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Your /O Control Reference

This reference gathers all current user documentation on controlling peripherals with the 9825
Desktop Computer. All operations available with the General I/O, Extended 1/O, 9862 Plotter
and 9872 (HP-GL) Plotter ROMs are covered here. Space is also provided for keeping the
various operating notes and installation manuals supplied with HP interface cards and
peripheral devices. A list of those manuals currently available is under each appropriate
tabbed divider.

The 9825 Interfacing Concepts guide (09825-90060) accompanies this reference when part of
the 9825B Manual Kit. Please keep the guide under the Interfacing References tab and refer
there for details on selecting an interfacing card or writing a special I/O driver.

This reference replaces these previous 9825A manuals:

e General /0 Programming (09825-90024)
o Extended I/O Programming (09825-90025)
o 3862A Plotter Programming (09825-90023)

¢ 9872A Plotter Programming (09825-90026)

The Systems Programming ROM (98224A or 9825T) also provides I/O operations. See the
Systems Programming chapter of your Operating and Programming Reference. If you have a
9825A Computer, refer to the Systems Programming manual (09825-30027).

We welcome your comments on this and other HP desktop computer manuals. You're invited
to fill out a reply card at the back of the binder. Please don’t hesitate to use a reply card if you
find an error in a manual. If all reply cards are missing, direct your comments to:

Hewlett-Packard Company
PL 97 User Documentation
3404 East Harmony Road
Fort Collins, Colorado 80525



Programming Requirements

The information in this reference assumes you are familiar with programming in HPL, as
covered in the 9825 Operating & Programming Reference.

Controlling external devices requires an /O ROM, either the General /O ROM or a specific
Plotter ROM. The 9825A requires plug-in ROM cards, which are available in various ROM
combinations (for example, General /O and Extended I/0O). The 9825B has the General 1/0,
Extended I/O, and both Plotter ROMs built in. All operations described in this reference are
available with the standard 98258 Computer.

Memory Usage

Each IO ROM uses some read/write memory when installed in the computer:

e General /O ROM ... 56 bytes.

e Extended /0 ROM ... 94 bytes.
¢ 9862A Plotter ROM ... 70 bytes.
¢ 9872 (HP-GL) ROM ... 104 bytes.

This loss is refiected in the Total Memory size indicated under the 9825B Computer’s paper-
access lid. The Total Memory indicated on the 9825A does not reflect this loss.

To determine the actual memory size currently available, press {==) and () . The

second number displayed is the current number of bytes available for program and data



Reference Preview
Chapter 1: Formatted I/O Operations

Covers the statements which handle data in specialized formats: write (wrt), read (red),
format (fmt), conversion (conv) and list programs (list).

Chapter 2: HP-IB Control

Introduces the HP Interface Bus and describes all operations available for controlling
and exchanging data with devices connected via the HP-1B.

Chapter 3: Binary I/O Operations

Explains the 16 binary statements and functions available with the General 1/0 and
Extended 1/O ROMS.

Chapter 4: More I/O

These Extended 1/O operations are covered: the Autostart routine, error trapping (on err),
time out (time), conversion tables (ctbl), parity checking (par) and interface control
statements.

Chapter 5: Interrupt Control

The 9825 interrupt scheme is introduced and ways are shown for designing and control-
ling programmable interrupts.

Chapter 6: Buffered /O

The 1/0O buffering structure is explained, followed by methods to set up and use various
types of data buffers.

Chapter 7: Plotter Control

The 9862 and 9872 Plotter ROM operations are covered here. The 9872 ROM also allows
controlling many other graphics devices responding to a standard set of HP graphics
language (HP-GL) commands.

You'll find all reference tables, HPL syntax, and error codes in appendices at the back of this
binder. A copy of the 9825 Technical Specifications is under the Interfacing References tab.

For a complete Table of Contents for each chaper, iook under the appropriate tabbed divider.
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transfer between the computer processor, internal devices and peripheral devices is handled
by an internal I/O bus. Each of these devices has been assigned a unique address, as
éxplained later. All incoming data passes through the processor before it's stored in memory.
Note that the term “I/O" is used with respect to the computer.
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The 9825 Input/Output Scheme

Each external device must be connected to the computer via an appropriate interface card
and cable. The card plugs into any {/O slot on the computer’s back panel. A switch on the card
allows setting it (and the peripheral device) to respond to a unique address, or select code.

Plug-in ROM cards provide extensions to the HPL language and plug into slots under the
computer’s keyboard. After installing a ROM card and switching the computer on, the ROMis
an addressed part of the computer memory. (The 98258 already has many of these ROMs
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devices are connected via the same 1/0 bus, the internal devices respond to some Beneral |/0
operations in addition to their dedicated commands (prt, disp, etc.). These additional opera-
tions are covered in chapter 1.
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Select Code

As just described, each external device is connected to the calculator via the same I/O bus.
Since all external devices are “party-lined” on the same bus, each device is assigned a
unique address, or select code, so that the correct device responds to each I/O operation.

For all external peripherals, the select code is an integer number from 2 through 15, which is
specified in each I/O operation and decoded by the corresponding inteface card. Each inter-
face card has a switch permitting the user to set any one of many different codes. A list of
recommended codes is in the Reference Tables appendix.

Each internal peripheral has a fixed select code which is automatically specified by standard
calculator statements (display, print, etc.). Both the display and the keyboard respond to
select code 0, the tape drive responds to select code 1, and the printer responds to select
code 16.

The select code can be specified in the form of

a constant, a variable, or an expression. Each B: wrt 9sHsBsL
of these write statements is addressed to the 1i wrt SaA¥S=9
23 uwrt 3rlsRsBln=3)

device responding to select code 9 #

For some operations, other numbers can be combined with the select code to form a single
expression. A general select code syntax is:

cc[dd[ee]] .f] cc = one or two-digit select code.
dd = optional HP-IB address code (must be two digits). See chapter 2.
ee = optional HP-!B extended address code (use with Extended /O
ROM). See chapter 2.
- = format number (read and write statements only).



input-Output Format

The I/0O bus connecting the processor with internal and external peripherals contains 16 data
lines. Data is transmitted in a 16-bit parallel, character-serial fashion. The I/O operations
described in chapter 1 send and receive data in standard 8-bit (US)ASCII code. The computer
sends and receives one 8-bit character at a time. The parity (most-significant) bit is not used
with formatted 1/O operations. You'll find a brief introduction to binary coding and conversion
in chapter 3. It's important to know the /O formats available with each interface card; see the
card’s installation and service manual for details.

Peripheral Interrupts

A peripheral interrupt is a signal from an exernal device requiring attention. For example, a
voltmeter has taken a data reading and indicates that it's ready to transfer data to the compu-
ter. This capability is available when using certain interface cards (e.g.,98032A or 98034A
HP-IB) in conjunction with Extended I/0 operations. The interrupt control scheme and
techniques are covered in chapter 5. More information can be found in the Interfacing Con-
cepts guide. Peripheral interrupts cannot be controlled when only the General /O ROM is
available.

Syntax Conventions

The following general rules apply to the statements and functions described in this reference.

All key words and characters in dot matrix must be entered as shown.

[ ] All syntax times in brackets are optional, as explained in the accompanying
text.

An ellipsis indicates that the preceding items can be replaced.

0 0 G T T R R

keyboard or a program. A summary of HPL syntax is near the back of this binder.
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Chapter 1

Formatted 1/O Operations

This chapter describes the General I/O statements which handle data in specialized formats.
If you are controlling HP 9800-series peripherals, additional instructions are provided in an
operating note furnished with each HP 98032A Interface Card.

Write Statement

w4 select code [ - format no.][ = expression or text, [ expression or text,...]]

The write statement outputs characters, signs, and decimal point of each item to the specified
peripheral. Each item in the list can be a numeric expression, text, or a string name (when the
String ROM is in use). The value of each item is output in a free-field format unless a format
statement is in effect. The format number can be an integer for 0 to 9 and references a similarly
numbered format statement; format statements are described later.

Delimiters

A delimiter is a character that is used either to separate one expression from another inside
the list or to terminate the list. The space (A) and the carriage-return line-feed (CR/LF) are
delimiters that are automatically output during the execution of each write statement. The
space is used to separate items within the list, and the CR/LF is used to terminate the list.

1-3



Free-Field Output Format

The free-field output format is automatically set whenever the calculator is switched on or
is pressed. Free-field is also set whenever run or erase all commands are executed. Each
write statement references the free-field format until an appropriate format statement is exe-
cuted; then the specifications in the format statement override free-field.

The free-field format causes each numeric expression to be output, right-justified, in an 18-
character field. A CR/LF is given after every fourth expression output and after the last
parameter is output. The form in which expressions appear is determined by the current fixed
(¥ =:c1) setting. Characters within quotes and strings are output as “free text”, which means that
the 18-character fieids are not used.

Here are some examples using free-field. The output device used here is an HP 9866B Printer,

connected via a 98032A Interface set to select code 6. For more examples, see “Format
Statements” in this chapter.

First, press )

Then load and run this program § B fxd 431838

The output is shown below. 1% wrt 6» FI ) R!Q ’
AsRled

2% end
16, BN {1111 ' g.0@81 CRLF
18-ch;rA field 18-char. field 18-ch;r. field
Now change line 1 and run the program again.
g program ag B: fxd 43184R

13 wrt 6+AsAT2

At4s ATEsATS
;':

ﬁ Eﬂ'ﬁ

o
VT
=
[u
=

1n nuun 106, BEan 1a8e6, 8O0G 1009 .

Notice that a CRI/LF is automatically output after the last item and after each four items.
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To output text between numeric expressions, B: fxd 4318+A
change line 1 again and run the program # 1: wrt 63R:"mete
- rs"sAle2y"cn”s

Aleds"mn"
2: end
1A, Behdn st ers 180, BREBCH 1 Aasen ., Baadm CR/LF
w = 18 w= 18 w = 18

As shown in the printout, text is output between numeric fields with free-field. For complete
control of numeric and text outputs, use format statements.

Read Statement

i select code[ - format no.]: variables [ : variablea...]

The read statement inputs and stores data from a specified peripheral'. The number of vari-
ables in the list indicates how many data items to read. String variable names (but not sub-
strings) can be used if the String ROM is in use. Each numeric data item can consist of the
digits 0 through 9, plus and minus signs, a decimal point, and an “E” character (upper and
lower case). All other characters are treated as input delimiters. The data item itself can
assume the same form as any number entered from the keyboard.

The format number can be used to reference any of ten format statements. If a format number

is not specified, and if a format statement has not been previously executed, a tree-field input
format is automatically used.

The caiculator keyboard can not be used to input data with a read statement. Use an enter statement instead.

1-5



Free-Field Input Format

The free-field input format is set whenever the calculator is switched on or is pressed.
Free-field is also set whenever run or erase all commands are executed. Using free-field
allows reading numeric data in virtually any form, provided that each item is followed by at
least one delimiter (non-numeric character). For each variable in the read list, the calculator
ignores all leading non-numeric characters untit a numeric characters is read. Then, after
reading the data item, reading any non-numeric character terminates and stores the data
item. Also, reading a LF terminates the entire read operation.

When free-field is used, the computer cannot input non-numeric characters unless a string
variable (String ROM) is specified. Then all characters are input until the dimensioned string
tength if filled. Reading a LF (during free-field) automatically terminates reading a string. Also
see "Format Statements’ later in this chapter, and the String Variables chapter of the Operat-
ing and Programming Reference.

Here is a brief description of the delimiters used in the free-field input format:

e If the first character is a comma, the corresponding variable in the read statement is
skipped and flag 13 is set. The skipped variable keeps its original value.

e All non-numeric characters preceding a data item are ignored. If a continuous string of
the same non-numeric character is received, each variable in the read list is skipped
and flag 13 is set after 216 characters are read.

e AnHT (horizontal tab) character causes the calculator to skip all characters until a LF is
read.

e Whenever a LF is read (and it does not correspond to a preceding HT) the read state-
ment is terminated and flag 13 is set.

e An upper- or lower-case “E" character, when part of any of these forms, causes the

T T

(data item)E(one or two digits)
(data item)E(+ or — and one or two digits)
(data item)E(space and one or two digits)
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For example, any of these data items will be read as the number “1234" (A indicates

space):

1.234E3
1.234EA3
1.234E+3
1234000E-3

e Spaces read within numeric characters are ignored.

e The CR (carriage return) is always ignored (skipped over) during a read operation.

The following program can be used to input
and print the data items on this ASCH-coded
paper tape »

The program assumes that the tape reader in-
terface is set to select code 3. Run the prog-
ram twice to obtain both printouts.

Notice that the read operation is terminated
when the required number of items have been
read, or when a LF is read. In the second print-
out, r2 was skipped and so retained its original
value (the run command clears ail variabies).

As another example, use the previous program
to read this tape $

The computer ignores all data between HT and
LF characters. More examples using read
statements are in the next section and in Chap-
ter 2.

1.23,2.34,3.45,4.56,,5.67 @@
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Format Statements

Use of format statements provides more flexible and complete control of write and read
statements. A format statement must be executed before the 1/O statement referencing it and
provides a list of specifications for use by the /O statement. Then, as the I/O statement is
executed, it references the tast-executed format statement rather than free-field.

The Format Syntax

# i [format no.: Jlspeci[: speca...]]

The format number can be used to identify the statement for successive write or read state-
ments. Each format number can be an integer constant from 0 to 9; if not specified, 0 is
assumed. When the calculator is reset (power on, (==}, run, or erase all) format number 0 is
automatically assigned to specify free-field. Also, the syntax ¢ = %[format no.] assigns the
format number to free-fieid.

For example, if the numbered format state- B: fmt 2,f18.2
ments shown here appear in a program, then 1: {:'mt‘ 918 ,1. 3.4
. L 2 fmt 95§86

the write statements in lines 6 and 9 reference A

format no. 2, and the read statement in line 7 S .

references format no. 9. The last two 1/O state- e

. _ 6 Wrt 6.Z2sAE

ments reference free-field, however, since they 7! red 3.95r1

do not specify a format no. and there is neither 2t for I=1 1o 9

a format 0 nor an unnumbered format state- It owrt 16.25r1
18: next I

ment. 115 wrt 16:AE
12: red 7yA$

Each successive format statement replaces
any previous, similarly-numbered format
statement. A format statement with no
parameters sets free-field. In the example
sequence on the right, the first unnumbered
format statement specifies free-field for the

read statement. The write statements in lines
16 and 18 reference the second unnumbered
format (line 14). The last two write statements

reference the third unnumbered format (line
19).

137 fmt sred 3
AsBsCsDyE

14: fmt 58

15: fmt 1.5f18.0
16: wrt 6:A%

‘1? q - B.lR B
18: wrt 63B%

19: fmt "end"s5¢
28 wrt 6

21 wrt 165end

Note that if an unnumbered format statement is used, all subsequent input or output opera-
tions that do not reference a numbered format statement will reference the unnumbered format
statement, To avoid undesired referencing, ait format statements should be numbered.
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Data Output Specifications

Data specs determine the form in which each data item is output. Most data specs determine
whether a number is output in fixed point or floating point, the number of digits to the right of
the decimal point, and the character field width in which the number appears.

These data specs are available:

[r]+w.d Specifies fixed-point format.
[r]# we.d Specifies exponential (floating-point) format.
[r]#zw.d Specifies fixed-point format with leading zeros in each field. Negative numbers

are not allowed with this format.
(] Specifies binary output of single characters. Examples begin on page 1-12.
[r]ow Specifies a character field-width for either text or a string variable.

e T1is an optional repeat factor (see examples). If r is omitted, 1 is assumed.

e w indicates total field width (in characters). If w is omitted leading spaces are deleted
from the field.

e d indicates the number of digits (0 through 11) to the right of the decimal point. If d is
omitted or if d is greater then 11, the current fixed or float setting is used.

e w,dandr parameters must be positive integer constants.

For example, the data spec . = specifies a fixed-point number with two digits to the right of
the decimal point. The number appears (right-justified) in an eight-character field. If d is 0, the
decimal point is not output. A number output under a data spec is always rounded accordlng

to the number of decimal places specified. The free-field format is equivalent to +

Some guidelines should be observed in selecting w and d. The minus sign, decimal point, and
exponent are part of each number and must fit in the field width specified by w. For floating-
point outputs, w should be greater than or equal to d+7. If the calculator cannot output the
data in the field width available, the field is filled with $s.

The following examples of formatted output use the calculator’s internal printer as the output
device (select code 16).

1-9
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Lines 1 and 2 output three numbers. Since the
entire format statement is referenced for each

+Ai. 5B}
number, a CR/LF is output after each. ; 2

Lines 3 and 4 output the same numbers as
above, but use of a repeat factor matches the
data spec to the output list — so all numbers
appear on the same line.

This sequence outputs numbers in various
formats. Line 10 increments the format
number, so that all formats are referenced.
Outputs are shown below.

Format 0: Format O is referenced twice in line
9. Note than an upper-case E precedes the
exponent.

Format 1: Notice that 3$s fill the last field since
the number is too large for the field width
specified.

Format 2: Notice that omitting w deletes lead-
ing spaces from each field.

Format 3: The last format outputs the same
numbers in a single column with leading zeros
in each field.
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Text Character Fields

The :. data spec specifies a fixed character field for corresponding text or a string variable in

the write statement. The characters are output right-justified in the field. If the field is too small,
it's filled with $s.

In the example on the right, the first two lines of @: fmt cl@s 5.1
text fill the field; the third line is too short; the 1: wrt 16y"Funct
last line is too long. Jlon ="4R '
? 2: wrt 16s"Folar
ity =",C
i uwrt 1és"Phose

BB
4: wrt 16s"Huera
9e Yalue =",D+

EéE
Function = 8.8
Polarity = @.@
FPhose = 8.8
$5$5554%$F 0.0
w:—10

Output Edit Specifications

These edit specs are used to control the placement of output data and to output character
strings:

[r] = Outputs a blank character space.
[r] - Outputs a CR/LF.
[r] "TEXT" Outputs the ASCHI characters within quotes. See the following

examples and the Appendix.

A Suppresses the automatic CR/LF output after each write statement.

Any combination of specs can appear in the same format statement; each spec must be

separated by a comma. Most of the specs can be duplicated r number of times by using the
repeat factor.

For example, referencing this statement
causes the first fixed-point field to appear
twice, followed by four character spaces, and
then another fixed-point field.

=

SfE.2ydus

[ B

. an
[ury
.
L] .
— o
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The program on the right shows how to format 1A

a three-column table using the internal printer. P ent risr2sr3,

You can use the same method, of course, with
external output printers.

Suppose that the entered values are 5, 9, 15,
25, and 64. When formats 0, 1 and 2 are refer-
enced in line 6, CR/LFs and the column head- , o
ers are output. Notice that spaces are used to Wrt 1 6. 35 rfAs
position the characters, and that a i: data spec rAt2s1-rRASimp

causes the binary value of decimal 29 to be fﬁ"'i'}ﬂl =6
8¢ wrt l6iend

output, printing the character. (The complete
character set is shown later.) Then line 7 refer-
ences format 3 for the numeric outputs. Here,
spacing is determined by the data field widths.

64 4896 B.B16

The next program, which produces a table of trigonometric values, uses a 9866B Printer.
Although the program is similar in programming technique to the previous one, here are some
exceptions (a sample printout is on the next page):

e Spacing between table columns is achieved by placing blocks of spaces between each
number, rather than by adjusting the width of each data field.

o Notice the use of text (in line 5) to enclose the radians entries.



Desrees (Radians) -

(8.52)
€8.57)

1.2y
(1,40

B: fmt 1+»S/3wrt
S |

I8 fmt 3B%:"Tri
ohometric Tabl
240Kt B

il

1T

2: degisfa 143
B+A3¥

3% fmt 296xs"Des
rees (Radiansl"”
112y "Sine"a
18xy "Cosine”,
12%y"Tanaent ",

41 wrt 6.2

S fmt 3a%xef32.0

s",E”:f4 2:"1“:

(6,08
(8,17
(8,35)

B 7es

1,854

2 . ﬂ~'@:?ub
3 @500 @ REE
3 8,342 -8,941
’ : 8,174 -@, 985

~1. 0804

=
IRt RY R 2]

Fod o fax
-

L
—
e
o=
-

[ex]
[
o=

Formatted /O Operations

Tonaent

9, BHRaE W
1,763E-41
B 648E-11
S.7r4E-81
2.391E-A1
1.,192E B&
1.73ZE a3
2.747E @a
R.ET1E @a
9, 999E 39
-5.671E G4
-2, 747E 8@
-1.722E 4@
-1, 132E o8
-8, 391E~1

—|.7T4E Kl

-1 TEIE-81

A, BREE B@

1-13



1-14 Formatted I/O Operations

Printer Character Set

The program on page 1-12 shows how to print a new character on the internal printer. As
data spec can be used to print any character in the printer’s

shown in the next program, the
character set.

The program on the right prints numbers 0
through 127. It also outputs each number’s
binary-equivalent value, causing the printer to
output its entire character set. A complete
printout is shown.

Internal Printer Character Set

a

WO
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€ d (@ a5 -
£S5 A A6 '
£& B a7 a
&7 C G b
58 0 ag c
£9 E {198 o
g - F 1a1 15
71 G 1oz f
7e H 183 g
73 O 164 b
7d g 185 i
75 k. 186 J
TE L 167 k
Y g l1es 1
e M 163 i
g 0 116 F
E’:EI Fl 1 1 1 [}
21 [ i1z F
g2 E 113 ]
g3 P 114 t
! T 115 =
25 I 11¢ t.
2e ¥ 117 ¥
87 W 1182 ¥
aa " 113 1)
29 Y 128 oy
9g Fa 121 ¥
91 L. . 122 z
a9z I ' 123 N
= ] 124 ]
g T 125 >+
126 z

127 F

Computer

Museum

Referring to the printout, notice that most of the characters and decimal numbers correspond
to ASCIt codes (see the table in the Appendix). But notice that two codes, 10 and 13, do not
generate printer characters. Instead, 10 causes the printer to linefeed and 13 is ignored.
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Another method of listing the printer character set is to print a string variable containing
character values from O through 127. Here's the program and printout.

10 13

1 \
4%N+T§

rit.

Notice that with a print statement, the printer generates characters for string values 10 and 13.
But if the string is output to the printer using a write statement (see the next line and printout),
the printer does a line feed for 10 and ignores 13.

4: wrt 16sA% {4EHoBlRan

This last printout shows another important point: The internal printer does line feeds during a
print statement to accommodate long strings or text, but it does not automatically do line feeds
for write or write binary statements. The second line in this last printout was printed because of
the line feed automatically output after the write statement.

Similarly, line feeds must be sent to the display when using write or write binary statements. If
not, output data will be lost. For example, execute this line:

)

Now add # % =i and execute the line again:
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Display Character Set

The same character set available on the internal printer is available for use in the display by
using the iz data spec. Also, adding 128 to each item output with i: causes a character-editing

cursor (4 or #) to flash over each corresponding character. The cursor which appeared lastin
the display is used for this operation.

For example, this sequence # S5: 232+128+C
displays the message “Program Secured!” in a 6: fmt Ebs"Proar
field filled with flashing cursors. The resulting am Secured”s b

78 wrt BsCsCrCy
CosCsCsCsCs33sCs
CesCsCaCaCyCH(

8! end

display is shown beiow.

—

Single Character Output

To output single ASCII characters without CR/LFs, use either the write binary statement de-
scribed in Chapter 3, or one of these methods:

‘it “characters s @i % select code

1171 select code: decimal value

For example, the plug-in unit in an HP 3480 Digital Voltmeter can be remotely controlled by
using appropriate ASCII characters. The plug-in unit is connected via an HP 98032A 1/0
Interface Card (select code 2). The DVM mainframe is connected via an HP 98033A BCD
Interface (select code 3).

In this program sequence, first the 3484A St ofmt 1ibez
Plug-in Unit is set to the 100 mV range by send- Eﬁ wrt Z2.1:4
ing an ASCII "EOM” (decimal 4); then a data 7i red 3.H)B
g‘ ‘ _ ( ) o B: wrt 2,1.,64
reading is taken. Line 8 sets the plug-in unit to 9: red 3sA.C

the 1 V range by sending an ASCIl “@" (deci-
mal 64) before another reading is taken.
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Text in Format and Write Statements

As shown in the preceding examples, text to be output can be included in format or write
statements. For programming convenience, however, it's recommended that text not be
placed: 1) in both format and write statements for a given output, and 2) as the last item in a
write statement. The following examples show why.

Suppose that we wish to output this line on an external printer (“DM" indicates Deutsche

Marks):
Soles = 18I for the last 4 months,
[ SE— [N
w =26 w =23

This sequence could be used with no problem (assume that A = 10 and B = 4):

Br o Fet USoles =UaFELEs D for o the Iast Ysf3.Es " montbel
18 wrt fsfb B

Notice that all text is in the format statement. If all text were placed in the write statement:

Brofat FE.Hs§ 3.0

dowrt fme MEales =R "IN for the lost TaBEs"

This output would resuit:

Sales = 18IM fo
monthss -

Since there were more output items than format specs, a CR/LF was output after the last spec
was referenced. Then “months’ was output, followed by another CR/LF, at the end of the write
statement.

Now suppose that we wish to output the same line, but have each write statement determine
the units: “DM...months” on one line and "K$...days" on another line. Here is one method
and its results:

Gl f et
TEooeT

L

16 for whe tast DR 4 months.
10 for the last k¥ 4 dars,
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The problem of extra CR/LFs is avoided here by referencing data spec .. But notice that text
preceding each spec is output before text preceding each variable. So the units DM and K$
are in the wrong place! To output the units in the correct order, use more :. specs:

feofet Uholes

oF 1 I NC I Pl
18wt BaHe LM sk
20wt B CRFE

Sales = 1680H ‘,f‘o‘r the lost 4 month :

Sdles = 10k$ for the last 4 davs.

When using text in format and write statements, remember:
o Place all “fixed" text in the format statement.
e Place all “variable” text in the write statement and reference :: data specs.

e Text (and all other edit specs) preceding each data spec are always output before text
preceding the corresponding item in the write statement.

Data Input Specifications

Data specs can be used to determine which characters are input from a data input string, and
in what form the data will appear. When a format statement is referenced by a read statement,
the read operation is not terminated until a LF character is read (unless the edit spec : is
used). A general data input spec syntax is:

[} [w]

e ris the number of consecutive times the spec is to be used (if ris 1 it may be omitted). r and w
must be integer constants.

e wis the width of the data field to be read. Omitting w specifies free-field read for the correspond-
ing item(s).

A data spec like { iii calls for reading ten numeric characters; all non-numerics which

precede a numeric are counted but not entered. If an “E" is read within a numeric field, a
number of the form

1-19
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The following examples use an HP 9883A Tape Reader via a 98032A Interface set to select
code 3. The paper tapes shown here are coded in ASCII.

To read this tape containing three data items # 123423453 45 (F)
run this program.

A: fmt 314

1: red 3sAsEsLC

27 fxd 2 1234.848
3: prt RsBsC 2345.08
4: end 3.45

Notice that four characters were read for each data item.

Now delete line 0, and run the program to read 123423453, 45
the same tape again. ' g: aE
8.60

Referencing free-field inputs the entire data string into the first variable; reading the LF termi-
nates the read operation, skipping the last two variables.

To read this tape # 12 CA(F) 34 ERA(LF) s6 EA(F) 78 €D

run this program.

@: 1+Affmt £3
it red 3srRAYdmm
(A+1+A1 >4
2% fxd @ 1z
3: mrt rlsrZar3s 34
rd 26
41 end Ta

Since there is a LF character after each data item, the read statement had to be repeated to
input each item.
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Input Edit Specifications

The following edit specs can be used to increase input format flexibility. An example use of
each spec follows.

o Cancel LF as terminator.

[r] = Skip character.
[r1- Skip data item.
[r]aw String field width.

the format statement. The read operation is automatically terminated after the characters are
read, without the need for a LF character.

For example, this tape has 9 two-digit num- 122334455667788990
bers, but no LF character »

Run this program to read and print all nine items.

@: 13 12
1t fmt zs¢2 23
2 red 32rRidnp 34
(A+13A1>9 45
3% 1*Rsfxd B a6
41 prt rRidmp b7
(A+1+AR)>9 L=
St end 39
9@

The = spec causes the calculator to skip (not count) r number of characters. For example, to
read and skip alternate items on the previous tape, run this program. Notice that the entire
format statement is referenced for each data entry.

B fmt zZsf222% 1e
1t red 3sRsBsC» 24
D+E Se
2: fxd 8 78
25 Pri . HAsBsCaDa 28
E

4! end
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The - spec causes the calculator to skip all data which precedes r number of CR/LF charac-
ters.

For example, to read only the first and last 12 CR(EF) 34 @@55 @@ 8 @@

items on this tape #
run the program shown below.

Fut £21370f2 12

5 -
1t red 31AsE e
ShabgdoB o

3+ prt 0B -~

i end e

The i spec indicates the number of characters to input into a dimensioned string variable. All
characters are entered until either the dimensioned string is filled, or w characters are read.
When <. is used, reading a LF does not terminate a string input.

Reading into s string variable is a convenient way of storing all characters in a data item,
including non-numerics. Later, any character or portion of the string can be evaluated using
String Variable operations

For example, the HP 98033A BCD Interface inputs data from a measurement device, such as
an HP 3480 Digital Voltmeter, and transfers ASCll-coded data to the calculator in this 16-
character format:

(sign) Dy D2 D3 Da Ds De D7 Ds E (sign) Ds, (overload) D1o@

Since a delimiter follows each data item, it's

easy to read the numeric items by using a read 8: red 3arlsre

statement with free-field format.

By reading into a string variable, however, you
can evaluate any portion (substring) of the
string later in the program. Running this sequ-
ence stores the data reading in A, the overload
numeric character in B, and the function code
inC.

See the String Variables chapter of the Operat-
ing and Programming Reference for other

string operations.
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Conversion Statement

-+.: [coder s codeg] : codes: codes)...]

The conversion statement sets up a character replacement table for use with read and write
statements. Up to 10 pairs of decimal codes can be specified at a time. Each new conversion
statement cancels the previous table and sets up a new one. A conversion statement with no
parameters cancels any previous table.

in this program sequence » B ronu 32.42
line 8 sets up a conversion table which 9% fmt 3f18.2
changes the spaces (decimal 32) output bet- . 1By L

ween numbers in line 10 to asterisks. Then line

11 cancels the previous table.

As another example, line 6 on the right
specifies that whenever an ASCil */" (decimal
47) is read in line 7, it will be converted to an
ASCIl “HT”. Also, whenever an ASCII “NULL”
is read, it will be converted to an ASCH “CR"” (decimal 13). Changing these input delimiters
causes the calculator to skip all characters read between a/ and a LF, and ignore all NULL

characters. Input delimiters are described on page 1-6

List Statement

A select code parameter can be used with the list statement when the General 1/O ROM is
present, enabling program listing on a peripheral output device. The new list syntax is:

Lizt[¥select code][: line nos.]
The optional line numbers remain as described in the operating and programming manual.

A listing of the program described on page 1-13 is shown next, output to a 9866B Printer via a
98032A Interface set to select code 6. Referring to the listing, notice that three CR/LFs are
automatically output before and after the listing.
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Pofimt 1 Sa bt EL ]
ofmt was”Trxﬁnnmm:frn
L & 4 £

t

G s H’W 12 " Tansent "

If not needed, the CR/LFs and checksum can be suppressed by adding a decimal point and a

non-zero digit to the select code. For example use this statement to list the last half of the
program shown above: :

S1o4nt »-5'3&6{‘;.4 oy f‘”'!f#.;.&‘”‘"*1.\*5’:&,:v“?af”.m Gaaetb,
6: e MI aséznw’hrw Cniatang

T ,

85 if 230 ﬁﬁmt furt !S

g1 i 189;2’;"‘%18*2‘{5;&“ &

18 wry 6,

11: end

The checksum and CR/LFs are not suppressed when this list statement is used with the
internal printer {select code 16).
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Chapter 2

HP-1B Control

This chapter describes how to control and exchange data with instruments via the HP Inter-
face Bus (HP-IB). Also included here is a brief description of the HP-IB and the 98034A
interface Card. For more information on the bus card, refer to its installation and service
manual.

The HP-IB is Hewlett-Packard’s implementation of IEEE standard 488-1975. A copy of this
standard can be ordered from the IEEE Standard’s Office; 345 East 47th Street; New York,
N.Y. 10017. A brief technical description of the HP-IB is at the back of this chapter.

Overview of the HP-IB

The HP Interface Bus has a serial-byte bus structure which permits bi-directional communica-
tion between many instruments. When a controller such as a calculator is used, up to 14
additional HP-IB compatible devices can be controlled via one interface card.

Instruments can be controlled or programmed and data can be transmitted between devices
on the bus. This is possible since each instrument connected to the bus has the potential of
being a talker (send data) or a listener (receive data). Each instrument has a unique talk
and/or listen address by which a controller communicates with the instrument. A unique
handshake technique allows the communication to take place at a speed determined only by
the specific instruments being addressed. Slower devices will not slow down the communica-
tion speed of the bus when they are not addressed.

In addition to the talker, listener, and controller functions, one device can be assigned the role
of system controller on the bus. This instrument communicates with every other instrument and
can halt and reset ail bus operation at any time. The calculator is normally set to be the system
controller; the function is enabled on the 98034A Interface Card.

2-3
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Bus Messages

The communication capabilities of each device on the HP-IB can be exercised by using the
messages described here. The General 1/0 ROM permits using three messages (Data, Re-
mote, and Abort) for addressing one instrument at a time (the computer is assumed to be the
system controlier). The addition of an Extended I/O ROM, however, enables all 12 bus mes-

sages for complete bus capability. Messages can be transferred between device < device,
device < controller and controller < controller.

The 12 bus messages are categorized and listed below. A more complete description of each
message is given later.

by a calculator instruction (such as red,

 device-dependent

s and device

difications.
oL
nd causes all

on witk ﬁ\e"icontroi!ing

$ystem Cmtm!

¢ Pass Controi Causes bus management res;a\
'recemng ﬁevxce ‘

e Abort - Stops all GOmmum ro! K
mdependent of the device ourfenﬂy in controt o

To determine which messages are needed to control and exchange data with each device,
first review the programming requirements for the device as explained in its operating manual.
Then find the appropriate bus message syntax in this chapter. Remember that most instru-
ments must be set to Remote before they will respond to other bus messages, and that the
Data message is used to transfer control characters and data between devices.
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If the operating manual does not describe which bus messages are required by that device,

you can determine which messages are required by knowing which HP-IB interface functions
are implemented on the device. See the back of this chapter.

The following table summarizes the bus operations available with the General 1/0 and Ex-
tended I/O ROMs. Each message and operation is further described in the remainder of this

chapter. The table on page 2-27 summarizes computer response to bus messages when it is
not in active controt of the bus.

Sample HP-1B Operations with the 9825 Computer

Message Name Description Sample Operations?

Data Output text and variables to single devices.

Output single characters.

Input data from a device.
Input single characters.

Specify device address and send data in the form of
ASCII characters.

Output data to multiple listeners.

Transfer data from device to device.

Trigger Send a Group Execute Trigger to all instruments.

Send a GET to selected devices.

Clear Clear all devices.

Clear selected device.

Remote Enable remote mode on all gevices. Switching the
calculator on also sends a Remote message.

Set remote mode on selected device.
Local Return selected device to local mode.
Local Lockout Prevent all devices from returning 1o local mode.

Clear Lockout/Set Local Set local mode and disable local lockout on all de-
vices. (=) also sends this message.

Pass Control Transfer bus control to a selected device.

Require Service Request Service from the controller and send an
Status Byte 8-bit status byte for response to a Serial Poll.
Status Bit

Bit and logic level for responses to a Parallel Poll.

Abort Clear all bus operations and return control to the

original system controller. also sends an abort
message.

'In each case, a device name can be assigned and substituted for the select code parameter. See “The Device Statement”
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The HP-IB Card

The HP 98034A Interface provides HP-IB capability for the HP 9825 Calculator. The bus card
buffers all data and control messages between the calculator and instruments on the bus. The
interface is preset to respond to select code 7.

Each instrument on the bus is connected through a 24-wire cable with a piggy-back connector
on each end. Cables are available in 1, 2, and 4 meter lengths. Total cable length for a system
can be up to 20 meters. The next photo shows two bus cables connected to an HP 34Q0A.

ikdvumn DO
I Enmg SO0, Lo
Py TmaY

866
.

TRIC

~ LINE SELECTOR

Connecting Bus Cables

HP-IB Addresses

The General 1/0 ROM provides simplified control of instruments via the HP-IB by using a
select-code parameter containing a three- or four-digit integer. The first one or two digits
specify the bus card select code, while the last two digits represent the address of the
instrument on the bus.

Instruments having HP-IB capability are assigned unique 7-bit ASCIl characters for talker and
listener addresses.! A controlling instrument, such as the calculator, uses the address
characters to indicate which instrument is to talk (send data) or listen (receive data). For
example, here are the addresses usually assigned to some instruments:

HP-IB Address
Instrument Talker Listener

98034A Interface
3490A Multimeter
9871A (Opt. 001) Printer

5
6
!
59309A Digital Ciock )

" <C

1Bus addresses for most devices can be changed, if needed; see the manual furnished with each instrument for details.
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Now, using the ASCII table in the Appendix, convert the five least-significant bits of each
character’s binary form to a decimal value:

Address
Instrument Character | 5-bit Value

U 21
98034A Interface

5 21

vV 22
3490A Multimeter

6 22

! 21
9871A Printer

A 21

P 16
59309A Clock

7] 16

Notice that the 5-bit value for talker-listener instruments is the same number.

These numbers are used as the HP-IB address code in select-code parameters of General 1/0
operations. The HP-1B address code must always contain two digits; if the 5-bit value is a
one-digit number (e.g., 9), a leading zero must be used (e.g., @9).

As examples, these write statements are ad-
dressed to a 9871A Printer via a bus card set to

selectcode 7

98034A select code

format number
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Transfer Parameters

Transfer parameters specify each message’s origin (sender) and destination (receiver) on the
bus. For most messages, the calculator, as controller, specifies the device sending the mes-
sage and the device or devices receiving the message.

The select code parameter is used to specify transfer parameters in the same form described
in the previous section. Here is a review of the general syntax:

ce[dd][ - f]

cc = one or two digit select code of interface card.
dd = HP-IB address from 00 thru 31" (must be two digits).
.f = format number (read and write statements only).

The address code within each select code parameter specifies the appropriate address
(origin or destination) of the device on the bus. Except for the command (cmd) statement, all
/O operations which have an address code automatically transmit the computer's preset
talker/listener address and the specified address code in the appropriate order on the bus.
When the computer is the active controller, this address sequence is preceded by the bus
Unlisten command to clear all listeners previously set. For example, ::

sends this address sequence before sending data:
o Unlisten command
o Calculator talk address

o Listen address 11 (on bus 7)

Extended Bus Addressing

When communicating among devices which use extended addressing on the HP-IB, the
extended address can be specified by adding two more digits to the select code parameter.
Here is the complete syntax:

cc[dd[ee]][ - f]

ee = extended address, from 00 thru 31 (must be two digits).

Extended addressing is provided by the bus definition (see IEEE Std. 488-1975). The primary
address of a bus device is followed by another byte of addressing information. This byte has
an allowed range of 00 thru 31, with the Secondary Command Group (SCG) bits (bits 5 and 6)

'Address 31 is a special address. See next page.
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set. This optional byte is automatically sent by the Extended I/O ROM when the two additional
digits are specified in the select code parameter. For example, : i
this address sequence:

.. outputs

e Unlisten command
e Calculator's preset talk address
e Device listen address 03 (on bus 7)

e Secondary device address 21.

As controller on the bus, the calculator has the ability to send secondary addresses. As a
device on the bus (not controller), the calculator does not respond to a secondary address.

Non-Active Controller Address

When a device is not the active controller on the bus it can not address other devices to talk or
listen. If the calculator specifies a device address from 00 thru 30 in an I/O operation when it is
not in active control, an error message will occur. The calculator can still send Data and other
messages when addressed to talk or listen, however, by specifying device address 31. For
example, this sequence sends a Data message (contents of variables A, B, and C) when the
calculator is addressed to talk:

5: rds(7)+»A;if bit(6,A)=03;gto +0
6: wrt 731,A,B,C

The calculator continually executes line 5 until it is addressed to talk. The read status function
is described at the end of this chapter.

Device Statement

“name 1" = select code 1 [device address]

[+ "name2 " :select code 2 [device address]...]

The device statement sets up a name/address list for peripheral devices. Once each name is
set up, it can be used in place of the select code parameter in each |/O operation. Each new
device statement adds the new names to the previous list; each name can have only one
select code parameter assigned at a time. The device list is erased when the calculator is
reset ((=), run command, erase command, or switch power on). This statement can be used
with any interface with a select code of 2 thru 15, but the optional device address is allowed
only with the HP-IB interface.

2-9
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In this example sequence, line 6 sets up the names "printer”, “dvm”, and “punch’. Then lines
7 thru 11 use the device names instead of numeric select codes. Notice that the tape punch
(select code 3) is assigned a name, even though it is not a bus device.

