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| HOW TO USE THIS DOCUMENT | CHAPTER 1 |
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This document describes the software design of the HP-IL module for
the HP-71. The HP-IL module is an optional plug-in for the HP-71
which adds [/0 capability to the HP-71. The hardware of the HP-IL
module includes an HP-71 ROM and an I/0 processor. The HP-71 CPU
communicates with the 1/0 processor through a mailbox. The I/0
processor controls the HP-IL loop to perform the HP-IL operations.

Uhen ve use the term "HP-IL module”, we mean the HP-71 ROM and the
1/0 processor. UWhen we use the term "HP-IL ROM", we mean only the
HP-71 ROM.

The role of the [/0 pyocessor is to take commands from the HP-71
and send the necessary messages on the HP-IL loop. The role of the
HP-IL ROM is to provide additional keywords to the HP-71 for [/0
operations. It also extends some of the keywords in the HP-71 to
allow access to devices on the HP-IL loop.

The purpose of this document is to provide information to those
users wvho want to access the routines in the HP-IL ROM. If an
aseenbly language application is being written, all of the utility
routines in the HP-IL ROM are accessible to the user. The
utilities may be useful for adding keywords to the HP-71 or

speeding up an application.

The second chapter provides some design notes of the HP-IL ROM.
This chapter describes in detail the implementation of certain
features in the HP-IL Module. The information includes:

- System RAM usage

- System buffer usage

- How interrupts are implemented

- How multiple loops are implemented
How frame timeouts are implemented

The third chapter gives the loop specifier syntax for HP-IL
keywords. At the present time, wunless special hardware is
provided, there 1is no way to plug another HP-IL mailbox into the
HP-71. However, the firmware of the HP-IL nmodule is capable of
handling up to three railboxes. Each Rmailbox is treated as a
separate loop Vhenever a device is specified, an optiomal loop
specxner is also allowed, which specifies which loop the device is
in. The syntax of the opuonal loop specifier was not published in
the narual of the HP-IL module. Our intention is to publish the
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loop specifier syntax with any future product which allows the user
to plug in an additional HP-IL loop (such as a Port Extender).

The fourth chapter has some examples of what frames the HP-71
actually sends out to perform some basic HP-IL operations, such as
powering up the loop, auto addressing the loop or searching for a
device. This information may be useful to those people who want to
inplement an HP-IL interface in their device. They may want to
know what frames to expect from the HP-71 for some simple
operations.

The fifth chapter describes the lowest level utilities. It
describes how to send messages to and receive messages from the 1/0
processor. All HP-IL commands and data transfers go through a
mailbox to the I/0 processor. If a poll handler or utility routine
can not be found which implements a required special function,
messages can be sent directly to the HP-IL mailbox. At this level,
the user has control of the loop at a frame by frame level.

The sixth chapter describes all the polls answered by this module.
The HP-IL ROM is a soft configured ROM, which means the routines in
this module do not have a fixed address. The simplest way to
access a routine in this module is by issuing a poll which the
HP-IL module answers. A poll can be issued without knowing the
address at which the HP-IL module is configured. Please refer to
the HP-71 IDS for more information about how to use polls.

The final chapter describes all of the utility routines in this
module. There are many utility routines which can not be accessed
through polling. These routines may be accessed by a direct call.
As we mentioned earlier, the HP-IL ROM does not have a fixed
address. To directly call a utility routine, first find the
starting address of the HP-IL ROM LEX table in the configuration
tables. Next, find the offset from the HP-IL ROM LEX table to the
utility routine. Finally, add the offset of the utility routine to
the starting address of the LEX table, and jump to this address.
Ue have provided a routine, JUMPER, in this chapter which searches
the configuration tables for the address of the HP-IL ROM LEX
table. Calling a utility routine in the HP-IL ROM is therefore
gimplified to executing a GOSUB to JUMPER and providing the offset
of the utility routine from the start of the HP-IL ROM LEX table.
The description of each routine, including the offset from the
HP-IL ROt LEX table, can be found in this chapter.
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The purpose of this chapter is to describe the implementation
details for some of the features of the HP-IL ROM. These include
system RAM and system buffer usage, standard display and print
device asslgments, interrupts, multiple loop capability and loop
integrity maintenance.

2.1 System RAM usage

The following locations in system RAM are used by the HP-IL ROM:

ONINIR : Address of the ON INIR statement
IS-DSP : Display device assigrment

IS-PRT : Print device assigrment

MBOX~ : HP-IL mailbox address

LOOPST : HP-IL loop status

DSPSET : Display device set up

TERCHR : Terminating character for ENTER

2.1.1 ON INTR address

Symbol . ONINTR

Location : #2F68D

Length : 5 nibbles

Contents : Holds the address of last executed ON INTR statement

This address is set by the ON INIR statement. The address points
to the ON INTR statement, not the interrupt service routine.

This address is cleared when RUN is executed. The ONINTR address
is associated only with the current program. If a CALL statement
is executed, the current value of the ONINTR location is saved and
then the GJINTB location is cleared, before execution of the
subprogramn begins. The ONINTR addrese of the calling program is
restored when an ENDSUB or END is executed.
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2.1.2 DISPLAY IS assigmment

Symbol : IS-DSP

Location : #2F78D

Length : 7 nibdbles

Contents : Current standard display device assigrment

Assigrment encoding:

Nibs from
base adr: Usage:
2-0: If device address known, address, loop # here
If LOOP, nibs 1 and 0=O nidb 2 xs loop #
If NULL F00
If not knovn/not assigned/system buffer, FFF
If assigned, not HP-IL, Fxx, xx<>FF

3: If unassigned/not HP-IL, F
If system buffer with one entry, 4
If address specified, 0
If type specified, loop # + 1 (nib 3: 1,2 ,3)
If this assigmment has been "OFF"ed, bxt 3 is 1

6-4: If type, nib 6: sequence #, nibs 5-4: Acc id
If address, 6-4: address, loop #
If system buffer 6-4: eysten buffer #
If unassigned (N(n' "OFF“ed),
If not HP-IL and nib 3=F, not defmed

If a system buffer is used for the display asgigrment, the
assigrment is saved in the following way:

P e e e et e cccc e c e e e e r e c e e e e m—c e e —— +
| Device ID/Vol Lbl | ID/Vol Flag | loop # | sequence # |
e e D i T T TP +
nibs: 16 1 1 1
(high memory) (low memory)

At cold start, if the HP-IL module is not present, the value of
IS-DSP is set to FFFEFFE.

The initial value of IS-DSP at cold start with the HP-IL ROM
present depends on whether a display device is found in loop 1. If
no display device (with accessory ID 3X) is found the value is set
to O3F1FFF. If a display device is found, the value is set to the
address of the first dxsplay device 1in the loop. UWhenever the
HP-IL ROM detects that it was just added to the HP-71, the initial
value of the display device assigmment is set to tms default
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value,

Any time a 1loop broken condition is detected while trying to send
characters to the display device, bit 3 of nibble 3 is set to 1 and
nibbles 2-0 are set to FFF. This setting causes the HP-IL ROM to
stop sending data to the display device. When a RESTORE 10 is
executed or the HP-71 is turned OFF and ON again, the HP-IL ROM
searchs for a display device. If the assigned display device is
found, nibbles 2-0 are set to the address of the device and bit 3
of nibble 3 is cleared.

If the ATIN key is pressed while displaying, bit 0 of DSPSET
(location #2F7B1) is cleared and characters are no longer sent to
the display device. This bit is set again whenever the HP-71 goes
through the main loop. The first character sent after this time
Causes the HP-IL ROM to try to restore the display device.

2.1.3 PRINIER IS assigmment

Symbol : IS-PRT

Location : #2F794

Length : 7 nibbles

Contents : Current print device assigmment

Assigmment encoding:

Nidb from
base adr: Usage:
2-0: If device address known, address, loop # here
If LOOP, nibs 1-0=0, nib 2 is loop #
If NULL, F0O
If not known/not assigned/system buffer, FFF
If assigned, not HP-IL, Fxx, Xx<>FF

3: If unassigned/not HP-IL, F
If system buffer with one entry, 4
If address specified, 0
If type specified, loop # + 1 (nib 3: 1,2,3)
If this assigrment has been "OFF“"ed, bit 3 is 1

6-4: If type, nib 6: sequence #, nibs 5-4: Acc id
If address, 6-4: address, loop #
If system buffer, 6-4: system buffer #
If unassigned (NOT "OFF"ed), FEF
If not HP-IL and nid 3+F, not defined

If a system buffer is used for the printer assigrment, the
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assigrment is saved in the following way:

T T T e +
| Device ID/Vol Lbl | ID/Vol flag | loop # | sequence # |
g g g T T b T T T +
nibs: 16 1 1 1
(high memory) (low memory)

If the HP-IL module is not present at cold start, the IS-PRT
location is initialized to FFFEFFF.

