE 
· I 

PRINT: MVI 

; 

CALL 
RET 

GIMTC: DB 
CHAR: DB 
RETCOD: DB 

MS1: 
MS2: 
MS3: 
MS4: 

DB 
DB 
DB 
DB 

C,BUFPRN 
CPMIO 

iimage of last byte sent to CMDPT 

ia byte containing the error code 

'No listeners on the bus' ,CR,LF,ES 
'S-100 POWER ON CLEAR orRESET',CR,LF,ES 
'Another 488 Controller is asserting IFC true',CR,LF,ES 
'Another 488 Controller is asserting ATN true' ,CR,LF,ES 
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P&T-488 CP/M Auxilliary Software 

.**********************************************************~*** , 

SAMPLHS.ASM 

This program uses the Acceptor handsahke routine to get a 
data byte from the IEEE-488 bus and display it on the 
system console • . , 

.************************************************************** , 

ORG H'l0H 

MONITR 
CPMIO 

SET 
SET 

GETCHR SET 
PUTCHR SET 
CONSTAT SET 

LOOP: 

LXI 
CALL 
CALL 
MOV 
MVI 
CALL 
MVI 
CALL 
ANI 
JZ 
MVI 
CALL 
CPI 
JNZ 

JMP 

o 
5 

:CP/M warmstart entry point 
:CP/M I/O routine entry point 

1 
2 
11 

:CP/M function code for console input 
:CP/M function code for console output 
:CP/M function code for console status 

SP,200~H 
INIT 
ACEPTR 
E,A 
C,PUTCHR 
CPMIO 
C,CONSTAT 
CPMIO 
1 
LOOP 
C',GETC8R 
CPMIO 
3 
LOOP 

MONITR 

:initialize stack pointer 
:initialize the P&T-488 card 
:get a byte from the 488 bus 
:put it in register E for CP/M 
;function to print on console 
;CP/M I/O routine entry point 
;look to see if a key is pressed 

; •• no key pressed 
;get the key 

;CONTROL C? 
; •. no, so continue getting data 
; from the bus 
; •• yes, so do a warmstart 

.************************************************************** , 

Insert the Handshake routines here . , 
.************************************************************** , 

END 
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2 :3 4 

M > 34461 > 374 B M 

L > 34461 > 374 B L 

K 234461 2 374 B K 

J > 3446 1 B B J 

H G B B H 

G G a B G 

F G G B B F 

E G G 0 0 E 

0 B G 0 B 0 

c B G G 0 c 

B 111111111 B 

CICICI 

~ 
CICICI 

2 3 4 

paT 488 REV. 81A 





D 

c 

B 

A 

8 7 6 

488 DATA 

+ 5 H4 

12 " 
H4 

14 13 
IS 

5 3 

8V DC UNREG ~ I "?~----------1 ....... --------------'---.... --_ + 5 v 
I 'tL C2 VRI r- J. C4 J C21 = 18 CAPACITORS :no 10.F 3 O.I"F O.I.F EACH .. TO.'''F 

'7'-.. ----GNO M4 -I,IS r-~+""'------------------"" 
I I"" L4 -IS rf7 

-1 

" 

2 

o 
...J 00 ¢IIlN
~zoo<ttt..>-oooo 
:I:~B:u...oa::<lO---_ 
(l')c(fI)_ZZOlaJCOOO 

488 BUS 

9 3 L2 2 L2 I 14 L4 13 ~ 017 
007~ ~G4 9 ~ ~~=;:========-________ ~S~LH2~ ________ -W~6~_~~L~2~7~12~~~~~4d'~It-__________ --------------------~==============================j:!:;:==============~~3· ~16 ~ 10 H49 7 ff6t=~l:~================~~~=========;~q:t=~~~~~~t=t=====--------------------_=--====================================t=~t:;:============:-~~;:'~~. 015 006~ 2 H

4
3 13 ~'2L=~~~~==============~I~I~L~2~=====;1E'4q='°t-+-~~~~~~~~~~5~~~:~:~;~-f~---------------------------====================================t=t=t:r~============!' ~14 005~ 4 H4 S 4 PARALLEL S 13 L2~ 013 

004~ 2 G4 ~ 3 POLL 23M2 2 M2 I 10 M49 JAo'.. """ 

D03~ ~ H4
7 14 C'S~~~~~4=;:~~------~~5~M~2~~~64-i-4-4-t-~~>,M~2~7~6~M~4~7t-t-t-~r---------------------------_===============================t=t=t=t=tj~:=======~~~412DII 18A'>8 -"- p; M2 10 ~M2 9 14 M 13 -194.> 

