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Manual Changes

pcﬁx‘spe\l‘fs“ _ HP System 45 Desktop Computer
N IO ROM Programming

(Fo-Manual P/N 09845-90060, dated June 1, 1978)

Page 24:
The last sentence in the third paragraph should read -

The 257th character coiresponds to a numeric value of 0.
Page 26:
The program shou d be -

R
T

L I o B U W B

oI R I T I ) I <o A P G
U RN IR

-
[y

Page 27:

The syntax for the i =< | statement should be -

T sc ; mode

Page 70:
The program shou'd be -

September 1, 1978

Supplement A

i
;
i

e

e







Page 99:
The Output Format Equivalents should be changed to -

9830A line 20 should be -
9825A line 11 should be -
9845A line 20 should be -

This supplement is intended to provide additional information concerning known situations
which may arise when using the Systerr 451/0 ROM.

HP-IB

e HP-IB operations do not react t> the °

oL statement.
Sending an HP-IB operation (suc as Trigger, Reset,..etc. ) to any HP-IB devices which

have been deactivated may result in the stoppage of all processing in the System 45.

OUTPUT
e An i}

result in the first byte of the character string being missed, if the total number of bytes

i statement of the form .

T (select code) may

being sent is an odd number. An easy way to avoid this problem is to keep the first

subscript of A$ from being an even value; make it odd (1,3,5...etc).

1 statement like L}° Boimimy o . data list may result in an
< if the dimensioned s ze of A$ plus the length of the data list exceeds 32 767
bytes (32K). Note that it is the size of A$ set by the [

length of A$ (: ©.7)).

e An i

1 statement, rather than the actual

ENTER

o [f the length of A% does not equal 1) before executing the statement

~ (select code)

% an error may occur if A$ is terminated on an EOI. The error is that the length

of A$ may be incorrect. The solution is to null out A$ before executing the =

statement.
VALS$
e The *"# % function is not recominended for use in [/ O statements. For example,
@ i iR R I IR L ' causes the interface to disable the
handshake.
o 1 i [iim ERMLE i fars 3 1 causes the interface to disable the hand-

shake.






‘SENDBUS

e As mentioned previously, =

i causes the

interface to disable the handshake.

o The =is ¢

I statement does not work in the OVERLAP mode.

Conversions

o If you are having the System 45 perforin eight (8) bit conversions (as opposed to seven (7)
bit), you must specify a separate Input and Output conversion table. Otherwise, the

¢ and

conversion may not be done completzly. For example

i rather than i

o The Oth characterina * i/ % .7 | is taken from string element 257, instead of 256. The

information in the I /O manual on pagz 24 should be changed to reflect this.

I/ 0 Cards

e When using a 98032A Interface Card, :erminating a DMA operation with an EIR interrupt

causes the System 45 to stop all proce:ising operations.

o After a Reset operation, when using a 98036A Interface Card, check that : .
. equals 1 before proceeding with a : !

. statement.

Enter on Interrupt

e The practice of entering on an interrupt basis may cause a problem with the System 45 if
the entering is from a device which :equires operator intervention (i.e...a digitizer or

terminal).

The problem arises out of the System 45’s allocation of R/ W memory to serve as the [/ O
buffers. The System 45 allocates buffer space serially through the R/W memory while
continuing its processing operations. Fventually, the System 45 reaches the end of the
R/W memory. When this occurs, the System 45 recycles itself back to the beginning of
the R/W memory to continue allocation of the buffer space. If one of the previously
allocated 1/ 0 buffers is still busy because an :. 1. statement has not be completed

AND the System 45 needs to reclaim th 2 buffer space, all processing stops. The System 45

remains in this state until the operatcr completes the - “i7: "= by taking the required
action.
The solution to this problem is to periodically complete an =" i 7 * ' statement from this

operator controlled device. This has the effect of creating a “‘window’’ where the data is

accepted. The statement can always be re-executed under program control as

. needed.






C

‘ o Another possible problem occurs when an i+ statement from a device requires an

| statement to the same device to effect a data transfer. This can be thought of as

routing the i:i i from one select code device as the input to another select code
device. Since the buffers are allocated serially until the memory is exhausted, it is possible

for an i "i7 1 ' statement to take thz last available buffer. If the next statement is an

I'T, as mentioned previously, the :: attempts to allocate a buffer as well.
Since all buffer space is used the System 45 attempts to allocate the buffer space but
cannot because the i i 7 - ¥ statement has not been completed. The end result of this is

that all processing stops.

The solution to this problem is that any type of loop where the data in the @

statement results in the i'I statement being fed back to the same device, should be

avoided.

Overlap

e A problem may arise in the %"~ " mode of operation. This occurs when using an
* statement with "

The problem is that an End of Line B -anch does not occur upon completion of the .:["i=,

possibly causing the System 45 to stop all processing. At this point, the System 45 must be
‘ reset by a @ sequence.

The best way to avoid this problemis {0 place the System 45 in the ..~ [ ~i:. mode rather

than "/~ = i prior to performing any " transfers.

This problem does not occur when executing an statement.
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Chapter 1

General Information

Manual Description

This manual is written with ycu in mind. A beginner’s introduction is provided at the start of
each chapter explaining the operations covered in that chapter. More advanced users and
programmers can skip over the introduction, as the syntax and operation of each program

statement are fully explained i the associated section.

The chapters and their basic contents are summarized here to give you an idea of where to look

to find the information you nezd:

e General [/ O Operations Chapter topics include input and output, character conversion

and parity checking, and interface control and status.

e Advanced 1/0 Operations. Topics covered are program interrupt branching, device
timeouts, use of input and output transfers, unformatted [/ O for computer-to-computer

communications and ove-lapped input, and notes on use of overlapped input and output.

e Binary Operations. This chapter includes the functions for manipulating and testing binary

values.

o HP-IB Operations. Meta Messages and supporting statements and functions for complete

control of the Hewlett-Pe ckard Interface Bus are the topics covered in this chapter.

e Appendices. A syntax summary, technical data section on the HP-IB, keyboard code
diagram, and listing of th2 /O ROM error messages are among the details included in the

manual appendices.




2 General Information

ROM Description

The HP 9845-98432A 1/0 ROM package adds extensive input, output, and device control
facilities to your System 45 desktop computer. The /O ROM package consists of two ROMs
adding a total of 22K bytes to the System 45 operating system. When installed, the 1,0 ROM

package reserves a total of 712 bytes of Read / Write Memory, which cannot be accessed for
storing programs or data. During input and output operations, the actual memory requirements
of the I/ O ROM vary due to data formatting, conversions, transfer buffering, and other func-

tions that are typically performed when any 1/ 0 is in progress.

ROM Installation and Checkout

The System 451/0 ROM is a two-part ROM that installs in the ROM drawers as follows:

1. Turn off computer power.
2. Slide the right ROM drawer (brown label ROMs) all the way out.

3. Open the plastic cover by squeezing the sides of the cover to gain access to the connec-

tors as shown.

4. Take the brown-labeled /O ROM and orient it so the label reads the same as the
operating system ROMs —




General Infor~ 2t on

Press the brown-labelec [/ O ROM onto an option ROM drawer connector so that it seats
all the way down as shown below. The small raised rib on the top of the drawer should fit
into the recess on the bottom of the ROM. If it doesn’t, make sure you’ve properly
oriented the ROM and that the label color matches the ROM drawer label color.

When the brown-labeled ROM has been installed, snap the plastic cover shut and re-

place the ROM drawer, making sure it is flush with the computer housing.

Repeat the above process to place the remaining red-labeled ROM into the left ROM

drawer.

Double-check the ROM drawers to make sure they are all the way in. They should be
flush with the System 4£ housing.

Turn on power and verily operation of your System 45 by running the System 45 test.

t



4 General Information

Syntax Guidelines

The following conventions apply to the program statements and functions found in this manual.

All items printed in dot matrix are required exactly as shown.

[ 1 : All items in square brackets are optional unless the brackets

are printed in dot matrix.
| : Avertical bar is read as ‘‘or’’.

Three dots indicate that successive parameters are allowed,

when each is separated by a comma.

{} :  When more than one item appears in an item list with no

separators, individual items are enclosed in braces.

A complete list of the syntax for the [/ O ROM statements and functions is given in the appendix

to this manual.

Error Messages

The [0 ROM adds error messages 150-167 to the System 45 error message list. These errors

are listed and explained in the last pages of this manual.



Chapter 2
Elementary I/ O Operations

This chapter covers the basit topics necessary to perform simple interfacing tasks. Topics

covered include:
¢ Some elementary [/ O terminology.
e Some basic peripheral ac dressing information.
¢ Elementary input and ou:put statements.
eFormatted input and output using image specifiers.

e Data conversions for non-ASCII communication.

eLimited interface control operations.

Introduction

The System 45 Elementary 1/ O operations give your computer the capability of sending and
receiving data through interfa:ze cards on the System 45 interface backplane. Several state-
ments are added to the basic language set of the System 45 when the [/ O ROM is present,
providing extensive control of “he computer’s input and output. This chapter covers the opera-
tions that can be used for basic applications such as output to printers or tape punches or input
from devices such as tape read:rs. You can easily learn and use the operations discussed in this
chapter to “‘get on board’’ quickly. More advanced techniques are covered in the chapter on
Advanced [/ O Operations; if you need high-speed 1/ O transfers or peripheral device interrupt
capabilities, refer to that chapt 2r.
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Elemeniary [ 70O Uperations

Some /0O Terms

The computer world is full of terms that may or may not have had meanings already assigned to
them, and some of the terminology can be confusing; this section describes some of the

1/ O-related terms used in this manual.

“Handshake’’ is a term describing the sequence of operations that occur when a unit of data is
transferred to or from the computer. The basic purpose of a ‘‘handshake’’ is to ensure a proper
timing for a transfer of data: 1. the device receiving the data signals when it is ready to accept
data, 2. the device sending data signals when the data is available, 3. then the device receiv-
ing data signals when it has accepted the data. There are variations in the ‘“‘handshake”
methods actually used, but the techniques used follow basically the same format as described
above.

“Interrupt’’ is a single term used to describe two levels of events; on the hardware level, an
interrupt is a signal to the computer that some external event has occurred, such as a device
malfunction or device ready for data. On the program level, an end-of-line branch! causes
program execution to vector to a special portion of the program that handles the interrupt in a
manner specifically designed by the programmer. The programmer can tailor the service

routine to deal with the specific application at hand.

The terms “‘input’’ and “‘output’ are two of the most frequently used terms in this manual, and

are defined as follows:

input: a transfer of data or information from an external device to

the computer.

output: a transfer of data or information from the computer to an

external device.

Both terms are used relative to the computer, i.e., ‘‘input’’ is data sent to the computer while

“output’’ is data sent from the computer.

1 End-of-line branching is covered in more detail in the Advanced 1/ O Operations chapter.



Elementary [~ O Operations

The external device of an input operation is the data source, while the external device of an
output operation is the data clestination. An external device is selected or addressed by its
select code. For example, an OUTPUT statement is used to transfer data from the computer
(the System 45) to a printer. A; part of the statement itself, it is necessary to address the printer

by its select code, and to supply a list of the data to be sent to the printer. A typical statement
might be:

In this case, the select code of :he printer specifies the destination of the data contained in the

variables as .. and L.

Select Codes

There are several consideraticns to make when deciding what select codes to use, and this

section deals with the System ¢.5 interface scheme and the role of select codes.

The System 45 1/0 bus has 17 separate and distinct addresses for interfaces, and each inter-
face is addressed by its select ode. To prevent the possibility of interference, each interface

must be given a unique select code, with no two interfaces having the same select code.

The System 45 has several internal interfaces including the internal printer, the keyboard, the
two cartridge drives, the CRT, and the graphics option. Each of these interfaces has a reserved

select code that cannot be usec for external interfaces. The following chart illustrates the select
code assignments of the Syster1 45 computer.

7



8 Elementary [/0 Operations

Select Code Assignments

Select Code Device
0 Keyboard, Printer
1 ]
°
° > 1-12 for external interfaces
°
12
13 Graphics
14 Tape drive
15 Tape drive
16 CRT ‘

Each interface card has a switch that can be set to a select code of 0 through 15, but it must not

be set to the same select code as another interface, external or internal.

NOTE
An interface card must not be set to a select code of 0, 13,
14, 15 or to the same select code as another interface card.
Erroneous operation and possible loss of data can result
from such a configuration.

An example of a system select code assignment might be as follows:

Select Code Device
6 Line Printer
7 HP-IB instrument system
9 Real Time Clock ‘
10 Auxiliary terminal(asynchronous, serial interface)




Elementary [/ O Operations

To address a particular device or interface, the syntax of an input (ENTER or READBIN)
statement or output (OUTPUT statement has a parameter for the select code of the interface.
The select code can be represented by a numeric expression, a variable, or a constant. For

example, each of the following statements addresses a printer on select code 6:

g
[N o e
-

#

Do)

[SPRPI Y

Addressing a particular device on the HP-IB requires both the interface select code and the
device’s bus address to be specified, as shown below:

For HP-IB addressing the select code parameter can be expressed as a numeric expression, a
constant or a variable specifying the interface select code, and the device address. The HP-1B

select code parameter can be s¢pecified by either an interface select code, a comma, and the
device address, or as a combinzd HP-IB address. The form of the combined HP-IB address is

the interface select code and a two digit HP-IB device address. The combined HP-1B address
form has the advantage that only one variable is needed to specify both the select code and the

HP-IB device address, for example,

i. Both types of addressing are shown below:

118 QuUTPUT 7 7, DEVICE ADD
128 OUTPUT 7,1, LiEY
128 OUTRUT Y0ce FE4 AMD V8o

There are additional provisions available for extended addressing and secondary commands
when communicating on the HP-IB; refer to the chapter on HP-IB operations for further details
on HP-IB addressing.



10 Elementary [/ O Operations

Output Operations

There are several output-related syntaxes available with the [/ O ROM. Two of these syntaxes
are covered in this section. The OUTPUT statement initiates a data output operation that
transfers data from the System 45 to an external device, to the CRT, or to the optional internal
printer. The output transfer can be formatted by an IMAGE statement. The new image
specifiers available with the 'O ROM can also be used to format a PRINT image reference.
Additional OUTPUT capabilities are provided which are covered in detail in the Advanced 1/0

Operations chapter.

The second OUTPUT operation covered in this section is the EOL statement. The EOL state-
ment replaces the normal carriage-return /line-feed sequence of the ‘‘L’’ image specifier with a

user defined sequence for purposes such as CRT image formatting.

The OUTPUT Statement

The OUTPUT statement transfers data from the System 45 computer to an external device or to
the System 45’s CRT or internal printer. Access to external devices is through interface cards
plugged into the 1/ O backplane of the System 45; each device is addressed by the select code
of the interface card associated with the device. In addition to the OUTPUT syntaxes listed
here, there are specialized syntaxes for high-speed and overlapped output transfers; these are

covered in the chapter on Advanced [/ O Operations.

Syntax:

image]; data list

sc: The sc parameter specifies the select code (0-12,16) of the
interface or the HP-IB address{es) of one or more devices.
Refer to the section covering select codes for details on select

code specifications.

Word Handshake specifies a 16 bit output rather than the
default 8 bit output.

image: The image parameter is either a string expression specifying a
valid format string or the line identifier of an IMAGE state-
ment. If no reference is made to an image specification, then
the default mode of freefield string and numeric output is

used.



Elementary I/ O Operations

data list: The data list may consist of any of the following, separated by

commas or semicolons:

variable names

array identifiers

numeric expressions

string expressions
If an image reference is not specified, the output format defaults to the freefield format as
described for the PRINT staterient in the System 45 Operating and Programming Manual. At

the completion of each line of output, a carriage-return /line-feed sequence is output. (See the

next section for details on specifying a different end-of-line sequence.)

The OUTPUT statement can se used in conjunction with a conversion table for changing
output characters to a differen character code. This is covered in the section on Conversions

later in this chapter.

The following statement outputs the concatenation of
) tc select code 16 (the CRT):

, then outputs the result of

the expression (

statement is a string expression. the string expression must be a valid format string at the time of

execution. If the image parameter is a line identifier, it must refer to an IMAGE statement.

The format string is a list of ficld specifiers separated by delimiters. It specifies numeric and
string fields, blanks, and carriage control. Each numeric or string field specifier must corres-
pond to an appropriate item in :he data list.

The allowable delimiters used t> separate field specifiers are:

The comma is used only to separate two specifiers.

The slash separates two specifiers and causes a C'R-LF sequ-

ence to be output.

9y

The commercial ‘“‘at’’ sign separates two specifiers and

causes a top-of-form to be output.

11



12 Elementary [/ O Operations

The allowable field specifiers are:

[n]::

[n]i.:

[n ] T

[n ] o

[n]=:

The * specification causes a blank to be output. It can be
replicated [n] times, and can be imbedded within any other

field specifier without delimiters.

The i. specification causes [n] EOL (end-of-line) character

sequences to be output.

Text enclosed within quotes may be imbedded without de-
limiters within any other field specifier. A literal specifier (text

within quotes) may only appear in an IMAGE statement.

string to be output. [n]"i specifies [n] characters of output for

the corresponding string variable.

zeroes are printed.

The *# specifier sets [n] number of digit positions. Leading

zeroes are replaced with :# as a fill character.

Specifies a decimal point radix symbol to be output in this

position.
Specifies a comma radix symbol to be output in this position.

Specifies output of a sign:
-+ if the number is positive,

- if the number is negative.

Specifies output of a sign:
a blank if the number is positive,

- if the number is negative.
Specifies a comma as a separator in the specified position.
Specifies a period as a separator in the specified position.

Specifies that the numeric field in which it is contained is to



Word 1

Upper 8

bits of

1120 1 4500 |

m.s. byte I.s. byte
[n] ...

Elementary [/ O Operations

Specifies the corresponding data item is to be output as fol-

lows:

¢ numeric items are output in STANDARD format, with no
leading or trailing blanks.

e string items are output with no leading or trailing blanks,
and the entire string is output.

Specifies one byte of two’s complement binary information to
be output. The associated variable or expression in the out-
put list is output as a value between — 128 (1000 0000) and
255(11111111).

Specifies two bytes of two’s complement binary information
to be output. The associated variable or expression in the
output list must have a value between — 32768 and 32767.
Both bytes are output simultaneously on a 16 bit interface by

specifying a word handshake transfer (i) in the OUTPUT

statement.

Specifies two bytes of two’s complement binary information
to be output. The associated variable or expression in the
output list must have a value between — 32768 and 32767.
Because this value is packed for output, both bytes may not

appear at the same time on a 16 bit interface.

For example, with a 16 bit interface on select code 6:

outputs three 16 bit words.
The output looks like this:

Lower 8 Upper 8 Lower 8

bits of bits of bits of
Word 2 14500 | 1 5540 Word 3 Lo L5540 |
m.s, byte I.s. byte m.s. byte 2 I.s. byte

Image specifiers can be replicated [n] times by enclosing
them in parentheses. One or more image specifiers can be

replicated within the parentheses.

The + image specifier suppresses the line-feed normally out-

put at the end of the output list.

2 This is a zero-fill character to fill the rem aining 8 bits of the 16 bit word.

13



14 Elementary [/ O Operations

The — image specifier suppress the carriage-return normally

output at the end of the output list.

The
and the line-feed normally output at the end of the output list.

image specifier suppresses both the carriage-return

The statements below illustrate the syntax necessary to utilize an image reference:

T UF Ad IMAGE ST
T HUMEBERS

The OUTPUT statement can be used in conjunction with data conversions and parity genera-

tion as well. This information is presented in the Data Conversions section of this chapter.

The End-of-Line Statement

The EOL statement provides the capability of specifying the end-of-line sequence and a line-
to-line output delay to a selected device. During normal output operations such as output to an
impact printer, a carriage-return/ line-feed sequence is sent at the end of each line of output.
Under certain circumstances, however (such as display formatting), it may be desirable to
output a different end-of-line sequence. For instance, the HP 2640 CRT terminal provides a
special display enhancement mode requiring special characters after a carriage-return /line-
feed in order to maintain the enhancement mode. Other devices such as teleprinters have
physical limitations on the speed of a carriage-return: after a carriage-return it is necessary to
delay a certain length of time before initiating another line of output.

