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NOTICE

Hewlett-Packard Company makes no express or implied warranty with
regard to the program material offered or the merchantability or the
fitness of the program material for any particular purpose. The
program material is made available solely on an "as is" basis, and
the entire risk as to its quality and performance is with the user.
Should the program material prove defective, the user (and not
Hewlett-Packard Company nor any other party) shall bear the entire
cost of all necessary correction and all incidental or consequential
damages. Hewlett-Packard Company shall not be liable for any
incidental or consequential damages in connection with or arising
out of the furnishing, use, or performance of the program material.
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Preface

This manual describes how to install the I/0 module and how to use its
functions in typical applications. Where you need assistance to
understand how specific HP-IL peripheral devices respond to HP-IL
module and I/0 module functions, refer to the owner's manuals for those
devices.

The use of many I/0 module functions, particularly the advanced control
functions described in section 5, requires you to understand the
principles of HP-IL operation. Although this manual provides basic
instructions for the I/0 functions, and examples of their use, a
complete discussion of HP-IL principles is beyond its scope. The

HP-IL System: An Introductory Guide To The Hewlett-Packard Interface
Loop, by Kane, Harper, and Ushijima (Osborne-McGraw Hill, Berkeley,
1982) is a sufficient introduction to HP-IL for users of the I/0
module. Complete HP-IL definition and protocol are described in the
HP-IL Interface Specification (HP part number 82166-90017).
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Introduction

The HP 82183A Extended I/0 Module provides 59 functions that enhance
your HP-U41 computer's control of the HP-IL system by expanding I/0
(input/output) capabilities of the HP 82160A HP-IL Module. The I/0
module's functions give you powerful control over a wide variety of
HP-IL devices and allow HP-41 interaction with non-HP-IL instruments
through HP-IL interfaces. 1In addition, the I/0 module provides
specific functions that interact with the file system established by
the HP-IL module on standard mass storage devices such as the HP 82161A
Cassette Drive.

Note: This manual assumes that you are familiar with the
terminology and operation of the HP-41 and the HP-IL Module. For
information about these topics, refer to the owner's manuals that
describe these devices.

Installing and Removing the 1/O Module

CAUTION

Be sure the HP-41 is turned off before installing or removing any
modules. If this is not done, the HP-41 may be damaged or the
system's operation may be disrupted.

The HP 82183A Extended I/0 Module plugs into any HP-41 port. (If any
HP 82106A Memory Modules are plugged in, the I/0 module must be in a
higher-numbered port than the memory modules.) Push in the module
until it snaps into place. When you remove the module, remember to
place a port cap over the unused port.
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When the I/0 module is installed in the HP-41, all of its functions
become available. However, most of these functions operate on the
HP-IL system, and therefore require that an HP-IL system be connected
to the HP-41 and HP 82160A HP-IL Module. Executing an I/0 module
HP-IL function without the HP-IL module plugged into the HP-41
results in the error message NO HPIL.

Extended 1/O Module Configuration and Characteristics

The I/0 module functions are divided into four basic groups: mass
storage functions (section 2), character manipulation functions
(section 3), HP-IL control functions (section 4), and advanced control
functions (section 5).

The functions contained in this module are grouped under four headers
in the [CATALOG] 2 listing:

-X MASS 1A
-X EXT FCN
-X CTL FNS
-ADV CTL FN

Fwn -

The X on the first three headers is a reminder that the functions are
extensions (or, in some cases, duplicates) of similar functions in the
HP-IL module and the HP 82180A Extended Functions/Memory Module. (The
1A on the first header is the revision number for the I/0 module.)

The mass storage functions operate with "standard" mass storage
devices, such as the HP 82161A Digital Cassette Drive. A standard mass
storage device is one whose HP-IL accessory ID is 16. (To determine a
device's accessory ID, refer to the Send Accessory ID message in the
owner's manual for that device.)

The character manipulation functions are designed to give you control
over the contents of the ALPHA register when you use this register as
an I/0 buffer.

The HP-IL control functions provide convenient operation of the HP-IL
system and operate with any type of HP-IL device. The tasks of loop
addressing, designating devices as talkers or listeners, error checking
HP-IL frames, etc., are carried out automatically by these functions.
The description of each function includes the most significant HP-IL
message used by that function. (Refer to the owner's manual for each
device to determine the details of its response to that message.)
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The advanced control functions provide the capability of transmitting
any HP-IL command messages without any automatic loop operations.
Proper use of these functions requires you to be familiar with the
details of HP-IL protocol as described in the references given in the
Preface on page 3.