6: dev "printer”",701,"dvm",711,"punch®,3
7: wet “dvm",“R3FOTIE"

8: red "dvm" ,A

9: wrt “"punch",A

10: if A=64;jmp -3

ll: wrt "printer”,"value =" ,A

Each select code parameter can be a positive integer from 2 thru 15. If a format number other
than O is to be specified, it can be specified in the read or write statement by using the syntax:

"device name . formatno.

For example, line 13 in this sequence references format 1, while line 14 references format 0.

12: fmt 1,"R3F",b,"TIE"
13: wrt "dvm.1",F
14: red "dvm",A

Some of the example programs in this manual were output using an HP 9871A Printer. To
output program listings via the bus, the list statement is used. For example, this statement was
used to output the sequence shown above:

Multiple Listeners

More than one listener can be specified for Data messages and certain other messages by
using device names, separated by commas, in place of the select code parameter in each
statement. For write operations, the calculator is set to the talker and all names in the list are
set to listeners. For read operations, the first name in the list is set to the talker and the
calculator and all other names in the list are set to listeners. This method assumes that the
calculator is to be either the talker or the listener in the operation. If a talker and one or more
listeners is to be set up without the calculator participating in the transfer, the command
statement must be used.

For example, this program sequence first defines device names, and then simultaneously
outputs the variables A, B, and C to a voltmeter and an HP 9871A Printer. The next line outputs
the string A$ to the printer and the HP 59304A Display. The last line inputs a reading from the
voltmeter, and also sends it to the printer and the display.
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43: dev "printer" 701,"d?m ,722 'dlsplay , 724
44: wrt printer,évm (A,B,C

45: wrt "printer,display” ,A$;wait mao

46: red "dm,pzimex,diﬁplay ,D

Muiltiple device names are not allowed within these bus statements: trg, clr, cli, rem, llo, Icl,
pct, polc, and polu. Instead, either execute the statement repeatedly (using one device name
at a time), or use the method shown on page 2-17 to send the message simultaneously.

Data Messages

The primary reason for the existence of the interface bus is to transmit Data messages. It is the
Data message that exchanges device-dependent data among bus devices. Data messages
are one or more 8-bit bytes (characters) sent over the bus from one Talker to one or more
Listeners. For example, a Data message from the controller might send a function code to set
a frequency counter to the frequency mode. The message might be a pair of ASCII characters
such as “F2". Another Data message might be an ASCII string of alpha prefixes and numbers
that are the measured value. A Data message thus may impart control information, or a
measured value, or acommand of some sort. Any Data message is muiti-valued. That is, it will
be transmitted over the 8 data lines of the interface. A Data message can have either an
implicit termination or an explicit termination, for example, carriage return/line feed.

Sending Data Messages

The following /O operations are used to send Data messages from the calculator to the bus:

I/O Statement Described on Page(s)
wrt (write) 2-12 and 1-5
wtb (write binary) 3-3
list (list program) 1-23
tfr (transfer) 6-8
cmd (command) 2-31

The select code parameter previously explained is used to specify the listener address(es).

The write statement (wrt) can reference a format statement for controlling the output of the expres-
sions. A Carriage Return/Line Feed (CR/LF) is sent at the end of the write statement unless edit
spec z is specified in a format statement. No CR/LF is sent after the write binary statement (wtb).

2-11
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Instruments designated as listeners on the bus are controlled by using write and write binary
statements. The address-code parameter just described must be used in each I/O operation.

Here is a short program which prints a listing of r-variables using a 9871A (Opt. 001) Printer.
The printer bus address is set to “'!"" (address code 01). A sample printout and analysis of the

program follow.

A G+A+4¥510+B3
2B+C. _
12 fmt S5 38x
“"Dato Reaister
Listing"sssurt
a1

23 fmt ZTAAAAAAA
Rea. AAAAAConten
ts AAAA" s A urt

7a1
3 fmt f.0.218.1
yf ., Bel18.8:f.8,
e18.8

r*sHsrAs "
r"sBasrBs"
r*sCorC
A+1+ATE+1+ES
+1303HE+1 25

if K=530253
Jrt 7A@l
if A<{=95imp -

|
Y

&

£ es {7 es

-]

mt ST wrt

Vel [as]

"'\J"DJ"
f ux]

[ B

nd

.~ Data Register Listing

£5  2.00000000E 00
r6  1.66666667E 00
r7  1.42857143E 00  rl7
r8  1.25000000E 00 r18
r9  1.11111111E 00 19

Here is a brief analysis of the program:

Reg. Contents

5555556E~
5.26315789E-01

Reg. Contents

5.00000000E-01
4.76190476E~-01
4 .54545455E-01
4,34782609E-01
4,16666667E-01

4.00000000E-01
. 3.84615385E-01
r27 3.70370370E-01
r28 3.57142857E~01
£29 3.44827586E-01

e Line 1 — Causes the printer to advance paper five lines and print the program titie.

Notice that the title is centered on the paper by sending a block of spaces before the

title.

e Line 2 — Causes the column headings to be printed. Here, spacing is achieved by

including spaces (AA) within the text format specs.



HP-1B Control

e Lines 3 and 4 — Specify the form of each table entry and which numbers (variables) are

printed in each line of the table. The magnitude of each width (w) parameter in the
format statement (line 3) was selected to position the corresponding table column

under the appropriate heading.

e Line 5 — Increments program counters.

e Line 6 — Causes the printer to space one line after each five lines printed.

e Line 7 — Determines the maximum number of table entries.

e Line 8 — Causes the printer to space five lines.

As another example, the HP 3490A Muitimeter can be connected via the bus and controlled by
using strings of ASCII characters. Here is a list of control characters:

HP 3490A Control Characters

Char. Function Char. Function
R {Range Program Identifier T | Trigger Source Program Identifier
1 10,000 kQ); Test 7 0 | Internal Sample Rate
2 (1,000 k€2; 1000 V; Test 6 1 [ Immediate Internal
3 | 100kQ; 100V; Test S 2 | Next External Trigger
4 [10kQ; 10V, Test4 3 | None
5 [1kQ; 1V; Test3 M | Mode of Operation Program Identifier
6 [.1kf}; 1V, Test2 0 | Addressed Multi with No Output
7 | Autorange; Test 1 1 | Addressed Multi with Output
F | Function Program ldentifier 2 | Addressed Single with No Output
0 | DC Volts 3 | Addressed Single with Qutput
1 K Ohms 4 | Interrupt Multi with No Output
2 |AC Volts 5 | Interrupt Multi with Output
3 |[Test 6 | Interrupt Single with No Output
S [Sample/Hold Program Identifier 7 |Interrupt Single with Output
0 |Sample/Hold Off \
1 Sample/Hold Off E | Execute Mode of Operation Program
2 | Track/Hold
3 [Acquire/Hold

The line on the right shows one method of set-
ting 3490A range, function, etc., and then in-
itiating a data sample. A read statement could

be used to input the resulting data.

DC Volts Function

A4

J 10V Range
FBR4

Bi wrt 722."
TiN3"

1
Internal Trigger T
Output Mode

2-13
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Here is a line which sets an HP 3330A Synth- Frequency
esizer to an output frequency of 100.0 Hz. Its 1 Value
listen address is “$" (decimal code 04). 1: n‘_'“t' B, Li
=y
‘Sometimes it may be necessary to program a Hertz
: device using a variable stored in the cal-
culator. Perhaps the variable contains the de-
sired output freguency or amplitude for a sig- 5 f:’ét; uL.. ; ? 1 ’
nal source. This example outputs the same non ~
characters as line 1 above. The data spec + . i 31 wrt 784yA A = 1000

suppresses leading spaces, which the 3330A
cannot accept.

Receiving Data Messages

When the calculator is a listener, the following 1/O operations are used to receive data messages
from the bus:

I/0 Operation Described on Page(s)
red (read) below and 1-7
rdb (read binary) 3-4
rds (read status) 2-22 and 3-5
tfr (transfer) 6-8
pol (parallel poll) 2-25

The read statement (red) can reference a format statement to control the incoming data. Read
binary (rdb) and read status (rds) are both functions, which means that they must appear as
part of a statement (such as FlEor chEn ~ 1)in order to be stored as part of
a program. Read binary (rdb) reads only one byte (8 bits on the HP-IB) at a time.

For most applications, read statements and the free-field format are used to input data via the
HP-1B. Many devices output leading non-numeric characters in data messages, format statements
must be referenced to read those characters. Chapter 1 describes the data and edit specs usable
with format statements.
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Examples best illustrate the technique for receiving data via the bus. For exampie, the HP
3490A Multimeter may send a data message of this form when programmed for DC volts and
the 10V range (A indicates a space):

NADC+0834625—4§BQ§

By using the sequence on the right, the cal-

culator skips the four leading non-numeric E : :;L i- '-* o
characters and reads the numeric portion of . i e
the string.

7i dinm As(zal
By using string variables, either of these sequ- ;. ig; :::’.}:,g, A%
ences will input the same number shown above. 18: vallA$[S11+A

The first sequence has the advantage of retain-
ing all characters in the input string; in either

, ¥ odim A$[4]
case the leading characters can be checked BT fmt cdat
later in the program. At red A$:A

The i: data spec can be used to input non-

B: fmyr dbof
numeric characters. For example, suppose 17 red 722+FAsBs
that this sequence is used to read the 3490A Cs0sE
data string shown above. Afterwards, variables g = :752 g;‘))

A through E will contain #. C = 68(D)
D = 67(C)
E = 83462

Now consider this more-complex data message transmitted from an HP 3570A Network
Analyzer:

-934.48,-988.93 EB (P

This sequence can be used to input and print ;
the readings. The 3570A talker address is “A” 7
(indicated by decimal code 01). - 8

Pofmtosfxd 20

P ored 7BLlsAsP

toeprt "HAmplitud
ngyﬂ;fPha£e=*r;g

Here is a printout # Hmplitude=-34;48
Fhases= -88.93
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As a final example, here is a program which
inputs, stores, and computes the average of 50
data samples taken using a 3490A Multimeter.

e
Lo
o0
e
Sl e 1 s

) i

“““ Biowrt Ve
41 if iI+1211451
ddnmR -2
St Atual (A$IHs
;;;;;; 53@1);33; ; ,
6: if (H+lsH) <51
; -jm‘ﬁ“ ',,_1
71 RpriooRYSA
8: end

e Line 0 — Sets up a 50-element string array and initializes three variables.

e Line 1 — Programs 3490A remote controls and instructs it to take a data sample.
e Line 2 - Inputs the data sampie into a string array element.

e, Line 3 — Instructs the 3490A to take another data sample.

e Line 4 — Exits the data input loop when 50 samples are stored.

e Lines5-7 — Compute and print an average value from the data.

Trigger Message

% 1= select code [device address]

The Trigger message is always sent from a controller to a selected device or set of devices.
The purpose of the Trigger message is to initiate some action, for example, to trigger a digital
voltmeter to perform its measurement cycle, or a digital voltage source to go to a new setting.
Neither the Trigger message nor the interface indicates what a device does when it receives
this message. The action taken is entirely up to the device designer.

all devices currently addressed to listen on the bus. Including a device address (e.g., % "%
¥ E173) triggers that device only. Multiple device names cannot be used to specify multiple
listeners with the trigger statement.

Here's a sequence that presets functions on a frequency counter and a voltmeter, and then
outputs a Trigger message (line 51) to simultaneously initiate action on both devices. Line 52
then inputs the data for the DVM. The device names have been defined earlier in the program.
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49: wrt "count","I2E8E?G?252"
50: wrt "dvnm","TOFIM3E"

5l: wtb "count,dvm";trg 7
52: red "dvm",A,B

Notice that line 51 first outputs the device addresses to specify them as listeners, and then
sends the Trigger message to both devices.

Some devices do not respond to the Trigger message but still have “trigger” capability. In
most cases they can be triggered by receiving an appropriate ASCII character via a Data
message.

For example, this sequence inputs 50 data readings from an HP 3490A Multimeter. Line 2
presets the meter functions and executes a reading by sending the character E. Line 4
re-executes the preset functions for another reading.

dim A$[50,20];0+A;1+I+N
dev "dmm",.722

wrt "dmn","FORGT|M3E"
red "dmm" ,AS$[1]

wrt "dmm","E" ,
if (I+1+1)<51;3mp -2

Gl — O
86 98 9% _¢¢ 00 o

Clear Message

.} v select code [device address]

The purpose of the Clear message is to provide a way to initialize devices to some predefined
state. A Clear message can be sent either to all devices or to a selected set of devices. Only
the controller can send a Clear message. The message is single-valued in the sense that it is
either true or not true.

Specifying only the interface select code (such as @} + ¢

command to all devices addressed to listen on the bus. Specifying an individual device
address (such as <. & + 1 1), however, outputs a Selected Device Clear (SDC) command to
reset only the specified device.

2-17
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For example, these lines send (simultaneously) the Clear message to the devices named
“gen” and “clock’™:

0: dev "gen",706, "clo
1: wtb "gen,clock"™
2: clr7

But this statement sends the Clear message only to the clock:

11: clr "clock"” .

Remote Message

& select code [device address]

The Remote message causes devices on the bus to switch from local, front-panel control to
remote program control. It is single-valued, true or false. A device in remote control may be set
to remain unresponsive to some or all of its panel controls.

To put a device into remote state the device must be addressed to listen while the REN
(Remote Enable) line is true.

The Remote message is automatically output whenever the calculator is switched on or is

pressed. To prevent a device from being switched back to local by a front panel switch, use
the Local Lockout statement (o).

In the following example, the remote message is sent to the digital multimeter at select code 7,
device address 22.

0: dev "dmm"“,722
l: rem"dmm" ‘

All devices on the bus can respond to remote enable (REN) and are addressed to listen, are
set to remote by this line:.

2: rem 7
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Local Message

select code with device address

The Local message always originates with a controller and is sent to selected devices with the
purpose of returning them to local, front panel control. During system operation, it is some-
times 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
good systems practice to return all devices to local control upon the conclusion of automatic
operations.

When an interface select code with a device address is specified, a Local message (Go To
Local — GTL) is output to the specified device only. The icl statement also sends the Clear
Lockout/Set Local message (as explained later) when only the interface select code is
specified.

The following lines send the tocal message to the digital multimeter at select code 7, device
address 11.

0: dev "dmm",711
l: 1cl "dmm"

Local Lockout Message

L1 select code

This message prevents an operator from returning a device to local control from its front panel.
Since it always originates with the controller and is issued to all devices, transfer parameters
are implied and need not be stated explicitly. As long as the Local Lockout message is in
effect, no device can be returned to local control except through the controller itself, thus
maintaining system integrity. In effect, this message locks out the "“local” push-button present
on most device front panels. This message prevents a casual passer-by from interfering with
systems operations by pressing buttons.

To cancel local lockout, send a Clear Lockout/Set Local message (Icl). The Abort message
{cli) does not cancel local lockout.

It is a good practice, especially when devices that are connected to the bus are used for other
purposes, to send the Local Lockout message when they are used by the bus. The following
line sets local lockout:

0: llo 7

2-19
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Clear Lockout/Set Local Message

select code

This compound message returns all devices to local, front panel control and simultaneously
clears the Local Lockout message. It is used instead of the Local message when the control-
ler, in an earlier action, issued the Local Lockout message.

Executing the local statement without a device address sends the Clear Lockout/Set Local
message (REN), which sets all devices to local operation and cancels local lockout if it is in
effect.

As an example, if the Local Lockout message is sent in line 0, and all bus activity is complete
by line 30, the Clear Lockout/Set Local message is sent to return front panel control to all bus
devices:

Service Requests and Polling

Service Requests and polling provide an additional means of communications between the
calculator (controller) and other devices on the bus. A device may use the Require Service
message (rqs) to ask for the attention of the controller. The controller could then use polling to
find out the status or condition of a device on the bus. Typically, the controller uses polling to
locate the source of a service request, and then the cause. Polling, however, is not limited to
situations involving service requests.

Two polling methods are available: serial polling and parallel polling. A device responds to a
serial poll by sending a Status Byte message (a value between 0 and 255) containing up to 8
bits of status information. A device responds to a parallel poll by sending a Status Bit mes-
sage, which places one pre-selected bit of data on the bus. Use of the parallel poll allows the
controller to quickly check up to eight devices at once, while use of the serial poll enables
receiving a full byte (8 bits) of information from one device at a time. Each method is further
described in the following pages.
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Every bus-compatible device that is designed to use the service request should also respond
to a serial and/or parallel poll. However, a device can be designed to respond to polling even
though it does not use service request.

The operating manual for each device describes whether it can transmit Require Service
messages and how the device responds to a poll.

Sending the Require Service Message

i select code, status byte
The Require Service message originates with devices other than the controller. The Purpose of
the message is to let a device alert the controller to the device’s need for some action by the

controller. The Require Service message provides a system with an additional level of com-
munications outside and asynchronous to the run-of-the-mill interchanges.

When the computer is not the active controller (either it passed control to another device or the

System Controller switch on the interface is OFF), it can transmit the Require Service message

and respond to both types of polis.

The status byte specifies an 8-bit byte (number between 0 and 255) to be sent in response to a
serial poll, as explained in the next section. Bit 6 (decimal 64) is the SRQ bit which must be set
if the Require Service message is sent. To clear the SRQ line, send a zero for the status byte.
The SRQ line is also cleared if the controller serial polls the calculator. To send the Require
Service message, the following program segment could be used:

0: pct 705
. L ]
. K
. |
20: rgs 7,64

Receiving the Require Service Message

When the calcutator is the system controller, it can be programmed to identify the source of a
request and to service the requesting device(s); or the caiculator can completely ignore all
service requests. In most cases, however, a Require Service message indicates that the
calculator should take some action to maintaining proper system operations. The calculator
can use serial or parallel polling to identify the source of a service request and reveatl the
cause. The calculator can then service the device.

2-21
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The Require Service message controls the bus management line SRQ. The calculator can
check the status of this line to see whether a service reguest is present. All devices on the bus

use the same line to request service. So when the calculator detects a service request, one or
more devices may be the source.

Serial Polling

The serial poll is so named because the controller polls devices one at a time, in sequence,
rather than all at once. When serial -polied, a device transm ts a single byte of information to
indicate its status. This transmission is called the Status Byte message. For example, a status
byte may indicate that a device is overloaded (power supply), a device output has stabilized
at a new level (signal generator), or a device has requested manual service (any of several
types of devices). Once the controller has serviced each clevice that has been requesting
service, the SRQ line is cleared (assuming no new requests ire received).

Sending the Status Byte Message

The Status Byte message is sent at the request of the controller and is usually a response to
the controller’s poll taken to discover which device or devices are sending the Require Service
message. The byte is specified via the require service (rgs) statement previously described.
Bit 6 (decimal 64) must be set if the calculator requires service. The remaining bits may
optionally be set to transmit other status information. In the usual case the message is directed
to the controller for its interpretation and possible action. However, there is no restriction. Any
device with the talker function can send the Status Byte message to any other devices with the
listener function.

The status byte is stored in the 98034A Interface Card until the calculator is polled via the bus.
The interface card automatically responds to a serial poll by sending the byte as a Status Byte
message.

Receiving the Status Byte Message

To serial poll for checking the presence of a service request use the read status (rds) function
to check interface card status. Bit 7 (decimal 128) indicates when the SRQ line is true.

For example, this program line checks for a service request:

© 7: if bit(7,rds(7));gto 15
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If a service request is present, the program branches to line 15 to conduct a polling operation.
The bit function is described in Chapter 3. Also, interrupt control can be used to automatically
detect a service request and branch to a service routine which polls the bus. See Chapter 5 for
details. The Extended I/O ROM increases the capability of the read status function, permitting

you to conduct a serial poll by specnfymg the dewce address in the select code parameter. For
example, executing this statement: L

decimal address 11 and returns its status byte to A.

- conducts a serial poll on a device with

As another example, assume that a bus system has two devices that can send Require
Service messages. One device has talk address X (decimal 24) and the other has talk address
Y (decimal 25). When polled, each device returns status byte 64 {(decimal) to indicate that it
requires service (only bit 6 is set true). Otherwise, 0 is returned.!

Here’s a sequence that checks for a service request (lines 5-6), and then conducts a serial
poll when a request is seen (lines 7 and 8). Then the program automatically branches to a
display statement to indicate the device requesting service.

rds(7)»a
if bit(7, A)ui} gto-
if bit(6, rds(724})'QSb 10
if blt(6,rds(725))¢gsb H ,
gto 5 = ~ :

dsp "SERVICE DEVICE X”'Stp -ret
dsp “SERVICE DEVICE Y":;stp ;ret

g D) OO0 T OV U
[ e BRI TE . IRY S

oy - o#

This sequence assumes that each device requires manual servicing (e.g., change printer
paper) and that device X gets preference when both request service at the same time.

'For convenience, the calculator assumes that bus status bits are numbered 0 thru 7 (0 is least-significant bit). Other devices may
assume that the bits are numbered 1 thru 8 (1 is least-significant bit); see each manual for details.
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Some devices return more than the service request bit (bit 6) in the Status Byte message. For
example, here is the status byte sent by an HP 9871A (option 001) Printer:

9871A Status Byte!

The sequence shown here conducts a serial poll (printer address is 01). If the printer has sent
a Require Service message (bit 6 is 1), lines 4 thru 6 check other status bits and report

conditions.
2: rds{701)+A
3: if bit(6,A)=0;gto 7
4: if bit(2,a);dsp 'PRINTER BUFFER FULL'-stp
5: 1if bit(" xxxlexx“,A):dsp “PRINTER NOT READY";wait 100 gto 2
6: if bit(5,A);dsp "PRINTER COVBR OFF";stp

Parallel Polling
Sending the Status Bit Message

When the interface responds to a parallel poll, it sends the status bit message. The rqs
statement sets or clears the status bit on the interface. When bit 6 of the status byte is set asin
CE T ., the status bit is set. To clear the status bit, clear bit 6, as in #=s ¥ : & The
status byte is erased when the interface responds to a paraliel poll.

Two switches on the interface card are associated with the Status Bit message. A rotary switch
with ten positions corresponding to one of 8 bit positions (switch positions 9 and 10 are null
positions) determines the location of the bit in the byte. A slide switch can be used to reverse
the logic sense of the status bit (positive or negative true logic).

'For convenience, the calculator assumes that bus status bits are numbered 0 thru 7 (0 is least-significant bit). Other devices may
assume that the bits are numbered 1 thru 8 (1 is least-significant bit), see each manual for details.
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Receiving the Status Bit Message

iselect code !

Parallel polling enables the calculator to check the status of up to eight devices at a time. This
is possible since each device with parallel polt capability is pre-programmed to output one
status bit when parallel polied. The bit is output as the Status Bit message. The status bit for
each device indicates either that it has sent a Require Service message or that a predefined
condition exists (e.g., a printer is out of paper). The poll function executes a parallel poll:

The poll function causes all devices to output their Status Bit messages simultaneously. The
function then returns the combined byte for the calculator to analyze. The calculator can now
quickly see which device(s) require service and take appropriate action.

As an example, suppose that three devices named X, Y, and Z can respond to a parallel poll.
Each device is assigned to output a different Status Bit message when polled as shown here:

bit 7 6 5 4 3 2 1 ] (LSB)
Device Device Device
X Y V4

A logical 1 for devices X and Y indicate that they have sent a Require Service message. A
fogical 1 for device Z, however, indicates that it is out of paper. So for this system, th
calculator can respond to the Device Z status bit by displaying e '
but it must perform a serial poll to determine the exact status of devices X and Y.

Here is a sequence which checks for a Require

Service message on the bus (lines 0 and 1), ;giﬂi:? A)=0;gto 7
- ‘ 4 —Vrs
and parailel polls all devices when a message pol(7)+B

if bit(4,B);gsb "srvecx"
if bit(2,B);gsb "srvcy"
if bit(0,B);gsb "srvci"
gto 0

is seen. The program then determines which
device requires service (lines 3-5) and

GV W R e
T RE L R T SR § A TN L e )

branches to the appropriate service routine.

In this sequence, notice that device X gets the highest priority service, while device Z (the
printer) gets serviced last. The entire sequence is repeated until all service requests are
cleared.
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Poll Configure Statement

=il select code with device address = status byte

Some devices having paralle! poll capability can be programmed remotely to output a given

status bit. The poll configure (polc) and poll unconfigure (polu) statements permit the cal-
_culator to set and clear status bits on these devices.

The poll configure statement sends the Parallel Poil Configure (PPC) command to set the
device specified to send the specified status bit when parallel polied. For example, the
statement: il FZd s D4 programs the device at address 24 to send status bit 5
(decimal 16) in response to a parallel poll.

NOTE
Bit 3 determines sense, and bits 0, 1, 2 determine the re-
sponse line.

Poll Unconfigure Statement

111 select code [device address)

The poll unconfigure statement clears all programmed status bits on compatible devices. If
the select code parameter contains a device address (e.g., =o Lt ¥ 3) a Parallel Poll
Disable (PPD) command clears only the specified device. If the select code does not contain

a device address, however, a Parallel Poll Unconfigure (PPU) command clears all compatible
devices on the bus.

Pass Control Message

iz 1. select code with device address

The pass control statement sends a Pass Control message to transfer bus controfler responsi-
bility to another device which can assume active contro! of the bus.

After passing control the calculator can be addressed from the new active controller, and can
send a Require Service message and respond to both serial and parallel polls, as described
earlier. If the other controller cannot pass contro! back to the calculator, the Abort message
(cli) must be used to halt all bus operation and return controf to the calculator. An error occurs
if a device address is not specified.
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Do not execute the pass control statement while a transfer
(tfr) operation is being executed on the HP-IB. To check if a
transfer operation is active, execute rds (“buffer name”). If
—1is returned, then the transfer is active.

NOTE

Calculator Response when Not Active Controller

Message

Computer

Museum

Response

Data
Trigger
Clear

Remote
Local
Local Lockouit

Clear Lockout/Set Local |

Require Service
Status Byte

Status Bit
Pass Control v

Abort

No Response.

Can branch to I/O routines when addressed to Talk or Listen.’
No response. . .
Can branch td “clear’! routine, by monitoring interface card status .’

he 98§3§A~ Interface halts all bus operations, clears status
bits and: regams active csmm} if preset to be System
Controlier,

1See "Extended Read Status” and Chapter 5.

Abort Message

o1 1 select code

The clear interface statement sends the Abort message to halt all bus operations and return
bus control to the calculator. Pressing also outputs the Abort message.

The Abort message can be sent only when the calculator is preset as the System Controller; if
not, error E9 occurs. The System Controller Switch is on the 98034A Interface.
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Sample Application

Systems designed around the 9825 can be used in many areas for a wide variety of applica-
tions. The block diagram shown below outlines a typical HP-1B configuration. One possible
use for this system would be to study temperature variations in a flowing stream or some other

body of water near a power plant or factory in order to ascertain certain pollution effects.

For this simpie application, temperatures are measured by thermistors, which output voltages
read via the digital multimeter. Various channels of the scanner correspond to individual
thermistor or temperature inputs. At pre-entered intervals, the calculator commands the scan-
ner to rotate channels and reads the corresponding voltage equated to temperature from the
multimeter. The calculator then prints the date, time and temperature readings on its internal

printer. A listing and analysis of the program are on the following pages.

Lv HP-1B I
98034A Interface V Vv Vv
Vd
59308A 59309A 3490A .
Timing ASCII Digital 3495A Thermistor
Generator Clock Multimeter Scanner Inputs

A Typical HP-IB System
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daim T(5])
: dev "timer®,706,"scan” ,709, clock®,720,"dmm" , 722

: ent "ENTER SAMPLE INTERVAL IN SECONDS",N jmp -R>10 and N<1000
t Emt 1,"T",£23.0,"L6ASR" 2

tmt 2,2/,2£22.0,/,€22.0," 22'0,‘:”;fz2.0

3, /.'Channel",?.x,"' 1%,/ 160"
fmt~4 3x,£1.0,5x,£7.4
fmt ”C’,fzz 0,% ",z
,"~‘6."R?F‘151TIMBB" ‘2

.o
0.3
a
¥

O A RN R

e D 00 ) OV B R — O
.. id (2]

B G D GOV B W N O se e we e

e Line 0 — Dimensions a simple array for date/time reading.
e Line 1 — Defines device names for the |/O devices.
e Line 2 — Allows the user to enter the sample interval time (range: 10<N<1000).

e Lines 3 thru 8 — Are formats for the timing generator, printer, scanner, muitimeter and
clock.

e Line 9 — Programs the timer and triggers a time interval. The timer will output a Require
Service message when the interval has elapsed. The write binary statement triggers the
clock to store the current time.

e Lines 10 and 16 — Are null lines added to separate the “read” routine in the program
listing.
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e Lines 11 and 12 — Take the current date/time reading and separate the data. The HP
59309A Clock outputs the reading in this format:

MM = Month
DD = Day

MMDDhhmmss @ hh = Hour

mm = Minute
ss = Second

e Line 13 — Prints the current date and time.
e Line 17 — Sets the scanner to the channel indicated by variable C.

e Lines 18 and 19 — Program the multimeter, input a data reading, and convert the
voltage reading to degrees Celsius.

e Line 20 — Prints the channel number and temperature. The remainder of the line con-
tinues the reading routine until all 7 channels are read. A sample printout is shown
below.

e Lines 21 and 22 — Monitor the bus, waiting for a Require Service message from the
timer which indicates that the current time interval has elapsed. When this occurs, the
trigger statement simultaneously restarts the timer and causes the clock to store the
current time. Then the program branches to the read routine.

Although this is a simple example of bus operation, it shows the power available for controlling
bus systems. In this example, the calcutator would spend considerable time at lines 21 and 22
waiting for a long timing interval. Instead, line 21 could branch the program to a data reduction
routine, or other time-consuming operation, while waiting to take the next set of data samples.
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Command Statement

The command statement allows direct addressing of one or more devices on the bus by using
ASCII characters to specify talker or listener addresses and data.

i select code : “addréss characters “{ » “data characters ]
or
oof “device name(s) T or select code [ : data characters ']

As shown above, when a select code is specified, the address parameter is used to specify
the talker and listener addresses for the Data message. But, as shown in the second syntax,
device names or a select code can be used in place of the select code and address-
characters parameter. (The device statement is described at the start of this chapter.) In either
case, the data characters are output to the addressed listeners. Also, an equate name can be
used in place of the data characters. The equate statement is described later.

The command statement is provided for compatibility with HP 9820A, 9821A, and 9830A
calculator programs. Use of this statement is completely described in the HP-IB User's
Guides: for 9820A/9821A Calculators, specify part number 59300-90001; for 9830A/B Cal-
culator, specify part number 59300-90002.

When comparing this command statement with the ones available for the 9820A, 9821A, and
9830A/B Calculators, notice that a select code parameter is now required, since the 98034A
interface Card has a variable select code. Also notice that only one set of address-data
parameters can now be included in each statement.

For example, this sequence could be used to send the data message “L100.0="to program
an HP 3330A Synthesizer responding to address $ (decimal 04):

Clear all listeners f I f Listen address (3330A)

Talker address (computer)

If the device name were defined as “GEN” in the device (dev) statement, this sequence could
be used to send the same data message:
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The ? character should be included at the start of each address parameter to clear (unlisten)
all listeners on the bus. This instruction is automatically sent, however, when other 1/O opera-

tions (wrt, red, tfr, etc.) are used on the bus, or when a device name is used in the command
statement, as shown above.

Here are two versions of a program that inputs, stores and computes the average of 50 data
samples from an HP 3490A Multimeter. The program shown on the left uses ASCIl characters
to specify talker/listener addresses, while the one on the right uses device names. A brief
analysis of the program follows.

Using ASCII Characters Using Device Names

e Line 0 — Sets up a 50-element string array and initializes three varaibles.

e Line 1 — Sets up a device name table for the program on the right.

e Line 2 — Programs the 3490A to the 1 volt range and instructs it to take a data sample.
e Line 3 — Inputs the data sample into a string array element.

e Line 4 — Instructs the 3490A to take another data sample.

e Line 5 — Exits the data input loop when 50 samples are stored.

e Lines 6 thru 8 — Compute and print an average value from the data.

Another version of this program, which does not use command statements, is on page 2-16.
For another program using the command statements, see the following pages.
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Equate Statement

“name 1 :datastring1[: "name 2 " :data string 2...]

The equate statement sets up a list of names and data character strings for use with the
command statement. Each name can then be used in place of the data parameter in com-
mand statements to output the associated string of ASCII characters. The data string can be
either a sequence of text or a string variable name. Each successive equate statement adds
the new names to the equate list; the same name, however, cannot be used for more than one
string at a time. The equate list is cleared when the calculator is reset ((==], run, erase, or
power on).

For example, the following program is identical to the one on page 2-29 except that command
statements are used in most cases to control devices on the bus. The equate statement in line
4 allows command statements to reference equate names “time" and 100 kohm", rather than
specify the exact output strings. Using a string variable name as the data string for “time”
allows the string to be entered by the user (lines 2 and 3) before it is "equated” in line 4. Notice
that once the string is equated, however, it cannot be altered or deleted until the computer is
reset. The rest of the program is as described earlier.
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Extended Read Status

iselect code [ : variable 1 : variable 2[ : variable 3]]] i variable 4
or
= iselect code with device address !

The Extended /O ROM enables the read status function either to return up to four interface
status bytes or conduct a serial poll.

When only the interface select code is specified (2 thru 15), up to four variables can be
specified to return status bytes from the 98034A Interface. The interface status bytes are
shown on the next pages. The first status byte is returned to variable,, the second status byte
is returned to variable,, and so on.

When a device address is specified in the select code parameter (as in the second syntax), a
serial poll is automatically conducted on the specified device. The function then returns the
status byte. Serial polling is described earlier in this chapter.

First Status Byte

Second Status Byte
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Third Status Byte

Fourth Status Byte
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Notes



The HP Interface Bus

This section offers a brief overview of the HP-IB hardware and control scheme. You need not
read this section, since complete control of the bus is available by using the bus messages
described earlier. If a manual for another device on the bus does not describe operation via
the bus messages already described, however, this information will help you to determine

which messages are needed to control that device.

HP-1B Lines and Operations

The HP Interface Bus transfers.data and com-
mands between the components of an in-
strumentation system on 16 signal lines. The
interface functions for each system component
are performed within the component so only
passive cabling is needed to connect the sys-
tem. The cables connect all instruments, con-
trollers, and other components of the system in
paraliel to the signal lines.

The eight Data 1/O lines (DIO1 thru DIO8) are
reserved for the transfer of data and other
messages in a byte-serial, bit-parallel manner.
Data and message transfer is asynchronous,
coordinated by the three handshake lines:
Data Valid (DAV),Not Ready For Data (NRFD),
and Not Data Accepted (NDAC). The other five
lines are for management of bus activity. See
the figure on the right.

HP-1B Control!

Device A |< Data Bus
(8 Lines)
Able to talk, F\
listen, and < >
control
(e.g.,
calculator)
Device B < Data Byte
Transfer
Able to talk - Control
and listen d N
0. )
multimeter)
General
< Interface
Device C \\ Management
Only able lo
listen
(e.g.. signal
generator)
Device D
Only able to
talk
(e.g.. counter)
_—}oio1s
DAV
L NAFD
NDAC
l—————— IFC
—————— ATN
SRQ
—— ———— REN
EOI

HP- IB Signal Lines

2-37
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Devices connected to the bus may be talkers, listeners, or controllers. The controller dictates
the role of each of the other devices by setting the ATN (attention) line true and sending talk or
listen addresses on the data lines. Addresses are set into each device at the time of system
configuration either by switches built into the device or by jumpers on a PC board. While the
ATN line is true, all devices must listen to the data lines. When the ATN line is false, only

devices that have been addressed will actively send or receive data. All others ignore the data
lines.

Several listeners can be active simultaneously but only one talker can be active at a time.

Whenever a talk address is put on the data lines (while ATN is true), all other talkers will be
automatically unaddressed.

Information is transmitted on the data lines under sequential control of the three handshake
lines (DAV, NRFD and NDAC). No step in the sequence can be initiated until the previous step
is completed. Information transfer can proceed as fast as devices can respond, but no faster
than allowed by the slowest device presently addressed as active. This permits several de-
vices to receive the same message byte concurrently.

The ATN line is one of the five bus management lines. When ATN is true, addresses and
universal commands are transmitted on only seven of the data lines using the ASCII code.
When ATN is false, any code of 8 bits or less understood by both talker and listener(s) may be
used.

The IFC (interface clear) line places the interface system in a known quiescent state via the
Abort message.

The REN (remote enable) line is used with the Remote, Local, and Clear Lockout/Set Local
messages to select either local or remote control of each device.

Any active device can set the SRQ (service request) line true via the Require Service mes-
sage. This indicates to the controller that some device on the bus wants attention, say a
counter that has just completed a time-interval measurement and wants to transmit the read-
ing to a printer.

The EOI (end or identify) line is used by a device to indicate the end of a multiple-byte transtfer
sequence. When a controller sets both the ATN and EOI lines true, each device capable of a
parallel poll indicates its current status on the DIO line assigned to it.
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In the interest of cost-effectiveness, it is not necessary for every device to be capable of
responding to all the lines. Each can be designed to respond only to those lines that are
pertinent to its function on the bus.

The operation of the interface is generally controlled by one device equipped to act as
controller. The interface uses a group of commands to direct the other instruments on the bus
in carrying out their functions of talking and listening.

The controller has two ways of sending interface messages. Multi-line messages, which can-
not exist concurrently with other multi-line messages, are sent over the eight data lines and the
three handshake lines. Uni-line messages are transterred over the five individual lines of the
management bus.

The commands serve several different purposes:

e Addresses, or tatk and listen commands, select the instruments that will transmit and
accept data. They are all multi-line messages.

e Universal commands cause every instrument equipped to do so to perform a specific
interface operation. They include multi-line messages and three uni-line commands: in-
terface clear (IFC), remote enabie (REN), and attention (ATN).

o Addressed commands are similar to universal commands, except that they affect only
those devices that are addressed and are all multi-line commands. An instrument re-

sponds to an addressed command, however, only after an address has already told it to
be talker or listener.

e Secondary commands are muiti-line messages that are always used in series with an
address, universal command, or addressed command (also referred to as primary
commands) to form a longer version of each. Thus they extend the code space when
necessary.

To address an instrument, the controller uses seven of the eight data-bus lines. This allows
instruments using the ASCIi 7-bit code 1o act as controllers. As shown in the table, five bits are
available for addresses, so a total of 31 addresses are available in one byte. If all secondary
commands are used to extend this into a two-byte addressing capability, 961 addresses
become available (31 addresses in the second byte for each of the 31 in the first byte).

2-39
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Command and Address Codes

Code Form Meaning

X000 As As Az Az Ay Universai Commands
As Asd Az A2 Ay Listen Addresses
except
X001 1 1 1 1 1 Unlisten Command
X 10 As As Ay A2 Ay Talk Addresses
except
X10 1 1 1 1 1 Untalk Command
X1 1 As As Ax Az A Secondary Commands
except
X11 1 1 1 1 1 Ignored

P
o
—_

Code used when attention (ATN} is true (low).
X = don't care

Interface Functions

interface functions provide the physical capability to communicate via HP-IB. These functions
are defined in the IEEE Standard 488-1975. This standard, which is the designer's guide to the
bus, defines each interface function in terms of state diagrams that express all possible
interactions.

Bus capability is grouped under 10 interface functions, for example: Talker, Listener, Con-
troller, Remote/Local. The foliowing table lists the functions.

HP-IB Interface Functions

Mnemonic Interface Function Name
SH Source Handshake
AH Acceptor Handshake
T Talker (or TE = Extended Talker)*
L Listener (or LE = Extended Listener)*
SR Service Request
RL Remote Local
PP Paraliel Polf
DC Device Clear
DT Device Trigger
Cc Any Controller
Cn A specific Controller (for example: C,Cpg...)
Cs The System Controller

*Extended talkers and listeners use a two-byte address. Otherwise, they are the same as Talker and Listener.
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Since interface functions are the physical agency through which bus messages are im-
plemented, each device must implement one or more functions to enable it to send or receive
a given bus message.

The following table lists the functions required to implement each bus message. Each device's
operating manual lists the functions implemented by that device. Some devices, such as the
98034A Interface, list the functions implemented directly on the device.

Functions Used By Each Bus Message

Bus Message Functions Required
Data T—L* (SH, AH)
Trigger C-DT* (L, SH, AH)
Clear C—-DC* (L, SH, AH)
Remote C g —RL* (SH, AH)
Local C—RL* (L, SH, AH)
Local Lockout C—RL* (SH, AH)
Clear Lockout/Set Local Cs—ARL*
Require Service SR*—C
Status Byte T—L* (SH, AH)
Status Bit PP*—C
Pass Control Ca—Cpg (T, SH, AH)
Abort Cg—-TLC

sender function—receiver function(s) (support functions)

*Since more than one device can receive {or send) this message simultaneously, each
device must have the function indicated by an *
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Notes



HFP—-1B DIRGRAM

98034A dn=21 dn=5 dn

=1 dn=11
sc=¢
9845 BVM 9871 9875

rwComputer
i Museum

1030
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PURPOSE :

FORM:

EXAMPLES:

HP—-IB ADDRESSING

To address peripherals connected to
the HP-IB Interface.