The initial value of IS-PRT at cold start with the HP-IL ROM
present, depends on whether a printer device is found in 1loop 1.
If no printer device (with accessory ID 2X) is found the value is
set to 02F1FFF. If a printer device is found, the value is set to
the addregs of the first printer device in loop 1. Uhenever the
HP-IL ROM detects it has just been added to the HP-71, the printer
assigrment is set to this default value.

Every time a PRINT statement is executed, the loop is searched for
the printer device, as specified by the current assigrment.

2.1.4 Last mailbox address

Symbol : MBOX®
Location : #2F7A9
Length : 3 nibs
Contents : Mailbox address of last accessed mailbox

In executing many of the HP-IL keywords, the first step is to find
the address of the mailbox in the configuration tables. This can
be easily accomplished by calling the routine FNDMBX. FENDMBX saves
the address of the mailbox in the system RAM location MBOX". This
eliminates the need to save the mailbox address in a CPU register
during execution of a statement. The routine GEIMBX loads the
mailbox address into DO.

The mailbox address is 5 nibbles long. The most significant nibble
is always a 2. This is because the mailbox is a Memory mapped 1/0
type device and so it is always configured in the address range
20000-2C000. The least significant nibble is always a 0, since the
memory size of a device is alway a multiple of 16 nibbles. Since
the value of the top and bottom nibbles are always known, RAM is
allocated for the middle three nibbles only. The routine GETMBX
supplies the top and bottom nibbles of the mailbox address.
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2.1.5 HP-IL loop status

Symbol : LOOPST

Location : #2F7AC

Length : 1 nibble

Contents : Holds the status of the HP-IL loop

- - - e - = - - - - —— - - - -

3 Set by OFF I0 command
Cleared by RESTORE 10 command
2 When set indicates the last mailbox accessed is in

device mode. The routine START either sets or clears
this bit every time it is called.

1-0 Cleared by the routine START every time it is called.
These two bits are not used at the present time, but
provide a mechanism for other LEX files to determine
if the HP-IL ROM has accessed an HP-IL mailbox.

This nibble is initialized to zero at cold start or when the
HP-IL ROM is first added to the HP-71.

2.1.6 Display device status

Symbol . DSPSET

Location : #2F7B1

Length : 1 nibble

Contents : Indicates the type of device to which the display is
assigned and the current status.

3 Set when the display device has been set up to receive
data. The routine START clears this bit every time it
is called.

2 Set if the display device is a HP82163A Video
Interface.

1 Set if the display device is a printer.

0 Set means the display device is OK.

Clear if the ATIN key has been hit or the loop dies
while displaying. Mainloop sets this bit again.

Bits 2 and 1 are used to indicate whether the display device is a
HP821634A or a printer. If both bits are clear, this indicates the
display is neither a HP82163A nor a printer type device. In
othervords, the accessory ID is not 30 hex or 2X hex. If both bits
are set, this indicates the display type is not known. This nibble
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is initialized to 7 at cold and when the HP-IL ROM is first added
to the HP-71.

2.1.7 ENTER terminating character

Synbol : TERCHR

Location : #2F97D

Length : 2 nibbles

Contents : Defines the terminating character for ENTER statement

This character is initialized to the line-feed character (0A) by
the HP-IL ROM at cold start or when the module 1is added to the
HP-71.

The HP-IL ROM does not provide any keywords for the user to change
the terminating character. PEEK$ and POKE can be used to change it
if required by the application.

2.2 System Buffer usage

Several system buffers are used by the HP-IL ROM for various
purposes. System buffers are also called I/0 buffers in the code
listings. There is no difference between an 1/0 buffer and a
system buffer.

bPILSV - HP-IL save tuffer, a indication of the ROis presence.
bPILAI - Contains ASSIGN 10 names.
bSTMXQ - HP-IL statement execution buffer

2.2.1 HP-1IL save buffer

Syrbol : BPILSV
System buffer mumdber : #80F

This buffer is created by the HP-IL ROM at cold start or when the
ROM is first added to the HP-71. No information is stored in the
HP-IL save buffer.

Every time the HP-71 wakes up from deep sleep it issues the deep
sleep wake up poll. During this poll the HP-IL ROM checks to see
if this buffer exists. If the buffer is not found, the HP-IL ROM
assumnes the [/0 processor has not been initialized. The HP-IL ROM
creates this system buffer and executes an initialization sequence
which includes the following:



HP-71 HP-IL Module IDS - Volume I
Internal Design Notes

1. Initialize all the mailboxes found,

*Set IDY timeout to 50 milliseconds.

*Set up the accessory ID and the device ID.

2. Initialize DISPLAY IS and PRINTER IS assigrments.

*Jrite O3F1FFF to IS-DSP which indicates the display device
is unassigned but defaults to the 1st device in loop 1
with an accessory ID of 3X.

*Jrite 02F1FFF to IS-PRT which indicates the print device
is unassigned but defaults to the 1st device in loop 1
with an accessory ID of 2X.

3. Set ENTER terminating character to line feed character (0A).

2.2.2 ASSIMN 10 System Buffer

Symbol: bDPILAIL
System buffer mumber: #810

This system buffer is created by the ASSIGN 10 statement. Its
length is always 122 nibbles (30 entries * 4 + 2 nibs of 00). The
ASSIGN I0 statement can‘have up to 30 assign words. Each assign
word takes 2 bytes in the ASSIGN I0 system buffer. The two bytes
are the two characters of the assign word. If an assign word has
only one character, the second character is zero filled.

2.2.3 HP-IL Statement Execution Buffer

Symbol: bSTMXQ
Systen buffer mnumber: #811

This gystem buffer is allocated by the HP-IL ROM whenever data is
received remotely as a device. Uhen the HP-71 is a device and in
remote mode, any data received is interpreted as BASIC commands.
The data received is put into this buffer by the HP-IL ROM for
subeequent execution by the HP-71.
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2.3 Decoding a device specifier

The method used to find a device on the loop depends upon how the

device is

specified. The algorittm for decoding a device specifier

is given below:

IF <dev
THEN
IF <dev
THEN
IF <dev
THEN
IF <dev
THEN
IF <dev
THEN
IF <dev
THEN
IF <dev
THEN
ELSE

spec> starts with a ".”

<dev spec> is a volume label

spec> starts with a %" sign

<dev spec> is an accessory ID

gpec> starts vith a "*" gign

<dev spec> is "**

spec> starts with a mmeric character

<dev spec> is an HP-IL address

spec> is one of the ASSIGN words

get the HP-IL address from the ASSIGN I0 system buffer.
spec> is one of the reserved words

get the accessory 1D from the reserved word table.
spec> is "NULL" or "LOOP"

<dev spec> has no address

<dev spec> is a Device ID.

2.3.1 How file and device specifiers are tokenized

File spec. tokenization:

1) <string expression>

2) or
3) or

<tLITRL> [ <file name> ] <tCOLON> <device specifier>
<tLITBL> [ <file name> ] <tSEMIC> <volume label>

Device spec. tokenization:

1) <gtring expression>

2) or <tCOLON> <HP-IL address>

3) or <tCOLON> <tLITRL> ¢device word> [ <tSEMIC> <loop mumber> ]
4) or <tCOLON> <tX> <mm expr> [ <tSEMIC> <loop mumber> ]

5) or <tCOLON> <tLITRL> <assign word>

6) or <tCOLON> <tLITRL> <device ID> [ <tSEMIC> <loop rumber> ]
7) or <tCOLON> <t*>
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2.3.2 Reserved device word table

The table entry structure is:

1 nibdle: length of name mimug 1, in nibbles (n-1)
n nibbles: name (Bytes in order!‘
2 nibbles: accessory ID

The table consists of entries terminated by length nibble of 0.
The table is listed below:

NIBHEX 7 Length of “TAPE"
NIBASC \TAPE\ TAPE: TYPE=10
NIBHEX 01
NIBHEX D Length of "MASSMEM"
NIBASC \MASSYEM\ MASSHEM:TYPE=1F (MASS MEM. CLASS)
NIBHEX F1
NIBHEX D Length of “PRINTER"
NIBASC \PRINTER\ PRINTER: TYPE=2F (PRINTER CLASS)
NIBHEX F2
NIBHEX D Length of "DISPLAY"
NIBASC \DISPLAY\ DISPLAY:TYPE=3F (DISPLAY CLASS)
NIBHEX F3
NIBHEX 7 Length of “GPIO"
NIBASC \GPIO\ GPIO: TYPE=40
NIBHEX 04
NIBHEX 9 Length of "MODEM"
NIBASC \MODEM\ MODEM: TYPE=41
NIBHEX 14
NIBHEX 9 Length of “RS232"
NIBASC \RS232\ RS232: TYPE=42
NIBHEX 24
NIBHEX 7 Length of "HPIB"
NIBASC \HPIB\ HP1B:TYPE=43
NIBHEX 34
NIBHEX D Length of “INTRECE"
NIBASC \INTREFCE\ INTRECE: TYPE=4F
NIBHEX F4
NIBHEX D Length of “INSTRM"
NIBASC \INSTRMT\ INSTRMT : TYPE=5F (INSTRMT CLASS)
NIBHEX IS
NIBHEX D Length of “GRAPHIC"
NIBASC \GRAPHIC\ GRAPHIC:TYPE+6F (GRAPHIC 1/0)
NIBHEX F6
END OF TABLE INDICATOR...NULL
NIBHEX 0
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2.4 HP-IL ROM and Mailbox interface

The HP-IL module has a ROM contammg an HP-71 LEX file and an 1/0
processor. The function of the ROM is to extend the BASIC language
to include 1/0 capability on HP-IL. The HP-IL ROM talks to the 1/0
processor through a mailbox. If the HP-IL ROM has a message for
the I/0 processor, it puts the information into the mailbox and
sets a flag. If the 1/0 processor has a message for the HP-IL ROM,
it puts it into the mailbox and sets a different flag.

The implementation of the feature set of the module is shared by
the HP-IL ROM and the I/0 processor. The HP-IL ROM is responsible
for moving data between the HP-71’s memory (such as variables and
files) and the mailbox. The I/0 processor is responsible for
moving data between the mailbox and the loop.

The HP-IL ROM and the I/0 processor work together on thmgs other
than transferrmg data. These include settmg up frame timeouts,
interpreting remote data and generating interrupts to the HP-71
The following section describes how these features are implemented.

2.4.1 How frame timeouts are implemented
The STANDBY statement takes two parameters:

1. Timeout period: defines how long the HP-71 waits for each
HP-IL message to travel around the loop, back to the HP-71.
2. Verify interval: defines how often the HP-71 tests the loop’s
continuity by sending an HP-IL Identify (IDY) message.
The Identify message travels around the loop quickly.

The 1/0 processor stores and uses the frame timeout values. These
t¥o parameters are not directly sent to the 1/0 processor. The
HP-IL ROM converts the STANDBY parameters into three timeout
parameters used by the I/0 processor:

1. Frame timeout: Specifies how long to wait for the frame
before sending out an IDY frame.

2. IDY timeout: Specifies how long to wait for the IDY to
return before setting the loop broken error.

3. Number of IDYs: Specifies the number of frame timeouts
to allow before setting the frame timed out error.

The HP-IL ROM always sets the IDY timeout to S0 milliseconds. The
STANDBY statement sets the Number of IDYs to the CEIL(the timeout
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period/the verify interval) and sets the frame timeout to the
verify interval,. If only the timeout period is specified, it is
used to set the frame timeout, and the mumber of IDYs is set to 1.

The HP-IL ROM initializes the frame timeout to 2 seconds and the
nunber of IDYs to 30. This means that if the loop is broken it is
usually detected within 2 seconds. If the loop is complete, any
message sent must return within 60 seconds. Uhen STANDBY OFF is
executed, these default values are used. UWhen STANDBY ON is
executed, the frame timeout is set to infinity. This means the
loop is never tested with an IDY message and the HP-IL module waits
forever for a message to return.

Uhen the HP-IL ROM begins erecution of a statement, it first clears
the 1/0 processor error code by reading the error and ignoring it.
From that point on, when the HP-IL ROM wants to send a message to
the mailbox, it first checks the status of the mailbog by looking
at the error bit. If the mailbox reports that an error has
happened, the HP-IL ROM takes an error exit. If the mailbox is
ready to receive a message, the HP-IL ROM uwrites the message to the
mailbox. If necessary, the 1/0 processor sends message(s) to the
loop and waits for them to return. If a message takes too long to
return, the I/0 processor sends out IDYs to test the loop. If the
message finally returns, the I/0 processor checks it for errors.
If the message does not return in time or a transmit error has been
detected, the I/0 processor sets the error bit in the mailbox. The
HP-IL ROM detects that an error has happened on the last
transmission when it trys to send the next message.

2.4.2 Interpreting data when in remote mode

The HP-71 can operate as a device in the loop. There are several
ways to cause the HP-71 to give up control of the loop:

1. Execute a CONTROL OFF on the HP-71.
2. Execute a PASS CONTROL on the HP-71.
3. Send the HP-71 an IFC message. UWhenever an IFC is
received which the HP-71 did not source, the HP-71 gives
up control. Controller status is cleared. If the HP-71
is already a device, the HP-71 just executes the IFC command
(exits from both talker and listener state).

A controller can send BASIC commands to the HP-71 when it is a
device. The controller has to put the HP-71 in remote mode to
cause the HP-71 to interpret the ASCII data it receives as a BASIC
statement. The implementation is described below:

1. Uhen the 1/0 processor has data available, it generates a
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service request on the HP-71 processor bug. This is similar
to the service request generated by the HP-71 internal timer.

2. The HP-71 checks first to see if the service request is
generated by the timer. If it is not, then the HP-71 issues
the service request poll to give LEX files a chance to
process the service request.

3. Uhen the HP-IL ROM receives this poll, it checks if the
gservice request is generated by the /0 processor. If it is,
the handshake byte of the mailbox is read to see if the
SRQ bit is get. If there are multiple mailboxes found in the
configuration table, the HP-IL ROM looks for the first
mailbox which has the service request bit set.

4. After finding a mailbox with the service request bit set, the
HP-IL ROM reads the status of the mailbox and instructs the
I/0 processor to clear the service request bit in the mailbox.

5. The status of a mailbox indicates the reason it is requesting
service. There are three reasons for the 1/0 processor to
request service:

a. An interrupt has occurred,
b. Data is available from the loop (only as a device).
c. The 1/0 processor has been reset (very unlikely).

If the 1/0 processor is requesting service because an
interrupt occurred, the HP-IL ROM sets the HP-71 system
Exception flag (ST12) and returns. When the HP-71 sees
the Exception flag is set, it issues the exception poll,
and the HP-IL interrupt is serviced in the exception poll
handler (pEXCPT).

If the 1/0 processor is requesting service because data is
available, the HP-IL ROM implements the following checks:

a. If the HP-71 is not in remote mode, then the HP-IL ROM
just returns. In this case the data is held by the I1/0
processor and service 1s requested until the data has
been read by the HP-71 (usually by an ENTER statement).

b. If the HP-71 ig in remote mode, the HP-IL ROM checks if
the HP-71 is idle. Idle means the HP-71 is not running a
program, not in the CALC mode, and not executing an INPUT
statement. If the HP-71 is not idle, the poll handler
returns immediately as in the previous case.

For both of these cases, the HP-IL ROM returns without
processing the service request. The HP-71 contirues
issuing the service request poll until the service request
is no longer present (for the first case, an ENTER has been
executed; for the second, the HP-71 became idle, allowing
processing of the remote data.

If the HP-71 is in remote mode and it is idle, the HP-IL ROM first
Clears the key buffer and then puts a single key code in the key
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buffer. The key code put into the key buffer is "FF'. This is a
key code that the HP-71 doesn’t recoemze Whenever the HP-71
finds an unrecognized key code in its key buffer, it issues the
KYDF (key def) poll to see if any LEX file knows hou to mterpret
it. The HP-IL ROM checks the key code when the KYDF poll is
issued. If the key code is "FF", then the HP-IL ROM knows it has
data available in remote mode. The HP-IL ROM finds the mailbox
which has data available, then creates a system buffer. The buffer
is set up to look like a colon-type key definition. The HP-IL ROM
then reads the data from the mailbox and puts it into the system
buffer. Uhen this 1is done, the HP-IL ROM sets the key definition
pointer to the system buffer and returns. The HP-71 processes the
system buffer exactly like it processes colon-type key definitions.
The ASCII characters are parsed and executed as a BASIC command.