Using This Manual

For simplicity, extended I/0 module functions (and any other functions
not on the standard HP-41 keyboard) are represented by single, colored
keys--such as [DIRX]. When you want to execute a function, or to key
it into a program, you can do it in either of two ways:

e Using [XEQ] [ALPHA] name [ALPHA].

e Assigning the function to a key using [ASN] and
pressing that key on the User keyboard.

The description of each function is preceded by a summary of the
information required for input and/or returned as output. (For some
HP-IL control functions, the summary also includes the principal HP-IL
message used by the function.) This provides a quick, visual reference
for executing each function. For example:

[FINDAID] (Find Accessory ID) HP-IL: Send Accessory ID
{SAL)

Input : X accessory ID

Qutput: X address

This indicates that:

¢ The name of the function is Find Accessory ID.

e To find the address of a device on the HP-IL, you must place the
device's accessory ID number in the X-register and execute
[(FINDAID],

® The key HP-IL message used by [FINDAID] is Send Accessory ID.

® The function's output, which is the specified device's address,
is displayed in the X-register.

A function that requires an integer input (such as a character code or
an HP-IL address) uses the integer portion of the input number and
ignores any fractional part. If the sign of a number is not used as a
parameter, the function ignores the sign of the input.

Examples of how to use most of the I/0 module functions are provided in
the main text and/or in appendix C.
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/0 Module Functions and the HP-41 System

When a function returns a numeric value to the X-register, the effect
on the stack is the same as for HP-41 functions. That is, if the
function requires an input from the X-register prior to execution, the
HP-41 replaces that input with the result of executing the function

and places a copy of the input in the LAST X register. If the function
requires no input from the X-register, the returned value is entered in
the X-register (and the stack lifts--unless stack 1ift was disabled
prior to execution). All I/0 module functions enable stack lift after
their execution.

The I/0 module functions [ALENGIO] and [X<>FIO] are identical to the
[ALENG] and [X<>F] functions, respectively, in the HP 82180A Extended
Functions/Memory module. The suffix "IO" simply indicates the I/O
module versions of these functions.

The "R" on the I/0 module's [XTOAR] (X-to-ALPHA-Right) function
(which is identical to the [XTOA] function in the extended functions/
memory module) identifies it as the right-side counterpart of the I/0
module's [XTOAL] (X-to-ALPHA-Left) function.

If at any time an error message is displayed by the HP-41 following an
unsuccessful attempt to execute an I/0 module function, refer to
appendix A for an explanation of the error's cause.

Note: When there is a transmission failure on the loop, up to
approximately 40 seconds may elapse before the HP-41 displays an
error message. This is because the computer waits for a response
from the loop before displaying the error message. During this
delay period the HP-41's keyboard may not respond to keystrokes.

Bar Code for Program Examples

Most of the programs in this manual are short enough to allow you to
quickly enter them from the keyboard. However, if you use an HP 82153A
Optical Wand in your HP-41 system, you may wish to use the bar code in
appendix D (page 83) when you are ready to enter the program used in
the example on page 12 or any of the program examples provided in
appendix C.
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Mass Storage Operations
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Introduction

The I/0 module provides several functions for manipulation of HP-41
files stored on standard mass storage devices; particularly the HP
82161A Digital Cassette Drive. These functions add to the mass storage
capabilities already provided by the HP-IL module.¥

Copying Files

The [COPYFLI1, [MCOPY], and [MCOPYPV] functions enable you to copy
individual HP-41 files or the entire contents of a medium. A minimum
of two mass storage devices must be present in the HP-IL system for
these three functions to operate. You may wish to review the portion
of section 4 in the HP-IL module owner's manual that describes the use
of multiple mass storage devices on the loop.+

¥ The functions described in this section are designed to work only on
HP-41 files created using HP-IL module functions. HP-IL module and
I/0 module mass storage functions will not work reliably on files
created by other controllers, such as the HP-75.

The HP-IL control functions described in section 4, "HP-IL Control
Functions," and section 5, "Advanced Control Functions," provide
additional control over mass storage devices. However, the HP-IL
module operates as if it has exclusive control over the mass storage
device. Thus, if you use I/0 module HP-IL control functions on a
mass storage device, the device could inadvertantly be left in a
state that may cause data loss when subsequent mass storage functions
are executed.