Replace <s.c.> with <s.c.><d.n.>

OUTPUT 701;R$
Dvm=7035
ENTER Dvm;X,Y

1031
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RULES:

HP—-1B DEVICE NUMBERS

Each device on the HP-IB has its own
device number.

There are switches on each device
so you can assign a unique device number
to each peripheral.

1032
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RULES:

HP-IB SYSTEM CONTROLLER

Each bus system can have only ane
System Controller, although it can have
several devices CAPABLE of being
controllers.

A switch on the HP-IB Interface Card
can be manually set to make the 8845 the
System Controller.

The System Controller can take
priority control of the bus when it is
not the active controller.

1033
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HP-IB ACTIVE CONTROLLER

RULES:

The current Active Controller can pass
control to another device.

There can be only one Active Controller
in the bus system at any time.

The Active Controller addresses devices
as talkers and listeners.

o, Computer
i Miseum

1034
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HP-1IB TALKERS AND LISTENERS

RULES:

A device is a TALKER if it can send

information on the bus when it has

been addressed.

A device is a LISTENER if it can receive

information from the bus when it has

been addressed.
EXAMPLES:

TALKERS”

TALKERS LISTENERS LISTENERS
—-Signal generators -Printers —-Plotter/Digitizers
~Voltmeters ~-Plotters —Mass storage media
-Digitizers —-Tape punches -Programmable DVM’s

1035
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MULTIPLE LISTENERS

PURPOSE :

To send the same information to multiple
devices simultaneously.

FORM:

Replace <s.c.> with <s.c.?>,<s.c.>[,<s.c.>...]

EXAMPLE:
OUTPUT 701,711;A$

USES:
2 OR 3 Printers producing the same outputs.

1036
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MULTIPLE LISTENERS DIAGRAM

dn=21 dn=5
sc=7

9845 DVM

dn=1

9871

dn=11

9871
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EXAMPLES:

RULES:

AUTOMATIC HP-IB CONTROL

ENTER 784: X, Y
OUTPUT 711: A%, B$

The System 45 as System Controller
avtomatically sende all of the necessary
information to the bus to declare the

current talker and listener.

Automatic Control is the easiest way

to use the HP-IB.

When the System 45 is NOT the only

controller in the system, special statements

are needed.
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DEVICE DEPENDENT SETTINGS

PURPOSE :
Some devices on the bus may need special
set-up instructions before they can
participate in the bus system.
EXAMPLE:
Set DVM range before taking readings.
OUTPUT 711 USING "#,K”";"RI1"
ENTER 711;X,Y
RULES:

The user must set the switches on the front
panel of the instrument or write OUTPUT
statements to get the instrument ready.

10389
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HP38/4H DIGITIZER PROGRAM

To digitize points as fast as possible and

display the coordinates on the digitizer display:

12 OUTPUT 786; "IN" IInitialize the 38874
28 Digitize: OUTPUT 7B6; "OC" IOutputs coordinates
380 ENTER 7086 ;Xcoord,Ycoord,Pen,Annat IEnter a point
4@ IMAGE "LB",DDDDDD, ", ",DDDDDD IFormat for display

98 OUTPUT 786 USING 48;Xcoord,Ycoord !Write to display

68 GOTO Digitize
78 END

1038.4
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To

18
20
30
40
]%)
60
’0

HP38/75H TAPE DRIVE PROGRAM

store string data in file 2 on the tape:

DIM RA$C1881]
OUTPUT 704;
OUTPUT 7084;

INPUT “Enter data:",R$

OUTPUT 784;
OUTPUT 7@4;
END

IIRNID
"MFS,4"

"SF2*
As

Command to rewind tape
Mark S files of 1824 bytes
Input string from keyboard
Command to store in file 2
Sends data to the 38875AR

I1038.6
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HP—-IB INTERFACE STARTUS

EXAMPLES:
STATUS 7;A
STATUS 7;A,B,C,D

RULE:
Variables returned for HP-IB Interface Card

represent status bytes 4,1,2 and 3, respect-
ively.

HP-IB DEVICE STHTUS

EXAMPLE:
STATUS 711;A

1040
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HP—-IB STATUS

W
II sc=/

3845

sc=/
dn=21

DEVICE STHTUS

9845

dn

I
=

1041
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First Status Byte:

_7 6 5 4 3 2 1 g
Device
] Error
8 g g g g Cloar
Bit 0: s 1 when error detected.
Bit 2: Is 1 when Device Clear received.
Second Status Byte:
7 6 5 4 3 2 1 0
T |
1 1 0 HP-IB Address
msB) | | | (LSB)
Third Status Byte:
7 6 5 4 3 2 1 0
EOI REN SRQ ATN IFC NDAC NRFD DAV
Logical 1 indicates corresponding signal line is true.
Fourth Status Byte:
7 6 5 4 3 2 1 0
Service | Controller] Talker Listener | System 1 Sgri”al Enfd
. . |
Request Active Active Active ConSt(raot ler Soet Regord

Bit 7: Is 1 when the SRQ signal line is true.

Bit 6: Is 1 when the calculator is the active controller.

Bit 5: Is 1 when the calculator is the active talker.

Bit 4: Is 1 whenthe calculator is an active listener.

Bit 3: Is 1 when the calculator is the active system controller.

Bit 2: Is always 1.

Bit 1: Is 1 when a serial poll is in process.
Bit 0: !s 1 when the EOI {(end of record) line is true.

Figure 7.

STATUS 7, A, B, €, D,

Interface Status Bytes

4

4th Ist 2nd 3rd
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PROGRAM TO INTERPRET THE HP-IB
INTERFACE DEVICE ADDIRESS

18 STATUS 7;A,B,C,D
61 PRINT "“Device address is “;BINEOR(2A~7+246,C)

BINEOR:

9% %1% ]%{%]%] 2~7+2~6

11818101 Status byte C

“TT1B1l ——> 21 Device address
2 10

1043
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EXERCISE

Read the STATUS bytes for the HP-IB
Interface Card.

Compute the HP-IB Device Address assigned to

the System 45,

1042
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37¢

installation

A Remove only the four screws shown above. B. Flip the card over and remove these two screws.

system controller
(on)
talk/listen address select code (7)
(off, on, off, on, off)

Zﬁuu
i

paraliel poll logrc'(ﬂ

P A

parallel poll bit (M

C. Seperate the case halves and position them as shown

Figure 4. Opening the interface Case

11



SWITCHES INSIDE THE HP-IB CAHRD

For System Controller on Device Address 21:

Switch settings
(1) (2) (3) (4)
OFF ON OFF ON

For NON-Controller on

Switch settings
(1) (2) (3) (4)
ON ON OFF ON

(3> (B)
OFF ON

Device Address 20:

(5) (6)
OFF OFF

F--Computer
. -Museum

I1044.6
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EXERCISE

Connect two System 45°s in an HP-IB system: one
must be System Controller and the other is the
non—controller. The Device Addresses for the
two systems must be different. Therefore, we’l]l
assign the System Controller to Device Address
21, and the non-controller to Device Address 20.

I. Following the diagram, open the interface
card with a screwdriver.

2. Set the switches for the talk/listen address
and system controller as needed.

3. Re—check the device address and the system

controller information after re-connecting the
interface to the System 45.

I044
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Changing Talk/Listen Addresses

The bus interface is set to talk address “U" and listen address “5" at the factory. These may

be changed to any talk/listen pair of characters listed in the next table by setting switch 53 (1

through 5) on the A1 circuit board. Setting each slide to the "ON" position corresponds to a

“0"”in the table.

Table 5. Available Bus Addresses and Codes

Address Characters

Address Switch Settings

Address Codes

Listen Talk 5 4 3 @ M decimal octal
SP @ 0 0 0 0 0 0
! A 0 0 0 0 1 1 1
B 0 0 0 1 0 2 2
C 0 0 0 1 1 3 3
3 D 0 0 1 0 0 4 4
% E 0 0 1 0 1 5 5
& F 0 0 1 1 0 6 6
G 0 0 1 1 1 7 7
( H 0 1 0 0 0 8 10
) | 0 1 0o 0 1 9 11
* J 0 1 0 1 0 10 12
+ K 0 1 0 1 1 11 13
L 0 1 1 0 0 12 14
- M 0 1 1 0 1 13 15
N 0 1 1 1 0 14 16
O 0 1 1 1 1 15 17
0 P 1 ¢ 0 0 0 16 20
1 Q 1 0 0 0 1 17 21
2 R 1 0 0 1 0 18 22
3 S 1 0 0 1 1 19 23
4 T 1 0 1 0 0 20 24
5 U 1 0 1 0 1 21 25 « preset
6 \Y 1 0 1 1 0 22 26
7 W 1 0 1 1 1 23 27
8 X 1 1 0 0 0 24 30
9 Y 1 1 0 0 1 25 31
z 1 1 0 1 0 26 32
[ 1 1 0 1 1 27 33
< 1 1 1 0 0 28 34
= ] 1 1 1 0 1 29 35
> A 1 1 1 1 0 30 36
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SETTING HP-IB CAHARD SWITCHES

For NON-Controller on Device RAddress 20:

a.) System Controller (Switch 6) = OFF
b.) Device Address Switch (3) (4) (3) (2) (1)

1 4] 1 a a
c.) 1=0FF;8=0N OFF ON OFF ON ON
Switch settings as they appear on the card:
(1) (2) (3) (4) (3) (B)
ON ON OFF ON OFF OFF (left to right)

o
~

I045.6
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Chapter 3

Binary 1/0O Operations

Binary 1/0 operations are available to read and write individual data characters, and to trans-
mit or receive control information using interface status lines. Binary 1/O operations do not
reference format or conversion statements. The data I/O modes and status line meanings are
determined by the interface card; refer to each card's installation and service manual for
details.

Write Binary Statement

1% i select code : expression or texts [ : expression or textz...]

This statement outputs the 16-bit, binary-equivalent result of each expression or each character of text.
The usable range for each expression is an integer from O through 32767.

Here is'a short program which uses write binary to print the same title and internal-printer
character set as shown on page 1-14. A portion of the printout is also shown below. Notice that
a line feed (decimal 10) must be sent at the end of each statement to print the line (line feeds
are not automatically sent after binary output operations).
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The HP 9871A Printer has a variety of functions
that are controlled by using sequences of de-
cimal codes. Here are program segments that
set the top of form (decimal codes 27 and 84)
in line 6 and form length (27,70, int (n/64),int n)
inline 7. For a form length of 8 inches, nis 768.
Line 15 outputs a form feed instruction. The
printer interface is set to select code 6.

Read Binary Function

iselect code!

Read binary is a function that inputs one 16-bit character and stores its integer-decimal value.
If the interface handles data in an 8-bit fashion, the eight most-significant bits are read as

Zeros.

1234,2345,3.45 (CF)
For example, to read this ASCil-coded paper

tape #

Run the next program $
The program assumes that the HP 9883A Tape
Reader's interface responds to select code 3.

Notice that the read binary function is pro-
grammed as part of the print statement. Line 2
continues the program until a LF is seen. Com-
pare the list of decimal numbers with the ASCII
characters in the Reference Tables appendix.
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As an interesting exercise, execute this line $

Now press each key, except (=], to print its decimal equivalent code. Notice that Live
Keyboard is disabled while it is involved in an 1/0 operation. To halt the calculator, press (==).

The decimal keycodes returned by using this method generally do not correspond to ASCII
decimal codes. A complete set of decimal codes is in the Reference Tables appendix.

- Computer

~Museum

Read Status Function

i select code

This function reads the current status information transmitted from the specified device and
returns a decimal-equivalent number. The number of status bits and their meanings are
described in each interface installation and service manual. The status information available
from the HP 98032A Interface Card is described later in this section.

KDP Status Bits

Status information from the calculator’s keyboard (K), display (D), and printer (P) is combined

into an 8-bit byte. Although most of the bits are for internal use only, two bits have program-
ming uses:

KDP Status Bits
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So, if paper is loaded in the calculator, store
and run this line (use either select code 0 or

B: dsp rds(161}
16) » woit 18635dine B

The display should flash continually § F

Bit 3 will always appear as “1"” (binary 8) to the read status function.

Now press (~~J. Now the display is § [
since the printer is busy in the print all mode.
Press again to switch the mode off. Notice r
that status bit 2 (decimal 4) is added to the
byte whenever the printer is busy.

- d

The segment on the right shows how to avoid
error 15, out of paper, by watching for the addi-
tion of status bit 1 (decimal 2). When a status

if rdsile)=1a

byte of 10 is returned, the rest of line 0 is exe-
cuted.

The above method works, provided that the
printer is not busy. The lines on the right check
for both status bytes which indicate "out of
paper”.

Fortunately, there's an easy way to isolate one bit of the status byte; this expression can be
used to isolate bit 1: int(n/2)mod 2 The number returned is either 0 or 1, reflecting the state
of bit 1.

Here's a program segment that's equivalent to
the one shown above §
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Tape-Drive Status Bits

The status bits available with the internal tape drive are shown below.

Tape Drive Status Bits

Here is a program sequence that checks for a

1 (decimal 128), "4
displayed.

protected tape before recording data. lf bit 7 is

is
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Interface Status

The 98032A Interface has nine status bits which can be monitored using read status:

98032A Interface Status Bits

Refer to the 98032A manual for complete details on status meanings and status-input lines in
use.

The 98032A Option 066 Interface Card uses bit
8 to indicate when the HP 9866B Printer is out
of paper. The Peripheral Status bit remains at 1
(decimal 256) except when the printer is out of
paper. Here is a program segment that checks
for a 1 at bit 8 before sending data to the
printer.
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Write Control Statement

. select code: expression

This statement outputs a binary number to control functions on most interface cards. One
number is allowed with each statement. The available bits and their meanings for the 98032A
interface are shown below.

98032A Interface Control Bits

Control bits 0, 1, and 5 are used to drive interface output lines CTLO, CTL1, and Preset. CTLO
and CTL1 are optional peripheral control lines, while Preset is used to initialize the peipheral to
its power-up state. A preset signal is automatically given when the calculator is switched on or
when (==} is pressed. The interface ignores bits 2 and 3. Bits 4, 6, and 7 are usable only with
Extended I/O operations. See the interface manual and the following chapters for more details.

Alternate Character Set

The 9825 calculator has an option which provides an alternate character set for the display
and printer. The alternate character set is Katakana which is used in Japan.

If the Katakana option is installed, it can be selected by executing i. The normal

character set is reselected by pressing or executing

Without the optional alternate character set installed, i will disable the printer and
the display. This should not be done when the calculator is in the print all mode, because the
heating elements that produce the dots on the thermal paper may be left in the ON state, and

they could be destroyed within seconds.

CAUTION
IF THE PRINTER IS ACTIVELY PRINTING,

SHOULD NOT BE EXECUTED BECAUSE IT COULD CAUSE
THE PRINTER TO BURN OUT.

Executing

before executing . will ensure that a print operation is
complete before the printer and display are disabled; thus, avoiding the possibility of destroy-

ing the printer’s heating elements.

3-9
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Extended Binary Operations

The Extended I/O ROM has 12 functions and statements for manipulating and testing 16-bit
binary values. For each function, the value can be any expression whose integer value is in the
range of decimal —32768 thru 32767. Fractional values are handled differently depending on
which number mode is currently set. Fractional values are rounded up when the decimal mode
(mdec) is set, but fractional values are truncated when the octal mode (moct) is set.

If the value of any parameter is outside of the above range, error E6 will result. If flag 14 is set,
however, no error will occur; instead, flag 15 will be set to indicate the overflow and the 16-bit
binary result will be used as is. Thus, with flag 14 set, the range of the parameters may be
extended to O thru 65535 and treated as 16-bit positive binary values rather than the normal
16-bit 2's complement representation (described in the next section).

The binary functions described here should not be confused with the logical operators and, or,
xor, and not which are described in the calculator operating and programming manual. Each
of those operators is used to evaluate expressions and return a 0 or 1, depending on the
Boolean operator.

Binary Representation

The 16-bit numbers used for the binary operations explained in this chapter are represented
internally as binary numbers. To represent a negative value, the calculator stores the 2’s
complement of the value. Here is how to find the 2's complement for a value such as —37
decimal. First convert 37 to 16-bit binary (0 000 000 000 100 101). Then complement' the
value (1 111 111 111 011 010). This intermediate value is the 1's complement of 37. To get the
2's complement, add 1 to the 1's complement. Thus, ~37 would be representedas 1 111 111
111 011 011 or octal 177733.

'To complement a binary number, convert the O's to 1's and 1's to 0’s.
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Decimal/Octal Mode Statements

Extended 1/0O allows you to set the computer in either of two number modes, octal (base 8) or
decimal (base 10). Octal notation is explained at the back of this chapter.

Set Octal Mode Syntax:
Set Decimal Mode Syntax:

The currently set mode affects all Extended |/O binary functions, the General 1/O binary
operations, and all other operations which use 8- or 16-bit binary parameters. A complete list
of parameters affected by the number mode follows below. The calculator is automatically set
to the decimal mode when it is switched on.

For example, if the data byte 01011101 (binary) is to be read from a device on select code 3:

\J

I/0O Parameters Affected by the Decimal or Octal Mode
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Decimal/Octal Conversion Functions

Two functions are available for converting specified values from decimal to octal form. The
working range is from decimal —32768 thru 32767.

Decimal to Octal Conversion Syntax:

7% o Lexpression i

Octal to Decimal Conversion Syntax:

ol {expression !

Binary AND Function

i {expression , = expression g !

The binary AND (band) function combines the A | B | band(AB)
given values, bit-by-bit, and returns the result. 8 ? 8
The truth table for the logical AND operation is 1 0 0

1 1 1

shown on the right.

For example, to AND decimal 20 and 24, execute these lines:

(0000 0000 0001 0100) Sj

Eﬁf (0000 0000 0001 1000) D
L" £ (0000 0000 0001 0000) D

Exclusive OR Function

- iexpression , : expressiong !

The exclusive OR (eor) function combines the '3 ‘ g’ | eor E)A’B)
values, bit-by-bit, in a logical exclusive OR op- 0 1 1
eration and returns the result. The exclusive 1 0 1

1 1 0

OR truth table is shown on the right.



Inclusive OR Function

~ {expression o s expression g !
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The inclusive OR (ior) function combines the A | B | ior(AB)
values, bit-by-bit, in a logical OR operation and 8 ? ?
returns the result. The logical OR truth table is 1 0 1
shown on the right. ! ! !
For example, to combine octal 57 and 21 in an inclusive OR operation:
{ i (0 000 000 000 101 111) D
[ S (0 000 000 000 010 001) D

L S (0000 000000 111 111) D

Complement Function

: expression

Computer -\
Museum

The complement (cmp) function takes the binary 1's complement of the 16-bit value and

returns the result. For exampie, execute these lines:

L P (0 000 000 001 010 111) D

(17

(1111111110 101 000) \]

Rotate Function

iexpression : + or = no. of places :

The rotate (rot) function right-rotates the 16-bit equivalent of the value by the specified number
of places and returns the result. The value is rotated left when the number of places is
negative. Bit O is rotated to bit 15 when the number of places is positive. Thus, no bits are lost

when the value is rotated.
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For example, execute these lines:

(000000000000 1111) SJ

(0000 0111 1000 0000) SJ

[ -1 (1110 0000 0000 0001) D

Here is a sequence which inputs two 8-bit
bytes, combines them into a 16-bit word, and
prints the resulting value. This sequence could
be combined into one statement:

Shift Function

¢ iexpression: + or - no. of places i
The shift (shf) function shifts the 16-bit binary equivalent of the expression the specified
number of places to the right. The value is shifted left when the number of places is negative.

Bits shifted left of bit 15 or right at bit 0 are lost.

For example, set A = 255 (0000 0000 1111 1111) and execute these lines:

[ ?:: (0000 0000 0000 0111) D

(0111 1111 1000 0000) Sj

mdec ;
rdb(3)+A

Here is a sequence which inputs a 16-bit word '”ghf (‘A, 12)

shf (A,-4)+B:prt shf(B,12)
shf (A,-8) +B;prt shf(B,12)
prt " (LSB)",band(A,15)

from a device on select code 3. The word is
then printed in four 4-bit segments.

UT b 10 = O
ee .68 60 8p. ee ¥
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Add Function

iexpression , : expressiong

The add function adds the binary equivalents of the two expressions and returns the result.
This function is identical to the calculator's + operation for decimal integers. The add function
can be used in the octal mode, however, permitting the addition of octal values.

For example, if A = 37 and B = 2, execute these lines:

Bit Function

The bit function is used to test one or more bits of a given value, and return either a 1 to
indicate true (all bits match) or 0 to indicate false (no match).

Single Bit Test Syntax:

.+ ibit position : expression !

Multi-bit Test Syntax:

{ “mask i expression i

When a numerical value is given for the first parameter, it indicates to test one bit (position 0
thru 15) in the value; O tests the least-significant bit. When the first parameter is text, each bit in
the value is tested according to the corresponding character in text: the character 1 requires
a 1-bit for a match, the character 0 requires a 0-bit for a match, and any other character
indicates not to check that bit. If all specified bits match, a 1 is returned. Up to a 16-bit mask is
allowed. If fewer than 16 characters are in the mask, they correspond to the least-significant
bits in the value; in this case, any higher bits are not tested.

For example, set A = 65 (0000 0000 0100 0001) and test the eight least-significant bits of A
using the mask “0100 0001*
[ (true) SJ
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Now set A = 66 (0000 0000 0100 0010) and test A using the same mask:
IE (false) D

As another example, suppose that a tape reader is connected via a 98032A Interface (at
select code 2) which sends this status byte in reply to the read status function:

8 7 6 5 4 3 2 1 "] (LSB)
End
Power Tape
X X 1 2 X X of
On Loaded Tape

Status bits 7, 6, 3 and 2 indicate interface status conditions. This program could be used to
monitor the tape reader and input data only when the reader is powered up (bit 8) and a tape
is loaded (bit 1). The first bit function checks only bits 1 and 8 by using a mask. The second bit
function checks bit 0 to halt the program when the end of tape is reached.

More examples using the bit function are in chapter 2.
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Binary Coding and Conversions

Binary is a base 2 number system using only 1's and 0's. By giving the 1’s and 0's positional
value, any decimal number can be represented. For example, this diagram shows how deci-
mal 41 = binary 101001;

Decimal Binary
10" 10° 25 24 28 22 21 Q0
l l L T e A A
10 1 32 16 8 4 2 A1
4 1 1 0 1 0 0 1

Binary-Decimal Conversions

To convert from binary to decimal, the positional values for the 1's are added up. From the
above example this would be:

254+ 25+ 20=32+8+ 1= 41

To convert from decimal to binary, the decimal number is repeatedly divided by 2. The
remainder is the binary equivalent. For example:

Remainder
(read up)
2047 - 1
2120 - 0
2[0 - 0
25 - 1
2 - 0
2 - 1
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Octal-Binary Conversions

Octal is a base 8 number system. Octal numbers are often used since conversion from binary
to octal and vice-versa is easy when electronic circuits are used.

To convert from binary to octal, the octal number is broken up into groups of three bits (starting
from the right). Each 3 bit group represents an octal number.

For example, to convert binary 10110100011001 to octal:

Octal Number 1 4 0 7 2
1 i 1 i 1}
Binary Number 001 100 000 111 010 110

Notice that only vatlues from 0 through 7 are used in octal.

To convert from octal to binary, the process is reversed:

Binary Number 10 110 100 o1 001
1 1 i 1 1
Octal Number 2 6 4 3 1

ASClI

Binary is often used as a code to represent not only numbers, but also alphanumeric charac-
ters such as “A” or “,” or “?" or “x" or "2". One of the most-common binary codes used is
ASCII'. ASCH is an eight-bit code, containing seven data bits and one parity bit. The plotter

uses ASCII for most I/O operations. No parity bitis used. For example:

A complete list of ASCII characters and their octal and decimal representations is given next.

ASCII ASCIl
Character Binary Code Decimai Code
A 01000001 65
B 01000010 66
? 00111111 63

1 American Standard Code for Information Interchange.



More I/O 4-1*

Chapter 4
Table of Contents

AUOS At 4-3
Timeout Statement (time) . ... . . 4-4
On Error Statement (0N eIT) .. .. e 4-4
Conversion Table Statement (ctbl) ... 4-6
Substring Conversion Tables .......... .. .. i 4-8
Parity Statement (par) . .......... 4-9
Conversion ProtoCol ... ... o 4-10
Interface Control Operations . ... ... .. . . 4-10
Write Interface Statement (wti) .......... ... 4-11
Read Interface Function (rdi) . ... o i 4-12
IO Flag Function (iof) . . . ... o 4-12
I/0O Status Function (ios) I 4-12
IO Drivers Example ... ... ... 4-13




4-2 More /O

Notes



Chapter 4

More 1/O

This chapter describes additional Extended I/O operations.

Autostart

If a tape cartridge is installed when the computer is switched on, it automatically executes a
load program O ( i

tt)statement from track 0. The autostart routine permits the computer to
automatically load and run a supervisory program, which in turn could define special function
keys or load other programs without operator instructions. The autostart routine is also per-
formed after a power failure, enabling the computer to automatically reload and restart a
program.

The autostart routine may also be initiated by a remote controller on the HP-IB. This is de-
scribed in Chapter 5 under “Abortive Interrupts’.

As an example, suppose the calculator is being used in an environment where power interrup-
tions occur frequently. File 0 on track 0 contains the following program:

File 1 contains a memory file. Periodically, the calculator executes the record memory
(#1) statement, storing the memory in its present state. If the power is interrupted with the
cartridge in the transport and the power comes back on, the system can be brought back up
without having to start over.
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Timeout Statement
% 1 limit in milliseconds

The timeout statement specifies a maximum time in which the calculator will wait for a
peripheral device to respond to an input or output operation.' (Normally, the calculator simply
waits until the device becomes ready to send or accept data.) Whenever a device does not
respond within the specified time interval, the calculator exits the 1/O operation and displays
= o B+ The time limit can be up to 32767 milliseconds (about 32 seconds). If 0 is
specified, the time limit is cancelled. When the timeout routine is in effect, will not abort
the 1/O operation. The timeout routine can be cancelled, however, by resetting the calculator
(erase command, run command or switch power on).

The timeout routine may be used in conjunction with error recovery to take alternate action if a
peripheral is not responding. See the next section.

On Error Statement

-+ “label ”

The on error statement enables an error recovery routine and specifies a label to branch to
when a calculator error occurs. Then, when an error is seen, the calculator does not halt and
display the error message; instead, it branches to the specified label and assigns values to
three read-only variables:

z¢r —The ROM in which the error occurred. 0 = mainframe; an ASCIl-equivalent value
indicates the letter for plug-in ROM errors (an ASClI-decimal table is in the Reference
Tables appendix).

+1 — The error number.

-1 — The line in which the error occurred.

For example, if @ s “s o’ is executed and then error E2 occurs in line 17, the
calculator immediately exits the current line, branches to label “"error”, and assigns these
values to the error recovery variables: rom=69, ern=2, erl=17.

The error recovery routine is cancelled after the calculator branches to the specified label.
Another on error statement must be executed to re-enable the routine. Resetting the calculator
((==), run command, erase command, or switch power on) also cancels the routine.

11/Q operations used with Butfered /O (transfer statement) are not affected by the timeout routine. Butfered 1/0 is described in
Chapter 6.
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NOTE

The on err statement should not be placed in the first line of
the error recovery routine; if it is, the calculator may con-

tinuously loop in the routine when an error occurs in that
line.

Here is a short program which reads and prints data readings from a digital voltmeter at select
code 3. Line 0 specifies a time limit of one second for each 1/O operation. The on error
statement before each I/0 operation specifies a routine to branch to when an error is seen.
time 1000 deenndl

on err "“dvm error

red 3,A,B,C
on. et: “a“t~prt”

———— D O OV N —

ol NS e € 80 06 00 08 88 4608 a8 4o we
.. :

LI

The “dvm error” routine displays DVM DOWN and halts the program whenever any error
occurs in line 2. The "alt-prt” routine however, checks the error recovery variables and prints
the error which occurred. Then it prints the three items and continues the program.

Notice in each case that the on error statement must be re-executed to reset the error recovery
routine after an error occurs.

NOTE

The on error statement cannot be used to trap errors if the
program is stopped for an enter statement. For example, in
the following program you enter a string that exceeds two
characters. When you press CONTINUE, Error S9 is dis-
played and the program stops. The program will not branch
to error routine “E" because the error occurred on an enter
statement.

: dimBS$[2]

onerr "E"

ent "BS",BS
prtBS$;stp

: "E":dsp"Error";stp
end

U who O
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Conversion Table Statement

t i+ | [string variable name]

The conversion table statement assigns a pre-dimensioned string variable to act as a conver-
sion table for all I/O operations. This statement sets up a conversion table completely separate
from the conversion (conv) statement, which is intended for conversion of delimiters, etc. with
read and write statements only. The ctbl statement can be used to set up a table of any length
up to 256 characters, allowing conversion to or from foreign (non ASCII) code.

To use the conversion table statement, a string variable must first be dimensioned and filled
with the ASCII characters to be converted. The position, or index, of each ASCI! character in
the string corresponds to the value of a foreign-code character. These positions are all offset
by one, however, to allow conversion of a binary zero in the foreign-code set. Thus, the first
character in the table corresponds to a foreign code of 0, the second character corresponds

to a foreign code of 1, etc. Once the string is filled, the ctbl statement assigns the string as a
conversion table.

For input, each data character is read from the peripheral and used as an index into the
conversion table; the content of that location is then substituted for the input character. For
output, the table contents are searched (starting from the first character) for the character
being output; when it is found, the index of the character at that location is used as the output
code. If the ASCII code being searched for is not found, the code is sent untransformed. Fol
input conversion, if the character code read is larger than the size of the currently established
conversion table, the code is not converted.

Only one conversion table at a time is active. Executing another ctbl statement cancels the
former table and establishes the new one. A ctbl statement with no parameters cancels any
previous conversion string. This table should only be activated for the duration of the 1/C
operation requiring the foreign code set; it should then be de-activated.

NOTE
I/O operations will also reference conversion (conv) and
parity (par) statements in addition to referencing ctbl. Refer
to “Conversion Protocol” later in this chapter.
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For example, suppose that you wish to read and print sets of X-Y values from a paper tape
punched in EIA' code. Each value is separated by a comma and each set of values is followed
by a carriage return (CR). Here is the complete foreign code to be used:

Decimal Equivalent

Character EIA ASCII

0 32 48

1 1 49

2 2 50

3 19 51

4 4 52

5 21 53

6 22 54

7 7 55

8 8 56

9 25 57

, 59 44

. 107 46
Carr. Ret. 128(CR) 10(LF)

The ASCII decimal-equivalent values were found by using the ASCI! table at the back of this
manual. Notice that the ASCII line feed was entered instead of carriage return, since the
calculator ignores CR but responds to LF as a terminating delimiter during free-field read.

Now a conversion table can be set up by using the table above. First, dimension a string
variable having one more element than the largest foreign code value to be converted (deci-
mal 128 in this case):

Next, fill the string with spaces (ASCII decimal 32) so that other characters can be assigned to
individual positions

Then store each ASCII character in the string position determined by the corresponding EIA
decimal value. (Remember that the string position is the foreign code value plus 1.) Either of
these methods can be used:

'Electronic Industries Association standard.



4-8 More 1/0

char (48) »C$[33, 33}

08]
5[129,129]

Finally, the string can be assigned as a conversion table:

With the above instructions, definition of the conversion table is complete. Since all remaining
elements in the string are defined as spaces, the table will convert any EIA character notin the
set to an ASCIt space. The calculator, in turn, will ignore all spaces when reading with the
free-field format.

Once the conversion table is assigned, all /O operations which follow will reference it. For
example, the next sequence will read ten sets of X-Y values, automatically reference the
conversion table as each character is input, and print the converted data items. Line 21
cancels the table so that other |/O operations do not reference it.

This conversion table could also be used to output numeric data, converting oniy the charac-
ters in the string to EIA (see the previous table} and passing all other characters, unchanged,
in ASCHi. Note, however, that ASCli space (decimal 32) would be converted to binary 0 (ASCH
NULL), since the first position in the string contains decimal 32.

Substring Conversion Tables
The conversion table need not be based on an entire string. The index of the conversion table
is based on the string specified by the cthl statement and not on the absolute locations of
characters in the original string variable.
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As an example, here is a sequence which dimensions and fills a string with the entire ASCI|
character set, but then sets up a conversion table using only ASCII A through Z (decimal 65
through 90):

0: dim AS$[129] S o

l: char(I)+AS[I+1,I+1];imp (I+1+1)>128

2: ctbl AS[66,91] ‘

So a 26-character conversion table is set up so that:

A=0B=1C=2D-=23,.

Parity Statement

i3 1" parity type

The parity statement enables a parity check routine for input data and a parity-bit generating
routine for output data. The parity type specifies the routine:

type O — parity disabled.
type 1 — parity always 1.
type 2 — parity even.
type 3 — parity odd.

When parity is enabled, the output data is masked to 7 bits; then the specified parity bit is
calculated and set as the 8th bit. Input data is checked for the proper parity type; # ¢

The parity routine should only be active when using ASCII or another 7-bit code. If parity is
active during 8-bit or higher data transfers, erroneous results will occur. If a parity type outside
the above range is given, only the two least-significant bits of the binary representation of the
given parity type will be used. Thus, &
turns off the parity routine.

* is the same as 1" 1. Execution of ey i

For example, the following program sequence inputs 50 data items from a paper tape
punched in ASCH with even parity. If an error occurs in line 1, the program jumps to the error
recovery routine, disables parity, and checks the error recovery variables. If error E7 has
occurred, the calculator displays BAD DATA. If any other error has occurred in line 1, how-
ever, the rest of the routine displays an error message.

4-9
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Notice that parity is disabled at the beginning of the “error” routine, so that it will not be
referenced“by succeeding /O operations.

Conversion Protocol

When more than one of the conversion routines: conversion (conv), conversion table (ctbl),
or parity (par) are active at the same time, they are executed in the following order. Remember
that conv is referenced by only read (red) and write (wrt) statements, while ctbl and par are
referenced by all General I/O and Extended /O ROM input/output operations.

out —e — — — -
calculator| . (conv) (ctbl) (par) device
n —— P - -

Conversion Protocol

Remember also that ctbl and par are not applied to data being transferred between buffers
and peripherals, as described in Chapter 6. These conversions are applied at the time that
data is being written to, and read from the buffer using the normal read and write operations.
So the buffer always contains an exact representation of the data that came from, or is going
to, the peripheral.

Interface Control Operations

The following four operations allow direct transfer of data or status information between the
calculator and the control registers on each interface card. it should be noted that, since these
operations are fundamental /O routines, the user must completely understand the function
and (/O protocol of each interface card and peripheral device. If not, unexpected and/or
unwanted results could occur!



CAUTION
UNEXPECTED (AND SOMETIMES UNWANTED) RESULTS
CAN OCCUR WITH THE WTI STATEMENT IF THE USER DOES
NOT FULLY UNDERSTAND THE REQUIREMENTS OF THE
DEVICE BEING ADDRESSED.

Write Interface Statement

Computer
~Museum

i: select code
or
w1 1 register no. s expression

The first syntax is used to specify a select code tor successive write interface and read
interface operations. The specified select code remains set until either another one is
specified or the calculator is reset ((==], run command, erase command, or switch power on).

The second syntax is used to output 16-bit binary values directly to the pre-specified inter-
face. The register number may be an integer from 4 thru 7. The binary equivalent of the
expression is sent to the specified register. A general description of the interface control
registers is given below. For more details, refer to the appropriate interface installation and
service manual.

e R4 — Primary data register.
e RS — Primary status/control register.
e R6 — Secondary data register.
e R7 — Secondary status/control register.
Extreme care should be taken when the wti statement is used with the select code 0 or 1.

These are the addresses of the internal display and tape cartridge, respectively, and require
special I/0 and data protocol.

4-11
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Read Interface Function

414 iregister number }

This function returns the 16-bit binary equivalent value of the interface register specified. The
select code currently set by a previous write interface statement determines the interface
addressed. ¢

{51 1 returns the currently set select code parameter.

I/O Flag Function

{select code

This function returns a 1 or 0, indicating the state of the specified interface fiag (FLG) line: 1
usually indicates that the peripheral is ready; O indicates that the peripheral is busy.

I/O Status Function
15 Lselect code !
This function returns a 1 or 0, indicating the state of the specified interface status (STS)

line: 1 usually indicates that the peripheral is functioning; 0 indicates an error condition.
Refer to the interface installation and service manual for more details.
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I/O Drivers Example

Using the write interface (wti) statement, the read interface (rdi) function, the 1/O flag (iof)
function, and the /O status (ios) function, the input and output drivers can be simulated for the
98032A and 98033A interfaces.

This program example imitates the output drivers:

This program example imitates the input drivers:
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Notes
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Chapter 5

Interrupt Control

Introduction

The Extended 1/O ROM provides the 9825 Computer with the ability to run user-written prog-
rams in various interrupt modes. That is, normal program execution may be interrupted to
perform other program lines at the request of external devices.

There are two types of interrupt capability: programmable and automatic. Programmable
interrupt is available for you tc write routines for controlling peripheral devices and transfer-
ring data via special interfaces, such as the HP-IB. Automatic interrupt is a built-in feature of

certain I/0O operations, providing them with a higher level of 1/O control than a programmable
interrupt scheme could allow.

This chapter describes the three statements which provide you with programmable interrupt
capability: the on interrupt (oni), enable interrupt (eir), and interrupt return (iret) statements.
Chapter 6, Buffered I/O, shows how automatic interrupt is used with the 1/0 buffer feature for
handling data transfers in various formats. Automatic interrupt is also used by the calculator
keyboard, and has priority over programmable interrupt routines.

The Programmable Interrupt Scheme

The program lines which perform an interrupt service task are called a “service routine”. The
oni statement is used to specify an interface card and the location in read/write memory of a
service routine to be executed when that interface card interrupts the calculator. The eir
statement is used to enable, or allow the interface card to interrupt when its peripheral device
requires service. The conditions which actually determine when the interface will interrupt
depend upon the interface card and the eir parameters, as described later.

When the interface card interrupts, the calculator “logs in” the request for service, disables
the interface from further interrupts, and branches to the pre-specified service routine after
completing the current program line. The service routine must be terminated with an iret
statement, which returns program control to the line which wou!d have been executed next if
the interrupt hadn't occurred.

5-3
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interrupt Control

The general set up for an interrupt service routine is as follows:

i (specify interface and label of service routine)
& 1 1" (enable interface card to interrupt)

.

.

.

(main program)

"% (service routine lines) i v

The service routine can be any number of program lines needed to service the interrupting
device. The last line must be terminated by an iret statement. The iret must not be executed
except when accessed via interrupt control.

The calculator normally branches to each service routine between lines of the main program.
This is called End of Line (EOL) branching, and is described in the following sections. For
extreme cases, an “abortive interrupt” routine can be initiated, which causes the calculator to
immediately branch to the service routine. This is explained under “Abaortive Interrupts’.

Vectored Interrupt

The calculator I/0 structure provides for two levels of EOL interrupt priority, based on interface
select codes: select codes 2 thru 7 have low-level priority, while select codes 8 thru 15 have
high-level priority. Automatic interrupts from the keyboard and the 1/0 Buffer feature (see
Chapter 6) are given priority over these high/low levels.

As the calculator is executing each program line, it logs in each interrupt request and assigns
it a priority. If more than one interrupt within a priority level is received, the one with the highest
select code is given highest priority. Then, at the end of the current program line, the cal-
culator compares any interrupts logged in with the current interrupt routines (if any) being
executed: if a new interrupt has a higher priority than the current routine, the calculator
branches to the new routine. But if the new interrupt is of equal or lower priority, the calculator
continues with the next program line of the current service routine.
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For example, if a low-level interrupt routine is being serviced and a high-level interrupt comes
in, it does not need to wait until the low-level routine is finished. Rather, at the end of the
current line of the low-level service routine, control passes to the high-level routine. When the
high-level routine finishes (by executing its iret statement), control passes back to the low-
level routine to finish its service. The iret from that routine then returns control back to the main
program. Had another high-level interrupt logged in while the first high-level routine was in
progress, its priority would not be sufficient to interrupt that routine. When the first high-level
routine finished, however, the second high-level routine would have been executed entirely
before the calculator returned to finish the low-level routine.

Notice that within this EOL branching scheme, any interrupts logged in within a program line
are considered simultaneous interrupts. So if (within one line of the program) select code 4
interrupts and logs in, followed immediately by select code 6, they would both be logged in by
the end of the line, and select code 6 would be granted service first, even though it interrupted
slightly after select code 4. Once the service routine for select code 6 has started, however, a
new interrupt from, say select code 7, would have to wait for the select code 6 service routine
to be completed before being granted a branch to its service routine.

A line executed under the live keyboard mode takes priority over all service routines. It will be
executed at the end of the current program line, regardless of the current interrupt-level being
serviced. So the operator is never "locked out” by the EOL branching scheme, unless the live
keyboard has been previously disabled using the Ikd statement.

The On Interrupt Statement

247 1 select code = “label ” or string variable [ : abort byte]

This statement establishes linkages between each select code that will interrupt and the
location of a service routine in the program.