A hidden features of the HP-IL ROM is that remote counands may also
be received from loops 4-16. The loop specifier in the HP-IL ROM
keywords cannot be larger than 3, 80 these additional loops cannot
be accessed through any of BASIC functions. However remote
commands can be received and processed as on loops 1 through 3.

2.5 How interrupts are implemented

A user program can use the interrupt capability of the HP-IL
nodule through the following keywords provided by the HP-IL ROM:

1. ON INTR GOTO/GOSUB <line mumber>
This statement identifies and enables a branch to the
interrupt service routine.

2. ENABLE INIR <interrupt mask>
This statement defines what events the program wants to
enable for interrupts.

3. OFF INIR
This statement clears the address of the interrupt serv1ce
routine defined by the ON INTR statement. The effect is to
cause an interrupt to become pendmg if it ever happens This
is a way to temporarily disable interrupts. The interrupt
is reactivated by the ON INIR statement.

4. READINTR
This function is used to find ocut what the caused the
interrupt.

Execution of the ON INTR statement simply writes the address of the

ON INTR statement into a location in system RAM (ONINTR). The
HP-1L ROM uses this location in the interrupt service routine to
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tell whether an interrupt branch is currently active.

The ENABLE INIR sends the interrupt nmask to the 1/0 processor,
since the !/0 processor keeps track of the interrupt events. Two
bytes are used by the I/0 processor to monitor the interrupt
events:

a. Interrupt mask byte

This is the byte set by the HP-IL ROM to indicate to the I/0

processor which of the 8 events are enabled to generate an

lnterrupt This byte is automatically cleared by the HP-IL

ROM in the following cases:

1. Immediately before the end-of-line branch is taken to the
interrupt service routine.

2. At the end of program execution or whenever an EDIT is
erecuted.

b. Interrupt cause byte
There are total of 8 events that can cause interrupts. The
8 bits of this byte are a record of each of the 8 events.
An event is recorded, regardless of whether or not that
particular event is enabled to generate an interrupt.

Every time an lnterrupt event occurs, the corresponding bit in the
lnterrupt cause byte 1is set to 1. The 1/0 processor compares the
interrupt cause byte and the interrupt mask byte. If any of the
bits match, the I/0 processor requests service on the HP-T71
processor bus Every time the HP-71 wakes up from 1light sleep or
at the end of each statement execution, it checks for a service
request on the HP-71 bugs. If there is a request, the HP-71 checks
if it is the timer. If it is, the request is handled by the HP-71.
Othervise, the HP-71 issues the service request poll to give
external LEX files a chance to service the request.

When the HP-IL ROM receives this poll, it checks if the service
request is generated by an I/0 processor. If so, the handshake
byte of the mailbox is read to see if the service request bit is
set. If there is more than one mailbox found in the configuration
table, the HP-IL ROM 1looks for the first mailbox which is
requesting service. After finding a mailbox with the service
request bit set, the HP-IL ROM reads its status.

The status of a mailbox indicates the reason it is requesting
gervice. There are three reasons for the 1/0 processor to request
service:

a. An interrupt has occurred.

b. Data is available from the loop (only as a device).

c. The 1/0 processor has been reset (very unlikely).

If the 1/0 processor is requesting service because an interrupt
occurred, the HP-IL ROM sets the HP-71 system Exception flag (ST12)
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and returns. Uhen the HP-71 sees that the Exception flag is set,
it issues the exception poll, and the HP-IL interrupt is serviced
in the exception poll handler (pEXCPT).

The exception poll handler is implemented as follows:

1. Read the mailbox status to see if it has a pending interrupt.
If more than one mailbox exists, the first mailbox with a
pending interrupt is serviced.

2. Check if the ON INTR address is non-zero. If it is zero, the
Exception flag (ST12) is set and the poll handler returns.

3. Check if the HP-71 is running a program. If it is not, the
Exception flag is set and the poll handler returns.

4. Check if statement which has just been executed is at the end
of a line. If not, the Exception flag is set and the poll
handler returns.

If the Exception flag is set, the HP-71 issues another exception
poll when it finishes executing the next statement or when it next
wvakes up from light sleep.

Vhen all the above conditions are met, the HP-IL ROM clears the
interrupt mask and causes program execution to branch to the
interrupt service routine.

The purpose of automatically clearing the interrupt mask is to
prevent re-entering the interrupt service routine while already in
the routine. The user program should reactivate the interrupt at
the end of the service routine. If the last statement of the
interrupt service routine is a RETURN, the ENABLE INTR statement
goes in the same line as the RETURN. Otherwise, if there is an
interrupt pending, executing an ENABLE INTR causes an end-of-line
branch to take place before the RETURN is executed.

Vhile in the interrupt service routine, the interrupt cause byte
still functions as usual, meaning it still keeps recording any
interrupt events that occur. The interrupt cause byte is cleared
only when read by the READINIR function. Therefore, it is very
important for the interrupt service routine to read the interrupt
cause byte. If the interrupt cause byte is never read, it is never
zeroed. When interrupts are enabled at the end of the interrupt
service routine, the interrupt cause byte causes the interrupt
branch to happen again instantly. Every time the interrupt mask is
set, the /0 processor compares the new mask and the interrupt
cause byte. If there is a match in any of the bits, the /0
processor generates an interrupt right away. If the interrupt
cause byte is not cleared, false interrupts are generated.
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2.5.1 Disabling interrupts

There are two ways to disable interrupts:

1. OFF INIR
This statement clears the address set up by the ON INTR
statement, It has no effect on the interrupt mask or cause
byte. An interrupt becomes pending if it happens after an
OFF INTR. Every time an ON INIR is executed, a check is made
for any pending interrupts. If there are pending interrupts
an end-of-line branch takes place.

2. ENABLE INTR 0 (clears the interrupt mask)
Zeroing the interrupt mask prevents interrupt branching.
Zeroing the mask byte guarantees that no bits are set when
the mask byte is anded with the cause byte. Therefore, the
1/0 processor never generates a service request due to an
interrupt.

2.6 HP-71 Requesting Service in Device Mode

The HP-71 can share control of the loop with other controllers. As
a device, the HP-71 has the capability to get the attention of the
active controller by requesting service. The REQUEST statement is
a BASIC keyword which can cause the HP-71 to request service on the
loop.

The REQUEST statement takes an integer parameter in the range 0 to
255. The parameter is the value of status which is returned to the
controller whenever the HP-71 is polled for its status. The
parameter is sent to the 1/0 processor where it is saved in a byte
reserved for the current statugs. Every time the 1/0 processor is
polled for status, this byte is sent out automatically.

The status byte is initialized to zero at power on and remains zero
until the I/0 processor receives a new status byte from the HP-IL
ROMM. WUhen the 1/0 processor receives a new status byte from the
HP-IL ROM, it does two things:

1. Save the new status byte in RAM.
2. If the I/0 processor is in device mode, the loop service
request status is updated as the new status dbyte indicates.

If the bit 6 of the status byte is set, the I/0 processor

requests service on the loop. The service request bit is set
on any IDY, DAB or END frames which pass the HP-71. If the
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loop is in EAR mode (Enable Asynchronous Requests), the /0
processor starts sourcing IDY frames with the serv1ce request
bit set. EAR mode enables a device to source IDYs when it
has a pending service request. This means the controller
does not have to constantly send frames to monitor service
requests.

If the bit 6 of the status byte is zero, the 10 processor
stops requestxng service on the loop. If the 1/0 processor
was not requesting service, no change is made.

As long as the 1/0 processor is controller on the loop, it
does not request service. Thus executing REQUEST uhxle
controller sets up the service request for whenever the 1/0
processor leaves controller mode.

RESET HPIL sets the status byte to 0. Bit 7 indicates to the
controller how to interpret the status byte. If bit 7 is set, it
Reans bits 5-0 are interpreted as system status. If the bit 7 is
zero, it means bits 5-0, are interpreted as device dependent status.
Refer to the HP-IL Interface Specification document for the details
on status responses.

2.7 Implementing Multiple Loops

One HP-IL ROM is all that is necessary to communicate with up to
three mailboxs plugged into the HP-71, There can be more than one
HP-IL ROM plugged into the HP-71, but only the first one is
accesgsged.