+ Refer to the information provided under the following consecutive
headings: 1) "Operation of the HP Interface Loop," 2) "Selecting an
HP-IL Device," and 3) "Auto and Manual Modes."

10
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This manual uses the term master to identify the medium containing

a file or files to be copied and the term duplicate to identify a
copied file or a medium on which a new file or files will be copied.
The file copying functions follow the conventions established by the
HP-IL module mass storage functions. That is, in Manual mode the
master medium must be in the primary device--the device whose HP- IL
address was specified in the most recent execution of the [SELECT]
function. In Auto mode the master medium must be in either the primary
device or the first mass storage device following the primary device.

Copying Individual Files

[COPYFL] (Copy File)

Input : X address ALPHA filename

Output: None

[COPYFL] copies a nonprivate file from the master device to the device
with the HP-IL address specified in the X-register. The name of the
file to be copied is taken from the ALPHA register. If the duplicate
medium already contains a file having the same name as the source file,
LCOPYFL] halts and displays the DUP FL NAME error message.

Example of a Routine For Copying Files Between Mass Storage Devices.
The following routine copies a file named MASTER from a mass storage
device at HP-IL address 1 to a mass storage device at address 5.

01 1 Specifies address of master.

02 SELECT

03 5 Specifies address of duplicate.

04 "MASTER" Specifies name of file to be copied.
05 COPYFL Copies file MASTER from device at

address 1 to device at address 5.

Duplicating an Entire Medium

{MEOPY] (Mass Copy)

[MCOPYPV] (Mass Copy-Private)

Input : -None-

Output: number of records copied
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[MCOPY] copies the contents of a master medium onto all other media
(termed the duplicate media) on the loop. [MCOPYPV] operates in

the same way as [MCOPYJ], except that all HP-U41 program files are made
"private" as they are copied onto the duplicate media. Copying is
performed on all media simultaneously, which provides maximum speed for
the process of recording multiple duplicate copies.

[MCOPY] and [MCOPYPV] begin execution by formatting all of the
duplicate media to match the format of the master medium. During this
operation, the HP-41 displays the FORMAT message. When the actual
copying begins, the COPY message is displayed. Unused records at the
end of the master medium are not copied. When copying is completed,
the X-register contains the number of 256-byte records actually
copied--and not the number of files. The number of records is intended
as the input for the [MVERIFY] function.

Before attempting to use [MCOPY] (or [MCOPYPV]), be sure that you
understand the following points:

e The batteries in any HP 82161A Digital Cassette Drive should be
well charged before you execute a copying function. If the power
fails on any drive in the loop during the operation, some or all
of the contents of the duplicate media may be invalid.

e If the master medium contains any "private" program files,
[MCOPY] halts, displays PRIVATE, and does not attempt to format
the duplicate media.

e If the cassette door on any HP 82161A Digital Cassette Drive
(other than the master drive) is open when you execute a medium
copying function, the tape cassette in that drive will be
unaffected by the copying operation. However, opening a cassette
door during execution of a medium-copying function halts
execution of the function and invalidates all duplicate media.

e [MCOPY] formats all of the duplicate media to match the format of
the master medium. This destroys any previous information
recorded on those media, so it is very important that you ensure
that your master medium is installed in the correct drive. To
minimize the chance of error, you should normally use [SELECT] to
make the primary device the master mass storage device. A simple
way to verify this manually for HP 82161A Digital Cassette Drives
is to execute [RCLSEL] [LISTEN] from the HP-41 keyboard.
([RCLSEL] is described on page 32 in section 4.) This operation
causes the BUSY light on the master device to turn on if it is
the primary device. You then have only to check that your master
tape is in that drive. (For a demonstration of this operation,
refer to the next example.)

Example Using the BUSY Light to Indicate the Master Device. The
following program, adapted from the 00041-15042 Automatic Start and
Cassette Duplication Module, blinks the BUSY light on the master drive
(which should be at address 1) ten times prior to executing [MCOPY].
(Bar code for this program is provided on pages 83-84 in appendix D.)