Only interfaces can interrupt, not internal devices. The select code must be a value from 2 thru

15. Since the keyboard (select code 0) and the tape drive (select code 1) are handied
automatically by the calculator, they are not available as interrupting devices.

The label or string variable specifies the first line of a service routine beginning with the
matching label. A line number cannot be used to specify the location of a service routine.

The optional abort byte is described later, under “Abortive Interrupts’.

Interrupt Control

5-5
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For example, this statement specifies to branch te the service routine labelled “plot” when the
interface at select code 5 interrupts.

This sequence sets up the same branch, but uses a string variable to specify the label name:

At any time (including within the service routine itself) another oni statement for the same
select code may be executed, either to re-establish a new location for interrupts from that
device or to modify the abort byte. Each oni for a given select code cancels any previous oni
for the same select code.

Enable Interrupt Statement

& 1 + select code [ : interrupt enable byte]

Once a service routine and an interface have been specified via the oni statement, the eir
statement actually enables the interface to interrupt. This is accomplished by writing the
interrupt enable byte to the interface control register R5 out. When the computer is switched
on or is pressed, all interfaces are disabled from interrupting the computer.

When the enabled interface interrupts, the calculator logs in the fact that the interface would
like service, and then disables the interface from further interrupts. This is to prevent the
interface from continually interrupting until its service routine has been executed. If you wish to
enable the interface for further interrupts after the service routine is complete, another eir
statement with the desired interrupting conditions specified should be executed before exit-
ing the service routine (i.e., before the iret statement). This provides for repeated calls to the
service routine each time one of the specified conditions occurs.

To disable an interrupt, set the interrupt enable byte to zero {e.g., eir 7,0). The conditions for
which an interface can interrupt depends on the interrupt enable byte and the type of inter-
face. For example, specifying an interrupt enable byte of 128 (octal 200) sets control bit 7 on
the 98032A Interface, causing it to interrupt whenever its peripheral device is ready for more
operations (indicated by the peripheral flag line being true). So whenever an eir statement is
executed and no interrupt enable byte is given, a byte to set control bit 7 is automatically

given. The transfer statement (chapter 6) automatically enables an interrupt.

Since most peripherals connected via the 98032A interface indicate ‘ready” most of the time,
the programmable interrupt scheme is not suited for data transfer operations with them. (An
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exception is the 9862A Plotter, as described later.) The automatic interrupt scheme is specifi-
cally designed for data transfer with these devices. Examples of data transfer under automatic
interrupt control are in Chapter 6.

Interrupt Return Statement

This statement is always the last statement executed in an interrupt service routine. It causes
program control to return to the program line that would have been executed next if the
interrupt had not come in. Although iret is the service routine equivalent of the ret statement for
a subroutine called by a gsb statement, the two statements cannot be mixed; so a gsb call
must end with a ret statement, and a branch to an interrupt service routine (initiated by the
interface card) must end with an iret statement.

Example Application

The 9862A Plotter is a device which requires data in non-ASCIl code and in a special format.
The 9862A Plotter ROM generates the special code to control the plotter. Although the plotter
is a comparatively slow device (due to its mechanical plotting requirements), it is connected
via the 98032A Interface, so the programmable interrupt scheme can be used to speed up
program execution time by reducing the time spent waiting for the plotter.

The following sequence shows one method to allow the calculator to rapidly calculate and
store data points in an internal array, while a service routine outputs the points to the plotter.
This enables the calculator to perform lengthy calculations, or even control other I/O devices,
while also driving the plotter at its fastest rate.




e Line 0 ~ Dimensions an array to hold 1000 sets of plotter coordinates.

e Line 1 — Sets up an interrupt routine such that the program will branch to tabel “plot”
whenever the plotter is ready for another set of coordinates.

e Line 2 — Initialize J, the output pointer, and |, the input pointer.

e Line 10 ~ Check if computation of plot coordinates is complete.

e Line 11 thru 18 — Compute one set of X-Y coordinates.

e Line 19 — Increment input pointer.

e Line 20 — Enable interrupt 5 and continue computing X-Y coordinates.

e Line 21 — Plot computation is complete, so continue in loop until output pointer plus one
equals input pointer.

e Line 22 & 23 — Lift pen & move out of way at the end.

e Lines 25 thru 28 — Interrupt routine to plot each point.

HP-IB Interrupt Control

The 98034A HP-IB Interface can interrupt for a variety of conditions, each of which may be
independently enabled (in any combination) by specifying the appropriate interrupt enable

byte in an eir statement. The byte is specified as a decimal (or octai when the octal mode is
set) equivalent of an 8-bit binary value, where each bit specifies an interrupt condition as
shown below.

up
Bit 0: Always sett0 0." . iThesebis are for internal y

98034A Interrupt-Enable Byte
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When the calculator is the active controller on the bus, the Require Service (SRQ) message
(bit 7) is the only interrupt condition needed from a device; therefore bit 7 is automatically set
when an interrupt byte is not specified. This is equivalent to specifying a byte of decimal 128
or octal 200.

Bits 1, 4, 5, and 6 are useful when the calculator is not the active controlier on the bus. This
allows the program to go on with other tasks, but to be interrupted when the controller addres-
ses the calculator (as a peripheral device) to talk, listen, respond to a Clear (DCL) message,
or take active control. Bits 0, 2, and 3 are used by automatic interrupt control routines only,
and should not be set by the user.

When an interrupt enable byte is specified for a 98034A Interface, bits 1, 4, 5, and 6 are not

- automatically cleared when the calculator logs in an interrupt from the card. Oniy bit 7 (SRQ) is
cleared automatically. So an interrupt is enabled again whenever any of those bits (1, 4, 5, and
6) are set, until either another eir statement changes the byte or the calculator is reset.

For example, suppose that you wish to monitor three devices that can send Require Service
messages and respond to a parallel poll via the HP-IB. When parallet polied, device X re-
sponds by sending status bit 4, device Y sends bit 2, and device Z sends bit 0. The parallel
poll (pol) function returns all bits in one 8-bit byte. Here is a sequence which sets up service
routine “SRQ" to parallel poll the bus and then branch to a subroutine to service each device.
(Bus polling methods are described in chapter 2.)

By using this method, the calculator runs its main program (lines 12 through 39) while waiting
for a device to interrupt. When a Require Service message is seen (bit 7 on the 98034A
Interface), the calculator automatically branches to the service routine between program
lines. The eir statement (line 44) is needed to re-enable interrupt on bit 7 (SRQ) after each
pass through the service routine.
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Remember that interrupts are not generated by specific devices on the bus, but only by the
98034A Interface itself. So, if more than one device on the bus is able to request service, the
only interrupting condition is via the SRQ line. The service routine can determine which de-
vices on the bus are currently requesting service, however, via a serial and/or parallel poll.

Also, it is not possible to establish two different service routines for the same interface: one
for active talker and another for active listener, for example. Each oni statement cancels any
previous oni statement for the same select code. If both of these conditions are set as inter-
rupting conditions, the service routine must determine which condition caused the interrupt by
usjﬁg the rds function, and then test the appropriate talk/listen bits in the status byte returned.

For example, here is part of an interrupt method used when the calculator controls a subsys-
tem of data measurement devices, and is also controlled by another device on the bus. Line
10 sets up a service routine and enables interrupt from the bus for any of three
conditions: active talker, active listener, or active controller. When the calculator is not on the
bus, it runs a data reduction and plotting program (lines 11 thru 49). When the active controller
interrupts, service routine "BUS’" determines which bus function has been addressed (talker,
listener, or controller) and branches to an appropriate subroutine. The “TALK" subroutine
sends data to the controller. The “LISTEN" subroutine inputs control information for the cal-
culator. The “CONTROL" subroutine programs and takes data from the measurement devices
on the bus; then the pass control (pct) statement returns active control to the other controller
(address 26).

eee;pct 726;ret
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Abortive Interrupts

The oni statement described earlier in this chapter allows for an optional abort byte parameter.
Normally, interrupts using the end-of-line (EOL) branching scheme described earlier are
sufficient, and interrupts are serviced in a reasonable amount of time. Some extraordinary
circumstances, however, may require that a critical interrupt (e.g., a warning from a device of
a critical or dangerous situation that must be corrected immediately) must be serviced in as
short a time as possible. For these rare situations, the abort byte can be used.

NOTE
Abortive Interrupts should be used with extreme care.

If an interrupt has been declared abortive, this is detected as soon as the interrupt is received
by the calculator and an immediate branch to the service routine is performed. The currently
executing line of the main program is aborted, any other pending interrupts are cancelied, and
an immediate branch to the service routine is performed, unless a record or load operation is
being performed on the tape cartridge. The record or load operation is completed before an
interrupt branch takes place. (Interrupts are not recognized during cartridge operations.) As
far as the calculator is concerned, an abortive interrupt is nearly the same as pressing
followed by executing et 7

", where “label” is the location of the interrupt
service routine specified in the oni statement. This is a drastic action for extreme cases only,
since variables that were being modified when the action occurred may be lost. Also, all
pending gosubs and for/next loops are lost. The only meaningful action after an abortive
interrupt is to perform any I/O operations necessary to quickly correct or halt the critical

situation, followed by loading an entirely new program to bring the system back to an opera-
tional state.

The abort byte in the oni statement specifies a binary value of which only the four least-
significant bits are used for the 98032A Interface. Bits 2 and 3 however, should not be used
since they are preset on the interface card. This byte is logically ANDed with the lower four bits
of the status byte to determine whether the interrupt is to be abortive. Thus, if any of the bits set
in the abort byte are also set in the status byte at the time the interrupt occurs, the interrupt is
to be abortive.

The 98032A status byte is described in chapter 3. Only the four least-significant bits are
described here:

5-11
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98032A Abort Byte

For example, if this oni statement is in effect:
interrupt is enabled:

& and the
an abortive interrupt will occur to the service routine labelled
“overflow” when bit 1 (binary 2) of the status byte is logical 1. But, if this oni statement is
used: : "

= the abortive interrupt occurs when either status bit 0
or 1 or both are logical 1.

The abort byte for the 98034A HP-IB Interface uses only the two least-significant bits. So, the
range of a meaningful abort byte is from 1 thru 3. The 98034A abort byte is shown next.

bit e a2 1 g (LSB)
l ' Require Clear
Service ] Message
| | Message |  (DCL)

e Bit 0: Execute autostart routmewhe ar message (DC,L);Viys recewed :

e Bit1: Abortive interrupt When_éﬁé Service message is received.

98034A HP-IB Interface Abort Byte

If bit 1 is set, a Require Service message on the bus will cause an abortive interrupt. If bit 0 is
set, the Clear message from the controller on the bus will initiate the autostart routine (see
Chapter 3). Thus, when the calculator is acting as a peripheral on an HP-IB the program may
either perform its own definition of the Clear message via a normal programmable interrupt, or
it may use that message to cause power-on auto-restart by setting the abort byte. Remember
that the 98034A Card is set to interrupt {(normal or autostart) on the Clear message by setting
bit 1 of the interrupt enable byte in the eir statement.

Normal EOL interrupts are serviced only when the program is running. Abortive interrupts and
autostart on the Clear message are serviced anytime except during, or immediately after,
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program editing (before run is executed). If an abortive interrupt is encountered while a
program is being edited, pressing may be required to return control to the keyboard. In
all cases, abortive interrupts should be used with extreme care!

Interface Control Bits

The eir statement and the General I/O write control (wtc) statement both output to control
register (R5) of an interface card. The differences in their actions is described next.

The write control statement provides a means of modifying bit 0, 1, and 5 of the control byte for
the 98032A Interface. The format of this control byte is shown below.

bit 7 6 5 4 3 2 1 g (LSB)
Interrupt DMA Resel Auto N/A N/A CTL cTLY
nterrup s Handshake

98032 interface Control Bits

Only bits 0, 1, and 5 are settable with the wtc statement (bits 2 and 3 are not used by the
98032A). Any of these bits (0 thru 7) may be set or cleared, however, by using the appropriate
interrupt enable byte in the eir statement. When no byte is specified, bit 7 is automatically set
to enable interrupt whenever the peripheral flag line is true. Bits 4 and 6 should not be set via
an eir statement since, if they are set at the wrong time, they can disrupt normal Extended 1/O
operations.

You may wish to modify the settings of bits O thru 3 of the control byte. If these bits are set via
the wtc statement, they remain set as specified until the next automatic write to the control
register to service an interrupt. If these bits are set via an eir statement, however, the setting is
saved and the state of bits 0 thru 3 is preserved whenever an output to the contro! register is
required to service interrupts.

For example, executing this statement (in the octal mode): enables the inter-
face at select code 5 for interrupt and sets control bits 0 and 1. When the device interrupts, the
calculator automatically clears bit 7 to disable interrupt until the service routine is reached.
The state of bits 0 thru 3 will be remembered and preserved. Also, = i % = = could be used
to set the two control bits without enabling interrupt. A later transfer (tfr) statement' would
automatically enable (and disable when complete) interrupts while maintaining the setting of
the four control bits. If these bits had been set via a wtc, however, their settings would not be
maintained.

'The transfer statement is used only with an /O Buffer, as explained in Chapter 6.

5-13
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Interrupt Lockouts

During certain critical operations within the calculator, all programmable and automatic inter-
rupts may be disabled for short time periods. Usually, these lockout periods are only a few
microseconds. An exception to this is during tape drive operations. While a find file (fdf)
operation is in progress, for example, the DMA channel is in use and is not available for
transfer operations. This simply means that a transfer (tfr) statement that is attempting to set
up a DMA transfer will wait for the find file operation to be completed before being granted
access to the DMA channel. Simitarily, a fdf statement must wait for a tfr to be completed
before it can use the DMA channel.

While a tape data transfer is in progress (e.g., load program, record program) the entire.
interrupt mechanism is turned off. So any devices attempting to interrupt during this time will
not be logged in until the tape drive operation is completed. So you should exercise care in
writing a program in which critical interrupts and tape drive operations are interleaved. Inter-
rupts are also locked out for the duration of a Fast Read/Write data transfer (see Chapter 6) in
order to provide the data transfer rate required. The tir statement sets up the transfer opera-
tion, but the device determines when the transfer begins.

Normal interrupt operation is resumed after each of these interrupt lockout operations is
finished.

Variables with Interrupt Service Routines

The programmer should remember when writing interrupt service routines that all variables in
the 9825 are “‘global” variables except p-numbers (see the Advanced Programming chapter
of the Operating and Programming Reference). This means that variables are recognized and
modifable in all segments of the program. So care should be taken to ensure that an interrupt
service routine (which can be called at any point in the program) does not inadvertently modify
program variables used by either the main program or a lower-level service routine.

Also, program modes should be carefully watched. If, for example, a line in the program were
of the form:

parity would be cancetled (par Q) before the calculator could branch to a service routine. if the
par O statement were on the next line of the program, however, a service routine could
interrupt while parity type 3 is still set, which could generate unexpected results within the
service routine.
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When interrupts are being used, care should be exercised to prevent modes such as par,
conv, ctbl, or moct from being active when they are not needed. Similarly, executing format
statements from within service routines should be done with care, since they may override
formats previously set in the main program.
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Buffered I/O

The Buffered I/O Scheme

For the majority of I/O operations, the speed of the calculator and the speed of a peripheral are
reasonably matched, so the General |/O read and write statements will easily accomplish the
data transfer. Very slow and very fast peripherals, however, create speed mismatches which
can usually be overcome by using buffered /0.

The buffered 1/O scheme enables the calculator to automatically transfer data to or from
external devices using various modes and data formats. Automatic interrupt control is enabled
with each transfer operation.

The buffer (buf) statement allocates and names an area of read/write memory as an 1/O data
buffer. It also specifies whether the buffer is to use a 16-bit binary (word) or 8-bit ASCII (byte)
format. The type of data transfer to be performed is also specified. Once the buffer is allo-
cated, General I/O read- and write-type operations are used to exchange data between the
buffer and calculator variables, while the transfer (tfr) statement is used to exchange data
between the buffer and the external device. In effect, the buffer becomes the peripheral
device for read and write operations. The next figure shows this I/O buffer scheme.

wrt
Calqulator 1/0 Buffer tfr External
Variables

red d or byte f i
(fully-formatted data) (word or byte format) Device

The I/O Buffer Scheme

6-3
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Automatic Interrupt

As described in Chapter 5, programmable interrupts allow you to perform any sequence of
operations to service a peripheral interrupt. If the task to be performed is simple data transfer
between the calculator and a peripheral, however, the Extended /O ROM provides an automa-
tic mechanism for handling interrupts with an /O buffer. This automatic interrupt is set up
whenever a transfer statement is executed, and takes priority over programmable interrupts.
For high speed data transfers, as explained later, the automatic interrupt even disables
keyboard interrupts while the transfer is in progress.

Buffer Types

The buffer statement specifies which of these buffer types is to be set up: interrupt (type 0 or
1), fast read/write (type 2 or 3), or DMA (direct memory access, type 4). The even numbers
indicate word (16 bit) format, while the odd numbers indicate byte (8 bit) format. The buffer
type specified should match the speed and data format of the external device.

Some devices are extremely slow (such as a 110-baud teleprinter) or totally time-random (like
an operator controlled digitizer). With General I/O ROM operations, the calculator simply waits
on these devices to complete each 1/O operation. If the time spent waiting is significant, and if
the program could be performing other calculations while it is waiting for these devices, the
interrupt buffer can be used to send or receive each item of data under interrupt while the
calculator is performing other useful work.

On the other end of the speed spectrum are very fast devices (such as digital voltmeters and
fast analog-to-digital converters) which deliver data at a rate faster than can be read using the
read statement. Either a fast read/write or DMA buffer can be used to simply gather the data as
fast as possible without spending the time to convert the data to the calculator's internal
format (i.e., formatting, converting to floating-point representation, etc.). This work can all be
done later, after the data has been input.

The following table summarizes the uses for each buffer type. Notice that I/O operations with
medium speed devices (such as a 9866A/B or 9871A Printer, or most HP-IB modules) are not
listed in the table, since General I/0 read- and write-type operations provide an optimum data
transfer rate for most cases. In applications where considerable time is spent on the data
transfer, however, use of either the interrupt or DMA buffer may save execution time.
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I/0 Buffer Applications

Example Application Buffer Type

Slow Devices:

e 9863A Tape Reader Interrupt

e 9869A Card Reader Interrupt

e 9884A Tape Punch Interrupt
Random-time Devices:

e 9864A Digitizer Interrupt
High-Speed Devices:

e 9883A Tape Reader Fast Read/Write or DMA?2

e HP-IB data input Fast Read/Write'

e Burst Read from DVM Fast Read/Write or DMA?2

Synchronous DMA

The DMA buffer cannot be used with HP-IB; use a fast read/write buffer for the fastest transfer rate.

2For byte transfers, the fast read/write buffer offers the most effecient memory usage.

Use a fast read/write buffer when tape drive (or disk) operations are to be done during data
transfer, since a DMA buffer, tape drive and disk require use of the same DMA channel.

The Interrupt Buffer

When a transfer statement using an interrupt buffer is executed, it automatically enables the
device to interrupt each time it is ready to output or input another word or byte of data. Then
the calculator goes on executing the program statements and lines following the transfer
statement. Each time the peripheral is ready, it generates an interrupt, transfers the next word
or byte of data, and goes busy again. In the meantime, program execution continues normally,
interrupting only long enough to transfer the next data character. This operation continues
until the last data character has been transferred, at which time the calculator completes the
transfer and disables the peripheral from further interrupts. Note that the entire transfer opera-
tion is automatically handled by the calculator and no interrupt service routine is required in
the program. Also, each new data request by the peripheral is serviced when received and not
at the end of the current line of the user program. End of line (EOL) branching is used only with
programmable interrupts, as explained in Chapter 5.

The Fast Read/Write Buffer

Data transfer with a fast read/write buffer is similar to using an interrupt buffer, except that
once the data transfer has begun, all interrupts are disabled until the last data item is transfer-
red. None of the main program is executed for the duration of this data exchange. When the
transfer is complete, interrupts for other select codes are re-enabled, and the main program
continues execution from where it was interrupted. A fast read/write transfer begins when the
device interrupts, and continues in a fast /O exchange until completed.
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The DMA Buffer

Using a DMA buffer can achieve even faster data transfer rates through the use of direct
memory access. In this mode, data is éxchanged between the buffer and the peripheral
directly by the calculator processor and independent of the ROM software routines. The DMA
transfer occurs on a “cycle stealing” basis, without any disruption of normal program flow.
Only the 98032A Interface is capable of running in the DMA mode. For the HP-IB, the Fast
Read/Write buffer scheme affords the fastest transfer rate.

All of these transfer operations are completely automatic. All you geed do, for say an output
operation, is set up the buffer area (buf statement), fill it with data (wrt or wtb statement), and

initiate the transfer to the peripheral (tfr statement). The automatic interrupt service and buffer
management is taken care of by the calculator.

Buffer Underflow and Overflow

The I/O buffer may be written into and read from using any sequence of read, write, and
transfer (tfr) operations, provided that the buffer operation does not cause underflow or over-
flow (i.e., attempting to read from an empty buffer or write to a full buffer). If a buffer is only
partially filled and then emptied, more data may be written into the buffer without erasing the
information left in the buffer from the previous write operation. The data is not repacked within
the buffer area, however, and any unused space is left in the low end of the buffer. Thus, buffer
overflow error ES may occur even when the buffer contains fewer characters than the size
originally specified. When the buffer is emptied (the last character has been output) the buffer
may be filled completely again. So partial reads should be done with care. Buffer pointers are
explained later.

Buffer Statement

“name [ @ buffer size or string variable = buffer type]

The buffer statement is similar to the dimension (dim) statement in that it allocates and names
an area of read/write memory. As with the dim statement, once a buffer has been allocated it
cannot be modified (i.e., the name, size, and type cannot be changed) or de-allocated. The
buffer can be cleared, however, by executing the syntax:

© name

The purpose of the buffer for output operations is to prepare and hold data to be transferred to
a peripheral by one of the automatic transfer operations described in this chapter. For input
operations, it provides a means of buffering data received from a peripheral at its own rate,
and reading this data into calculator variables when the program is ready to receive them.
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The buffer name can be any string of characters in quotes or a string variable name. The name
is then used in place of the select code parameter in I/0 operations with the buffer. If a string
variable name is used, string operations can be performed on the string buffer.

The buffer size specifies how large an area of memory is to be allocated. The size is specified
in either words or bytes, depending upon the buffer type specified. In addition to the specified
size, each buffer uses an additional 16 bytes of read/write memory as working storage (over-
head). Also string variables can be assigned as buffers, as described later.

The buffer type is a number from 0 thru 4 which specifies one of these types:

1/O Buffer Types

Type Buffer Type I Data Format
0 Interrupt buffer words
1 Interrupt buffer bytes
2 Fast read/write buffer words
3 Fast read/write buffer bytes
4 DMA buffer words

The buffer type specifies whether the buffer is to hold bytes (8-bit characters) or words (16-bit
binary data). It also specifies the mode of operation for transfer of data to or from a peripheral
device. These buffer types were described earlier.

Once the buffer has been established, General I/O read- and write-type operations are used to
exchange data between the buffer and the calculator's internal variables. This is done by
simply using the buffer name in place of the select code parameter in read- and write-type
statements and functions. The same data that would normally be sent to the peripheral (for
write operations) is sent to the specified buffer instead. Within this buffer, the data exists as a
simple byte or word sequence, and the General I/0 formatting capability may be used to write
data to the buffer. Similarly, the byte or word data sequence can be read from the buffer into
internal variables, under format control! if desired. To specify a format statement in read- and
write-type operations, the “name” parameter has the following form:

" name . formatno. "

Since buffer names and device names (see “The Device Statement” in Chapter 2) may be
used in place of the select code parameter in read- and write-type operations; a buffer and a
device cannot be given the same name. If a buffer statement is executed and the specified
name has already been used as either a device name or another buffer name, error E2 will
result.
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Transfer Statement

-+ source : destination[ = character count : last character]]

source = buffer “name’ or select code
destination = buffer “‘name” or select code

As mentioned in the previous section, General I/O operations are used to put data into a buffer
from calculator variables, or take data from the buffer and put it into calculator variables. The
transter statement is used to exchange data between the buffer and a peripheral device. If the
source is a buffer, the destination must be a select code or device name, and vice versa.

Data Output

To transfer data from the buffer to the peripheral, the source parameter is the name of the
buffer and the destination parameter is the select code or device name of the peripheral to
receive the data. The mode of transfer is determined by the buffer type.

The character-count parameter can be used to terminate the output transfer when the
specified number of bytes or words are output. When this parameter is not given, the transtfer
is terminated after the buffer is emptied. The last-character parameter is ignored during an
output transfer.

For example, this program sequence sets up a 300-character interrupt buffer for holding sets
of variables to be printed on a teleprinter. Lines 6 thru 20 calculate each set of variables and
then write them into the buffer. The transfer statement sets up the automatic output routine
between the buffer and the printer on select code 3. After enabling the printer to interrupt
when it is ready for each successive character, program execution resumes with the next
statement.

5: buf

Notice that the tfr statement is executed only once to set up the automatic transfer operation.
In this sequence, the transfer operation is in effect until either the buffer is emptied (underfiow)
or overfilled via the write statement (overflow). Error E5 indicates underflow or overflow. Since
the buffer is large enough to hold many sets of variables, overflow may not occur if the printer
is fast enough to keep up with program execution. if the printer is too fast, the buffer will empty
and the transfer will have to be re-initialized after new data is written into the buffer.
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To avoid error E5 the program can be written to detect the current buffer size, and branch to
wait until the buffer is emptied before doing the next write statement (avoid overflow) or to
re-execute the tfr statement if the buffer has been emptied already (avoid underflow). See
“Buffer Status” later in this chapter for details.

Data Input

For transfer operations into an 1/0 buffer, the source is specified as a select code or a device
name and the destination is specified as a buffer name. Upon execution of the transfer
statement, data is taken from the peripheral and placed in the buffer according to the buffer
type specified. When the transfer is complete, the data is then taken from the buffer using
General 1/0 read operations, with the buffer name in place of the select code, and using
formatting if desired.

During the transfer from the peripheral to the buffer, the calculator must have some way of
knowing when the operation is complete, that is, when the last word or byte has been re-
ceived. You can specify this cutoff condition in the transfer statement through the optional
character-count and last-character parameters. The character count is the number of words or
bytes to be read in order to complete the transfer operation. If this value is larger than the
space available in the buffer, the input transfer is terminated when the buffer is filled.

The last-character parameter is used by byte-type buffers only to terminate when the specified
character is input. For example, when decimal 10 (or octal 12) is specified, the input transfer
will terminate after an ASCII line feed has been input. If a last character is given, the number of
characters must also be specified, although it may be given as zero to indicate that only the
terminating character or filling the buffer is to act as the cutoff condition. For example, in this
sequence:

1: mdec;buf "}
2: tfr 3,"ho

data is transferred from the device on select code 3 to the buffer “hold”, until either 500
characters are read or an ASCl| line feed is seen.

When using the transfer statement with the HP-IB to input into a buffer, the transfer can be
terminated as described above or by End Or Identify (EOI). Refer to The HP Interface Bus in
chapter 2.
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I/O Buffer Status

Since data transfers using a buffer are done automatically while the main program is running,
a method is needed for the program to detect when the buffer transfer is finished. There are
two methods available for doing this, one uses the read status (rds) function and the other
uses a programmabile interrupt service routine.

The program can check current buffer status by executing this read status function:

i "buffer name 7 i

The function returns —1 whenever a transfer statement is active with the buffer. When the
buffer is not busy, the number of words or bytes currently available for output from the buffer is
returned as its status. Thus, a buffer that has finished a transfer to a device will show a status
of zero and a buffer that has finished a transfer from a device will show a status equal to the
character-count parameter (plus any data that was left in the buffer from previous cperations).

The second method of detecting the completion of a transfer operation makes use of the
programmable interrupt scheme. When a transfer operation has just been completed, and an
“oni” location has been previously set up for the same select code, a normal end-of-line
service request is logged in. The program then branches to the service routine according to
the programmable interrupt scheme explained in Chapter 5.

For example, this sequence specifies that 50 characters (bytes) should be transferred from
the device on select code 2, and placed in the buffer called “data”. When the transfer is
complete, an interrupt is logged in to branch to the service routine labelled “‘done”. Notice that
an enable interrupt (eir) statement is not needed (or should not be used!) to enable an
interrupt from the same select code; it's done automatically by the transfer operation.

0: oni 2,"done"
!+ buf "data",50,!
2: tfr 2,"data",50

NOTE
If an eir and a tfr statement are in effect for the same select
code, the service routine will probably be executed before
the transfer operation.
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As another example, suppose that we have a calculator-digitizer-printer system and wish to
digitize, compute, and print data as fast as possible. The digitizer is connected via a 98032A
Interface set to select code 3. Data points are randomly input, since the operator must manu-
ally move the digitizer cursor from point to point.

By using the following method, the calculator is free to compute and print data (lines 8 thru 24)
while the operator digitizes each new data point. The transfer statement automatically inputs
one data point (a 15-character sequence) and then logs in an interrupt causing the calculator
to branch to service routine “read”. The service routine then empties the current data from the
butfer, counts data points, and returns control to the main program. If the main program
sequence is finished before the current transfer operation is complete, the calculator displays
Piiwmitd et Foish and waits (executes line 25 continually) until the buffer has

been filled and emptied.

Remember that buffer status is —1 when a transfer is active, and 0 when the buffer is empty.

5: oni 3,"read"
6: buf "digitize",15,1
7: tfr 3,"digitize"
. ;
.
. :
25: dsp "Digitize Next Point";jmp rds("digitize")=0
26: gto 7

27: "read":red "digitize”" ,X,Y
28: I+l]l+I;iret
29: end

Buffer Pointers

Each I/O buffer has two internal pointers which indicate the last word or byte currently input
and output. The following diagrams show the position of these pointers after various opera-
tions using a 20-byte output buffer. A 1 indicates an input pointer and al indicates an output
pointer. The read status function =i {7 # 7 1 was executed after each operation to deter-
mine the current buffer status.

1"t (buffer status = 0)

2. Write five characters into buffer:

ABCDE
1 I (buffer status = 5)
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3. Transfer three characters out:

ABCDE

Note that ABC still remains in the buffer. I Touffer status = 2)

4. Write more characters in:

ABCDE12345€R(D

1 )
5. Attempt to write too many more charac- (buffer status = 9)

ters into buffer: 11 characters LEEEE. R T S]

{buffer status = 17)

6. Transfer remainder of buffer out:
. ABCDE12345CH (D)

1 (buffer status = 0)

7. Now the buffer can be filled with new
data: (A = aspace): AAAAAAA3.14159265360
— § oy 1 (buffer status = 20) |

8. Transfer 19 bytes out:
AAAAAAA3.14159265360

(buffer status = 1) 1

J

Gives error E5 no room to store it. (buffer status unchanged)

9. Attempt to write in one byte:

10. Remove the last byte:
e T A AAAAAAA3.14159265360
11 (buffer status = 0)

The buffer can now be refilled.

Notice in each step, that buffer status indicates the number of bytes available for output (the
number of bytes between pointers) and not necessarily the total number of bytes in the buffer.
As shown by steps 5 and 9, the buffer cannot be refilled after being only partiatly emptied —
the buffer must be emptied completely before it can be filled again. Also remember that data
which has been output from the buffer can not be output again, even though it is still in the
buffer.

When unwanted data remains in the buffer, as after step 8, it can be removed by executing the
buf statement with the buffer name as shown.

In the case where a string variable is used as the buffer (refer to the next section), it can be
seen (by printing the string) that the contents of the buffer are not changed, only the input and
output pointers are reset (buffer status = 50) by the buf statement.
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String Variables as Buffers

The size parameter in the buffer statement may be replaced by the name of simple string
variable. Substrings and strings of a string array are not allowed. This permits the string
variable to also serve as an I/O buffer.

For example, these program lines dimension a 100-character string variable and then assign
the string as an interrupt type buffer called “fer”:
]

i
figsl

i din A$L 1A
10 hud Ferts

When a string is specified as a buffer, 16 characters are assigned as working storage (over-
head). So a string dimensioned at 100 characters will allow a buffer size of only 84 bytes (42
words). If a 100-byte buffer is required, the string should be dimensioned at 116 characters.
Remember that non-string buffers automatically allocate the extra area, so the size specified

is the size of the buffer. For byte-type buffers, odd buffer sizes are rounded to the next higher
even number.

Using string variables as buffers offers additional features. For example, the buffer may be
saved on the tape cartridge or a disk for processing at a later time. This allows one segment of
a program to be a data acquisition phase and simply fill a buffer from a device, record the
buffer, reset the buffer to empty, and continue gathering data. In a later phase the buffers may
be loaded from the tape or disk and processed. A second advantage of string buffers is that
the string-manipulation functions may be used to “preview” the form of the data received
before it's read into computer variables. Or data may be “pre-conditioned" to suit a particular
format or data structure. Be aware, however, that these string variable operations are entirely
independent of the normal red/wrt/tfr operations.

As an example, suppose that 10 characters (bytes) are transferred into a buffer which uses the
area for A$. Then the statement * % is executed. Now executing £ (to
determine the length of the string) will return 3. But the buffer size will still be 10 bytes even
though the first three bytes have been changed to ABC and the length of A$ is 3. Bytes 4
through 10 are unchanged.

It is possible to transfer data into a string buffer and then store the string on disk. However,
when the string is retrieved the buffer pointers are not restored, making it impossible to read
data from the buffer using red’s and rdb’s. Although it is possible to use string functions (i.e.
“val” and “num”) to retrieve the data, this approach will not be as fast. (See benchmarks.)
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One way to program around this problem is to store the status of the buffer (i.e., its length) with
the string. Then, when the data is to be retrieved, load the string and the buffer status from the
disk. The buffer pointers can be restored by writing the string to the buffer.

Here's one way to save the data:

If you can guarantee that your buffer will be completely filled, then you do not need to store the

status of the buffer on disk and the buffer pointers can be stored with:
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Inverted Data

The 98032A interface has two jumper wires which may be set to specify inverted (positive true)
logic levels for input and/or output data. The card is normally set to handle negative-true logic.
During normal read and write operations, the state of these jumpers is checked by the cal-
culator and the data is inverted, if necessary, before writing and after reading. This is also
done for data transfers using an interrupt buffer. The two fast-access buffer transters (fast
read/write and DMA), however, do not check these inversion jumpers to maintain maximum
transfer rates. So the program must compensate for inverted data when fast read/write or DMA
buffers are used with an interface set for inverted logic. The fact that inverted data is received
in these modes of transfer should also be considered when specifying the last-character
parameter of an input transfer statement.

Currently, the only HP calculator peripheral that uses inverted logic levels is the 9864A Di-
gitizer. Since this is a slow (time random) device, only the interrupt buffer should be used for
transfer operations; this also avoids the change for inverted data.
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Buffered I/O Example

The following program uses a fast read/write buffer to enter and print measurements from a
5328A Frequency Counter on the HP-{B.

dim F${20,17],G681356]):
wrt 710,"Pracasit®
" Type 3":buf "CBbi
tfr 710, “Chuf'

conv. 69 IG!‘
next J
spc 2 ,
"Refmt & Prt”.yrt' quency
fmt 1,£6.2," MHz";wrt | |,
next K . .

spc 2:;end

et A0 00 ] O Ul A B D

WINY = C o0 o5 00 00 05 00 90 08 03 o0

0. Dimensions string array F$ to hold 20 frequency readings each 17 characters
long, and string G$ to hold 340 characters of raw data plus 16 extra characters
required for housekeeping purposes.

1. Programs 5328A Frequency Counter to take multiple measurements and output at
end of each measurement.

2,3:  Sets 9825A for Fast Read/Write (Type 3) buffer. A total of 340 characters are to be
accepted.

4: Tests status; while buffer is being filled, the status is “—1"" indicating "busy"”; upon
completion, it returns the final character count.

5:  Prints final character count and raw data. Each reading is 17 character spaces
wide including blanks as fillers.

Note that “—" is carriage return and "|" is line feed. Such raw data printouts are
useful for debug purposes.

6,8. Since each frequency reading is terminated by the line feed delimiter, a conve-
nient way to separate the raw data string into individual readings is to read it into a

string array. At the same time, the exponent prefix is converted to lower-case “e
The string array is printed to illustrate the operation.

10,13: The val function transforms the strings of ASCII representations into numeric val-
ues so they can be scaled (divided by 10¢) and printed.
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Printout:

Demonstration Programs

Buffered I/O allows more efficient use of the 9825 Computer as shown in the following prog-
rams. The time between samples was increased by use of the 5328A Frequency Counter's
sample rate control in order to show that it is possible to do useful work interleaved with data
taking where time between samples permits.

The Test Case was run with the sample rate control set fully counter-clockwise to have the
counter take readings with the minimum spacing between each one. So little time was left that
use of a Type 1 “Interrupt” Buffer was of no avail.

For the two data runs, the time between readings was increased an arbitrary amount by
setting the 5328A sample rate control to 1 o'clock. In program line 1, note the inclusion of the
code “S7”, which permits manual setting of this control.
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Program 1 was run without interleaving any computations. Note that lines 5 and 6 test status in
a tight loop from which the program exits when the buffer is full.

Program 2 was run with interleaved computations. Note that program line 6 terminates with

“imp —1” to update the index and perform the computation before again testing status to see
whether the buffer is full yet.

The results show that more than 1000 computations can be made without taking but 13

milliseconds longer than in the case where the 9825 does no useful work between input
samples.

Buftered 1/O is a significant contribution to efficient utilization of system rsources where the
measurement situation is such that samples are spaced in time and there is other useful work
the system can perform while the data buffer is being filled.

Test Program — Minimum Time Between Samples:

;for K:=l tc 20
1(F$[K])/leb

15: spc 2;end



Program 1 — No Interleaved Computations:

mdec; 0+Y
'TIO,A‘k

Program 2 — Interleaved Computations:

| 356] . mdec; 0+Y

for K=1 to 20
,val(F$[K])/le6

1

Buffered I/O

Comp,utc:

Musenin
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Printouts

Program 2

Program 1

Test Program

g
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Buffered I/O Benchmarks

The table below summarizes results of eight benchmark programs run to measure relative
speeds of three methods of transferring data into the 9825 while measuring instruments on the
HP-I1B: Fast Read/Write (type 1), Interrupt Buffer (type 3), and ordinary reads using the red
statement.

Buffered I/O Benchmark Times

Average Time/Reading in ms

Frequency Type 1 Type 3 Standard Read | Standard Read
Counter “Interrupt” | “Fast Read/Write”” | (for/next loop) | Dump into String
5345A 3.79 ms 1.75ms 4.07 ms 2.75ms
5328A 5.65ms 3.00 ms 5.80 ms 440 ms

Results show the fast read/write capability to be effective in reducing the time required per
reading. This could be significant where data runs are long or where data points must be
taken as close together as possible.

The following programs were used to generate the table above.

1. 9825/5345A Counter with buffer type 1:
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2. 9825/5345A Counter with buffer type 3:

];mdec

:'Calw",c;spc

,ms=", (D-C}) /28 ; spc

3. 9825/5345A Counter with read and for... next loop:

'S [K1)/1e6

. o
1]

L]

0

R
P
=

o7

")/28:SPC
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5. 9825/5328A Counter with buffer type 1:

0t dim F${20,171,68[356] rmdec
1: wet 710,"PP4G3SIT";red 710,A
2: w:t 7&6,"0&183PR~"red_716 Cidsp “Caln",c spc

rt “Freq:encys 'fez K=l to 20
fmt | ,£10 ; Hz" ;wrt 16. I,val{Fstx])/leG
hext R
14: spc 2;end

6. 9825/5328A Counter with buffer type 3:

aim P${20,17),681356] ;mdec
wrt 710,”??&638{?”'red 710 A
f 1 , C;dsp "Ca1=",C;spc

o4 Ne o0

G SRR ]

dg,ms=", (D-C) /20 ; spc

7. 9825/5328A Counter with read and for... next loop:

9 fot |1,
10: next K
I{: spc 2;end
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8. 9825/5328A Counter with read into a string:

dim G$([340],A[100];mdec

wrt 710,"PF4G3SIT ";red 710,A
wrt 716,"001E3PR";red 716,C;dsp "
" TypesDo~lt=Yourself":

pos (G$[P+1] ,char (10) ) +P:
fmt 1,£10.3," MHz";A[J]/1e6:

— e e e e O O A N W N — O

WU ) N e () o8 se o6 4u_ 60 60 e s o0 e

00 ey 88 06 oo ¥a

next J
spc 2;conv
end
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Summary of Plotter ROM Syntax

Set the select code (and the HP-IB device address) of the plotter to be controlled.
Specify the origin and set the scale units for successive plotting statements.

Draw X and Y axes on the 9862A Plotter.

Draw X and Y axes, and optionally label the axes, with the 9872 Plotter ROM.
Reset the 9872 Plotter (or other HP-GL device) to its default state. 9872 ROM only.
Raise the pen.

Draw a line to a specified X, Y position.

Select a plotter pen. 9872 ROM only.

Move the plotting origin {point 0,0) to a new specified X, Y point.

Move the pen by an incremental distance, both horizontally and vertically, to a
specified point.