D02~ G4 7 17 M3 ~6~=t=t=t=t~4=+=;:==~;;~'~1~~~t=~~~~=t~~~~~~~=t=t_t_t~~----_=======================~~~~LJ~~L1~~------~:t:t:t:t:l.jra~--~~~~r>~10 O()(/j~ M2-4, IZ ..JO' r---- ., '" I'- '" I'- '" '" '" +S 
+}5 001 ~ 4 G4 5 18 19 13 M2 14 M2 15 12 rt,14 II INTERRUPT STATUS READ 

1ft-, JC~, ~, L~~-4.'2 r---- +, S J4-1 ~ ~ ~ '!; ~ 1; ~ ~ j ~ "r-'-1--+--+++++;-----' 1L-----+-+-+++++-+---..--:::,3:9C2 II p--"" K4-1 ~ 
4. ~9 6 F.l,"'4 ________ N ... '" .. '" 2 N F. ~ POBIN IIV-----o o-~ ..... ------'5:;_--..., 6 I ~ ~ rL- - i+S 4 6 IJ E3 I'" _ ~ 

SINP ~--------------'r-::3EI 1"'-----3"'" ~:J ~~'37 ~ 12,18THRU24 123 413141S16 - 2~LISTE~02"P-""-+"'"L __ J 5 >~~~~2:z.~ 8 
r--'- J3 f7-5 5<' 12 ~ 01 02 D3 D4 OS OS 07 OS ....-I~---~..:3 ... EZ 5 5~ ~ « a: 0 _ _ _ ~ 

::; 4 488 ~5<-____ --, III 488 BUS r-- I 6 ~ * 02 Z X x'" a: ~ "2 
,1. ~ ~ 3 DATA '-'2'--_____ ~ I'- '" '" = !!) = !!) '" J4-15 ~ 12 
'-- - ,- 0 U 0 K4 15 +S +S 2 5 I- S :. 14 15 .... z Z 0 c( Lt.. >- • o::t V <It .;t oct 'It...,.,.- - ~ 0 0 6 

FI ~ WRITE« 17 L3 16 f3 il! ffi !i ~ ~ ~;5 '" ~ ~ " -, -, "r-: L4-1 IS RI4 :s 13 C3 12 3 E3 13 
P W R 7 7'>---------4' >'2 ___ -+~ E I Jpl::.2 -+-+'5"'1f'-'= ,,9=:--t-t-"'... 18 19 5 17 10 \I 9 re 7 I" N .. '" .. Q 6 7 >! >-"--t"""t-l..-J, CL K R a F4 ~ 

11--- L- 13 k~10_;-i4~~~0~A~, .+++-+-~-t~~ I 8~H2~ L9'0-+--~4-+-t-r1~-t--;-t-~~r9~~ .~~4-----~I~1 t-/~ S OUT 45 pc J3 "II I CL OE r-'\,"L b H3 
i'5 1>:--++--, JII I 8 FI 9 +-+-+-+-+-HH-t----t-t---t-:w:-1 ~ TYPICAL 7 ~ 14.,!!. L-~f_H_t_tH_t----..... 1-=-------------' ______ .. IZ~ +1 2 lIZ 74LS74 IS 

L---r,,- ,-- K2 0 ~, • E4 1,6~ __________________ ~ :J:,} J:L - ~ III ~ 1.l9LJO!llJ>;~V----------+---~:'5~K~2~HH-i-t-t-t~6:_c~7;;: 4 RI5S ~~-+-L!lI~3L-0044-/;" ~ '" 14 (> . (> > '" 9 ~ I 7 6 NRFO I~ K2 j 14~ 15 .::rr 
<: '<. '< • .(>!> < iC z ;! ~ 0 rt--t; 1!!'2~~NO~A~Ci_l__---tI-__I--~3 '-!=t> .... ::F2T-l-++~~~2:i::.t<2~:-' --Hr-titiill H3 

'?" !i ~ ~ ~ 5 F,~ 1\ JZ 10 ~J2 9 L-+-f----+---, ~O I'- '" en 2 - ~..... ~ ~ 2 .... ++-+--:14 488 ~C 3 :c Z +5 12 
a: '" 0: 0: a: 0: <>~ !!; 0:1; :I; 3 COMMAND 2ATN 2 04 3 J2 Z "J I :1'-' ~8 