01
02
03
o4
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
4o

41

42
43
4y
45

LBL MSCOPY
1.01

SELECT

AUTOIO

CF 21

"MASTER IN"
AVIEW

PSE

"DRIVE WITH"
AVIEW

PSE

"FLASHING"

AVIEW

PSE

"BUSY LIGHT?"
AVIEW

PSE

"IF NOT PRESS"
AVIEW

PSE

HR/S"

AVIEW

PSE

LBL 01 )
RCLSEL

LISTEN

31 \
LISTEN

RDN

RDN

ISG X

GTO 01

"LAST CHANCE" )
AVIEW

PSE ’
PSE

PSE )
FS? 55

SF 21

MCOPY

MVERIFY

"DONE"
BEEP

PROMPT

GTO "MSCOPY"

Section 2: Mass Storage Operations 13

Selects primary device.

Prompts you to halt program execution by
pressing [R/S] if the master medium is not
in the drive indicated by the flashing
BUSY light.

Causes BUSY 1light on primary device to
blink and removes all devices on loop from
listener status.

Pauses program before commencing copying
operation.

Restores printing output.

Executes copying operation (unless master
tape contains any "private" files).
Verifies that contents of master medium
were correctly copied onto duplicate media.

Prompts you when medium copying and
verifying is completed. If you press
[R/S], program re-executes.
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Verifying Media

[MVERIFY] (Mass Verify)

Input : X Number of Records

Qutput: None

[MVERIFY] checks each mass storage device on the loop to verify that
the specified number of records on its medium can be read without
error.¥ (Any cassette drive with its cassette door opened prior to
execution of [MVERIFY] is ignored.) [MVERIFY] is intended for use
following [MCOPY] or [MCOPYPV], which place the number of records
copied into the X-register. If you are uncertain of the number of
records currently in use on any of your media, use 512 as the number
of records so that the entire media are verified.

[MVERIFY] checks all media on the loop simultaneously. During
execution, the HP-41 displays VERIFY. When [MVERIFY] finishes reading
all of the media, it restores the normal X-register display if it has
found no medium errors. However, if [MVERIFY] detects an error, the
HP-41 displays the message DEV nn ERR, where nn is the HP-IL

address of the device on which tne error was found. If there are
multiple errors, successive error messages will appear in the display
(and be printed, if a printer is present).

Obtaining Directory Information

The file system established by the HP-IL module on a mass storage
medium uses one or more medium records to store a file directory.
(Refer to "The Storage Medium" in your HP-IL module owner's manual.)
The directory on a medium contains the following information about
each file on that medium:

e Filename

e File location.

e HP-41 file type.

e File length.

¥ [MVERIFY] is specifically designed for use with the HP 82161A Digital
Cassette Drive. It can also be used with other standard mass storage
devices provided such devices have an accessory ID of 16 and
implement the same device dependent commands as the cassette drive.
[MVERIFY] also requires that each mass storage device take a default
HP-IL address of 2. Refer to the Auto Address Unconfigure message in
the owner's manual for the device you are using.
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The following three functions give you access to directory information
needed for programs to automatically manipulate the files on the
medium.

[DIRX] (Directory Entry X)

Input : X file number

Qutput: X | file number ALPHA filename

[DIRX] returns to the ALPHA register the name of the file whose
position in the primary medium's directory is specified by the number
in the X-register. The number in the X-register is unchanged unless
that number exceeds the number of files actually on the medium. 1In
this case, 0 replaces the number in the X-register, and the ALPHA
register remains unchanged.

The file number in X must be nonzero (the sign and fractional part of
the number are ignored.) Execution of [DIRX] when x= 0 or x > 999
results in the DATA ERROR message.

[FLTYPE] (File Type)

Input : None ALPHA filename

Qutpuc : X file type

[FLTYPE] places into the X-register a two-character Alpha string
representing the type of the file named in the ALPHA register. The
Alpha string corresponds to one of the file type abbreviations used by
the HP-IL module's [DIR] function:
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Abbreviation

[DIR]

PR
DA
KE
ST
WA

AS
??

File Type

Program

Data

Key Assignment
Status
"Write-A1l1"
ASCII

Unknown

If the file named in the ALPHA register does not exist on the medium,
execution of [FLTYPE] causes the HP-41 to display FL NOT FOUND.

Example of a Routine That Searches for a Specified File Type. The
following routine copies any data files currently on a master mass
storage medium onto a duplicate medium, but ignores all other types.
The master device is at HP-IL address 1 and the duplicate device is at
address 2.