The interface between the HP-71 processor and the 1/0 processor is
a mailbox. The mailbox is soft configurable in the HP-71 address
space. This means the mailbox must be configured for the HP-71
processor to communicate with it. The HP-71 system is reconfigured
whenever a change in the system plug-ins could have occurred, such
as when turning on or when a module pulled interrupt occurs A
configuration table is generated as the result of the
configuration. From the configuration table, it is possible to
find out how many mailbozes are configured and at what address they

reside.

It is quite easy for the HP-IL ROM to handle more than one mailbox.
If a device specifier does not specify the loop nuRber, the HP-IL
ROM searchs the configuration table to find the address of the
first mailbox in the table. The mailbozres appear in the
configuration table in the same order as they appear in the ports.
The port on the back of the HP-71 is port 0, and it is always the
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first mailbox in the configuration table. If a loop mumber has
been specified, the HP-IL ROM searchs for the Nth mailbox’s address
in the configuration table.

2.7.1 Status Information Allocation

Certain status and assigmments are maintained by the HP-IL module.
The following 1lists specify where information is saved: in HP-71
system RAM or the [/0 processor.

The HP-IL ROM saves the global information (same across all loops):

1. PRINTER IS and DISPLAY IS assigrments.
2. ASSIN I0 assigrments.

3. OFF 10 (it affects all the mailboxes).
4. Terminating character for ENTER.

5. Flags -21, -22, -23, -24.

6. ON INTR address

Each 1/0 processor saves the following information:

1. Controller or device status.

2. Interrupt mask and interrupt cause byte.

3. Last received DDT or DDL frame.

4. Its own status, such as talker active or listener active.

5. Manual mode status. This status is checked by the HP-IL
ROM every time it trys to talk to a mailbox. If the mailbox
is in manual mode, any HP-IL ROM commands generate an error.
The HP-IL ROM never sends messages to an [/0 processor that
is in marual mode.

5. Frame Timeout settings.

6. Device ID and Accessory ID (for device mode).

7. Loop address table (for controller only).

(Ending AES address, ending AEP address, ending AAD address)
8. Uhether or not the mailbox has been initialized.

9. Loop powered up status.

2.8 How to find out the capacity of a mass memory device

The HP-IL ROM is able to control one type of mass memory device.
Only a device with accessory ID of 10 hex is recognized by the
HP-IL ROR. The HP-71 assumes that a device with this Accessory
ID uses the HP82161A digital cassette drive protocol.
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In order to control a mass memory device larger than the HP82161A
the HP-IL ROM assumes certain extensions are implemented by any
future products with Accessory ID 10 hex.

The HP82161A protocol has been extended by the addition of the
following Device Dependent Commands:

DDT6: Send physical attridbutes -

WVhen SDA is received after a DDT6, the device sends 12 bytes
that represent the 6 words of the LIF volume extension field.
The LIF extension field consists of the following information:

WYords 12 and 13 are the mumber of tracks per surface
(word 12 is the most significant word).

WUords 14 and 15 are the number of surfaces per medium
(word 14 is the most significant word).

Words 16 and 17 are the number of sectors per track
(word 16 is the most significant word).

The first byte sent is the most significant byte of word 12.
The last byte sent is the least significant byte of word 17.
All three values are 32 bit binary nmumbers.

DDT7: Send maximum address -

When SDA is received after a DDI7, the device sends 2 bytes
that represent the record number (in binary) of the last
(highest numbered) record on the medium. The most significant
byte is sent first.

DDL11 (11 is decimal): Verify records -

After a DDL11 is received, the next two data bytes received
are interpreted as the rumber of records to verify (verify
mreans read the record and verify that the checksum is correct
and the record can be found on the medium). The first byte
received is most significant 8 bits of the mmber of records.
Verification gtarts at the next record (set previously by
SEEK) and continues until all records are verified OR an
error is detected OR end of medium is reached. Device status
reflects the results of the verify (all OK or checksum error
or record not found).

Clarification on the DDL4 (SEEK) command:

The two bytes of data following a SEEK command are to be
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interpreted as a logical record number (where the device
appears to the controller to be organized as an array of
records rumbered from 0 to MaxRec, where MaxRec is the
response to DDT7).

2.8..1 Uhen the HP-IL ROM uses extended HP82161A protocol

The HP-IL ROM uses the extended HP82161A protocol only during
medium initialization {the INITIALIZE command).

The HP-IL ROM uses DDT6 to determine the information to be written
into the LIF extension field. If the device responds to the
subsequent SDA with an ETO, the HP-71 assumes the device is a
(non-extended protocol) HP82161A which hags LIF extension field: 00
00 00 02 00 00 00 01 00 00 01 00 (hex). These indicate that the
digital cassette has 2 tracks per surface, 1 surface/medium, and
100 (hex) sectors/track.

The HP-71 uses DDT7 to determine the size of the device (for
checking requested directory size for valid range, and to choose a
default directory size if none is specified). If the number of
directory entries requested by the user is greater than the mumber
of records that would be 1left in the data portion of the medium
then an error is generated.

The default directory size is 1/32 of the total size of the medium.

The HP-71 does not use the DDL11 (Verify) command.
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There is a feature in the HP-IL module that has not been mentioned
in the user marual of the module. The HP-IL module has the ability
to handle multiple loops. At the time the marual was written,
there was no hardware available to allow the user to plug in
additional 1loops, so the Owner’s Mamual did not include loop
nurbers in the syntax of the keywords. This chapter provides the
syntax for multiple loops.

3.1 Loop Number Specifier

The HP-IL ROM is capable of handling up to three HP-IL mailboxes.
Each HP-IL mailbox is a different loop which plugs in to the HP-71.
When you specify a device, you can also specify which loop contains
the device.

The optional loop number can be 1, 2, or 3. If the loop rumber is
not specified, the default is loop 1. The HP-IL nmodule plugged
into the back of the HP-71 is always loop 1. The rumbering for the
second and third loops is determined by the order in which they are
connected to the HP-71.

Generally, the way to specify the optional loop rumber is to append
a colon and a loop rnumber to the device specifier. For example,

PRINTER IS PRINTER:2

assigns the standard print device to the first printer in the
secord loop.

OUTPUT %66(2):3 ; "abcde"

outputs the string to the second device in the third loop that has
the accessory ID of 66.

ENTER LOOP:2 ; AS$
reads in data from the second loop.
There are two other cases. In some statements, such as CONTROL ON,

no parameter is required., The loop mumber is specified as a
numeric expression in this type of statement.
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CONTROL ON 2
sets the controller role in the second loop.
DISP STATUS(2)

displays the status of the second loop.

The other case is in a statement such as ENABLE INTR, where a
parameter is required but the parameter is not a device specifier.
In this case, specify the loop mumber as the first parameter and
separate it from the other parameter with a semicolon.

ENABLE INTR 2 ; 64

sets the interrupt mask to 64 in the second loop.

General rules of specifying the optional loop mmber:

1. If the statement requires a device specifier, append a colon
followed by a numeric expression to the device specifier.

2. If the statement takes no parameter, simply specify the loop
mmbdber with a mmeric expression.

3. If the statement takes a parameter which is not a device
specifier, insert the loop number as the first parameter and
follow it with a semicolon.

3.2 Syntax Identifier Definitions

This section describes the identifier words used under the SYNTAX
gection of the following keyword descriptions. The identifier
words are listed here in alphabetical order along with their
definitions:

<accessory ID> ::= 0 | 1| ..... | 255 .
<assign word> ::= " [ : ] <alpha> [ <alpha> | «digit> ] "

<device> ::= { <HP-IL address> | <device word> | <device type> |
<assign word> | <device ID> }

<device ID> ::= <ID string> [ ( <sequence mumber> ) ]
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<device specifier> ::= { : <device> [ : <loop rumber> ] |
. <volume label> [ : <loop mmber> ] }

<device type> ::= % caccessory ID> [ ( <sequence rumber> ) ]
<device word> ::= { MASSYEM | PRINTER | DISPLAY | INTRFCE |
INSTRMT | GRAPHIC | TAPE | TV )
[ ( <sequence number> ) ]

<«file name> ::= <alpha> ([ .... [ <alpha> | «digit> ] .... ]
(10 characters maximum)

<file specifier> ::= <file name> [ <device specifier> ]

<HP-1L address> ::= <primary address > [ . <secondary address> ]
<loop mnumber> ::= 1| 2 | 3