Select the type of line (dashes, dots, etc.) drawn with plt, iplt, xax, and yax. 9872
ROM only.

Restricts pen motion to a specified area on the platen. 9872 ROM only.
Print text (labels) on the plotter.
Specify the size and shape of characters printed on the plotter.

Move the pen a specified number of character spaces, both horizontally and
vertically.

Sets a manual lettering mode, allowing the operator or the program to label the
plot.

Set character size and plotting direction. 9862 ROM only.

Allows the device to transmit its current position to the computer. 9872 ROM only.
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Chapter 7

Plotter Control

The HP 9862A and 9872A Plotter ROMs provide a common set of statements for controlling a
wide variety of plotting devices. Although the 9862 Plotter ROM is designed to control only the
HP 9862A Plotter, the 9872 ROM controls plottings devices by transmitting HP-GL (Graphic
Language) commands via the HP-1B. This allows you to control the 9872A, 7225 and many
other devices which respond to a standard set of HP-GL commands. Each ROM has state-
ments for scaling and plotting, drawing axes, and printing text on the plotter. The 9872 ROM
offers many additional statements, as listed on the facing page.

HP 9825A Desktop Computer and 9872A Plotter

The 9862A Plotter ROM uses 70 bytes of read/wite memory when instailed in an HP 9825A
Desktop Computer. The 9872 Plotter ROM uses 104 bytes of 9825A read/write memory. Both

plotter ROMs cannot operate in the computer at the same time. Both ROMs are permanently
installed in the 9825B Desktop Computer.

NOTE
The 9825B is shipped from the factory set to access the
9872 ROM, To access the 9862 ROM, call your HP Customer
Engineer for assistance.
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Programming Requirements

Before continuing in this chapter, you should be familiar with programming in HPL. See the
Operating & Programming Reference. When controlling an HP-GL plotter via the 9872 ROM,
you should also refer to the HP-GL Programming Manual supplied with the plotter. Your plotter
may respond to other HP-GL commands not implemented via the 9872 ROM. See the Prog-
ramming Note furnished with the plotter for details.

Setting up the plotter, from switching it on to loading paper, is covered in the operating manual
or beginners guide supplied with your plotter. Be sure to carefully follow the set-up instruc-
tions in your plotter’s manual before controlling it with the computer.

The following conventions are used in describing plotter syntax in this chapter.

All items in dot matrix ae required exactly as shown.
[ ] Items within brackets are optional.
Parameters can be numbers, variables or expressions. All plotter statements can be executed

from the keyboard, in the live keyboard mode or within a program. See the HPL Syntax
appendix for a brief summary of each statement.
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Plotter Select Code Statement

o select code

A select code is a number that is used to specify which peripheral device is being addressed
by the computer. The 9862A plotter interface is preset to select code 5. The HP 98034A HP-IB
Inteface and the HP-GL plotter, however, can be set to respond to various select codes and
addresses. The plotter select code statement specifies the particular interface and plotter to
which the computer will transmit the various Plotter ROM statements.

The 98034A HP-IB interface card is preset to select code 7 at the factory. To change the
setting, rotate the switch on the card using a small screwdriver.

The select code value consists of either three digits or four digits that combine the two
addresses as follows:

cdd ¢ or cc = one or two-digit interface select code of 0 or within
the range of 2 thru 15.

or

ccdd dd = two digit plotter address code ranging from 0 thru 30.

The HP-IB interface select code can be one or two digits depending upon the setting (e.g., 7,
10, 14, etc.). The plotter address code, however, must always consist of two digits (e.g., 05,
06, 19, 26, etc.). Note that if the plotter address is a one digit number (e.g., 5), a leading zero
must be added to it (e.g., 05). A list of HP-IB address switch settings is in the Reference Tabie
appendix.



7-6 Plotter Control

For example, to specify an interface set to 7 and a plotter set to 05, execute this statement:

To specify an interface set to 12 and a plotter set to 16, execute this statement:

The Plotter ROM automatically sets a = 705 whenever any of the following conditions
occur:

e The calculator is first switched on
o (=) is pressed or

1 is executed.

ment before each statement or group of statements that are sent to an individual plotter.

For example, you can plot on two different plotters (plotters A and B) connected to the same
HP-IB interface, by setting each plotter to a different address code. Plotter A could be left at
the factory setting of 05 (00101) and plotter B could be set to 06 (00110). Each statement or
group of statements sent to a plotter must be preceded by the appropriate &

. statement. To

If more than one plotter is being used and the different plotters also use different plotting
scales, the appropriate scale statement must be executed each time the i

- is changed.

By executing =1 with the 9872A ROM, you can test all of the statements in a program
except the plotter ROM statements. All plotter ROM statements are completely bypassed

when 3

i3 is executed. Any error messages that are due to non-plotter program errors will
be displayed. None of the plotter ROM errors, however, will appear.

.3 with the 9862A ROM, you can test a program without actuaily connecting

the plotter to the computer. This is because all output to the plotter is bypassed when &::

is executed, and any error messages that would have appeared if the plotter were con-
nnected, are still displayed.
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Plotting

Many statements are available for scaling in user units, drawing axes and plotting points.
Except where noted, each statement is available with both plotter ROMs.

Scale Statement
The scale (<. 1) statement is used to locate the origin (point 0,0) and to specify the scale
units to be used for your plot.

The scale statement uses four parameters which correspond to the x and y coordinate values
that you wish to assign to the scaling points P1 and P2.

Once the units for a plot have been established, the physical size of the plot can be changed
to tit a larger or smaller plotting area by resetting the scaling points, P1 and P2.

The following examples show various scale statements and the resulting origin locations.

The scale statement below locates the origin at the lower left scaling point, P1.

~Computerg}

Museuin’ 3

P2 e
(10,8)

P1 (0,0)
e Origin

7-7
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This scale statement locates the origin in the center of the plotting area.

P1

(—-10, —8)

(0.0)

P2 o

(10,8)

The origin is located outside of the plotting area by this scale statement.

origin
[ J

(0,0)

P1
e (8,1)

P2
(15,10)
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Once a scale statement has been executed, its parameters remain in effect until:
e Another scale statement is executed

e The key is pressed

i s executed

® it
e the computer is switched off or

e the HP-GL plotter is initilized.
A 9862A scale statement must be executed before plotting is attempted.

The following HP-GL scale is automatically set whenever the plotter is initialized or a scale
statement without parameters is executed.

HP-GL Default Scale

This scale corresponds to a centimeter unit of measure of the platen area with the origin (0,0)at
the current location of P1. Since the scale corresponds to a unit measure (centimeters), the P2
scaling point is not referenced.
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Plotter Clear Statement (9872 ROM only)

The plotter clear (5. i 1) statement sets all parameters that have been sent to the plotter to
their default values with the following exceptions:

e The current scale (= 1) statement parameters remain unchanged.

e the current plotter select code )& = 7.) parameter remains unchanged.
e p1 and p2 remain unchanged.

e the current pen location remains unchanged although the pen is raised.
e The pen that is seleced remains unchanged.

A complete listing of the default values for each statement’s parameters is given in the Appen-
dix.

NOTE
It is a good practice to execute a <. 1 i statement at the
beginning of each program to clear any previously set con-
ditions in the plotter.
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9872A Axis Statements

w1 Y-Offset [+ Tic Intervall = Start Point[ : End Point[ : Number-of-Tics/Label] ] ]]

The X Axis (= 1) statement draws a horizontal axis, with or without tic marks or unit labels.

v i X-Offset [ : Tic Intervall = Start Point[ : End Point[ : Number-of-Tics/Label]]]]
The Y Axis () statement draws a vertical axis, with or without tic marks or unit labels.
The y-offset parameter specifies the y coordinate at which the X axis will cross the Y axis.
The x-offset parameter specifies the x coordinate at which the Y axis will cross the X axis.
The tic interval parameter determines whether or not tic marks are drawn along the axis. If tic
marks are to be drawn, the parameter value specifies the spacing, in scale statement units,

between tics. A value of 0 results in no tic marks. If a parameter is not specified, a tic mark is
drawn at each end of the axis.

The sign of the tic value can result in either normal tic marks being drawn or a tic mark drawn
only at the starting point of the axis. This result is determined by the start and end point
parameters and is explained next.

7-11
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The start and end point parameters specify the location of the endpoints of the axis. The axis is
always drawn from the start point to the end point. If the end point is not specified, the axis is
drawn to the P2 coordinate value in the current scale statement (i.e., Xe2 for the X axis and Yez
for the Y axis). if both the start point and end point parameters are not specified, the axis is
drawn from the P1 coordinate value to the P2 coordinate value specified by the current scale
statement (i.e., Xe1 to Xrz for the X axis and Ye1 to Yez for the Y axis).

The following relationship exists between the start and end point parameters and sign of the
tic-interval parameter.

A positive tic interval results in:

Normal tic spacing if the start point is less than the end point.

A tic drawn only at the start point if the start point is greater than the end point.
A negative tic interval results in:

Normal tic spacing if the start point is greater than the endpoint.

A tic mark only at the start point if the start point is less than the end point.

The number-of-tics/label parameter determines whether or not the tic marks on an axis will be
labeled. Specifying either a 0 or no parameter results in no labels. If labels are desired, the
parameter specifies the number of tic marks between labels.A negative parameter will resuit in
only the labels being lettered without the axis or tic marks being drawn. Labels will be lettered
on an axis only if a non-zero tic parameter is specified.

All labels are lettered according to the current character size (= # i) statement and in
current number format (fixed or float statement). Character size is explained in Chapter 3,
‘Lettering’.
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All of the following axes drawing examples use this scale statement:

The following axes are drawn when only the offset parameters are specified.

The axes cross at the point 0,0 with tic marks drawn only at the end points. The X axis is drawn
from -10 to 10 (Xe1 to Xe2) and the Y axis is drawn from —8 to 8 (Ye1 to Ye2).
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These statements draw the foliowing axes:

The X axis crosses the Y axis at the point Y = 2. Since the start and end point parameters
aren’t specified, the axis is drawn from -10 to 10 (Xr1 to Xrz) with tic marks drawn at every unit
(a tic interval of 1). No labels are specified.

The Y axis crosses the X axis at the point X = 3. The axis is drawn from -6 to 6 with tic marks
every 2 units. Note that normal tic marks result from using a positive tic parameter with the start
point (-6) less than the end point (6). No labels are specified.
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These instructions draw the same axes as the previous instructions , but add labels in a fixed 0
number format.

Note that to specify labels in the statement, the start and end point parameters must also be
specified.
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These statements draw the following axes:

Since the X axis is drawn without tic marks, no labels were drawn even though they were
specified. Labels cannot be lettered if tic marks are not specified.

The yax statement specifies a negative number-of-tics/label parameter which results in the
labels being lettered without the axis and tic marks being drawn.
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The following statements draw, tic mark and label the X and Y axes as shown.

SrrNVORAAARDONND
aEaEdauVeuUaeaaeiaus

5] o © < o -a.

- '

[ -1.

-1.
-2.
-2.
~-3.
-3,
~-4,
-4,
-S.
-S.
-6.
-6.
-7.
-7.
-8,

UV VA WU

The X axis is drawn from —10 to 10 with 1 unit tic marks and it is labeled every 2 units,
beginning with the start point, in a fixed 0 number format.

The Y axis is drawn from 8 to —8 with .5 unit tic marks. (Note that normal tic marks are drawn
since the tic interval is negative and the start point is greater than the end point). Labels are

lettered at every tic mark in a fixed 1 number format.

The axes cross at the point (0,0).

NOTE
Axes are drawn with currently specified line type and sym-
bol mode character. Line type and symbol mode are
explained later in this chapter.
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9862 Axis Statement
712055 Xcoordinate : Y coordinate [fi Xiic [f‘: Y!ic]]

The axis (:::0:) statement draws both the X and Y axes over the entire plotting area, crossing at
the point specified by the X and Y parameters in the statement. The pen is automatically raised
before moving to the starting point and again after the axes are drawn.

To use the axis statement, two parameters are required - the coordinates of the X and Y axes
crossover point. Two other parameters are optional and can be used to specify tic marks
along the X and Y axes.

Tic spacing is measured in both directions from the axes’ origin so that one tic from each axis
falls on the axes crossover point. (Tic spacing is not measured from the scale origin or either
edge of the plotting area.)
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P :Computer
ZMuseuin

For example, key in and execute this scale statement: =} i, i . Then

key in and execute -

If tic parameters are not given, axes are drawn without tic marks. Replace the plotter paper
and execute this axis statement -
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If only three parameters are given in an axis statement, then tic marks are drawn on the X axis
only. To draw in tic marks on the X axis of the previous example, execute -

To draw tic marks on the Y axis only, change the plotting paper and use a zero for the Xic
parameter.
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If the tic spacing specified is so large that the tic marks will be off-scale, tic marks are drawn at
the crossover point only. Change the plotting paper and execute -

If a tic spacing parameter is negative, neither the axis nor tic marks for that axis is drawn. For
example -
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Pen Statement

The pen (=

1) statement raises the pen without moving it to a new location. This statement
requires no parameters.

Instructions to raise or lower the pen before or after movement can also be included as a
parameter in the plot or iplot statements.

Plot Statement

#2 1 % Xeoordinate ¥ Ycoordinate [ @ pen control]

The plot (i %) statement moves the pen to the point specified by the X and Y coordinate
parameters in the statement.

The plot statement requires that both the X and Y coordinates be specified. An optional pen
control parameter raises or lowers the pen before or after movement.

If the point specified by a plot statement lies off the platen surface, a line is drawn to the platen
limit and then the penis raised. The pen remains raised until a point on the platen is specified.

The optional pen contro! parameter can be an integer in the range —32768 thru 32767.

An odd, pasitive integer The pen lifts before moving.

An odd, negative integer The pen lifts after moving.

An even, positive integer The pen lowers before moving.

An even, negative integer The pen lowers after moving.

0 No change.

No parameters The pen remains in its present position,

moves to the point specified,
and lowers or remains down.
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NOTE
A pen control parameter of 0 or a positive integer should be
used with all plot statements executed in interrupt service
routines (see chapter 5).

If the point lies off the platen but is within the ‘nearby’ area (shown below), the out-of-limit light
will turn on. If the point lies in the ‘faraway’ area, the out-of-limit light will blink.

L 4 Platen Widths >{

6 Platen
| Heights

“Faraway"

9872 Out-of-limit Areas



7-24 Plotter Control

9872 ROM
&g polr ;
1o el =18 i@~
18 188
=28 f &
a8
16
41
1E

o

B s NS

S0 B bl

SRR

The following example programs plot values of the function Y = Xo.

9862 ROM

Plot of y = x2 (labels not printed with 9862 ROM)
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Pen Select Statement (9872 ROM only)

#) statement provides the capability of programmed pen selection.

#[pen-position number]

When the pen# statement is executed, the pen arm raises the pen it is currently holding (if
any) and returns it to an empty pen-storage position. If a valid pen-position number is
specified (1 thru 4), the pen in that position is taken and the pen arm returns to its last location
on the platen.

A parameter value of 0 or no parameter directs the pen arm to return the pen it is currently
using to an empty storage position without taking a new pen.

If the specified pen position is empty or if all of the pen positions are full and there is a penin
the arm, then no operation occurs.

The following example plots three functions on the same plot with each function a different
color.

B polrsfad B
1 =0l —-18,1i6.-
188y 1248
20 ren# lisax B
1s-18.308+1 The axes are drawn and labeled
3t owaw By 18- , in black (pen#1)
188y 180Gy 1
d: pen# 2i-1B23H
Er oplt HeEtEiig The function (Y = X?) is plotted
[l s¥id=181 in red (pen#2)

=R
=)

E
v E R LR LY , .
B e The function Y = 10X is plotted
P

TroRlt My l@EHd in green (pen#3)
If [E+I4d)d=1@;
e ©
Wi open# 45 -18+93
= The function Y = —10X is plotted
qroplt W Fi s in blue (pen#4)
if LE+d fm @S
1 = The pen is put away.
i
11
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100

~-—— Pen #1

Pen #2

-58 Pen #4

Pen #3 -78

-108

Pen Select Example Plot

] \

-12.57
14
42

3
—32.57
-12.57
-9. 42
-6. 28
73 14
[+°]
e ga
14
6. 28
9, 42
12.57

Oftset Plotting with 9872A Plotter
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Offset Statement

The offset (x4 =) statement moves the origin (point 0, 0) from its present location to a new
position specified by the X and Y increment values in the statement.

# Xincrement ¥ Yincrement

Computer’
Museum

The X increment specifies the number of horizontal scale-statement units that the origin is to
be moved. The Y increment specifies the number of vertical scale-statement units that the
origin is to be moved. The signs of the increment-parameters specify the direction that the
origin moves as follows:

e A positive parameter moves the origin in a positive direction as defined by the current
scale statement.

e A negative parameter moves the origin in a negative direction as defined by the current

scale statement.

Here is an example that uses the offset statement to make two separate plots on the same
sheet of paper. The 9872 ROM is used here. The plot is on the facing page.

Sets the scale large enough for both plots.

The offset statement moves the origin from
the center of the page, 4.57 units to the left.

Draws the X axis and the Y axis at this origin.

Plots sin X from —4#x to 47.

The offset statement moves the origin 9«
units horizontally and 0 units vertically.

Draws an X axis and a Y axis at the new origin.

Plots cos X from —4x to 47.

Replaces the pen.
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Here's an example that uses the 9862 ROM offset statement to make two separate plots over
the same range, on the same sheet of paper. Lines 2 through 7 plot the function on the left and
lines 8 through 13 plot the function of the right. (The third parameter in line 9 eliminates
redrawing the X axis for the second plot; only the Y axis is drawn.) A plotting area within 7 x 10
inch plotter paper is used.

By
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Offset Plotting with the 9862A Plotter
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Incremental Plot Statement

The incremental plot (i

. 1.) statement moves the pen from its current location to the new
location specified by the X and Y parameters.

- % Xincrement # Yincrement [ pen control]

The X increment parameter specifies the number of scale-statement units that the pen is to
move horizontally. The Y increment specifies the number of scale-statement units that the pen
is to move vertically. The signs of the increment parameters determine the relative direction
that the pen moves as follows:

e A positive value moves the pen in a positive direction as defined by the current scale
statement.

e A negative value moves the pen in a negative direction.

e The optional pen control parameter is the same as that used with the plot statement.

An odd, positive integer The pen lifts before moving.

An odd, negative integer The pen lifts after moving.

An even, positive integer The pen lowers before moving.

An even, negative integer The pen lowers after moving.

0 No change.

No parameter The pen remains in its present position,

moves to the point specified,
and lowers or remains down.

7-29
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The following example uses iplot statements to draw crosses at five different locations. The
iplot statements are programmed in a subroutine and the origin for each cross is located by an
offset statement.

9872A ROM 9862A ROM

1 1%
le 1t
17 11
18: iplt 816 o
19: iplt 7a@y-1 -
20 ret -
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If an iplot statement specifies a point off the platen, the pen draws a line to the limit of the
platen and stops. If the point lies off the platen in the “nearby” area (see page 7-23), the
out-of-limit light turns on. The piotter recognizes iplot statements in this area. If the point
specified lies in the “faraway” area, the out-of-limit light flashes and the plotter does not
recognize iplot statements. A regular plot (plt) statement must be uszd to specify a point that
is either on the platen or in the “nearby” area before any further iplot statements are recog-
nized by the plotter.

Incremental Plot Example
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Line Type Statement (9872 ROM only)
The line type (i i

:#2) statement specifies the type of line that will be used with plt, iplt, xax
and yax statements.

1 ir& [pattern number [ : pattern length]]
Shown below are the line patterns and their pattern numbers.

0-specifies dots only at the points that are plotted.

No parameter

The shaded portion of each of the line patterns above is one complete segment of the pattern.

The optional pattern length parameter specifies the length of one complete segment of the
pattern and is expressed as a percentage of the diagonal distance between the scaling
points, P1 and P2. If a pattern length parameter is not specified, a length of 4% is used. The
range of the pattern length parameter is from O thru 127.99994999.
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This example plots 5 crosses with each cross plotted in a different line type.

Bi pelrisc]l B
188+8: 78

1: ofs 28.2063
line 1slyash 7

2t ofz B3B3 line
2y2iash 7

2 ofs 38158
ling d4.633:zh 7

4 nofs 38y152
line Sigzhb T

S: afs B-303%
line Giazsh 7

i opend dend

Line Type Example Plot
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Limit Statement (9872 ROM only)

The limit ( i i ) statement restricts programmed pen motion to a specific rectangular area on
the platen. This area is called the “window”.

[Xlower left # Xupper right & Y tower left @ Yupper right]

The four parameters specify, in the current scale-statement units, the X and Y coordinates of
the lower teft and the upper right corners of the window area as shown below.

(Xupper right, Yupper right)

Window
Area

(Xlower left, Ylower Ieft)

If a limit statement is not executed, or if a limit statement without parameters is executed, the
window is automatically set at the mechanical limits of the plotter.

The limit statement can be used to emphasize a specific portion of a plot. The following
example plots the function sin (X) from —4# to 4 and —1 to 1 on the left side of the paper. An
offset statement is then used to move the plot origin to the right side of the paper. The plot of
sin (X) is repeated except that a window is specified by a limit statement to restrict the plot so
that only the points contained in the rectangle —2.2#7 to 2 and —.5 to .5 are plotted.



-12. 57 _
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for the sin (X) plot.
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Lettering

This section describes the statements that enable you to letter alphanumeric characters and
symbols with the plotter. You can also specify the size and width of the characters (relative to
the scaling points), as well as the direction in which the characters are lettered.

Label Statement

used like a print (%) statement to letter expressions, text or string variables on the plotter.
i1 any combination of text, expressions or string variables

Text is specified in a label statement by enclosing it in quotes. Here is an example of text in a
label statement.

Here is an example that letters expressions.
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The value assigned to X will be lettered in the current number format (fixed or float). The value
resulting from the expression X+1 is lettered next, followed by the value resulting from the
expression X+2. The digits in these expressions are lettered as a string of characters. This
requires you to add any spaces needed to fit the numbers into the context of the item being
lettered.

For example, this statement letters the same expressions above with four spaces between
each of the values.

This example letters the characters contained in the string variable A$ (the String Variable
ROM is required).

Before using the label statement, the pen should be moved to the location where labeling is to
begin by using one of the plot statements (cplot, iplot or plot) or by using the four direction
controls on the plotter front panel. This point will be the lower-left corner of the first character.
After lettering a character, the pen stops at the lower-left corner of the next character space.

9872 Character Sets

The 9872 plotter has five character set available. The plotter, when initialized, automatically
sets both the “standard” set and "alternate” set to the ANSI-ASCII character set (set 0). The
min Lo+ statement, however, designates the 9825 character set (set 1) as the standard set.
Refer to the programming manual supplied with the plotter for a complete listing of the charac-

ters in each character set and the statements used to change the character set designated as
either standard or alternate.

Character Setl

| "#$R " O %+, -, /B123456789: ; <=>7?
BABCDEFGHIJKLMNOPQRSTUVWXYZ 11

_“abcdefghi jklmnopgrstuvwxyzmh-~

9872 Character Set (set 1)

7-37
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Character Size Statement

The csize statement can specify up to four parameters. If any of the parameters are omitted, a
specific default value for the parameter is assummed. Note that when a parameter is omitted,
the parameter listed to its right must be omitted as well.

Here is a description of each of the four parameters:

The height parameter specifies the height of the characters as a percent of the scale height
defined by the scaling points, P1 and P2. This parameter must be within the range of 0 thru
127.99994999.

The aspect ratio parameter specifies the ratio of the height of a character to its width. For
example, an aspect ratio of 2 specities characters that are twice as high as they are wide. An
aspect ratio of 1 specifies square characters.

The paper ratio parameter specifies the ratio of the height of the scaling area to its width. The
scaling area is defined by the scaling points, P1 and P2. For example, a 10 inch high by 15
inch wide scaling area has a paper ratio of 10/15 or 2/3.

The angle of rotation parameter specifies the direction in which the characters are printed. The
direction is expressed as the angle (measured counter-clockwise) between the line of print
and the X axis, as shown below.

Angle of
Print

This parameter is expressed in the current angular units (degrees, radians or grads).
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The default values for the four parameters are as follows:

Height 1.5%
Aspect Ratio 2
Paper Ratio 1

Angle of Rotation 0

Executing a csize statement without parameters, sets the default values. These values are
also set when the plotter is initialized or cleared (pclr).

The following example program uses the csize instruction to specify the character dimensions
and shape and to rotate the lettering direction through an entire circle in 10 degree intervals.
The plot statement centers the pen for each printing sequence.

The if. . . lines add extra spaces (if needed) to right-justify the values that precede the word
“Degrees".

seo.ubeq 2.2

Angle of Rotation Plot with the 9872A
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Angle of Rotation Plot with the 9862A
Spacing Between Characters
In the diagram at the right, you can see the
relative position of a character, in this case M, '4__ Charact‘er
within the character-space field. The - — Epafey'dﬁ - _
character-space field is set indirectly by the | :
csize statement; with the 9872 ROM, the : |
character space height is twice the character's | | Character
height and the character space width is 1 1/2 | :P?Che}
times the character width. With the 9862 ROM, ) el
however, the height and width of a character is :
always 6/10 of the height and 6/10 of the width |
of its character space field.
Character  Character Starting Point
Starting Width of Next
Point 87 (%) Character
9872 Character Spacing

When you specify the height of a character in a csize statement, however, you should specify
the character height and not the height of the character-space field.
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Character Plot Statement

The character plot (¢

1 1) statement moves the pen the specified number of character-
space fields. If no parameters are specified (9872 ROM only), a cplt statement performs a
carriage return and line feed operation by moving one character-space height down and
returning to the margin defined by the last point that the pen was sent to by either a plot
statement, iplot statement, or the plotter front-panel controls. If a csize statement is executed
after the pen is positioned by a plot, iplot or the front. panel controls, the location of the pen
when the csize statement is executed becomes the margin that the pen returns to when a cplt
is executed without parameters.

w.#x 1 t[character space widths : character space heights]

When parameters are specified, the cplt statement moves the pen the specified number of
character-space widths to the right (a positive value) or to the left (a negative value) and the
number of character-space heights up (a positive value) or down (a negative value). The pen's
position (raised or lowered) does not change when a cplot statement is executed. The
parameters must be within the range of +127.9994999.

The diagram at the right shows the character
spacing around the symbol +. The pen begins
to draw the symbol at point A and ends at point
B, ready to draw another character.

/

.25

1
.33 .67

v

.67

To center the symbol on point C, which represents a plotted point, the pen must be moved to
point A. This can be done by executing a cplot statement specifying the parameters -.33, -.25.
After the symbol is drawn, the pen must be returned from point B to point C to continue plotting
the next point. This can be done by executing a cplot statement specifiying the parameters
-.67, .25,

7-41
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The 9872 ROM example below plots the function Y=X+3 and labels each point with a +. The

value 2 is used in the

plot statement in line 5 to lower the pen before continuing the plot. The

pen statement raises the pen before the cplt statement in line 6 is executed. Line 6 moves the
pen to the lower left corner of the character space where the + is drawn and line 8 moves the

pen back to the center point to continue on with the plot.
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Here's an example that uses the label, csize and cplot statements to label a 9862 plot. The
csize statement in the first line sets the default values for printing the title of the plot in lines 4,
6, and 8. Lines 5 and 7 are carriage-return line-feeds to position the pen at the beginning of the
next line. Lines 10 through 17 label the Y axis and lines 18 through 25 label the X axis. The
remainder of the program plots (sinX)/X.

9862A Cplt Example
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11
|

9862A Plot of (Sin X)/X using Label, Csize and Cplot
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Plotter Typewriter Statement

The plotter typewriter statement sets a manual lettering mode.

After the ptyp statement is executed (either in a program, in the live keyboard mode or from
the keyboard), you type the desired characters on the calculator keyboard and they are
lettered by the plotter. To end the ptyp mode, press the key once.

The pen can be positioned by plot, iplot or cplot statements before the ptyp mode is estab-
lished. Once the ptyp mode is established, the four calculator display keys or the four pen

movement keys on the plotter’s front pane! can be used to position the pen for lettering.

The following keys perform these functions while the ptype mode:

Space =)
Backspace )
Line Feed )
Inverse Line Feed )

Carriage Return

When a ptype statement is executed, either within a program, in the live keyboard mode or
from the keyboard, the display is not changed or cleared. To indicate that the ptype mode is
established, you can display a prompt (a signal within a program) to indicate that characters
can be printed in the plotting area. For example -
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9872 Character Sets

The plotter, when initialized, automatically specifies the ANSI-ASCII character set (Set 0) as

both the “‘standard’ set and the “alternate” set. The #: i * statement, however, designates

the 9825 character set (Set 1) as the standard set and Set O as the alternate set. The following
keys are used to switch from the standard character set to the alternate set and back.

Select the Standard Set @)
Select the Alternate Set ()

Refer to the programming note supplied with the plotter for the description of the available

character sets and the statements used to designate which set will be the standard set and
which will be the alternate set.

When a statement is executed from a program or from the live keyboard, the program will stop
execution as long as the typewriter mode is set. When the mode is ended by pressing , the
program will continue from where it was interrupted by the statement. Since the statement
leaves the pen raised, it is best not to execute a ptyp statement while a plot is in progress.
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Letter Statement (9862 ROM only)

The letter statement is provided for compatibility with the HP 9820/21 Calculators. Unless
you're “translating” HP 9820/21 programs for use with the HP 9825A, the csize statement is
more versatile for specifying character sizes.

The letter (i+ ) statement positions the pen for labeling and specifies the size and the
direction of the characters to be printed. The pen is raised before movement.

To use the letter statement, two parameters are required - the X and Y positions. A third

parameter is optional - HWD indicating Height, Width and Direction of the characters to be

printed.

1% 7 X coordinate s Y coordinate [fi HWD pa rameter]

The HWD parameter is used to set the height, width and direction of the characters. It is a
three digit integer - the height and width are each a digit in the range of 1 to 9. The direction is
specified by a digit in the range of 1 to 4, each indicating a different direction, as shown
below.

=Camputer
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Digitizing
The 9872 plotter (or another device responding to HP-GL commands) can be used as a
digitizer as well as a plotter since digitizing is basically the inverse of plotting. Instead of
sending the coordinates of a point to the plotter and the plotter then moving the pen to that

point, you move the pen to a point on the plotter (typically by using the front panel controls)
and the plotter sends the coordinates of that point to the computer.

Digitize Statement (9872 ROM only)

<11 @ variables s variablez [ = variables]

The digitize statement enables the digitizer mode. When the digitizer mode is set, the 'ENTER’
light on the plotter is lit. You can use the plotter pen-movement controls to position the pen at a
point on the platen. Now, pressing ENTER on the plotter front panel sends the coordinates, in
scale-statement units, to the calculator where they are assigned to the variables specified by
the digitize statement. The coordinate values are assigned to the variables in the following

order:
X coordinate value - Variable 9
Y coordinate value - Variable 2

Pen condition
(0 = up, 1 = down) - Variable g (if specified)

To cancel a digitize statement without entering coordinate values, press the STOP key. If the
digitize statement is executed from a program, the STOP key will also stop the program at the
end of the line containing the digitize statement.
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A special digitizing sight is provided with the plotter which allows you to visually position the
pen directly over the point to be digitized. The sight is loaded and stored like a pen.

The following example draws a rectangular figure and then allows you to digitize points around
it by moving the pen, via the pen movemement controls, to each of the figure's corners. At
each corner, you press ENTER to send the coordinates of that corner to the calculator. The
program uses the coordinates to calculate the line length or perimeter of the figure.

This portion of the program scales the plot
and uses iplot statements to draw a
rectangular figure.

The first digitize statement enables you to
enter the coordinates of the first point.

- The next digitize statement enables you to
~enter the rest of the coordinates untii the first

point is reached again.

The distance formula is used to calculate ihe
length of each digitized line segment and the
tengths are summed in P.

Digitizing with the 9872 Piotter
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Additional Plotter Control

In addition to the statements described in the previous sections, the plotter has the following
additional capabilities accessed via HP-GL commands:

e Pen Control Commands
e Plot Control Commands
e Character Control Commands

e Plotter Configuration and Status Commands

The additional control commands are sent to the plotter as ASCII coded characters (data
messages) via write (wrt) statements. Refer {o chapter 1 for details concerning write and
format statements. The control commands are listed in the HP-GL Programming Manual and
operating note supplied with your HP plotter.
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9872 Plotter Default Conditions

Line pattern length

Automatic pen pickup
Pen velocity

Adaptive pen velocity
Symbol mode

Tic length

Standard character set
Alternate character set
Character slant

Mask value

705 (not changed with pclr or “DF")

Centimeter unit of measure from P1 (not changed with pclr or
“DF")

Solid line

4% of the distance from P1 to P2
Total platen area

15,210

On

36 cm/sec

Off

Off

.5% of /P1-P2/ length for each half
Set 0 (Set 1 for pclr)

Set0

0°

223,0,0

P1 and P2 are changed only with the initialize command (IN). They are not affected by pclr and

the default command (DF).

The pen is raised by pclr.

The current pen location is moved to the lower right corner with the initialize command (IN) but
is unaffected by pclr and the default command (DF).
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HP 9862A/9872A Plotter ROM Comparison

The following statements have identical parameters and operation with both ROMSs,

These statements are similar but have minor differences.

9862A ROM

9872A ROM

Upon exiting the ptype mode, the pen
returns to the location that it had when
the mode was entered.

The shift key reduces the pen move-
ment to 1/10 the increment controlled
by the calculator display keys.

“psc 0" prevents all transmissions to
the plotter, but otherwise Plotter ROM
statements execute normally. All errors
are displayed.

Parameters are required by cplot
statements. Cplot lifts the pen before
moving.

Upon exiting the ptype mode, the pen
remains at the location of the next
character's origin point.

The shift key does not affect pen
movement that is controlled by the cal-
culator display keys.

“psc 0" prevents execution of Plotter
ROM statements thereby preventing
error detection for Plotter ROM state-
ments.

Executing a cplot statement without
parameters performs a CR/LF function.
Cplot does not lift the pen before mov-

ing.
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A scale statement must be executed Executing a scale statement without
before plotting can be done. parameters or no scale statement sets
a cenitmeter-unit-of-measure scale

with the origin at P1.

These statements are new with the 9872A ROM.

Draws, tic marks and labels a horizontal axis.
Draws, tic marks and labels a veritical axis.

Restricts programmed pen motion to a specific rectangular
area.

Allows programmed selection of the various pens.

Specifies one of seven line types for use with plt, iplt, xax and
yax. Pattern length can also be selected.

ch Converts the plotter to a digitizer and converts the coordi-
nates of the pen’s location to scale-statement units.

Resets all programmable functions in the plotter to their de-
fault values.

The 9872A Plotter ROM does not use the ::
ROM.

@ or 1% statements found in the 9862A Plotter
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Axe and Ltr Conversions

The following provides parameter conversions to replace :::# with = and v state-
ments and to replace % with #:1 % and ©. % 1 statements.

axe X, Y[LP[ Q]]

Two Parameter Conversion

fP=0; =2=Y,0
if P> 0; w2 Y, Psgn(A = X), X, A; 232 Y, Psgn (M = X), X, M¥ X, 0

Four Parameter Conversion
Assume = 1 A, M, B, N

ifP=0; =
ifP>0; =a=Y,Psgn(A—X), X A; =a=Y,Psgn(M — X), X, M
ifQ=0; va2:X,0

ifQ>0; va:X Qsgn(B—Y),Y,B; <= X, Qsgn(N —=Y), Y, N

=Y, 0

it e XY, L2

Two Parameter Conversion
el XY, 1

Three Parameter Conversion
Let D = 90 for deg

= 7r/2 for rad

= 100 for grad

e X, v,1
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Reference Tables

Calculator Status Conditions

The following table shows the calculator status conditions when the indicated operations are
performed. For details about the status condition of modes, variables, etc., see the appro-
priate section in the manual.

Operation
Erase all
or Continue
Power after
on Reset | Erase [ Run | editing |Continue
Variables R X R R X X
Flags O through 15 R X R R X X
Result R X X X X X
Binary program R X X X X X
subroutine return pointers R R R R R X
Print-all mode R R X X X X
Verity mode R R X X X X
Live keyboard mode R R X X X X
Secure mode R X R X X X
Cassette select code R R X X X X
Cassett track R R X X X X
Angular units for trig functions R R X X X X
Fixed/Float setting R R X X X X
Random number seed R R X X X X
Trace mode R R X X X X

R = Restored to power-on value X = Unchanged
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Extended /0O Status Conditions

The folowing table shows conditions for various Extended /O operations and modes. Notice
that the Erase, Erase All-Power on, and Run columns from the previous table are combined
into one column here. R = restored to power-on state; X = unchanged.

Calculator Operation

Power On
Erase

Extended I/0O ROM Erase All Continue | Continue

Operation or Mode Run Reset | (after edit) | (after Stop)
Conversion and parity tables R X X X
Binary mode (reset to decimal) R X X X
/O buffer area R X X X
Service name list R X X X
Equate name list R X X X
Buffer select code for tfr R R R X
Interrupt parameters R R R X
Error recovery routine R R R X
Timeout routine R X X X
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ASCII Character Codes

ASCI EQUIVALENT FORMS Ascll EQUIVALENT FORMS ASCH EQUIVALENT FORMS Ascll EQUIVALENT FORMS
Char. Binary | Octal { Decimal Char. Binary | Octal | Decimal Char. Binary | Octal | Decimal Char. Binary | Octal | Decimal
NULL | 00000000 | 000 0 space | 00100000 | 040 32 @ 01000000 | 100 64 ) 01100000 | 140 96
SOH | 00000001 | 001 1 1 00100001 | 041 33 A 01000001 | 101 65 a 01100001 | 141 97
STX | 00000010 | 002 2 ” 00100010 | 042 34 B 01000010 | 102 66 b 01100010 | 142 98
ETX {00000011 | 003 3 # 00100011 | 043 35 C 01000011 | 103 67 < 01100011 | 143 99
EOT | 00000100 | 004 4 $ 00100100 | 044 36 D 01000100 | 104 68 d 01100100 | 144 100
ENQ { 00000101 | 005 5 % 00100101 | 045 37 E 01000101 | 105 69 e 01100101 | 145 101
ACK | 00000110 | 006 6 & 00100110 | 046 38 F 01000110 | 106 70 f 01100110 | 146 102
BELL | 00000111 | 007 7 ’ 00100111 | 047 39 G 01000111 | 107 71 Q 01100111 § 147 103
BS 00001000 | 010 8 { 00101000 | 050 40 H 01001000 | 110 72 h 01101000 | 150 104
HT |00001001 | 011 9 } 00101001 | 051 41 1 01001001 § 111 73 i 01101001 | 151 105
LF 00001010 | 012 10 * 00101010 | 052 42 J 01001010 | 112 74 j 01101010 | 152 106
VT |00001011 | 013 11 + 00101011 | 053 43 K 01001011 | 113 75 k 01101011 | 153 107
FF 00001100 | 014 12 y 00101100 | 054 44 L 01001100 | 114 76 1 01101100 | 154 108
CR | 00001101 | 015 13 - 00101101 | 055 45 M 01001101 | 115 77 m 01101101 | 155 109
SO 00001110 | 016 14 . 00101110 | 056 46 N 01001110 | 116 78 n 01101110 { 156 110
S1 00001111 | 017 15 i 00101111 | 057 47 (o} 01001111 | 117 79 o 01101111 | 157 111
DLE | 00010000 { 020 16 0 00110000 | 060 48 4 01010000 | 120 80 P 01110000 | 160 112
DC1 | 00010001 | 021 17 1 00110001 | 061 49 Q 01010001 | 121 81 qQ 01110001 | 161 113
DC2 | 00010010 | 022 18 2 00110010 | 062 50 R 01010010 | 122 82 r 01110010 | 162 114
DC3 {00010011 | 023 19 3 00110011 | 063 51 S 01010011 | 123 83 5 01110011 | 163 115
DC4 (00010100 | 024 20 4 00110100 | 064 52 T 01010100 | 124 84 t 01110100 § 164 116
NAK | 00010101 | 025 21 5 00110101 | 065 53 u 01010101 | 125 85 u 01110101 | 165 117
SYNC | 00010110 | 026 22 6 00110110 | 066 54 v 01010110 | 126 86 v 01110110 | 166 118
ETB | 00010111 | 027 23 7 00110111 | 067 55 w 01010111 | 127 87 w 01110111 | 167 119
CAN (00011000 | 030 24 8 00111000 | 070 56 X 01011000 | 130 88 X 01111000 | 170 120
EM {00011001 | 031 25 9 00111001 | 071 57 Y (01011001 | 131 89 y 01111001 | 171 121
SUB | 00011010 | 032 26 : 00111010 | 072 58 z 01011010 | 132 90 2 01111010 { 172 122
ESC |00011011 } 033 27 N 00111011 | 073 59 [ 01011011 } 133 91 { 01111011 | 173 123
F§ 00011100 | 034 28 < 00111100 | 074 60 \ 01011100 | 134 92 | 01111100 | 174 124
GS | 00011101 | 035 29 = 00111101 | 075 61 ] 01011101 | 135 93 } 01111101 | 175 125
RS 00011110 | 036 30 > 00111110 | 076 62 A 01011110 | 136 94 ~ 01111110} 176 126
us 00011111 { 037 31 ? 00111111 | 077 63 _ 01011111 | 137 95 DEL | 01111111 | 177 127

STD-LL-60061



A-6 Reference Tables

Octal Keycode Chart*

DISPLAY
223 202 230 ) ( 220 221 ) (2n 210

=S R=ICIEIE oo loiololo
clolziollolo ﬂé@ﬁ’“ -ﬁ---@

28

P00POO000000 68000
clojolojelolololololeaNolalololo
Glolololofolololololels @@@g@

122
.