01
02
03
o4
05
06
o7
08
09
10

11
12

13
14

15
16
17
17
18

19
20

21
22

LBL "DACOPY"
1

SELECT

1.447

STO 00

"DA"

ASTO 01

LBL 00

RCL 00

DIRX

X=07?
RTN

RCL 01
FLTYPE

X#Y?
GTO 01
2

2
COPYFL

LBL 01
ISG 00

GTO 00
END

et N e N S g i

Selects the master device.

Stores a loop counter for the maximum
directory size.

Stores the Alpha string that specifies
"data" file type.

Begins loop that checks for file type.
Recalls and uses loop counter to obtain
file name.

Tests for end of directory. If file number
is zero, all files have been checked and
program halts.

Recalls DA to X.

Obtains file type in X and lifts DA to Y.
Tests "not a data file?". If file type in
X is not DA, returns execution to [LBL] 01
to begin check of next file.

If file type in X is DA, specifies duplicate
device address and copies file named by
string placed in ALPHA by preceding
execution of [DIRXI].

Increments file counter to next file listed
in master directory.
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If you omit lines 6, 7, 13 through 16, and 19, DACOPY then copies all
of the files on the master medium to the duplicate medium. If the
duplicate medium is newly formatted, the files will be stored in the
minimum number of records possible on the new medium.

[FLLENG] (File Length)

input : ALPHA file name

Qutput: X file length

[FLLENG] returns the length of the file named in the ALPHA register.
The meaning of the "length" value depends on the file type:

File Type Length
PR Number of Bytes in the Program
DA
g% Number of Registers
WA
AS Undefined
?? Unknown

If the named file does not exist on the medium when you execute
[FLLENG], the HP-41 displays FL NOT FOUND.,

Example of Keystrokes to Use For Determining Directory Information.
Suppose that a medium has the following directory, as listed by the
HP-IL module's [DIR] function:

Name Type Regs
CODE PR 32
FLY PR 70
BLKBOX WA 336
FBDATA DA 32
NNN KE 13
DECODE PR 23
KOUT AS y2

Use the following keystrokes to obtain directory information.
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Keystrokes

1
[DIRX]
[ALPHA]
[ALPHA]

[FLLENG]

y

[DIRX]
[ALPHA]
[ALPHA]
[FLTYPE]

[FLLENG]

20
[DIRX]

Display

1
1.0000
CODE

1.0000

221.0000

u_—_
4.0000
FBDATA
4.0000
DA

32.0000

20
0-0000

Mass Storage Operations

Obtains name of first file
listed in directory.

Displays name of first file,
which is a program file. (Refer
to preceding listing.)

Displays number of bytes in
CODE program. (Because HP-41
uses 7 bytes per register, the
CODE program uses 31 registers
and 4 bytes.)

Displays file type; in this
case, a data file.

Displays number of registers
used in FBDATA file.
Specifies 20th file listed in
directory. Displayed zero
indicates fewer than 20 files
on medium,



Section 3

Character Manipulation Functions

Contents
Introduction ... iiieeeeneseeosnnnns et teees et .. 19
The ALPHA Register as an I/0 Buffer .....cciieeeceeeecens e 19
ALPHA-X Transfer ([XTOALI, [ATOXLI], [XTOARI, [ATOXRI,
[ATOXX ], [YTOAX]) teveeeseooeoscesaossoasaessoassonsonsesnsccssaes 22

Interpreting Alpha Strings ([LALENGIOJ, [ANUMDEL], [X<>FIOI) .. 26

Introduction

The functions described in this section are designed for interchanging
characters or bytes between the X-register and the ALPHA register.
This gives you the ability to construct arbitrary strings in ALPHA to
be sent to HP-IL devices, and to decipher strings read into the ALPHA
register from these devices.

The ALPHA Register as an 1/O Buffer

The ALPHA register is a specially reserved portion of the HP-41 memory
that was designed for displaying and manipulating Alpha strings and
User prompts. The ALPHA register's size (24 characters) and the
availability of HP-41 Alpha functions make this register suitable for
use as an "I/0 buffer" for HP-IL operations. That is,the ALPHA
register can serve as a temporary storage location for strings of bytes
you want to transmit or receive on HP-IL. However, in order to use the
ALPHA register successfully as an I/0 buffer, you need to understand
the effects of some ALPHA register features that affect its behavior
for I/0 applications.