<primary address> ::= 0 | 1 | .... | 30

<gecondary address> ::= 1| 2| .... | 31

<gequence rumber> :: = 1| 2| .... | 16

<volume label> ::= <alpha> [ .... [ <alpha> | «digit> ] ... ]
(6 characters maximum)

** The quotes around the assign word are not required, but are
recommended to prevent any ambiguities in specifying a device

S mam e o mme - - - wo—--

ASSIGN # 1 TO NOTES:MASSMEM:L
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——e——-

CAT [ <file name> ] «<device specifier>

EXAMPLE STATEMENTS

ce e eccccc e —ee—--

CAT :TAPE(3):L
CAT .VOLUM1:L

—reaecaccc e cam- - —---

F$=CAT$(1,":TAPE:3")
CAT$ (F,".DATA:1")
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CHAIN <file specifier»

EXAMPLE STATEMENTS

CHAIN PARSER:%16:1
CHAIN CLEANUP.QA:L

CLEAR <device specifier>
CLEAR [ LOOP [ : <loop rumber> ] ]

EXAMPLE STATEMENTS

—-e e e cca e - - ---

IF X(2) THEN CLEAR LOOP:L
CLEAR ":DISPLAY:2"
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CONTROL ON [ <loop rumber> ]

EXAMPLE STATEMENTS

D R L X gy

IF C(I) THEN CONTROL ON L
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———---

COPY [ { <file specifier> | <device specifier> |
LOOP [ : <loop rumber> ] } ]

TO { <file specifier> | <device specifier> |
LOOP [ : <loop rumber> ] } ]

COPY { <file specifier> | <device specifier> |
LOOP [ : <loop rumber> ] } ]
[ TO { <file specifier> | <device specifier> |
LOOP [ : <loop rumber> ] } ]

- - o > wr wrww-wnw-——

COPY START:TAPE(2):3

COPY TO BACKUPFILE.DATA1l:L
COPY OLDFILE:CA:L TO NEWFILE
COPY TO :MASSMEM:L

D kR L gy

CREATE TEXT FILE6:1:L,500
CREATE DATA A$,10,50
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3.12 DEVADDR

DEVADDR ( <device specifier> )

EXAMPLE STATEMENTS

R e L .

A=DEVADDR("PR(2):L") @ PRINTER IS A
B=DEVADDR("“%16:3") @ COPY FILE1 TO :B
C=DEVADDR(D$)

3.13 DEVAID

T=DEVAID("HP82164A:3")
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3.14 DISPLAY IS

DISPLAY IS «<device specifier»
DISPLAY IS LOOP [ : <loop rumber> ]

EXAMPLE STATEMENTS

DISPLAY IS 1.02:L
DISPLAY IS %48(2):L

3.15 ENABLE INIR

ENABLE INTR [ <loop number> ; ] <interrupt mask byte>

- >  wr e > = = -

ENABLE INTR L ; LeI%2°N
IF E THEN ENABLE INIR 1;8 @ ENABLE INIR 2;8
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ENTER <device specifier> [ USING {<string exp> | <line rnumb>} ]
[ ; <variable> [ , <variable> ...] ]

ENTER LOOP [:<loop mnb)] [ USING {<str1ng exp> | <line numb>}]
[ ; <variable> [ , <variable> ...] ]

EXAMPLE STATEMENTS

ENTER “HP82:2"; N,A$

ENTER %64:L USING “80A" ; X$,v$
ENTER 3:L USING " ,B"
ENTER LOOP:L ; B1$

’

3.17 INITIALIZE

——e—--

INITIALIZE [ <volume label> ] <device spec> [ , <directory size>]

INITIALIZE AS$,35
INITIALIZE DATA:TAPE:L,55
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LOCAL <device gpecifier>
LOCAL [ LOOP [ : <loop rumber> ] ]

IF NOT R THEN LOCAL “HP82164:2"
LOCAL HP71(2):L

comm—-

—meeccccaecamo----—-

IF NOT O THEN LOCAL LOCKOUT L
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OUTPUT { <device specifier> | LOOP [ : <loop mmber> ] }
[ USING { <string> | <line mumber> ]
[;<expression> [ { , | ; } <expression> .... 1] [;]

EXAMPLE STATEMENTS

OUTPUT DISPLAY:2;A$
OUTPUT LOOP:3;A/10

IF V THEN PACK TAPE(2):3
PACK %16:L
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3.22 PACKDIR

PACKDIR :TAPE(3):L
PACKDIR .BKUP:3

3.23 PASS CONTROL

—-mm - —-

PASS CONTROL { <device specifier> | LOOP [ : <loop mmber> ] }

EXAMPLE STATEMENTS

PASS CONTROL %1:L
PASS CONTROL 3:2
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3.24 PRINTER IS

PRINTER IS <device specifier>
PRINTER IS LOOP [ : <loop rmumber> ]

EXAMPLE STATEMENTS

PRINTER IS “HP(2):2"
PRINTER IS %32:L

3.25 PRIVATE

PRIVATE <file specifier»>

EXAMPLE STATEMENTS

B R R

PRIVATE TEST:TAPE:L
PRIVATE "FILE1.TAPE1l:3"
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PURGE BACKUP:TAPE(2):L
IF F$=A$ THEN PURGE A$

3.27 READDDC

—m—w—-

X = READDDC(L)
IF BIT(READINTR,0) THEN A=READDDC(L)
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3.28  READINIR

READINTR [ ( <loop number> ) ]

EXAMPLE STATEMENTS

e, e eccecaccceccae-o--

REMOTE <device specifier>
REMOTE ([ LOOP [ : <loop mmber> ] ]

D et

IT R THEN REMOTE "%66(2):3"
REMOTE LOOP:L
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RENAME “FILE1027:TAPE:L" TO "FILE1028"
RENAME "POINTS" TO "DATA:1.02:3"

3.31 REQUEST

REQUEST [ <loop mumber> ; ] <mmeric expr>

e - - —--—---—-—--
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3.32  RESET HPIL

DR E LT p——

IF LEN(A$)>L THEN RESET HPIL L
RESET HPIL 3

3.33 RESTORE IO

IF A$=R$ THEN RESTORE I0 2
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- -

e m e mwe—— - -—--——

RUN INIT:TAPE:2
RUN CALENDAR.DATA:3

SECURE VER1:TAPE(2):L
SECURE "TEST:3:2"
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SEND [ <loop rnumber> ; ] [ [ CMD expression [ , expression ] ...]
[ DATA expression [ , expression ] ...]

- - - -

- - - - > -

A=SPOLL("3:1")
IF SPOLL("MASSMEM(1):2") = 220 THEN 100
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STANDBY [ <loop rumber> ; ] OFF
STANDBY [ <loop mumber> ; ] ON .
STANDBY [ <loop number> ; ] <mumeric expr> [ , <numeric expr> ]

STANDBY 2;ON
STANDBY A;OFF
STANDBY L ; F,I

3.39 STATUS

R L bl L T T

X=STATUS(2)
IF BIT(STATUS(L),S) THEN GOTO 100
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3.40 TRANSFORM

—————-

TRANSFORM [ <file specifier> ] INTO <file type> <file specifier>

EXAMPLE STATEMENIS

DR e

TRANSTORM INTO TEXT BACKUP.SAVE:2
TRANSTORM TEMP:TAPE:2 INTO BASIC TEMP1

TRIGGER <device specifier»
TRIGGER [ LOOP [ : <loop rumber> ] ]

- -

IF T THEN TRIGGER 1:2
TRIGGER LOOP:2
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et = - —w-- -

UNSECURE DATA:%16:L
UNSECURE FILE1:HP82161A:L

323
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The purpose of this chapter is to describe at a frame 1level the
messages the HP-71 sends out. The details of some basic operations
are given, such as powering up the loop, addressing the loop and
searching for a device.

This chapter also describes the file format used to copy a file to
and from a non-mass storage, non-HP-71 device (e.g. HP-IB or RS232
interface).

4.1 How the HP-71 powers up the loop

NOP, NOP, ....... / IEC, IFC, ........ RFC
AAU, REC, [AES, AEP,] AADn

(TADn, REC, SDI ... / TADn, REC, SAI ]

(TADn, REC, SAI ]

The HP-71 uses either a NOP or IFC command frame to power up the
loop. The NOP/IFC is sent out at a rate of 50 nilliseconds per
frame until one returns. Up to 50 NOP or IFC frames are sent out
on the loop. If none return, the loop is considered broken.

The power on sequence is always followed by the auto addressing
sequence (unless flag -24 is set).