Syntax:

.sc; seq[. del]

.sc ; del



Elementary I/ O Operations

sc: The select code parameter specifies the select code (0-12,
16) or the HP-IB address of the device for which the EOL
statement is executed.

seq: The {seq} parameter is a string variable or expression that
specifies the end-of-line sequence to be output for the “*l.”

image specifier. The default sequence is a CR-LF.

del: The {del} parameter is a numeric expression specifying the
minimum number of milliseconds to delay between succes-

sive lines of output.

Use the
data list by the OUTPUT statement if you wish to replace CR-LF with your own end-of-line

image specifier to d sable the normal CR-LF sequence that is sent at the end of the

sequence.

Syntax:

Executing sc with no othar parameters cancels the end-of-line sequence previously set up

by an EOL statement.

As an example using the . statement to cause double spacing to a printer on select code 6,

and allowing for a carriage-rzturn time of 150 milliseconds, the following loop outputs the

string array

HG T DEMOHET
o EMAR
MO DELAY PER LIM

4 Lo

4 !

4 !

4; !

EE R MT.
EET I

45H OUTRUT S USIHG "#,K L";Af

458 GOTO Loog

47H END

el

1
=
[

15



16 Elementary [/ O Operations

Input Operations

The 170 ROM provides several statements for reading in data from external sources. Two basic

input statements are covered here. The statement has the capability of formatting and

converting incoming data, while the statement provides a means of inputting

binary data from an interface.

The ENTER Statement
The

The data can be entered into numeric variables, strings, and numeric and string arrays. The

statement initiates a transfer of data from an external device to the System 45.

external device is referenced by the select code parameter of the * statement. High-

speed input is also available using the & ' statement; details on high-speed input and

overlapped data entry are covered in the Advanced 1/ O Operations chapter.

Syntax:

:image]; enter list

sC: The select code parameter specifies the select code (1-12) of
the interface or the HP-IB address of the device that is the

source of data.

Specifying word handshake causes 16 bits of data per hand-
shake to be input from the interface rather than the default of
8 bits.

enter list: The enter list may consist of any combination of numeric or
string variables, string arrays, or array identifiers. Items in the

list are separated by commas or semicolons.

image: The image parameter is either a string expression containing
a valid ENTER image specification, or the line identifier of a
valid IMAGE statement. If an image specifier is not refer-
enced by the ENTER statement, the format defaults to a
freefield format. The freefield formats are explained under
the ¥ (for numeric freefield) and the T (for string variable

freefield) image specifiers.
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ENTER IMAGE Specifiers:

Image specifiers are combined into a string expression by separating individual items with
delimiters. The delimiters usec to separate items are the comma and the slash (7). The slash
can also be used as an image specifier, its use is described below.

An example of a typical IMAGI: statement is

- image when specified sets a numeric freefield format
with the decimal point as the radix symbol. Leading blanks
and non-numeric characters are ignored, while a non-

numeric character following a numeric data item is treated as

a delimiter. Numeric data characters include -+, —, =

image specifier to enter the string *‘ZV1.43{1.8432e6D’’ from

select code 8, the following statement —

produces the results:
f1=1.43
= 18432 E6

The + image specifier is identical to the - specifier above
except that the comma is recognized as the radix symbol. The

- specifier is used for European freefield numeric data input.

[n]i: The i image specifier sets the number of digits [n] received
per numeric data item. Non-numeric characters are counted
as a digit but not entered, and a decimal point is interpreted
as a radix point. For example, the input data string
*$3.5796,$3,467.88, $0.20’’ can be entered as follows —

producing the results:

i =3.5796
3467.88
.20

17
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[n]<:

The ©: image specifier is identical to the i~ specifier, except a
comma rather than a decimal point is interpreted as the radix
symbol. The i: specifier is used for European fixed-field

numeric data input.

The - image specifier causes one byte of data to be entered
into a numeric array variable. The incoming byte is converted
to the corresponding variable type of the ENTER statement.

The form [n] i is not allowed.

The * image specifier enters two bytes of input data into a
numeric or numeric array variable. The first byte received
becomes the most significant eight bits, while the second byte
received becomes the least significant eight bits. The 16 bit
word is converted to the data type of the enter variable. The

form [n] * is not allowed.

The !+ image specifier inputs one 16-bit word from an inter-
face and stores it into the appropriate numeric or numeric
array variable. The form [n] &/ is not allowed. If WHS is not
specified, only 8 meaningful bits are entered. The upper 8

bits are reset to zero.

The T image specifier enters string data in freefield format. If
a carriage-return is followed by a line-feed, the carriage-
return is not entered into the string. The string is filled until
either a line-feed or EOI terminator is received or until the
number of characters entered equals the dimensioned length
of the string. The line-feed and EOI terminators for the 7

image specifier are not disabled by the #, -, or I specifiers.

The i image specifier enters [n] number of characters into a

string variable.
The . image specifier skips [n] number of input characters.

The slash image specifier skips all characters up to the next

[n]line-feeds.

must appear before any other specifiers in the image list. Data

entry terminates with the last item in the list or EOL
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Museum

The + image specifier cancels the HP-IB EQI terminator, and

must appear before any other specifiers in the image list.

The I image specifier cancels both line-feed and EOI as ter-
minators, and must appear before any other specifiers in the

image list.

[n]i... :: Image specifiers can be replicated [n] times by enclosing
them in parentheses. One or more image specifiers can be
replicated within the parentheses.

The ENTER statement defaults to freefield input when no image reference is specified. The

default numeric input is explained under the  specification, and the default string input is
explained under the " specification. No image specifications need be designated in the state-
ment for freefield data input. The ENTER operation is terminated after the entire list has been
satisfied by receipt of a line-feed character (unless a # or * image specifier is included in the
image list), or by an EOI (unless a ++ or  is included in the image list).

The binary image specifiers i+ v, and i/ are normally used for binary input which doesn’t

contain line-feeds between vaiiables. Use the # image specifier to disable the line-feed ter-

minator when using ¥, ", or i+ f 3r normal binary input.

Some examples of formatted input are shown here to illustrate the syntax usage in a program:

Example 1: 150 numeric variables punched on a paper tape are to be
read into the array 7. There are no delimiters between vari-

ables, and each variable is eight characters including a deci-

mal radix point:

o
[ca} 1_—‘:_|

PRI
U

R

I
R

nen oL Ch
! A

Elementary I/ O Operations
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Example 2; This example is similar to (1) above, except a comma is on

the tape as a delimiter between variables:

Example 3: A 10-bit analog-to-digital converter presents binary data to
the 98032A interface at select code 8. The information is

available as a 16-bit word and is entered into the integer

array

PERMINATOR If

T

Example 4: Data is presented as a 3000 byte series of 8-bit values over an

HP-IB interface. The data is saved as characters in the string

IELD ZTRING IHPUT

The ENTER statement can be used in conjunction with a conversion table to change incoming
data from a non-ASCII chararacter code to the ASCII code used in the System 45. This is

covered in the section on Conversions found later in this chapter.
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The Read Binary Function

The READBIN function returns one word of data from a specified interface or HP-IB device. In
the case of an 8-bit interface, the upper 8-bits of the word are set to zero; for a 16-bit interface,

16 meaningful bits are returned.

Syntax:

sc: The select code parameter may specify either the interface select code (0-12) or the

HP-IB address of a single device.

For example, to read a keystroke from the System 45 keyboard, the following program can be

run:

EHD

A keyboard-to-keycode diagra is listed in the appendix for reference when using the READ-
BIN function to capture keystroke codes.

The following statement takes one byte of data from device 9 on the HP-IB interface, select
code 7:

el
]
r
o
[wy
I:;;
I
A1
m
i}
=
=
]
o
]
L1
o]
]
m
=
T
m
l'r!
5
m
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Data Conversions

The I/ O ROM provides the capability of automatically converting the ASCII character code of
the System 45 to a non-ASCII code for output. Non-ASCII codes can be automatically con-
verted to the System 45’s ASCII character code for data input as well.

The Conversion Table Statement

Data being input or output (ENTER and OUTPUT statements only) by the System 45 can be
converted to and from non-ASCII code by using the conversion table statement. The CON-
VERT statement assigns the contents of a pre-dimensioned string variable to the conversion
table for input and / or output through the corresponding interface select code. For advanced
1/ 0O operations, the i i statement can also be used to convert data to and from
program variables. More details concerning this type of operation are given in the Advanced

[/ O Operations chapter (refer to the section on Variable-to-Variable Transfers).

Syntax:

sc: “mode” ., conversion string [. parity]

sc ; "mode® [. conversion string] . parity

sc i “mode’ , expressionl Ti!expression2][, parity]

sc: The select code parameter can be any valid interface select
code (0-12, 16) or HP-IB device address.

mode: The mode parameter is a string expression that determines
the conversion table mode. There are several conversion

modes that are specified as follows:
I — The conversion table is generated for input data only.

i: — The conversion table generated is for output data only.

. .i — Conversions are performed on input and output. The
specified conversion table is used for input data conversions,
and an inverse conversion table is generated for output data

conversions.

... — Conversions are performed on output and input. The
specified conversion table is used for output data conver-
sions, and an inverse conversion table is generated for input

data conversions.

| N B B BN B B B O N
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conversion string: The conversion string is a string variable used to set up a
conversion table to perform indexed data conversion. The
numeric value of the character to be converted is used as an
index for locating the actual character to be substituted from

the conversion table.

parity: When specified, the parity parameter causes parity to be gen-
erated for output data and checked on input data. The parity

type is specified as follows:

Numeric expression = 0. The parity bit is always cleared (0).

Numeric expression = 1. The parity bit is always set (1).

Even value (not 0) numeric expression. Even parity is used.

0Odd value (not 1) numeric expression. Odd parity is used.

expression 1,expression 2: Expressions 1 and 2 may be string expressions that are
evaluated to a single character (only the first character is

used) or the numeric equivalent of the conversion character.

Expression 1 specifies the character to be converted to the
character specified by expression 2. This form of the CON-
VERT syntax may be used to specify single character conver-
sions. More than one CONVERT...TO...statement may be
used to specify conversions for more than one character.
Note that a full 256 byte table is generated automatically:

unspecified characters are not converted.

Example statements:

% is used to set up the output conversion table, an inverse table is set up for input, the

parity bit is always set.

- is used to set up an >utput only conversion table for device 706, and odd parity is
generated.

Convert the character ““A” to -he character ‘‘C’’ on input from select code =: ignore parity.

23
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When data is being input, the character’s parity bit is checked and stripped from the character if

parity is specified; the character is then converted using the conversion table.

For output, the character is first converted using the specified conversion table, then the correct

parity bit is generated and added to the converted character for output.

The first character in the conversion table corresponds to a value (the numeric value of the
character to be converted) of 1, the second character in the table corresponds to a value of 2,

and so on, up to the 255th character. The 256th character corresponds to a numeric value of 0.

If a string with a dimensioned length less than 256 is specified in the CONVERT statement, the
remaining characters in the conversion table (those positions not defined by the string) are set
to the numeric equivalent of the table index. The effect of this is that non-specified characters

are not converted from their internal form.

A simple example of the operation of the conversion table follows:

18 IMAGE #,E
2B 1 THIS EXAMPLE CAM EE EXECUTED To THE CRT

R P TO SHOW THE MAMMER IH WHICH COHYERT MWORES.

40 !

SH B$="AECY | THIS IS THE COMVERZION STRIMG.

=15 I BH OUTFUT YALUE 0OF 1 IHDEXSS TO THE LETTER "A¢

7 I AW DUTPUT YALUE OF 2 IMDEZES TO THE LETTER “E".

Ean] | AM DUTFUT WALLUE OF = IMDE . THE LETTER "Cv.

L | OTHER CUTPUT WALLIES ARE HOT COMVERTED.

1A COMYERT 163 00",

1ié OUTFUT 15

128 DUTRUT 15

138 CUTPUT 18

148 CUTPUT 16 USING 18 R

158 ! YALLE FOR “ET:
1 EHD

To illustrate the use of the CONVERT statement, an EBCDIC to ASCII conversion table can be

generated for [/ O to a terminal on select code 6 by the following sequence of statements:

= !

£{5 t THE DHTH TRELE I=
EECOIC EDDE?; ZE

4i TIM Afl=58]

SE AE=RFTECHRES S

=5} DATAH =4,"

s DATH =&, , 97
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the binary code for an EBCDIC*D”’.

is 196,

Any output to select code 6 is now converted from ASCII to EBCDIC character code. For

instance, the ASCII character ‘‘D’’ has a decimal value of 68 — the 68th character in

t
e
9
£
)
)
©
8
[}
v
<
-
<
o
=
o)
o)
—
2
<
2
=
3
a
<
Q
Q
m
w
=
©
-~
o
v
=2
o
>
%
T
9
£
3
=

is executed, the actual code output
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A partial conversion table can be specified or a current conversion table can be added to by
using the CONVERT...TO...syntax. Any number of CONVERT...TO...statements can be exe-
cuted, and each conversion character is placed in the conversion table for that select code in
the proper position. For example, suppose only the ASCIl numbers, comma, decimal, and

carriage return are to be converted according to the following table:

Character ASCII Value(decimal) EIA' Value(decimal)

48 32

1 49 1

2 50 2

3 51 19

4 52 q

5 53 21

6 54 22

7 55 7

8 56

9 57 25

: 44 59
46 107 ‘

C/R 10(line feed) 128

1 EIA = Electronics Industries Association standard

The following program sequence can be used to set up the conversion table:

oM TRELE
26 4,60, 45, 183, 10, 129
48
45 THE HEXT EIR CHARACTER WALLE
S8
£ YALLE OH CUTRUT
&1 ' TO THE ASCIT CHAR. YALUE OH THPUT
78
26 " OIS MOM SET UF FOR ASCII-EIA HUMERIC
26 !
16@  END
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Each iteration through the loos (lines 40-70) takes two corresponding conversion values and

" statement sets up an output
and input conversion table and places the conversion code into the table. On output, the ASCII

characters are converted to EILA character codes; on input, incoming EIA character codes are
converted to ASCII characters.

The Conversion Disable Statement
Syntax:

Executing the CONVERT statement specifying only the interface select code and the mode

parameters cancels data conversions for the specified interface and conversion mode.

Basic Interface Control

The first statement of this section allows you to check the status register(s) of an interface for
control of program flow based on the current conditions of the interface. The second statement
covered in this section provides you with the capability of resetting an interface card without
having to reset the System 45. The final two statements allow you to activate and deactivate

170 through an interface for program debugging purposes.

The Interface Status $tatement

The Interface Status statement -eads the current status information from the specified interface
card and returns a decimal-equ:valent number. In addition, up to four interface status bytes can
be obtained from a 98034A HP-IB Interface card; the values are placed into the variables

specified in the statement syntax. The specified variables can be of type REAL, SHORT, or
INTEGER.

Syntax:

sc; varl[, var2[, var3[. var4]]]

sc: The select code parameter specifies the select code (0-12) of

an interface.

var 1: The value returned in variable 1 corresponds to the status of
the interface card. This value is interpreted according to the

interface type, and can have a range of 0 to 511.

27
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var 2,3,4:

The values returned in variables 2 through 4 correspond to
status bytes accessible in the 98034A HP-IB interface card.

These variables are not modified when reading the status of

any interface other than a 98034A.

The following diagrams show the status words returned from each of the different interface

IF THE DEYICE IS DOMM, SET Flag=d

cards.
98032A Interface Status
Interface Identifier
BIT 8 BIT7 BIT 6 BITS BIT 4 BIT3 BIT2 BIT 1 BITO
STS INT DMA 1 0 I]s] 10D STh STi0
Bit 8: Peripheral Status
Bit 7: Interrupt Enable
Bit 6: Direct Memory Access Enable
Bits 4&5: Interface Identifier. Bit 4 = 0, Bit5 = 1
Bit 3: Invert Input Data
Bit 2: Invert Output Data
Bit 1: Status bit 1
Bit 0: Status bit0
98033A Interface Status
Interface identifier
BIT 8 BIT7 BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BITO
STS INT 0 1 0 0 0 0 0

Bit 8: Peripheral Status

Bit 7: Interrupt Enable

Bit 6: Always O

Bits 4&5: Interface Identifier. Bit 4 = 0, Bit5 = 1
Bits 0-3: Always 0




Variable 1:

98034 A Interface Status

Elementary [/ O Operations

BIT8 BIT7 BIT 6 BITS BIT 4 BIT3 BIT2 BIT 1 BITO
SYSTEM SERIAL END
STS SERVICE |CONTROLLER| TALKER LISTENER [CONTROLLER 1 POLL of
REQUEST ACTIVE ACTIVE ACTIVE SET SET RECORD
Bit 8: Peripheral Status
Bit 7: Is 1 when the SRQ signal line is true
Bit 6: Is 1 for active controller
Bit 5: Is 1 for active talker
Bit 4: Is 1 for active listener
Bit 3: Is 1 for active system controller
Bit 2: Always 1
Bit 1: Is 1 when a serial poll is in progress
Bit 0: Is 1 when the EOI (end or identify) lin¢: is true
Variable 2:
Interface identifier
BIT7 BIT6 BITS BIT 4 BIT3 BIT 2 BIT 1 BITO
DEVICE
0 0 0 0 0 CLEAR 0 ERROR

Bits 3-7: Always 0
Bit 2: Is 1 when Device Clear received
Bit 1: Always 0
Bit 0: Is 1 when error detected
Variable 3:

BIT7 BIT6 BITS BIT 4 BIT3 BIT2 BIT 1 BITO

1 1 0 HP-1B ADDRESS
(MSB) (LSB)

Variable 4:

BIT7 BIT6 BITS BIT 4 BIT3 BIT 2 BIT 1 BITO

EOI REN SRQ ATN IFC NDAC NRFD DAV

Logical 1 indicates corresponding HP-IB sig 1al line is true.

29
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98035A Interface Status

Interface Identifier

A,

BIT8 BIT?7 BIT6 BIT S BIT 4 BIT3 BIT 2 BIT1 BITO
STS INT 0 1 0 0 0 INTERRUPT ERROR
FLAG FLAG

Bit 8: Peripheral Status

Bit 7: Is 1 when interrupts are enabled by CARD ENABLE

Bits 4&5: interface Identifier. Bit4 = 0, Bit5 = 1

Bit 1: Is 1 when interrupts are enabled; not reset by servicing an interrupt request
Bit 0: Is 1 when an error condition exists

98036A Interface Status

Interface identifier

A

BIT8 BIT?7 BIT6 BIT 5 BIT 4 BIT3 BIT2 BIT 1 BITO

RECEIVER | TRANSMITTER
STS INT 0 0 1 0 0 INTERRUP'lJ INTERRUPT

Bit 8: Peripheral Status

Bit 7: Interrupt Enable

Bit 6: Not used, always 0

Bits 4&5: Interface Identifier. Bit4 = 1, Bit5 =0

Bits 2&3: Not used, always 0

Bit 1: Is a 1 when the receiver interrupt control is enabled (bit 2 of RS OUT)
Bit 0: Is a 1 when the transmitter interrupt control is enabled (bit 1 of R5 OQUT)

The Interface Reset Statement

This statement resets the specified interface card (not a 98034A type interface) by setting bit 5

of the interface’s R5 register.

Syntax:

sC: The select code parameter (1-12) specifies the select code of

the interface card to be reset.
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The RESET statement can also be used with a 98034A interface, however, the results differ

from those described here. Reier to the HP-IB Operations chapter for details specific to using
the RESET statement with the 38034A interface.

The Select Code Activate /Deactivate Statement

This statement allows you to syntax and ‘‘dry run’’ a program containing /O statements
without actually performing any /0. All input and output operations are checked for syntax
and are executed, although no data transfers actually take place. Input operations (ENTER
statement only) on an inactive select code do not affect variables in the enter list. The READ-
BIN and PPOLL functions covered in the Advanced 1/ O and HP-1B Operations chapters return
a zero value (0) from an inact ve select code. The IOFLAG and IOSTATUS functions of the

same chapter return a one valt.e (1) from an inactive select code.?

Syntax:

sc: The select code parameter can be any valid interface select
code expression (0-13, 16). The specified select code be-
comes inactive until the System 45 is reset or until activated
by the SELECT CODE.. ACTIVE statement.