370 343 288 342 ass 355 254 212 anz
172 170 143 168 142 158 155 54 56 7 n7
201 221
( ] 12 @ @ @
40 1 3 18 130 wm 7

ASC Keycode Chart*

f 19 2 24 ) 6™ T [ r Ty 28 )

moed 00 2088 Godddd
2 £ 30 27 14 15 (2 21 2 2 )

(D& (=) ) e (o -----@
29 a 2 27 14 15 20 21 » 22 137

@@@l@.l.l.@@ @Q@@@
@@@@.l@@@@- @l.@@
.@@@@@@@@l@. @@@@
Slajololololololslslelclnlolololo

C D D YOO

*Unshifted code shown below key; shifted code shown above key.
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Decimal Key Codes
SHIFT KEY

CODE

UNSHIFT

ET0600000000000/000E60000008151CIEIONEICRNIEIE

D © ~ © O O — A O F VD © K~ © P O — N O ¢ WV © M~ D O O
N NN NN O OO0 O OO0 6 F T < NP 8838
a8y IIIJIITIIITITI &0 0
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O O O O O o O o o O [© =]
o &d3 e SNYNNIBLDB3IBBEG

KEY

000000000 008000000000000000EETTTTTTT
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Factory Set Select Codes

Select Code

Assignment

HP Peripheral Device

o

~N OO O s W NN =

9 through 15

16

Calculator Keyboard and Display
Calculator Tape Drive

Paper Tape Punch

Paper Tape Reader

Digitizer

Plotter

Printer

HP Interface Bus

Mass Memory

Unassigned

Calculator Printer

9884A*,98032A Interface
9883A*,9863A* 98033A Interface
9864A*

9862A*

9866B*,9871A*

98034A Intertace

9885A*

Special or Duplicate Peripherals

*These peripherals should be ordered with Option 025,

HP-IB Address Switch Positions

Address Characters Address Switch Settings Address Codes
Listen Talk (5) (4 3) & (1) decimal octal
SP @ 0 0 0 0 O 0 0
! A 0 0 0 0 1 1 1
" B 0 0o o0 1 0 2 2
# Cc 0 0 0 1 1 3 3
$ D 0 0 1 0 0 4 4
% E 0 0 1 0 1 5 5
& F 0 0 1 1 0 6 6
! G 0 0 1 1 1 7 7
( H 6 1 0 0 o0 8 10
) | 0 1 0 0 1 9 11
* J 0 1 0 1 0 10 12
+ K 0 1 0 1 1 11 13

L 0 1 1 0 0 12 14

- M 0 1 1 0 1 13 15
. N 0 1 1 1 0 14 16

/ 0] 0 1 1 1 1 15 17
0 P 1 c 0 0 0 16 20
1 Q 1 0 0 0 1 17 21
2 R 1 0 0 1 0 18 22
3 S 1 0 0 1 1 19 23
4 T 1 0 1 0 0 20 24
5 U 1 0 1 0 1 21 25
6 Vv 1 0 1 1 0 22 26
7 w 1 0 1 1 1 23 27
8 X 1 1 0 0 0 24 30
9 Y 1 1 0 0 1 25 31
: z 1 1 0 1 0 26 32

N [ 1 1 0 1 1 27 33

< / 1 1 1 0 0 28 34
= ] 1 1 1 0 1 29 35
> A 1 1 1 1 0 30 36
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HPL Syntax

Computer

- Vusen

Introduction

The following pages are a compilation of all current 9825 HPL syntax. More information on
each operation can be found by referring to the indicated manual and page. The manual titles
are abbreviated here:

D Disk Programming, 09825-90220 (or 09885-90000).
I/0 /O Control Reference.

M Matrix Programming.

O&P Operating & Programming Reference.

The HPL programming language utilizes four basic types of syntax constructions: statements,
functions, operators and commands. Operators, such as + and mod, are used with numbers
and variable names to construct expressions (like A+5). Expressions can be included in many
statements and executed from the keyboard. Each statement can also be preceded by a line
number and stored as a program line (like 10: prt A). Most functions can include expressions,
and can be executed from the keyboard. Functions can also be treated as expressions when
constructing a statement (like prt sinA). Commands are operator aids that can only be exe-
cuted from the keyboard; they're not programmable.

rev: 11/80

B-1
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Operators

The available operators are summarized here. For more details see the HPL Programming
chapter, page 3-19.

Arithmetic Relational
+ Add - Assign
—  Subtract, unary — > Greater than
*  Multiply < Less than
/  Divide >=or=>  Greater than or equal to
Exponentiate <= or =< Less than or equal to
mod Modulus # or < > or > < Notequal to
Logical String
and & Concatenation

ior inclusive OR
xor exciusive OR
not

Math Hierarchy

highest priority functions, flag references, r-variables

1 (exponentiation)

implied multiply

— (unary minus)

*, /, mod

+, -

all relational operators (=,>,<,<=,>= # —)
not

* and

iowest priority or, xor

Operators of the same level in an expression are executed from left to right. Any operations
within parentheses, however, are performed first. For more details, see page 3-18 in your
Operating and Programming Reference.
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Syntax Conventions

These terms and conventions are used in the following listing:

bold type — all key words and characters appearing in bold type must appear exactly as
shown. These items are shown in dot matrix in the referenced manuals.

[ 1 — elements enclosed in brackets (not key characters or parentheses) are optional.

. — an ellipsis indicates that the preceding parameter or sequence in the syntax can be
repeated.

variable name - a numeric or string variable name (like A or R5 or A$). Subscripts are
allowed (like A[7]).

array name — an array variable name, with or without subscripts.

string variable — a string variable name (like A$ or B$ [1,4]).

string — either a string variable or text within quotes (“text”).

line number — an expression from 1 through 999 referring to a program line.

line label — a unique name assigned to a program line. It's enclosed in quotes, follows the
line number, and is followed by a colon. For example: 5: “print’™: ...

expression — a logical combination of numeric variable names, constants, operators and
functions (including user-defined functions) grouped within parentheses as needed. The
evaluated expression yields a numeric result.

constant — a fixed number within the computer’s range, like 2.23467.

character — a letter, number or symbol.

item list — a series of constants, expressions and/or strings separated by commas, for
example: prt 5 A, “was’” A+7

subscripts — numbers within brackets which are attached to variable names to designate a
particular variable element or boundary. For example: A [10,5]or B$[1,10]
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file number — an expression indicating the tape or disk file.
file name — a string indicating the disk file name.

selectcode — an expression indicating the device’s interface select code setting (an integer
from O through 16). For example: wrt 6
These select codes are assigned to internal devices:

0 Keyboard.
1 Tape drive.
16 Printer.

device address — a two-digit number appended to the select code, indicating a device's
HP-IB address. Device address range is from 01 through 31. For example: wrt 711 outputs to
device 11 via the HP-IB interface set to select code 7.

format no. — a number from .1 through .9 appended to the select code to reference a
corresponding fmt statement. For example: wrt 7.3 references fmt 3.

return variable — a simple numeric variable name (A or R4) where information is stored after
the operation.

flag no. — an expression from 1 through 15 indicating a programmable flag.

A

abs expression
Returns the absolute vaiue of the expression. O&P, 3-22.

acs expression
Returns the principal value of the arccosine of the expression in the current anguiar units.
O&P, 3-25.

add ( expression , expression )
Returns the sum of the expressions, added in the current numeric mode, decimal (mdec)
or octal (moct). /0, 3-15.

aprt array variable [, array variable [, ... 1]
Prints the specified array’s elements on the internai printer. M, 8.
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ara array variable, [

+
. tarray variable, ] — array variable,

Performs the arithmetic operation, element by element, on arrays 1 and 2. The result is
stored in array 3. (Example: ara A+B—C). Arithmetic operations can be performed on
arrays in place (ara A+B—A), arrays can be copied (ara A—B) and implied multiplication
is allowed (ara AB—C). M, 11.

ascC expression
Returns the ASCII equivalent of the specified 9825 keycode. O&P, 7-25.

asgn file name, file number [ , drive number [, return variable ] ]
Assigns a number (1 through 10) to an existing disk file name and indicates optional
drive number and a return variable (values below). D, 3-5 (or 36).

File available and assigned.
File doesn't exist.

5 Memory file.

6 Binary program file.
Program file. 7 File type not defined.
Special function key file. 8
File not defined by 9825. 9

File number out of range.

A W N 2O

Data file, but logical records not

256 bytes long (98228A ROM only).
asn expression

Returns the principal value of the arcsine of the expression in the current angular units.
0&P, 3-26.

expression — variable name, [— variable namez [— ... ]]
Assigns the value of the expression to the variable(s). O&P, 3-19.

atn expression
Returns the principal value of the arctangent of the expression in the current angular
units. O&P, 3-26.

avd
Disables automatic tape verification. O&P, 5-24.

ave
Enables automatic tape verification (default setting). O&P, 5-25.

avm
Returns the size (bytes) of unused read/write memory. O&P, 4-27.

axe X coordinate , Y coordinate [, Xtic [, Ytic]]

Draws axes through the X,Y point, drawing optional tic marks at X tic and Y tic intervals.
9862 Plotter ROM only. 1/0, 7-18.
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B

band ( expression, expression )
Returns the 16-bit result of ANDing the expressions. l/O, 3-12.

beep
Sounds the computer’s beeper. O&P, 3-16.

bit ( expression, , expression, )
Returns the binary value of the bit position in expression 2 indicated by expression 1. 1/0O,
3-15.

boot
Loads 98217A Disk ROM bootstraps from a disk tape to an initialized disk. D, 1-8 (or 67).

bred ( buffer name )
Returns the contents of the specified, active, interrupt buffer. O&P, 7-10.

buf “name” [, buffer size or string variable , buffer type ]
Sets up and names a data buffer of either type read/write (no type specified) or the
specified type (see below). I/0O, 6-6.

Buffer Type Word Byte
interrupt 0

fast read/write 2 3
DMA 4 —

C

cap ( string )
Returns an equivalent string of uppercase characters. O&P, 6-24.

cat [ select code or buffer name ]
Prints a catalog of files on the specified disk or default drive. File types listed below. D,

1-16 (or 20).

B Binary program file. M Memory file.

D Datafile. 0 Other file (not created via 9825).
K Special function keys file. P Program file.

cfg[flagno.[, ...]1]
Clears either all 15 program flags or only the specified flags. O&P, 3-29.
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chain file name [, 1st line number [, 2nd line number ] ]
Loads a program from the specified disk file. Same optional line numbers as get. D, 2-7
(or 25).

char (expression)
Returns the ASCII equivalent character. O&P, 6-20.

Computer

:Museum -

cli select code
Sends the abort message to all devices on the HP-1B, /O, 2-27.

cll ‘name’ [ (variable, [, variable, [, ... 1) 1]
Calls the subroutine having the specified label, passing the value of any optional vari-
ables as pass-parameters. O&P, 4-10.

cln
Returns the current program line number. O&P, 7-28.

clr select code
Sends the clear message, either the all devices or to only a selected device by including
the device address in the select code. I/0O, 2-17.

cmd select code , “‘address parameters” [, ‘'string” ]
cmd “device name(s)” or select code [, “string” ]
Sends the string of data characters to the specified HP-IB device. /O, 2-31.

cmf[flagno.[, ...]]
Complements either all 15 program flags or only the specified flags. O&P, 3-29.

cmp ( expression )
Returns the 16-bit binary one’'s complement of the expression. /0, 3-13.

cont [ line number or “line label” ]
This command continues program execution, either from the current point or from the
specified point. Q&P, 2-24.

conv [ expression, , expression, [, expression, , expression, ] ...]
Sets up a conversion table (up to 10 sets of expressions) referenced by red and wrt
statements. Each expression represents an ASCI| character. conv (no parameters) can-
cels any existing table. 1/0, 1-23.

copy [ source drive number [ , select code ], ] “to”
[, destination drive number [ , select code ] ]
Duplicates the contents of the source disk to the destination disk. Disks must be the
same type, either single-sided or double-sided. D, 4-7 (or 60).
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copy source file name [ , drive number [ , select code ] ]
[ , destination file number [ , drive number [ , select code ] ]
Copies a file to another disk. Omitting an address accesses the default drive. D, 4-7 (or
60).

COpyY source file number , record number ,
destination file number , record number, no. of records
Copies only the specified number of records, beginning at the specified record numbers.
D, 4-10 (or 60).

COos ( expression)
Returns the cosine of the expression. O&P, 3-25.

Cplt[ character-space widths , character-space heights ]
Moves the pen the specified distance away from the current point. 1/0, 7-41.

CsSiz [ height [, aspect ratio [, paper ratio [, angle of rotation 1111
Specifies the size, shape and lettering direction for bl statements. Defaults are:
height = 1.5% of paper height; aspect ratio = 1; paper ratio = 1; angle = 0 (left to right
lettering). 1/0O, 7-38.

csv
Clears simple variables A through Z. O&P, 3-39.

ctbl [ string variable ]
Sets up a conversion table; the value of each string character represents ASCII; the

character position represents the foreign code + 1. ctbl with no parameters cancels the
table. I/0, 4-6.

D
deg

Sets degrees units for angular calculations. O&P, 3-25.

del line number [, 2nd line number [ ,* 1]
This command deletes either the specified program line or all lines through the optional
2nd line number specified. Including the = changes all remaining references to the
deleted lines to the next remaining program line, preventing error 36. O&P, 2-25.

dev “name” , select code
Assigns a name for use in place of the select code in I/0 operations. 1/O 2-9.

dig X, Y[, return variable ]
Reads, computes and stores the current pen position in user units. Return variables:
0 = pen up; 1 = pen down. 9872 Plotter ROM only. /O, 7-48.

dim variable name [, variable name [, ... ]1]
Reserves memory for specified variables. Use subscripts to indicate size of each vari-
able. O&P, 3-37.

rev: 11/80



HPL Syntax B-9

dirc
Copies the spare 9885 disk directory (default drive) to the main directory. 98217A ROM
only. D, 4-16 (or 65).

drive unit no. [, select code ]
Sets the default unit (0 through 3) and, optionally, the select code for disk drives. Default
is 0,8 for 98217A ROM and 0,707 for 98228A ROM. D, 1-14 (or 17).

drnd ( expression , expression )
Returns the value of the first expression, rounded to the number of digits indicated by the
second expression. O&P, 3-22.

dsp item list
Displays the items listed. To display quotes use double quotes within the string (e.g., 1:

dsp "Display”“test‘in quotes.”). O&P, 3-12.

dto ( expression )
Returns the octal equivalent of the decimal value expressed. |/O, 3-12

dtrk
Dumps a bad 9885 track during the disk error recovery routine. 98217A ROM only. D,
4-15 (or 65).

dtype ‘
Returns a code indicating the type of drive, disk and data format at the default disk
address. 98228A ROM only. D, 1-15. Return values are:

0 Unabie to access default disk controller.

1 Drive door is open or drive not present.

2 Drive door closed, but door was opened since last disk operation. File pointers are
cleared.

9895 drive, single-sided disk, HP format.

9895 drive, double-sided disk, HP format.

9895 drive, single-sided disk, unknown format.

9895 drive, double-sided disk, unknown format.

9895 drive, single-sided disk, IBM 3740 format.

9885 drive, single-sided disk.

o N O O AW

dump [ file name , tape file name ][ , expression ]
Transfers the contents of the default disk to a tape cartridge. The optional file names
indicate to only dump a specified file. The expression can be 1 or 10, indicating the
number of disk records to put in each tape file. A positive expression automatically marks
the tape. A negative expression suppresses marking the tape. D, 4-12 (or 62). |
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E

eir select code [, byte ]
Enables an interrupt from the specified select code. Specifying byte = 0 disables the
interrupt. 1/0, 5-6.

end
Halts program execution and sets the program counter to 0. O&P, 3-17.

enp [ “prompt”, ] string variable
Enters and prints data entered from the keyboard. O&P, 3-15.

ent [ “prompt”, ] variable name
Enters data from the keyboard. O&P, 3-13.

eolcode[,[,... 11[,— delay in milliseconds ]
Specifies up to seven optional ASCIl characters for an end-of-line sequence for wrt
operations (replaces CR/LFs). The optional delay occurs after the last eol character in
the sequence. O&P, 7-12.

eor ( expression, expression )
Returns the 16-bit binary result of the exclusive ORing of the expressions. 1/0, 3-13.

equ ‘name;” , “string,” [, “name,”, “string." [, ... 1]
Equates the ASCI character string with the name, for use with cmd. I/0, 2-33.

erase [ letter or key ]
Erases either all programs and variables or the specified areas listed below. O&P, 2-26.
a Erase entire memory.
k Erase all special function keys.
v Erase all variables and flags.
fn  Erase specified key definitions.

ert file number
Erases the current tape track, beginning with the specified file. O&P, 5-15.

exp ( expression )
Returns e (2.71828...) raised the expressed power. O&P, 3-24.

F

fdf file number
Positions the tape at the specified file on the current track. O&P, 5-9.

fetch [ line number or key ]
Displays the specified program line or special function key definition. O&P, 2-27.

files * file namet " [ :unitno. ][, ** file name2 " [ : unitno. ][, ... ]
Assigns names up to 10 disk files. Substituting an * for a file name allows an asgn

statement to assign a file name via a string variable. D, 3-3 (or 34).
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flg ( flag no. )
Returns flag status: 1 = set; 0 = clear. O&P, 3-30.

flt expression
Sets floating point notation; from 0 through 11 places allowed. O&P, 3-10.

fmt [ format no. , ][spec, [, spec, ... 1]
Sets up a list of format specs for red and wrt operations. Format number can be from 0
through 9. Format specs are listed below. Omitting specs cancels specified format.
Omitting format no. sets format 0. A repeat factor can precede each spec. I/O, 1-8.

b Single-character binary output. X Blank space.

cw String character data. z Suppresses auto CR/LF.
ew.d Exponential format. |/ Outputs CRILF.

fw.d Fixed-point. “text”  Outputs text.

fzw.d Fixed point with leading zeros.

w = field width.
d = number of digits to right of decimal point.

for simple variable = initial value to value [ by step value]
Defines start of a for-next loop. O&P, 4-3.

frc (. expression )
Returns the fractional part of the expression. O&P, 3-22.

fti ( expression )
Rounds and changes the expression to integer precision. The result can be stored in a
two-character field. O&P, 4-26.

fts ( expression )
Changes the expression to split precision for storage in a four-character field. O&P, 4-20.

fxd expression
Sets the fixed-point format; from 0 through 11 places are allowed. O&P, 3-9.

G

get file name [, 1stlineno.[, 2nd lineno. ] ]
Loads the program from the specified disk file. The lines are stored, beginning either at
line O or at the optional 1st line number. The optional 2nd line number indicates where
program execution should begin. D, 2-4 (or 23).

getb file name
Loads the specified disk binary program file. D, 2-11 (or 64).

getk file name
Loads the special function keys disk file. D, 2-9 (or 29).
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getm file name
Loads the specified disk memory file. D, 2-10 (or 57).

grad
Sets the grads units for angular calculations. O&P, 3-25.

gsb line number or line label
Branches program execution to the specified subroutine. O&P, 3-34.

gsb + or — no. of lines
Branches to the subroutine beginning the number of lines relative to the current line.
O&P, 3-34.

gto line number or line label
Sends program execution to the specified line. O&P, 3-31.

gto + or — no. of lines
Sends execution to specified line relative to the current line. O&P, 3-31.

idf file number [, file type [ , current size [ , absolute-size or [, track 1]1]
Returns info on the current tape file. See tlist for file types. O&P, 5-7.

idn array name [, array name [, ...]]

Creates identity (square) matrices. All elements are 0 except major diagonal elements
which are 1. M, 22.

if expression, = expression,
If the equation is true, the rest of the line is executed. If false, execution immediately
branches to the next line. Any relational operator can be used ( <, #, >=, etc.). When

both expressions are strings, the characters are compared using ASCI| values. O&P,
3-36.

ina array variable [ : number or simple variable]
[, array variable [ : number or simple variable] ...]
Initializes each element of the array to the specified value (number or variable). Omitting
the value initializes each element to 0. M, 8.
init
Runs the 9885 disk initialization routine and loads bootstraps. 98217A ROM only. D, 4-2
(or 90).

init drive number , select code [ , interleave factor ]
Initializes disks in either 9885 or 9895 drive. 98228A ROM only. The interleave can be an
integer from 1 thru 29. D, 4-3.
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int ( expression ) Computer ¥

Returns the integer value of the expression. O&P, 3-22. Museum

inv array variable, — array variable, [, simple variable ]
Stores the inverse matrix of array 1 in array 2. If the simple variable is specified, the
determinant of array 1 is returned. M, 24,

iof select code
Returns interface flag state: 0 if peripheral busy; 1 if ready. /O, 4-12.
ior ( expression , expression )
Returns the 16-bit result of the inclusive OR operation on the expression. 1/0, 3-13.

10S select code
Returns interface status: 0 if in error condition; 1 if operational. I/O, 4-12.

iplt X increment, Y increment [, expression]
Moves the pen the number of X and Y units from its current position. The expression is for
pen control; see plt. 1/0, 7-29.

iret

Ends an interrupt service routine and returns to main program. 1/0, 5-7.

itf ('string variable )
Returns a full-precision number from the packed, integer-precision number (a two-
character string). O&P, 7-26.

J

jmp expression
Jumps program execution the relative number of lines forward (+ expression) or back
(— expression). jmp 0 returns execution to the beginning of the current line. O&P, 3-33.

K

key
Returns the earliest, unprocessed keycode in the keyboard buffer. 0 indicates no
keycodes in the buffer. O&P, 7-8.

kill file name
Purges the specified disk file from the default disk. D, 1-18 (or 27).

killall
Purges all disk user files. 98217A ROM only. D, 1-18 (or 67).

killall drive number , select code
Purges all user files from the specified disk. 98228A ROM only. D, 1-18.

kret
Returns execution to the main program after the key buffer is emptied. O&P, 7-9.

rev: 11/80




B-14 HPL Syntax

L

Ibl expression or “string” [, expression or “string” [, ... 1]
Prints characters on the plotter. 1/0O, 7-36.

Icl select code
Sends the local message to alt HP-1B devices or, if the select code includes a device
address, sends a clear lockout/local message. /0, 2-20.

Idb file number
Loads a binary program from the specified tape file. O&P, 5-23.

Idf [ file number [, line number, [, line number21]]
Loads the specified tape file into the appropriate area of memory. The optional line
numbers indicate where to start loading (line number 1) and continuing (line number 2) a
program. Omitting the fite number loads file 0. O&P, 5-18.

Idf [ file number [, data list ] ]
Loads data from the specified tape file into the listed variables. O&P, 5-21.

Idk [ file number ]

Loads the special function key file into memory. Omitting the file number loads tape file 0.
O&P, 5-22.

Idp [ file number [, line number, [, line number, ]]
Loads a program from either file O (file number omitted) or the specified file. The optional
line numbers indicate where to start loading (line number 1) and were to start running
(line number 2). O&P, 5-18.

len ( string variable)
Returns the character length of the string. O&P, 6-14.

lim [ X lower left , X upper right , Y lower left, Y upper right ]
Restricts plotter pen movement to the stated bounds in user units. If bounds are omitted,
movement is limited to the mechanical limits. 9872 Plotter ROM only. 1/0, 7-34.

line [ pattern number [, pattern length 1]
Specifies the type of line plotted with plt, iplt, xax and yax. 9872 patterns are listed below.
Pattern length is percentage of the total line length; default is 4%, 9872 Plotter ROM only.

/0, 7-32.

3 [ 5 — - — -
2 — - - — - - — — - 6 — —— —-—
3 — —— - omit number —
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list [ # select code ][ line number [, line number 1]
Lists the entire program on the internal printer (no parameters) or lists the program to the
specified select code. The line numbers indicate starting and ending lines for the listing.
0O&P, 3-39 and I/0, 1-23.

list & orlistk
Lists the special function key definition (list &3 or all definitions (list k). O&P, 3-39.

Ikd
Disables live keyboard mode. O&P, 2-32.

Ike
Enables live keyboard mode. O&P, 2-32.
llo select code
Sends the local lockout message to all HP-IB devices. /0, 2-19.

In (' expression)
Returns the natural log (loge) of the expression. O&P, 3-24.

load [ disk file name , tape file number ]
Loads files previously dumped to a tape back onto the disk. Omitting all parameters
loads the entire dump back onto the disk. Including parameters loads only selected data
files back onto the disk. D, 4-13 (or 63).

log ( expression )
Returns the common log (log1o) of the expression. O&P, 3-24.

Itr X coordinate , Y coordinate [ , HWD ]
Moves the 9862 plotter pen to the specified point and specifies dimensions for lettering.
H and W can be from 1 through 9. D is lettering direction and can be from 1 through 4.
9862 Plotter ROM only. I/O, 7-47.

ltrk
Returns corrected data to a reinitialized track during disk error-recovery routine. 98217A
ROM only. D, 4-15 (or 65).

M

mat array variable,* array variable,— array variable,
Array multiplication (arrays must have correct dimensions). M, 19.

max ( expression [, expression[, ...11)
Returns the largest value in the list. O&P, 3-22.
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mdec
Sets the decimal mode (default) for binary operations. /0, 3-11.

min ( expression [, expression[, ...]1)
Returns the smallest value in the list. O&P, 3-22.

moct
Sets the octal mode for binary operations. /O, 3-11.

mrk number of files , file size [, return variable ]
Marks the number of files, beginning at the tape’s current position. The last file number
marked is returned in the optional return variable. O&P, 5-10.

N

nal

Returns the last program line number plus one; used with store to store strings. O&P,
7-24.

next simple variable
Terminates for-next loop and tests for loop completion. O&P, 4-3.

nor [ line number [, line number ] ]
Clears the master program flag, either while executing all lines (omit all parameters) or
only for the specified line numbers. O&P, 3-44.

num ( “character” or substring )
Returns the ASCIl-decimal value of the character. O&P, 6-21.

O

ofs X coordinate , Y coordinate
Offsets the origin (0,0) to point X,Y. I/0O, 7-27.

on end file number , line specifier
Enables a branch to the specified line or label when a disk EOF or EOR mark is encoun-
tered during read and write operations. D, 3-19 (or 50).

on err “line label”
Enables an error-trapping routine. The program branches to the label and the erl, ern and
rom functions are assigned values when an error occurs. 1/O, 4-4.
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on key [ “line label” [, flag no. 1]
Enables a keyboard interrupt routine. The program branches to the label and opticnally
sets the flag when the keyboard buffer overflows. Omitting all parameters disables the
keyboard interrupt. O&P, 7-6.

oni select code, “label”

References an interrupt service routine associated with the peripheral's select code. I/O,
5-5.

open file name , number of records
Creates a disk data file of the specified size (256-byte records). D, 3-2 (or 33).

otd ( expression)
Returns the decimal equivalent of the octal value expressed. 1/O, 3-12.

P

Computer
Miuseum

par ( expression )
Sets the parity type (listed below) used for I/O checking. 1/0, 4-9.
0 Parity disabled. 2 Even parity.
1 Parity = 1. 3  Odd parity.
pclr

Sets default plotter values except scale units, select code, P1, P2, pen location and
pen#. 9872 Plotter ROM only. 1/0O, 7-10.

pct select code
Passes active control to the specified HP-IB device. 1/0, 2-26.

pen
Raises the plotter pen. I/O, 7-22.

pen# [ expression ]
Selects the plotter pen (1 through 4). 9872 Plotter ROM only. I/0, 7-22.

% string [ @]
The % free-text prefix allows storing text without syntax checking. Free text is terminated
with a semicolon or end of line. O&P, 7-25.

plt X coordinate , Y coordinate [ , expression ]
Move plotter pen to specified X,Y point. Optional expression controls pen (see below).

110, 7-22.
even lowers pen. positive action before plotting.
odd raise pen. negative  action after plotting.
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pol select code
Conducts a paraliel poll on the HP-IB. |/0, 2-25.

polc select code , byte
Sets parallel poll bits on the specified HP-1B device. 1/O, 2-26.

polu select code
Clears parallel poll bits on the specified device. /0, 2-26.

pos ( string, , string, )
Returns the character position of the second string within the first. O&P, 6-16.

prnd ( expression , expression )
Returns the first expression rounded to the power of ten indicated by the second expres-
sion. O&P, 3-22.

prt expression or string [, expression or string [, ... 1]
Prints the list of items on the internal printer. To print quotes use double quotes (e.g.,
3: prt “print”“text”"'in quotes.”). O&P, 3-12.

PSC select code
Sets the select code for all plotter ROM operations. psc 0 causes either the program to
ignore all plotter operations (9872 ROM) or the computer to suppress output to piotter
(9862 ROM). I/0O, 7-5.

ptyp
Sets a plotter lettering mode. Press STOP key to terminate mode. {/O, 7-45.

R

rad
Sets radians units for angular calculations. O&P, 3-25.

V' ( expression )

Returns the square root of the expression. O&P, 3-22.

rcf [ file number [, line number [, line number 11[, “SE” or “DB” 1}
Records either all program lines onto the specified tape file (no line numbers) or only the
specified block of lines. Including SE prevents the program from being listed or dis-
played when reloaded. Including DB records all trace and stop flags with the program for
debugging. O&P, 5-16.
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rcf file number , variable list
Records the listed variables onto the tape file. O&P, 5-16.

rck file number
Records the special function key definitions on the tape file. O&P, 5-22.

rcm file number
Records the entire computer memory on the specified tape file. O&P, 5-22.

rdb ( select code)
Returns one 16-bit binary character code from the specified device. I/0O, 3-4.

rdi ( register number )
Returns a status byte from the interface specified by wti 0. 1/O, 4-12.

rdm array variable [, array variable[, ... 1]
Redimensions the array(s) to the specified dimensions. M, 16.

rds ( select code)
Returns the current status word from the specified interface. I/O, 3-5.

red select code[ . format no. ], variable list
Reads and stores data from the specified device. I/0, 1-5.

rem select code

Sends the remote message to either all HP-IB devices or only one device when its
address is included in the select code. I/O, 2-18.

renm old file name , new file name

Renames a disk file on the default disk. D, 1-17 (or 28).
repk

Repacks files on the default disk. D, 4-5 (or 58).

res
Returns the result of the last keyboard operation not stored in a variable. O&P, 2-20.

resave file name [, 1stline number [ , last line number ] ]
Stores a program (or only the specified lines) in an existing disk file. D, 2-9 (or 28).

ret

Ends a subroutine and returns program execution to the main program (line after gsb).
O&P, 3-34.

rew
Rewinds the tape. O&P, 5-6.
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rkbd select code [, expression ]
Enables a remote keyboard to control the computer. The expression indicates the
keycode interpretation: 0 = ASCII (default) or 1 = 9825 keycodes. O&P, 7-24.

rnd ( expression )
Returns a pseudo-random number from O to (less than) 1. A negative expression is used
as a new seed. O&P, 3-22.

rot ( expression, , expression; )
Returns the result of binary rotation of the 16-bit equivalent of expression 1, rotated the
number of bits indicated by expression 2. /O, 3-13.

rprt file number , record number|[ , data list ][ ,“end” or “ens” ]
Prints the list of data items on the disk file, starting at the specified record. Including
“end” prints an EOF mark after the data. Including “ens” suppresses the automatic EOR
mark printed after data. D, 3-12 (or 43).

rqgs select code , byte
Requests service from the HP-1B system controller and sends the serial status byte upon
response to a serial poll. /0, 2-21.

rread file number , record number [ , variable list ]
Reads data from the disk file, starting at the specified record. Omitting the variable list
just repositions the file pointer. D, 3-15 (or 46).

rss ( select code )
Returns the 98036 Interface status register byte. O&P, 7-16.

run [ line number or “label” ]
Begins program execution, either at line 0 or at the specified line. O&P, 2-9.

S

save file name [, 1st line number [, last line number ] ]
Creates a program file and stores either the entire program (no line numbers) or only the
specified lines. D, 2-2 (or 18).

saveK file name
Creates a key file and stores all special function key definitions. D, 2-9 (or 29).

savem file name
Creates a memory file and stores the computer’s read/write memory. D, 2-10 (or 57).

scl Xp1, Xp2, Yp1, Yp2
Locates the origin and specifies user units for plotting operations. 1/O, 7-7.
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sfg [flagno. [, flagno.[, ...1]]
Sets either all 15 program flags to 1 or only the specified flags. O&P, 3-28.

sgn ( expression )
Returns sign of expression: 0 = zero; 1 = positive; —1 = negative. O&P, 3-22.

shf ( expression:, expression ,)
Returns the result of right-shifting the 16-bit binary equivalent of expression 1, the
number of places indicated by expression 2. A negative expression 2 shifts the byte to
the left. 1/0, 3-14.

sin ( expression )
Returns the sine of the expression. O&P, 3-2.

SMpy number or simple variable [«] array variable,— array variable,
Multiplies each element of array 1 by the scalar number. The * can be omitted. M, 13.

SpcC [ expression ]
Outputs the expressed number of line feeds on the internal printer. O&P, 3-16.

sprt file number , data list[ , “end” or “ens” ]
Prints the list of data items on the disk file. Including “end” prints an EOF mark after the
data. Including “ens” suppresses the automatic EOR mark printed after data. D, 3-7 (or
38).

sread file number , variable list
Reads data from the specified file into the listed variables. D, 3-10 (or 41).

stf ( string variable)
Unpacks and returns a split-precision number from its four-character string. O&P, 4-20.

store string name or ““string” [, line number ]
Stores program lines from an executing program. O&P, 7-21.

stp [ line number, [, line number, 1]
Stops program execution either immediately or, optionally, at the specified line (line 1).
Specifying both line numbers indicates a block of lines to stop at. O&P, 3-17.

str ( expression )
Returns the ASCII character equivalent to the expression. O&P, 6-19.

T

tan ( expression )
Returns the tangent of the expression. O&P, 3-25.
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tfr source name , destination name [, expression [, last character ] ]
Transfers data between an /O buffer and a peripheral device. Optional expression
indicates the total number of bytes to transfer. Optional last character expression is the
decimal value of the character to terminate the transfer. i/O, 6-8.

time ( expression)
Causes an |/0 operation to wait for a device to become ready for the specified number of
milliseconds. /O, 4-4.

tinit
Reinitializes a bad 9885 track during disk error recovery. 98217A ROM only. D, 4-15 (or
65).
tlist
Catalogs tape files on the internal printer (file types below). O&P, 5-9.
0 Nult file. 4 Memory file.
1 Binary program. 5  Special function key file.
2 Numeric data file. 6  Program file.
3  String or string/data.

tn T ( expression)
Returns 10 raised to the specified power. O&P, 3-24.

trc [ 1st line number [, last line number ]]
Sets the master flag and, optionally, trace flags for specified program lines. O&P, 3-44.

trg select code
Sends the trigger message to the specified HP-IB device. I/O, 2-17.

trk expression
Specifies the tape track (0 or 1) for successive operations. O&P, 5-6.

trn array name — array name
Transposes rows and columns between arrays. M, 23.

type ([ — ] expression)
Returns a value indicating the next data-item type in a disk file. A positive expression
causes any encountered EORs to be skipped (like with sread). A negative expression
causes any EORs to be identified (like with rread). D, 3-20 (or 51). Return values are:

0  Unidentified type. Indicates string overlapping record boundaries:
1 Full-precision number. 2.1 Start of string.

2  String (within record). 2.2 Middle of string.

3  EOF mark. 2.3 End of string.

4  EOR mark.
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U

units
Returns the currently-set angular units. O&P, 3-25.

Vv

val ( string )
Returns the numeric value of the string. O&P, 6-17.

viy [ return variable ]
Verifies the contents of a tape file with the original in memory. Return variable: 0 = no
error: 1 = error. O&P, 5-25.

viyb
Checks 98217A bootstraps on disk with those on the disk system cartridge. 98217A ROM
only. D, 4-14 (or 67).

voff
Disables data-verification with disk print and copy. D, 4-6 (or 58).

von
Enables the disk data verification (default). D, 4-6 (or 59).

W

wait expression
The program waits for the specified time in milliseconds (from 1 to 32767). O&P, 3-16.

wrt select code [ . format no. ][, item list ]
Outputs the items to the specified device. I/0, 1-3.

WSC select code , expression
Outputs a control word (expression) to the specified interface. O&P, 7-14,

WSmM select code , expression [, expression ]

Outputs a mode word and, optionally a control word (second expression) to the specified
98036 Interface. O&P, 7-15.

wtb select code , expression [, expression [, ... 1]

Outputs the byte representing each number or character to the specified device. 1/O,
3-3.
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witcC select code , expression
Outputs a control byte to the specified interface. 1/0, 3-9.

wti 0, select code
Specifies an interface for successive wti or rdi operations. 1/0, 4-11.

wti expression, , expression,
Outputs a control byte (expression 2) to a specified interface register (expression 1). 1/0,
4-11.

X

Xax Yoffset [, tic interval [, start[, end [, no. of tics/label ]1]] ]
Draws an X axis with optional tic marks and labels. 9872 Plotter ROM only. |/O, 7-11.

xref
Prints a cross reference of program variables and line numbers, using the current pro-
gram in memory. O&P, 4-32.