If there is a display device assigned, the search for the display
device follows auto addressing. The sequence used to sgearch for
the display device depends on how the display device was assigned.
The display device may be searched for by either device ID or
accessory ID. If the display device is the default value, it is
searched for by accessory ID.

After the display device is found, the HP-71 reads its accessory ID
again, to determine the type of display.

The loop power up is performed at the following times:
1. Every time the HP-71 wakes up from deep sleep (turn on), and
there is a display device assigned. The NOP Message is used

to power up the loop in this case.
2. Uhen CONTROL ON, RESTORE 10 or ASSIGN IO is emecuted. The
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IFC message is used to power up the loop in this case.

3. Every time the HP-71 needs to use the loop and the loop has
been broken or has been powered off. The NOP Message is
used to power up the loop in this case.

If there is no display device assigned, the HP-71 does not try to
power up the loop when it wakes up from deep sleep. It tries to
pover up the loop only when it needs to use the loop. The 1/0
processor keeps track of when the loop has been powered down or the
loop has been broken, and automatically powers up the loop before
any other frames are sent.

Vith flag -21 set, the HP-71 does not power down the loop when it

is turned off. Therefore, when the HP-71 is turned ON, it does not
pover up the loop, since the loop has never been powered down.

4.2 How the loop is addressed

AAU, REC, [AES, AEP sequence, ] AADn

The extended addressing sequence (AES, AEP) is sent out only when
flag -22 is set.

The HP-71 auto addresses the loop at the following times:

1. After powering up the loop (refer to previous section about
the power up conditions).

2. When the loop has been unconfigured by with an AAU message
(sent out by the SEND command).

If flag -24 is set, the HP-71 does not send out the auto addressing

sequence, except when a RESTORE I0, CONTROL ON or ASSIGN IO
statement is executed.
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4.3 How the HP-71 searchs for a device by Device ID

TADn, REC, SDI,....... ( NRD ]
This sequence is repeated until the Device ID the HP-71 is
gsearching for is found or all of the devices have been polled. The

HP-71 reads up to 8 characters of the Device ID. An NRD frame is
gsent after 8 characters have been received.

4.4 How the HP-71 searchs for a device by Accessory 1D

TADn, REC, SAl

This sequence is repeated until the Accessory ID the HP-71 is
searching for is found or all of the devices have been polled.

4.5 How the HP-71 reads a device’s status (serial poll)

TADn, REC, SST

This sequence nay be preceded by the sequence of searching for a
device, either by the device ID or accessory ID.
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4.6 How to move files between computers and the HP-71

The COPY statement in the HP-IL ROM can be used to transfer files
between:

1. HP-71 «<=> Digital Cassette Drive

2. HP-71 <=> HP-71

3. Digital Cassette Drive <=> Digital Cassette Drive

4. HP-71 <=> QOther computers

The HP-71 has the capability to transfer files to and from non-
mass storage type devices (i.e. accessory ID is not between 10 and
1F hex). This can be very useful for transferring file between the
HP-71 and other computers. The computer may communicate with the
HP-71 through a RS232 or HP-IB interface to HP-IL.

When the HP-71 sends a file to the Digital Cassette Drive, it knows
how to find an empty space in the tape and position the tape to the
right sector. Vhen HP-71 sends a file to a device other than a
cassette drive, it does not know what commands are needed to
control the device Rather than only allow file transfers to and
from the cassette, the HP-71 sends out a file header followed by
the contents of the file. The file header is sent first so the
receiving device knows the file size, type, and name before
receiving all the data for the file. When a device sends a file to
the HP-71, the HP-71 expects to receive the file in this same
format.

The HP-71 has chosen to use the directory entry format of the HP’s

Logical Interchange Format (LIF) as the file header format. The
same entry is stored in the cassette drive directory.

The 32 bytes of the file header are:

Byte & Meaning

0-9 File name (1-10 ASCII chars, trailing blanks)
10-11 File type (most sxgmflcant byte first)

12-15 Starting address (32 bits, noet significant first)
16-19 Length of file (- " " ")
20-25 Time of creation (12 BCD dxgxts)('!ear first)
26-27 Volume rumber (First byte is 80 hex, secord is 01)
28-31 Inplementation

File name - Characters are limited to digits (0-9) and upper case
letters (A-Z). The first character must be a letter.

File type - HP71’s file types in hex are:
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00 01 - TEXT file

EO DO - SDATA file (same as HP-41 data file)
EO FO - DATA file

E2 04 - BINary file

E2 08 - LEX file

E2 OC - KEY file
E2 14 - BASIC file (tokenized BASIC file)

Starting address - Always 00 00 00 00.

Length of the file - These 4 bytes are a 32 bit unsigned integer.
This number shows the file length in number of
gectors. A sector is 256 bytes. The sectors usually
are not the exact data length of the file. The data
length is defined differently by file type (see
Implementation below). The file is ALUAYS sent
in blocks of 256 bytes.

Time of creation - 12 BCD digits of the form YYMMDDHHMISS.

Volume rnumber - Always 80 01 hex.

Implementation -
File type Meaning
00 01 Always 00 00 00 00,
E0O DO Byte 28-29 - 16 bit unsigned integer shows the
data length in # of registers.
(byte 28 is the lower 8 bits)
Byte 30 - If non-zero, the file is secured.
Byte 31 - Urused.
EO FO Byte 28-29 - 16 bit unsigned integer shows the
data length in & of logical records.
(byte 28 is the lower 8 bits)
Byte 30-31 - 16 bit unsigned integer shows the
logical record length in bytes.
(byte 30 is the lower 8 bits)
E2 04, Byte 28-30 - 20 bit unsigned integer shows the
E2 08, data length in # of nibbles.
E2 0C, (byte 28 is lower 8 bits, 29 next,
E2 14 byte 30 is the high 4 bits)

Byte 31 - Urused.
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This chapter contains the firmware specification for the 1/0
processor.

5.1 Basic Description

The 1/0 processor is a (MOS chip designed to be an interface
between the HP-71 CPU and the HP-IL loop. Packaged with a 16K byte
HP-71 ROM, it provides the interface to HP-IL for the HP-71
computer.

The I/0 processor provides the low level interface to the loop. It
takes care of the “simpler” tasks of sending and receiving frames,
maintaining Talker, Listener and Controller status and error
checking frames.

5.2 1/0 Processor Configuration

The 1/0 processor is configured as follows:

CPU with cycle time of 1u sec

RAM - 272 bytes

ROM - 4096 bytes

HP-IL interface - highest priority interrupt
HP-71 BUS interface

HP-71 BUS Mailbox - low priority interrupt
TIMER - niddle priority interrupt

5.2.1 HP-IL Capabilities

The 1/0 processor is a slave to the HP-71 CPU. Communication
between the two CPUs is through a Railbox of 8 bytes. The mailbox
is soft configured in the HP-71 address space. See the HP-71 IDS
for more information on the configuration address of the mailbox.
Following is a summary of all the functions the 1/0 processor
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implements:

As a CONTROLLER:

Send out a frame
Address devices to be talkers and listeners (including
the 1/0 processor)
Auto Address the loop (w/wo extended addressing)
Poll a device for:
Status
Accessory 1D
Device ID
Pass control to another loop device
Find the Nth device of accessory ID (or class) M
Set up frame timeouts and IDY timeouts
Start data transfers
Set up terminating conditions for ending data transfer
(Transfers always terminate on an EOT):
Terminate after a certain number of frames
Terminate on an END frame
Terminate on a 1 character match
Terminate on loop service request
Enable an IDY poll to monitor service request

As a DEVICE (Noncontroller):

Send data to and receive data from the loop
Set up Accessory ID response

Set up Status Poll response

Set up Device ID response

Request Service on the loop

Receive control from active controller

Additional Commands:

Request service on certain interrupt conditions
Read Status

Read Error Message

Performn diagnostics tests on itself

Set Marual Mode for low level loop control

Set the 1/0 processor into Scope Mode

Set and clear system controller sgtatus

5.2.2 Mailboxr Description

The maildbox between the HP-71 CPU and the [/0 processor consists of
8 bytes of I/0 area. Some of the nibbles may be written to by the
[/0 processor, some of them may be written to by the HP-71. All of
the nibdbles are readable by both procesgors. The nailbox is
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assigned an address in the HP-71 address space by the configuration
routines. Routines exist in the HP-IL ROM to find the address of a
particular mailbox. The mailbox configuration is shown below:

HP-71 to 1/0 CPU Mailbox

- = - - - - = - - - - -

HP-71 Bug Nibble Byte I/0 CPU Bus
D ettt +
.............. 0 | LSN* |
| - - 1 0
Data to 1 | MON* | Data from
| == - - - | ---
I/0CPU 2 | | HP-71
I - - 1 1
3 | |
| = - == - | -=--
4, | |
I - - | 2
(Read/ 5 | | (Read
f - - - - - | ---
Urite) 6 | | Only)
.............. - - 1 3
To 1/0 CPU 7 | Handshake | From HP-71
’83::::==3838==883S:§2833838:===§8::8=2=8==S=3332':288
From 1/0 CPU 8 | Handshake | To HP-71
® © & 0 00 00 0 00 * - - | 4 .......... ® e 0o 0
9 |
Data from @ | - - - - - | --- Data to
A | |
1/0 CPU | - - | 8 HP-71
B | |
| == - - - | ===
(o | | .
| - = 1 6
D | | .
(Read | == ==~ - | =--  (Read/ .
E | LoN* | .
only) I - - 1 7 Urite)
.............. F | MON® |
D +

* LSN=Least gignificant nibble,
MSN=Most significant nibble

Messages are passed through the mailbox in the following way: After
the three message bytes are placed in the mailbox, the sender sets
his message available bit. Uhen the receiver reads a specific byte
of the nressage, the sender’s nmessage available bit is zeroed
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automatically by hardware. Before modifying any of the nmailbox
bytes the sender must simply check his message available bit. If
it is clear, then the previous message has been accepted and it is
clear to write out the next megsage.

Two NRD (Not Ready for Data) bits are provided in the mailbox. One
is maintained by the HP-71, the other by the 1/0 processor. This
bit indicates to the sender that the receiver’s buffer is full and
no data messages should be sent. NRD only halts data messages and
has no effect on other messages. This is the only bit in the HP-71
handshake nibble to which the I1/0 CPU can write. Also, this is the
only bit in the handshake nibble from the 1/0 processor to which
the HP-71 can write.
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5.2.2.1 HP-71 Low Handshake Nibble

Nibble Address: 6
Uritadble By: HP-71

BIT NO. DESCRIPTION

3 Three Data Bytes This bit is set by the HP-71 when 3
data bytes are in the mailbox. This
bit is valid only when the HP-71
Message Available bit is set.

2 Single Data Byte This bit is set when there is one
data byte message in the mailbox.
This bit is valid only when the
HP-71 Message Available bit is set.
The single data byte is in the low
byte of the mailbox.

1 (Not used)

0 (Not used)

5.2.2.2 HP-71 High Handshake Nibble

Nibble Address: 7
Uritable By: HP-71 and 1/0 CPU

BIT NO. DESCRIPTION

3 1/0 CPU Reset Bit HP-71 may reset the I/0 processor by
uriting a ’1’ to this bit. (The I/0
CPU reset line is pulsed.) After the
[/0 CPU is reset (whether by the
HP-71 or power on), this bit remains
set until the HP-71 clears it.

2 Mailbox Configured This bit is controlled totally by
hardware. It is set when the HP-71
Railbox is configured, and cleared
when it is unconfigured.

1 I/0 CPU NRD (Not This bit indicates the 1/0 CPU is not

Ready for Data) ready to receive data. There is not
enough room in buffer to accept more
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0 HP-71 Message
Available

data. It is cleared when the 1/0 CPU
is ready to receive more data. This
bit is controlled by the I/0 CPU.

This bit is set by the HP-71 when it
sends a message. It is cleared when
the 1/0 CPU reads the low byte of the
megsage. UWhen this bit is set, the
bits in the low handshake nibble must
indicate whether or not this message
is data. The HP-71 should verify
this bit is clear before writing the
next message to the mailbox.

5.2.2.3 1/0 CPU Low Handshake Nibble

Nibble Address: 8

Writable By: I/0 CPU and HP-71

BIT NO. DESCRIPTION

HP-71 Bus
2 Sleep Flag

(I/0 CPU or

HP-71 CPU)
1 HP-71 NRD

This bit is set by the 1/0 CPU to

indicate it requires service. It
is set: (1) if a SRQ is present

when the IDY poll is enabled or
when the loop is in EAR mode, (2)
when an enabled interrupt condition
was met, (3) when there is data

available in device mode (repeatedly

set until data is read), (4) after a
power on reset. This bit is cleared
when the HP-71 reads status with the
clear SRQ option.

Controlled totally by hardware, its
meaning is different on each side
of the mailbox. Looking from the

I/0 CPU side, this bit is clear when
the HP-71 is awake and set otherwise.

From the HP-71 side, this bit is
clear when the 1/0 CPU is awake and
set otherwise. This bit provides

information only, and has no effect

on the execution of any commands.

This bit is set by the HP-71 when it

is not ready to receive data. It is

also used to exit Scope Mode.
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0 W 1/0 CPU Message 1/0 CPU sets this bit to send a
Available message to the HP-71. It is cleared
when the HP-71 reads the high nibble
of the message. If the Three Data
Bytes bit in the high handshake
nibble from the I/0 CPU is set, the
nRessage is 3 data bdytes.

** /0 CPU may request service on the HP-71 bus by setting this
bit.

B Setting this bit generates a service request on the HP-71 bus.

5.2.2.4 1/0 CPU High Handshake Nibble

Nibble Address: A
Uritable By: 1/0 CPU

BIT NO. DESCRIPTION

3 Three Data Bytes Set whenever there are three data
bytes in the mailbox from the I/0
CPU. This bit is valid only when the
1/0 CPU Message Available bit is set.

2 Marnual Mode This bit is set to indicate the 1/0
CPU in Marual Mode or Scope Mode. It
is clear otherwise.

1 SRQ received from This bit is valid only when the I/0
loop. CPU is an active controller. It is
set vhen a service request is detect-
ed on the loop and cleared when no
SRQ is pending on the loop. As a
device, this bit is always clear.

0 Error Occurred Uhen set, this bit indicates an error
has occurred. The bit is updated on
every message to the HP-71, but is
set immediately if a fatal error
occurs. It is cleared when the HP-71
reads the error code.

5-7



HP-71 HP-IL Module IDS - Volume I
1/0 Processor Firmware Specification

5.3 Power On Sequence

At initial power on or whenever the I/0 CPU is reset a self test is
executed which includes a RAM test and a ROM test. If either of
these tests fail, the error bit is set in the mailbox and the error
code is set to the self test failed error code. (The mailbox test
is only performed when the self test command is executed.)

The 1/0 CPU does not try to power up the loop at initial power on.
The loop is not powered up until the HP-71 sends a command which
uses the loop.

Defaults set at power on are:

HP-IL Status is active controller, not talker or listener
Loop Address is 31 at power on

Loop Address is 21 after an AAU

Status Response is 1 byte of value 0
Device ID Response has a length of 0
Accessory ID Response has a length of 0
Frame Timeout value is 2 seconds

IDY timeout is 255 milliseconds

Number of IDY timeouts is 30

IDY Poll timeout is 255 milliseconds
All special polls and modes are disabled

5.3.1 Powering Up the Loop

The 1/0 CPU automatically keeps track of the state of the loop
(ehether it is powered up or not). There is not a status bit to
indicate to the HP-71 whether or not the loop is powered up. The
intent is to let the I/0 CPU keep track of the state of the loop.

Any time a command is received which requires loop action, the 1/0
CPU first verifies the loop has been powered up. If not, it powers
up the loop with a NOP frame. It can be verified the 1loop is
powered up by sending the POUER UP THE LOOP command. If the I/0
processor’s internal status says the loop is already powered up, no
loop action is taken and a status message is sent to the HP-71.
Otherwise the 1/0 CPU powers up the loop with a NOP frame and then
sends status to the HP-71. If the 1loop can not be powered up, the
current command is aborted (no status mesgsage is sent to the HP-71)
and the error bit is set in the mailbox.

If it is desirable to power up the loop with another command frame

(such as an IFC) the TAKE CONTROL command can be used. It allows
the master processor to specify the data bits of the command frame

5-8



HP-71 HP-IL Module IDS - Volume I
I/0 Processor Firmware Specification

used to power up the loop.

The routine used to power up the 1loop sends out up to 50 command
frames. The time between sourcing the command frames is set by the
IDY timeout value. If none of the command frames are received on
the loop, then the loop is considered broken, and the error bit is
get in the mailbox. If a command frame is recewed then the REC
frame is