Syntax:

select code: The select code parameter can be any valid interface select
code expression (0-13, 16). The specified select code is acti-
vated; all subsequent 1/0 transfers are processed in the

normal manner.

3 The reason these particular values are r:turned is to enable your program to execute as though the inactive select codes are
present and operational.
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Chapter 3
Advanced 1/0 Operations

This chapter covers the topics r ecessary to perform complex or special interfacing tasks. Topics
covered include:

® A basic description of programmable interrupts.

¢ The statements necessary to utilize and control programmable interrupts.

¢ High speed and specialized [/ O operations.

e Inter- and intra- compute - communication.

¢ Overlapped 1/ O operaticns

e Advanced interface control operations.

Interrupt 1/0 Operations

Introduction

The interrupt 1/ O statements give you control over program flow when /0O transfers are
completed or when peripheral; request service on an interrupt basis. The On Interrupt state-
ment establishes the priority le sel for a program branch when an interrupt is received. End-of-
line branching for an interface c:an be disabled by the Off Interrupt statement. The Card Enable
statement enables a particular interface card to request end-of-line branches. A fourth state-

ment, the Control Mask statemant, is used to set the hardware interrupt mask for the interface.
There are two important distinctions to remember when using interrupts:

1) There is a hardware level interrupt that is transparent to you, the user.! For OUTPUT and
ENTER, it can be used for data transfers (BINT and WINT transfer types). For the ON INT

statement, it can be used for end-of-line branch requests.

1 Refer to Appendix B for a flowchart illustrating hardware-level interrupt service.
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Hardware interrupts demand system attention on two levels, where select codes 8-15 have a
higher level of service priority than do select codes 0-7. This essentially means that a device
requiring immediate attention should have a select code in the higher range. Devices requiring
infrequent attention or that operate at slow or intermittent rates can be set to the lower range

(0-7) of select codes.

2) There is a program level interrupt, called an end-of-line branch that “‘interrupts’’ normal
program execution at the end of a program line. A branch is taken to the interface service
routine when the system priority drops below the priority level established for end-of-line
branches from the interface. This operation is discussed in the following section, and a flow-

chart illustrating end-of-line branching is included in the Appendix for reference.

The On Interrupt Statement

An interface card (and its associated peripheral) can cause end-of-line program branching. This
is accomplished by the ON INT statement which specifies the branch and the priority level for
the branch. With the exception of ON INT...CALL...,any ON INT statement is effective only ‘

within the current program segment.

Syntax:

+ sc [, priority]

sc [ . priority] !

= sc [, priority] i

sc: The select code parameter can be any valid interface select
code, 1-12,
priority: The optional priority parameter specifies the priority level

(1-15) assigned to end-of-line branches from the specified
select code. If a GO SUB or CALL is specified, the system
priority level is set to the priority level specified by the ON
INT statement, then restored to the previous system priority
level upon return from the subroutine or subprogram. End-
of-line branches of a higher priority are granted end-of-line

service within the interface service subroutine or subprog-

ram, but lower priority branches are not serviced until the ‘

system priority level drops lower than the priority level of the

requesting interface. The default system priority is 0.
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line ID: The line ID parameter specifies the line identifier of the inter-

face service routine or subroutine.

name: The name parameter specifies the name of the interface ser-

vice subprogram.

An ON INT statement specifying a GO TO is active only
within the program segment? in which it is executed. Transfer
to a different program segment temporarily disables the ON
INT...GOTO...conditions. When the pregram segment con-
taining the ON INT...GO TO...statement is re-entered, the
ON INT conditions are automatically reinstated. An end-of-
line branch associated with an ON INT...GO TO...statement
does not alter the system priority level or exit the current

program segment.

An ON INT statement specifying a GO SUB is active only
within the program segment? in which it is executed. Transfer
to a different program segment temporarily disables the ON
INT...GO SUB...conditions. When the program segment con-
taining the ON INT...GO SUB...statement is re-entered, the
ON INT conditions are automatically reinstated. An end-of-
line branch associated with an ON INT...GO SUB...state-
ment sets the system priority level to the statement’s priority
level (the priority parameter) but does not exit the current
program segment.

An ON INT statement specifying a CALL is active regardless
of the current program segment. An end-of-line branch as-
sociated with an ON INT...CALL...statement remains active
until it is redefined by another ON INT statement for the same
select code or until it is cancelled by an OFF INT statement

for the same select code.

Two system statements, ENABLE and DISABLE affect ON INT end-of-line branches as well as
ON KEY end-of-line branches. The DISABLE statement inhibits end-of-line branching until an
ENABLE statement is executed. If an interrupt is logged in while end-of-line branches are
inhibited, the end-of-line branch for that interrupt is taken when the ENABLE statement is
executed.

2 Refer to the chapter of Subprograms in the System 45 Operating and Programming manual for an explanation of program
segments.

35



36 Advanced [/ O Operations

Example:

Establish a priority level of 8 for interface select code 4: perform a GO SUB branch to line 8000
when servicing the end-of-line branch and set the system priority level to 8 within the sub-

routine.

1@ OH IWT #4,5 GOSUE SRE6 [
pais ] ! GOZUE SE0E WHEM EHD-OF-LIME ER

Example:

Branch to 1 . when an end-of-line branch request from select code 6 is received:

do not reset system priority level.

OH INT #2 GOTO Interrupt

" i B =
(R EMO-OF-LIHE

] !
Il EMRELE & !
i

! FROGRANM ESECUTION BEGIM
1

The following diagram illustrates the relationship between system priority and end-of-line

branch requests.

- -
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3283
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7
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5
4
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s
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TO Tt T2 T3 T4 T5 T6
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To— Initially, the system priority is set to 0.

Ti— At time T1, an interface request with a higher priority level (8)
than the system priority level (0) is received and granted
end-of-line service. The ON INT branch is a GO SUB, so

system priority is redefined to 8.

Te— An interface request with a lower priority (4) than the current

system priority (8) is received and logged in.

Ts— The priority 8 interface service subroutine is completed and
system priority is restored to 0; the pending end-of-line
branch (priority 4) is granted service, and the system priority
defined to level 4.

Ta— A priority 10 interface request is received and granted end-
of-line service because it has a higher priority {10) than the

current system priority level of 4.

Ts— The priority 10 interface service routine is completed, and the
program continues where left off in the priority 4 interface

service routine.

Te— The priority 4 service routine is completed, and the system

priority drops back to its default value of O.

Once the interface priority and service routine branch have been defined by the

statement, the interface card 1nust then be enabled to request end-of-line branching. This is

accomplished by the . statement described in a later section.

An example of using the " statement to define end-of-line branch service for the

98035A Real Time Clock, sele:t code 9, follows:

i@ I IMTERRUPT -~ 220253 RERL TIME CLOCK E-AI

28 IMAGE #,E I BIHARY IF FEFEREMCE.

ZE IMTEGER Tris Ertoi-

35 PoOMO T HE 4 MILLISECOHD

bt I PERIGLOIC IMTERFR

i CUTFUT 9 *Aboet i riodic 2R

R SH IMT #3, 15 ! E EHD-OF-LIHE ERAHCHES.
o COMTROL ! HP IMTERRUFT COMDITIGOH.
24 CART EHAE - I EMAELE CHARD FOR IMTERRUFTS.
18e QUTRUT 25 "Unidtdica” VOSTART PERICODIC OFERATION.
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Jacu I e

EMAELE

[

A

IF Ertoe=@ THEH Ho etrror
EEEF

HEITION, COMTIMUE.

18 Loop: DISABLE U SECURE TIME RE F|]Z |-Ef!:=r-1
28 ! EMD-OF-LINE
8 OUTPUT 23 "Read time" ! REQUEST THE TIME =
48 EMTER 2; =¥ I IHPUT THE "IHE STRIMG
%3 EMAEBLE PO ALLOW ANY o EMD-
Pats) | OF- L;HF )
s T ! AL
28 GUTRUT 3:"Error” !
38 ENTER 2 USINHG 2 1
|
|
i

[ A BN |

A

2 IH THYME", Ersoe
DI_xF Time$

Ml
=
=
l_ ]

[ B

[ ITH [ ula]

A

AWML LR

1 s REM IMTERFAC E SERYICE ROUTIHE
QUTFUT 25 #Trigger"

UK

RETURH
EMD

The Interrupt Disable Statement

" condition for a

The interrupt disable statement, disables the current

interrupt disable is in effect only within its program

specified select code. The

segment.

Syntax:

# select code

select code: Any valid interface select code expression (1-12) may be
used. The select code specified is not granted end-of-line

service while the OFF INT statement is in effect.
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The Set Timeout Statement

The timeout statement specifies a maximum time for the System 45 to wait for an interface to
respond to an input or output operation. This prevents a program hang-up on an ENTER or
OUTPUT operation if an interiace is initially down. If the interface goes down while a default
handshake or word handshake input or output operation is in progress, a timeout limit is tested.
After the specified time limit is passed, an end-of-line branch is requested and program control
is passed to the interface servi:e routine. This is an end-of-line branch, and an ON INT state-
ment must be executed for the interface before a timeout end-of-line branch can occur. If no
ON INT statement has been executed and a timeout occurs, the result is an ERROR 163.

Syntax:

T sc ; time limit

sc: Any valid select code (1-12) may be specified.

time limit: The time limit is a numeric expression specifying the
minimum length of time in milliseconds (0-32767) that the
System 45 should wait for a response from a device on the
associated interface. A time limit of zero (0) disables the

timeout end-of-line branch for the given select code.

NOTE
A timeout for [NT, FHS, and DMA transfers can occur only if
the interface is not ready when the transfer is initiated. If the

%3

interface goes “‘not ready’’ after the transfer is initiated, the
program will remain in the ENTER or OUTPUT statement
until the inter‘ace again goes ready, allowing the transfer to

complete.

The SET TIMEOUT statement is select code dependent; it is associated with the interface
specified by the select code parameter of the statement. In addition, a timeout end-of-line
branch applies to the ENTER and OUTPUT statements only.
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.
=

! TIMEOUT EXAMPLE

! THIS SUBPROGEAM CHECKS THE EMD-OF-TAFE
I STATUZ OF THE TRFE READER AMD SETS A
[
1

)
o

P FLAG TO IMODICATE EOT STATUS.

e
Lo R}

i
Sub_enter:  COM ACLSAD U COMMOM ARRAY AL

OFTION EASE 1

SET TIMEQUT &3 Z0EE

=
[k

!V EET UR & SECOMD TIMECUT.

ey
SO

I O e i e e e e T et I I T N R ) I S ' T (S

BE oM THT ' SET LUF EMD-GF-LIME ERAMCH.
18 Flag=H | CLEAR IMPUT EMAELE FLAG.
28 STATUS &39

B IF WOT BITCS, R P WAIT UMTIL READER IS OH.
48 FOR I=1 TO 136

58 IF Flag=l THEM E=xit ' EMTER OHLY IF Flag IS &.
sH EHTER £38000

v MEST I

SE Esmit: SURERIT

e !

EE T i moat IF HOT TIME OUTOEs THEW RETLRM

—

STATLS &35 ! CHECE EMDO-OF-TAFE STATUS,
Flag=EI 212 ! Flag FEFLECTS EOT STHTLE.

IF Flag THEH CUTPUT & USIMG "#,E";22 | TURM OFF RERDER IF ECT.
FETURH

SIUEBEHD

Dl

The Timeout Interrupt Function
To determine if a timeout is the cause of an end-of-line branch on a particular select code (this

would normally be necessary information for the interface service subroutine), the timeout
interrupt function can be used.

Syntax:

The timeout function returns a value of 1 if a timeout has caused an end-of-line branch on the
specified ‘‘select code’’, or a 0 for no timeout. If the end-of-line branch to the interface service
routine was taken as a result of a timeout and another end-of-line branch condition {(SRQ for

instance), then the value returned by the timeout function is zero (0).

The timeout function clears the timeout value when it is executed, so the timeout value should
be saved in an intermediate variable if it is necessary to access the timeout value more than

once per timeout end-of-line branch.

T B B E B EEEEEBEEEEEEEEEEEEEEEEEEEEE
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Device Timeout Control

The System 45 device timeout message i - n
can be enabled and disabled b'; using the two device timeout control statements in this section.

The SET TIMEOUT statement has no effect on the system device timeout message.

The Timeout Message Disable Statement

This statement disables the system 45 device timeout message. All select codes are affected, so
executing the timeout message: disable statement effectively turns off the system timeout mes-

sage for all interfaces.

Syntax: Computer

Museum

The Timeout Message Enable Statement

This statement enables the System 45 device timeout message. All select codes are affected, so
executing the timeout messag:: enable statement effectively turns on the system timeout mes-
sage for all interfaces.

Syntax:

41
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Hardware Interrupt Control

The following statements, CONTROL MASK and CARD ENABLE, provide hardware-level

interrupt control for use with ON INT end-of-line branching.

The Control Mask Statement

Certain interface cards can selectively interrupt the System 45 on a hardware level according to
the interface conditions enabled by the Control Mask statement. The CONTROL MASK state-
ment is used to specify the interface R5 register user-defined bit configuration for either ENTER
and OUTPUT transfers to a 98032A Interface, or end-of-line branch conditions using the
CARD ENABLE and ON INT statements. For example, the interrupt conditions for the 98034A
HP-IB interface are: device service request, active controller, active talker, active listener, or

device clear as shown below.

BIT?7 BIT6 BITS BIT 4 BIT3 BIT 2 BIT 1 BITO

INPUT OUTPUT OTHER
SERVICE |CONTROLLEA TALKER LISTENER | REGISTER | REGISTER | INTERRUPT
REQUEST ACTIVE ACTIVE ACTIVE FULL EMPTY |CONDITIONS

Bit 7: Logical 1 enables interrupt on SRQ

Bit 6: Logical 1 enables interrupt on active controller

Bit 5: Logical 1 enables interrupt on active talker

Bit 4: Logical 1 enables interrupt on active listener

Bit 3: Logical 1 enables interrupt on input register full

Bit 2: Logical 1 enables interrupt on output register empty

Bit 1: Logical 1 enables interrupt when error detected, device clear or selective device clear/received (when not active controller)
Bit 0: Enable EOI to clear status line (STS)

Normally the 9845A is the active controller on the bus, and the service request is the only
end-of-line branch condition needed from a device. When the 9845A is not the active control-
ler, the remaining branch conditions (such as active talker) are useful to allow the computer to

continue processing until the interface requires the computer to take alternate action.

Syntax:

sc; mask

SC: The select code parameter is a numeric expression (1-12)

specifying the interface select code setting.
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mask: The ‘““mask’’ parameter is either a numerical expression or a
string of I and &I characters that is to be the bit pattern sent to
the interface R5 register. The bits set by the Control Mask
statement determine the interface hardware interrupt condi-

tions. Up to 16 bits can be specified for the mask parameter.

When using end-of-line branct.es to service a 98034A Interface, it is important to keep in mind
that the interface card is generating the hardware interrupt, not the devices on the bus. The
service routine must determin 2 the cause of the end-of-line branch and take appropriate ac-
tion. The cause of the branch :an be analyzed by using the STATUS and BIT functions of the
10 ROM. 1t is important to remember that before end-of-line branches can be used, branch

requests must be enabled (by the ON INT statement) and the interface card must be enabled
(CARD ENABLE) as described in the Interrupt section of this manual.

You should be aware that the default control mask value is 0. When a CARD ENABLE state-
ment is executed, a 0 value in errupt mask is sent to the interface unless a CONTROL MASK

statement has been previously executed specifying the desired interrupt mask.

An example of the CONTROL MASK statement and an interface service routine follows:

248
OH IHT #5e1 o B Zeruwice bSET UF ORITY AMD ROLGTIHME

COMTROL MASE Szl i

CARD EHABLE e

ROUREROURS WU It I

!
o9 | code
40m h
418t
458 Serwicsr  STATUS Sel_codesd ! GET IMTERFHCE STATUS
423t EMD-OF-LLIME IMTEEFF : ¥ BE HERE
448 RETURH i RETURH FROM SERYICE ROUTIHE
458 !
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The Card Enable Statement

In order for an interface card to initiate a request for an end-of-line branch, the card must first
be enabled. The CARD ENABLE statement, in conjunction with the CONTROL MASK state-

ment, provides you with the capability to enable an interface for end-of-line branch operation.

Syntax:

_select code

There are several considerations to keep in mind when you are operating in an end-of-line

branch mode:

1. When the card is enabled for hardware interrupts, an interface service routine must
already be defined by an ON INT statement.

2. Each time the computer services an end-of-line branch request, all branch requests with
a priority less than or equal to the current system priority are locked out until the system

priority is reset to a lower level than the pending end-of-line branch.

3. The select code must be reenabled for requests each time a request is serviced, or else
end-of-line branches must be enabled within the main program at a point that is exe-
cuted after the service routine. If this is not done, only one end-of-line branch request

will be received and serviced.

4. Branch conditions must be specified by using the CONTROL MASK statement.

To illustrate two methods of enabling end-of-line branch requests from an interface card,
the following two examples enable branches from: 1) The main program, 2) The inter-

face service routine.

Example 1
ZE I ESAMFLE EMD-OF-LIHE SERVICE EOUTIHE CARD EMWAEBLE
b= ! THIZ EXAMFLE EXECUTES THE CARD EMABLE FROM THE
4 I IMTERFRCE SERWICE ROUTIME.
5@ !
&3 IMAGE #,E ! BIMARY IMAGE REFEREMCE.
e IMTEGER Trigget, Error
ol U MO I HOCUs-F = A MILL ISECOMD
3 ! PERIODIC IMTERREUFT FROM THE S283235A.
188 QUTPUT 25 "Abort Urid td=0ut putd, Unitd Perdodic 286G5"
118 0O IWMT #5,1% GOSUER Irg ! EMABLE EMO-OF-LIHE EBREAMCHES.
128 COMTEOL MASKE 93128 ' SET UP IMTEREUFT COMDITION.
138 CARD EMAELE 2 ! EMABLE CARD FOR IMTERRUPTS.
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!

!
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!
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OH IHT #7,15 GIOSUE Cormteod I SET UFP EMD-OF-LIME ER
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Loogpl  CHED EMAELE 7 I EMABLE IWTERFACE IWTEREUFTS FROM
) ! MAIM FROGREAM LOOP.
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Advanced I/ O Transfers Operations

Advanced [/ O transfers enable the System 45 to transfer data to or from external devices
automatically using a variety of transfer modes and data formats. This capability allows the
System 45 to communicate with peripherals ranging from very fast to very slow devices with
mode affects the manner in

little impact on processing speed. The
which 1/ O is handled by the System 45, and these effects are covered in detail in the section on

Overlapped 1/ 0.

A diagram of typical [/ O operation shows the relationship between program variables, the

buffer, and the peripheral:

Receive
Peripheral

OUTPUT._

Formatting|Conversion | Parity

Transfer
Buffer

Program
Variables

(USING) (CONVERT)

eConversion and parity
CONVERT statement. input or output oper-

INPUT

o1 Transfer Buffer per Transmit

Peripheral

ation except for NOFORMAT
eFormatting with ail but forms of OUTPUT and
OUTPUT...NOFORMAT... ENTER.

and
ENTER...NOFORMAT...

The transfer buffer is a temporary buffer that is established when an ENTER or OUTPUT
statement is executed. A separate buffer is established for each 1/ O operation, and exists until
the transfer is completed. The creation of the buffer, and the subsequent I/ O operation, are
both contingent upon the availability of sufficient R/ W memory to establish the buffer. If there
is not enough memory to create the transfer buffer, the System 45 must wait for the necessary
memory to become available. This may require completion of a current I/ O operation, and
is worth considering for programs having a large data base and performing multiple [/ O

operations.
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Transfer Types

Extremely slow devices or asyn :hronous input devices (such as an operator controlled digitizer)
can present a problem when in-erfacing to a computer. If the computer spends time waiting for
the device to accept or present -lata, much processing time is wasted. On the other hand, a high
speed device {such as a digita voltmeter in burst read) can present data too rapidly for the
computer to capture if any processing or formatting is being done on the incoming data. A fast
handshake or direct memory access transfer can be used to gather the data as quickly as
possible without using transfer time to do processing on the data; this can be done after the

data transfer is complete.

By selecting the proper transfer type for the peripheral-computer data transfer, [/ O operations

can be made more efficient wit1 less impact on the program execution rate of the System 45.