Y

yax Xoffset[, tic interval [, start[, end [, no. of tics/label ] ]]1]
Draws a Y axis with optional tic marks and labels. 9872 Plotter ROM only. /O, 7-11.
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Subject Index

abortive interrupts ............. .. /O 5-11
abort message (cli) ... ........... 110 2-27
abs (absolute value) ............ O&P 3-22
absolute branching ............. O&P 3-30
ACCESSOMeS ... v, Q&P 1-8
acs (arccosing) . ............... 0O&P 3-25
ASClicodes .................... Q&P A-3
ASCIl conversions ............... I/0 3-18
add (binaryadd) ................. I/Q 3-15
addition (+) ........... ..., O&P 3-19
addresses, device ................ 1/0 2-6
Advanced Programming ROM ............
O&P 1-9,4-3
alphanumeric strings ............ O&P 6-3
alternate plotter character sets .... /0O 7-37
and (binary AND operator) ...... O&P 3-21
aprt(arrayprint) ..................... M 8
ara (array arithmetic) ............... M 11
arithmetic:
hierarchy ................... Q&P 3-18
operations ................. O&P 2-10
operators .................. Q&P 3-19
arrays:
arithmetic(ara) ................. M 11
copying(ara) ................... M 13
dimensioning ................ O&P 3-7
elements ......... ... ... L, M 4
loading ... ...l 0&P 5-21
matrix operations ................ M 1
nUMeric ..................... O&P 3-6
printing (aprt) ................... M 8
recording .................. 0&P 5-17
sting ...l O&P 6-4
asc (ASCll keycode) ............. O&P 7-9
asgn (assign disk file name) .... D 3-5(36)
asn(arcsing) ................... O&P 3-26
assignment operator (=) ........ O&P 3-19
atn (arctangent) ................ O&P 3-26
automatic interrupt ................ 1/0 5-3
autostartroutine .................. 1/0 4-3
avd (auto-tape verification disable) .......
0O&P 5-24
ave (auto-tape verification enable) ........
0&P 5-25
avm (available memory) ......... O&P 7-27
axe (plotaxis) ................... /0 7-18

BACKkey .................. O&P 2-18,3-41
band (binary AND function) ........ /O 3-12
beep.......... ... . O&P 3-16
bformatspec .................... 10 1-17
binary:
coding and conversions . ..... 110 3-17
notation ..................... /O 3-10
operations .................... 10 3-3
program files (disk) ........ D 2-11(17)
program files (tape) ......... O&P 5-23
bit (binary bit) ........... ... ..., /0 3-15
boot (load disk boots) .......... D 4-4 (67)
boundaries, platen . .............. 110 7-23
bounds, variables ............... O&P 3-7
bracketsinsyntax ............... O&P 3-6
branching:
absolute ................... O&P 3-32
mp O&P 3-33
labelled .................... O&P 3-32
N-Way ... 0O&P 3-37
relative..................... O&P 3-32
subroutine ................. O&P 3-34
bred (read buffer) .............. O&P 7-10
buf (setup buffer) .............. ... 1/Q 6-6
buffer:
DMA ... 1/0 6-6
fastread/write ................. I/0 6-5
interrupt ....... ... 110 6-5
overflow ...................... I/0O 6-6
pointers ..................... /0O 6-11
status ... /0 6-10
types ... 1’0 6-4
underflow . .................. .. 110 6-6
buffered /O ............ ... ... ..., 1/0 6-3
calculatedgosub ............ .. O&P 3-35
calculatingrange ................ O&P 2-6
cap (uppecase string) .......... O&P 6-24
carriage-return line-feed:
outputwithnfmt/ .............. /0 1-11
suppress withfmtz ........... 7O 1-11
withred....................... /0 1-7
withwrt ... /O 1-4
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cat (disk catalog) ............. D 1-16 (20)
cfg(clearflag) ................. O&P 3-29
cformatspec..................... /O 1-9
chain (chain disk program files) . D 2-7 (25)
char (string character) .......... O&P 6-20
character sets:
display .......... ... (/O 1-17
plotter .......... ... ... ..... O&P 7-37
printer (internal) .............. /O 1-14
CLEARKey ...................... O&P 2-9
clearflag(cfg) ........... .. ... O&P 3-29
clear:
HP-IB interface (abort) ..... ... 110 2-26
message (clr) ................ /O 2-17
plotter . ...... ... ... ... ..., /0 7-10
simple variables ............ O&P 3-39
clifcall) . ......... ... . O&P 4-10
cln (current line number) ........ O&P 7-28
clr (clear message) .............. /0 2-17
cmd (HP-IB commands) .......... 110 2-31
cmf (complementflag) .......... O&P 3-29
cmp (complement binary) ........ {10 3-13
commands . .................... O&P 2-24
commonlog (log)............... O8&P 3-25
compatibility (9820/21 & 9825) .. O&P A-10
computer /O scheme ............... /0O iv
concatenation (&) .............. O&P 6-26
cont (continue) ................. O&P 2-24
CONTINUEKkey................. O&P 2-20
control bits (98032A) .. ............ 1/O 3-9
conv (conversion) ................ /0 1-23
copy (copy diskfile) ............ D 4-7 (60)
cos (cosine) ......... ... ... ... O&P 3-25
cplt (characterplot) .............. /O 7-41
conversion table (ctbl)........... .. 1/O 4-6
cross reference (xref) ......... .. O&P 4-32
csiz (charactersize) ............. /0 7-38
csv (clear simple variables) ..... O&P 3-39
ctbl (conversiontable)............. 1/0 4-6
cursor controls (display) ........ O&P 2-16
data input operations .......... /0 1-5,3-4
datal/Oformat ..................... /1O v
data output operations ......... 110 1-3,3-3
data:
input operations ........... /O 2-5,3-4
l/Oformat....................... /O v
messages (HP—IB) .......... .. 110 2-4
ouput operations ........... 1/0 1-3,3-3
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data transfer:

input ... /0 6-9

output ... 110 6-8
debug ("DB") ... ............... O&P 5-16
debug programs ............... O&P 3-41
default:

computer conditions ......... Q&P A-3

/Oformats.............. ... .. [/O vii
decimal mode (mdec) ............ /O 3-11
default;
deg (degrees units). ............ O&P 3-25
del (delete line) ................ O&P 2-25
DELETEkeys .............. 0&P 2-17,2-18
delimiters:

input (read) ................... /O 1-6

buffer transfer (tfr) ............. 1/0 6-8

terminal /O (eol) ............ O&P 7-12

write (wrt) ... .. /0 1-3
determinant, array .................. M 24
dev (devicename) ................ 110 2-9
device address (HP-1B) ............ I/O 2-6
dig (digitize) . ................ ..., /O 7-48
digit rounding (drnd) . ........... O&P 3-22
dim (dimension variables) ....... O&P 3-37
dimensioning strings ............. O&P 6-4
dirc (copy disk directory) ...... D 4-16 (65)
direct memory access ............. {/0 6-6
diskdrive ....................... D1-1(2)
disk operations ................ D 4-1(15)
display:

characterset ................ /O 1-17

controlkeys ................ O&P 2-16

dSp .o O&P 3-12
divide (/) ... L. O&P 3-19
division, array ...................... M 12
DMAbuffer ....................... I/0 6-6
dot matrix insyntax .............. O&P 3-6
drive (set disk drive) .......... D1-13 (17)
dmnd (digitround) .............. O&P 3-22
dsp(display) ................... O&P 3-12
dto (decimaltooctal)............. /0 3-12
dtrk (dump disk track) ......... D 4-16 (65)
dtype (disktype) .................. D 1-15
dump (dump disk to tape) ... .. D 4-11 (62)
eformatspec..................... 110 1-9
editing.................. ... .. O&P 2-17
edit specifications .. ............... /0 1-9
eir (enable interrupt) .............. 1/O 5-6
end ... O&P 3-17
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enp (enterprint) ................ Q&P 3-15
ent(enter) ..................... O&P 3-13
ENTEREXPkey ................ O&P 2-21
enter exponent(e) .............. O&P 3-10
EOF mark (disk) .............. D 1-10 (51)
eol (end-of-line sequence) ...... Q&P 7-12
EOR mark (disk) .............. D 1-10 (51)
eor (exclusive OR) ............... I/0 3-13
equ(equate) .................... 110 2-33
equalto(=).................... Q&P 3-20
equipment supplied . ... (see packing lists)
ERASEkey .............. .. ... .. 0&P 2-15
erase (erase memory) .......... Q&P 2-26
erl (error-line variable) ............. /0O 4-4
ern (error-number variabte) ........ /0 4-4
error recovery (onerr) ............. I/0O 4-4
errors:
math ....................... O&P 3-26
COdesS ... ... O&P D-1
tapedrive .................. Q&P 5-26
ert (erase tape track) ........... O&P 5-15
evenparity .......... .. ... /O 4-9
exclusive OR(xor) .............. Q&P 3-21
EXECUTEkey ................... Q&P 2-9
execution times .............. .. O&P 3-46
exp (exponential) ............... O&P 3-24
exponential format ............... O&P 3-8
exponential functions ........... Q&P 3-22
exponentiate (1) ................ O&P 3-19
expressions, numeric ........... O&P 3-18
extended device address . ......... /O 2-8
Extended /OROM ......... O&P 1-9,l/Q iii
extended read status (rds) ... ..... 110 2-34
fast read/write buffer ............ .. /O 6-5
fdf (find tape file) ................ Q&P 5-8
FETCHKey ..................... O&P 2-17
fetch (fetchtine) ................ Q&P 2-27
files:
files statement (disk) . ....... D 3-3 (34)
disk ....................... D1-9(11)
string .. ... D 3-20 (51)
tapefilesize................ Q&P 5-12
findfile (fdf) .................. ... Q&P 5-8
fixed-point format (fxd) ........... O&P 3-9
flags:
debugging ................. O&P 3-43
flags 13 through 15 ......... O&P 3-28
programmable flags ........ O&P 3-28
statusflags .................. /O 4-12

fig(flag) ....................... O&P 3-30
flowcharting, program............ O&P 3-3
fit (floating-point format) ... ..... O&P 3-10
fmt (I/Oformat) ................... 110 1-8
for (for..next) ................... O&P 4-3
formats:
free-field ............... ... I/0 1-5,1-6
VO oo 110 1-3
numeric (fxd, flt) ........... .. O&P 3-9
fmt specifications . ............. 110 1-9
frc (fraction) ................... O&P 3-24
freetext(%).................... Q&P 7-25
fti (fulltointeger) ............. .. O&P 4-26
fts (fullto short) ................ O&P 4-20
functions, mathematical ......... O&P 3-22
fuses, power .................... O&P 1-6
fformatspec ............... ... ... /0 1-9
FWDkey ....................... O&P 2-18
fxd (fixed-pointformat) ......... .. O&P 3-9
fzformatspec ................. ... /O 1-9
General /OROM ........ .. Q&P 1-9, /O iii
get (get disk program file) ...... D 2-4 (23)
getb (get binary disk file) ...... D 2-11 (64)
getk (get disk keys file) ......... D 2-9 (29)
getm (get disk memory file) .... D 2-10 (57)
grad (grads units) .............. O&P 3-25
graphics language (HP-GL) ... I/O 7-3,7-50
greaterthan(>) ................ O&P 3-20
greater than orequalto (>=or=>) .......
Q&P 3-20
grounding, equipment ........... O&P 1-4
gsb (go subroutine) .. ........... O&P 3-34
gto(goto) ................... .. Q&P 3-31
hierarchy, math .............. .. O&P 3-18
hints, programming ............. O&P 3-43

HP-GL (graphics language) ... /0 7-3,7-50
HP-IB:

functions .......... ... ... ... I/O 2-40
interrupts ... 1/0 5-8
lines ........................ I/Q 2-37
mMessSages ..., /O 2-4
operations .................... /O 2-1
HPL programming ............... O&P 3-3
HPLsyntax ................. .... O&P B-1
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WOformat .......................... 110 iv key (key buffer empty) ........... O&P 7-8
idf (identify tape file) ............. O&P 5-7 keyboard operations ............. O&P 2-1
idn (identity matrix) ................. M 22 keyboard (ASCIl) ................ O&P A-7
if (if..then) ..................... O&P 3-36 Keyboard magazine ............ O&P 1-12
immediate execute keys ........ 0&P 2-22 keycodes, decimal .............. O&P A-6
immediate continue keys ........ O&P 2-22 key repetition........ ... ... .. O&P 2-5
implied multiplication ........... O&P 3-20 kill (purge disk fite) ............ D 1-18 (27)
ina (initialize array) ................... M8 killall (purge all disk files) ... ... D 1-18 (67)
inclusive OR (ior) ................ I/O 3-13 kret (keyboard interrupt return) ... O&P 7-9

incremental plotting .............. 110 7-29

indirect storage ................. O&P 3-8

init (initialize disk) . .. ....... D 1-6, 4-3 (90) I

inspection, equipment ........... O&P 1-3
int (integer) ... O&P 3-22  |3peled branching .............. O&P 3-30
integer-precision storage ....... O&P 4-26 labeling axes .................... 1/O 7-36
interface: , labels, tine ............ ... .. ..., O&P 2-8
OVEIVIEW ... .ttt 11O vi 1azy T(F) oo O&P 2-5
oregisters........ /0 4-10 1| (plot labels) .......covevrn.... /O 7-36
!nternal pgrlpherals ................. 1/0 iv Icl (|OC3| message). .............. 110 2-19
internal printer: Idb (load binary program from tape) ......
Characterset ................ /O 1-14 O&P 5-23
loading paper ............... O&P1-8 4t (l0ad file from tape) .......... O&P 5-18
Pt O&P3-12 gk (load key file from tape) . . . . .. O&P 5-22
interrupt: Idp (load program file from tape) . O&P 5-18
abortive ... /0 5-11 len (string length) . .............. O&P 6-14
buffer ... /0 6-5 leading spaces, suppressing ...... /0 1-9
end-of-line (EOL) .............. /0 5-4 Ieading 2eros ... .. /0 1-9
HP-IB V058 fegsthan (<) ..........cocovvnn, 08P 3-20
keyboard .................... O&P 7-6 less than or equal to (<= or =<) Q&P 3-20
lockouts ..................L VOS-14 jim (plotter pen limit) ............. /0 7-34
peripheral .................... /0 5-3 line (plotter line type) ............. 110 7-32
programmable ................ VO 53 ing length (display) .............. O&P 2-5
~vectored (EOL) ................ /0 5-4 line renumbering ............... O&P 3-30
!nterrupt enable fe«r)' .............. I/O 5-6 linking programs ............... O&P 5-20
!nter.ru pt return (I.ret) ............... /10 5-7 list (llSt program on dlSp'aY) .... O&P 3-39
inv (inverse matrix) .................. M24  ist# (listto device) .............. /0 1-23
installation, computer ............ O&P 1-3 list fn (list function) ............. O&P 3-39
[/Obusandformat.................. /O iv listener (HP-|B) ................... 110 2-8
iof (interface flag) ................ /0 4-12 listk (“St key3) .................. O&P 3-39
?or (inclusive OR function) ........ I/0 3-13 live keyboard .................. O&P 2-28
los {interface status) ............. O4-12° kg (live keyboard disable) .. .. .. O&P 2-32
iplt (incremental plot) ............. WO 729 ke (live keyboard enable) . ... ... O&P 2-32
iret (interrupt return) ... /0 5-7 llo (local lockout message) .. ..... 110 2-19
itf (integertofull) ............. .. O&P 4-26 In (natural log) ................. O&P 3-24

load data:
» from disk (rread, sread) D 3-10 (41, 46)
J from tape (Idf) .............. O&P 5-21
load keys:

IMP GUMP) oo Q&P 3-33 from disk (getk) ............ D 2-9 (29)
fromtape (Idk) .............. O&P 5-22
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load memory;

from disk (getm)........... D 2-10 (57)

fromtape(idm) ............. 0&P 5-23
load program:

fromdisk (get) ............. D 2-4 (22)

fromtape (Idp) ............. O&P 5-18
local parameters ............... O&P 4-12
logarithms:

commonlog (log) ........... O&P 3-24

natural log (In) .............. O&P 3-24
logical operators ............... O&P 3-21
ftr(letterplot) ............. ... .. /O 7-47
itrk (update disk track) ........ D 4-16 (57)
mark tape (mrk) ................ O&P 5-10
mat (matrix multiplication) ........... M 19
math functions ............... .. O&P 3-22
math hierarchy ................. O&P 3-18
Matrix ROM ................ O&P 1-10,M 1
max (maximum) ................ O&P 3-22
mdec (decimal mode) ............ /0O 3-11
memory:

organization ................. 0&P 2-7

USAQE .. oot O&P 3-40
messages, HP-IB control .......... /0 2-4
min (minimum) ................. Q&P 3-22
miNUS Sign (=) -« o O&P 3-19
mod (modulus) ................. O&P 3-19
mounting, computer ............ O&P 1-12
moving the origin (plotting) ....... /10 7-27
mrk (mark tape) ................ O&P 5-10
multiple listeners .................. /0 2-6
multiply (=) ... O&P 3-19
multiplication, implied........... O&P 3-20
N-way branching ............... O&P 3-37
natural fog (In) ................. 0&P 3-22
nal (last programline) .......... O&P 7-24
next (for..mext) .................. O&P 4-3
nesting:

for..nextloops............... O&P 4-6

subprograms ............... O&P 4-16
non-active controller ............. I/0 2-26
nor(normal) .................... O&P 3-44
not (operator) .................. Q&P 3-22

not equalto (#, > <or><) .... O&P 3-20

null field:
inent ... O&P 3-14
instrings ............ ... ..., 0O&P 6-7
nulltapefile ................... .. O&P 5-7
num (string numeric value) ...... O&P 6-21
numeric formats ................. O&P 3-8
octalmode ................... ... I/0O 3-11
oct (octal todecimal) ............. /0 3-12
oddparity ............... ... ..... /0 4-9
ofs (offsetplot) .................. 110 7-27
onend ..., D 3-19 (50)
onerr(oneror) ................... /0 4-4
ONKEY ... O&P 7-6
oni (oninterrupt) .................. I/0 5-5
open (open disk file) ........... D 3-2(33)
operating system module ........ O&P 1-7
operators:
arithmetic .................. O&P 3-19
assignment................. O&P 3-19
logical .............. ... ... 0&P 3-21
relational ................... O&P 3-20
string concatenation ........ O&P 6-26
OR functions (ior,eor) ............ I/0 3-12
OR operators (or, xor)........... O&P 3-21
otd (octaltodecimal) ............. /O 3-12
out-of-limits conditions (plotting) ........ ..
/0 7-23
overflow, buffer ................... /0 6-6
overhead, recording strings ... .. O&P 6-33
% (freetext) .................... O&P 7-25
par (parity check) ................. 1/0 4-9
parallelpolling................... I/0 2-25
parity checking ................... 1/0 4-9
passing parameters ............ O&P 4-12
pclr (reset plotter) . ............... /0 7-10
pct (pass HP-iB control) .......... /0 2-26
pen (controlpen) ................ 110 7-22
pen# (selectpen) ............... 110 7-22
peripheral:
control .......... ... ... ........ /O vi
interrupt ... 1/0 5-3
status (rds) ................... /O 3-5
plotter operations ................. /0 7-2
plotter ROMs ............. 0&P 1-9,1/0 7-3
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plt(plot)............... ... ... .. /O 7-22
plussign(+) ................... O&P 3-19
Pl 0&P 2-21
p-numbers ............. ... Q&P 4-16
pol (parallelpoll) ................. /O 2-25
polc (poll configure) . ............. I/0 2-26
polling:

paraltel ...................... /O 2-25

serial ... 110 2-22
polu (poll unconfigure) ........... /0 2-26
pos (string position) ............ Q&P 6-16
powercords ............. ..., Q&P 1-4
power requirements ............. O&P 1-5
prerecorded programs .......... O&P 1-11
printall ........................ O&P 2-14
print arrays (aprt) .................... M8
printstrings .................... 0&P 6-29
printerpaper ... O&P 1-8
printer operations ................ /O 1-14
printer (internal) status ............ 11O 3-5
prnd (power-of-ten round) .. ... .. O&P 3-22
programming ................... O&P 3-3
prompts:

nent....................... O&P 3-13

Nenp ......ooovvveii... O&P 3-15
prt(print) ......... .. O&P 3-12
psc (plotter selectcode) ............ 110 7-5
ptyp (plotter typewriter mode) ... ... 11O 7-45
quote marks (" "):

indsp......... ... O&P 3-12

nprt... oo O&P 3-13

instrings .................... O&P 6-5
r-variables .............. ... ... .. O&P 3-7
rad (set radians units) .. .......... O&P 3-25
radical sign (V') ................ 0&P 3-22
random numbers (rnd) .......... O&P 3-23
range, computing.............. .. O&P 2-6
rcf (record file on tape) ......... O&P 5-16
rck (record keys ontape) ....... O&P 5-22
rcm record memory on tape) .... O&P 5-22
rdb (read binary data) ............. I/O 3-4
rdi (read interface) ............... 110 4-12
rdm (redimensioning arrays) ......... M 16
rds (read status) .................. 110 3-5
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read binary (rdb) .................. I/O 3-4
read interface (rdi) ............... 110 4-12
read only memory (ROM) ... .. O&P 1-8,2-7

read only variables (with onerr) ....1/0 4-4
read/write memory (RWM) ........ O&P 2-6
RECALLKkey ................... Q&P 2-18
RECORDkey ...........ooota Q&P 2-15
record data:

on disk (rprt, sprt) ....... d 3-7 (38, 45)

ontape (rdf) ................ O&P 5-16
record keys:

on disk (savek) ............. D 2-9 (29)

ontype(rck)................ O&P 5-22
record memory:

ondisk (savem) ........... D 2-10 (57)

ontape(rcm)............... O&P 5-22
record programs:

ondisk (save) .............. D 2-2(18)

ontape (rcf) ................ O&P 5-16
RECORDtabontape ............ O&P 5-4
red(readdata) ................... /O 1-5
redimensioning arrays (rdm) ......... M 16
relational operators ............. O&P 3-20
relative branching .............. O&P 3-30
rem (remote message) ........... I/O 2-18
remarks (labels) ................ O&P 3-31
renm (rename disk file) ........ D 1-17 (28)
repk (repack disk) . ............. D 4-5(58)
require service message (rgs) .... /0 2-21
res(result) ................... .. O&P 2-20
RESETkey ............... ...... O&P 2-14
resave (re-save disk file) . ....... D 2-9(28)
RESULTkey ................... O&P 2-20
ret(return) ......... ... .. ... O&P 3-34
rew (rewindtape) ................ O&P 5-6
REWINDkey ................... O&P 2-14
rkbd (read keyboard) ........... O&P 7-17
rnd (random number) ........... O&P 3-22
rom (ROM error variable) .......... /O 4-4
ROMs, overview ................. O&P 1-8
ROM memory usage:

Advanced Programming ... ... O&P 4-3

Disk ..o D 1-1(3)

Extended I/O ................... 1/Q iii

General /O ..................... 1/O iii

Matrix ........................... M3

String Variables .............. O&P 6-3

Systems Programming ....... O&P 7-3
rot (rotate) . ...................... /O 3-13
rounding . .............oo L O&P 3-22
rprt (random disk pring) ....... D 3-12 (43)
rgs (request service) ............. /O 2-21
rread (random disk read) ... ... D 3-15 (46)
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save (save program on disk) . ...
savek (save keys on disk) . ......

O&P 7-16
O&P 2-24
. O&P 2-9

D 2-2(18)
D 2-9(59)

savem (save memory on disk) .. D 2-10 (57)

scientific notation (flt) ......... .. O&P 3-10
scalar multiplication (smpy) .......... M 13
scl(scaleplot) .................... 1O 7-7
secure programs ............... O&P 5-16
select code:

recommended settings ........ I/O A-8

syntax ... 1/O vii
selectingpens .. ........... ..., 1O 7-25
serial polling .......... ... ... .. 11O 2-22
service contracts ............... O&P 1-11
servicerequests ................. 110 2-20
sfg(setflag) ................... O&P 3-28
sgn(sign) ... ... O&P 3-22
shf (shift) ........................ 1/0 3-14
SHIFT and SHIFT LOCK keys .... O&P 2-19
significant digits .. .............. O&P 3-11
sin{sing) ...................... O&P 3-25
single characteroutput . .. ...... .. /0 1-17
smty (scalar multiply) ............... M 13
SPACiNg .. 0O&P 2-5
sSpc(space) ............... .. O&P 3-16
special function keys:

definingandusing .......... O&P 2-21

in live keyboard ............. O&P 2-29
split-precision storage .......... O&P 4-20
sprt (serial disk print) ........... D 3-7 (38)
square root .................... O&P 3-22
sread (serial diskread) ........ D 3-10 (41)
statements, HPL ............. ..., O&P B-1
status conditions, computer ....... 0&P A-3
status bits:

HP-1Binterface .. ............. I/0 2-34

KDP (internal) ................. 110 3-5

98032 Interface ............... 110 3-8

read status (rds) .............. /0 3-5

tape drive (intermnal) ............ 110 3-7
status byte message:

receiving (serial polling) ...... 110 2-22

sending ... 11O 2-22
statusbytes .......... ... ..., /O 2-34
STEPkey ... ... ... ... ... .. .. O&P 2-15
STOPkey ..., O&P 2-19

stf (splittofull) ............... .. O&P 4-20
storagerange ................... 0&P 2-6
STOREkey ... .................... 0O&P 2-9
store (storelins) ................ O&P 7-21
store programs ................. O&P 5-16
stp(stop) .................... .. O&P 3-17
str(string) ................... .. O&P 6-19
string operator (&) .............. O&P 6-26
String Variables ROM . ... ... O&P 1-9,6-3
string variables operations ....... O&P 6-1
subprograms .................. O&P 4-10
subroutines:

gosub ... O&P 3-34

from live keyboard ...... ..., O&P 2-29
subscripts:

array ... O&P 3-6

string .. ... O&P 6-6
substrings ......... ..o O&P 6-6
subtract (=) .................... 0O&P 3-19
suppressing leading spaces . ...... 11O 1-9
syntax:

brackets[ ] ................. O&P 3-6

conventions ................. O&P 3-6

HPListing .................. O&P B-1

Systems Programming ROM ... .. O&P 7-19

tan (tangent) ....... ... .. ... .. O&P 3-25
tape drive, intermal . .... ... O&P 5-1,1/0 3-7
testing the computer ............. O&P 1-7
tfr (transfer)................. ... ... /0 6-8
tic marks, plotting ............. .. .. /0 7-7
time (timeout) ............. ... ... 110 4-4
tinit ... D 4-15 (65)
tlist (tape list) .................... O&P 5-9
tnt (tentoapower) ............. O&P 3-24
transfer parameters ............ ... 11O 2-8
transfer (tfr) . ......... ... .. ... ... 110 6-8
transposition {trn) ............. .. ... M 23
trc(trace) ................. ... 0&P 3-44
trg (frigger message)............. 110 2-16
trig functions .............. . ... 0&P 3-25
trk (tapetrack) ................. . Q&P 5-6
trn (transpose) .. .. ... L. M 23
truth tables:

binary functions ............ .. I/O 3-12

logical operators . ........... O&P 3-21
type (disk datatype) .......... D 3-20 (51)
typesof buffers ............... .. .. 1/O 6-4

typewriter mode (plotting) ........ I/O 7-45
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Unary — ... O&P.3-19 yax(Yaxis) . ........... ... .. /O 7-11
underflow ...................... O&P 3-28
underflow, buffer ............. .. ... 1/0 6-6
unlisten command ................ 1/O 2-8 Z
units, scale statement ............. /0 7-7
units (trigunits) ................ O&P 3-25
zformatspec .......... ... ..., /0 1-11
val (string value) ............. .. O&P 6-17
variables:
allocation ................... O&P 3-8
Array ... O&P 3-6
erasing ........... O&P 2-15,2-26,3-39
loading fromtape ........... O&P 5-21
read only (withonerr).......... 1/O 4-4
recordingontape ........... O&P 5-16
Sting ... O&P 6-3
vectored interrupt ................. /0 5-4
VECIOrS ..o M3
viy (verifydata) ................ O&P 5-25
viyb (verify disk binary) ......... D 4-4 (67)
voff (disk auto-verify off) ........ D 4-6 (58)
voltage setting, computer ........ Q&P 1-5
von (disk auto-verifyon) ........ D 4-6 (59)
wait ... O&P 3-16
word (16 bits) ..................... /0 6-7
wrt(write) ... . /O 1-3
wsc (write serial control) ........ O&P 7-14
wsm (write serial mode) ......... Q&P 7-15
wtb (write binary) ......... ... ... .. 1/0 3-3
wic (write control) ............. ..., 1/0 3-9
wii (write interface) ............... /0 4-11
xax (X axis) ... /O 7-11
x formatspec ............... .. ... /O 1-11
xor (exclusive OR) .............. O&P 3-21
xref (cross reference) ........... O&P 4-32
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Appendix D

Error Codes

An error in a program sets the program line counter to line 0. Press the continue key to
continue the program from line 0. Execute the continue command with a line number to
continue at any desired line (such as: cont 50).

00
01
02*

03*

05
06*
07"
08

09

10"
11

12"

System error.
Unexpected peripheral interrupt.
Unterminated text.

Mnemonic is unknown.
Mnemonic not found because disk may be down.

System is secured.

Operation not allowed; line cannot be stored or executed with line number.
Syntax error in number.

Syntax error in input line.

Internal representation of the line is too long (gives cursor sometimes).

gto, gsb, or end statement not allowed in present context.

Attempt to execute a next statement either from keyboard while for/next loop
using same variable is executed in program or from program while for/next
loop using same variable is executed from keyboard. Attempt to call function
or subroutine from keyboard.

gto or gsb statement requires an integer.
Integer out of range or integer required; must be from —32768 thru +32767.

Line cannot be stored; can only be executed.

* Press the key to position the cursor at the location of the error.



D-4 Error Codes

13
14
15

16

17
18
19

20

21
22
23
24
25

26

27

28
29
30
31

32

ent statement not allowed in present context.
Program structure destroyed.
Printer out of paper or printer failure.

String Variables ROM not present for the string comparison. Argument in
relational comparison not allowed.

Parameter out of range.
Incorrect parameter.
Bad line number.

Missing ROM or binary program. The second number indicates the missing
ROM. In the program mode, the line number is given instead of the ROM
number. Displayed number and missing item:

1 Binary Program 10 Matrix ROM

4 Systems Programming ROM 11 Plotter ROM

6 Strings ROM 12 General /O ROM
8 Extended I/O ROM 17 Disk ROM

9 Advanced Programming ROM

Line is too long to store.

Improper dimension specification.

Simple variable already allocated.

Array already dimensioned.

Dimensions of array disagree with number of subscripts.

Subscript of array element out of bounds.
P-number reference is negative.

Undefined array.

ret statement has no matching gsb statement.

Cannot execute line because a ROM or binary program is missing.
Special function key not defined.

Non-existent program line.

Improper data type.
Non-numeric value in for statement or in fts or fti function.



33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51 or 52

rev: 6/80

Error Codes

Data types do not match in an assignment statement.
Display overflow due to pressing a special function key.
Improper flag reference (no such flag).

Attempt to delete destination of a gto or gsb statement.
Display buffer overflow caused by dsp statement.

insufficient memory for subroutine return pointer. Memory overflow during
function or subroutine call.

Insufficient memory for variable allocation or binary program.
Dimensioned string cannot exceed 32,766 elements.

Insufficient memory for operation.
Memory overflow while using for statement or while allocating local
p-numbers.

No cartridge in tape transport.
Tape cartridge is write protected. (Slide record tab to right for recording.)

Unexpected Beginning-Of-Tape (BOT) or End-Of-Tape (EOT) marker encoun-
tered. Tape transport failure.

Verify has failed.

Attempted execution of idf statement without parameters or mrk statement
when tape position is unknown.

Read error in file body.
Read error in file head.

End-Of-Tape (EOT) encountered before all files were marked.

File too small.

Idf statement for a program file must be last statement in the line. get or chain
statement should be the last statement in a line.

Memory configuration error for attempted Idm statement. For example, a ROM
present when memory was recorded is now not present (see error 20), or
attempting to load a memory fiie recorded on a 9825 into a 9825B.



D-6 Error Codes

53

54

55
56
57
58
59
60

61

62

63

65

Memory files are not compatible between the 9825A and 9825B. Only the
program portion can be recovered by loading the memory file into the original
machine and doing a rcf. This program file can then be loaded into any 9825
with the Idf statement.

Negative parameter in cartridge statement.

Binary program to be loaded is larger than present binary program and vari-
ables have been allocated.

illega! or missing parameter in a cartridge statement.
Data list is contiguous in memory for a cartridge statement.

Improper file type.

" Invalid parameter in rcf statement; “SE” or “DB" expected.

Attempt to record a program or special function keys which do not exist.
Attempt to load an empty file or the null file (type = 0).

The line referenced in an Idf or Idp statement does not exist. If the line contain-
ing the Idf or Idp statement has been overlaid by the load operation, the line
number in the display may be incorrect.

Specified memory space is smaller than cartridge file size.

Cartridge load operation would overlay subroutine return address in program;
load not executed.

Disk load operation would overlay gsb return address; load not executed.
Attempt to execute Idk, Idf (program file), or Idp during live keyboard state-
ment.

get, chain or getk not allowed from live keyboard mode or during an ent
statement.

File not found.
File specified in the previous fdf statement does not exist.

Default values associated with errors 66 thru 77 when flag 14 is set are explained in the

programming chapter of the operating and programming manual.

66

Division by zero.
A mod B, with B equal to zero. rev: 6/80



67

68

69
70
71
72
73
74
75
76

77

A0
Al
A2
A3
A4

A5

A6

A7

A8

A9

Error Codes

Square root of negative number.

Tan (n ~ 7/2 radians).

Tan (n = 90 degrees).

Tan (n » 100 grads).
where n is an odd integer.

In or log of a negative number.

In or log of zero.

asn or acs of number less than —1 or greater than +1.
Negative base to non-integer power.

Zero to the zero power (010).

‘Computer

Storage range overflow. . Museum

Storage range underflow.
Calculation range overflow.

Calculation range underfiow.

Relational operator in for statement not allowed. No closing apostrophe.
A for statement has no matching next statement.

A next statement encountered without a previous for statement.
Non-numeric parameter passed as a p-number.

No return parameter for a function call.

No functions or subroutines running.
Improper p-number.

Attempt to allocate local p-numbers from the keyboard.

Wrong number of parameters in fts, stf, fti, or itf function. stf or itf parameter

must be a string (not a numeric). stf or itf parameter contains too few charac-
ters.

Overflow or underflow in fts function.
Overflow in fti function.

String Variables ROM missing for stf or itf functions.
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Errors BO thru B8 may result during the binary disk initialization and disk error recovery

routines.

B0 Wrong syntax, argument out of range or variable not properly dimensioned.

B1 More than six defective tracks on the disk.

B2 Verify error. Boots on the disk not identical to boots on the cartridge.

B3 dtrk or tinit not allowed because error information lost or error not d5, d6, d7 or
do9.

B4 Attempt to access record for error correction which isn’t part of data file.

B5 Improper string length (inconsistent with tength given in header).

B6 Not enough space in computer buffer for data item. Item can't be placed in
this part of buffer.

B7 Missing Disk or String ROM.

B8 Track still bad after tinit.

Cco Missing General /O or Extended I/0O ROM.

C1 Incorrect number of parameters.

Cc2 Improper parameter specified.

C3 Wrong parameter type.

C4 lilegal buffer type for bred statement.

C5 Key buffer overflow.

C6 Too large or wrong sign of parameter.

Cc7 Improper execution of store statement.

cs llegal use of kret.

C9 Missing 98036A Interface card.



DO
D1
D2

D3
D4
D5
D6
D7
D8
D9

Error Codes

Improper argument.
Argument out of range.

Improper file size; must be an integer from 1 thru 32767. No lines to store for
save Or savek.

Invalid file name.

File not found.

Duplicate file name or attempt to copy non-data file to existing fite.
Wrong file type.

Directory overflow.

insufficient storage space on disk.

Verify error. Disk controller detected no read errors, but the data read back
doesn’'t compare with the original. Reprint data. If the problem persists, ser-
vice the drive, interface or the computer.

DISK IS DOWN (98217A ROM)

UNABLE TO ACCESS DISC CONTROLLER (98228A ROM)

do

di
d2
d3

d4
d5
dé
a7z
das
do

rev: 11/80

Computer cannot access the disk controller. If control is not restored (e.g.,
power on) press RESET or STOP to cancel operation.

Firmware/driver out of synchronization.
Too many defective tracks within it (press &),

All drives in system not powered on.
Door opened while disk being accessed or during dump, load or copy.

Disk not in drive or no such drive number.
Door open on 9895 drive.

Write not allowed to protected disk.

Record header error (use error recovery routine.)
Track not found (use error recovery routine.)

Data checkword error. (use error recovery routine.)
Hardware failure (Press EsD).

Verify error. Data is readable under normal margins but not under reduced
margins. Reprint data. If problem persists, back up disk (new media) or ser-
vice drive.
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EO General I/O ROM missing.
HP-1B error under interrupt.
E1 Wrong number of parameters.
E2 Improper buffer device or equate table usage.

Multiple-listeners error.
Buffer busy.

E3 Wrong parameter type.

E4 Timeout error.

ES Buftfer underflow or overfiow.
E6 Parameter value out of range.
E7 Parity failure.

E8 Improper use of iret statement.

Attempt to DMA with HP-IB.
Buffer or select code is busy.

E9 lllegal HP-1B operation.
FO File overflow when read or print executed.
F1 Bootstraps not found (98217A ROM) or wrong memory configuration for

98228A Disk ROM (9825T required).

F2 String read but wrong data type encountered.

F3 Attempt to read data item but type doesn’t match.

F4 Availability table overflow (repack).

F5 Attempt on end branch from other than running program.
F6 Unassigned data file pointer.

F7 Disk is down; line cannot be reconstructed.

F8 Disk is down and pressed.

F9 System error (save files individually and reinitialize).
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G1
G2
G3
G4
G5
G6
G7
G8

G9

M1~

M2

M3

M4~

M5

Error Codes

Incorrect format numbers.

Referenced format statement has an error.
Incorrect /O parameters.

Incorrect select code.

Incorrect read parameter.

improper conv statement parameters.

Unacceptable input data.
P Computer

o2 Museum

Peripheral device down.

interface hardware probiem.

Syntax error.

Improper dimensions. Array dimensions incompatible with each other or im-
compatible with the stated operation.

Improper redimension specification. New number of dimensions must equal
original number; new size cannot exceed original size.

Operation not allowed. An array which appears to the left of ' cannot also
appear on the right.

Matrix cannot be inverted. Computed determinant = 0.

* Press the key to position the cursor at the location of the error.

D-11



D-12 Error Codes

9862A Plotter ROM Error Codes

P1

P2

P3

P4

P5

P6

P7

P8

PLT
DOWN

Wrong state.
Statements executed out of order.

Wrong number of parameters.

Wrong type of parameters. Parameters for an [bl statement must be expres-
sions, text, or string variables.

Scale out of range. Maximum value is less than or equal to the minimum value.

integer out of range. Pen control parameter is out of the range —32768 thru
+32767 or the select code is not 0 or in the range 2 thru 15.

Character size out of range. Width or height in letter statement is zero or there
is an integer overflow in csize calculations or results.

Not used.

Axes origin off-scale. X, Y specified for axis statement doesn't fall on piotter
surface.

Check interface connection and select code setting; be sure LINE and
CHART HOLD are on.

9872A Plotter ROM (HP-GL) Error Codes

P1

P2

Attempt to store into constant. Occurs when one or more parameters in a dig
statement are constants rather than variables.

Wrong number of parameters. Occurs on instructions with numeric-only
parameter lists (scl, ofs, plt, iptl, cplt, xax, yax, lim, dig, csiz, line, pen#, and
psc). In certain unusual cases where a parameter list contains user-level
function calls, an instruction having an incorrect number of parameters may
be executed.
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P3 Wrong type of parameter or iliegal parameter value.

P4 No HP-IB device number specified. Occurs when psc parameter is from Q
thru 14 and an HP-IB card is at the corresponding select code.

P5 Pen control value not from —32768 thru 32767. Hardware transmission error
occurs between plotter and computer.

P6 No HP-IB card at specified select code.

P7 axe or Itr statement encountered; 9872 ROM cannot execute them.

P8 Computer key cancelled operation. Occurs when the plotter fails to re-
spond-for three seconds after the key has been pressed.

pO Transmission error. The calculator has received an illegal ASCII input from the
plotter.

p1 Instruction not recognized. The plotter has received an illegal character
seguence.

p2 Wrong number of parameters. Too many or too few parameters have been

sent with an instruction.

p3 Bad parameter. The parameters sent to the plotter with an instruction are out
of range for that instruction.

p4 egal character. The character specified as a parameter is not in the allowa-
ble set for that instruction.

p5 Unknown character set. A character set out of the range 0 thru 4 has been
designated as either the standard or alternate character set.

p6 Position overflow. An attempt to draw a character or perform a cpiot that is
located outside of the plotters numeric limit of —32768 thru +32767.

Errors generated by write (wrt) and read (red) statements will typically be displayed in the next
executed plotter ROM statement. This can be avoided by using an output error command (wrt
select code, "OE";) followed by a read statement (red select code, variable) to check for
errors after read or write statements that address the plotter.



D-14 Error Codes

S0 Invalid set of strings in data list of idf statement.

S1 Improper argument for string function or string variable.

S2 More parameters than expected for string function or string variable.

S3 Accessing or assigning to non-contiguous string, num function of null string.
S4 Trying to find the value of non-numeric string or null string.

Exponent too large.
Exponent format invalid (e.g., 1e+ +).

S5 Invalid destination type for string assignment.

S6 Parameter is zero, or negative, exceeded dimensioned size.
Invalid sequence of parameters for string variable.

S7 String not yet allocated.
S8 String previously allocated.
S9 Maximum string length exceeded; additional string length must be specified

in dim statement.

SPARE Printed when the spare disk directory (backup track) automatically replaces
DIR. the main directory.



ANGOLA

Telectra

Empresa Técnica de
Equipamentos
Eléctricos, SARL.

RA. Barbosa Rodrigues,

419°DT.°

Caixa Postal, 5487

Luanda

Tel: 35515/6

ARGENTINA

Hewlett-Packard Argentina S.A.

Sanla Fe 2035, Martinez

6140 Buenoe Alres

Tel: 792-1239, 798-6086

Telex: 122443 AR CIGY

Biotron S.AC.Ly M.

Avda. Paseo Colon 221

9 piso

1399 Buenoe Aires

Tel: 30-4846/1851/8384

34-9356/0460/4551

Telex: {33) 17595 BIO AR

AUSTRALIA

AUSTRALIA CAPITAL
TERR.

Hewiletl-Packard Ausiralia Pty.
Lid.

121 Wollongong Street

Fyshwick, 2609

Tel: 804244

Telex: 62650

NEW SOUTH WALES

Hewietl-Packard Ausirakia Pty.
Lid.

31 Bridge Street

Pymble, 2073

Tel: 4496566

Telex: 21561

QUEENSLAND

Hewiefl Packard Ausivaia Pty.
Lid.

Sth Floor

Teachers Union Building

495-499 Boundary Sireel

Spring Hill, 4000

Tet: 2291544

SOUTH AUSTRALIA

Hewiell-Packard Australia Pty.
Ld.

153 Greenhill Road

Parkelde, 5063

Tet: 2725911

Telex: 82536

VICTORIA

Hewietl-Packard Austrakia Pty.
Lid.

31-41 Joseph Street

Blackburn, 3130

Tel: 89-6351

Telex: 31024 MELB

WESTERN AUSTRALIA

Hewiell-Packard Australia Pty
Lid.

141 Stiriing Highway

Nedienda, 6009

Tel: 3865455

Telex: 93859

AUBTRIA

Hewietl-Packard Ges.m.bH.

Wehlisirasse 29

P.0.Box 7

A-1205 Vienna

Tel: 35-16-21-0

Telex: 13582/135066

Hewieti-Packard Ges.m.b.H.

Wehisirasse, 29

A-1205 Wien

Tel: 35-16-21

Telex: 135066

BAHRAIN

Medical Only

Wael Pharmacy

P.0. Box 648

Bahrain

Tel: 54886, 56123

Telex: 8550 WAEL GJ

Al Hamidiya Trading and
Contracting

P.0. Box 20074

Manama

Tet: 259978, 258958

Telex: 8895 KALDIA GJ

BANGLADESH

The General Eiectric Co. of
Bangladesh Lid.