~I ~ a: '-' 8 "'+-+-+-+--,"14 IVI~Sl-~S~R~04------------f+-+-JI~3,-tJ2e-t+"'--------~14;--C~J2~15H-----I"1 10 RI6
9 

~ -.!2l 04 r-- 1\ E4 f'8~ _________________ ---, S..JJOI~ Ii: ~ ~ ~ .... +-+-+-+-+-..:.,7"'1 K3 ~6 REN 5 6 ~JZ 7 ~---;. __ / 13 
12,~ • ii! "," .. 18 19 EOl \I K 10 :CK2 9 H3 fE> 
'!-J~ ~ CL OE KZ-~) +5 ~4 : 04 )6;:....----"~"1.0::ij-:-..3 
SJ)CI r ~ JII J J2-4. ~ 131 rt XIFC 3~ 3 C4, j::6~~ _____ +-______ -t ____ --' 
12 .-~ [!l 15 14 1-6 ~ 14 R,,:l"'---""-"--'q 
13JICI,..r . a: 0 G2 RJ'"l 
2 I COO 0 , OzJI I I 12 FI ti'''''3 ____ .... H3 ~ 5 

IJICI~ 131'21" +5 ~03J >--,+++-=t::-f:-:11-.::2-\·-·C"'l· I 2 I 12 8t ~ 
81 9 10 II 12 13 14 '.JJOI»l- L--:::::::~::~~:::~:::::~:::"'=-;'3 GI 2 RI:!I(~Pf);3",6,,+_-=rc __ '_., 

A' B 'J °lJ'F' SI rJO G2 Rf:L FI H3 9 ~ ~Z3 F3 I ~ ~ ~ 2 ~c 00 0, Qd // I' 10 I>".!-I _________ --' .-''''''2r-'°1'9~f-___ -+'''' 
6 5 " 3 2 I r+. 5 14 13 XATN "N0 .!.!t 03 \8 80D---------------'--'1----------~ 1L-____ ;-______ -r ____ r---'5~3 GI p6 ______ ~J.----~~~r-t-+~~~r--t---r~~~~ ~ r----

8 

9 F3 
8 10 

9 
79>----------------------~G~12~~II----~ 

~2 ~r.4~-----------------~~11"~~13L-----------~~----~~~1-+-r;-+-------------' 
- 4 _ G;' 

+5 ~Z 10 1 ~ c3 
RI9 "'L!C»8<--Ir'.,1 C4 ~8~--~~-----------_t------..... 

rI2~~I~'~------------_1r_~13 

p--
RESET~U7~---------~--!5~ci2/)J6L---. 
poe ~~>--------J---,~---' 

007 I.H3 ~ 

l---------------------------------t--------i-----t---~~~~6~S----------_========1-t==jt=====-~~~_'S~--~----~RE~N~----J~~' F F22~ L 8 ~+~O 
Vl~ 

VII 

VIZ 

VI3 

VI4 

ViS 
VIS 
Vl1 

iOO 
PINT 

004 ~~--_t_t~;:~4~====;:+===========~~--~12 9 003 TI..,I=-33 ___ +-r 6"", H2 [s III E2 
002 -.::::::Ji3 
001 £!>-¢ 

~ I m:>-o L----+---4-8-8--CO-,M-MA-N-~D--R-~,A--D-----------+--------t----t--1rl 
II>-<> INTERRUPT INTERRUPT STATUS READ L-----------------t-t------_1t---' 

PATCH INT. LATCHES RESET STROBE • 10 

~¥66~~~~PO~C~/~R~E~S~E~T-1r-+-+-____________ ~ 
~ +S 

000 

9 10 

\oJ 
-' 
III .. 
Z 
\oJ 

I-' 
!!: 

~ CA~R~E~A~--------------~----------~========================================~~=---------_t==========::::t=::I:N=TE=R:R=U:P=T==================================:!==:j========================t-t-~======:I----------~Ol 
~ - J I-'S'------8<\..0_2_r[9"----' -
Ii§>-<> RESET + POC 
I!I>-o 
IIi>-o 
l!t>-o 

8 7 

• DENOTES OPEN COLLECTOR 
[!> DENOTES S-IOO BUS CONNECTOR 

6 5 + 
PICKLES & TROUT 

o 1978,82 PICKLES & TROUT P. o. BOX 1206, GOLETA, CA 93116,(805) 6854641 

4 3 2 

D 

c 

B 

A 