The following table exemplifies some typical applications of transfer types to peripheral de-

vices:

[/ O Transfer Applications

Peripheral Transfer Type
Slow devices:
9863A Tape Reader Interrupt
9869A Card Reader Interrupt
9884A Tape Punch Interrupt
110 Baud Tele printer Interrupt

Asynchronous devices:
9864A Digitizer Interrupt

Operator’'s Co1sole Interrupt

Medium speed devices:
9883A Tape Reader Default Handshake
2640A Terminal {Block) Default Handshake

High Speed Devices:
DVM in Burst Read Fast Handshake or DMA
High Speed H?-IB Devices Fast Handshake

Upon completion of an interrupt, fast handshake, or DMA transfer, the program branches to
the select code service routine if an ON INT statement for that select code has been executed
and if the system priority is lower than the select code priority.
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The Interrupt Transfer

When an interrupt transfer is specified, the interface is enabled to transfer one byte or word at a
time when it is either ready for data or ready with data. Each time the peripheral is ready, a
hardware interrupt is sent to the System 45, which then transfers the next word or byte of data.
The entire operation continues until the transfer is completed. The computer then signals an
end-of-transfer program branch and (if end-of-line branches are enabled by the ON INT state-
ment) the program vectors to the select code service routine according to the priority assigned

to the interface.

The Fast Handshake Transfer

When a fast handshake transfer is specified, all input/ output capabilities of the System 45 are
dedicated to the specified interface for a high-speed transfer. Hardware interrupts are disabled
until the transfer is completed. When the fast handshake transfer completes, other 1/0 ac-

tivities are again resumed.

NOTE
The computer halts all other 1/0O operations except any
DMA transfers already in progress for the duration of a fast-

handshake transfer.

The DMA Transfer

When a DMA (Direct Memory Access) transfer is specified, the hardware DMA channel of the
System 45 is assigned to the designated interface. (98034A HP-IB interfaces cannot be used
with DMA transfers.) Data is transferred directly to or from memory with no processor interven-

tion.

DMA transfers are the fastest method of input or output available dependent on the type of
interface, however, not all interfaces are capable of supporting DMA transfers (refer to the
interface’s Installation and Service Manual). An additional advantage to DMA transfers is that
the computer is free to continue other concurrent 1/0O operations. Note that when a DMA
operation is in progress, no new DMA transfers can be initiated until the current DMA operation

is completed.
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NOTE
DMA and FFS transfers work only with the negative-true
logic setting of the 98032A general purpose interface. Do not
use the positive true logic setting, as the data will be com-

plemented fo: input and output.

The following table shows which transfer types can be used with the different interface cards:

HE INT FHS DMA
98032 Ye: Yes Yes Yes
98033 Ye: Yes Yes No
98034 Ye: Yes Yes No
98035 Ye: No Yes No
98036 Ye; Yes Yes No

Output Transfers

Output data transfers can be done by any of 6 methods in addition to the two methods
discussed in Chapter 2: byte handshake-on-interrupt (BINT), word handshake-on-interrupt
(WINT), byte fast-handshake (3FHS), word fast-handshake (WFHS), byte DMA (BDMA), and
word DMA (WDMA). Conversion and parity (the CONVERT statement) generation can be used
with all transfer types.

Syntax:

{sc} {type} ; data list
{sc} {type}

= image : data list

sC: Any valid select code (0-12,16) or HP-IB device addresses
can be specified.

image: The image specification is identical to the OUTPUT and
PRINT statements’ image specification: refer to Chapter 2 of

this manual for more detailed information.

type: — specifies a 16 bit output using handshake.

HIMT — specifies a byte-by-byte handshake transfer per in-

terrupt to the peripheral interface.

49
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data list:

" — specifies a word-by-word handshake transfer per

interrupt to the peripheral interface.
specifies a byte-by-byte fast handshake transfer.
specifies a word-by-word fast handshake transfer.

specifies a byte-by-byte DMA transfer.

specifies a word-by-word DMA transfer

The data list is identical to the OUTPUT or PRINT USING

statements’ data list.

The following example uses BINT output to print the matrix calculations in lines 100-200. The

printer and display list the results of the previous calculations while the System 45 computes

the next results:

DFTION :
TIM Iresos
!

i
: T
I
i

EHD

##% HOTE THRT THE OYERLAFR MODE
SCCUR ZIMULTAMEDUSL
OFERATION, CHAMGE THE OVE

gl i
18 OVERLAF
118 MAT A=COH
128 MAT Inw=COH
128 MAT Inwe=TAMIAD
1468 MAT Ire=IHY Ird
156 OUTRFUT 16 BIMT USIHG RefjIresds)
1&a OUTRUT is
A GOTO 138

Refl  IMAGE 909(30, 2T,

SET URP OVER
IHITIARLIZE MH
DITTO FOR Ipne
o FIRST WALUES
; AONED COMP TIME:
To nISPLAY

L I BN BN BN BN BN BN BN BN |
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Input Transfers

The ENTER statement can be used for input transfers of the following types in addition to the
two transfer types discussed in Chapter 2: byte handshake-on-interrupt, word handshake-on-
interrupt, byte fast-handshake, word fast-handshake, byte DMA (direct memory access), and
word DMA. Conversions and parity (the CONVERT statement) checking can be done on all
transfers. Two general syntaxes are used to specify the transfer types as follows:

Syntax 1:

{sc} {type 1} ; list
' {sc} {type 1}

.image ; list

Select code (sc), image, and list specifications are identical to the specifications given for the
basic ENTER statement syntax >f Chapter 2.

type 1: i — specifies a one-byte transfer per interrupt from the
peripheral interface.
I — specifies a one-word transfer per interrupt from the
peripheral interface.
Syntax 2:

{sc} {type 2} {count} : list
‘{sc} {type 2} {count}

mage ; list

Select code, image, and list specifications are identical to the specifications given for the basic
ENTER statement syntax of Chapter 2.

type 2: — specifies a byte-by-byte fast handshake transfer for

{count} number of bytes.

— specifies a word-by-word fast handshake transfer

for {count} number of words.

— specifies a byte-by-byte DMA transfer for {count}
number of bytes.

— specifies a word-by-word DMA transfer for {count}

number of words.
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count: The count parameter specifies the number of bytes or words
to be transferred by the ENTER statement. The ‘‘type’’
parameter described above determines whether count

specifies a byte count or word count.

Overlapped I/ O Operations

The !
simultaneously communicating with several peripherals. Because separate processors deal with

mode of I/ O gives the System 45 the capability of executing a program and

[/ 0 and program execution, the System 45 uses little program execution time to communicate
with peripheral devices. A program written with the overlap capabilities of the System 45 in

mind can run much more efficiently than one in which program execution and individual /O

operations are performed sequentially. ‘

On output, once the program variables have been copied to the transfer buffer, the program is
free to access the variables. The actual data transfer to the peripheral is handled automatically

by the computer whenever the peripheral is ready for new data.

On input, the program can access the input variables only after the data transfer is complete

and the data is copied into the program variables. The following list covers concepts that should

be considered for maximum ¢ mode [/ O efficiency:
¢ENTER NOFORMAT adds overlap capabilities to input operations. Use EN-
TER...NOFORMAT to input into a string, then a variable-to-variable ENTER to format the

data and copy it into the proper variables.

¢ Any attempt to access or modify variables currently receiving data causes the program to
pause until the transfer is complete. To avoid this pause, use ENTER...NOFORMAT...in
conjunction with the ON INT.. statement to determine when the transfer has completed.
(An end-of-line branch is taken at the end of an INT, FHS, or DMA transfer if branches are
enabled.)

e Fast handshake transfers tie up the [/ O section of the System 45 for the duration of the ‘

transfer. All other I/ O operations stop until the fast handshake transfer is complete.
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o When overlapped 1/0 is performed in a program, input and output transfers are done
asynchronously; that is, just because one 1/0 operation is started before another does

not ensure that it will be finished before the other. To be sure that key operations are

. mode) while taking advantage of perform-v
mode, use the sequential forms of OUTPUT and ENTER
explained in the followin¢ section.

performed in sequence (a;is donein

ing other tasks in the

Sequential I/ O with OVERLAP

The OUTPUT and ENTER sta:ements can be specified to force sequential output and input

operations in the “1inode where each specified sequential input and output opera-
tion is performed in the order it is executed in the program. Other [/ O operations can be
mode. Sequential ENTER or OUTPUT is indicated by adding an
““S” to the front of the statement. ENTER statements become SENTER, while OUTPUT state-

ments become SOUTPUT. These statements cannot be executed from the keyboard. Examples

operating in the

of these syntaxes are shown below:

Debugging OVERLAF Programs

A program designed to run in
the

ram runs correctly in the *

mode can be analyzed and debugged by specifying

. mode. Compute: operation is the same for both modes?®, however, if the prog-

4_mode butnotin the . mode, then certain input
and output operations may necd to be performed sequentially. This is easily accomplished by
using the SENTER and SOUTFUT syntaxes for the suspect input and output operations.

For instance, say a stimulus level value must be sent before a response input can be taken. In
this case, an OUTPUT to a programmable power source must be sent before taking a reading
from a digital voltmeter. In the OVERLAP mode, this sequence cannot be guaranteed, so you
need to use the sequential OUTPUT and ENTER statements to ensure that the correct sequ-

ence is followed.

3 The exception to this is error trapping (CN ERROR...). Errors resulting from an interface failure (such as ERROR 163) cannot
be trapped in the OVERLAP mode of execution. Other errors (such as ERROR 150, select code out of range) can be trapped in
the OVERLAP mode.
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Unformatted 1/ O Operations

Introduction

When it is necessary to transfer data at the maximum possible rate, to achieve overlapped data
input, or to have random access of transfer buffers, the NOFORMAT mode of the OUTPUT and
ENTER statements can be used.

For communications between identical computers, more time-efficient data transfers are possi-
ble if each computer spends little or no time formatting data being sent or deformatting data
being received. When input and output data transfers are executed in the NOFORMAT mode,
data is sent in its internal binary form and received as an internal binary form. Because data is
assumed to be in internal form when entered in the NOFORMAT mode, and because no parity
or error checking is performed, it is possible to generate a system error by entering incorrect
data. Numeric data may be incorrect when it has not been previously output in the NOFOR-
MAT mode.

CAUTION
DATA CAN BE LOST IF IT IS IMPROPERLY ENTERED
INTO NUMERIC VARIABLES USING THE NOFORMAT
SYNTAX OF THE ENTER STATEMENT. ONLY USE
NOFORMAT INPUT WITH STRING VARIABLES OR
WHEN THE NUMERIC DATA IS IN THE PROPER INTER-
NAL FORMAT.

Unformatted I/ O is an advanced form of data transfer and requires a good understanding of
the procedures and precautions necessary to use with this type of operation. Be sure you read
this section thoroughly before attempting unformatted 1/ O operations.

System 45 Internal Formats

Numeric data is represented internally in a binary-coded-decimal (BCD) format consisting of
the exponent?, the mantissa sign bit, and 6 bytes for the mantissa. Short precision variables

differ only in the number of bytes used to represent the decreased accuracy: the differences are
illustrated on the next page.

4 The form of the signed exponent is two’s complement binary.
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FULL PRECISION SHORT PRECISION
Signed Not Sign Signed Sign
Word 1 | Exponent | \ Used| | Bit 4 Word 1 | Exponent | | Bit | Digit | Digit
10 Bits 5 Bits 1 Bit 7 Bits 1 Bit 4 Bits 4 Bits
Word 2 | Digit | | Digit | | Digit; | Digit, Word 2 Digit Digit Digit Digit
4 Bits 4 Bits 4 Bits 4 Bits 4 Bits 4 Bits 4 Bits 4 Bits
Word 3 | Digit | | Digit | | Digit; | Digit
4 Bits 4 Bits 4 Bits 4 Bits
Word 4 | Digit | | Digit | | Digit| | Digit |
4 Bits 4 Bits 4 Bits 4 Bits
INTEGER
Mos: Least
Significant Significant
Byte Byte
8 Bits 8 Bits

String data is packed two chare cters per word, each character being represented by one byte of

is represented as follows:

STRING

Word 1 L e]

8 Bits 8 Bits
Word 2 \ E

8 Bits 8 Bits
Word 3 L A

8 Bits 8 Bits
Word 4 N D

8 Bits 8 Bits

Unformatted output sends out every byte of a variable or array in its internal format. For full
precision numeric variables, this means the 10 bit signed exponent, 5 unused bits, the mantissa
sign bit, and 6 bytes of BCD «ligits. Short precision variables are similarly output, but fewer
bytes of information are needed to represent the variable, as shown above. String variables are

simply output and input in thei - internal format (two bytes of character data per word).

Unformatted input does not make use of an intermediate buffer for data transfer: the data is
placed directly into the variable for an input transfer making the transfer rate considerably
faster than formatted input. A variable cannot be modified while an unformatted input on that
variable is in progress, and atte npting to modify the variable causes the program to pause until
the unformatted transfer is coinplete. The program can then alter the variable and continue
normal execution. Conversions and parity checking are not performed for NOFORMAT trans-

fers.
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Unformatted I/ O Syntaxes

Syntax 1:

SC:

type:

list:

Syntax 2:

SC:

type 1:

type 2:

count:

o list
The select code parameter specifies a valid interface select
code.

The valid output transfer types are the same as for buffered

output —

-, and

’

default handshake.

Allowable items in the output list are numeric and string vari-

ables, string array elements, and numeric arrays. Entire string

arrays such as ! are not allowed. Only one item may

be in the list for DMA and FHS transfers.

: enter list

enter list
The select code parameter specifies a valid interface select
code.

Valid type 1 transfers are:
, and default handshake.

Valid type 2 transfers are:

and

The count parameter specifies the number of bytes

and i) or words (: -+ and 1) to be transferred.
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enter list: The enter list can include any valid program variables, but is

limited to one item for DMA and FHS transfers. Entire string

arrays 1) are not allowed.

Note that and i

word (16 bits) at a time is "ransferred from the interface during DMA transfers using

‘ransfers are equivalent transfers for NOFORMAT input. One

For example, NOFORMAT input is used to enter data from a digitizer on select code 706:

T
TH  OVERLAF | 9574A DIGITIZER EXAMFLE
S0 TIM ASCEEEAD | SET UF IHFUT DATA STRIMG
0 BE="CHY | ASSIGH COMTIMUDUS MODE COMMAMD TO Ef
B3 Tigitizet I ELECT CODE
18 OUTFUT Tigit ' R OIN COMTIMUOUS MOTE
20 1 #xx SET UP : ER COMPLETION
oM IHT #Tigit uice | SET UF FRIORITY AND ROUTIHE

48 EMTER Tigi HITIATE IHFUT TRAMHSFER

= H THE OFERATOR
£ 15 COMPLETET,
7 MITIATED, THE OLD DATH

ERACTION RESUMEL.

[ ST T o o 0y O O R £ R [ P R N

_é Seruicel TYPICALL WOULD RE-IMITIATE THE
18 ! DATA TRAMSFER , S THE LD DATA AHD SAYE THE RESULTE.
28 RETURHM
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Variable-to-Variable Transfers

Variable-to-variable transfers can be used to add data conversion, parity generation, and parity
checking capabilities to unformatted input and output. For instance, using unformatted input
(ENTER...NOFORMAT...) into a string enables simultaneous computation and 1/ O to other
peripherals. When the unformatted input operation is complete, the data can be formatted
from string data to numeric data. Character conversions and parity checking can then be
performed by using the variable-to-variable ENTER statement. The example at the end of this

section illustrates this.

Syntax:

: enter list

image : enter list

var: A valid string variable or string array element can be specified

as the data source for the syntaxes listed. A numeric

array must have its starting point specified, i.e., !

-1 is not allowed.

¥ or |

The optional keyword - specifies a data transfer from a

string or array containing a single byte (lower byte) of infor-

mation per word. If is not specified, the transfer takes

two bytes of data per word from the source string or array.

enter list: The enter list may consist of any combination of numeric or
string variables, string arrays, or array identifiers. [tems in the

list are separated by commas or semicolons.

In this type of operation, the source of input data is a program variable rather than an external
peripheral. Operation is identical to input from an external peripheral, and can be performed in

conjunction with data conversions and parity checking.

Variable-to-variable output transfers transfer data to a program variable rather than to an
external peripheral. As with the output transfers to a peripheral, data conversion, and parity

checking can be used.
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Syntax:

image: data list

var: A valid string variable or string array element can be specified
as the data destination for the OUTPUT syntaxes listed. A

numeric array must have its starting point specified, i.e.,

1 is not allowed.

The optional keyword specifies a data transfer of one

byte (lower byte) per word to the string variable or array
specified. If &'

_ is not specified, the transfer places two
bytes of data in each word of the destination string or array.

data list: The data list may consist of any of the following, separated by
commas or semicolons:
variable names
array identifiers
numeric expressions

string expressions

For example:

AN
[N RN

g MOFORMATAF i

,.,.
(kA k]

i IMFUT DATA COVERLAFF
POOUTFUT DATA TO LE
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Advanced Interface Control

The advanced interface control statements of this section alow direct transfer of data or status
information between the System 45 and the interface registers R4-R7. Note that because these
operations are fundamental I/ O operations, you must completely understand the function and

protocol of each interface card and peripheral device; if not, you may experience unwanted or

unexpected results!

CAUTION

UNEXPECTED OR UNDESIRABLE RESULTS CAN

OCCUR WITH THE

1 STATEMENT IF YOU DO

NOT FULLY UNDERSTAND THE PROTOCOL AND OP-
ERATION OF THE DEVICE BEING ADDRESSED.

The Write Interface Statement

This statement outputs a 16 bit binary value to the specified register of the addressed interface.
This statement is provided to help you tailor your own interface driver or to program a special

interface card, but exercise appropriate caution when using this statement.

Syntax:

SC:

register:

output expression:

Iiisc, register: output expression

The select code parameter specifies the select code {(0-12) of

an interface.

The register parameter specifies the desired interface register

4 through 7.

The output expression is a numeric expression that is con-
verted as necessary to a 16 bit integer and sent to the
specified interface register. Specific register information is
available in the appropriate interface installation and service

manual.

L N N N N R R EEEEE R R T
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Interface Register Assignment::
e R4: Primary data registe:
o R5: Primary status /control register
e R6: Secondary data register
e R7:Secondary status./ control register

Be sure to test the condition of the flag line (FLG) of the interface to be equal to 1 before

attempting a WRITEIO operat on. An example follows the explanation of the IOSTATUS func-
tion.

The Read Interface Statement

This statement inputs the 16 bit binary value of the specified interface register, leaving the

value in the specified variab e. The specified variable can be of type

Syntax:

Lilsc, register: inputvariable

sC: The select code parameter specifies the select code (0-12) of

an interface.

register: The register parameter specifies the desired interface register.
(4-7)
input variable: The 16 bit value of the specified interface register is stored

into the input variable. The input variable can be an integer

or full or short precision real variable.

Be sure to test the condition of the flag line (FLG) of the interface to be equal to 1 before
attempting a READIO operation. (Use the IOFLAG function described in the next section.)
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The 1/ O Flag Function

The 170 flag function returns the current state of the interface flag (FLG) line. The possible
values are 0 and 1 with meanings of peripheral busy and peripheral ready, respectively. If the

select code has been made inactive, the value returned by the [/ O flag function is 1.

Syntax:

sc: The select parameter specifies the select code (0-12) of an
interface.
Example:
i ! ZHOW THE STATE OF THE FLG LINE OF THE INTERFACES.
EH FOR Sc=1 T
£ Fig=I0FLAl :
T FRINT “FLAG LIME, SELECT CODE":;3c:™ = ":Flg
B8 HEWT Sc
=I5 EHD

The I/ O Status Function

The 1/ O status function returns a 1 or 0 to indicate the status of the specified interface status
(STS) line. A 1 indicates the peripheral is operational; a O indicates an error or exceptional
condition. If the select code has been made inactive, the value returned by the 1/ O status

function is 1.

Syntax:

isci

sC: The select code parameter specifies the select code (0-12) of

an interface.

Refer to the appropriate interface installation and service manual for details specific to the

particular interface.
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NOTE
Executing the IOFLAG or IOSTATUS functions from the
keyboard with a select code parameter equal to the
PRINTER or the PRINTALL device select code results in an

error condition { and should not be attempted.