Magnel House 72
Dikusha Commercial Area
Motijhell, Dacca 2

Tel: 252415, 252419
Telex: 734

BELGIUM

Hewiett-Packard Benewx
SAMY.

Avenue du Col-Vert, 1,

{Groenkraaglaan)

B-1170 Brussels

Tel: (02} 660 50 50

Telex: 23-494 paloben bru

BRAZIL

Hewilell-Packard do Brasi
le.C. Lida.

Alameda Rio Negro, 750

Aiphavilie

06400 Baruerl 5P

Tel: 429-3222

Hewiletl-Packard do Brasé
le.C. Lida

Rua Padre Chagas, 32

90000-Pdrto Alegre-RS

Tel: 22-2998, 22-5621

Hewletl-Packard do Bras#
le.C. Lida.

Av. Epitacio Pessoa, 4664

22471-Rlo de Janelro-R)

Tel: 286-0237

Telex: 021-21905 HPBR-BR

CANADA
ALBERTA

Hewlett-Packard (Canada) Lid.

11620A - 168th Street
Edmonton TSM 3T9
Tel: (403) 452-3670
TWX: 610-831-2431

Hewlett-Packard (Canada) Lid.

210, 7220 Figher S1. S.E
Calgary T2H 2HB8

Tel: {403) 253-2713
TWX: 610-821-6141

BRITISH COLUMBIA

Hewiell-Packard {Canada) Ltd.

10691 Shellbridge Way
Richmond V6X 2W7
Tel: (604) 270-2277
TWX: 610-925-5059

MANITOBA

Hewiefl-Packard (Canada} Lid.

380-550 Century St.
St. Jamee,
Winnipeg R3H 0Y1
Tel: (204) 786-6701
TWX: 610-671-3531

NOVA SCOTIA

Hewieft-Packard (Canada) Lid.

P.0. Box 931

800 Windmil Road
Dartmouth B3B8 1L1
Tel: (802) 469-7820
TWX: 610-271-4482

ONTARIO

Hewlett-Packard (Canada) Lid
1020 Morrigon Dr

Ottawa K2H 8K7

Tel: (613) 820-6483

TwX: 610-563-1636

Hewiett-Packard (Canada) Lid.

6877 Goreway Drive
Mississauga L4V M8
Tel: (416) 678-8430
TWX: 610-492-4246

Hewletl-Packard (Canada) Ltd.

§52 Newbold Street
London NGE 2S5

Tel: (519) 686-9181
TWX: 610-352-1201

QUEBEC

Hewieti-Packard (Canada) Lid.
275 Hymus Blvd.

Pointe Claire HOR 1G7
Tet: (514) 697-4232

TWX: 610-422-3022

FOR CANADIAN

AREAS NOT

LISTED:

Contact Hewiett-Packard (Can-

ada) Ltd. in Mississauga.

CHILE

Jorge Caicagni y Cia. Lida.
Ao Burhie 065

Casila 16475

Correo 9, Santiago

Tel: 220222

Telex: JCALCAGM

COLOMBIA

Instrumentacibn

Henvik A. Langebaek & Kiet
SA

Carrera 7 No. 48-75

Apartado Abreo 6287

Bogoté, 1 DE

Tel: 269-8877

Telex: 44400

Insirumentacin

HA. Langebaek & Kwer S.A

Carrera 63 No. 49-A-31

Apartado 54098

Medellin

Tel: 304475

COSTA RICA

Cientifica Coslarricense S.A
Avenida 2, Calle §

San Pedro de Monles de Oca
Apaniado 10159

San Josd

Tel: 24-38-20, 24-C8-
Telex: 2367 GALGUR TR

CYPRUS

Kypronics

19 Gregorios Xenopoulos
Sreel

P.0. Box 1152

Nicosia

Tel: 45628/29

Tetex: 3018

CZECHOSLOVAKIA
Hewiett-Packard

‘Obchodni zastupitefstvi v CSSR
Pisemny slyk

Post. schranka 27

CS 118 01 Praha 011

CSSA

Vyvojova a Provozni Zakiadna

Vyzkumnych Ustavu v
Bechovicich

CSSA-25097 Bechovice u
Prahy

Tel: 89 93 41

Telex: 12133

Instiute of Medical Bionics

Vyskumny Ustav Lekarske)
Bioniky

Jediova 6

C5-88346 Bratislave-
Kramare

Tel: 44-551

Telex: 93229

DENMARK
Hewiett-Packard A/S
Datavej 52

DK-3460 Birkerod
Tel: (02) 81 66 40
Telex: 37409 hpas dk
Hewietl-Packard A/S
Navervej t

DK-8600 Silkeborg
Tel: (06) 82 7168
Telex: 37409 hpas dk
ECUADOR

CYEDE Cia. Ltda.

P.0. Box 6423 CCI
Av. Eloy Aaro 1749
Quito

Tel: 450-975, 243-052
Telex: 2548 CYEOE EQ
Medical Onty
Hospilalar S.A

Casita 3590

Robles 625

Quito

Tel: 545-250

EGYPT

LEA.

Intemational Engineering
Associales

24 Hussein Hegazi Streel

Kasi-el-Aini

Celro

Tel: 23 829

Telex: 93830

SAMITRO

Sami Amin Trading Ottice

18 Abdel Aziz Gawish

Abdine-Csiro

Tel 24932

EL SALVADOR
PESA

Bulevar de los Heroes 11-48
Edificio Sarah 1148

San Salvador

Tel: 252787

ETHIOPIA
Abdeila Abduimalik
P.0. Box 2635
Addia Abebe
Tel: 1193 40

FINLAND

Hewieti-Packard Qy
Revontentie, 7
SF-02100 Espoo 10
Tel: (90) 455 0211
Telex: 121563 hewpa sl

FRANCE

Hewlett-Packard France

Zone d'aclivites de
Counlaboeuf

Avenue des Tropiques

Boile Postaie 6

91401 Orsey-Cédex

Tel: (1) 807 78 25

TWX: 600048F

Hewletl-Packard France

Chemin des Mousles

BP. 162

69130 Eeully

Tel: (78) 338125

TWX: 310617F

HewleN-Packard France

20, Chemin de La Cépire

31081 Toulouss

Le Miral-Cédex

Tel: (61) 40 11 12

Hewilell-Packard France

Le Ligoures

Place Romée de Villeneuve
13100 Alx-en-Provence
Tel: (42) 59 41 02

TWX: 410770F
Hewlett-Packard France

2. Allee de la Bourgonetie
35100 Rennes

Tel: (99) 51 42 44

TWX: T40912F
Hewleti-Packard France

18, rue du Canal de la Marne
67300 Schiltigheim

Tet: (88) 83 08 10

TWX: 89014 1F

Hewletl-Packard France

Immeuble péricentre

rue van Gogh

59650 Villeneuve D'Ascq

Tet: (20)914125

TWX: 160124F

Hewlell-Packard France

Batimen! Ampére

Rue de la Commune de Pafis

BP 300

93153 Le Blanc Mesnil-
Cédex

Tel: (01) 931 88 50

Telex: 211032F

Hewilett-Packard France

Av. du Pdi. Kennedy

33700 Merignac

Tel: {56} 97 01 81

Hewletl-Packard France

Immeuble Lorraine

Bouevard de France

91035 Evry-Cédex

Tel: 077 96 60

Telex: 692315F

Hewlett-Packard France

23 Rue Lothare

§7000 Motz

Tel: (87) 65 53 50

GERMAN FEDERAL
REPUBLIC
Hewiett-Packard GmbH
Vertriebszentrale Frankfurt
Bemer Strasse 117

SALES OFFICES | .
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GUAM

Guam Medical Supply, Inc.
Suile C, Airport Plaza

P.0. Box 8947
Tamuning 96911

Tel: 646-4513

GUATEMALA

IPESA

Avemda Reforma 3-48

Zona 8

Guatemala City

Tel: 316627, 314786,
66471-5,ex1. 9

Tetex: 4192 Telelro Gu

HONG KONG

Hewlelt-Packard Hong Kong
Ld

11th Floor, Four Seas Bidg.

212 Nathan Rd.

Kowloon

Tel: 3-697446 (5 lines)

Telex: 36678 HX

Medical/Analytical Only

Schidt & Co. (Hong Kong)
Ltd

Wing On Centre, 28th Floor

Connaughl Road, C.

Hong Kong

Tel: 5-455644

Telex: 74766 SCHMX HX

INDIA

Bive Star Lid.

Sahas

414/2 Vir Savarkar Marg
Prabhadavi

Bombay 400 025

Tel: 4578 87

Telex: 011-4093

Biue Star Lid

Band Box House
Prabhadevi

Bombey 400 025

Tei: 4573 01

Tetex: 011-3751

Biue Star Lid

Bhavdeep

Stadium Road
Ahmedabad 380 014
Tel: 43922

Postiach 560 140 Telex: 012-234

0-6000 Frenkturt 56 Blue Star Lid

Tet: (06011) 50041 7 Hare Street

Telex: 04 13249 hpitm d Calcutta 700 001

Hewlett-Packard GmbH Tel: 230131

Technisches Blro Biblingen  Telex: 021-7655

Hefrenberger Strasse 110 Blue Star Ltd.

0-7030 Boblngen, Bhandari House

Wurtiemberg 91 Nehru Place

Tet: (07031} 667- New Delhi 110 024

Telex: 07265739 bbn Tel: 682547

Hewlell-Packard GmbH Telex: 031-2463

Technisches Biro DUsseidor!  Blue Star Lid

Emanuel-Leutze-Str. 1 T.C. 7/603 'Pootnima’
{Seestern) Mary uzhi

D-4000 1 T 695013

Tel: (0211) 5971-1 Tel: 65799

Telex: 085/86 533 hpdd d Telex: 0884-259

Hewlett-Packard GmbH Bie Slar Lid

Technisches Blro Hamburg 11 Magarath Road

Kapsladtring 5 Bengelore 560 025

0-2000 Hemburg 60 Tet: 55668

Tel: (040) 63804-1 Telex: 0845-430

Telex: 21 63 032 hphh d Biue $ar Ltd.

Hewett-Packard GmbH Meeakshi Mandiram

Technisches BUro Hannover  XXXXV/1379-2 Mahatma

Am Grossmarkl 6 Ganohi Rd

0-3000 Hannover 91 Cochin 682 016

Tel: (0511) 46 60 01 Tel: 32069

Telex: 092 3259 Telex: 085-514

Hewiell-Packard GmbH Blue Star Lid.

Technisches Biro NUmberg 1-1-117/1 Saropni Devi Road

Neumneyersirasse 90 Secunderabad 500 033

D-8500 Nurnberg Tel: 70126

Tet: (0911) 52 20 83 Telex: 0155-459

Telex: 0623 860 Bive Star Lid

Hewiletl-Packard GmbH 1“3;'4;(’" 600 Ulg‘m Hon Road

Technisches Blro MUnchen 1o gansy

Eschenstrasse 5 Telex: 041-379

D-8021 Tautkirchen

Tel: (089) 6117-1 ICELAND

Telex: 0524985 Medical Only

Hewlett-Packard GmbH
Technisches BUro Bevlin
Kaithstrasse 2-4

D-1000 Bertin 30

Tet: {030) 24 90 86
Telex: 018 3405 hpoin d

GREECE

Koslas Karayannis

8 Omwou Sireel

Athens 133

Tel: 32 30 303/32/37 731
Telex: 21 59 62 RKAR GR

Eiding Trading Company Inc
Hafnarnvoli - Tryggvagotu
P.0. Box 895
1S-Reykjavik

Tel: 158 20/163 03

INDONESIA

BERCA Indonesia P T.
P.0. Box 496/XkI

Jin. Abcul Muis 62
Jakarta

Tel: 349255, 349886
Telex: 46748 BERSL 1A

BERCA Indonesia P.T
P.0. Box 174/Sby
23 Jin. Jimerlo
Surabaya

Tel: 42027

JIRELAND

Hewietl-Packard Lid
Keslrel House
Clanwitliam Place
Lower Mount Street
Dublin 2, Eire
Hewiett-Packard Lid
2C Avongberg Ind. Est
Long Mile Road
Dublin 12

Tel: 514322/514224
Telex: 30439

Medical Only

Cardiac Services (Ireland) Ltd
Kilmore Road

Artane

Oubilin 5, Eire

Tel: (01) 315820
Medical Only

Cardiac Sefvices Co.
95A Finaghy Rd. South
Beltast BT10 0BY
GB-Northern Ireland
Tel: (0232) 625566
Telex: 747626

ISRAEL
Electronics Engineering Oiv
of Motorola israel Lid
16, Kremenetski Streel
P.0. Box 25016
TokAviv
Tei: 38973
Telex: 33569, 34164
ITALY
Hewieti-Packard Haliana S.p.A
via G. Di Vittorio, 9
20063 Cernusco Sul
Naviglio (M)
Tel: (2) 90369t
Telex: 334632 HEWPACKIT
Hewiett-Packard tialiana S.p A.
Via Turazza, 14
35100 Pedova
Tel: (49) 664888
Tetex: 430315 HEWPACK)
Hewleti-Packard Nakiana S.p.A
Via G. Armelini 10
1-00143 Roma
Tel: (06) 54 69 61
Teiex: 610514
Hewieii-Packard Hakiana S.p A
Corso Giovanni Lanza 94
1110133 Torino
Tel: {011) 659308
Telex: 221079
Hewiett-Packard akana Sp.A.
Via Principe Nicola 43 G/C
1-95126 Catania
Tel: (095) 37 05 04
Telex: 970291
Hewiletl-Packard laliana S.p A
¥ig Muova san Rocco A
Capadimonte. 62A
80131 Nepoll
Tel: (081) 710698
Hewieit-Packard Hakana S.p.A
Via Martin Luther King, 38/111
1-40132 Bologna
Tel: {051) 402394
Telex: 511630

JAPAN

Yokogawa-Hewiell-Packard
Ld

20-21, Takaido-Higashi
3-chome

mi-ky, Tokyo 168

Tel 03-331-6111

Telex: 232-2024 YHP-Tokyo

Yokogawa-Hewleti-Packard
Lid

Chuo Bidg., 4th Floor

420, Nishinakajima 5-chome

Yodogawa-ku, Osaka-shi

Osake, 532

Tel: 06-304-602 1

Telex: 523-3624

Yok ogawa-Hewleti-Packard
Ld

Sunitomo Sewmei Nagaya Bidg

11-2 Shimosasagma-cho,

Nakamura-ku, Nagoya, 450

Tel: 052 571-5171

Yokogawa-Hewlett-Packard
Lid

Tanigawa Buikding

2-24-1 Tswruya-cho

Kanagawa-ku

Yokohama, 221

Tel: 045-312.1252

Telex: 382-3204 YHP YOK

Yokogawa-Hewlett-Packard

Milo Mitsui Building

105, 1-chome, San-no-mafu

Mito, Ibaragi 310

Tel: 0292-25-7470

Yokogawa-Hewlell-Packard
Lid

Inoue Building

1348-3, Asahi-cho, 1-chome

Atsugi, Kanagawa 243

Tet: 0462-24-0452

Yokogawa-Hewlell-Packard
Ltd

Kumagaya Asahi

Hachipuni Building

4th Fioot

3-4, Tsukuba

Kumagaya, Saitama 360

Tel: 0485-24-6563

JORDAN

Mouasher Cousins Co.
P.0. Box 1387
Amman

Tel: 24907/39907
Telex: SABCO JO 1456

KENYA

ADCOM Lid_, Inc

P.O. Box 30070

Nairobl

Tel: 331955

Telex: 22639

Medicat Only

international Aeradio (E.A.} Ltd.
P.0. Box 19012

Nairobi Airporl

Nairobi

Tel: 336055/56

Telex: 22201/22301

Medical Only

International Aeradio (E.A.) Lid.
P.0. Box 95221

Mombasa

KOREA

Samsung Eleciromes Co., Lid.
4759 Shingil-6-Dong

Yeong Deung POU

Seoul

Tel: 833-4122, 4121

Telex: SAMSAN 27364

KUWAIT

Al-Khaldiya Trading &
Conlracting

P.0. Box 830-Satal

Kuwait

Tel: 42 4910/41 1726

Telex: 2481 Areeg kt

LUXEMBURG

Hewiett-Packard Beneluz
SAMY.

Avenue du Col-Vert, 1

{Groenkraagiaan)

B-1170 Brussels

Tet: (02) 660 5050

Telex: 23 494

MALAYSIA

Hewielt-Packard Saies

(Malaysia) Sdn. Bhd

Suile 2.21/2.22

Bangunan Angkasa Raya

Jalan Ampang

Kuale Lumpur

Tel: 483680, 485653

Protel Engineering

P.0. Box 1917

Lot 259, Salok Road

Kuching, Serawek

Tel: 53544

MEXICQ

Hewleti-Packard Mexicana,
SA deCv

Av. Periténco Sur No. 6501

Tepepan, Xochimiico

Mexico 23, DF

Tel: 905-676-4600

Telex: 017-74-507

Hewiett-Packard Mexicana,
SA deCV

Rio Volga 8600

Col. Del Vatie

Monterrey, N.L

Tel: 78-32-10

MOROCCO
Dolbeau

81 rue Karatchi
Casablanca
Tel: 3041 82
Telex: 23051/22822
Gerep

2, fue d'Agadit
Boile Poslal 156
Casablanca
Tel: 272093/5
Telex: 23 739

MOZAMBIQUE

AN. Goncalves, Ltd

162, 1° Apl. 14 Av. D. Lus
Caixa Poslal 107

Maputo

Tel: 27091, 27114

Telex: 6-203 NEGON Mo

NETHERLANDS
Hewleti-Packard Benelux N.V,
Van Heuven Goedharllaan 121
P.0. Box 667

1181KK Amsteiveen

Tel: (20) 47 20 21

Telex: 13 216

NEW ZEALANO

Hewlett-Packard (N.2.) Ltd.

4-12 Cruickshank Streel

Kilbirie, Wetlington 3

P.O. Box 9443

Cournney Place

Wallington

Tet: 877-199

Hewlett-Packard (N.2.) Lid.

P.0. Box 26-189

169 Manukau Road

Epsom, Auckland

Tel: 687-159

Analytical/Medical Only

Norttrop Insiruments &
Sysiems Lid.,

Siurdee House

85-87 Ghuznee Streel

P.0. Box 2406

Waellington

Tel: 850-091

Telex: NZ 31291

Northrup instruments &
Systems Lid.

Eden House, 44 Khyber Pass
Rd

P.0. Box 9682, Newmarkel

Auckiand 1

Tel: 794-091

Northrup insiruments &
Systems Lid

Terrace House, 4 Oxford
Terrace

P.0O. Box 8388

Christchurch

Tel: 64-165

NIGERIA

The Electronics
Instrumentations Lid.

N6B/770 Oyo Road

Osseun House

P.MB. 5402

ibeden

Tel: 461577

Telex: 31231 TEL NG

The Eleclionics
Instrumentations Lid.

144 Agege Motor Road, Mushin

P.0. Box 481

Mushin, Legos

NORWAY

Hewiett-Packard Norge A/S

Ostendalen 18

P.0. Box 34

1345 Osterass

Tel: (02) 1711 BO

Telex: 16621 hpnas n

Hewletl-Packard Norge A/S

Nypaardsgalen 114

P.0. Box 4210

5013 Nygaardsgaten,

Bergen

Tel: (05) 2197 33

PANAMA

Electrénico Batboa, S.A
Aparalado 4929

Panama 5

Calle Samue! Lewis
Edificio “Alta.” No. 2
Ciudad de Panama
Tel: 64-2700

Telex: 3483103 Curundu,
Canal Zone

PERV

Compania Electro Médica S.A

Los Flamencos 145

San Isidro Casilla 1030

Lima !

Tel: 41-4325

Telex: Pub. Booth 25424
SISIORO

PAKISTAN

Mushko & Company Ltd
Qosman Chambers
Abduiah Haroon Road
Karachi-3

Tel: 511027, 512927
Telex: 2894
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Mushko & Company, Lid.
10, Bazar Rd.

Sector G-6/4
Islamabad

Tel: 28264

PHILIPPINES

The Oniine Advanced Systems
Corporation

Rico House

Amorsolo cor. Herrera Str.
Legaspi Vilage, Makati
P.0. Box 1510

Metro Manlta

Tet: 85-35-81, 85-34-91,
85-32-21

Telex: 3274 ONLINE
RHODESIA

Field Technical Sales

45 Ketvin Road North

P.0. Box 3458
Salisbury

Tel: 705231 (5 lines)
Telex: RH 4122

POLAND

Biro Informacy Technicznej
Hewiett-Packard

Ul Slawki 2, 6P

PLO0-950 Warszawa

Tel: 39 59 62, 39 51 87
Telex: 8124 53

PORTUGAL

Telecira-Empresa Técnica de
Equipamentos Ekclricos
Sarl

Rua Rodrige da Fonseca 103

P.0. Box 2531

P-Lisbon 1

Tei: (19) 68 60 72

Telex: 12598

Medical Only

Mundinler

Intercambio Mundial de
Comércio S.arl.

P.0. Box 2761

Avenida Antonio Augusto

de Aguiar 138

P-Lisbon

Tel: (19) 53 21 3177

Telex: 16691 munter p

PUERTO RICO

Hewdelt-Packard Inter-
Americas

Puerlo Rico Branch Oftfice

Calle 272,

$#203 Utb. Country Chab

Carolina 00630

Tel: (809) 762-7255

Telex: 345 0514

QATAR

Nasser Trading & Contraciing
P.0. Box 1563

Doha

Tek: 22170

Telex: 4439 NASSER

ROMANIA

Hewilett-Packard
Reprezenlanta

Bd.n. Baicescu 16

Bucurasti

Tet: 15 80 23/13 88 85

Telex: 10440

SAUDt ARABIA

Modern Electronic

Estabiishment (Head Office)

P.0. Box 1228, Baghdadiah
Street

Jeddah

Tel: 27 798

Telex: 40035

Cable: ELECTA JEDDAH

Modern Electronic
Eslabiishmen (Branch)

P.0. Box 2728

RAlyadh

Tet: 62596/66232

Telex: 202049

Modefn Electronic
Eslabishment (Branch)

P.G. Box 193

AkKhobar

Tel: 44678-44813

Telex: 670136

Cable: ELECTA AL-KHOBAR

SINGAPORE

Hewleli-Packard Singapore
{Ple.) Ltd.

6th Floor, inchcape House

450-452 Alexandra Road

P.0. Box 58

Aexandra Posi Office

Singapora 9115

Tel: 631788

Telex: HPSG RS 21486

SOUTH AFRICA

Hewleli-Packard South Africa
{Pty.), Ltd.

Private Bag Wendywood,

Sandton, Transvaal, 2144

Hewletl-Packard Cenlre

Daphne Street, Wendywood,

Sandton, 2144

Te): 802-5111/25

Telex: 8-4782

Hewletl-Packard South Africa
(Pty), Ltd

P.0. Box 120

Howard Place,

Cape Province, 7450

Pine Park Cenire, Fores! Orive,

Pinalands,

Cape Province, 7405

Tel: 53-7955 thu 9

Telex: 57-0006

SPAIN

Hewlet-Packard Espafiola,
SA

Calle Jerez 3

E-Madrid 16

Tel: (1) 458 26 00 (10 lines)
Teiex: 23515 hpe
Hewletl-Packard Espafiola S.A
Colonia Mirasierra

Edificio Juban

c/o Costa Brava, 13

Madrid 34

Hewlett-Packard Espafiola,

SA
Milanesado 21-23
E-Barcelona 17
Tel: (3) 203 6200 (5 lines)
Telex: 52603 hpbe e

Hewiell-Packard Espafiola,
SA

Av Ramédn y Cajal, 1

Edificio Sevila, plania 9°
E-Savilla 5

Tel: 64 44 54/58
Hewlett-Packard Espafiola S.A
Edificio Albia # 7° B
E-Bilbao 1

Tei: 23 83 06/23 82 06

Hewiletl-Packard Espafola S.A.

C/Ramon Gordillo 1
(Entio.)
E-Valencia 10
Tel: 96-361.13.54/361.13.58

SRI LANKA
Metropolitan Agencies Lid.
209/9 Union Place
Colombo 2

Tel: 35947

Telex: 1377TMETROLTO CE

SUDAN
Radison Trade
P.0. Box 921
Khartoom
Tel: 44048
Telex: 375

SURINAM

Surtel Radio Holland N.V
Grote Holstr. 3-5

P.0. Box 155
Paramaribo

Tel: 72118, 77880

SWEDEN

Hewleti-Packard Sverige AB

Enighelsviigen 3, Fack

§-161 Bromma 20

Tel: {08) 730 05 50

Telex: 10721

Cable: MEASUREMENTS

Stockholm

Hewleli-Packard Sverige AB

Frotalisgalan 30

$-421 32 Vistra
Frolunda

Tel: (031) 49 09 50

Telex: 10721 via Bromma
office

SWITZERLAND

Hewieli-Packard (Schweiz) AG

Ircherstrasse 20

P.0. Box 307

CH-8052 Schileran-

Zurich

Tek: (01} 7305240

Telex: 53933 hpag ch

Cable: HPAG CH

Hewlett-Packard (Schweiz) AG

Chateau Bloc 19

CH-1219 Le Lignon-
Geneva

Tel: (022) 96 03 22

Telex: 27333 hpag ch

Cable: HEWPACKAG Geneva

SYRIA

Genea Electronic Inc.

Nuri Basha-Ahnal Ebn Kays
Street

P.0. Box 5781

Damascus

Tel: 33 24 87

Telex: 11215 ITIKAL

Cable: ELECTROBOR
OAMASCUS

Medical only

Sawah & Co

Place Azmé

B.P. 2308

Damascus

Tel: 16 367-19 697-14 268

Teiex: 11304 SATACO SY

Cable: SAWAH, DAMASCUS

Suleiman Hilal EI Miawi

P.0. Box 2528

Mamaoun Bitar Streel, 56-58
Damascus

Tel: 11 46 63

Telex: 11270

Cable: HILAL 0AMASCUS

TAIWAN

Hewlett-Packard Far Easl Ltd.

Taiwan Branch

Bank Towey, 5th Fioor

205 Tun Hau North Road

Taipai

Tel: {02) 751-0404 (15 lines)

Hewlett-Packard Far East Ltd.

Taiwan Branch

68-2, Ctwng Cheng 3rd. Acad

Kaohsiung

Tel: (07) 242318-Kaohsiung

Analytical Only

San Kwang Instruments Co.,
Ld

20 Yung Sui Road

Taipei

Tel: 3615446-9 (4 lines)

Telex: 22894 SANKWANG

TANZANIA

Medical Only

International Aeradio (E.A.). Ltd
P.0. Box 861

Dar as Salaam

Tel: 212517 Ext. 265

Telex: 41030

THAILAND

UNIMESA Co. Lid.

Eicom Research Buiding
2538 Sukumvit Ave.
Bangchak, Bangkok
Tel: 39-32-387, 39-30-338

TRINIDAD &
TOBAGO

CARTEL

Caribbean Telecoms Ltd.
P.0. Box 732

69 Frederick Sireel
Port-of-Spain

Tel: 62-53068

TUNISIA

Tunisie Electronique

31 Avenue de la Liberte
Tunis

Tel: 280 144

Corema

1 ter. Av. de Carthage
Tunis

Tel: 253 821

Telex: 12319 CABAM TN

TURKEY

TEKNIM Company Lid
Riza Sah Pehlevi

Caddesi No. 7
Kavaklidere, Ankara
Tet: 275800

Telex: 42155

Teknim Com._, Lid.
Barbaros Bulvari 55/12
Besikyas, lstanbul

Tel: 613 546

Telex: 23540

EMA

Muhendisiik Kokektif Sirketi
Mediha Eidem Sokak 41/6
Yuksel Caddes:

Ankara

Tel: 17 56 22

Yimaz Qzywrek

Miti Mudafaa Cad 18/6
Kizilgy

Ankaras

Tel: 2503 09 - 17 80 26
Telex: 42576 OZEK TR

UNITED ARAB
EMIRATES

Emilac Lid. (Head Office)
P.0. Box 1841t
Sharjah

Tel: 354121/3

Telex: 8136

Emitac Lid. (Branch Office)
P.0. Box 2711

Abu Dhabl

Tet: 331370/

UNITED KINGDOM
Hewleti-Packard Lid.
King Streel Lane
Winnersh, Wokingham
Berkshire RG11 5AR
GB-England

Tel: (0734) 784774
Telex: 84 71 78/9
Hewlett-Packard Lid.
Fourier House,
257-263 High Streel
London Colney

St. Albans, Herts
GB-England

Tek: (0727) 24400
Telex: 1-8952716
Hewleti-Packard Lid.
Tralalgar House
Navigation Road
Altrincham
Cheshre WA14 1NU
GB-England

Tel: (061) 928 6422
Telex: 668068
Hewilell-Packard Lid.
Lygon Court
Hereward Rise
Dudiey Road
Halesowan,

West Midiands, B62 850
GB-England

Tel: (021) 501 1221
Teiex: 339105
Hewlell-Packard Lid.
Wedge House

799, London Road
Thornton Haath
Surrey, CR4 6XL
(8-England

Tel: {01) 684-0103/8
Telex: 946825
Hewiefl-Packard Ltd.
14 Wesiey SI
Castieford

Yorks WF 10 1AE
Tei: (0977) 550016
TWX: 5557335
Hewiett-Packard Ltd.
Tradax House

S1. Mary's Walk
Waidanhead
Berkshire, SL6 1ST
GB-England
Hewleli-Packard Lid.
Morley Road
Staplahill

Bristol, BS16 40T
GB-England
Hewlett-Packard Lid.
South Quesnaferry
Wes! Lothian, EH30 STG
G8-Scofland

Tel: (031) 331 1188
Telex: 72682
UNITED STATES

ALABAMA

700 Centwy Park South,
Suite 128

Birmingham 35226

Tel: (205) 822-6802

P.0. Box 4207
8290 Whitesburg Dr.
Huntevilla 35802
Tel: (205) 881-4591
ARIZONA

2336 E. Magnolia St
Phoenix 85034
Tel: (602) 273-8000
2424 Easl Aragon Rd
Tucson 85706
Tel: (602) 273-8000

"ARKANSAS

Medical Sefvice Only

P.0. Box 5646

Brady Station

Little Rock 72215

Tei: (501) 376- 1844
CALIFORNIA

1579 W. Shaw Ave
Fresno 93771

Tel: (209) 224-0582

1430 Easl Orangethorpe Ave.
Fullarton 92631

Tel: (714) 870-1000

5400 Wes! Rosecrans Blvd
P.0. Box 92105

World Way Poslai Center
Los Angeles 90009

Tel: (213) 970-7500

TWX: 910-325-6608

3939 Lankershim Boulevard
North Hollywood 91604
Tel: (213) 877-1282

TwWX: 910-499-2671

3200 Hilview Av

Paio Alto, CA 94304

Tel: 408) 988-7000

646 W. North Market Bivd.
Sacramanto 95634

Tel: (916) 929-7222

9606 Aero Drive

P.0. Box 23333

San Diego 92123

Tel: (714) 279-3200

363 Brookholiow Dr.
Santa Ana, CA 92705
Tel: (714) 641-0977

3003 Scohl Bovlevard
Santa Clara 95050

Tel: (408) 988-7000

TwX: 910-338-0518

454 Carfton Courl

So. San Francisco 94080
Tel: (415) 877-0772
‘Tarzans

Tet: (213) 705-3344

COLORADO

5600 OTC Parkway
Englewood 80110
Tel: (303) 771-3455

CONNECTICUT

47 Bames Industrial Road
Barnes Park South
Wallingford 06492
Tel: (203) 265-7801

FLORIDA

P.0. Box 24210

2727 N.W. 62nd Sireel
Ft. Lauderdale 33309
Tel: {305) 973-2600
4080 Woodcock Drive #132
Brownen Buiding
Jacksonville 32207
Tel: (904) 398-0663
P.0. Box 13910

6177 Lake Ebenor Dr
Orlando 32809

Tel: (306) 859-2900
P.0. Box 12826

Suite 5, Bidg. 1

Office Park North
Pansacola 32575
Tel: (904) 476-8422
110 South Hoover Bivd.
Suite 120

Tampa 33609

Tel: (813} 872-0900

GEORGIA

P.0. Box 105005

450 Inteyslate North Parkway
Atianta 30348

Tet: (404) 955-1500
TWX: 810-766-4890
Medical Service Only
“Auguata 30903

Tet: (404) 736-0592

P.0. Box 2103

1172 N. Oavis Drive
Warnar Robine 31098
Tet: (912) 922-0449

HAWAN

2875 So. King Street
Honolulu 96826
Tel: (808) 955-4455

ILLINOIS

211 Prospect Rd.
Bloomington 61701
Tet: (309) 663-0383
5201 Tolkview Dr.
Rolling Meadows
60008

Tet: (312) 255-9800
TWX: 910-687-2260

INDIANA

7301 North Shadeland Ave
tndlanapolis 46250

Tel: (317) 842-1000

TwX: 810-260-1797

IOWA

2415 Heinz Road
lowa City 52240
Tei: (319) 351-1020

KENTUCKY

10170 Linn Station Road
Suite 525

Loulsvilie 40223

Tel: {502) 426-0100

LOUISIANA

P.0. Box 1449

3229-39 Wiiams Boulevard
Kannar 70062

Tet: (504) 443-6201

MARYLAND

7121 Slandard Drive
Parkway Industrial Center
Hanover 21076

Tel: (301) 796-7700
TwWX: 710-862- 1943
2 Choke Cherry Road
Rockvllle 20850
Tel: (301) 948-6370
TWX: 710-828-9684
MASSACHUSETTS
32 Hartwell Ave.
Laxington 02173
Tel: (617) 861-8960
TWX: 710-326-6904

MICHIGAN

23855 Research Orive
Farmington Hills 48024
Tek: (313) 476-6400
724 Wesl Centre Ave.
Kalamazoo 49002
Tel: (616) 323-8362
MINNESOTA

2400 N. Prior Ave.
St. Paul 55113

Tel: (612) 636-0700

MISSISSIPPI

322 N. Mart Plaza
Jackson 39206
Tel: (601) 982-9363

MISSOURI

11131 Colorado Ave.
Kansas City 64137
Tet: (816) 763-8000
TWX: 910-771-2087
1024 Execulive Parkway
St. Louls 63141

Tel: (314) 878-0200

NEBRASKA
Medical Only

7101 Mercy Road
Suile 101

Omaha 68106

Tel: (402) 392-0948

NEVADA
‘Las Vagas
Tel: (702) 736-6610

NEW JERSEY

Crystal Brook Professional
Buiding

Route 35

Eatontown 07724

Tel: (201) 542-1384

W. 120 Century Rd.
Paramus 07652

Tei: (201) 265-5000
TWX: 710-990-4951
NEW MEXICO

P.0. Box 11634
Station E

11300 Lomas Bivd., N.E.
Albuquerqua 87123
Tet: (505) 292-1330
TwX: 910-989-1185
156 Wyatt Drive

Las Cruces 88001
Tel: (505) 526-2484
TWX: 910-9983-0550

NEW YORK

6 Automation Lane
Computer Park

Atbany 12205

Tet: (518) 458-1550
TWX: 710-444-4961
650 Perinton Hil Office Park
Fairport 14450

Tel: (716) 223-9950
TWX: §10-253-0092

No. 1 Pennsylvaria Plaza
§5th Floor

34th Sireel & 8ih Avenue
New York 10001

Tel: (212) 971-0800
5858 East Molloy Road
Syracuse 13211

Tel: (315) 455-2486

1 Crossways Park West
Woodbury 11797

Tel: (516) 921-0300
TwWX: 510-221-2183

Tel: (513) 671-7400

NORTH CAROLINA
5605 Roanne Way
Graansboro 27409
Tel: (919) 852- 1600

OHIO
Medical/Computer Only
9920 Carver Road
Cincinnati 45242
Tel: (513) 891-9870
16500 Sprague Road
Cleveland 44130
Tel: (216} 243-7300
TWX: 810-423-9430

962 Crupper Ave.
Columbus 43229
Tel: (614) 436-1041

330 Progress Rd
Dayton 45449

Tel: (513) 859-8202
OKLAHOMA

P.0. Box 32008

6301 N. Meridan Avenve
Oklshoma City 73112
Tel: (405) 721-0200
9920 E. 42nd Street
Suite 121

Tules 74145

Tet: (918) 665-3300

OREGON

17890 S.W. Lower Boones
Ferry Road

Tualatin 97062

Tel: (503) 620-3350

PENNSYLVANIA

1021 8th Avenue

King of Prussia Indusirial Park
King of Prussia 19406
Tel: (215) 265-7000

TWX: 510-660-2670

111 Zeta Drive
Pitteburgh 15238

Tel: (412) 782-0400
SOUTH CAROLINA
P.0. Box 6442

694 1-0 N. Trenholm Road
Columbias 29206

Tel: (803) 782-6493

TENNESSEE
8906 Kingston Pike
Knoxvills 37919
Tel: (615) 691-2371
3070 Oireclors Row
Oireclors Square
Memphis 38131
Tel: (901) 346-8370
‘Nashville

Medical Sefvice Only
Tel: (615) 244-5448

TEXAS

4171 North Mesa
Suite C110

El Paso 79902

Tek (915) 533-3555
P.0. Box 42816
10535 Harwin SI
Houston 77036

Tel: (713) 776-8400
‘Lubbock

Medicat Service Only
Tel: (806) 709-4472
P.0. Box 1270

201 E. Arapaho Rd.
Richardson 75081
Tel: (214) 231-6101
205 Billy Mitche# Road
San Antonio 78226
Tet: (512) 434-8241

UTAH

2160 South 3270 West Sireet
Sait Laka City 84119

Tel: (801) 972-47 11
VIRGINIA

P.0. Box 9669

2914 Hungary Spring Road
Richmond 23228

Tel: (804) 285-3431
Computer Systems/Medical

Airport Execulive Cenler
Suite 302

5700 Thurston Avenue
Virginla Baach 23455
Tel: (804) 460-2471
WASHINGTON
Betefieid Otfice Pk
1203 - 1141h Ave. SE.
Baltevua 98004

Tet: (206) 454-3971
TWX: 910-443-2446
P.0. Box 4010
Spokane 99202

Tel: (509) 535-0864

"WEST VIRGINIA
Medical/Anaiylical Only
4604 Mac Corkle Ave., S.E
Charleston 25304

Tel: (304) 925-0492

WISCONSIN

150 South Sunny Siope Road
Brookflald 53005

Tei: (414) 784-8800

FOR U.S. AREAS

NOT LISTED:

Contacl the regional office

nearest you:

Allanta, Georgia. . . North

Holly-wood, California .

Rockville, Maryland . .

Rolling Masdows, Ninois

Thei complete addresses

are listed above.

USSR

Hewiett-Packard
Representative Office

USSR

Pokrovsky Boulevard
417-kw 12

Moscow 101000

Tel: 284.20.24

Telex: 7825 hewpak su

YUGOSLAVIA

iskra Commerce, n.s0l.0
Zaslopstvo Hewlett-Packard
Obilicev Venac 26

YU 11000 Besograd

Tel: 636-955

Telex: 11530

Iskra Commerce, n.sol.o
Zastopstvo Hewleli-Packard
Miklosiceva 38/
YU-61000 Ljudljana

Tel: 321-674, 315-879
Telex: 31583

URUGUAY

Pablo Feirando S.A.C.el.
Avenida ltalia 2877
Casila de Correo 370
Montevideo

Tel: 40-3102

Telex: 702 Public Booth
Para Pablo Ferrando

VENEZUELA
Hewleli-Packard de Venezuela
CA.

P.0. Box 50933

Caracas 105

Los Ruices Norle

3a Transversal

Edificio Segre

Caracas 107

Tel: 239-4133 (20 kines)

Telex: 25146 HEWPACK

ZAMBIA

R.J. Tilbury (Zambia) Ltd.

P.0. Box 2792

Lusaka

Tel: 73793

MEDITERRANEAN AND

MIDDLE EAST

COUNTRIES NOT

SHOWN, PLEASE

CONTACT:

Hewdett-Packard S.A

Medfterranean and Middie East
Operations

35, Kolokotroni Sireet

Plalia Kefallariou

GR-Kitissia-Athens, Greece

Tel: 8080359/429

Telex: 21-6568

Cabie: HEWPACKSA Athens

SOCIALIST
COUNTRIES NOT
SHOWN, PLEASE
CONTACT:
Hewielt-Packard Ges.m.bH.
Handetskai 52

P.O.Box 7

A-1205 Vienna, Ausiria
Tel: (0222) 35 16 21 o0 27
Cable: HEWPAK Vienna
Telex: 75923 hewpak a

OTHER AREAS

LISTED, CONTACT:

Hewilett-Packard
Intercontinenal

3495 Oeer Creek Road

Palo Alto, California 94304

Tel: (415) 856-1501

TWX: 810-373-1267

Cable: HEWPACK Palo Allo

Telex: 034-8300, 034-8493

Hewiell-Packard S.A

7. fue du Bois-du-Lan

P.0. Box

CH-1217 Meyrin 2 - Ganeva

Swilzeriand

Tel: (022) 82 70 00

Cable: HEWPACKSA Geneva

Telex: 2 24 86

NOT

‘Sarvice Only
2-15-80