Each character in the ALPHA register is represented within the HP-41 by
a character code (numbered from 0 through 255), which is based on

the ASCII (American Standard Code for Information Interchange)
convention. Not all of the 256 character codes have unique HP-41
display characters. The table below lists the display characters and
their character codes. All character codes not listed in the table are
represented by the display character 8.

19
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Displayable Characters and Their Equivalent Codes

Char. Code Char. Code Char. Code
- 0 3 51 N 78
% 1 4 52 0} 79
~ 4 5 53 P 80
~ 5 6 54 Q 81
b 6 7 55 R 82
m 12 8 56 S 83
d 13 9 57 T 84
#* 29 ; 58 U 85

space 32 ; 59 \% 86
' 33 < 60 w 87

34 = 61 X 88
# 35 > 62 Y 89
$ 36 ? 63 z 90
% 37 @ 64 [ 91
& 38 A 65 \ 92
' 39 B 66 ] 93
( 40 C 67 ’ 94
) 41 D 68 _ 95
¥ 42 E 69 T 96
+ 43 F 70 a 97

44 G 71 b 98
- 45 H 72 c 99
. 46 | 73 d 100
/ 47 J 74 e 101
0 48 K 75 X 126
1 49 L 76 b 127

L2 50 M 77

The ALPHA-to-X transfer functions described later in this section
illustrate the relationship between Alpha display characters and their
character codes. For example, the keystroke sequence [CLA] 65 [XTOAR]
places an A (character code 65) in the ALPHA register--it equates 65 in
the X-register with the A in the ALPHA register.

The null character (character code 0) plays a special role in Alpha
displays. In order to understand its behavior, visualize the ALPHA
register as a fixed register having 24 character positions. The Alpha
display, however, is a moving "window" through which you can view

up to 12 character positions in the ALPHA register.

Executing [CLA] fills the ALPHA register with 24 nulls. When you
subsequently enter an Alpha string, each character in the sequence
enters the ALPHA register at the rightmost character position, thus
pushing to the left all preceding characters in the string:
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ALPHA Register ALPHA Display
Register | 7~~~ TTTTTT
Cleared
Register | 77T 7 STR ING STR ING
After Alpha
Entry

As illustrated above, the display shows the contents of the ALPHA
register, beginning with the leftmost non-null character. The
beginning of the string is left-justified in the display (or scrolled
left if it is followed by more than 11 characters). If nulls occupy
one or more of the leftmost positions in the register, those

leading nulls are ignored in the Alpha display. When a null is
preceded on the left by any non-null characters, it is displayed as the
overbar ( 7 ) character.

Functions in the HP-41, the HP 82180A Extended Functions/Memory Module,
and the HP 82160A HP-IL Module that use the ALPHA register also assume
that the "useful" content of the ALPHA register starts with the first
non-null character. For example, the [ALENG] function ignores leading
nulls in determining the length of the string in ALPHA (if it didn't,
it would always return 24). This can lead to some unexpected results
when nulls are interspersed with non-null characters. When, for
example, you use [APPEND] to add a character at the end of the ALPHA
register, the HP-41 decides what to display by looking at the last
character. If that character is a null, the HP-41 decides that the
register is empty and shows a blank display even though the actual
contents of the register remain intact. But if you execute [APPEND] or
[ARCL] and then delete characters from the end of the Alpha string, the
HP-41 assumes that the register is empty whenever the character you
delete is a null (because it appears to have reached the leading
nulls). Then the HP-41 clears the entire register.

When an Alpha string is stored in a data or stack register, embedded
nulls are stored correctly, but the nulls are not shown in the display
of the register obtained with [RCL] or [VIEW].

Finally, embedded nulls may cause unexpected results with functions
built into HP-41 extensions. For example, nulls embedded in a filename
in the ALPHA register are ignored by functions using that filename. As
another example, the [OUTA] function will not transmit nulls on
HP-IL--they're skipped.

Identifying leading nulls in Alpha strings is not possible because the
HP-41 cannot distinguish between any nulls you might wish to include as
the leading part of a string to be transmitted on the loop, and those
nulls that are used to fill the empty positions in the ALPHA register.
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Therefore, the functions described in section 4 that send Alpha strings
out on HP-IL are intentionally designed to ignore not only leading
nulls in the ALPHA register, but also the first non-null character.
This allows you to place a "dummy" character at the beginning of the
string you want to send. When you execute a function that sends the
string, the dummy character is not sent--instead it defines the
beginning of the string that you do wish to transmit. Similarly,
functions that read bytes into the ALPHA register from HP-IL place a
dummy byte (a D or an S) in front of the input string, which enables
you to identify any leading nulls read from the loop.