An example of a serial interface (98036A) 1/ O driver follows:

id
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Chapter 4
Binary Operations

This chapter covers the binary nperations of the System 45 [/ O ROM. Topics covered include:

® A brief explanation of binary information as it is represented in the System 45.

e The logical operations AND, OR, exclusive OR, COMPLEMENT, ROTATE, SHIFT, and
bit test.

Introduction

The 10 ROM provides the S jstem 45 computer with the capability of manipulating integer
data on a bit-by-bit basis. Binery functions available include rotate, shift, binary ‘and’, binary

or’, exclusive or, complement, and bit test. The binary functions operate on data as a 16 bit
word with an integer value! be ween — 32768 and 32767.

Any type of number or numeric expression can be given as an argument to a binary function,
however, only the integer valu: of the argument is used. The fractional part of any argument is

rounded and the value returne by a binary function is an integer value between — 32768 and
32767.

1 All values referred to in this chapter are decimal values unless otherwise noted.
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System 45 Binary Representation

The smallest unit of information that can be operated on by the System 45 (or any digital
computer) is the bit. A bit can assume a value of ‘1"’ or “‘0”’. The next larger unit of informa-
tion is the byte, which is a package of eight bits. A byte can assume integer values of O through
+ 255 unsigned® or — 128 to + 127 signed® binary.

All of the binary functions in this chapter operate on a word. A binary word is sixteen bits, or
two bytes. A word can represent integer values from 0 to 65535 unsigned® or — 32768 to
+ 32767 signed? binary.

Binary numbers on the System 45 are internally represented in 16 bits of two’s complement
binary format. This allows the System 45 to have positive and negative binary numbers. There
are still 65,536 possible numbers, but half of them are negative (— 32,768 to — 1) and half are
positive (0 to 32,767).

The Binary AND Function

The Binary AND function ANDs the two arguments?® bit-by-bit and returns an integer result.

Syntax: Exp. A
0 1
i expression A, expression B !
0 0 0
The truth table for the logical Exp. B
AND function is given on the 1 0 1
right.

The following example demonstrates the binary AND of two numbers, 45 and 15.

2 Unsigned means that there are no negative values possible; signed binary values reserve the top bit to represent the sign (+ or
—) of the binary value.

3 See the introduction to this chapter for the description and limitations of binary arguments.
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The Inclusive OR Furiction

The Inclusive OR function OR: the two arguments* bit-by-bit and returns an integer result.

Syntax: EXP. A
0 1
-expression A, expression B :
0 0 1
The truth table for the Inclu- Exp. B
sive OR function is given on 1 1 1
the right.

The following example demontrates the Inclusive OR function of the numbers 45 and 112:

The Exclusive OR Function

The Exclusive OR function performs an Exclusive OR on the two arguments* bit-by-bit and
returns an integer resulit.

Syntax: Exp- A
0 1
{ expression A, expression B
0 0 1
The truth table for the Exclu- Exp. B
sive OR function is given on 1 1 0
the right.

The following example demonstrates the Exclusive OR function of the numbers 45 and 12.

A A=RIMEOR 45,120
48 FRIMT "A= "in

4 See the introduction to this chapter for the description and limitations of binary arguments.
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The Complement Function
The complement function returns the one’s complement value of the 16 bit argument?®.

Syntax:

{ expression A !

The one’s complement of a number is obtained by changing all zeroes to ones and all ones to

zeroes.

The following example takes the complement of the two numbers 45 and 12:

The Rotate Function

The ROTATE function returns the value obtained by rotating the first argument® by the number
of bits specified by the second argument®. A positive value for the second argument rotates to
the right, a negative value rotates to the left. The state of the last bit rotated out of the first

expression can be determined by the LASTBIT function.

Syntax:

i expression A, expression B

Expression A is rotated to the right or left by (expression B) number of bits. The lastbit is set to
the value of the last bit rotated out of the word. As expression A is rotated, bits being rotated
out of the word are rotated around to the opposite end of the word, i.e., when a right rotate is
executed bit 0 is rotated into bit 15, and vice-versa for a left rotate. For example, a left rotate
looks like this:

Save bit Bit 15 Bit 0
t Q100100110 e-0—0eTe1—1-0

| L T

5 See the introduction to this chapter for the description and limitations of binary arguments.
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The following example rotates ‘45 first by + 12 bits {to the right) then by — 12 bits (to the left).

5 Right=ROTATECHS, 120
B Left=ROTATE(4S, ;
FRINT “LEFT= “ijlLeft, "TIGHT= "iRight

The Shift Function

The SHIFT function returns the value obtained by shifting the first argument® right or left for the
number of bits specified by the second argument®. A positive value for the second argument
specifies a right shift while a negative value specifies a left shift. The lastbit reflects the state of
the last bit shifted out of the wo:d, and as bits are shifted out of the word, zeroes are shifted into

the opposite side of the word. For example, a left shift looks like this:

Save bit Bit 15 Bit 0

e )e e 0e0eTe 00T e1e-0e-0c0eTetete0e— 0

Syntax:

f expression A, expression B

Expression A is shifted to the right or left by (expression B} number of bit positions. The last bit
shifted out of expression A can be accessed by the LASTBIT function.

The following example shifts 45 by + 12 bits (to the right) and by — 12 bits (to the left).

[ A
[y = =2
=
o I T

6 See the introduction to this chapter for the description and limitations of binary arguments.
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The LASTBIT Function
The LASTBIT function returns the last bit shifted or rotated out of the specified word. The

value returnedisa ‘1" or “°0”".

Syntax:

For example, the following program prints out the bits of the variable A as they are shifted out.

The BIT Function

The BIT function tests the condition of one or more bits of the argument’ against the bits of the
mask and returns a “1” or ““0”’ depending on the match of the mask with the argument.” The

bit function can test for a one, zero, or ‘“‘don’t care’’ state on any particular bit or bits of a word.

Syntax:

fexpression A, expression B
There are two special cases for the different values expression B may assume:

1. Where expression B is a numerical expression, the BIT function tests only one bit (0-15).
See example 2.
2. Where expression B is a string variable or literal representing a binary number, the BIT

function returns a “‘1”’ only when all bits of the mask and the argument match; however,
any characters of the mask not equal to a ‘1"’ or ‘0’ represent a ‘‘don’t care’’ state. A

<, where the i is a ‘‘don’t care’’

typical mask might look like:
bit. (See example 1.) A mask specifying less than 16 bits is right justified, with the

undefined bits represented as ‘‘don’t care’’ bits. “‘Don’t care’’ bits have no effect on the

result of the BIT function.

7 See the introduction to this chapter for the description and limitations of binary arguments.
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Example 1

The following example tests th:: integer 45 for the bit pattern

454
47 = ;A
RESULT OF BIT MASK TEST = 1
Example 2

This example tests the integer ¢.5 for a bit set in the 2° bit position:

]
"l
il
(]
-~
1
o
A

1
i)
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Chapter 5
HP-IB Operations

The System 45 [/ O ROM provides the necessary statements and functions for complete con-
trol of HP Interface Bus (HP-1B) systems. Bus messages, data, device control, serial and

parallel poll, and bus managerient functions are available and described in full detail in this
chapter.

Introduction

The HP-IB is Hewlett-Packard's implementation of IEEE standard 488-1975. A copy of the

IEE-488-1975 standard (HP-IB) can be ordered from the IEEE Standards Office; 345 East 47th
Street; New York, N.Y. 10017.

The System 45 has the capability of being the system controller, active controller, or a device.
As a device, the System 45 can transmit the Require Service message and automatically
respond to serial and parallel polls.

Bus sequences and operations for each command are summarized and listed in Appendix C to
this manual. These are descriptions intended primarily for reference or detailed bus analysis. It
is not necessary to understand the bus in such detail to use it, as there should be enough

information in this chapter to allow you to successfully accomplish your interfacing tasks with
the System 45 and the HP-IB.
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An HP-IB Overview

The HP Interface Bus (HP-IB) provides an interconnecting channel for data transfer between
devices on the HP-IB.

The following list defines the terms and concepts used to describe HP-IB (bus) system opera-

tions.

HP-IB System Terms

1.

Addressing — The characters sent by a controlling device specifying which device sends

information on the bus and which device(s) receives that information.

Byte — A unit of information consisting of 8 binary digits (bits).

Device — Any unit that is compatible with the IEEE Standard 488-1975.

Device Dependent — A response to information sent on the HP-IB that is characteristic

of an individual device’s design, and may vary from device to device.
Operator — The person that operates either the system or any device in the system.

Polling - The process typically used by a controller to locate a device that needs to

interact with the controller. There are two types of polling:

e Serial Poll — This method obtains one byte of operational information about an individual

device in the system. The process must be repeated for each device from which informa-

tion is desired.

e Parallel Poll — This method obtains information about a group of devices simultaneously.

More detailed information on HP-IB operations is listed in Appendix C of this manual.

Interface Bus Concepts

Devices which communicate along the interface bus can be classified into three basic

categories:
1. Talkers — Devices which send information on the bus when they have been addressed.
2. Listeners — Devices which receive information sent on the bus when they have been
addressed.
3. Controllers — Devices that can specify the talker and listeners for an information trans-

fer. Controllers can be categorized as one of two types:
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e Active Controller — The current controlling device on the bus. Only one device can be the

active controller at any tirie.

e System Controller — The only controller that can take priority control of the bus if it is not

the current active controll 2r. Although each bus system can have only one system control-

ler, the system can have eny number of devices capable of being the active controller.

A typical HP-IB System is shov/n below.

DATA
LOGGER

VOLTAGE SYSTEM
SOURCE CONTROLLER
(9845)
-— HP-IB CONTROLLER
2 E
LTeo
2a
DIGI"AL ~
VOI.T- PRINTER PLOTTER
METER

Message Concepts

Devices which communicate along the interface bus are transferring quantities of information.

The transfer of information can be from one device to another device, or from one device to

more than one device. These quantities of information can easily be thought of as ‘‘messages’’.

In turn, the messages can be cle ssified into twelve types. The HP System 45 Desktop Computer

is capable of implementing all twelve of the interface messages. The list below gives the twelve
message types for the HP-IB.

1. The Data Message. This is the actual information which is sent from one talker to one or

more listeners along the interface bus.

2. The Trigger Message. This message causes the listening device(s) to perform a device-

dependent action when addressed.
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10.

11.

12.

The Clear Message. This message causes either the listening device(s) or all of the

devices on the bus to return to their predefined device-dependent states.

The Remote Message. This message causes listening devices to switch from local front-

panel control to remote program control when addressed to listen.

The Local Message. This message clears the Remote Message from the listening de-

vice(s) and returns the device(s) to local front-panel control.

The Local Lockout Message. This message prevents a device operator from manually

inhibiting remote program control.

The Clear Lockout/Local Message. This message causes all devices on the bus to be

removed from Local Lockout and revert to Local. This message also clears the Remote

Message for all devices on the bus.

The Require Service Message. A device can send this message at any time to signify that

the device needs some type of interaction with the controller. This message is cleared by

sending the device’s Status Byte Message if the device no longer requires service.

The Status Byte Message. A byte that represents the status of a single device on the bus.

Bit 6 indicates whether the device sent a Require Service Message, and the remaining

bits indicate operational conditions defined by the device. This byte is sent from a talking

device in response to a serial poll operation performed by a controller.

The Status Bit Message. A byte that represents the operational conditions of a group of

devices on the bus. Each device responds on a particular bit of the byte thus identifying a
device-dependent condition. This bit is typically sent by devices in response to a parallel

poll operation.

The Status Bit Message can also be used by a controller to specify the particular bit and
logic level that a device will respond with when a parallel poll operation is performed.

Thus more than one device can respond on the same bit.

The Pass Control Message. This transfers the bus management responsibilities from the

active controller to another controller.

The Abort Message. The system controller sends this message to unconditionally assume

control of the bus from the active controller. This message teminates all bus communica-

tions (but does not implement a Clear Message).

These messages represent the full implementation of all HP-IB system capabilities. Each
device in a system may be designed to use only the messages that are applicable to its
purpose in the system. It is important for you to be aware of the HP-IB functions
implemented on each device in your HP-IB system to ensure the operational compatibil-
ity of the system. (The IEEE equivalent descriptions of these messages may be found in
Appendix C.)
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Addressing the HP-IB

Every message sent on the HP-IB must specify the originator {talker) and the receiver (listener)
of the message. The talker and listener specifications may be implicit or explicit. If the bus is left
addressed from a previous transfer, the talker / listener specifications are implicit. Explicit talker /
listener specifications require the talker and listener addresses to be sent as part of the transfer.
For most messages, the controller (generally the System 45) specifies the device sending the

message (talker) and the device(s) receiving the message (listener).

There are four methods of acdressing the HP-IB interface and bus devices, and each has a
different effect on the manner n which bus addressing is handled. These addressing modes are

described here and apply to th 2 statements and functions in this chapter as well as to applicable
statements and functions elsev/here in this manual {(such as READBIN, CONVERT and EOL).

isc Interface select code. No bus addressing is performed, there-
fore the bus remains as previously configured. Data transfer
statements such as ENTER, OUTPUT, and READBIN do not
transfer data until the HP-IB interface card indicates addres-

sed to talk or listen, as appropriate. (= 7 for
example, must be addressed to listen before a byte can be
input from the interface.) Specify only the interface select

code for non-active controller data transfers.

- isc Negative interface select code. The bus is not reconfigured
from a previous configuration. This method of specifying the
select code parameter assumes the System 45 to be the active

controller on the bus.

sCs Select code sequence. This sequence specifies one or more
device bus addresses with the form {ssaa.scg}, where {ss} is a
one or two digit interface select code {1-12) and {aa} is a two
digit device address (0-30). Multiple device bus addresses are
separated by commas, and may include a secondary com-
mand sequence {.scg} as described in the next section. Use of
a select code sequence (scs) assumes the System 45 is the

active controller on the bus. A typical statement looks like:

SCS
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— SCS

The following statement represents a variation of the scs, and

is recognized and accepted by the system:

The above two statements are equivalent QUTPUT state-

ments.

Negative select code sequence. This sequence specifies one
or more device bus addresses with either the form
{— ssaa.scg} or {— ss,aa.scg,aa.scg...}. The parameter {—ss}
is a negative one or two digit interface select code, {aa} is a
two digit device address, and {.scg} is the secondary
command group with a terminator added as necessary
(secondary commands are discussed in the next section). The
first form of the negative select code sequence is used to send
secondary commands to a device previously addressed
without reconfiguring the bus. The second form is used to
add one or more devices to the list of listeners already
addressed to listen from a previous bus configuration. Both
forms assume the System 45 is the active controller on the

bus. Typical statements look like this:

(form 1)

{form 2)

— scs
The first statement is valid only if device 06 was the last
device addressed to listen, and serves to send the secondary
commands 13, 20, and 27 without reconfiguring the bus. The
second statement is valid only if the bus has been previously
configured for the System 45 to talk, and serves to add de-
vices 13, 20, and 05 to the list of listeners for data output.

Note that not every HP-IB statement allows you to specify a select code using all four of the

methods described here. A list of the allowable select code specifications for the HP-IB state-

ments is in Appendix C under HP-IB Command Bus Sequences. The results of executing a

statement using the different methods of specifying the select code is shown in the table, as well

as which methods are not allowed.
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Except for the Configure Bus statement, all [/ O operations which have a select code sequence
automatically transmit the System 45’s preset talker/ listener address and the specified device
address code(s) in the appropriate order on the bus. When the System 45 is the active control-
ler, the address sequence includes the bus Unlisten command to clear all devices previously set
to listen. The sequence of actions for a data transfer on the bus is as follows:

OUTPUT INPUT
1. System 45 Talk adcress 1. Device Talk address
2. Unlisten 2. Unlisten
3. Device Listen address(es) 3. System 45 Listen address

After the transfer, the bus is left setup as addressed for the data transfer.

Secondary Commanis

When communicating among devices which use extended addressing on the HP-IB, the de-
vice’s extended address is specified by adding two more digits to the select code parameter.

The complete syntax of an exiended address is illustrated by the following output statement:

TS

Interface  HP-IB Secondary Secondary Terminator
Select Code Address Command Command
(0-30) (0-31) (0-31)

The use of extended addressing or secondary commands is provided for in the bus definition
(IEEE Std. 488-1975). The pr mary address of a bus device can be followed by another byte of
addressing or command infor nation with an allowed range of 00 through 31 having the Sec-
ondary Command Group (SCG) bits (5 & 6) set. These optional bytes are automatically sent

when the additional Extended Address digits are specified in the select code parameter.
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The secondary command field is terminated by a secondary command greater than 31 to allow
you to send a final secondary command of 00. A maximum of twelve digits are allowed in the

select code parameter. For instance, the statement

would produce the following results when stored:

The actual secondary command sent is 20. Using the terminator 40 would change the

statement to

and produce the result

The secondary commands actually sent are 20 and 00.

To illustrate the bus sequence for extended addressing, the above output statement initiates the
following sequence:
1. System 45 Talk address
Unlisten
Device Primary address 05

2
3
4. Secondary Commands 20 and 00
5

Data

Non-Active Controller Addressing

When a device is not the active controller on the bus, it cannot address other devices to talk or
listen. If the System 45 specifies a device address in an 1/ O operation while not the active
controller, an error message occurs. The System 45 can still send Data and other messages
when addressed to talk or listen, however, by specifying the select code of the interface with no
device addresses. The System 45 waits until it is addressed to talk or listen before transferring
any data if it is not the active controller and only the interface select code is specified. The
OUTPUT statement waits until addressed to talk, and the ENTER statement waits until addres-

sed to listen. For example, the following sequence sends a Data message {contents of

when addressed to talk:

kX

o

1 IR Y]

CUTPUT 7iaf THIZ 1

IS SPECTI

s
Fau 0y o
=1

I THE QUTPUT STATEMEMT WRITS UMTIL ADDRE
i
1
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Device Communication

The Data message is the primary reason for the existence of the interface bus. The Data
message exchanges device-dependent data among bus devices, and consists of one or more
8-bit bytes sent across the bus. The Data message is transmitted from one Talker to one or more
Listeners on the bus according to the format specified in the IEEE 488-1975 Standard. The
Data message can range from :ontrol information to device measurement values to program

listings, and may be terminated implicitly or explicitly.

Data Output

The OUTPUT statement can »e used to transfer device-dependent information from the
System 45 (Talker) to one or mcre devices (Listener) on the bus. More than one device’s HP-1B
address can be included in the statement syntax, and each device address can include one or
more secondary commands.! $pecifying a negative interface select code causes data to be
transferred without reconfiguring the bus. By not reconfiguring the bus for an HP-IB operation,
the device previously designated as Talker and the devices previously designated as Listeners

remain addressed as Talker anc Listeners, respectively, for the next transfer. For example:

Data Input

The ENTER statement can be used to transfer device-dependent information from a device on
the bus to the System 45. Orly one device may be addressed (as Talker) in the ENTER
statement syntax, and if a negative device address is specified no change is made to the
previous bus configuration, but any specified secondary commands are sent. One or more
secondary commands’ can be included in the device address. The following examples illustrate

extended addressing and receiving data without reconfiguring the bus:

i

EMTER

o
o

iz

173 I N TEVICE T

148 EHTER I FRI 7 ADDRES ADDRESS 13, DATA A
1589 EMTER U ENTER, DOMST REC I LS CCOMTROLLER »
1583 EMTER PoLEIT | TO LISTEH CHOM-COMTROLLERE D
iva !

1 Secondary command and Secondary aldress are terms used synonomously. Their interpretation depends on the device
addressed.
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Device Control

The Trigger Statement

The Trigger statement sends a Trigger message from the active controller to a selected device
or group of devices. The purpose of the Trigger message is to initiate some device-dependent
action: for example, to trigger a digital voltmeter to perform its measurement cycle, or a digital
voltage source to switch to a new setting. Because the response of a device to a Trigger
message is strictly device-dependent, neither the Trigger message nor the interface indicates

what action is initiated by the device.

Syntax:

Specifying only the interface card’s select code {(
all devices currently addressed to listen on the bus. Including device addresses in the statement
triggers only those devices addressed by the statement. The System 45 cannot respond to a

device trigger from another controller on the bus.

The following example presets functions on a frequency counter and a voltmeter, then outputs
a Trigger message (line 250) to simultaneously initiate action on both devices. Line 260 then
inputs data from the DVM.

DUMTER F
METER FL
FOTHE CON
R THE METER R

OUTEUT
TRIGGE

FRINT “WOLTH
!
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The Reset Statement

The Reset statement provides . means of initializing devices to a predefined device-dependent
state. When the Reset statment is executed on an HP-IB interface, the Clear message is sent
either to all devices or to a sele:ted set of devices as specified in the statement syntax. Only the
active controller can send a C ear message. The Clear message is single-valued in the sense
that it is either true or not true on the bus.

Syntax:

[ ] SCS

[ ] isc

Specifying only the interface select code outputs a Device Clear (DCL) command to all devices
capable of responding to the DCL command. Specifying device addresses
{e.g., ;
specified device(s).

1) outputs ¢ Selected Device Clear (SDC) command which resets only the

For example

i
14

The Remote Statement

The Remote statement outputs a Remote message which enables devices on the bus to switch
over to remote program contro! from local front panel control. If the device is addressed by the
Remote statement, it switches to the remote state. A device in the remote state may be designed

so as to remain unresponsive t» some or all of its front panel controls.

Syntax:

[ ] sCS

[ ] isc

The Remote message is automatically sent whenever the System 45 as system controller is
switched on, or reset. This is accomplished by setting the REN line true. Therefore, as soon as a
device is addressed, it goes into the Remote state. A device can be prevented from being
switched to local from a front p.anel switch by sending the Local Lockout Message. (Refer to the
Local Local Statement.) The S'ystem 45 must be the system controller to execute the REMOTE
statement.
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The Local Statement

Executing the Local statement sends the Local message, which returns the specified devices to
local, front panel control. During system operation, it is sometimes necessary for an operator to
interact with one or more devices. For instance, an operator might need to work from the front
panel to make special tests or to troubleshoot. Also, it is generally good systems practice to

return all devices to local control upon conclusion of automatic operations.

Syntax:

When the LOCAL statement is specified with device address(es), a Local message (GTL) is
output to the specified devices. The System 45 must be the active controller to send the
LOCAL message.

When no device addresses are specified, executing the LOCAL statement outputs the Clear
Lockout/ Local message. This message returns all devices to local, front panel control, au-
tomatically clearing a previous Local Lockout message if it is still in effect. The System 45 must

be the System Controller to send the Clear Lockout/ Local message.

Examples:
48 LOCAL 7F I RETURM ALL DEVICES TO LGCAL
58 LOCARL 712,15 I DEVICES 12 AMD 15 TO LOCAL
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The Local Lockout Statement

The Local Lockout message 'LLO), sent by executing the LOCAL LOCKOUT statement,
prevents an operator from returning a device to local control from its front panel. This message
can be sent only when the System 45 is the active controller, and is sent to all devices on the
bus. As long as Local Lockout is in effect, no bus device can be returned to local control except
by the system controller itself: this maintains automatic system integrity. The Local Lockout
message effectively locks out the ‘‘local’’ switch present on most HP-IB device front panels,

and prevents a casual passer-by from interfering with system operations by pressing buttons.

Syntax:

isc: The select code of the HP-IB interface is the only parameter
for the LOCAL LOCKOUT statement.

The Local Lockout message is cleared when the Clear Lockout/Local message is sent by
executing the LOCAL statement. Note that the Abort message (ABORT IO statement) does not
cancel the Local Lockout message.

It is generally good practice to send the Local Lockout message when there are devices on the

bus that are used for other purposes. The following statement sets local lockout for HP-IB
interface 7:

HP-IB Serial Poll

The Serial Poll is a sequential poll of individual devices on the bus. One byte of device status is
returned by each device in rusponse to a Serial Poll. This byte is called the Status Byte
message, and depending on “he device, may indicate an overload, a request for manual
service, printer out of paper, etc.

The STATUS statement of this section performs a Serial Poll when the System 45 is the active
controller on the bus. The REQUEST statement enables the System 45 to respond to a Serial
Poll when some other controller on the bus is the active controller.

85




86 HP-IB Operations

The Read Status Statement

A device capable of responding to a Serial Poll returns its status byte when requested by a
Serial Poll. The STATUS statement obtains the device status byte and places the decimal

equivalent value of the status byte into the variable specified by the STATUS statement.

Syntax:

SCS:

var:

A standard select code sequence is allowed with the excep-

tion of secondary addressing, which is not allowed.

The variable parameter specifies a numeric variable for the

returned decimal equivalent of the device status byte.

The following example obtains device status from device 05, select code 7:

Stat bood SERIAL POLL OM DEVICE 3

The Request Service Statement

The System 45 can request service from an active bus controller by executing the Request

Service statement. This statement can be executed any time the System 45 is not the active

controller on the bus. Bus configuration is not altered (and cannot be altered except by the

active controller) by the Request Service Statement.

Syntax:

response byte:

isc; response byte

The response byte parameter is either a numeric expression
with a value between O and 127 inclusive, or a string of seven
characters (i1 or 1) representing the response byte in binary
form. The response byte is sent by the System 45 in response

to a serial poll from the active controller.
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Setting bit 6 of the response byte parameter will cause the SRQ line of the bus to be set true by
the System 45. The SRQ line i not reset until the active controller conducts a serial poll to the
System 45 or another REQUEST statement is executed with bit 6=0. Setting bit 6 of the
response byte also enables the Parallel Poll response bit in the case of a Parallel Poll conducted

by the active controller.

HP-IB Parallel Poll

The Parallel Poll is the fastest means of gathering device status on the HP-IB when several
devices are connected to the bs. Each device responds with one bit of status in response to a
Parallel Poll, making it possible to obtain device status on more than one device at once. When
a device responds to a Parallel 20ll, more information as to the specific status of the device can
be obtained by conducting a Serial Poll to the responding device.

The Parallel Poll Configure Statement

Certain devices can be remotely programmed by the active bus controller to respond on a
specific bit for a Parallel Poll. The logical state of the response (1 or 0) as well as the bit number

(0—7) for the device can be programmed by the Parallel Poll Configure statement.

Syntax:

[~]scs: mask

- isc; mask

mask: The mask is a numeric expression to be converted to a binary
integer or a string mask of characters i and &L The least
significant 3 bits of the numeric expression or the string mask
are used to determine which line number (Status bit) the
device(s) is to respond on. The fourth bit specifies the *‘true”’
state of the Parallel Poll response bit of the device(s).

This statement should only be "1sed with HP-1B devices having remote parallel poll configura-
tion capability. The 98034A HP-IB interface card has only a switch-selectable response to a
Parallel Poll from another contioller and cannot be remotely configured for a Parallel Poll.
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For example, the following two statements configure a Parallel Poll response of ‘*‘0’’ true on bit

4 from device 06:

|
1

"ERREE ] G SFOMHD OH BIT 4 WITH A @
4 I EGUIVALEWT TO AEOVE STATEMEMT

COMFIGURE 7@
COHFIGURE 784

L
L

The Parallel Poll Unconfigure Statement

This statement gives the System 45 (as active controller) the capability of disabling Paralle] Poll

responses from one or more devices on the bus.

Syntax:

If no device addresses are specified, all bus devices are disabled from responding to a Parallel
Poll. If device addresses are specified, the specified devices having a Parallel Poll Configure

capability are disabled.

The following statements perform the following: 1) disables all devices from Parallel Poll

response 2) disables device 06 only:

450 PPOLL UMCOMFIGURE Hpib | DISAELE ALL FROM PARALLEL POLL
48
478 PPOLL UMCOMFIGURE 785 ! DISARLE PARALLEL FOLL FOR DEY &

The Parallel Poll Function

The Parallel Poll function can be executed when the System 45 is the active controller, and
returns a single byte representing the 8 Status Bit messages of the devices on the bus capable of
responding to a Parallel Poll. Each bit corresponds to the status bit of the device(s) responding

to the Parallel Poll. (Recall that one or more devices can respond on a single line.)

Syntax:

L isc !

[
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If a parallel poll is taken from an inactive select code, the value returned is zero (0).

For example...

FO_L

iEALLEL POLL

Bus Management

The bus management stateme:nts allow you to configure the bus for your own specialized
application, to send multi-line commands and data fields for full device-dependent control, and
to relinquish control of the bus to another, non-active controller. Another statement, ABOR-
TIO, allows the System 45 to terminate bus activities and resume system controller respon-

sibilities when circumstances require immediate action.

The Configure Bus Statement

The Configure Bus statement is provided for applications where the System 45 is not directly
interacting with data transfers on the bus, or where one talker on the bus sends data to one or
more listeners. The Configure Bus statement can be executed only when the System 45 is the
active controller on the bus.

Syntax:

[. deve[. devs]]...

devz [. devs[. devs]]...

devi1: The talker device address can be any valid HP-IB device ad-
dress specification.

devz-devn: Any number of valid listener device addresses can be

specified.

The bus remains in the configuiation set by the CONFIGURE statement until it is changed by
another HP-IB operation.
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The special case where the System 45 is not set up as either the talker or as the listener by the
CONFIGURE statement needs further explanation. Your program must read the status of the
interface to check for EOI (End or Identify). This information is available in the STATUS
section of the Elementary 1/ O Operations chapter. The EOI status bit, when set, indicates the
data transfer is complete and that the System 45 can initiate other HP-IB operations.

If the System 45 is set up by the CONFIGURE statement as one of the bus listeners, it is
necessary to follow the CONFIGURE statement with an ENTER! or READBIN! statement.
Likewise, where the System 45 is set up as the bus talker by the CONFIGURE statement, an
OUTPUT" statement is necessary.

For example...

COMFIGURE Hpib TALE - LISTE: 1,9,1 i JICE F OIS TALKER.
j DEVIZES 1,%, AMD 15 ARE LISTEMERS. (SYSTEF 5 MOT ADDREESSED
I

COMFIGURE Hpdb TALE = LISTEMER,

PO DEMICE 7 IS TA

!

COMFIGURE Hpdib LISTEW = 1,9,15 | SYETEM 45 IS5 TALKER,

! DEVICES 1,9, fAMD 15 ARE LISTEHERS

The Send Bus Statement

The SENDBUS statement provides you with the capability of directly specifying command and
data sequences as either ASCII characters or numeric expressions. All HP-IB commands and
addresses can be sent, allowing you to custom-tailor your own HP-IB address and command

sequences.

Syntax:

scs: commands [; data][; commands][; data]...

commands: The commands field is a sequence of address{es) and com-
mands, and can be specified as either numeric expressions
separated by commas, or a single string expression. Com-

mands are sent with ATN true.

1 These statements are executed with a negative interface select code specified or the interface select code with no device
addresses.
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data: The data field is a sequence of data specified as either
numeric expressions separated by commas, or a single string
expression. Data is sent with ATN false, and is not automati-
cally terminated with any default control characters such as

carriage-return or line-feed.

The System 45 must be the active controller to execute the SEND BUS statement. The
SENDBUS statement gives you extensive control over the HP-IB command and data transfers,
so be certain you completely understand the bus configuration and command set of your
particular HP-IB system before using the SENDBUS statement. Unexpected operation and / or
loss of data may result from irr proper utilization of the SENDBUS statement capabilities. For
instance, the result of specifyin(g another device’s talk address or the System 45’s listen address
in the command field is that the following data field is not sent.

Some devices require parity to accept commands, and the SENDBUS statement does not
generate parity. You must specify commands with the proper parity to satisfy those devices

requiring parity. For example,. .

THE COMMANDE

I

I THESE ARE MY TH
| .

|

OOD FARRITY
IH THE HUMER
240 SEMDEBUE 7iE17, 191,37
238 STOR

A bt

The Pass Control Statement

The Pass Control statement implements the Pass Control message. When the System 45 is the
active bus controller, it can spe:ify another, nonactive controller to be the active bus controller.
As the other device become: the active controller, the System 45 assumes a nonactive
controller role. The System 45 becomes, in effect, a bus device that can be addressed to talk or

listen.

Syntax:
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When the System 45 is the active controller and executes the PASS CONTROL statement, the
System 45 becomes a bus device. As a device, it cannot address other devices to talk or listen.
To enter and output data while the System 45 is a nonactive controller, you must specify the
interface select code without device addresses or secondary commands in the ENTER and
OUTPUT statements.

When the System 45 is not the active controller on the bus, control can be passed back to the
System 45 by the active controller. An end-of-line branch condition can be enabled for this
event by using the CONTROL MASK, CARD ENABLE and ON INT statements. The program
will branch to the service routine for that select code when control is passed to the System 45.

For example...

HO-0OF-LIME BRAMCHES.
i OH RCTIVE COMTROLCLER.

AR
L

N N o R N R
[ I )

iy
AU KR 7

COTS 7oA

Cortrol %=
PRIMT "“SWSTEM 45
CoTo Foa

SRS .

I et e
A
—
)
=
T
0
-
=
m
]
s |
ray
-~
e
[
=
=
]
el

[ I
I

The Abort 1/ O Statement

The purpose of the Abort [/ O statement is to reset the interface functions of all devices on the
bus. This statement can be executed when the System 45 is the system controller on the bus.
The message sent on the bus is the Abort message, which returns the System 45 (must be the

system controller) to active bus control.

Syntax:




ENTER Capabilities

FORMATTED (Freefield or Image) NOFORMAT
Variable
Termination | ON INT| Convert | Overlap® | Overlap* | Termination | ON INT | Convert| Overlap® | Overlap* List
Branch?|& Parity?| Compute? 1/0? Branch | & Parity|Compute?] 1/0? Limitations
BHS Variable size, Yes, if With Variable size With Not
pfault error condition, No Yes listis a INT, DMA or EOI No No Yes INT, DMA ik
andshake LF or EQOI? string var. | transfers' transfers
VHS Variable size, Yes, if With Variable size With
Jandshake | error condition, No Yes listis a INT, DMA or EOI No No Yes INT, DMA
LF or EOI? string var. | transfers® transfers
INT Variable size, Yes, if With HS, | Variable size With
Interrupt | error condition, Yes Yes listis a INT, DMA or EOI Yes No Yes HS, INT,
LF or EQI* string var. | transfers DMA
JINT Variable size, Yes, if With HS, ! Variable size With Not
Interrupt | error condition, Yes Yes listis a INT, DMA or EOI Yes No Yes HS, INT,
LF or EOI? string var. | transfers DMA
FHS COUNT COUNT Only 1
e Fast parameter Yes Yes No No parameter Yes No Yes No Variable
dshake or EOI not
-
FHS COUNT COUNT Only 1
Fd Fast parameter Yes Yes No No parameter Yes No Yes No Variable
dshake
DMA COUNT With HS, COUNT With INT, Only 1
Direct parameter Yes Yes No INT,FHS parameter Yes No Yes HS,FHS Variable
Fy Access transfers transfers
|
IDMA COUNT With HS, COUNT With INT, Only 1
H Direct parameter Yes Yes No INT,FHS parameter Yes No Yes HS,FHS Variable
ry Access transfers transfers not
R-VAR Source or
able to Destination No Yes No Yes
ariable Variable size
ansfers must be in effect before initiating the handshake transfer.
R waits for a Line-Feed or EOI to terminate operation, unless the image reference specifies a ““%’’ or *“+'' or “#°'.
ap Compute: Does the program continue executing when the I/ O transfer occurs?
hp I/ 0: Does the I/ O transfer allow concurrent I/ O operations to another select code?

TRANSFER TYPES

OUTPUT Capabilities

Appendix >

FORMATTED (Freefield or Image) NOFORMAT
Variable
Termination | ONINT | Convert | Overlap® | Overlap* | Termination | ON INT [Convert | Overlap®| Overlap* List
Branch? | & Parity | Compute? 17 0? Branch? |&Parity? [Compute?] 1/0? Limitations
BHS End of With End of With Not
Default Variable No Yes Yes INT, DMA Variable No No Yes INT, DMA d
Byte Handshake List or Error transfers' | List or Error transfers!
* WHS End of With End of With Not
Word Handshake Variable No Yes Yes INT, DMA Variable No No Yes INT, DMA : :
List or Error transfers' | List or Error transfers'
BINT End of With INT End of With INT Not
Byte/ Interrupt Variable Yes Yes Yes HS, DMA Variable Yes No Yes HS, DMA
List or Error transfers | List or Error transfers
WINT End of With INT, End of With INT, Not
Word / Interrupt Variable Yes Yes Yes HS, DMA Variable Yes No Yes HS, DMA :
List or Error transfers | List or Error transfers
BFHS End of End of Only 1
Byte Fast Variable Yes Yes Yes No Variable Yes No Yes No Variable
Handshake List or Error List or Error not
WFHS End of End of Only 1
Word Fast Variable Yes Yes Yes No Variable Yes No Yes No Variable
Handshake List or Error List or Error not
BDMA End of With End of With Only 1
Byte Direct Variable Yes Yes Yes INT,HS Variable Yes No Yes HS,INT Variable
Memory Access List or Error transfers List or Error transfers not
WDMA End of With End of With Oniy 1
Word Direct Variable Yes Yes Yes INT,HS Variable Yes No Yes HS,INT Variable
Memory Access List or Error transfers | List or Error transfers not
VAR-VAR End of
Variable Variable No Yes Yes Yes
to Variable List or
Error?

1 The INT and DMA transfers must be in effect before initiating the handshake transfer.

2 An Error 17 occurs when the amount of data exceeds the size of the destination Variable.

3 Overlap Compute: Does the program continue executing when the [/ O transfer occurs?
4 Overlap 17 O: Does the I/ O transfer allow concurrent1/ O operations to another select code?
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PAUSE:

STOP:

RESET

Appendix B

Halting Program Execution

Pressing the key while a program is executing and any
[/0 is in progress stops the program but allows any [/0O in

progress to run to completion.

Pressing the key while a program is executing with [/ O
in progress stops the program and allows any input in prog-
ress to run to completion. Any output in progress terminates

with the end of the current line of output.

Cc
Pressing ° while a program is executing and [/ O is
in progress stops the program and immediately terminates all

[/0. It is possible that under certain circumstances a
SCRATCH ALL will be executed if the System 45 is reset

while [/ O is in progress.

NOTE

Resetting the System 45 while 1/ O is in progress can result
in a SCRATCH ALL. Programs and data are lost when this

occurs, so reset with caution!
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End-of-Line Execution

The attached flowchart illustrates the decision process associated with each program line. At
the end of a program line, interrupt and ON KEY status is checked to determine if an end-of-

line program branch is to be taken.

The flowchart on the following page depicts the ROM-level processing done upon receipt of an

interface interrupt, and the log-in-table used to maintain a record of interrupts received.
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Peripheral Interfa
Interrupt

>

Is an
Interrupt
Transfer in
Progress?

Is all data
transferred?

Is an
ON INT stmt
active for this
select code?

Transfer next
word or byte
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Log in End-of-Line !
Branch for this select i

(See Log-in Table)

Disable Interface
from further interrupts

=

End-of-Line Branch Log-In Table

Select
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Select
Code
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98630A-9825A-9845A
1/0 Comparisons

This section presents you with a brief look at some of the ways in which /O operations are
accomplished by the 9830A, the 9825A, and the 9845A desktop computers. It is not within the
scope of this manual to provide an extensive statement-by-statement breakdown of the diffe-

rent [/ O syntaxes, but the more fundamental ones are described below.

Output Format Equivalents

Task: Send three bytes, format text, and three fix-field numerics.

9830A
9825A
9845A
Results: CTIPELLY10.297.425.3,C/RL/F
— —_
3 Bytes  |[Format 3 Fixed-Field End-of-Line
Text Numerics Delimiter

Input Format Equivalents

Task: Read the above outpur data.