ALPHA-X Transfer

You can transfer a character (a byte of information) back and forth
between the ALPHA register and the X-register using any of the next six
functions. Remember that when the byte is in the ALPHA register, it is
displayed as one of the HP-41 display characters; when it is in the
X-register, it is represented by a decimal number from O to 255.
Numbers from -255 through 255 are allowable inputs for X-to-ALPHA
transfers. (The signs and fractional parts of the numbers are
ignored.) If the numbers are outside this range, the DATA ERROR message
is displayed.

[XTOAR] (X-to-ALPHA Right)

Input : X character code ALPHA string

Output : ALPHA I modified string

[ATOXR] (ALPHA-to-X Right)

Input : ALPHA string

Qutput: X character code ALPHA | modified string
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These two functions affect the right end of a string in the ALPHA
register.

LXTOAR] appends the character corresponding to the code in the
X-register to the end of the current Alpha string, shifting the
previous contents of the ALPHA register one position to the left. (If
the initial string is 24 characters in length, the first character in
the string is lost when you execute [XTOARIJ.)

[ATOXR] is the reverse of [XTOAR]--it places the code of the last
character of the Alpha string into the X-register and deletes the
character from the string. If the ALPHA register is empty, [ATOXR]
returns -1 to the X-register.

EXTOAL] (X-to ALPHA Left)

Inpat : X character code ALPHA string

Qutput: ALPHA | modified string

[ATOXL] (ALPHA-to-X Left)

nput : ALPHA string

Output: X character code ALPHA | modified string

[ATOXL] and [XTOAL] affect the left end of the string in the ALPHA
register.

[XTOAL] adds a character corresponding to the code in the X-register
immediately to the left of the first non-null character in the ALPHA
register. If the original string in ALPHA already contains 24
characters when you execute [XTOALJ, the rightmost character is lost
and the string is shifted one position to the right to create space for
the new character.
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LATOXL] removes the first character from the ALPHA string and places

its code into the X-register. Notice that if the first character is

followed by one or more consecutive nulls, those nulls become leading
nulls and disappear from the remaining string. [ATOXL] returns -1 to
the X-register if the ALPHA register 1is empty.

Example. This routine rotates a string of non-null characters in
the ALPHA register to the right by the number of positions specified in
the X-register.

01 LBL "AROR" Rotates the ALPHA register.

02 INT

03 STO L

04 LBL 01

05 ATOXR Takes the character from the right...

06 XTOAL ...and puts it on the left side of ALPHA
07 DSE L Done?

08 GTO 01 Branches to rotate again.

09 RTN

[ATOXX] (ALPHA-to-X by X)

Input : X position ALPHA string

Output: X character code ALPHA string

[YTOAX] (Y-to-ALPHA by X)

Input - Y character code ALPHA string

X position

Gutput: ALPHA | modified string

This pair of functions enables you to address any character position in
the ALPHA register. Both functions require that you specify a
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character position in the X-register. A positive character

position indicates a position within the current ALPHA string,
beginning with the leftmost non-null character as position 0, and
numbering the remaining characters consecutively to the right. (This
convention is consistent with that used by the [POSA] function in the
extended functions/memory module.) A negative character position
specifies an absolute position in the ALPHA register, independent of
the current contents of the register. The positions are counted from
the right, starting with -1 as the rightmost position, and going up to
-24 as the leftmost position. The following table summarizes how
[ATOXX] and [YTOAX] interpret character position.

Character Position Character
n > 24 or n >= length of string Not Valid (DATA ERROR)
0 <= n < length of string Nth Character After

Leftmost Character
in String

n =20 Leftmost Character in
String
-24 <= n <O Nth Character From Right

End of ALPHA Register

n < =24 Not Valid (DATA ERROR)

[ATOXX] finds the character in the position defined by the number in
the X-register and returns its character code to the X-register. The
string in the ALPHA register 1s unchanged.

The reverse procedure is performed by [YTOAX]--the character
corresponding to the value in Y is placed into the ALPHA register at
the position indicated by the number in X. The new character replaces
the original character at that position.