9830A

9825A

9845A

Results:
d=34K=91,L=93
A$="JELLY”
A=10.2B=97.4,C=25.3
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Functional Equivalents:

]

= -
RS L]

AR
bal L0

o

=

FEETURM Gct
FHEMD

4

s

=
=
f]

4

4
a5
=
g

.
=
o

1

4

1

[ ]

[

9830A 9825A 9845A
RBYTE rdb READBIN
PRINT WBYTE wtb OUTPUT Sc USING “#,B”
CMD cmd CONFIGURE,
SENDBUS
OUTPUT wrt OUTPUT
FORMAT fmt IMAGE
ctbl CONVERT
oni ON INT
ios STATUS
iof IOFLAG
rdi READIO
witi WRITEIO
wtc CONTROL MASK,
CARD ENABLE
eir CONTROL MASK,
CARD ENABLE
rds STATUS
dto FNOct!
otd FNDec?
iret RETURN
POOCTAL-TO-DECIMAL COMYERSION ROUTIHE
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Bus Mnemonic Descriptions

HP-IB Mnemonic Description Octal Value
IFC Interface Clear IFC line true
GET Group Execute Trigger 010
LAG Listen Address Group Device's listen address
MTA! My Talk Address Controller’s talk address
MLA? My Listen Address Controller’s Listen Address
UNL Unlisten Q77
DCL Device Clear 024
SDC Selected Device Clear 004
REN Remote Enable Remote line true
GTL Go To Local 001
PPC Parallel Poll Configure 005
PPE Parallel Poll Enable 140 + mask
PPD Parallel Poll Disable 160
PPU Parallel Poll Unconfigure 025
EOI End or Identify: EOl line true
End if — ATN o EOI
I[dentify (Parallel Poll) if — ATN e EOI

1 980344 Interface’s preset talk address = 125 QOctal
2 98034A Interface’s preset listen address = 065 Octal.



Primary Command Group (PCG)

HP-IB Universal Commands (ATN true)
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Decimal ASCII Interface
Value Character Message Description
0 NUL
1 SOH GTL Go To Local
2 STX
3 ETX
4 EOT SDC Selected Device Clear
5 ENQ PPC Parallel Poll Configure
6 ACK
7 BEL
8 BS GET Group Execute Trigger
9 HT TCT Take Control
10 LF
11 VT
12 FF
13 CR
14 SO
15 SI
16 DLE
17 DC1 LLO Local Lockout
18 DC2
19 DC3
20 DC4 DCL Device Clear
21 NAK PPU Parallel Poll Unconfigure
22 SYN
23 ETB
24 CAN SPE Serial Poll Enable
25 EM SPD Serial Poll Disable
26 SUB
27 ESC
28 ES
29 GS
30 RS
31 us
32-62 SP to > LAG Listen Address Group
(Numbers, special char)
63 ? UNL Unlisten
64-94 @to? TAG Talk Address Group
(Upper case ASCII)
95 — UNT Untalk
96-126 (lowercase ASCII) SCG Secondary Command Group
127 DEL
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HP-IB Command Bus Sequences

Select Code Specifications

isc:  interface select code only
scs:  select code sequence
—isc: negative interface select code only

— scs:  negative select code sequence

Command Sequence
ABORTIO
isc: IFC
S¢St
—isc: Not Allowed
— scs:
LOCAL
isc: REN ¢ ATN
SCS: ATN, MTA, UNL, LAG, GTL
— isc: ATN, GTL
— scs: ATN, LAG, GTL
LOCAL LOCKOUT
isc: ATN, LLO
sCs:
—isc: Not Allowed
— scs:

PASS CONTROL

isc: Not Allowed
scs: ATN, UNL, TA!, TCT, ATN
- isc: ATN, UNL, TA', TCT, ATN
- scs: ATN, UNL, TA', TCT, ATN
PPOLL
isc: ATN & EOL[=100us],ATN e EOI
SCS:
— isc: Not Allowed
— SCS:
PPOLL CONFIGURE
isc: Not Allowed
scs: ATN, MTA, UNL, LAG, PPC, PPE
— isc: ATN, PPC, PPE
— sCs: ATN, LAG, PPC, PPE

1 The Talk address sent is the talk address of the device receiving control.
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Command

Sequence

PPOLL UNCONFIGURE
isc:
scs:
— isc:

— S§Cs!

REMOTE

isc:
scs:
— isc:

— S§CS!

REQUEST

isc:
SCs:

—isc:

— SCs:

RESET

isc:

SCS:

— isc:

— SCs!

SERIAL POLL
isc:
scs:
— isc:

— SCs!

TRIGGER
isc:
SCS:
— isc:

— SCS!

PPU

MTA, UNL, LAG, PPC, PPD
PPC, PPD

LAG, PPC, PPD

REN ¢ ATN

REN ¢ ATN,ATN,MTA,UNL,LAG
REN ¢ ATN

REN o ATN,LAG

SRQ

Not Allowed

ATN, DCL

ATN, MTA, UNL, LAG, SDC
ATN, SDC

ATN, LAG, SDC

Not Allowed
ATN,UNL,MLA,TA' SPE ATN,[DATA],ATN,SPD
ATN,TA' SPE,ATN,[DATA],ATN,SPD
ATN,UNL,MLA,TA',SPE, ATN,[DATA],ATN,SPD

ATN, GET

ATN, MTA, UNL, LAG, GET
ATN, GET

ATN, LAG, GET

1 The Talk address sent is the talk address of the device being polled.



106 Appendix C

108 Appendix D

Key ASCII Key(s) Octal
Code |Character Comments to Pressx» Code
0 NUL | Null [ space bar ] 00
1 SOH | Start of Header () 01
2 STX Start of Text oAy 02
3 ETX | End of Text o 03
4 EOT End of Transmission @ 04
5 ENQ | Enquiry o) (E ) 05
6 ACK Acknowledgement Conrhal 06
7 BEL | Bell (o) (G) 07
8 BS Backspace 10
9 HT Horizontal Tab @ 11
10 LF Line Feed 12
11 vT Vertical Tab @ 13
12 FF | Form Feed (1) 14
13 CR Carriage Return ConrroL @ 15
14 SO | Shift Out o) () 16
15 SI | ShiftIn ) (0 17
16 DLE | Data Link Escape e () 20
17 DC1 Device Control fconTRoL @ 21
18 DC2 Device Control CoNTROL @ 22
19 DC3 Device Control conTeoL 23
20 DC4a Device Control conho @ 24
21 NAK Negative Acknowledgement | (covro @ 25
22 SYN Synchronous Idle onteeL 26
23 ETB | End of Text Block (w) 27
24 CAN Cancel 30
25 | EM | End of Media 31
26 | SUB | Substitute (z) 32
27 ESC Escape @ 33
28 FS File Separator conthoy 34
29 GS Group Separator conraad @ 35
30 RS Record Separator conThox ¥ 36

31 | Us | Unit Separator conTROL @ m 37 |
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Key ASCII Key(s) Octal
Code [Character Comments to Pressx« Code
32 SP Blaak C space bar ] 40
33 ! Exclamation Point @ @ 41
34 “ Douible Quote @ 42
35 # | Poundsign 43
36 $ Dollar Sign 44
37 % Per:zent Sign é 45
38 & Ampersand 46
39 ’ Apostrophe CD 47
40 ( Lef: Parenthesis * 50
41 ) Right Parenthesis @ * 51
a2 - Astarisk G 52
43 + Plus Sign * 53
44 , Corima * 54
45 - Minus Sign (Dash) ) 55
46 Period * 56
47 / Forward Slash * 57
48 0 ] (o) 60
49 1 @" 61
50 2 " 62
51 3 " 63
o2 *  INumerics * o4
53 S5 " 65
54 6 ) 66
55 7 " 67
56 8 " 70
57 9 ) * 71
58 Colon @ 72
59 ; Seraicolon @ 73
60 < Less Than 74
61 = Equal 75
62 > Greater Than 76
63 ? Qu3zstion Mark 77

#Multiple keys must be pressed simultaneously.

“Also can be found among calculator keys.
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Key ASCII Key(s) Octal

Code | Character Comments to Pressx Code
64 @ Commercial At 100
65 A ) @ 101
66 B 102
67 C 103
68 D (o) 104
69 E @ 105
70 F 106
71 G 107
72 H @ 110
73 I @ 111
74 J 112
75 K 113
76 L 114
77 M @ 115
78 N > Capital Letters @ 116
79 o @ 117
80 P (P) 120
81 Q @ 121
82 R (R) 122
83 S 123
84 T 124
85 U 125
86 \4 126
87 W @ 127
88 X 130
89 Y 131
90 Z J 132
91 [ Left Bracket ” 133
92 \ Reverse Slash 134
93 ] Right Bracket ” 135
94 1 Up Arrow * 136
95 — Underscore @ @ 137

#*Multiple keys must be pressed simultaneously.
*Also can be found among calculator keys.
**Shift (and) on calculator keys.

' N N N E EEEENERENEEEREREEEEEEEEE  EEFEEEBTYESS
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Key | ASCII Key(s) Octal
Code | Character Comments to Pressx» Code
96 ! Grave Mark 140
97 a N () 141
98 b 142
99 c 143
100 d (o) 144
101 e (e) 145
102 £ 146
103 g 147
104 h 150
105 i (1) 151
106 j () () 152
107 k (o) 153
108 1 154
1(1)(9) I: ? Noncapital Letters % IZZ
111 o (0) 157
112 p (P) 160
113 q (Q) 161
114 r (R) 162
115 s 163
116 t (1) 164
117 u 165
118 v 166

119 w 167
120 x 170
121 y (1) 171
122 z y (z) 172
123 { Le’t Brace @ 173
124 [ Vertical Line @ 174
125 } Rijzht Brace @ 175
126 ~ | Tilde ) 176
127 DEL Delete f:::;gs;zz . 177

*Multiple keys must be pressed simultaneously.
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) [CLR-END
5 170
(ko) (ki) (k2 (k3 ks ) CkeJ (Ckz )
; 134 135 136 137 138 139 REWIND  REWIND
'\1/IE 2@ T14 T15
140 141
; (ke ) (ko) (ko] [kiJ (kia]) (ki)
0 173 GET LOAD  SAVE  STORE  EDIT  EDITLINE LIST  SCRATCH
150 151 152 153 154 155 156 157

' + BACK STOP CLEAR
= SPACE LINE

51
200 201 55 56 57 3
;/) U Sone f @ @ @
J
U
59 S 51 52 53 54 42
?
/ SHIFT REPEAT 216 E 3
a7 c £ 49 50 51 a5
)|
N
248 249 28 46 v 23
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System 45 I/ 0O ROM Syntax

The following list presents a coicise, formal syntax definition for all of the I/ O ROM statements

and functions.

Conventions and Termns

source |dest:
sC;
isc:

hpa:

da:

All items in dot matrix must appear exactly as shown.

[ ] :  Items within square brackets are optional unless the brackets

are also in dot matrix.

| : A vertical line between two items reads as ‘‘or’’; only one of

the two items may be included.

Three dots indicate that successive parameters are allowed,

when each is separated by a comma.

{} : When more than one item appears in an item list with no

separators, individual items are within braces.

sc|string variabl2|numeric array
isclisc,da|hpa|-isc|—isc,da|] —hpa
interface select ode
Three or fou- digit HP-IB device bus address sequence (for example
705,712.1014, etc.) See the description of da below for rules regarding the use
of secondary commands.
One or two digit device address sequence (i.e.,5,12,03) separated by commas.
Note that a secondary command sequence can follow any device address. The
secondary command sequence is set off from the device address by a decimal
point and terminated by a secondary command >31. The entire device address

and secondary command expression is limited to twelve digits.

115
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transfer: [typel [ % {image} ] | [type]

Etype: itfr] {htfr} N]|tfr

N: Byte or word transfer count

type: itfr|htfr|tfr

itfr: {5 " (Byte or word interrupt handshake)

("

htfr: } (Byte or word fast handshake or direct-memory access)
tfr: (word handshake)
list:
variable names
array identifiers
numeric expressions
string expressions
Syntaxes

iliisc
This statement is used to reset the interface functions of all HP-IB devices on the bus and

return control to the System 45 if it is system controller.

‘expl.exp2:
This function returns the binary AND of the values specified by exp 1 and exp 2.

Lexp i
This function returns the binary complement of the value specified by exp.

texpl.exp2i
This function returns the binary EXCLUSIVE OR of the values specified by exp 1 and
exp 2.

F texpl,exp2:
This function returns the binary INCLUSIVE OR of the values specified by exp 1 and
exp 2.

exp 1, {exp 2}|{string exp}

This function returns a value of 1 or 0 as follows:

e When exp 2 is a numeric expression, a 1 is returned when the bit position of exp 1 that is

specified by exp 2is a 1.
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e When a string expression is specified, it is used as a mask for testing the bit pattern of
exp 1. A 1is returned when the string mask matches the bit pattern of exp 1. Any charac-

ter of the mask thatis not a ! or & character represents a don’t-care state for that bit.

isc

This statement enables the specified interface card to generate end-of-line program inter-
rupts. The CONTROL MASK word is stored into the interface’s R5 register by the CARD
ENABLE statement.

da2[,da3...]]

This statement allows HP-IB data transfers not involving the System 45 to take place on
the bus. If the TALK addrzss parameter is excluded, the System 45 is assumed to be the

talker; if the LISTEN address parameter(s) is excluded, the System 45 is assumed to be
the listener.

isc; bit mask
This statement establishes an end-of-line branch mask byte. The numeric or string expres-
sion specified for the bit mask is converted to a 16 bit integer: bits set in the integer enable

the corresponding end-of-line branch conditions from the interface. The string expression

"dest; “mode *{, string[, parity]} | {[. string]. parity}

“dest; "mode”, expl Tiiexp2[. parity]
This statement establishes a conversion table and optionally generates and checks parity

for 1/ 0O operations. The siring specified indicates the conversion table to be used.

The mode parameter is specified as follows:

e | — input only conversioris

e I} — output only conversions

e 1ii — the conversion tablz specified is used for input, and an inverse table is generate.d
for output.

e i1 — the conversion table specified is used for output, and an inverse table is generated

for input.

The parity parameter is a numeric value specified as follows:
o 0 — Parity bit is always reset (0).
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e 1 — Parity bit is always set (1).
e Even value (#0) — Even parity is generated and checked.
¢ Odd value (# 1)— Odd parity is generated and checked.
Single character conversions can be specified by the second syntax, CONVERT...TO... Suc-

cessive statements can be executed, and their values are placed in the appropriate position of
the conversion table generated by the first CONVERT...TO...statement for that select code.

dest; mode

This statement turns off conversions previously specified for the dest parameter.

{sc} {Etype} [
source [

mage]; enter list

image]: enter list

This statement is used to initiate a transfer of data into the specified list. Two basic syntaxes are

available as shown above, with parameter meanings as follows:

—  This optional keyword is used for internal transfers only. Specifying BYTE causes
one byte per word to be transferred from the source string or array, whereas
omitting BYTE causes two bytes per word to be transferred from the source string

or array.

image — valid input IMAGE specifiers are:

Numeric freefield input using a decimal point radix symbol. Leading spaces

are ignored, non-numeric characters are delimiters.

H Numeric freefield input using a comma for the radix symbol. Otherwise identi-

{n}ii Numeric input of {n} characters per data item with a decimal point radix sym-

bol. Non-numeric characters are counted but not entered.

{n}i: Numeric input of {n} characters per data item with a comma radix symbol.

Otherwise identical to .

H Binary input of 8 bits per numeric or numeric array variable.

Binary input of two 8 bit bytes per numeric or numeric array variable. The first

byte received becomes the 8 most significant bits of the variable.

[+ Binary input of 16 bits per numeric or numeric array variable.
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For the E,

incoming binary value is convetted to the appropriate data type.

‘, and i specifiers, if the input variable is a full or short precision real variable, the

String variable freefield input with a line-feed delimiter. Carriage-returns not
immediately fcllowed by a line-feed are entered into the string. Input to a

variable terminates with a line-feed or when the dimensioned string length is

exceeded.
{n}H String variable input of {n} characters.
{n}= Causes {n} input characters to be skipped.
{n}.” Causes all characters up to the next {n} line-feeds to be skipped.

Causes line-feed to be canceled as terminator, and must appear before any
other image specification in the image list. Data entry terminates with the last
item in the list or EOI.

Cancels the HP-IB EOI as a terminator and must appear before any other
image specificetion in the image list. Data entry terminates when the last item
in the enter list is received.

Cancels both EOI and line-feed as terminators, and must appear before any

other items in the image list.

{n} ¢ Items or groups of items enclosed in parentheses are replicated {n} times.

enter list - Allowable items in the enter list include:
o Full precision variables
o Short precision variables
e String variables
e String array variables
e Full or short precision numeric arrays
e Integers
The optional form SENTER specifies sequential execution of the ENTER statement with

respect to other SENTER and SOUTPUT statements when the program is the OVERLAP

mode of execution.
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..isc[; {sequence[. delay]} delay]

specifier of the OUTPUT image reference with the specified sequence. The delay parame-
ter specifies the milliseconds of delay before initiating another line of output. The EOL

sequence can be specified by either a string variable or expression.

fisc
This function returns a value of 1 when the specified interface is ready: a O indicates the

interface is busy.

fisc i
This function returns the state of the interface status line: a 1 indicates the peripheral is

operational, a O indicates an error condition.

This function returns the state of the last bit shifted or rotated out of the word specified in
the ROTATE or SHIFT binary functions.

sC
This statement puts the specified HP-IB devices back into their local state. Local Lockout

is not cancelled.

isc
This statement puts all devices on the bus back into their local state and cancels an

existing Local Lockout state.

, sC
This statement sends the Local Lockout message, which prevents an operator from return-
ing a device to local control from its front panel. The System 45 must be the active
controller to execute the LOCAL LOCKOUT statement.

Fisc

This statement cancels the ON INT condition for the specified interface.

.. {label}
This statement enables end-of-line program branches for the specified interface. The

#isc [, priority] i

priority parameter sets the priority level for the end-of-line branch, and the system priority
level is set to the level of the end-of-line branch for the duration of the subprogram.

Program transfer is to the subprogram specified by {label}.
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#isc [, priority] {line identifier}

This statement enables end-of-line program branches for the specified interface. The
priority parameter sets the priority level for the end-of-line branch, and the system priority
level is set to the level of the end-of-line branch for the duration of the subroutine.

Program transfer is to the subroutine at the specified line identifier.

it {line identifier}

This statement enables ¢nd-of-line program branches for the specified interface. The
priority parameter sets th 2 priority level for the end-of-line branch. System priority is not

redefined, and program transfer is to the specified line identifier.

T {dest} {transfer} ; data list
This statement transfers cata in the list to the specified destination. Items in the data list
are separated by commas or semicolons and include:

e Full precision variables

e Short precision variables
e String variables

¢ String arrays

e Numeric arrays

e Integers

If a variable-to-variable OUTPUT is specified, the optional keyword can be included in

the statement as the transfer type. This results in each byte of data in the data list being
transferred to a word {16 bits) of the destination variable.

{n}i Specifies {n} digit positions with a blank fill character.

{n}: Specifies {n} digit positions with a fill character of zero.

{n}= Specifies {n} cigit positions with a fill character of an asterisk.
{n}= Causes {n} blenks to be printed.

{n}i Specifies {n} single string character positions.

Indicates placement of a decimal point radix indicator. There may be only one

radix indicator per numeric specifier.
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{n}i.

{n} -

Indicates placement of a comma radix indicator. There may be only one radix

indicator per numeric specifier.

Indicates placement of a comma in a numeric specification. It is a conditional

character and is output only if there is a digit to its left.

Indicates placement of a period in a numeric specification. It is a conditional

character and is output only if there is a digit to its left.

Indicates a sign position for a + or —. The sign floats to the left of the leftmost
significant digit if S appears before all digit symbols.

Indicates a sign position; + is replaced by a blank. The sign floats to the left of
the leftmost significant digit if M appears before all digit symbols.

Causes output of an E, sign and two digit exponent. This is used for output of

numbers in scientific notation.

Specifies an entire string or numeric field. A numeric is output in STANDARD
format, except that no leading or trailing blanks are output. The current value

of a string is output.

Causes two bytes to be packed into the next two available bytes in the output
buffer. If the source of data is a real variable, it is converted to an integer value
and placed into the output buffer. Values must be greater than —32768 and
less than 32767.

Causes two bytes to be placed in the next available word boundary of the
output buffer. If the source of data is a real variable, it is converted to an

integer value and placed into the output buffer. Values must be greater than
—32768 and less than 32767.

Causes one byte of data to be placed into the output buffer. Values must be
greater than —128 and less than 255.

Outputs an EOL sequence and delay.
Suppresses line-feed, and must precede any other image specifiers.
Suppresses carriage-return, and must precede any other image specifiers.

Suppresses carriage-return/line-feed, and must precede any other image

specifiers.
Outputs a form-feed.