A few examples should make the operations of these functions clear to
you.

Contents of

Keystrokes ALPHA Register*
[ALPHA] STRING [ALPHA]l | 7777 STRING
85 [ENTER4] 3 [yTOoAX1 |~~~ T T STRUNG

¥ These and the following two examples represent the contents of
the ALPHA register. The nulls to the left of the first non-null
character would not appear in a display of the ALPHA register.
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Contents of

Keystrokes ALPHA Register
79 [ENTER+] 3 [CHS] [YTOoAX] |~~~ 7777 STRONG
88 [ENTER+4] 15 [CHS] [yTOoAXx] | ~—~~~~°° ) G STRONG

And, to continue from the preceding keystroke series:

Keystrokes Display

0 [ATOXX] 88.0000 Character code for "3S",

11 [ATOXX] 82.0000 Character code for "R".

20 [ATOXX] DATA ERROR Not enough characters
in string.

1 [CHS] [ATOXX] 71.0000 Character code for "G".

10 [CHS] [ATOXX] 0.0000 Null.

Interpreting Alpha Strings

The [ALENGIO], [ANUMDEL], and [X<>FIO] functions are designed to help
you decipher information contained in Alpha strings.

[ALENGIO] (Alpha Length)

Input ¢ ALPHA string

Output: X string length

[ALENGIO] places into the X-register the length of the current string
in the ALPHA register. Leading null characters are skipped. An empty
ALPHA register corresponds to a length value of 0. [ALENGIO]
duplicates the [ALENG] function in the Extended Functions/Memory
module.
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Example. The following routine capitalizes any lowercase letters

found in an ALPHA register string. It uses [ALENGIO] to provide a
loop counter equal initially to the number of characters in the string
(which must not contain any null characters).

01 LBL "CAP"

02 ALENGIO Counts characters in ALPHA register.
03 LBL 00
O4 ATOXL Places code of leading character into X.

v The character codes for lower case letters
05 97 ! are in the range 97 < ¢ < 122.

06 X>Y? -

07 GTO 01 If not lower case character, go to [LBL] 01.
08 CLX

09 122

10 X<Y?

11 GTO 01 If not lower case character, go to [LBL] 01.
12 CLX The character codes for upper case letters
13 32 } are determined by subtracting 32 from their
14 - lower case counterparts.

15 RT

16 LBL 01

17 RDN

18 XTOAR Restores capitalized letter to ALPHA.

19 RDN

20 DSE X

21 GTO 00 Branches if there are characters remaining.
22 END

[ANUMDEL] (ALPHA-to-Number, Delete)

Input : ALPHA string

Output: X | value from string ALPHA | modified string

LANUMDEL] searches the current string in the ALPHA register for a
number (represented in numerals) and returns to the X-register the
value of the number. It also deletes all characters in the string from
the start of the string through the last numerical character used. If
the Alpha string contains more than one number separated by non-numeric
characters, [ANUMDEL] uses only the first number. [ANUMDEL] is
identical in operation to the [ANUM] function in the extended
functions/memory module, except that [ANUM] does not alter the

string.



28 Section 3: Character Manipulation Functions

The HP-41 considers execution of [ANUMDEL] to be a numeric entry, and
sets flag 22 if a number is returned to the X-register. If the Alpha
string contains no numeric characters, [ANUMDEL] clears the ALPHA
register but has no effect on the stack.

The characters "+", "=t n n_n_n_' and "E" (for exponent) are
interpreted by [ANUMDEL] as numerlc or non-numeric characters according
to their context in the Alpha string. An isolated "+", for example, is
not treated as a numeric character. A "+" or "-" symbol immediately
preceding, embedded in, or following a sequence of number digits will
be interpreted exactly as if the symbols and numbers had been keyed
into the X-register (with [CHS] representing "-" and [CHS] [CHS]
representing "+".) For example, [ANUMDEL] returns the value =-3425 if
executed when the ALPHA register contains the string "34-2+5".

The status of the numeric display control flags (flags 28 and 29)
determines how the Alpha string is interpreted by [ANUMDEL]. For
example, if flag 28 and flag 29 are both set, commas are treated as
digit separators. But commas are considered as non-numeric if flag 28
is set and flag 29 is clear. Suppose that the ALPHA register contains
the string "PRICE: $1,234.5XYZ". The following table shows how the
settings of 