Causes a carriage-return/line-feed sequence to be output.
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{n} © Image specifiers can be replicated {n} times by enclosing the item or group of

items in parentheses.

Text is enclosed in quotes.

.. SC

This statement can be used if the System 45 is the active controller on the HP-IB to specify
another inactive controller on the bus to assume controller functions. The 9845A then

takes the role of a device.

‘isc
This function returns a byte representing the 8 Status Bit messages of those devices on the

bus capable of respondin 3 to a parallel poll. The byte is returned in the form of a decimal
value.

sc: mask

This statement programs “he logical sense and data bus line on which the specified devices
are to respond for a parallel poll. The mask can be specified as a string or numeric value:
the three least significant bits determine the data bus line for the response, and the fourth

bit determines the logical state of the response.

sC
This statement disables the parallel poll response of selected devices. By specifying only

the interface select code, the parallel poll response of all bus devices is disabled.

‘sc
This function returns one 16 bit word from the specified interface. If the interface is an 8

bit interface, the most significant 8 bits are reset to 0.

Ll.iisc, reg; var
This statement inputs a 16 bit value from the register specified by the {reg} parameter on

the selected interface. The value is returned in the numeric variable specified by {var}.

nsC
This statement has two conditional effects:
o [f individual devices are not specified, the remote state for all devices on the bus is

enabled.

e [f individual devices are specified, those devices being addressed are put into the remote

state.



124 Appendix E

When the System 45 is switched on or reset, bus devices are automatically enabled for the

remote state. When a device is addressed to listen, it automatically switches to the remote

state.

Iisc: exp

This statement is used when the System 45 is not the active controller on the bus and
requires service from the active controller. The numeric or string expression {exp} is sent
in response to a serial poll from the active controller. If {exp} is @ numeric expression, it
must have a value between 0 and 127: as a string expression, it must consist of the
characters i and i Bit 6 of {exp} should be set to specify that the System 45 requested

service.

sc
This statement has four effects depending on the manner in which the select code is
specified:

o If the select code of a non-HP-IB type interface is specified, the Reset bit {bit 5) of the
interface control register (R5) is set true (logical 1).

o If the select code specifies an HP-IB interface with no device addresses, a Device Clear

{DCL) message is sent.

o If the select code specifies an HP-IB interface and one or more HP-IB device addresses,
the specified devices are sent a Selected Device Clear (SDC) message.

o If the negative select code of a 98034A interface is specified (i.e -"), those
devices addressed to listen from a prior bus configuration are sent a Selected Device Clear

{SDC) message.

texpl, exp2:
This function rotates the 16 bit binary value specified by {exp 1} as specified by {exp 2}:
o If {exp 2} is positive, the binary value of {exp 1} is rotated to the right by {exp 2} bit

positions.

oIf {exp 2} is negative, the binary value of {exp 1} is rotated to the left by {exp 2} bit
positions.

The last bit shifted out of the word is saved in the save bit, which can be accessed by using

T function.

These statements activate or deactivate 1/0O activities on the specified interface. 1/0
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statements and functions are affected as follows:

Statement Result

OUTPUT = No Output
ENTER = No Change

READBIN = 0
IOSTATUS = 1
IOFLAG = 1
STATUS = 0
PPOLL = 0

sc: commands [; data[: commands[: data]] ]...

This statement provides complete HP-IB programming flexibility. The commands
parameter can specify taller and listener addresses, multiline universal commands, and
addressed and secondary commands. All commands are sent with the ATN line set true;
no parity is generated. The data parameter can specify any desired device-dependent

information; all items in the data parameter are sent with the ATN line set false.

Individual numeric items in the commands and data fields are separated by commas.

‘(See ENTER)

fisc; exp
This statement establishes a minimum time limit of {exp} milliseconds for the System 45 to

wait for a peripheral to respond to an input or output operation. An end-of-line branch is
requested when the timeout limit is exceeded.

"Tiexpl, exp2!
This function shifts the 16 bit binary value specified by {exp 1} by the number of bit
positions specified by {exp 2}:

o If exp 2 is a positive value, {exp 1} is shifted to the right.

o If exp 2 is a negative value, {exp 1} is shifted to the left.
The last bit shifted out of the {exp 1} is put into the save bit. This bit can be accessed by
using the LASTBIT function.

ITFUT (See OUTPUT)
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:sc; var1[, var2[, var3 [, var4]]]
This statement returns the interface or device status into the variables as follows:
e If the specified interface is not a 98034A, only 1 byte of status is returned. The status bit

patterns are illustrated in this manual in the section covering the STATUS statement.

o If the specified interface is a 98034A, then up to 4 status bytes are returned:
var 1 = fourth interface status byte
(The following three variables are optional and need not be specified in the STATUS statement.)
var 2 = first status byte of the 98034A interface.
var 3 = second status byte of the 98034A interface.
var 4 = third status byte of the 98034A interface.

o If an HP-IB device address is specified, the serial poll status byte of the device is returned

in {var 1}.

This statement disables the System 45 message:

All select codes are affected.

This statement enables the System 45 message:

All select codes are affected.

tisc
The timeout function returns a 1 or 0 value dependent on the cause of the end-of-line
branch. A value of 1 indicates the cause of the end-of-line branch was a device timeout; a

0 value indicates the branch was not a result of a device timeout.

c
This statement is used to initiate device-dependent action from either a selected device or
all devices addressed to listen on the HP-IB,

o If only the select code of the interface is specified, all devices addressed to listen are

triggered; the Group Execute Trigger (GET) message is sent on the bus.

o If one or more device addresses are specified, only those devices specified are triggered.

‘isc, reg #; var
This statement outputs the 16 bit binary value specified by {var} to the specified
register(4-7) of the interface.

{reg #} = the specified interface register.
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OUTPUT Image Specifiers

Image | Replication
Specifier] Allowed? Purpose Comments
Yes Blank Can go anywhere
No Text Can go anywhere
I Yes Digit Fill=Blanks
£ Yes Digit Fill=Zeroes
Yes Digit Fill=Asterisks
= No Sign ‘47 or ="
No Sign “A” or ‘="’
_______ No Exponent Format=ESDD
No Radix Output “*.”
i No Comma Conditional Number Separator
= No Radix Output "’
= No Decimal Point Conditional Number Separator
Yes Characters Strings
Yes Replicate
....... Yes Carriage Control Output EOL Sequence
No Carriage Control Suppress CR-LF
No Carriage Control Suppress LF
"""" No Carriage Control Suppress CR
No Compact Strings or Numerics
No Delimiter
Yes Delimiter Output CR-LF
= No Delimiter Output FF
No Binary Output Two Bytes
No Binary Output One 16 Bit Word
= No Binary Output One 8 Bit Byte




128 Appendix E

ENTER Image Specifiers

Image Replication
Specifier Allowed? Purpose Comments

"""" No Freefield numeric Decimal point radix
No Freefield numeric Comma radix
Yes Digit Decimal point radix
Yes Digit Comma radix

T No Freefield string Line-feed delimiter
Yes Character String
No Binary Input One Byte
No Binary Input Two Bytes
No Binary Input One 16 Bit Word
Yes Skip character String or Numeric
Yes Skip record Records delimited by “‘LF”
No Cancel LF delimiter Must be first specifier

+ No Cancel EOI delimeter Must be first specifier
No Cancel LF and EOI Must be first specifier
Yes Replicate
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Special Considerations

Syntax

¢ An entire string array (i : 1) is not allowed in a DMA or FHS type NOFORMAT

transfer.
e Thereis no printer width ssecification (the WIDTH keyword) for the OUTPUT statement.

e The LIN, TAB, SPA, and PAGE print functions cannot be placed in the QUTPUT state-
ment data list.

e The IOSTATUS and IOFLAG functions cannot be placed in the OUTPUT statement data
list.

e The statement ¢ Z...will be stored as i 4 3...rather than

.because the # character was left out of the syntax. This statement now is

interpreted as a case statement (such as ! ...), where the 17 is assumed to

be the integer function.

Image Specifiers

tion.

e An invalid format specifier gives a & ~ at execution time. (An example

would be using an ENTER image specifier to output a numeric variable.)

e The =, ', and !4 specifiers cannot be of the form = for replication. Instead, use parenth-

eses for replication, such as = ¢ v

¢ Numeric variables are rounded as necessary to fit the associated image specifier for the
OUTPUT USING statement. (For example, if 100.325 is output using
result is an output of 100.33.)
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Terminators

e A numeric item in an enter list is not skipped if the first character received is a comma. This
is different than numeric input for the 9825A, for example, which skipped a numeric item

if a comma was received as the first character.

o Receipt of a horizontal tab does not cause data to be ignored until a LF character is

received, as was done with the 9825A.

e A line-feed character does not terminate an ENTER statement. Data entry continues until

either the enter list or the specified count is satisfied.

¢ Interrupt transfers used with ENTER are terminated only by aline-feed or
an EOI after the enter list has been satisfied, unless a %, +, or * image specifier is present

in the image reference.

e Fast-handshake transfers ( ) used with ENTER are not terminated by a
special character, rather, the count parameter determines the number of words or bytes

input.

e You must specify when a CR-LF sequence is to be output when sending long strings of
data to a printer using the OUTPUT statement. This is necessary because there is no
WIDTH keyword for OUTPUT.

e When inputting string data using ..., the string input is only
terminated when the string is filled. CR-LF does not terminate NOFORMAT string data

input.

e FHS and DMA input transfers (ENTER) require a LF character to delimit string variables.

If the input data (‘‘count’” number of bytes or words) does not contain a LF for each

string, an £ results.

e The only way to send EOI with the last OUTPUT data item is to do Interface control to set
EOI on the interface, then send the last data byte.

data list outputs a CR-LF after the EOL
. L. "; datalist toinhibit

e The statement

sequence. Change the statement to
the CR-LF.

e To use the ENTER statement to input a single byte or word, the # image specifier must be
used with the E, ', or 4 image specifier, or the statement will continue to wait for a LF to

terminate the input operation.

e The #, +, and ¥ image specifiers only eliminate the end of transfer terminator
requirement of the ENTER statement. Each string variable in the enter list that is input

using the 7 (or default) image specifier requires a LF to delimit the string.
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A default OUTPUT data transfer outputs a CR-LF every 256 bytes.

Execution

e You cannot execute the IOSTATUS or IOFLAG functions to the system printer or printall

device.

o A default transfer type (i7" | )} can overlap with previous INT and DMA transfers,
but prevents new INT and DMA transfers from being initiated until the default transfer

completes.

e A card enable to a 980324 interface causes an immediate interrupt because the card is
ready. To prevent this, make the card not ready by executing a WRITEIO to register 7
before the card enable.

o The default format for OUTPUT is identical to the default format for PRINT. A comma
outputs a data item in a 20 character field with trailing blank fill, and a semicolon
suppresses trailing blanks and / or the final CR-LF.

e Setting the System 45 up as both talker and listener (the CONFIGURE statement) causes
the System 45 to hang up.

o All HP-IB commands with the exception of SENDBUS commands are sent with odd
parity, regardless of the parity specified by a CONVERT statement. You should also note
that the System 45 talk and listen addresses are sent with the parity of the primary
address.

oAn ENTER or OUTPUT operation to a 98032A interface enabled to interrupt on

becoming ready, causes the interface to interrupt.

WAC

s caused if an ENTER image specifier is used for OUTPUT.
o ENTER interrupt transfers do not overlap if a numeric variable is in the enter list.

olf a variable does not fit the corresponding OUTPUT image format (for example,
outputting 999.4 using I

1), the format in error is printed to show the error.

o The 98034A card does not allow the EOI interrupt condition to initiate an end-of-line
branch. You must use the STATUS statement to check for EOL

olf an ENTER interrupt transfer is done concurrently with other [/ O operations, the system
can run out of buffer space. At this point, the System 45 pauses until the ENTER interrupt

transfer completes.




132 Appendix E

® If an ENTER operation into a string is performed with no parity specified, all 8 bits are
input. This can cause inverse video and other anomalies to be displayed or printed when

the string is output to the CRT or printer. Specifying parity causes the eighth bit to be reset
when the character is entered into the string, eliminating the display anomalies caused by

the eighth bit being set.

® An inactive select code (SELECT CODE INACTIVE statement) does not change enter list
variables. The values returned by other functions are:
1. READBIN returns 0.
2. PPOLL returns O.
3. IOSTATUS returns 1.
4. I10FLAG returns 1.

® Attempting to output data from one interface and entering that same data simultaneously

from another interface results in a machine deadlock, even in OVERLAP mode.

® An OUTPUT to multiple devices (on HP-IB) uses the CONVERT and EOL specified for
the first parameter in the select code sequence.

For example:

14 I ESAMFLE STATEMEWTS OF SELECT CODE EFFECT oW EOL AND CONVERT.
Pt 5 !

238 COMYVERT FPoilg"0",FA¥F POSET UP COMMERSION FOR DEVICE &1.
4 COHVERT FES; EBF POSET LR COH 1 FOR DEVICE 85
S 1 P SET UP ECL IEHCE FOR E

28] 1 I SET UP EOL SEQUEHCE FOR oE

TH TR 1.3 P OUTPUT Data$ TO DEVICES .

=15 , PR 3Dt P ouTRUT Dwmtas$ TO DEMVICE o,

el OUTFUT ¥,1,5:0ata¥ I QUTPUT Dataf TO DEYICES @1

186 EMD

1. Line 70 outputs % using the CONVERT of line 30 and EOL of line 50.
Identical data is sent to devices 701 and 705.

2. Line 80 outputs % using the CONVERT of line 40 and EOL of line 60.
Identical data is sent to devices 705 and 701.

3. Line 90 outputs using neither CONVERT nor EOL, because the first select
code parameter is an interface select code, and is not either of the devices specified
by the CONVERT or EOL statements,

® DMA and FHS type input transfers (ENTER) that are executed for an inactive select code
do not allocate all the memory necessary for an actual data transfer from an active select ‘

code. Running the same program but changing the select code from inactive to active

=, a memory overflow error.

o - e M E =mwmw BN EBE EEEEREEBEBESEBEEEEE =
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¢ Establishing a timeout limit (SET TIMEOUT statement) for a select code has ditferent

effects based on the type cf transfer being used:

1. INT, FHS, and DMA transfers only check for a ‘‘not ready’’ timeout limit with the

first datum transferred.

2. Default (

datum transferred.

) and WHS transfers check for a ‘‘not ready’’ timeout limit with each

o Hitting the STOP key during interrupt transfers has either of two effects depending on the
direction of the transfer:

') stop the output at the end of a line of

output.

2. ENTER interrupt transfers

entire transfer.

) stop the input at the completion of the

o Hitting the STOP key during a DMA or FHS ENTER operation does not halt the transfer
until all data has been input.
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ARGENTINA
Hewlett-Packard Argenhina
SA

Av Leandro N Alem 822 - 12
1001Buencs Aires

Tel 31-6063.4.5.6 and 7
Telex 122443 AR CIGY

Cable HEWPACK ARG

BOLIVIA

Casa Kaviin S A

Calie Polos” 1130

P D Box 500

La Paz

Tel 41530,53221

Telex CWC BX 5298.1TT 3560082
Cable KAVLIN

BRAZIL
Hewlett-Packard do Brasil

leC Lida

Avemida Rio Negro. 980
Alphaville

064008 arueri SP

Tel 429-3222

Hewlen Packam do Brasil
leC

Rua Padre Chagas 32
90000-Pérto e-RS

Tel (0512) 22- 2998 22 5621
Cable HEWPACK Potto Alegre
Hewlen~Packard do Brasil
1EC. Ltd

Rua Slgueua Campos. 53

20000- Rl do Janeiro
Tel 257-80-94-00D (021)
Telex 391-212-1905 HEWP-BR
Cable HEWPACK

Rio de Janeiro

CHILE

Calcagni y Melcalle lea
Alameda 580-0f

Casilla 2118

Sentiago. 1

Tel 398613

Telex 3520001 CALMET
Cable. CALMET Santiago

COLOMBIA

Instrumentacidn

Henrk A Langebaek & Kier S A
Carrera 7 No 48-75

Apartado Aéreo 6287

Bogota, | D E

Tet 69-88-77

Cable AARIS Bugula

Telex 0

COSTA RICA

Cientifica Costarnicense S A
Avenida 2 Calle 5

San Pedro de Monles de Dca
Apartado 10153

San Jose

Tel 24-38-20. 24-08-19
Telex 2367 GALGUR CR
Cable GALGUR

ECUADOR

Catculators Only
Computadoras y Equipos
Eiectrdnicos

P D Box 6423 CCI

Eloy Affaro #1824.3 Piso
Quito

Tel 453482

Telex 02-2113 Sagita Ed
Cable Sagta-Quito

EL SALVADOR

MEXICO

Hewilett-Packard Mexicana
SA deCvV

Av Pentérica Sur No 6501
Tepepan. Xochimiico
Weoxico 23 0 F

Tel 905-676-4600

Hewlett-Packard Mexicana,
SA deCvV

Ave Constitucidn No 2184
Monterrey, N L

Tel 48-71-32, 48-71-84
Telex 038-410

NICARAGUA
Roberto Terdn G
Apartado Postal 689
Edificio Terdn

nsir
Electromco de el Salvador
Bulevar de los Heroes 11-48
San Salvador
Tei 252787

GUATEMALA
IPESA

ES.
Avenida La Reforma 3-48
Zona 9
Guatemale City
Tel 63627 64786
Telex 4192 Teletro Gu

Tel 25114, 23412,23454
Cable ROTERAN Managua

PANAMA
Electrdnico Baiboa. S A
Box 4929

Catle Samuel Lewis
Cuidad de Panama
Tel 64-2700

Telex 3463103 Curunda

Canal Zone
Cabie ELECTRON Panama

PERU

Compafila Electro Médica S A
Los Flamencos 145

San Isidro Casilla 1030
Lima t

Tel 41-4325

Cable: ELMED Lima

PUERTO RICO
Hewiett-Packard Inter-Amencas
Puerto Rico Branch Dttice
Calle 272,

No 203 Urb Country Club
Carohna 00924

Tel (809) 762-7255

Telex 3450514

URUGUAY

Pablo Ferrando S A
Comercial e (ndustral
Avenida Italia 2677

Casylla de Correo 370
Montevideo

Tel 40-3102

Cable RADIUM Montevideo

VENEZUELA
Hewlett-Packard de Venezuela

CA

P D Box 50933

Caracas 105

Los Ruices Norte

Ja Transversal

Edificio Segre

Caraces 107

Tel 35-00-11 (20 lines)
Telex 25146 HEWPACK
Cable HEWPACK Caracas

FOR AREAS NOT LISTED, CONTACT:
Hewlett-Packard

Inter-Americas

3200 Hillview Ave

Palo ARo. Calformia 94304

Tel (415) 493-1501

TWX' 910-373-1260

Cable HEWPACK Paio Alto

Telex 034-8300. 034-8493
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System 45 1/ 0 ROM Error Messages

Improper select code.

A negative select code was specified that does not match present bus address-

ing.
Parity error.

Either insufficient input data to satisfy enter list or attempt to ENTER from

source into source.

Integer overflow, or ENTER count greater than 32767 bytes or 16383 words.
Invalid interface register number. (Can only specify 4-7)

Improper expression type in READIO, WRITEIO, or STATUS list.

No line-feed was found to satisy -~ ENTER image specifier or no line-feed

record delimiter was found in 512 characters of input.

Improper image specifier or nesting image specifiers more than 4 levels deep.
Numeric data was not received for numeric enter list item.

Repetition of input character more than 32768 times.

Attempted to create CONVERT table or EOL sequence for source or destina-

tion variable which is locally defined in a subprogram.
Attempted to delete a nonexistent CONVERT table or EOL sequence.

[/0 error, such as interface card not present, device timeout, or interface or

peripheral failure. (Interface FLAG line = 0).
Transfer type specified is incorrect type for interface card.

An FHS or DMA type NOFORMAT transfer specifies a count that exceeds the
size of the variable, or an image specifier indicates more characters than will fit

in the specified variable.

s

A NOFORMAT FHS or DMA type transfer does not’start on” an odd-

numbered character position, such as &% [21 .,

Interface status error or an EOI was received on an HP-IB interface before

ENTER list or image specification was satisfied.



